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Allowable Subject Matter 
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The following is an examiner's statement of reasons for allowance: Applicants 

have demonstrated the unexpected result that patients taking low dose aspirin who 

were administered the instantly recited dosage form (PN400) showed a lower incidence 

of gastric ulcers than non-aspirin using patients administered PN400 (see instant tables 

3 and 5). 

Any comments considered necessary by Applicants must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Examiners Amendment 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to Applicants, an amendment may be filed as 

provided by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

with Steven Highlander on 9/16/2014. 

Change(s) applied 
The application has been amended as follows: 

to document, 

/A.C/ 
10/22/2014- 21 

Claim 1. At line 19, please delete the word [[and]]. At line ~immediately before the 

period, please insert the phrase ---and wherein administration of the unit dose form 

is more effective at reducing the incidence of the NSAID-associated ulcers in 
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CERTIFICATE OF ELECTRONIC TRANSMISSION 

I hereby certify that this correspondence is being electronically filed with the 
United States Patent and Trademark Office via EFS-Web on the date below: 

December 16.2014 /Steven L. Highlander/ 
Date Steven L. Highlander 

APPLICANT'S RESPONSE TO EXAMINER'S STATEMENT OF REASONS FOR 
ALLOWANCE 

Commissioner for Patents 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Commissioner: 

This submission is in response to the examiner's statement of reasons for allowance 

("Statement"), mailed on September 25, 2014, regarding the captioned application. According to 

the Statement, "Applicants have demonstrated the unexpected result that patients taking low dose 

aspirin who were administered the instantly recited dosage form (PN400) showed a lower 

incidence of gastric ulcers than non-aspirin using patients administered PN400 (see instant tables 

3 and 5)." Applicants are unclear as to the scope of this comment, and thus cannot agree with the 

Statement, for example because Applicants have demonstrated many different unexpected results 

{00200810} 1 



in the present disclosure related to the administration of the claimed pharmaceutical composition 

in unit dosage form to patients taking low dose aspirin (LDA). While the Examiner has pointed 

to a single unexpected result, the claims are indeed supported by other unexpected results as 

well, which are not necessarily explicitly recited in the claims. That said, Applicants can agree 

that unexpected results have been demonstrated for the claimed methods of reducing the 

incidence of NSAID-associated gastric ulcers in patients taking LDA who are at risk of 

developing such ulcers. 

Parker Highlander PLLC 
1120 S. Capital of Texas Highway 
Building One, Suite 200 
Austin, Texas 78746 
512-334-2900 (Telephone) 
512-334-2999 (Fax) 

Date: December 16, 2014 

{00200810} 

Respectfully submitted, 

/Steven L. Highlander/ 

Steven L. Highlander 
Reg. No. 37,642 
Attorney for Applicants 

2 
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Application No. 

12/822,612 
Examiner-Initiated Interview Summary 

Examiner 

ADAM C. MILLIGAN 

All participants (applicant, applicant's representative, PTO personnel): 

(1) ADAM MILLIGAN . 

(2) STEVE HIGHLANDER. 

Date of Interview: 16 September 2014. 

Type: ~ Telephonic D Video Conference 
D Personal [copy given to: D applicant 

Exhibit shown or demonstration conducted: DYes 
If Yes, brief description: __ . 

(3) __ . 

(4) __ . 

D applicant's representative] 

DNa. 

Issues Discussed 0101 0112 0102 ~1 03 OOthers 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1-4,18-20,25,26,31.46 and 47. 

Identification of prior art discussed: N/A. 

Substance of Interview 

Applicant(s) 

AULT ET AL. 

Art Unit 

1612 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Examiner and Applicants representive discussed claim amendments which would render the claims commensurate in 
scope with the demonstrated unexpected results. An agreement was reached which is reflected in the attached 
Examiners Amendment. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/ADAM C MILLIGAN/ 
Primary Examiner, Art Unit 1612 

U.S. Patent and Trademark Off1ce 
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Notice of Allowability 

Application No. 
12/822,612 
Examiner 
ADAM C. MILLIGAN 

Applicant(s) 
AULT ET AL. 
Art Unit 
1612 

AlA (First Inventor to 
File) Status 

No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address-
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOW ABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and M PEP 1308. 

1. [8J This communication is responsive to 5/30/2014. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the restriction 
requirement and election have been incorporated into this action. 

3. [8J The allowed claim(s) is/are 1-4. 18-20.25.26.31.38.46-48.64 and 65. As a result of the allowed claim(s), you may be eligible to benefit 
from the Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For 
more information, please see htt.Q://www.usQ.to.gov/Qatents/init events/Q.Qh/index.isQ. or send an inquiry to PPHfeedback~us_Qto.gov . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment I Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1 .84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PT0-892) 

2. [8J Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 1 pg(5/30/2014) 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. [8J Interview Summary (PT0-413), 
Paper No./Mail Date 20140904. 

/ADAM C MILLIGAN/ 
Primary Examiner, Art Unit 1612 

U.S. Patent and Trademark Off1ce 

5. [8J Examiner's Amendment/Comment 

6. [8J Examiner's Statement of Reasons for Allowance 

7. [8J Other bib.data sheet. 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140904 



Application/Control Number: 12/822,612 

Art Unit: 1612 

Allowable Subject Matter 

Page 2 

The following is an examiner's statement of reasons for allowance: Applicants 

have demonstrated the unexpected result that patients taking low dose aspirin who 

were administered the instantly recited dosage form (PN400) showed a lower incidence 

of gastric ulcers than non-aspirin using patients administered PN400 (see instant tables 

3 and 5). 

Any comments considered necessary by Applicants must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Examiners Amendment 

An examiner's amendment to the record appears below. Should the changes 

and/or additions be unacceptable to Applicants, an amendment may be filed as 

provided by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 

with Steven Highlander on 9/16/2014. 

The application has been amended as follows: 

Claim 1. At line 19, please delete the word [[and]]. At line 22 immediately before the 

period, please insert the phrase ---and wherein administration of the unit dose form 

is more effective at reducing the incidence of the NSAID-associated ulcers in 
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patients taking LOA than in patients not taking LOA who are administered the unit 

dose form---. 

Claim 3. At line 1 immediately following the word "said", please insert the phrase--

patient is treated for a---. At line 2, please delete the word [[is]]. 

Claim 4. At line 1 immediately following the word "said", please insert the phrase--

patient is treated for a---. At line 2, please delete the word [[is]]. 

Claim 25. At line 16, please delete the word [[and]]. At line 18 immediately before the 

period, please insert the phrase ---and wherein administration of the unit dose form 

is more effective at reducing the incidence of the NSAIO-associated ulcers in 

patients taking LOA than in patients not taking LOA who are administered the unit 

dose form---. 

Claim 64. At line 2, please insert the term ---(LOA)--- immediately before the word 

"who". At line 4, please insert the term ---comprising--- immediately before the 

semicolon. At line 17, please delete the clause [[wherein said pharmaceutical 

composition in unit dose form reduces the incidence of NSAIO-associated gastric 

ulcers in said patient taking LOA as compared to patients taking low dose aspirin 

who are administered twice a day for 1 month enteric coated naproxen, or a 

pharmaceutically acceptable salt thereof]] and insert the clause ---wherein 

administration of the unit dose form is more effective at reducing the incidence of 

the NSAIO-associated gastric ulcers in patients taking LOA than in patients not 

taking LOA who are administered the unit dose form---. 
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Claim 65. At line 2, please insert the term ---(LOA)--- immediately before the word 

"who". At line 4, please insert the term ---comprising--- immediately before the 

semicolon. At line 20, please delete the clause [[wherein said pharmaceutical 

composition in unit dose form reduces the incidence of NSAIO-associated gastric 

ulcers in said patient taking LOA as compared to patients taking low dose aspirin 

who are administered twice a day for 1 month enteric coated naproxen, or a 

pharmaceutically acceptable salt thereof]] and insert the clause ---wherein 

administration of the unit dose form is more effective at reducing the incidence of 

said ulcers in patients taking LOA than in patients not taking LOA who are 

administered the unit dose form---. 

Any inquiry concerning this communication should be directed to ADAM C. 

MILLIGAN at telephone number (571 )270-7674. 

/ADAM C MILLIGAN/ 

Primary Examiner, Art Unit 1612 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Brian AULT et al. Group Art Unit: 1612 

Serial No. 12/822,612 Examiner: Adam C. Milligan 

Filed: June 24, 2010 Atty. Dkt. No.: POZN.P0027US 

For: METHOD FOR TREATING A PATIENT 
AT RISK FOR DEVELOPING AN 
NSAID-ASSOCIATED ULCER 

Confirmation No.: 6136 

CERTIFICATE OF ELECTRONIC TRANSMISSION 
37 C.F.R. § 1.8 

I hereby certify that this response is being electronically 
filed with the United States Patent and Trademark Office 
via EFS-Web on the date below: 

May 30. 2014 
Date 

/Steven L. Highlander/ 
Steven L. Highlander 

PATENT 

AMENDMENT AND REQUEST FOR RECONSIDERATION UNDER 37 C.F.R. §1.111 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Dear Sir: 

This is in response to the Office Action ("the Action") mailed on April 2, 2014, to which 

a response is due on July 2, 2014. No fees are believed to be due in connection with the filing of 

this response; however, should any fees under 37 C.P.R.§§ 1.16 to 1.21 be deemed necessary for 

any reason relating to these materials, the Commissioner is authorized to deduct the appropriate 

fees from Parker Highlander PLLC Deposit Account No.: 50-5902/POZN.P0027US/SLH. 

Amendments to the Claim begin on page 2 of this response; Remarks begin on page 7. 
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AMENDMENTS TO THE CLAIMS 

Listing of Claims 

The following listing of claims replaces all previous listings or versions thereof: 

1. (Currently amended) A method of reducing the incidence of NSAID-associated gastric 

ulcers in patients taking low dose aspirin who are at risk of developing such ulcers, wherein the 

method comprises administering to said patient in need thereof a pharmaceutical composition in 

unit dose form comprising: 

(a) 20 mg of esomeprazole, or pharmaceutically acceptable salt thereof, in a form and 

route sufficient to raise the gastric pH of said patient to at least 3.5 upon administration of 

one or more of said unit dose forms, and 

(b) 375 mg or 500 mg of naproxen, or pharmaceutically acceptable salt thereof; 

wherein said unit dose form provides for coordinated release of the esomeprazole and the 

naproxen,_ 

wherein such that: W at least a portion of said esomeprazole, or pharmaceutically 

acceptable salt thereof, is released independent of the pH of the surrounding medium,_~ 

ffilEi 

(ii) at least a portion of said naprmcen, or pharmaceutically acceptable salt 

thereof, is not released from said unit dose form until the pH of the surrounding 

medium is 3.5 or higher; and 

wherein the unit dosage form releases less than 10% of the naproxen or a 

pharmaceutically acceptable salt thereof after 2 hours when tested using the USP Paddle 

Method in 1000 ml of O.lN HCl at 75 rpm at 37° C +1-0.5° C, and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of 

NSAID-associated ulcers in said patient. 

2. (Previously presented) The method according to claim 1, wherein the risk is associated 

with chronic NSAID treatment. 

{00144719} 2 



3. (Previously presented) The method according to claim 1, wherein said disease or disorder 

is selected from pain and inflammation. 

4. (Previously presented) The method according to claim 1, wherein said disease or disorder 

is selected from osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, and a combination 

thereof. 

5-17. (Canceled) 

18. (Currently amended) The method according to claim [[13]] 1, wherein said unit dose 

form multi layer tablet is at least about 95% free of sodium bicarbonate. 

19. (Currently amended) The method according to claim [[13]] 1, wherein said unit dose 

form first layer begins to release said at least a portion of said naproxen, or a pharmaceutically 

acceptable salt thereof, when the pH of the surrounding medium is at about 4.0 or greater. 

20. (Currently amended) The method according to claim [[13]] 1, wherein said unit dose 

form first layer begins to release said at least a portion of said naproxen, or a pharmaceutically 

acceptable salt thereof, when the pH of the surrounding medium is at about 4.5 or greater. 

21.-24. (Canceled) 

25. (Currently amended) A method of reducing the incidence of NSAID-associated gastric 

ulcers in patients taking low dose aspirin who are at risk of developing such ulcers, wherein the 

method comprises administering to the patient a pharmaceutical composition in unit dosage form 

suitable for oral administration comprising: 

(a) 20 mg of esomeprazole or a pharmaceutically acceptable salt thereof, that is 

immediately soluble when the dosage form is placed in an aqueous medium, independent 

of pH, in an amount effective to raise the gastric pH of the patient to at least 3.5 upon 

administration of one or more of the unit dosage forms, and 

(b) 375 mg or 500 mg of naproxen or pharmaceutically acceptable salt thereof, 

\vherein at least a portion of said naproxen or a pharmaceutically acceptable salt thereof,_ 

wherein the unit dosage form releases less than 10% of the naproxen or a 

pharmaceutically acceptable salt thereof after 2 hours when tested using the USP Paddle 

{00144719} 3 



Method in 1000 ml of O.lN HCl at 75 rpm at 37° C +1-0.5° C; is surrounded by a coating 

that is substantially insoluble in an aqueous medium at a pH belo•.v 3.5 and at a 

temperature of about 37° C; 

and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of 

NSAID-related ulcers in said patient. 

26. (Original) The method of claim 25, wherein the risk is associated with chronic NSAID 

treatment. 

27-30. (Canceled) 

31. (Previously presented) The method of claim 25, wherein the patient is treated for a 

disease or disorder selected from pain, inflammation, osteoarthritis, rheumatoid arthritis, 

ankylosing spondylitis, and combinations thereof. 

32-37. (Canceled) 

38. (Previously presented) The method of claim 25, wherein the pharmaceutical composition 

is formulated to be administered to a patient twice daily. 

39-45. (Canceled) 

46. (Currently amended) The method according to claim [[44]] 25, wherein the unit dosage 

form further comprises a pharmacologically inert, water soluble coating or film surrounding the 

outermost layer of the unit dosage form. 

47. (Previously presented) The method of claim 46, wherein the inert coating or film 

comprises a water soluble sugar. 

48. (Previously presented) The method of claim 25, wherein administration of the unit 

dosage form is more effective at reducing the risk of ulcer than treatment with enteric coated 

naproxen or a pharmaceutically acceptable salt thereof. 

49-63. (Canceled) 
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64. (Currently amended) A method of reducing the incidence of NSAID-associated gastric 

ulcers in patients taking low dose aspirin who are at risk of developing such ulcers, wherein the 

method comprises administering to said patient in need thereof twice a day for 1 month a 

pharmaceutical composition in unit dose form: 

(a) 20 mg of esomeprazole, or pharmaceutically acceptable salt thereof, in a form and 

route sufficient to raise the gastric pH of said patient to at least 3.5 upon administration of 

one or more of said unit dose forms, and 

(b) 375 mg or 500 mg of naproxen, or pharmaceutically acceptable salt thereof; 

wherein said unit dose form provides for coordinated release of the esomeprazole and the 

naproxen,_ 

wherein such that: W at least a portion of said esomeprazole, or pharmaceutically 

acceptable salt thereof, is released independent of the pH of the surrounding medium,_~ 

ftftEl 

wherein the unit dosage form releases less than 10% of the naproxen or a 

pharmaceutically acceptable salt thereof after 2 hours when tested using the USP Paddle 

Method in 1000 ml of 0.1N HCl at 75 rpm at 37° C +1-0.5° C, and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of 

NSAID-associated gastric ulcers in said patient as compared to patients taking low dose 

aspirin who are administered twice a day for 1 month enteric coated naproxen, or a 

pharmaceutically acceptable salt thereof. 

65. (Currently amended) A method of reducing the incidence of NSAID-associated gastric 

ulcers in patients taking low dose aspirin who are at risk of developing such ulcers, wherein the 

method comprises administering to said patient in need thereof twice a day for 3 months a 

pharmaceutical composition in unit dose form: 

(a) 20 mg of esomeprazole, or pharmaceutically acceptable salt thereof, in a form and 

route sufficient to raise the gastric pH of said patient to at least 3.5 upon administration of 

one or more of said unit dose forms, and 

{00144719} 5 



(b) 375 mg or 500 mg of naproxen, or pharmaceutically acceptable salt thereof; 

wherein said unit dose form provides for coordinated release of the esomeprazole and the 

naproxen such that: 

wherein such that: W at least a portion of said esomeprazole, or pharmaceutically 

acceptable salt thereof, is released independent of the pH of the surrounding medium,_~ 

ftftEl 

(ii) at least a portion of said naproxen, or pharmaceutically acceptable salt 

thereof, is not released from said unit dose form until the pH of the surrounding 

medium is 3.5 or higher; and 

wherein the unit dosage form releases less than 10% of the naproxen or a 

pharmaceutically acceptable salt thereof after 2 hours when tested using the USP Paddle 

Method in 1000 ml of O.lN HCl at 75 rpm at 37° C +1-0.5° C, and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of 

NSAID-associated gastric ulcers in said patient as compared to patients taking low dose 

aspirin who are administered twice a day for 3 months enteric coated naproxen, or a 

pharmaceutically acceptable salt thereof. 

66-67. (Canceled) 
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REMARKS 

I. Status of the Claims 

Claims 1, 18-20, 25, 46, 64, and 65 have been amended herein. Claims 13-15, 22, 23, 36, 

37, 42-45, 66, and 67 have been cancelled without prejudice or disclaimer. With entry of this 

amendment, claims 1-4, 18-20, 25, 26, 31, 38, 46-48, 64, and 65 are pending in the application 

and stand rejected, variously, under 35 U.S.C. § 103 and for alleged obviousness-type double

patenting. The specific grounds for rejection, and Applicants' response thereto, are set forth in 

detail below. 

II. Interview 

Applicants wish to thank Examiner Milligan for the courtesy of an interview held on 

April 14, 2014. While agreement was not reached, it is believed that the interview was helpful in 

clarifying the remaining issues. As requested, Applicants provide with this response a copy of 

the materials provided to the Examiner at the interview. 

III. Rejection Under 35 U.S.C. §103 

Claims 1-4, 13-15, 17-20,22,23,25, 26, 31,36-38,42-48, and 64-67 remain rejected as 

obvious over U.S. Patent 6,926,907 ("the '907 patent"), optionally taken with Phillips (U.S. 

20004/0048896). Applicants traverse the rejection presented in this Action that the '907 patent 

creates a prima facie case of obviousness for the claims presented in the January 17, 2014 

submission. Regardless, as explained below, the present claims are supported by a surprising 

and unexpected result that would overcome even a valid prima facie case. 
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In the previous response, Applicants amended claims 1 and 25 to recite methods of 

reducing the incidence of NSAID-associated gastric ulcers in patients taking low dose aspirin 

who are at risk of developing such ulcers, based on surprising clinical data in this subset of 

patients (data presented in Angiolillo et al., J Thromb Thrombolysis (published online: December 

25, 2013 ("Angiolillo"). As set forth in the present application, while NSAIDs are a key therapy 

for pain and inflammation, there is a substantial risk of gastric ulcers associated with such 

treatment, particularly in subsets of patients with certain risk factors. One such risk factor 

associated with NSAID patients developing gastric ulcers is concomitant use of low-dose aspirin 

("LDA"). As such, one of skill in the art understood that patients receiving NSAIDs and 

concomitant LDA are at an increased risk of upper gastrointestinal complications and ulcers. 

In the Action, the Office argues that while the data from Angiolillo are indeed 

unexpected, the instant specification does not support such results. As explained during the 

interview on April 14, 2014, support for the data underlying the surprising result in the subset of 

patients taking LDA and NAP/ESO can indeed be found in the specification as-filed. NAP/ESO 

as referenced by Angiolillo is the same unit dosage form referred to as PN400 in the 

specification. As set forth in the specification, in patients taking both LDA and naproxen, higher 

incidences of gastric ulcers occurred as compared to patients taking naproxen but not LDA (at 6 

months, 28.4% versus 22.2%, respectively). In contrast, in patients taking both LDA and PN400 

(a.k.a. NAP/ESO), a lower incidence of gastric ulcers occurred (again, despite the expectation 

that these patients would be at an increased risk for developing such ulcers based on the 

concomitant use of LDA) as compared to patients taking PN400 but not LDA (at 6 months, 3% 

versus 6.4%, respectively). Thus, the data in the specification show this unexpected and 

surprising trend in the subset of patients taking LDA and PN400. The relevant portions of the 
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specification are reproduced below (with the data discussed above underlined) for the examiner's 

ease of reference: 

Pages 24-25 of the specification as filed (paragraph [0155] of the published application). This 

result is also supported in Tables 3 and 5 of the specification as filed, as shown below (with the 

data discussed herein boxed for emphasis): 
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These results have been summarized in a graphic form for the examiner's convenience and are 

presented below: 
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Cumulated Observed Incidence ofGU 

15 ., .............................................................................................. . 

~ ., .............................................................................................. . 

15 .; ............................................................................................... . 

ID-;································································································· 

5 .................................................... . 

Based on these data, which the examiner acknowledged "does appear to be unexpected" (see 

Action, p. 7), the claims are patentable over the '907 patent, as there is nothing in the 

specification of the cited patent that could suggest such an outcome. Thus, given these 

observations, the rejection is believed to be overcome. 

Beyond the question of support, the Office has raised another concern, namely, whether 

the claims are commensurate in scope with the provided data. In that regard, the Office notes 

that the data were generated with the PN400 formulation composition comprising 500 mg, 

whereas the claims recite both 375 mg and 500 mg in the alternative. While Applicants strongly 

disagree with the Office's position for at least the reasons discussed in the interview, solely to 

expedite prosecution, Applicants have amended the claims herein to focus on the embodiment 

having 500 mg of naproxen. 

In addition, the Office maintains that PN400 contains naproxen "all of which is 

enterically coated" (see Action, p. 8), whereas the present claims only require "a portion of the 

naproxen to be surrounded by a coating that is substantially insoluble at a pH of below 3.5." !d. 

Again, Applicants strongly disagree with the Office's concerns for at least the reasons discussed 
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in the interview. In addition, Applicants note that the independent claims prior to the Action 

were silent as to enteric coating. Rather, they recited that "at least a portion of said naproxen, or 

pharmaceutically acceptable salt thereof, is not released from said unit dose form until the pH of 

the surrounding medium is 3.5 or higher." The present application makes clear that coordinated 

delivery of the naproxen, or pharmaceutically acceptable salt thereof, and the esomeprazole, or 

pharmaceutically acceptable salt thereof, can be accomplished, for example, via the use of one or 

more pH-dependent delayed release coatings and/or time release coatings with respect to the 

naproxen. 

Nevertheless, solely to expedite prosecution and given the examiner's concern that the 

claims are commensurate in scope with the evidence offered to support the claims, Applicants 

have amended the claims herein to include parameters that PN400 (a.k.a. NAP/ESO) would meet, 

namely, that the unit dosage form releases less than 10% of the naproxen or a pharmaceutically 

acceptable salt thereof after 2 hours when tested using the USP Paddle Method in 1000 ml of 

0.1N HCl at 75 rpm at 37° C +1-0.5° C. 1 As set forth in the appended Declaration under 

37 C.P.R. §1.132 from Brian Downey ("Downey Declaration"), at paragraph 4, these parameters, 

in combination with the unit dosage form releasing the esomeprazole or a pharmaceutically 

acceptable salt thereof as set forth in the claims, reflect the coordinated delivery of the claimed 

unit dosage form as disclosed in the present application, and would be commensurate in scope 

with the coordinated delivery of "NAP/ESO" described in Angiolillo. !d. The newly added 

parameters are also standard in the field for determining the performance of delayed release 

dosage forms (see Downey Declaration at paragraph 5), and consistent with the definition set 

1 Support for those amendments can be found in the application as filed, e.g., at page 4. 
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forth by the World Health Organization with respect to enteric coated tablets, i.e., disintegration 

testing in 0.1 N HCl for 2 hours? 

Applicants respectfully request that the rejection be withdrawn. 

IV. Rejection for Obviousness-Type Double-Patenting 

Claims 1-4, 13-15, 17-20, 22, 23, 25, 26, 31, 36-38, 42-48, and 64-67 are provisionally 

rejected over claims 1-20 of copending application U.S. Serial No. 12/823,082 in view of the 

'907 patent. Although the rejection is provisional in nature, Applicants traverse the rejection as 

follows. 

The claims as presented here now all recite methods of reducing the incidence of NSAID-

associated gastric ulcers in patients taking low dose aspirin who are at risk of developing such 

ulcers, based on surprising clinical data in this subset of patients. The detailed discussion 

presented in Part III above will not be repeated here, but is incorporated by reference. Thus, in 

light of similar considerations, it is believed that this rejection also is overcome. Therefore, 

reconsideration and withdrawal of the rejection is respectfully requested. 

2 See, http://www. who.int/medicines/publications/pharmacopoeia!Tabs-GeneralMono-rev-FINAL 310320 ll.pdf, 
copy attached. See, also, FDA's Guidance for Industry SUPAC-MR: Modified Release Solid Oral Dosage Forms 
Scale-Up and Postapproval Changes: Chemistry, Manufacturing, and Controls; In Vitro Dissolution Testing and In 
Vivo Bioequivalence Documentation (September 1997). 
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V. Conclusion 

In light of the foregoing, Applicants respectfully submit that all claims are in condition 

for allowance, and an early notification to the effect is earnestly solicited. The Examiner is 

invited to contact the undersigned representative with any questions or concerns regarding this 

submission or the application. 

Date: May 30, 2014 

PARKER HIGHLANDER PLLC 
ll20 S. Capital of Texas Hwy. 
Bldg. One, Suite 200 
Austin TX 78746 

Direct: 
General: 
Fax: 

{00144719} 

512-334-2901 
512-334-2900 
512-334-2999 
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Respectfully submitted, 

/Steven L. Highlander/ 

Steven L. Highlander 
Reg. No. 37,642 



IN THE Uf;liTED STATES PATENT AND TRADEMARK QEli'ICE 

In re Application of: 
Blian AULT eta!. Group A11 Unit: 1612 

Selial No. 12/822,612 Examiner: Adam C. Milligan 

Filed: June 24, 2010 Atty. Dkt. No.: POZN.P0027US 

For: METHOD FOR TREATING A PATIENT 
AT RISK FOR DEVELOPING AN 
NSAID~ASSOCIATED ULCER 

Confirmation No.: 6136 

CERTIFICATE OF ELECTRONIC TRANSMISSION 
37 C.F.R § 1.8 

I hereby cerlify that this response is being electronically 
filed with the United States Patent and Trademark Office 
via EFS-Web on !he date below: 

May 30.2014 _l~!.@I.~[L~. Higt]JEJ1de_r/ ____ _ 
Date Steven L. Highlander 

DECLARATION UNDER 37 C.F.R. §1.132 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

I, Brian Downey, do declare that: 

PATENT 

1. I am a United States citizen residing in Raleigh, North Carolina. I am currently 

employed by the assignee of the above-captioned application, Pozen Inc. A copy of my 

curriculum vitae is attached hereto as Exhibit A. 
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2. 1 am a phannaccutical industry professional with experience m the management of 

external contract manufacturing and testing organizations, including planning and reviewing of 

analytical methods development, validation, and stability studies, and assessing in-process and 

release testing,. for both drug substance and drug products. I am familiar with GLPs, GMPs, 

USP, ICH, and FDA regulatory requirements and have experience in perfom1ing quality 

assurance audits for analytical and bioanalytical laboratories and API and drug product 

manufacturing facilities. I am knowledgeable in bioanalytical method validation, clinical plasma 

sample analyses, and basic phannacokinetic evaluation using the appropriate statistical software, 

and am familiar with drug product manufacturing processes including granulation, tablet 

compression, tablet film coating, packaging, and labeling. I am an active participant in FDA 

teleconferences relating to analytical issues. 

3. I am familiar with the development and validation of the analytical testing methods used 

for the analysis of PN400 tablets (flxed-dose combination of enteric coated (EC) naproxen 500 

mg and immediate release (IR) esomeprazole magnesium 20 mg), which specifically include an 

acid stage dissolution test for delayed release dosage fonns, which is applicable to this enteric 

coated tablet. 

4. Based on my experience with PN400, described above, I am confident that this unit 

dosage fonn releaSL$ less than 10% of the naproxen or a pharmaceutically acceptable salt thereof 

afler 2 hours vvhen tested using the USP Paddle Method in 1000 ml of 0.1N HCl at 75 rpm at 

37 °C +/·0.5 °C. Therefore, in my opinion, NAP/ESO as referenced in .1\ngiolillo et al.; J 

Thromb. ThromboZvsis (published online: December 25, 2013) is a unit dosage form that would 

meet the parameters of releasing less than 10% of the naproxen or a pham1aceutically acceptable 
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thereof after 2 hours \Vhen tested using the USP Paddle Method in 1000 ml of tUN HCl at 75 

rpm at 37 oc +/~0.5 "C. 

5. Furthermore, I note that the dissolution profile cited above is a standard in the field for 

detem1ining the perfonnance of delayed release dosage forms. It is set forth in the US 

Phannacopeia <711> Dissolution for just this purpose. 

6. I hereby declare that all statements made herein of my knowledge are true and that all 

statements made on information and belief are believed to be troe; and further that these statements 

\vere made with the knowledge that ¥.-iJlful false statements and the like so made are punishable by 

fine or imprisonment, or both, under Section 1001 of Title 18 ofthe United States Code and that 

such willful false statements may jeopardize the validity of the application or any patent issued 

thereon. 

- May 28. 2014 
Date 
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BRIAN 00\VNEY, lVIS 
Pharmaceutical Development Professional 

CONTACT IN_FORMA TION 
4812 Wood Valley Dr., Raleigh, NC 27613 
Phone: (919) 607-4562 
briandowney@nc.rr.com 

CAREEU SUMMARY AND SKILLS 
Pharmaceutical industry experience in perfomling, contracting, and reviewing analytical methods development, 
validation, stability, and project management for dmg substance and dmg product dosage fom1s including 
tablets, soft gel capsules, oral liquids, aerosols, and injectables. Experienced in pelforming quality a:ssurance 
audits for API manufacturing facilities, and analytical and bioanalyticallaboratories. Knowledgeable in 
bioanalytical method validation, pre-clinical and clinical plasma sample analyses, and basic phannacokinetic 
evaluation using WinNonLin. Familiar with GLPs, GMPs, USP, ICH, and FDA regulatory requirements. 

PROFESSIONAL EXPERIENCE 
26 years of professional experience in the pharmaceutical industry. 

POZEN'l';~ Inc., Chapel Hill, NC, Apr 2000 -present 

Director, Analytical/Pham1aceutical Development, Jan 2006- present 
Associate Director, Pham1aceutical Development, Apr 2000- Jan 2006 

• Design and manage pharmaceutical development plans for analytical activities needed to support 
ditlerent phases of clinical studies (Phase 1, 2, 3), and regulatory t1lings. 

• Contract analytical method development, method validation, and stability studies to appropriate 
facilities for drug product and dmg substance. 

o Conduct audits at contract lab facilities 
o Manage analytical method development & validation and provide problem-solving strategies 
o Review all study reports and provide expert feedback 

• Review and scientifically assess reports and specifications, including validation and stability data; 
• Author and review regulatory filings including INDs, CTAs and NDAs. 

o Author analytical sections for five 505(b)(2) NDAs including MT100, MT300, Treximet'\ 
Vimovo®, and PA32540. 

o Conduct comprehensive editing and review of pharmaceutical development sections ofNDAs 
and lNDs and provide expert guidance 

• Secure facilities for API production and drug product manufacturing 
o API for pre-clinical studies; review and audit production of dmg substance at contract facilities. 
o Secure manufacturing and analytical laboratories for manubcture and testing of dmg products, 

• Expettise in Bioanalytical Development, including: 
o Contracting, revie\vlng and assessing dose solution checks 
o Overseeing bioanalytical method dev-elopment, method va1idation, and plasma analysis to 

support pre-clinical and clinical studies, 
o Conduct Audits and Assess capabilities ofbioanalytica1 facilities. 
o Proficient in Phoenix WinNonlin to provide clinical colleagues with an early evaluation of 

plasma data from bioavailability and hioequivalence studies 
o Knowledgeable of statistical analysis and interpretation of study results 

• Ability to effectively manage numerous drug product development plans sinmltaneously in various 
stages of development 



Brian Downey 

Glaxo Welk:ome Inc., Research Triangle Park, NC, Jun 1987- Apr 2000 

Research Investigator l, Chemical Analysis Department, Jul 1997 --Apr 2000 
Senior Scientist, A.11alytical Sciences Department, Jun 1994 - Jun 1997 
Research Scientist, Structural Chemist1y Department, Nov 1990 ---May 1994 
Associate Scientist, Analytical Chemistry Department, Jun 1987-- Oct 1990 

Pagel 

• Supervised staff of tour BS, MS, and Ph.D. chemists in the Chemical Analysis Laboratory. 
• Pioneered introduction of bench-top LC/MS teclmology (Hewlett Packard HPLC/MSD) to the 

laboratory and trained 12 chromatographers in instrument operation and data interpretation. 
• Analytical sciences project leader for multiple new chemical entity projects. 
• CMC team leader for a new chemical entity which required coordinating and writing regulatory 

documentation including INDs and NDAs, representing Pharmaceutical Development on tl1e 
international project team, and testing and release of clinical supplies. 

• Analytical Sciences Project Team Representative for three Zantac@ line extension projects including a 
combo tablet, chewable tablet, and oral liquid. 

• Planned and completed the development and validation of analytical methods for a dry powder inhaler. 
• US representative to Zantac1

t' Impurities International Working Group tasked with standardizing 
ranitidine methods across Glaxo Worldwide sites. 

• Performed several LCIMS techniques including thermospray, electrospray and particle beam LC/MS. 
Elucidated stmcture for impurities and degradation products in dmg products and drug substances using 
mass spectrometry. 

• Chainnan of Promotion Review Committee. 

Baxter Travenol Laboratories, Morton Grove, Il, 

Research Assistant, .A.nalytical Methods Development Laboratory, Jan 1986- May 1987 

United States Air J<'orce, Colorado Springs, CO, Sep 1978- Aug 1982 

EDUCATION 
Master of Science in Analytical Chemistry 
University of North Carolina at Chapel HilL Jan 1988 -Dec 1992 
Completed graduate work ior Master of Science while -..vorking full time at Glaxo Welcome Inc. 

Bachelor of Science in Chemistry, Minor in Mathematics 
Illinois State University, Nonnal, IL Aug 1982- Dec 1985 
Undergraduate teaching assistant. 

Undergraduate Coursework (30 hours) 
University of Colorado at Colorado Springs. Aug 1979- May 1982 
Completed underJ.:,Ttaduate course work towards Bachelor of Science vt'hile serving full time in the USAF. 

INTERESTS 
Regularly participate in running races including SK, lOK, and marathons. Active in mountain hiking, mountain 
biking, and water skiing. 



PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In reApplication of: Brian AULT et al. Group Art Unit: 1612 

Serial No.: 12/822,612 Examiner: Adam C. Milligan 

Filing Date: June 24, 2010 Attorney Docket No.: POZN.P0027US 

Title: METHOD FOR TREATING A 
PATIENT AT RISK FOR 
DEVELOPING AN NSAID
ASSOCIATED ULCER 

Confirmation No.: 6136 

CERTIFICATE OF ELECTRONIC TRANSMISSION 

I hereby certify that this correspondence is being electronically filed with the 
United States Patent and Trademark Office via EFS-Web on the date below: 

May 30. 2014 /Steven L. Highlander/ 
Date Steven L. Highlander 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 

Commissioner: 

In compliance with the duty of disclosure under 37 C.P.R. § 1.56, it is respectfully 

requested that this Supplemental Information Disclosure Statement be entered and the documents 

listed on attached Form PT0-1449 be considered by the Examiner and made of record. Copies 

of the listed documents required by 37 C.P.R. § 1.98(a)(2) are attached for the convenience of 

the Examiner. 

In accordance with 37 C.P.R. §§ 1.97(g) and (h), this 

Supplemental Information Disclosure Statement is not to be construed as a representation that a 
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search has been made, and is not to be construed to be an admission that the information cited is, 

or is considered to be, material to patentability as defined in 37 C.P.R.§ 1.56(b). 

A fee as set forth in 37 C.P.R. § 1.17(p) in the amount of $180.00 is being paid via credit 

card concurrently herewith via EFS-Web. If an appropriate payment has not been enclosed, or if 

it is insufficient, the Commissioner is authorized to deduct the appropriate fee from Parker 

Highlander PLLC Deposit Account No. 50-5902/POZN.P0027US. 

Applicants respectfully request that the listed documents be made of record in the present 

application. The examiner is invited to contact the undersigned attorney with any questions, 

comments or suggestions relating to the referenced patent application. 

Parker Highlander PLLC 
1120 S. Capital of Texas Highway 
Building One, Suite 200 
Austin, Texas 78746 
512-334-2900 (Telephone) 
512-334-2999 (Fax) 

Date: May 30, 2014 
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Respectfully submitted, 

/Steven L. Highlander/ 

Steven L. Highlander 
Reg. No. 37,642 
Attorney for Applicants 
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If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 



UNITED STA 1ES p A 1ENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/822,612 06/24/2010 

108197 7590 04/28/2014 

Parker Highlander PLLC 
1120 South Capital of Texas Highway 
Bldg. l, Suite 200 
Austin, TX 78746 

FIRST NAMED INVENTOR 

BrianAu1t 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

POZN.P0027US 6136 

EXAMINER 

MILLIGAN, ADAM C 

ART UNIT PAPER NUMBER 

1612 

NOTIFICATION DATE DELIVERY MODE 

04/28/2014 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

docket@phiplaw.com 

PTOL-90A (Rev. 04/07) 



Application No. Applicant(s) 

12/822,612 AULT ET AL. 
Applicant-Initiated Interview Summary 

Art Unit Examiner 

ADAM C. MILLIGAN 1612 

All participants (applicant, applicant's representative, PTO personnel): 

(1) ADAM C. MILLIGAN. (3)STEVEN L. HIGHLANDER. 

(2) LAUREN STEVENS. 

Date of Interview: 4/14/2014. 

Type: D Telephonic D Video Conference 
1Z1 Personal [copy given to: D applicant 

Exhibit shown or demonstration conducted: DYes 
If Yes, brief description: __ . 

(4) __ . 

D applicant's representative] 

DNa. 

Issues Discussed 0101 0112 0102 [8J1 03 OOthers 
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: All Pending. 

Identification of prior art discussed: Prior art of record. 

Substance of Interview 
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Applicants representitives presented slides detailing unexpected results that were present in the instant specification 
at tables 3 and 5. Applicants argued that the unexpected results were commensurate in scope with the instantly 
recited claims. Examiner disagreed that the results were commensurate in scope with the instant claims as outlined in 
the Office action dated 4/2/2014. Examiner was not persuaded by FDA findings as the FDA evaluates using much 
different perameters than the USPTO uses during a patentability determination. Applicants will consider filing a formal 
response to the office action dated 4/2/2014 which reflects the discussion about the claims being commensurate in 
scope with the demonstrated results. 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP 
section 713.04 ). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of 
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/ADAM C MILLIGAN/ 
Primary Examiner, Art Unit 1612 

U.S. Patent and Trademark Off1ce 

PTOL-413 (Rev. 8/11/2010) Interview Summary PaperNo.20140414 



Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.1331nterviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ t. t t t, t .t 35. (35 U.S.C. t 32) 

37 CFR §t .2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
-Application Number (Series Code and Serial Number) 
-Name of applicant 
-Name of examiner 
-Date of interview 
-Type of interview (telephonic, video-conference, or personal) 
-Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the specific prior art discussed 

An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

-The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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Office Action Summary 

Application No. 
12/822,612 

Examiner 
ADAM C. MILLIGAN 

Applicant(s) 
AULT ET AL. 

Art Unit 
1612 

AlA (First Inventor to File) 
Status 

No 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE .J. MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR t. t 36(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § t33). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR t .704(b). 

Status 
1 )~ Responsive to communication(s) filed on 1/17/2014. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1-4.13-15.17-20.22.23.25.26.31.36-38.42-48 and 64-67is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)~ Claim(s) 1-4.13-15.17-20.22.23.25.26.31.36-38.42-48 and 64-67is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://vvww.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to P~'Hfeedback(wuspto.oov. 

Application Papers 
1 0)0 The specification is objected to by the Examiner. 
11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some** c)O None of the: 

1.0 
2.0 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 
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Application/Control Number: 12/822,612 

Art Unit: 1612 

The present application is being examined under the pre-AlA first to invent 

provisions. 

DETAILED ACTION 

Page 2 

A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

1/17/2014 has been entered. 

Applicants' arguments, filed 1/17/2014, have been fully considered. Rejections 

and/or objections not reiterated from previous office actions are hereby withdrawn. The 

following rejections and/or objections are either reiterated or newly applied. They 

constitute the complete set presently being applied to the instant application. 

Claim Rejections- 35 U.S. C. § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 
set forth in section 102 of this title, if the differences between the subject matter sought to be patented 
and the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 1 03(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 1 03(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. 

Claims 1-4,13-15, 17-20,22,23,25, 26, 31,36-38,42-45 and 48 and 64-67 

stand rejected under 35 U.S.C. 1 03(a) as being unpatentable over Plachetka (U.S. 

6,926,907- see patent cite #39 on 12 page IDS dated 8/28/2012). 

Plachetka teaches non-steroidal anti-inflammatory drugs (NSAIDs) are widely 

accepted for pain control, but can lead to the development of gastrointestinal (GI) ulcers 

in susceptible individuals (col.1, lines 21-39 and col.2, lines 64-67). Plachetka teaches a 

method for reducing the risk of gastrointestinal side effects for people taking NSAI Ds 

during chronic treatment by administration of a single, coordinated, unit-dose product 

that combines an agent which actively raises gastric pH to levels associated with less 

risk of NSAID-induced ulcers and an NSAID that is specially formulated to be released 

in a coordinated way to minimize adverse effects (col.3, lines 1-17). Figure 1 and 

Example 6 demonstrates a dosage having a naproxen (500mg) core layer, which is 
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surrounded by a barrier layer, which is then surrounded by an enteric coating, which is 

then surrounded by acid inhibitor releasing layer (Example 6). The outermost 

omeprazole layer raises the gastrointestinal pH to above 4 (col.15, lines 1-16). The third 

layer prevents the release of the naproxen until the pH is above about 4 (col.14, lines 

59-67). The second layer protects the naproxen, and the first layer contains the 

naproxen and suitable excipients (col.14, lines 40-58). Results demonstrate that after a 

week of twice a day administration, patients taking the tablet of Plachetka had 

substantially less grade 3-4 gastrointestinal damage than those taking naked or enteric 

coated NSAIDs without an acid inhibitor (Example 1 0). Other than naproxen, which is 

typically administered at amounts of 250mg to 500mg, suitable NSAIDs include aspirin 

(col.1, lines 39-45), which is typically administered in amounts between about 250mg 

and 1 OOOmg (col 5, lines 55-59). Suitable acid inhibitors include omeprazole (col. 3, 

lines 18-38 and Examples 6, 7 and 8), which may be administered between about 5mg 

and 50mg (col.?, lines 1-18) and esomeprazole, which may be administered at 5mg to 

1 OOmg. Omeprazole is administered with an alkalizing agent such as sodium 

bicarbonate, potassium bicarbonate or sodium hydroxide to help solubilize and protect 

the omeprazole (col.15, lines 34-45). The tablet dosage discussed above may 

alternatively be formulated as a capsule formulation wherein the capsule contains 

pellets and granules (See e.g. Example 7). 

Plachetka does not teach the administration specific time periods over a week or 

administration to specific patient subpopulations. 
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With regard to claims 2, 4, 5, 26-28, 31 and 61-63, it would have been obvious 

to use the method of Plachetka on any patient who requires prolonged given that 

NSAIDs are taught to inducing Gl ulcers. Accordingly, it would have been obvious to 

administer the tablets of Plachetka to subsets of these patients where the subsets are 

included in the group of patients needing prolonged NSAI D treatment. 

With regard to claims 10-12, 39-41, 53-55 and 58-60, given that the prior art 

method is demonstrated to lesson gastric ulcers over the course of a week trial and is 

taught for use by chronic NSAI D users, it would have been obvious to continue the 

twice per day (BID) regimen for periods of time well beyond a week and up to the 

lifetime of the patient. 

With regard to claim 18, it would have been obvious to one of ordinary skill in the 

art to substitute sodium bicarbonate for potassium bicarbonate or sodium hydroxide 

given that each of the above are taught to act as alkalizing agents. MPEP 2144.06(11). 

With regard to claims 21, 23, 33 and 34, in the case where the claimed ranges 

overlap or lie inside ranges disclosed by the prior art, a prima facie case of obviousness 

exists. see MPEP 2144.05. Here, the prior art teaches that naproxen may administered 

at amounts of 250mg to 500mg and esomeprazole may be administered in amounts of 

5mg to 1 OOmg. 

With regard to claim 43, the recited "beads or minitablets" recited are interpreted 

to include the "granules" and "pellets" of Example 7 of the prior art which are placed into 

the capsule. 
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Applicants agree with the Examiner that the Plachetka (i.e. '907 patent) teaches 

that the NSAID core may be naproxen and the acid inhibitor coating may be 

esomeprazole, but nonetheless argue that Plachetka does not teach the species (i.e. 

naproxen dosage, esomeprazole dosage, duration of treatment and patient subsets) 

recited by the instant claims and thus a prima facie case of obviousness has not been 

established. 

Examiner disagrees. The recited dosages of 20mg of esomeprazole and 35 or 

500mg naproxen are rendered obvious by Plachetka's teaching a dosage of naproxen is 

250mg to 500mg and esomeprazole is 5mg to 1 OOmg. 

Regarding the duration of treatment, Claim 1 does not require a specific duration 

of treatment. Dependent claims (e.g. claims 1 0-12) recite durations of over at least 

about 1 month or longer. Given that the prior art method is demonstrated to lesson 

gastric ulcers over the course of a 1-week trial and is taught for use by chronic NSAID 

users, it would have been obvious to continue the twice per day (BID) regimen for 

periods of time well beyond a week and up to the lifetime of the patient. 

Regarding the patient population, Claim 1 does not require a specific patient 

population. The specific populations recited in the dependent claims (e.g. claims 3 and 

4) would have been obvious given Plachetka teaches the use of the acid inhibitor 

coated NSAID on any patient who requires prolonged NSAID administration. 

Accordingly, it would have been obvious to administer the acid inhibitor coated NSAID 
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Applicants argue that that a post filing reference by Angiolillo eta/. discloses data 

which supports the patentability of the instant claims. There is a general expectation in 

the art that patients taking low-dose aspirin (LOA) are more prone to developing gastric 

ulcers. Angiolillo teaches that in contrast to the general expectation that patients taking 

LOA in combination with NAP/ESO (500mg enteric coated naproxen and 20mg 

esomeprazole magnesium) showed less incidence of gastric ulcers than patients taking 

NAP/ESO and no LOA. Applicants argue that the same data can be found in the instant 

specification at paragraph [0155] and tables 3 and 5. Applicants conclude that they 

have demonstrated an unexpected result which overcomes the rejection and thus the 

rejection should be withdrawn. 

Examiner disagrees. While the result demonstrated by Angiolillo does appear to 

be unexpected, the instant specification does not appear to support such a result. 

Paragraph [0155] teaches PN400 (i.e. NAP/ESO) was associated with a significantly 

lower incidence of GU versus EC-naproxen regardless of age. Similar to [0155], instant 

tables 3 and 5 compare PN400 to EC-naproxen, but provide no teaching that PN400 

with LOA results in fewer gastric ulcers than PN400 without LOA. Thus, the unexpected 

result demonstrated by Angiolillo does not appear to be present in the instant 

application. Moreover, the presently recited claims are not commensurate in scope with 

the unexpected result demonstrated by Angiolillo. 
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Objective evidence of non-obviousness must be commensurate in scope with the 

claims which the evidence is offered to support. MPEP 716.02(d). Here, the instant 

claims permit the naproxen dosage to be 375mq or 500mg and a portion of the 

naproxen to be surrounded by a coating that is substantially insoluble at a pH below 3.5. 

In contrast, the data of Angiolillo is based on 500mg of naproxen, all of which is enteric 

coated. 

Claims 46 and 47 stand rejected under 35 U.S.C. 1 03(a) as being unpatentable 

over Plachetka (U.S. 6,926,907- see patent cite #39 on 12 page IDS dated 8/28/2012) 

in view of Phillips (U.S. 2004/0048896- see publication cite #12 on 18 page IDS dated 

8/28/2012). 

Plachetka is discussed above but does not teach the addition of a 

pharmacologically inert water-soluble coating over the outermost, esomeprazole 

containing, layer of the tablet. 

Phillips teaches that when administering bitter tasting proton pump inhibitors 

such as omeprazole or esomeprazole, sweeteners such a sucrose and aspartame may 

be added to the formulation. 

Phillips does not teach the addition of naproxen. 

It would have been obvious to one of ordinary skill in the art to add a water-

soluble coating comprising sucrose or aspartame to the formulation of Plachetka in 

order to mask the bitter taste associated with esomeprazole as taught by Phillips. 
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For the reasons provided in the rejection over Plachetka, the rejection is 

maintained. 

Nonstatutory Double Patenting 

Page 9 

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded in 
public policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise 
extension of the "right to exclude" granted by a patent and to prevent possible harassment by multiple 
assignees. A nonstatutory obviousness-type double patenting rejection is appropriate where the 
conflicting claims are not identical, but at least one examined application claim is not patentably distinct 
from the reference claim(s) because the examined application claim is either anticipated by, or would 
have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 
(Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 
887,225 USPQ 645 (Fed. Cir. 1985); In re VanOrnum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re 
Vogel, 422 F.2d 438,164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528,163 USPQ 644 
(CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1 .321 (c) or 1 .321 (d) may be used to 
overcome an actual or provisional rejection based on a nonstatutory double patenting ground provided 
the conflicting application or patent either is shown to be commonly owned with this application, or claims 
an invention made as a result of activities undertaken within the scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal disclaimer. 
A terminal disclaimer signed by the assignee must fully comply with 37 CFR 3.73(b). 

Claims 1-4,13-15, 17-20,22,23,25, 26, 31,36-38,42-48 and 64-67 stand 

provisionally rejected on the ground of non-statutory obviousness-type double patenting 

as being unpatentable over claims 1-20 of copending Application No. 12/823,082 in 

view of Plachetka (U.S. 6,926,907- see IDS dated 8/28/2012). 

The copending applications teach a method of treating a patient at risk of 

developing an NSAI D-associated ulcer by administering a unit dose comprising 

omeprazole in an amount sufficient to raise the gastric pH of the patient to at least 3.5 

and the NSAI D aspirin surrounded by a coating that is substantially insoluble in an 

aqueous medium below 3.5. 
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Plachetka is discussed above and additionally teaches that both aspirin and 

naproxen are suitable NSAIDs (col.3, lines 18-38) and that both omeprazole and 

esomeprazole are suitable acid inhibitors (col.3, lines 18-38). 

It would have been obvious to one of ordinary skill in the art to substitute aspirin 

for naproxen given that Plachetka teaches both are substitutable equivalent NSAIDs. 

See MPEP 2144.06(11). Further, one of ordinary skill in the art would understand that 

esomeprazole is the S-enantiomer of omeprazole, and thus contained in omeprazole. 

This is a provisional obviousness-type double patenting rejection because the 

conflicting claims have not in fact been patented. 

Applicants argue that for the reasons provided above, this rejection should be 

withdrawn. 

Examiner disagrees. For the reasons provided in the rejection over Plachetka, 

the rejection is maintained. 

Conclusion 

No claims are allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ADAM MILLIGAN whose telephone number is (571 )270-

7674. The examiner can normally be reached on M-F 9:00-5:00 EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Fred Krass can be reached on (571 )272-0580. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/ADAM C MILLIGAN/ 
Examiner, Art Unit 1612 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Brian AULT et al. Group Art Unit: 1612 

Serial No. 12/822,612 Examiner: Adam C. Milligan 

Filed: June 24, 2010 Atty. Dkt. No.: POZN.P0027US 

For: METHOD FOR TREATING A PATIENT 
AT RISK FOR DEVELOPING AN 
NSAID-ASSOCIATED ULCER 

Confirmation No.: 6136 

CERTIFICATE OF ELECTRONIC TRANSMISSION 
37 C.F.R. § 1.8 

I hereby certify that this response is being electronically 
filed with the United States Patent and Trademark Office 
via EFS-Web on the date below: 

January 17. 2014 
Date 

/Steven L. Highlander/ 
Steven L. Highlander 

PATENT 

AMENDMENT AND RESPONSE TO ACCOMPANY REQUEST FOR CONTINUED 
EXAMINATION UNDER 37 C.F.R. §1.114 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Dear Sir: 

This is in response to the Office Action ("the Action") mailed on July 18, 2013, and the 

Examiner is respectfully requested to enter the following amendments. The Commissioner is 

requested to consider this statement as a Petition for Extension of Time under 37 C.P.R. 

§ 1.136(a)(l) of three months to and including January 18, 2014, which falls on a Saturday and is 

therefore extended until Tuesday, January 21, 2014, under 37 C.P.R.§ 1.7(a), because Monday, 

January 20, 2014, is a Federal holiday. No other fees are believed to be due in connection with 

the filing of this response; however, should any fees be missing or deficient, or should any other 
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fees under 37 C.P.R. §§ 1.16 to 1.21 be deemed necessary for any reason relating to these 

materials, the Commissioner is authorized to deduct the appropriate fees from Parker Highlander 

PLLC Deposit Account No.: 50-5902/POZN.P0027US/SLH. 

Amendments to the Claim begin on page 3 of this response; Remarks begin on page 

10. 
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AMENDMENTS TO THE CLAIMS 

Listing of Claims 

The following listing of claims replaces all previous listings or versions thereof: 

1. (Currently amended) A method of reducing the incidence of NSAID-associated gastric 

ulcers in patients taking low dose aspirin who are at risk of developing such ulcers, wherein the 

method comprises administering to said patient in need thereof a pharmaceutical composition in 

unit dose form comprising: 

(a) 20 mg of esomeprazole, or pharmaceutically acceptable salt thereof, in a form and 

route sufficient to raise the gastric pH of said patient to at least 3.5 upon administration of 

one or more of said unit dose forms, and 

(b) 375 mg or 500 mg of naproxen, or pharmaceutically acceptable salt thereof; 

wherein said unit dose form provides for coordinated release of the esomeprazole and the 

naproxen such that: 

(i) at least a portion of said esomeprazole, or pharmaceutically acceptable salt 

thereof, is released independent of the pH of the surrounding medium; and 

(ii) at least a portion of said [[the]] naproxen, or pharmaceutically acceptable 

salt thereof, is not released from said unit dose form until the pH of the 

surrounding medium is 3.5 or higher; and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of NSAID

associated ulcers in said patient. 

2. (Currently amended) The method according to claim 1, wherein said patient is in need of 

the risk is associated with chronic NSAID treatment. 

3. (Previously presented) The method according to claim 1, wherein said disease or disorder 

is selected from pain and inflammation. 
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4. (Previously presented) The method according to claim 1, wherein said disease or disorder 

is selected from osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, and a combination 

thereof. 

5-12. (Canceled) 

13. (Currently amended) The method according to claim 1, wherein said pharmaceutical 

composition in unit dose form is a multilayer tablet comprising at least one core and at least a 

first layer and a second layer, wherein: 

(a) said core comprises said at least a portion of said [[the]] naproxen, or a 

pharmaceutically acceptable salt thereof; 

(b) said first layer is a coating that at least begins to release said at least a portion of 

said [[the]] naproxen, or a pharmaceutically acceptable salt thereof, when the pH of the 

surrounding medium is about 3.5 or greater; and 

(c) said second layer comprises the esomeprazole, or a pharmaceutically acceptable 

salt thereof, wherein said esomeprazole, or a pharmaceutically acceptable salt thereof, is 

released at a pH of from about 0 or greater. 

14. (Original) The method according to claim 13, wherein said esomeprazole, or a 

pharmaceutically acceptable salt thereof, is released at a pH of from about 1 or greater. 

15. (Original) The method according to claim 13, wherein said esomeprazole, or a 

pharmaceutically acceptable salt thereof, is released at a pH of from about 0 to about 2. 

16. (Canceled) 

17. (Previously presented) The method according to claim 13, wherein said first layer is an 

enteric coating. 

18. (Previously presented) The method according to claim 13, wherein said multi-layer tablet 

is at least about 95% free of sodium bicarbonate. 
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19. (Currently amended) The method according to claim 13, wherein said first layer begins to 

release said at least a portion of said [[the]] naproxen, or a pharmaceutically acceptable salt 

thereof, when the pH of the surrounding medium is at about 4.0 or greater. 

20. (Currently amended) The method according to claim 13, wherein said first layer begins to 

release said at least a portion of said [[the]] naproxen, or a pharmaceutically acceptable salt 

thereof, when the pH of the surrounding medium is at about 4.5 or greater. 

21. (Canceled) 

22. (Currently amended) The method according to claim 1 or claim 13, wherein the amount 

of naproxen, or a pharmaceutically acceptable salt thereof, is 500 mg. 

23. (Currently amended) The method according to claim 1, wherein the amount of naproxen, 

or a pharmaceutically acceptable salt thereof, is 375 mg. 

24. (Canceled) 

25. (Currently amended) A method compnsmg of reducing the incidence of NSAID

associated gastric ulcers in patients taking low dose aspirin who are at risk of developing such 

ulcers, wherein the method comprises administering to the patient a pharmaceutical composition 

in unit dosage form suitable for oral administration comprising: 

(a) 20 mg of esomeprazole or a pharmaceutically acceptable salt thereof, that is 

immediately soluble when the dosage form is placed in an aqueous medium, independent 

of pH, in an amount effective to raise the gastric pH of the patient to at least 3.5 upon 

administration of one or more of the unit dosage forms, and 

(b) 375 mg or 500 mg of naproxen or pharmaceutically acceptable salt thereof, 

wherein at least a portion of said [[the]] naproxen or a pharmaceutically acceptable salt 

thereof is surrounded by a coating that is substantially insoluble in an aqueous medium at 

a pH below 3.5 and at a temperature of about 37° C; and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of NSAID

related ulcers in said patient. 
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26. (Original) The method of claim 25, wherein the risk is associated with chronic NSAID 

treatment. 

27-30. (Canceled) 

31. (Previously presented) The method of claim 25, wherein the patient is treated for a 

disease or disorder selected from pain, inflammation, osteoarthritis, rheumatoid arthritis, 

ankylosing spondylitis, and combinations thereof. 

32-35. (Canceled) 

36. (Previously presented) The method of claim 25, wherein the amount of naproxen, or a 

pharmaceutically acceptable salt thereof, is 375 mg. 

37. (Previously presented) The method of claim 25, wherein the amount of naproxen, or a 

pharmaceutically acceptable salt thereof, is 500 mg. 

38. (Previously presented) The method of claim 25, wherein the pharmaceutical composition 

is formulated to be administered to a patient twice daily. 

39-41. (Canceled) 

42. (Previously presented) The method according to claim 25, wherein the unit dosage form 

is a tablet. 

43. (Previously presented) The method according to claim 25, wherein the unit dosage form 

is a capsule containing beads or minitablets. 

44. (Currently amended) The method according to claim 25, wherein the unit dosage form is 

a tablet comprising a core and two or more layers, in which 

(a) said at least a portion of said [[the]] naproxen, or a pharmaceutically acceptable 

salt thereof, is in the core; 

(b) a first layer surrounds the core and is a coating substantially insoluble in aqueous 

medium at a pH below 3.5 and at a temperature of about 37° C.; and 
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(c) at least one second layer comprising the esomeprazole, or a pharmaceutically 

acceptable salt thereof, surrounds the coating of the first layer. 

45. (Currently amended) The method according to claim 25, wherein the unit dosage form is 

a multilayer tablet comprising a core and at least a first layer enclosing the core, and a second 

layer enclosing the first layer, wherein: 

(a) the core comprises said at least a portion of said [[the]] naproxen, or a 

pharmaceutically acceptable salt thereof; 

(b) the first layer is a coating that releases less than 10% of the naproxen or a 

pharmaceutically acceptable salt thereof after 2 hours when tested using the USP Paddle 

Method in 1000 ml of O.lN HCl at 75 rpm at 37° C +1-0.5° C; and 

(c) the second layer comprises esomeprazole, or a pharmaceutically acceptable salt 

thereof and at least one excipient, wherein the second layer is at least 95% soluble after 

30 minutes when tested using the USP Paddle Method in 1000 ml of O.lN HCl for two 

hours at 75 rpm at 37° C+/-0.5° C. 

46. (Previously presented) The method according to claim 44, wherein the unit dosage form 

further comprises a pharmacologically inert, water soluble coating or film surrounding the 

outermost layer of the unit dosage form. 

47. (Previously presented) The method of claim 46, wherein the inert coating or film 

comprises a water soluble sugar. 

48. (Previously presented) The method of claim 25, wherein administration of the unit 

dosage form is more effective at reducing the risk of ulcer than treatment with enteric coated 

naproxen or a pharmaceutically acceptable salt thereof. 

49-63. (Canceled) 

64. (New) A method of reducing the incidence of NSAID-associated gastric ulcers in patients 

taking low dose aspirin who are at risk of developing such ulcers, wherein the method comprises 

administering to said patient in need thereof twice a day for 1 month a pharmaceutical 

composition in unit dose form: 
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(a) 20 mg of esomeprazole, or pharmaceutically acceptable salt thereof, in a form and 

route sufficient to raise the gastric pH of said patient to at least 3.5 upon administration of 

one or more of said unit dose forms, and 

(b) 375 mg or 500 mg of naproxen, or pharmaceutically acceptable salt thereof; 

wherein said unit dose form provides for coordinated release of the esomeprazole and the 

naproxen such that: 

(i) at least a portion of said esomeprazole, or pharmaceutically acceptable salt 

thereof, is released independent of the pH of the surrounding medium; and 

(ii) at least a portion of said naproxen, or pharmaceutically acceptable salt 

thereof, is not released from said unit dose form until the pH of the surrounding 

medium is 3.5 or higher; and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of NSAID

associated gastric ulcers in said patient as compared to patients taking low dose aspirin who are 

administered twice a day for 1 month enteric coated naproxen, or a pharmaceutically acceptable 

salt thereof. 

65. (New) A method of reducing the incidence of NSAID-associated gastric ulcers in patients 

taking low dose aspirin who are at risk of developing such ulcers, wherein the method comprises 

administering to said patient in need thereof twice a day for 3 months a pharmaceutical 

composition in unit dose form: 

(a) 20 mg of esomeprazole, or pharmaceutically acceptable salt thereof, in a form and 

route sufficient to raise the gastric pH of said patient to at least 3.5 upon administration of 

one or more of said unit dose forms, and 

(b) 375 mg or 500 mg of naproxen, or pharmaceutically acceptable salt thereof; 

wherein said unit dose form provides for coordinated release of the esomeprazole and the 

naproxen such that: 

(i) at least a portion of said esomeprazole, or pharmaceutically acceptable salt 

thereof, is released independent of the pH of the surrounding medium; and 
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(ii) at least a portion of said naproxen, or pharmaceutically acceptable salt 

thereof, is not released from said unit dose form until the pH of the surrounding 

medium is 3.5 or higher; and 

wherein said pharmaceutical composition in unit dose form reduces the incidence of NSAID

associated gastric ulcers in said patient as compared to patients taking low dose aspirin who are 

administered twice a day for 3 months enteric coated naproxen, or a pharmaceutically acceptable 

salt thereof. 

66. (New) The method according to claim 13, wherein the amount of naproxen, or a 

pharmaceutically acceptable salt thereof, is 500 mg. 

67. (New) The method according to claim 13, wherein the amount of naproxen, or a 

pharmaceutically acceptable salt thereof, is 375 mg. 
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REMARKS 

I. Status of the Claims 

Claims 1-20, 22, 23, 25-31, 36-48 and 51-63 are pending in the application and stand 

rejected, variously, under 35 U.S.C. § 103 and for alleged obviousness-type double-patenting. 

Claims 1, 2, 13, 19-20, 23, 25, 44-45 and 61-62 have been amended and claims 5-12, 16, 27-30, 

40, 41 and 51-63 have been canceled herein, respectively, without prejudice and without 

disclaimer. In addition, new claims 64-67 have been added. Claims 1-4, 13-15, 17-20, 22, 23, 

25, 26, 31, 36-38, 42-48 and 64-67 are therefore currently pending in the application. 

Applicant reserves the right to pursue the subject matter of the amended and canceled 

claims in a continuation application of the present application. The specific grounds for rejection, 

and Applicant's response thereto, are set forth in detail below. 

II. Support for Amendments 

Support for the amended claims and newly added claims can be found throughout the 

specification and claims as originally filed. Specific support for the claim amendments and 

newly added claims can be found at least in part in paragraphs [0003], [0005], [0006], [0018], 

[0024], [0031], [0048], [0058], [0087], [0114], and [0155] of the specification as originally filed. 

No new matter is included in the amended claims and newly added claims. 

III. Rejection Under 35 U.S.C. §103 

Claims 1-20, 22, 23, 25-31, 36-45,48 and 51-63 remain rejected as obvious over the '907 

patent. Although Applicant respectfully disagrees with the arguments presented in the Action 

that the '907 patent renders obvious the claims presented in the Amendment and Request for 
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Reconsideration filed on March 14, 2013 ("March 2013 Response"), during the prosecution of 

the present application, Applicant has amended claims 1 and 25 to recite methods of reducing the 

incidence of NSAID-associated gastric ulcers in patients taking low dose aspirin who are at risk 

of developing such ulcers, solely in order to progress the present case more rapidly to allowance. 

Attached as Exhibit A is a peer-reviewed publication by Angiolillo et al., J Thromb 

Thrombolysis (published online: December 25, 2013) ("Angiolillo"), which discloses data that 

supports the patentability of the amended claims over the '907 patent, either alone or in view of 

Phillips, as set forth in further detail below. Before this discussion, however, Applicant wishes 

to clarify certain arguments made in the March 2013 Response, in light of positions taken by the 

Examiner in the Action. 

A. Arguments Presented in the March 2013 Response 

The Action states that "Applicants argue that [the '907 patent] fails to teach or suggest 

the combination of naproxen and esomeprazole" in the March 2013 Response. See Action, p. 3. 

This sentence takes arguments presented by Applicant out of context from the March 2013 

Response, and suggests that Applicant presented an argument it did not intend to make in the 

March 2013 Response. Applicant wishes to clarify that the argument related to the combination 

of naproxen and esomeprazole that Applicant presented in the March 2013 Response is that 

the '907 patent fails to teach or suggest the combination of the specific dosage of naproxen with 

the specific dosage of esomeprazole, for the claimed duration of treatment and patient subsets for 

treatment, as set forth in the then-pending claims. This argument is set forth repeatedly in the 

March 2013 Response. In other words, the claims presented in the March 2013 Response are a 

patentable species over the more broadly disclosed genus of the '907 patent. Applicant agrees 

with the Examiner that the '907 patent teaches, and likewise properly claims, that the NSAID 
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core may be naproxen, and the acid inhibitor coating may be esomeprazole. But again, the '907 

patent does not teach or suggest the species of the pending claims. As such, no prima facie case 

of obviousness has been established by the Action. Nevertheless, as stated above, Applicant has 

amended the claims to progress the present case more rapidly to allowance, as discussed below. 

B. The Amended Claims are Non-Obvious over the '907 Patent 

Applicant has amended claims 1 and 25 to recite methods of reducing the incidence of 

NSAID-associated gastric ulcers in patients taking low dose aspirin who are at risk of developing 

such ulcers, based on surprising clinical data in this subset of patients. As set forth in the present 

application, while NSAIDs are a key therapy for pain and inflammation, there is a substantial 

risk of gastric ulcers associated with such treatment, particularly in subsets of patients with 

certain risk factors. While there are many risk factors associated NSAID patients developing 

gastric ulcers, one such risk factor is concomitant use of low-dose aspirin ("LDA"). As such, 

one of skill in the art understood that patients receiving NSAIDs and concomitant LDA are at an 

increased risk of upper gastrointestinal complications and ulcers. See Angiolillo, Discussion 

("The evidence has come from populations studies and randomized trials where LDA 

consumption has been documented but not part of a formal randomization scheme [citations 

omitted]."). 

Angiolillo pooled data from 5 Phase III clinical studies of a fixed-dose combination of 

enteric-coated naproxen (500 mg) and immediate-release esomeprazole magnesium (20 mg) 

("NAP/ESO") in patients (as compared to enteric-coated ("EC") naproxen (500 mg) alone), and 

stratified the data based on LDA use (:S325 mg daily, administered at any time during the study) 
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and LDA non-use. Id. 1 Angiolillo analyzed data from 2317 patients receiVmg treatment, of 

which 1157 received NAP/ESQ. Of the patients that received NAP/ESO, 298 also received 

concomitant LDA. 

Surprisingly, the studies analyzed in Angiolillo found "that NAP/ESO-treated patients 

were substantially less likely than those taking EC naproxen to develop [a gastric ulcer], 

irrespective of whether they were taking LDA or not." See Angiolillo, Discussion (emphasis in 

original). In addition, and even more surprising, there was also "a trend in the NAP/ESO group 

for those taking LDA to be less likely to have a [gastric ulcer] at each of months 1, 3, and 6 than 

those not taking [LDAT." !d. (emphasis added). This finding is illustrated in Figure 2 of 

Angiolillo (shown below), which summarizes data of the incidence of gastric ulcers in LDA 

users versus LDA non-users from the pooled clinical trials. 

Fig. 2 Pooled cnmnl.llive (a) Ill NA.P.IESO (n = 99) (b) Ill NAP.IESO (n = 329) 
observed incidence of gastric D 8~ Nopra<en (n = 104) D EC Nop""'en (n<:Z:) 

ulcers <IIld d no dena! nkers ill. 3J GU DU 25 GU DU 
Month 0, 3, <IIld 6 in a lDA ;!-1.~ 

users <IIld b lDA non users 
(intent to treat popul.llion, 25 

pooled data from studies 301 9) 

<IIld 302). EC enteric coated, ~ ~ LDA low dose aspirin, NAP/ oU 
m 

(lJ 

ESO naproxenlesomeprazole 0 u 
15 

magnesium ~ ~ ·g 
15 

·g 

w <JJ 
> 

:§ :§ 10 

" " E lO E 

0 0 
5 

5 

0 0 
3 6 3 6 3 6 3 6 

Morm Month Morrth Morrth 

These data are particularly surprising given that the incidence of gastric ulcers in LDA 

users taking NAP/ESO is lower than in LDA non-users taking NAP/ESO (0% versus 2.1% at 1 

month, 0% versus 4.3% at 3 months, and 3.0% versus 6.4% at 6 months, respectively), while the 

1 For clarity, some of this data is also disclosed in the specification of the present application, but Angiolillo 
provides helpful analysis of the pooled data with respect to LDA use versus LDA non-use. 
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incidence of gastric ulcers in LDA users taking EC naproxen is higher than in LDA non-users 

taking EC naproxen (15.4% versus 10.2% at 1 month, 23.1% versus 17.1% at 3 months, and 27.9% 

versus 22.4% at 6 months, respectively). 

Thus, in patients taking both LDA and EC naproxen, higher incidences of gastric ulcers 

occurred as expected (based on the observation that users of NSAIDs and concomitant LDA are 

at an increased risk of upper gastrointestinal complications and ulcers), as compared to patients 

taking EC naproxen but not LDA (at 6 months, 27.9% versus 22.4%, respectively). In contrast, 

in patients taking both LDA and NAP/ESO, a lower incidence of gastric ulcers occurred (despite 

the expectation that these patients would be at an increased risk for developing such ulcers based 

on the concomitant use of LDA) as compared to patients taking NAP/ESO but not LDA (at 

6 months, 3% versus 6%, respectively). As noted in Angiolillo (see Discussion), statistical tests 

for the direct comparisons set forth in this paragraph were not performed because the patients in 

the pooled clinical studies were not randomized to take or not take LDA (statistical testing was 

confined to comparisons where patients were randomly allocated to treatments). Nevertheless, 

the data shows an unexpected and surprising trend in the subset of patients taking LDA and 

NAP/ESQ. 

Data showing an unexpected and surprising trend in the subset of patients taking LDA 

and NAP/ESO is also found in the specification of the pending application. For example, in 

patients taking both LDA and EC naproxen, higher incidences of gastric ulcers occurred as 

compared to patients taking EC naproxen but not LDA (at 6 months, 28.4% versus 22.2%, 

respectively). See paragraph [0155] and Tables 3 and 5. In contrast, in patients taking both 

LDA and NAP/ESO, a lower incidence of gastric ulcers occurred (again, despite the expectation 

that these patients would be at an increased risk for developing such ulcers based on the 
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concomitant use of LDA) as compared to patients taking NAP/ESO but not LDA (at 6 months, 3% 

versus 6.4%, respectively). !d. Thus, the data in the specification again shows this unexpected 

and surprising trend in the subset of patients taking LDA and NAP/ESQ. 

Based on this unexpected and surprising data, Applicant has amended claims 1 and 25 to 

recite methods of reducing the incidence of NSAID-associated gastric ulcers in patients taking 

LDA who are at risk of developing such ulcers. Nothing in the '907 patent, either alone or in 

view of Phillips, would suggest this unexpected and surprising result. 

IV. Rejection for Obviousness-Type Double-Patenting 

Claims 1-20, 22, 23, 25-31, 36-48 and 51-63 are provisionally rejected over claims 1-20 

of copending application U.S. Serial No. 12/823,082 in view of the '907 patent. Although the 

rejection is provisional nature, Applicants traverse the rejection as follows. 

As noted above, the claims as presented here now all recite methods of reducing the 

incidence of NSAID-associated gastric ulcers in patients taking low dose aspirin who are at risk 

of developing such ulcers, based on surprising clinical data in this subset of patients. The 

detailed discussion will not be repeated here, but is merely incorporated by reference. Thus, in 

light of similar considerations, it is believed that this rejection also is overcome. Therefore, 

reconsideration and withdrawal of the rejection is respectfully requested. 
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V. Conclusion 

In light of the foregoing, Applicant respectfully submits that all claims are in condition 

for allowance, and an early notification to the effect is earnestly solicited. The Examiner is 

invited to contact the undersigned representative with any questions or concerns regarding this 

submission or the application. 

Date: January 17, 2014 

PARKER HIGHLANDER PLLC 
ll20 S. Capital of Texas Hwy. 
Bldg. One, Suite 200 
Austin TX 78746 

Direct: 
General: 
Fax: 

{00114412} 

512-334-2901 
512-334-2900 
512-334-2999 
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Respectfully submitted, 

/Steven L. Highlander/ 

Steven L. Highlander 
Reg. No. 37,642 
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8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilvvww.uspto.gov!patents/init events/pph/index.jsp or send an inquiry to PPHfeedback(wuspto.oov. 

Application Papers 
1 0)0 The specification is objected to by the Examiner. 
11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some* c)O None of the: 

1.0 
2.0 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 
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Application/Control Number: 12/822,612 

Art Unit: 1612 

DETAILED ACTION 

Applicants' arguments, filed 3/14/2013, have been fully considered. 

Rejections and/or objections not reiterated from previous office actions are 

hereby withdrawn. The following rejections and/or objections are either reiterated 

or newly applied. They constitute the complete set presently being applied to the 

instant application. 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action 

can be found in a prior Office action. 

Claims 1-20, 22, 23, 25-31, 36-45, 48 and 51-63 stand rejected under 35 

U.S.C. 1 03(a) as being unpatentable over Plachetka (U.S. 6,926,907- see 

patent cite #39 on 12 page IDS dated 8/28/2012). 

Applicants argue that the specific duration of treatment and the particular 

patient subsets are missing from the '907 patent, so it would not have been 

obvious to choose the recited duration and patient populations 

Examiner disagrees. Claim 1 does not require a specific patient 

population. The specific populations recited in the dependent claims (e.g. claims 

3 and 4) would have been obvious given Plachetka teaches the use of the acid 

inhibitor coated NSAID on any patient who requires prolonged NSAID 

administration. Accordingly, it would have also been obvious to choose to 

administer the coated given that NSAIDs are taught to induce Gl ulcers. 

Accordingly, it would have been obvious to administer the acid inhibitor coated 
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NSAID to patients regardless of the reasons the patient is taking the NSAID e.g. 

pain, inflammation, etc. Claim 1 also does not require a specific duration of 

treatment. Dependent claims (e.g. claims 10-12) recite durations of over at least 

about 1 month or longer. Given that the prior art method is demonstrated to 

lesson gastric ulcers over the course of a 1-week trial and is taught for use by 

chronic NSAI D users, it would have been obvious to continue the twice per day 

(BID) regimen for periods of time well beyond a week and up to the lifetime of the 

patient. 

Applicants argue that the specific dosages of naproxen (375-500mg) and 

esomeprazole (20mg) are not taught by Plachetka. 

In the case where the claimed ranges overlap or lie inside ranges 

disclosed by the prior art, a prima facie case of obviousness exists. see MPEP 

2144.05. Here, the prior art teaches that naproxen (NSAI D) may administered at 

amounts of 250mg to 500mg and esomeprazole may be administered in amounts 

of 5mg to 1 OOmg. Applicants present no evidence of unexpectedness regarding 

the narrower ranges recited. Thus, the rejection is maintained. 

Applicants argue that Plachetka fails to teach or suggest the combination 

of naproxen with esomeprazole. 

Examiner disagrees. Plachetka teaches the NSAID core is naproxen (Fig. 

1) and the acid inhibitor coating may be esomeprazole (col.?, lines 1-18). Also, 
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the specific combination of naproxen and omeprazole is taught at Example 6 

(cols 14-17). Note that omeprazole includes the S-enantiomer esomeprazole. 

Applicants argue that to arrive at the present claims, one would be 

required to select on of 24 NSAIDs, one of 12 gastric acid inhibitors, select one 

dosage for the gastric acid inhibitor and two for the NSAID, select a duration of 

treatment, and a patient population from the teachings of Plachetka which would 

constitute excessive picking and choosing. 

Examiner disagrees. Plachetka teaches naproxen as the desired NSAI D in 

a dosage form containing a gastric acid inhibitor (Fig.1 ). The duration and patient 

population are discussed above. Thus, the only selection from a group required 

is that of a gastric acid inhibitor. In formulating the tablet of Plachetka's Figure 1, 

it would have been obvious to choose a gastric acid inhibitor from those taught in 

the reference, which include esomeprazole. 

Claims 46 and 47 stand rejected under 35 U.S.C. 1 03(a) as being 

unpatentable over Plachetka (U.S. 6,926,907- see patent cite #39 on 12 page 

IDS dated 8/28/2012) in view of Phillips (U.S. 2004/0048896- see publication 

cite #12 on 18 page IDS dated 8/28/2012). 

Applicants argue that for the reasons provided above, the rejection should 

be withdrawn. 
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Examiner disagrees. For the reasons provided above with regard to 

Plachetka, the rejection is maintained. 

Obvious-Type Nonstatutory Double Patenting 

The text regarding the basis for nonstatutory double patenting not included 

in this action can be found in a prior Office Action. 

Claims 1-20, 22, 23, 25-31, 36-48 and 51-63 stand provisionally rejected 

on the ground of nonstatutory obviousness-type double patenting as being 

unpatentable over claims 1-20 of copending Application No. 12/823082 in view of 

Plachetka (U.S. 6,926,907- see IDS dated 8/28/2012). 

Applicants request that the rejection be held in abeyance until such time 

that allowable subject matter is indicated. 

Accordingly, the rejection is maintained. 

Conclusion 

No claims allowed. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of 

time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire 

THREE MONTHS from the mailing date of this action. In the event a first reply is 

filed within TWO MONTHS of the mailing date of this final action and the advisory 
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action is not mailed until after the end of the THREE-MONTH shortened statutory 

period, then the shortened statutory period will expire on the date the advisory 

action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be 

calculated from the mailing date of the advisory action. In no event, however, will 

the statutory period for reply expire later than SIX MONTHS from the mailing 

date of this final action. 

Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to ADAM MILLIGAN whose telephone number is 

(571 )270-7674. The examiner can normally be reached on M-F 9:00-5:00 EST. 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Fred Krass can be reached on (571 )272-0580. The fax 

phone number for the organization where this application or proceeding is 

assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from 

the Patent Application Information Retrieval (PAIR) system. Status information 

for published applications may be obtained from either Private PAIR or Public 

PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-

direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-

free). If you would like assistance from a USPTO Customer Service 

Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000. 
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Supervisory Patent Examiner, Art Unit 1612 
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Pharmaceutical Compositions for the Coordinated Delivery of 
NSAIDs 

Abstract 

The present invention is directed to drug dosage forms· that release an agent that 

raises the pH of a patient's gastrointestinal tract, followed by a non-steroidal anti

inflammatory drug. The dosage form is designed so that the NSAID is not released until 

the intragastric pH has been raised to a safe level. The invention also encompasses 

methods of trating patients by administering this coordinated release, gastroprotective, 

antiarthitic/analgesic combination unit dosage form to achieve pain and symptom relief 

10 with a reduced risk of developing gastrointestinal damage such as ulcers, erosions and 

hemorrhages. 
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Pharmaceutical Compositions for the Coordinated 
Delivery of NSAIDs 

Field of the Invention 

5 The present invention is directed to pharmaceutical compositions that provide for the 

10 

coordinated release of an acid inhibitor and a non-steroidal anti-inflammatory drug (NSAID). 

These compositions have a reduced likelihood of causing unwanted side effects, especially 

gastrointestinal side effects, when administered as a treatment for pain, arthritis and other 

conditions amenable to treatment with NSAIDs. 

Background of tbe Invention 

Although non-steroidal anti-inflammatory drugs are widely accepted as effective 

agents for controlling pain, their administration can lead to the development of 

gastroduodenal lesions, e.g., ulcers and erosions, in susceptible individuals. It appears that a 

15 major factor contributing to the development of these lesions is the presence of acid in the 

stomach and upper small intestine of patients. This view is supported by clinical studies 

demonstrating an improvement in NSAID tolerability when patients are also taking 

independent doses of acid inhibitors (Dig. Dis. 12:210-222 (1994); Drug Safety 21:503-512 

(1999); Aliment. Pharmacal. Ther. 12:135-140 (1998)~Am. J. Med 104(3A):67S-74S (1998); 

20 Clin. Ther. 17: 1159-1173 (1995)). Other major factors contributing to NSAID-associated 

gastropathy include a local toxic effect ofNSAlDs and inhibition of protective prostaglandins 

(Can. J. Gastroenterol. 13: 135-142 (1999) and Pract. Drug Safety 21:503-512, (1999)), 

which may also make some patients more susceptible to the ulcerogenic effects of other 

noxious stimuli. 

25 

In general, more potent and longer lasting acid inhibitors, such as proton pump 

inhibitors, are thought to be more protective during chronic administration of NSAIDs than 

shorter acting agents, e.g., histamine H2 receptor antagonists (H-2 blockers) (N Eng. J. Med. 

338:719-726 (1998); Am. J. Med 104(3A):56S-61S (1998)). The most likely explanation for 

30 this is that gastric pH fluctuates widely throughout the dosing interval with short acting acid 

inhibitors leaving the mucosa vulnerable for significant periods of time. In particular, the pH 

is at its lowest point, and hence the mucosa is most vulnerable, at the end of the dosing 

interval (least amount of acid inhibition) and for some time after the subsequent dose of acid 
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inhibitor. In general, it appears that when a short acting acid inhibitor and an NSAID are 

administered simultaneously, NSAID-related mucosal damage occurs before the pH of the 

gastrointestinal tract can be raised and after the acid inhibiting effect of the short acting acid 

inhibitor dissipates. 

Although longer lasting agents, such as proton pump inhibitors (PPis), usually 

maintain a consistently higher gastroduodenal pH throughout the day, after several days 

dosing, their antisecretory effect may be delayed for several hours and may not take full 

effect for several days (Clin. Pharmacokine/. 20:38-49 (1991)). Their effect may be 

diminished toward the end of the usual dosing interval. Intragastric pH rises particularly 

slowly with the first dose in a course of treatment since this class of drugs is enteric coated to 

avoid destruction by stomach acid. As a result, absorption is delayed for several hours. Even 

then, some patients fail to respond consistently to drugs of this type and suffer from "acid 

breakthrough" which again leaves them vulnerable to NSAID-associated gastroduo-

15 denaldamage (Aliment. Pharmacol. Ther. 14:709-714 (2000)). Despite a significant reduction 

in gastroduodenal lesions with the concomitant administration of a proton pump inhibitor 

during six months of NSAID therapy, up to 16% of patients still develop ulcers, indicating 

that there remains substantial room for improvement (N. Eng. J. Med. 338:127-134 (I 998)). 

Thus, the addition of a pH sensitive enteric coating to an NSAID could provide additional 

20 protection against gastroduodenal damage not provided by the H2 blocker or PPI alone. In 

addition, although long acting acid inhibitors may reduce the risk of GI lesions in chronic 

NSAID users, there are questions about the safety of maintaining an abnormally elevated pH 

in a patient's Gl tract for a prolonged period oftime (Scand J Gastroenterol. Suppl. 178:85-

92 (1990)). 

25 

Recognizing the potential benefits of PPis for the prevention of NSAID-induced 

gastroduodenal damage, others have disclosed strategies for combining the two active agents 

for therapeutic purposes. However, these suggestions do not provide for coordinated drug 

release or for reducing intragastric acid levels to a non-toxic level prior to the release of 

30 NSAID (U.S. 5,204,118; U.S. 5,417,980; U.S. 5,466,436; and U.S. 5,037,815). In certain 

cases, suggested means of delivery would expose the gastrointestinal tract to NSAIDs prior to 

onset ofPPI activity (U.S. 6,365,184). 
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Attempts to develop NSAIDs that are inherently less toxic to the gastrointestinal tract 

have met with only limited success. For example, the recently developed cyclooxygenase-2 

(COX-2) inhibitors show a reduced tendency to produce gastrointestinal ulcers and erosions, 

but a significant risk is still present, especially if the patient is exposed to other ulcerogens 

(JAMA 284:1247-1255 (2000); N. Eng. J. Med. 343:1520-1528 (2000)). In this regard, it 

appears that even low doses of aspirin will negate most of the benefit relating to lower 

gastrointestinal lesions. In addition, th,e COX-2 inhibitors may not be as effective as other 

NSAIDs at relieving some types of pain and have been associated with significant 

cardiovascular problems (JADA /31:1729-1737 (2000); SCRIP 2617, pg. 19, Feb. 14, 2001); 

NY Times, May 22,2001, pg. Cl)). 

Other attempts to produce an NSAID therapy with less gastrointestinal toxicity have 

involved the concomitant administration of a cytoprotective agent. In 1998, Searle began 

marketing Arthrotec™ for the treatment of arthritis in patients at risk for developing GI 

15 ulcers. This product contains misopristol (a cytoprotective prostaglandin) and the NSAID 

diclofenac. Although patients administered Arthrotec™ do have a lower risk of developing 

ulcers, they may experience a number of other serious side effects such as diarrhea, severe 

cramping and, in the case of pregnant women, potential damage to the fetus. 

20 Another approach has been to produce enteric coated NSAID products. However, 

even though these have shown modest reductions in gastroduodenal damage in short term 

studies (Scand. J Gastroenterol. 20: 239-242 (1985) and Scand. J Gastroenterol. 25:231-

234 (1990)), there is no consistent evidence of a long term benefit during chronic treatment. 

25 Overall, it may be concluded that the risk of inducing 01 ulcers is a recognized 

30 

problem associated with the administration of NSAIDs and that, despite considerable effort, 

an ideal solution has not yet been found. 

Summary of the Invention 

The present invention is based upon the discovery of a new method for reducing the 

risk of gastrointestinal side effects in people taking NSAIDs for pain relief and for other 

conditions, particularly during chronic treatment. The method involves the administration of 

a single, coordinated, unit-dose product that combines: a) an agent that actively raises 
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intragastric pH to levels associated with less risk ofNSAID-induced ulcers; and b) an NSAID 

that is specially formulated to be released in a coordinated way that minimizes the adverse 

effects of the NSAID on the gastroduodenal mucosa. Either short or long acting acid 

inhibitors can be effectively used in the dosage forms. This method has the added benefit of 

being able to protect patients from other gastrointestinal ulcerogens whose effect may 

otherwise be enhanced by the disruption of gastroprotective prostaglandins due to NSAID 

therapy. 

In its first aspect, the invention is directed to a pharmaceutical composition in unit 

dosage form suitable for oral administration to a patient. The composition contains an acid 

inhibitor present in an amount effective to raise the gastric pH of a patient to at least 3.5, 

preferably to at least 4, and more preferably to at least 5, when one or more unit dosage forms 

are administered. The gastric pH should not exceed 7.5 and preferably should not exceed 7 .0. 

The term "acid inhibitor" refers to agents that inhibit gastric acid secretion and increase 

15 gastric pH. In contrast to art teaching against the use of H2 blockers for the prevention of 

NSAID-associated ulcers (N. Eng. J. Med. 340: 1888-1899 (1999)), these agents are 

preferred compounds in the current invention. Specific, H2 blockers that may be used include 

cimetidine, ranitidine, ebrotidine, pabutidine, lafutidine, loxtidine or famotidine. The most 

preferred acid inhibitor is famotidine present in dosage forms in an amount of between 5 mg 

20 and 100 mg. Other agents that may be effectively used include proton pump inhibitors such 

as omeprazole, esomeprazole, pantoprazole, lansoprazole or rabeprazole. 

The pharmaceutical composition also contains a non-steroidal anti-inflammatory drug 

in an amount effective to reduce or eliminate pain or inflammation. The NSAID may be a 

25 COX-2 inhibitor such as celecoxib, rofecoxib, meloxicam, piroxicam, valdecoxib, parecoxib, 

etoricoxib, CS-502, JTE-522, L-745,337 or NS398. Alternatively, the NSAID may be aspirin, 

acetaminophen, ibuprofen, flurbiprofen, ketoprofen, naproxen, oxaprozin, etodolac, 

indomethacin, ketorolac, lomoxicam, nabumetone, or diclofenac. The most preferred NSAID 

is naproxen in an amount ofbetween 50 mg and 1500 mg, and more preferably, in an amount 

30 of between 200 mg and 600 mg. It will be understood that, for the purposes of the present 

invention, reference to an acid inhibitor, NSAID, or analgesic agent will include all of the 

common forms of these compounds and, in particular, their pharmaceutically acceptable salts. 

The amounts of NSAIDs which are therapeutically effective may be lower in the current 
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invention than otherwise found in practice due to potential positive kinetic interaction and 

NSAID absorption in the presence of an acid inhibitor. 

The term "unit dosage form" as used herein refers to a single entity for drug 

5 administration. For example, a single tablet or capsule combining both an acid inhibitor and 

an NSAID would be a unit dosage form. A unit dosage form of the present invention 

preferably provides for coordinated drug release, in a way that elevates gastric pH and 

reduces the deleterious effects of the NSAID on the gastroduodenal mucosa, i.e., the acid 

inhibitor is released first and the release ofNSAID is delayed until after the pH in the GI tract 

l 0 has risen. In a preferred embodiment, the unit dosage form is a multilayer tablet, having an 

outer layer comprising the acid inhibitor and an inner core which comprises the NSAID. In 

the most preferred form, coordinated delivery is accomplished by having the inner core 

surrounded by a polymeric barrier coating that does not dissolve unless the surrounding 

medium is at a pH of at least 3.5, preferably at least 4 and more preferably, at least 5. 

15 Alternatively, a barrier coating may be employed which controls the release of NSAID by 

time, as opposed to pH, with the rate adjusted so that NSAID is not released until after the pH 

of the gastrointestinal tract has risen to at least 3.5, preferably at least 4, and more preferably 

at least 5. Thus, a time-release formulation may be used to prevent the gastric presence of 

NSAID until mucosal tissue is no longer exposed to the damage enhancing effect of very low 

20 pH. 

The invention includes methods of treating a patient for pain, inflammation and/or 

other conditions by administering the pharmaceutical compositions described above. 

Although the method may be used for any condition in which an NSAID is effective, it is 

25 expected that it will be particularly useful in patients with osteoarthritis or rheumatoid 

arthritis. Other conditions that may be treated include, but are not limited to: all form of 

headache, including migraine headache; acute musculoskeletal pain; ankylosing spondylitis; 

dysmenorrhoea; myalgias; and neuralgias. 

30 In a more general sense, the invention includes methods of treating pain, 

inflammation and/or other conditions by orally administering an acid inhibitor at a dose 

effective to raise a patient's gastric pH to at least 3.5, preferably to at least 4 or and more 

preferably to at least 5. The patient is also administered an NSAID, for example in a 
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coordinated dosage form, that has been coated in a polymer that only dissolves at a pH of 

least 3.5, preferably at least 4 and, more preferably, 5 or greater or which dissolves at a rate 

that is slow enough to prevent NSAID release until after the pH has been raised. When acid 

inhibitor and NSAID are administered in separate doses, e.g., in two separate tablets, they 

should be given concomitantly (i.e., so that their biological effects overlap) and may be given 

concurrently, i.e., NSAID is given within one hour after the acid inhibitor. Preferably, the 

acid inhibitor is an H2 blocker and, in the most preferred embodiment, it is famotidine at a 

dosage of between 5 mg and 100 mg. Any of the NSAIDs described above may be used in 

the method but naproxen at a dosage of between 200 and 600 mg is most preferred. It is 

expected that the inhibitor and analgesic will be typically delivered as part of a single unit 

dosage form which provides for the coordinated release of therapeutic agents. The most 

preferred dosage form is a multilayer tablet having ~ outer layer comprising an H2 blocker 

and an inner core comprising an NSAID. 

15 The invention also provides a method for increasing compliance in a patient requiring 

frequent daily dosing of NSAIDs by providing both an acid inhibitor and NSAID in a single 

convenient, preferably coordinated, unit dosage form, thereby reducing the number of 

individual doses to be administered during any given period. 

20 Brief Description of the Drawings 

25 

Figure I is a schematic diagram of a four layer tablet dosage form. There is a 

naproxen core layer surrounded by a barrier layer. A third, enteric coating, layer delays the 

release of naproxen sodium until the pH is at a specific level, e.g., above 4. Finally, there is 

an outer layer that releases an acid inhibitor such as famotidine. 

Figure 2 illustrates a three layer dosage form. An acid inhibitor, e.g .• famotidine, is 

released immediately after ingestion by a patient in order to raise the pH of the 

gastrointestinal tract to above a specific pH, e.g .• above 4. The innermost layer contains 

naproxen. Thus, the dosage form has a naproxen core, an enteric film coat and an acid 

30 inhibitor film coat. 

Figure 3 illustrates a naproxen sodium pellet which contains a subcoat or banier coat 

prior to the enteric film coat. 



\0 
0 
0 
N 
> 
0 z 
0\ 
0 

0\ 
N 
0\ 
t.n 
('(") 

N 
\0 
0 
0 
N 

5 

10 

7 

Detailed Description of the Invention 

The present invention is based upon the discovery of improved pharmaceutical 

compositions for administering NSAIDs to patients. In addition to containing one or more 

NSAIDs, the compositions include acid inhibitors that are capable of raising the pH of the GI 

tract of patients. All of the dosage forms are designed for oral delivery and provide for the 

· coordinated release of therapeutic agents, i.e., for the sequential release of acid inhibitor 

followed by analgesic. 

The NSAIDs used in preparations may be either short or long acting. As used herein, 

the term "long acting" refers to an NSAID having a pharmacokinetic half-life of at least 2 

hours, preferably at least 4 hours and more preferably, at least 8-14 hours. In general, its 

duration of action will equal or exceed about 6-8 hours. Examples of long-acting NSAIDs 

are: flurbiprofen with a half-life of about 6 hours; ketoprofen with a half-life of about 2 to 4 

hours; naproxen or naproxen sodiwn with half-lives of abm.it 12 to 15 hours and about 12 to 

15 13 hours respectively; oxaprozin with a half life of about 42 to 50 hours; etodolac with a half

life of about 7 hours; indomethacin with a half life of about 4 to 6 hours; ketorolac with a 

half-life of up to about 8-9 hours, naburnetone with a half-life of about 22 to 30 hours; 

mefenamic acid with a half-life of up to about 4 hours; and piroxicam with a half-life of 

about 4 to 6 hours. lf an NSAID does not naturally have a half-life sufficient to be long 

20 acting, it can, if desired, be made long acting by the way in which it is formulated. For 

example, NSAIDs such as acetaminophen and aspirin may be formulated in a manner to 

increase their half-life or duration of action. Methods for making appropriate formulations are 

well known in the art (see e.g. Remington's Pharmaceutical Sciences, 16th ed., A. Oslo editor, 

Easton, PA (1980)). 

25 

30 

It is expected that a skilled pharmacologist may adjust the amount of drug in a 

pharmaceutical composition or administered to a patient based upon standard techniques well 

known in the art. Nevertheless, the following general guidelines are provided: 

Indomethacin is particularly useful when contained in tablets or capsules in an 

amount from about 25 to 75 mg. A typical daily oral dosage of indomethacin is 

three 25 mg doses taken at interv~s during the day. However, daily dosages of up 

to about 150 mg are useful in some patients. 
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Aspirin will typically be present in tablets or capsules in an amount of between 

about 250 mg and 1000 mg. Typical daily dosages will be in an amount ranging 

from 500 mg to about 1 0 g. 

Ibuprofen may be provided in tablets or capsules of 50, l 00, 200, 300, 400, 600, 

or 800 mg. Daily doses should not exceed 3200 mg. 200 mg - 800 mg may be 

particularly useful when given 3 or 4 times daily. 

Flurbiprofen is useful when in tablets at about from SO to 100 mg .. Daily doses of 

about 100 to 500 mg, and particularly from about 200 to 300 mg, are usually 

effective. 

Ketoprofen is useful when contained in tablets or capsules in an amount of about 

25 to 75 mg. Daily doses of from 100 to 500 mg and particularly of about 100 to 

300 mg are typical as is about 25 to 50 mg every six to eight hours. 

Naproxen is particularly useful when contained in tablets or capsules in an 

amount of from 250 to 500 mg. For naproxen sodium, tablets of about 275 or 

about 550 mg are typically used. Initial doses of from 100 to 1250 mg, and 

particularly 350 to 800 mg are also used, with doses of about 550 mg being 

generally preferred. 

Oxaprozin may be used in tablets or capsules in the range of roughly 200 mg to 

1200 mg, with about 600 mg being preferred. Daily doses of 1200 mg have been 

foW1d to be particularly useful and daily doses should not exceed 1800 mg or 26 

mglkg. 

Etodolac is useful when provided in capsules of 200 mg to 300 mg or in tablets of 

about 400 mg. Useful doses for acute pain are 200-400 mg every six-eight hours, 

not to exceed 1200 mglday. Patients weighing less than 60 kg are advised not to 

exceed doses of20 mglkg. Doses for other uses are also limited to 1200 mg/day 

in divided doses, particularly 2, 3 or 4 times daily. 
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Ketorolac is usefully provided in tablets of 1-50 mg, with about 10 mg being 

typical. Oral doses of up to 40 mg, and particularly 10-30 mg/day have been 

useful in the alleviation of pain. 

Nabumetone may be provided in tablets or capsules of between 500 mg and 750 

mg. Daily doses of 1500-2000 mg, after an initial dose of 100 mg, are of 

particular use. 

Mefenamic acid is particularly useful when contained in tablets or capsules of 50 

mg to 500 mg, with 250 mg being typical. For acute pain, an initial dosage of 1-

1000 mg, and particularly about 500 mg, is useful, al_though other doses may be 

required for certain patients. 

Lornoxicam is provided in tablets of 4 mg or 8 mg. Useful doses for acute pain 

are 8 mg or 16 mg daily, and for arthritis are 12 mg daily. 

One particular group of long acting NSAIDs that may be used are the 

cyclooxygenase-2 inhibitors. These include: celecoxib, rofecoxib, meloxicam, piroxicarn, 

valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522, L-745,337, or NS398. JTE-522, L-

20 745,337 and NS398 as described, inter alia, in Wakatani, eta/. (Jpn. J. Pharmacol. 78:365-

371 (1998)) and Panara, et a/. (Br. J. Pharmacol. 116:2429-2434 (1995)). The amount 

present in a tablet or administered to a patient will depend upon the particular COX-2 

inhibitor being used. For example: 

25 

30 

Celecoxib may be administered in a tablet or capsule containing from about 1 00 

mg to about 500 mg or, preferably, from about 100 mg to about 200 mg. 

Piroxicarn may be used in tablets or capsules containing from about 10 to 20 mg. 

Rofecoxib will typically be provided in tablets or capsules in an amount of 12.5, 

25 or 50 mg. The recommended initial daily dosage for the management of acute 

pain is 50 mg. 
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Meloxicam is provided in tablets of 7.5 mg, with a recommended daily dose of 

7.5 or 15 mg for the management of osteoarthritis. 

Valdecoxib is provided in tablets of 10 or 20 mg, with a recommended daily dose 

of 1 0 mg for arthritis or 40 mg for dysmenorrhea. 

With respect to acid inhibitors, tablets or capsules may contain anywhere from 1 mg 

to as much as 1 g. Typical amounts for H2 blockers are: cimetidine, 1 OQ to 800 mg!unit dose; 

ranitidine, 50-300 mg/unit dose; famotidine, 5-100 mg/unit dose; ebrotidine 400 - 800 

mglunit dose; pabutidine 40 mg/unit dose; lafutidine 5-20 mg/Wlit dose; and nizatidine, 50-

600 mglunit dose. Proton pump inhibitors will typically be present at about 5 mg to 600 mg 

per unit dose. For example, the proton pump inhibitor omeprazole should be present in tablets 

or capsules in an amount from 5 to 50 mg, with about 20 mg per unit dosage form being 

preferred. Other typical amounts are: esomeprazole, 5-100 mg, with about 40 mg per unit 

15 dosage form being preferred; lansoprazole, 15-150 mg, with about 30 mg per unit dosage 

form being preferred; pantoprazole, 10-200 mg, with about 40 mg per unit dosage form being 

preferred; and rabeprazole, 5-1 00 mg, with about 20 mg per unit dosage form being 

preferred. 

20 Making of Pharmaceutical Preparations 

The pharmaceutical compositions of the invention include tablets, dragees, liquids and 

capsules and can be made in accordance with methods that are standard in the art (see, e.g., 

Remington's Pharmaceutical Sciences, 161h ed., A Oslo editor, Easton, Pa. (1980)). Drugs and 

drug combinations will typically be prepared in admixture with conventional excipients. 

25 Suitable carriers include, but are not limited to: water; salt solutions; alcohols; gum arabic; 

vegetable oils; benzyl alcohols; polyethylene glycols; gelatin; carbohydrates such as lactose, 

amylose or starch; magnesium stearate; talc; silicic acid; paraffin; perfume oil; fatty acid 

esters; hydroxymethylcellulose; polyvinyl pyrrolidone; etc. The phannaceutical preparations 

can be sterilized and, if desired, mixed with auxiliary agents such as: lubricants, 

30 preservatives, disintegrants; stabilizers; wetting agents; emulsifiers; salts; buffers; coloring 

agents; flavoring agents; or aromatic substances. 
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Enteric coating layer(s) may be applied onto the core or onto the barrier layer of the 

core using standard coating techniques. The enteric coating materials may be dissolved or 

dispersed in organic or aqueous solvents and may include one or more of the following 

materials: methacrylic acid copolymers, shellac, hydroxypropylmethcellulose phthalate, 

5 polyvinyl acetate phthalate, hydroxypropylmethylcellulose trimellitate, carboxymethylethyl

cellulose, cellulose acetate phthalate or other suitable enteric coating polymer(s). The pH at 

which the enteric coat will dissolve can be controlled by the polymer or combination of 

polymers selected and/or ratio of pendant groups. For example, dissolution characteristics of 

the polymer film can be altered by the ratio of free carboxyl groups to ester groups. Enteric 

1 0 coating layers also contain pharmaceutically acceptable plasticizers such as triethyl citrate, 

dibutyl phthalate, triacetin, polyethylene glycols, polysorbates or other plasticizers. 

Additives such as dispersants, colorants, anti-adhering and anti-foaming agents may also be 

included. 

15 The Making of Tablet Dosage Forms 

Preferably, the combination of an acid inhibitor and an NSAID will be in the form of 

a bi- or multi-layer tablet. In a bilayer configuration, one portion of the tablet contains the 

acid inhibitor in the required dose along with appropriate excipients, agents to aid dissolution, 

lubricants, fillers, etc. The second portion of the tablet will contain the NSAID, preferably 

20 naproxen, in the required dose along. with other excipients, dissolution agents, lubricants, 

fillers, etc. In the most preferred embodiment, the NSAID layer is surrounded by a polymeric 

coating which does not dissolve at a pH of less than 4. The naproxen may be granulated by 

methods such as slugging, low- or high- shear granulation, wet granulation, or fluidized-bed 

granulation. Of these processes, slugging generally produces tablets of less hardness and 

25 greater friability. Low-shear granu1ation, high-shear granulation, wet granulation and 

fluidized-bed granulation generally produce harder, less friable tablets. 

30 

Examples 

Example 1: Enteric Coated Naproxen Sodium Core and Famotidine 
Immediate Release 

A schematic diagram of a four layer tablet dosage form is shown in Figure 1. The first 

layer contains naproxen sodium distributed throughout a matrix of pharmaceutically 

acceptable fillers, excipients, binding agents, disintegrants, and lubricants. 
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The second layer is a barrier layer which protects the first layer containing naproxen 

sodium. The barrier film coat is applied by conventional pan coating technology and the 

weight of the barrier coat may vary from 1% to 3% of the core tablet weight. In particular 

embodiments, the core naproxen sodiwn tablet is coated with coating ingredients such as 

5 Opaspray® K-l-4210A or Opadry® YS-1-7006 (Colorcon, West Point, PA). Polymer film 

coating ingredients such as hydroxypropylmethylcellulose 2910 and polyethylene glycol 

8000 in a coating suspension may also be used. 

The function of the third layer is to prevent the release of naproxen sodiwn until the 

10 dosage form reaches an environment where the pH is above about 4 or 5. The enteric coating 

does not dissolve in areas of the Gl tract where the pH may be below about 4 or 5 such as in 

an unprotected stomach. Methacrylic acid copolymers are used as the enteric coating 

ingredient, triethyl citrate and dibutyl phthalate are plasticisers, and ammonium hydroxide is 

used to adjust the pH of the dispersion. The coating dissolves only when the local pH is 

15 above, for example, 5.5 and, as a result, naproxen sodium is released. 

The outermost layer contains an "acid inhibitor" in an effective amount which is 

released from the dosage form immediately after administration to the patient. The acid 

inhibitor in the present example is a proton pump inhibitor or, preferably the H2 blocker 

20 famotidine, which raises the pH of the gastrointestinal tract to above 4. The typical effective 

amount of famotidine in the dosage form will vary from 5 mg to 100 mg. A typical film 

coating formulation contains Opadry Clear® YS-1-7006 which helps in the formation of the 

film and in uniformly distributing famotidine within the fourth layer without tablets sticking 

to the coating pan or to each other during application of the film coat. Other ingredients may 

25 include: plasticisers such as triethyl citrate, dibutyl phthalate, and polyethylene glycol; anti

adhering agents such as talc; lubricating ingredients such as magnesium stearate; and 

opacifiers such as titanium dioxide. In addition, the pH of the film coating solution can be 

adjusted to aid in dissolution of the famotidine. The film coating is thin and rapidly releases 

farnotidine for absorption. 

30 
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0 13 0 
N 
> Core Tablet Ingredients %W/W mgffablet 
0 

Naproxen sodium, USP z 74.074 500.00 

0\ Microcrystalline cellulose, NF 
0 (Avicel PH 200) 17.166 115.87 

5 Povidone (K29/32), USP 3.450 23.29 

0\ Talc, USP 4.350 29.36 
N 
0\ Magnesium Stearate, NF 0.960 6.48 
t.n 
('(") 

Total 100.00 N 675.00 
\0 10 0 
0 
N Barrier Film Coating Ingredients %W/W 

Opadry Clear® YS-1-7006 5.00 

Purified water USP 95.00 

15 Total 100.00 

Enteric Coating Dispersion 

Ingredients %W/W 

Methacrylic Acid Copolymer, NF 
20 (Eudragit L-100-55) 7.30 

Methacrylic Acid Copolymer, NF 
(Eudragit L-1 00) 7.30 

Triethyl Citrate, NF 2.95 

Dibutyl Phthalate, NF 1.17 

25 Ammonium Hydroxide (30%), NF 0.87 

Purified water, USP 80.41 

Total 100.00 

30 Famotidine Coating Dispersion 

Ingredients %W/W 

Famotidine, USP 3.0 

Opadry Clear® (YS-1-7006) 5.0 

Talc, USP 3.0 

35 
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Purified Water, USP 89.0 

Total 100.0 

Example 2: Enteric Coated Naproxeo Core and Famotidioe 
Immediate Release 

Figure 2 illustrates a three layered dosage form which releases famotidine 

immediately after ingestion by the patient in order to raise the pH of the gastrointestinal tract 

to above about 4. The innermost layer contains naproxen uniformly distributed throughout a 

matrix of pharmaceutically acceptable excipients. These excipients perform specific functions 

and may serve as binders, disintegrants, or lubricants. A pharmaceutically acceptable enteric 

coating surrounds the naproxen core. The function of the enteric coat is to delay the release of 

naproxen until the dosage form reaches an environment where the pH is above about 4. The 

coating does not dissolve in the harshly acidic pH of the unprotected stomach. It contains 

15 methacrylic acid copolymers which prevent the release of naproxen in the unprotected 

stomach. Also included are: triethyl citrate, a plasticiser; simethicone emulsion, an anti

foaming agent; and sodium hydroxide which is used to adjust the pH of the dispersion. 

The outermost layer contains an "acid inhibitor" in an effective amount which is 

20 released from the dosage form immediately after administration to the patient. The acid 

inhibitor in this example is a proton pump inhibitor or, preferably, the H2 blocker famotidine 

which raises the pH of the stomach to above 4. A typical film coating formulation contains· 

Opadry Clear® YS-l-7006 which helps in the formation of the film and in uniformly 

distributing famotidine in the fourth layer without tablets sticking to the coating pan or 

25 sticking to each other during application of the film coat. Other ingredients are: plasticisers 

such as polyethylene glycol 8000; anti-adhering agents such as talc; lubricating ingredients 

such as magnesium stearate;, and opacifiers such as titanium dioxide. In addition, the pH of 

the film coating solution can be adjusted to aid in dissolution of the famotidine. The film 

coating is thin and rapidly releases famotidine for absorption. 

30 Core Tablet Ingredients o/oW/W mgffablet 

Naproxen, USP 90.91 500.00 

Povidone K-90, USP 2.00 11.00 

Starch, USP 2.59 14.25 
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Croscannellose Sodium, USP 

Magnesium Stearate, NF 

Total 
Purified Water, USP qs 

15 

4.00 

0.50 

100.00 

Enteric Coating Dispersion Ingredients 

Methacrylic Acid Copolymer Type C, NF 

(Eudragit L-1 00-55) 

Talc, USP 

Sodium Hydroxide, NF 

Triethyl Citrate, NF 

Simethicone Emulsion, USP 

Purified Water, USP 

Total 

Famotidine Coating Dispersion 
Ingredients 

Famotidine, USP 

Opadry Clear® (YS-1· 7006) 

Talc, USP 

Purified Water, USP 

Total 

%WIW 

3.0 

5.0 

3.0 

89.0 

100.0 

22.00 

2.75 

550.00 

%WIW 

14.5 

3.8 

0.2 

1.7 

0.02 

79.78 

100.00 

Example 3: Naproxen Controlled Release Core and Famotidine 
Immediate Release 

A trilayer tablet which separates famotidine contained in the film coat from 

30 controlled-release naproxen may be used in the present invention. The core tablet of naproxen 

is formulated using excipients which control the drug release for therapeutic relief from pain 

and inflammation for 24 hours. Figure 2 shows an example of an appropriate trilayer tablet. 

In this particular example, naproxen is mixed with a polymeric material, hydroxypropyl

methylcellulose and granulated with water. The granules are dried, milled, and blended with a 

35 lubricant, such as magnesium stearate. They are then compacted into tablets. 
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The controlled-release core tablet of naproxen is film coated with a pharmaceutically 

acceptable enteric coating. The function of the enteric coat is to delay the release of naproxen 

until the dosage form reaches an envirorunent where the pH is above about 4. The coating 

does not dissolve in the extremely acidic pH of the unprotected stomach. The function of 

5 methacrylic acid copolymers is to prevent the release of naproxen until the pH of the stomach 

rises. Triethyl citrate is a plasticiser, simethicone emulsion is a anti-foaming agent, and 

sodium hydroxide is used to adjust the pH of the dispersion. 

The outermost layer contains an "acid inhibitor" which is released from the dosage 

I 0 form immediately after administration to the patient. The acid inhibitor in the present 

example is a proton pump inhibitor or, preferably, the H2 blocker famotidine which 

consistently raises the pH of the stomach to above 4. The typical effective amount of 

famotidine in the dosage will vary from 5 mg to 1 00 mg. A typical film coating formulation 

contains Opad.ry Blue® YS-1-4215 which is essential for film formation and for the uniform 

15 application of famotidine to the core tablet. Polymer film coating ingredients, 

hydroxypropylmethylcellulose or Opaspray® K-1-4210A (Colorcon, West Point, PA) may 

also be used. Other ingredients which help in the formation of the film and in the uniform 

application of famotidine to the core tablet are: plasticisers such as triethyl citrate and dibutyl 

phthalate; anti-adhering agents such as talc; lubricating ingredients such as magnesium 

20 stearate; and opacifiers such as titanium dioxide. In addition, the pH of the film coating 

solution can be adjusted to aid in dissolution of the famotidine. The film coating is thin and 

rapidly releases famotidine for absorption. 

Core Tablet Ingredients %,WfW mg(fablet 

Naproxen, USP 94.00 750 

25 Hydroxypropyl methylcellulose 
2208, USP (viscosity 15000 cps) 5.00 39.9 

Magnesium Stearate, NF 1.00 7.95 

Total 100.00 797.85 

30 
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Enteric Coating Dispersion Ingredients 

Methacrylic Acid Copolymer Type C, NF 
(Eudragit L-100-55) 

Talc, USP 

Sodium Hydroxide, NF 

Triethyl Citrate, NF 

Simethicone Emulsion, USP 

PUrified Water, USP 

Total 

Famotidine Coating Dispersion Ingredients 

Famotidine, USP 

Opadry Blue® (YS-l-4215) 

Talc, USP 

Purified Water, USP 

Total 

%W/W 

%WrW 

2.0 

10.0 

9.0 

79.0 

100.0 

14.5 

3.8 

0.2 

1.7 

0.02 

79.78 

100.00 

Example 4: Napro:xen and Famotidinc Controlled Release Core and 
Famotidine .Immediate Release 

-----· -·---------

A trilayer tablet which separates famotidine contained in the film coat from 

controlled-release naproxen and famotidine may be used in the present invention. The core 

tablet of naproxen and famotidine is formulated using excipients which control the drug 

25 release for therapeutic relief from pain and inflammation for 24 hours. Figure 2 is an example 

of an appropriate trilayer tablet. In this particular example, naproxen and famotidine are 

mixed with a polymeric material, hydroxypropylmethylcellulose and granulated with water. 

The granules are dried, milled, and blended with a lubricant, such as magnesium stearate. 

They are then compacted into tablets. 

30 The controlled-release core tablet of naproxen and famotidine is film coated with a 

pharmaceutically acceptable enteric coating. The function of the enteric coat is to delay the 

release of naproxen Wltil the dosage form reaches an environment where the pH is above 

about 4. The coating does not dissolve in the extrememly acidic pH of the Wlprotected 

stomach. The function of methacrylic acid copolymers is to prevent the release of naproxen 



\0 
0 
0 
N 

> 
0 z 
0\ 
0 

18 

in the pH of the stomach rises. Triethyl citrate is a plasticiser, simethicone emulsion is a anti

foaming agent, and sodiwn hydroxide is used to adjust the pH of the dispersion. 

The outermost later contains an "acid inhibitor" which is released from the dosage 

form immediately after administration to the patient. The acid inhibitor in the present 

5 example is a proton pwnp inhibitor or, preferably, the H2 blocker famotidine which 

consistently raises the pH of the stomach to above 4. The typical effective amount. of 

famotidine in the dosage will vary from 5 mg to I 00 mg. A typical film coating formulation 

contains Opadry Blue® YS-1-4215 which is essential for film formation and for the uniform 

application of famotidine to the core tablet. Polymer film coating ingredients, 

10 hydroxypropylmethylcellulose or Opaspray® K-l-4210A (Colorcon, West Point, PA) may 

also be used. Other ingredients which help in the formation of the film and in the uniform 

application of farnotidine to the core tablet are: plasticisers such as triethyl citrate and dibutyl 

phthalate; anti-adhering agents such as talc; lubricating ingredients such as magnesiwn 

stearate; and opacifiers such as titanium dioxide. In addition, the pH of the film coating 

15 solution can be adjusted to aid in dissolution of the famotidine. The film coating is thin and 

20 

25 

30 

rapidly releases farnotidine for absorption. 

Core Tablet Ingredients %W!W 

Naproxen, USP 

Farnotidine, USP 

Hydroxypropyl methylcellulose 
2208, USP (viscosity 15000 cps) 

Magnesium Stearate, NF 

Total 

Enteric Coating Dispersion Ingredients 
Methacrylic Acid Copolymer Type C, NF 
(Eudragit L-100-55) 

Talc, USP 

Sodium Hydroxide, NF 

Triethyl Citrate, NF 

Simethicone Emulsion, USP 

88.05 

3.52 

7.03 

1.40 

100.00 

mgffablet 
500 

20.0 

39.9 

7.95 

567.85 

%WIW 

14.5 

3.8 

0.2 

1.7 

0.02 
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Purified Water, USP 

Total 

Famotidine Coating Dispersion 
Ingredients 

Famotidine, USP 

Opadry Blue® (YS-1-4215) 

Talc, USP 

Purified Water, USP 

Total 

19 

%W/W 

2.0 

10.0 

9.0 

79.0 

100.0 

79.78 

100.00 

Example 5: Enteric Coated Naproxen Sodium Core and Pantoprazole 
Immediate Release in Film Coat 

A schematic diagram of a four layer tablet dosage form is shown in Figure 1. The first 

layer contains naproxen sodium distributed throughout a matrix of pharmaceutically 

acceptable fillers, excipients, binding agents, disintegrants, and lubricants. 

The second layer is a barrier layer which protects the first layer containing naproxen 

20 sodium. The barrier film coat is applied by conventional pan coating technology and the 

weight of the barrier coat may vary from l% to 3% of the core tablet weight. In particular 

embodiments, the core naproxen sodiwn tablet is coated with coating ingredients such as 

Opaspray® K-I-4210A or Opadry® YS-1-7006 (Colorcon, West Point, PA). Polymer film 

coating ingredients such as hydroxypropylmethylcellulose 2910 and polyethylene glycol 

25 8000 in a coating suspension may also be used. 

The third layer is an enteric film coat. It does not dissolve in areas of the GI tract 

where the pH may be below 4 such as in an unprotected stomach but it dissolves only when 

the local pH is above about 4. Therefore, the function of the third layer is to prevent the 

30 release of naproxen sodium until the dosage form reaches an environment where the pH is 

above 4. In this example, hydroxypropylmethylcellulose phthalate is the enteric coating 

ingredient, cetyl alcohol is a plasticiser and acetone and alcohol are solvents. 

The fourth layer contains an "acid inhibitor" in an effective amount which is released 

35 from the dosage form as soon as the film.coat dissolves. The acid inhibitor in this examp1e is 
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a proton pump inhibitor, pantoprazole which raises the pH of the gastrointestinal tract to 

above 4. The typical effective amount ofpantoprazole in the dosage form may vary from 10 

mg to 200 mg. The film coat is applied by conventional pan coating technology and the 

weight of film coat may vary from 4% to 8% of the core tablet weight. Other ingredients are, 

plasticisers such as triethyl citrate, dibutyl phthalate, anti-adhering agents such as talc, 

lubricating ingredients such as magnesium stearate, opacifiers such as, titanium dioxide, and 

ammonium hydroxide to adjust the pH of the dispersion. The film coating is thin and rapidly 

releases pantoprazole for absorption. Therefore, pantoprazole releases first and then the core 

erodes and releases naproxen sodium. 

Core Tablet Ingredients %W/W mgltablet 

Naproxen sodium, USP 74.075 500.00 

Microcrystalline cellulose, NF 17.165 115.87 
(A vicel PH 200) 

Povidone (K29/32), USP 3.450 23.29 

Talc, USP 4.350 29.36 

Magnesium Stearate, NF 0.960 6.48 

Total 100.00 675.00 

Naproxen sodium, 50% microcrystalline cellulose and povidone are dry mixed and 

wet granulated in an appropriate granulator with sufficient purified water. The wet granules 

are dried, milled, and blended with the remaining 50% microcrystalline cellulose, talc and 

magnesium stearate. The final granule blend is compressed into tablets. 

Barrier Film Coating Ingredients 

Opadry® Clear YS-1-7006 

Purified Water, USP 

Total 

%WIW 

5.00 

95.00 

100.00 
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Opadry clear is added slowly to purified water and mixing is continued until Opadry 

is fully dispersed. The solution is sprayed on to the tablet cores in a conventional coating pan 

until proper amount of Opadry clear is deposited on the tablets. 

Enteric Coating Ingredients % W/W 

Hydroxypropyl methylcellulose phthalate, 5.5 
NF 
Cetyl alcohol, NF 0.3 

Acetone, NF 66.3 

Alcohol, USP 27.9 

Total 100.00 

Hydroxypropylmethylcellulose phthalate and cetyl alcohol are dissolved in a mixture 

of alcohol and acetone. The solution is then sprayed on to the tablet bed in proper coating 

equipment. A sample of the tablets is tested for gastric resistance and the coating stopped if 

the tablets pass the test. 

Pantoprazole Film Coating Ingredients 

Pantoprazole sodium, USP 

Opadry® Clear YS-1-7006 

Sodium carbonate, NF 

Purified Water, USP 

Total 

%W/W 

5.00 

5.00 

1.20 

88.80 

100.00 

Pantoprazole sodium is dissolved in purified water containing sodium carbonate in 

solution. After thorough mixing, Opadry clear is added slowly and mixing is continued until 

Opadry is fully dispersed. The suspension is sprayed on to the tablet cores in a conventional 

1 S coating pan until the proper amount ofpantoprazole sodium is deposited. 

Example 6: Enteric Coated Naproxcn Sodium Core and Omeprazole 
Immediate Release in Film Coat 

A schematic diagram of a four layer tablet dosage form is shown in Figure 1. The first 

20 layer contains naproxen sodium distributed throughout a matrix of pharmaceutically 

acceptable fillers, excipients, binding agents, disintegrants, and lubricants. 
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The second layer is a barrier layer which protects the first layer containing naproxen 

sodium. The barrier film coat is applied by conventional pan coating technology and the 

weight of the barrier coat may vary from 1% to 3% of the core tablet weight. In particular 

embodiments, the core naproxen sodium tablet is coated with coating ingredients such as 

Opaspray® K-1-42lOA or Opadry® YS-1-7006 (Colorcon, West Point, PA). Polymer film 

coating ingredients such as bydroxypropylmethylcellulose 2910 and polyethylene glycol 

8000 in a coating suspension may also be used. 

The third layer is an enteric film coat. It does not dissolve in areas of the GI tract 

where the pH is below 4 such as in an unprotected stomach but it dissolves only when the 

local pH is above 4. Therefore, the function of the third layer is to prevent the release of 

naproxen sodium until the dosage form reaches an environment where the pH is above about 

4. In this example, bydroxypropylmethylcellulose phthalate is the enteric coating ingredient. 

cetyl alcohol is a plasticiser and acetone and alcohol are solvents. 

The fourth layer contains an "acid inhibitor" in an effective amount which is released 

from the dosage form as soon as the film coat dissolves. The acid inhibitor in this example is 

-a proton pump inhibitor, omeprazole, which raises the pH of the gastrointestinal tract to 

above 4. The typical effective amount of omeprazole in the dosage form may vary from 5 mg 

20 to 50 mg. The film coat is applied by conventional pan coating technology and the weight of 

film coat may vary from 4% to 8% of the core tablet weight. Other ingredients are, 

plasticisers such as triethyl citrate, dibutyl phthalate, anti-adhering agents such as talc, 

lubricating ingredients such as ~agnesium stearate, opacifiers such as, titanium dioxide, and 

ammonium hydroxide to adjust the pH of the dispersion. The film coating is thin and rapidly 

25 releases omeprazole for absorption. Therefore, omeprazole is released first and then the core 

erodes and releases naproxen sodium. 

Core Tablet Ingredients 

Naproxen sodium, USP 
Microcrystalline cellulose, 
NF (A vicel PH 200) 

%W!W 

74.075 

17.165 

mgltablet 

500.00 

115.87 
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Povidone {1(29/32), USP 3.450 23.29 

Talc, USP 4.350 29.36 

Magnesium Stearate, NF 0.960 6.48 

Total 100.00 675.00 

Naproxen sodium, 50% microcrystalline cellulose and povidone are dry mixed and 

wet granulated in an appropriate granulator with sufficient purified water. The wet granules 

are dried, milled, and blended with the remaining 50% microcrystalline cellulose, talc and 

magnesium stearate. The f1nal granule blend is compressed into tablets. 

Barrier Film Coating Ingredients 

Opadry® Clear YS-1-7006 

Purified Water, USP 

Total 

%W/W 

5.00 

95.00 

100.00 

Opadry clear is added slowly to purified water and mixing is continued until Opadry 

is fully dispersed. The solution is sprayed on to the tablet cores in a conventional coating pan 

until the proper amount of Opadry clear is deposited on the tablets. 

Enteric Coating Ingredients 

Methacrylic Acid Copolymer, NF 
(Eudragit L-100-55) 

Triethyl Citrate, NF 

Talc, USP 

Purified Water, USP 

Isopropyl Alcohol, USP 

Total 

%W/W 

6.0 

0.6 

3.0 

5.0 

85.40 

100.00 

10 Methacrylic acid copolymer, triethyl citrate, and talc are dissolved in a mixture of 

isopropyl alcohol and water. The solution is then sprayed on to the tablet bed in a proper 

coating equipment. A sample of the tablets )s tested for gastric resistance and the coating is 

stopped if the tablets pass the test. 
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Omeprazole Film Coating Ingredients 

Omeprazole, USP 

Opadry® Clear YS-1-7006 

Purified Water, USP 

Isopropyl Alcohol, USP 

Total 

24 

%W/W 

5.00 

5.00 

10.00 

80.00 

100.00 

Omeprazole is dissolved in a purified water and isopropyl alcohol mixture. After 

thorough mixing, Opadry c1ear is added slowly and mixing is continued until Opadry is fully 

dispersed. The suspension is sprayed on to the tablet cores in a conventional coating pan until 

proper amount of omeprazole is deposited on the tablets. 

Example 7: Naproxen Sodium Delayed Release and Omeprazole Immediate 
Release Capsule 

A coordinated delivery dosage may be used to provide fast release of an acid 

10 inhibitor, a proton pump inhibitor, omeprazole which raises the pH of the gastrointestinal 

tract to above 4, and the delayed release of a non-steroidal anti-inflammatory drug, naproxen 

sodium. Omeprazole granules modify the pH of the stomach such that the drug readily 

dissolves and is absorbed in the stomach without significant degradation. The typical 

effective amount of omeprazole in the dosage form may vary from 5 mg to 50 mg. The 

15 release of naproxen sodium is delayed by enteric coating. 

Omeprazole granules contain an alkalizing excipient such as sodium bicarbonate. 

Other soluble alkalizing agents such as potassium bicarbonate, sodiwn carbonate, sodium 

hydroxide, or their combinations may also be used. The alkalizing agent helps solubilize and 

protect omeprazole from degradation before its absorption. Sodium lauryl sulfate helps in the 

20 wetting of omeprazole. Other surfactants may be used to perform the same function. In the 

present example, hydroxypropyl methylcellulose helps in granule formation, sodium starch 

glycolate is a disintegrant, and magnesium stearate is a lubricant. Other excipients may also 

be used to perform these functions. 

Naproxen sodiwn pellets as shown in Figure 3 are prepared by the wet massing 

25 technique and the conventional extrusion and spheronization process. The excipients used in 

the formulation are microcrystalline cellulose, and povidone. The pellets after drying and 
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classification are coated with a protective subcoating containing povidone. Other coating -

ingredients may also be used such as Opaspray K-l-4210A or Opadry YS-1-7006 

(trademarks of Colorcon, West Point, PA). Polymer film coating ingredients such as 

hydroxypropylmethylcellulose 2910 and polyethylene glycol 8000 i~ a subcoating suspension 

are also alternatives. Other ingredients are, plasticisers such as triethyl citrate, dibutyl 

phthalate, anti-adhering agents such as talc, lubricating ingredients such as magnesium 

stearate, opacifiers such as, titanium dioxide. 

The subcoated pellets are enteric coated using enteric coating polymers. In this 

example, the enteric coating polymer is methacrylic acid copolymer and the plasticizer is 

dibutyl phthalate which are dissolved in a mixture of acetone and alcohol. The enteric film 

does not dissolve in the acidic pH but dissolves when the pH in the gut is above about pH 6 

and releases naproxen sodium. 

Omeprazole Granules 

Omeprazole, USP 

Sodium Bicarbonate, USP 

Hydroxypropyl rnethylcellulose, 
USP 
Sodium Iaury! sulfate, NF 

Sodium starch glycolate, NF 

Magnesium stearate, NF 

Total 

0/o W/W 

12.9 

82.40 

2.00 

0.20 

2.00 

0.50 

100 

mglcapsule 

20.00 

127.72 

3.10 

0.31 

3.10 

0.77 

100 

Hydroxypropylmethylcellulose is dissolved in water, then sodium lauryl sulfate is 

added and the solution is mixed. Omeprazole, microcrystalline cellulose, and sodium 

bicarbonate are dry mixed together and granulated with the granulating solution. The 

granulation is mixed until proper granule formation is reached. The granulation is then dried, 

milled, and blended with magnesium stearate. 
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Pellet Ingredients %WIW mgltablet 

Naproxen sodium, USP 86.80 250.00 

Microcrystalline cellulose, NF 11.10 32.00 
(A vi eel PH 200) 

Povidone (K90), USP 2.10 6.00 

Total 100.00 288.00 

Povidone is dissolved in water. Naproxen sodiwn and microcrystalline cellulose are 

dry mixed and granulated with povidone solution. The wet mass is mixed until proper 

consistency is reached. The wet mass is then pressed through an extruder and spheronized to 

5 form pellets. The pellets are then dried and classified into suitable particle size range. 

Subcoat Ingredients % WIW 

Povidone (K29-32), USP 10.00 

Alcohol, USP 90.00 

Total 100.00 

The pellet cores are coated using povidone solution by a conventional coating parr 

method to a weight gain of 1 -2%. 

Enteric Coating Ingredients %W/W 

Methacrylic Acid Copolymer, NF 8.20 
(Eudragit L-1 00) 
Diethyl Phthalate, NF 1.70 

Acetone, NF 33.30 

Isopropyl Alcohol, USP 56.80 

Total 100.0 

10 Eudragit L-1 00 is dissolved in isopropanol and acetone and diethyl phthalate is 

dissolved. The solution is sprayed on the pellet cores using proper film coating equipment. A 

sample of the pellets is tested for gastric resistance before stopping the coating process. 

~-------------------------
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Omeprazole fast release granules and naproxen sodiwn delayed release pellets are 

blended together and filled into appropriate size capsules to contain 250 mg naproxen sodium 

and 20 mg omeprazole per capsule. 

5 Example 8: Naproxen Delayed Release and Omeprazole Immediate Release 
Capsule 

The present Example is directed to a coordinated delivery dosage form containing 

omeprazole and naproxen. The formulation contains I 0 mg omeprazole and uses 

methylcellulose as a binder and croscarmellose sodium as a disintegrant. Naproxen pellets as 

1 0 shown in Figure 3 do not need a subcoating layer and are enteric coated with an aqueous 

dispersion of methacrylic acid copolymer. Optionally, these pellets could be compressed into 

a core and film coated with an acid inhibitor and thereby form a bilayer tablet. 

Omeprazole Granules %W/W mgt capsule 

Omeprazole, USP 6.45 10.00 

Sodium Bicarbonate, USP 88.85 137.71 

Methylcellulose, USP 2.00 3.10 

Sodium lauryl sulfate, NF 0.20 0.31 

Croscarmellose sodium, NF 2.00 3.10 

Magnesium stearate, NF 0.50 0.78 

Total 100 100 

Methylcellulose is dissolved in water, then sodium lauryl sulfate is added to the 

15 solution and mixed. Omeprazole, microcrystalline cellulose, and sodium bicarbonate are dry 

mixed together and granulated with the granulating solution. The granulation is mixed until 

proper granule formation is reached. The granulation is then dried, milled, and blended with 

magnesium stearate. 
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Pellet Ingredients %WIW mgltablet 

Naproxen, USP 76.22 250.00 

Microcrystalline cellulose, NF 21.78 71.44 

(A vi eel PH 200) 

Povidone (1<90), USP 2.00 6.56 

Total 100.00 328.00 

Povidone is dissolved in water. Naproxen and microcrystalline cellulose are dry 

mixed and granulated with povidone solution. The wet mass is mixed until proper 

consistency is reached. The wet mass is then pressed through an extruder and spheronized to 

form pellets. The pellets are then dried and classified into a suitable particle size range. 

Enteric Coating Ingredients % W/W 

Methacrylic Acid Copolymer, NF 15.60 
(Eudragit L30D 30% dispersion) 
Talc, USP 7.60 

Triethyl citrate, NF 1.60 

Simethicone Emulsion, USP 0.20 

(Silicone antifoarn emulsion SE 2) 

Purified Water, USP 74.80 

Eudragit 300 is dispersed in purified water and simethicone emulsion. Talc and 

triethyl citrate are then dispersed. The suspension is sprayed on the pellet cores using proper 

1 0 film coating equipment. A sample of the pellets is tested for gastric resistance before stopping 

the coating process. Omeprazole fast release granules. and naproxen sodium delayed release 

pellets are blended together and filled into appropriate size capsules to contain 250 mg 

naproxen and 10 mg omeprazole per capsule. 

15 Example 9: Clinical Study of the Relationship of Gastric pH to NSAID
induced Gastric Ulcers 

Sixty-two subjects were enrolled in a clinical study and randomly assigned to three 

groups. The following three groups were administered study medication twice daily for five 

------·· ·---·-----·-
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days: (a) 550 mg naproxen sodiwn (n=IO), (b) 40 mg famotidine given with 550 mg of 

naproxen or famotidine followed 90 minutes later by 550 mg naproxen, (n=39) or (c) 20 mg 

omeprazole followed by 550 mg naproxen sodiwn (n=13). Gastric pH was measured hourly 

beginning at the time of dosing of the final daily dose of study medication and for 8 - 10 

hours thereafter. Subjects had a gastric endoscopy performed at the beginning and on Day 5 

prior to the morning dose of study medication to identify gastric and duodenal irritation; no 

subjects were admitted to the study if gastric irritation was present at the time of initial 

endoscopy. 

Five patients, three (33%) in the naproxen alone group and two (5%) in the 

famotidine/naproxen group, presented with gastroduodenal ulcers at the end of the study. In 

the naproxen alone group, the pH was greater than 4 only 4% of the time, and in the 

famotidine/naproxen group the pH was greater than 4 forty-nine percent of the time during 

the 8 - 10 hours following naproxen sodiwn dosing. Additionally, Lanza grade 3 or 4 damage 

was present in 28% (n=ll) of the subjects receiving famotidine/naproxen sodium, and 

15 present 1 00% (n= 1 0) in the naproxen sodiwn treatment group. Monitoring of gastric acidity 

on day 5 indicated that patients with Lanza scores of greater than 2 had integrated gastric 

acidity of greater than 100 mmol-hr./L. Only 20 - 40% of patients with integrated gastric 

acidity ofless than 100 mmol-hr/L had gastric pathology, whereas all patients with integrated 

gastric acidity greater than 100 mmol-hr/L had pathology. 

20 
Example 10. Famotidine and Enteric Coated Naproxen Reduce Gastroduodenal 

Damage Due to NSAID Therapy 

Forty patients are randomized to two groups for a one week study of twice-daily 

dosing of: 500mg enteric coated naproxen, and SOOmg enteric coated naproxen preceded by 

25 40mg famotidine. Endoscopies are conducted on all patients prior to first dosing and on the 

final day of the study. No subjects have any evidence of gastroduodenal damage at the 

beginning of the study (at first endoscopy). 

At the second endoscopy, Lanza scores for gastroduodenal damage are assessed for 

all subjects. Subjects in the enteric coated naproxen 500mg group have a lower incidence of 

30 grade 3-4 gastroduodenal damage than subjects previously treated with non-enteric coated 

naproxen SOOmg. Importantly, subjects administered SOOmg enteric coated naproxen and 
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40mg famotidine have substantially lower incidence of grade 3 - 4 gastroduodenal damage 

than subjects who had previously taken naproxen alone (either naked or enteric coated) 

which demonstrates the need for and the value of combining acid inhibition with enteric 

coating to minimize the gastrointestinal damage ofNSAID. 
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The claims defining the invention are as follows: 

1. . A pharmaceutical composition in unit dose form suitable for oral administration to a 

patient, comprising: 

2. 

3. 

4. 

5. 

6. 

(a) an acid inrubitor present in an amount effective to raise the gastric pH 

of said patient to at Jeast 3.5 upon the administration of one or more of 

said unit dosage forms; 

(b) a non-steroidal anti-inflammatory drug (NSAID) in an amount 

effective to reduce or eliminate pain or inflwnmation in said patient 

upon administration of one or more of said unit dosage forms; 

and wherein said unit dosage form provides for the coordinated release of said acid 

inhibitor followed by said NSAID. 

The pharmaceutical composition of claim 1, wherein said acid inhibitor is selected 

from: a proton pump inhibitor and an H2 blocker. 

The pharmaceutical composition of claim 2, wherein said acid inhibitor is an H2 

blocker selected from the group consisting of: cimetidine; ranitidine; ebrotidine; 

pabutidine; Jafutidine; loxtidine and famotidine. 

The phannaceutical composition of claim 3, wherein said H2 blocker is farnotidine, 

present in said unit dosage form in an amount of between 5 mg and 1 00 mg. 

The pharmaceutical composition of claim 1, wherein said acid inhibitor is a proton 

pump inhibitor selected from the group consisting of: omeprazole, esomeprazole, 

lansoprazole, pantoprazole and rabeprazole. 

The pharmaceutical composition of claim 5, wherein said proton puinp inhibitor is 

pantoprazole, present in said unit dosage form in an amount of between 10 mg and 

200 mg. 

7. The pharmaceutical composition of claim 1, wherein said NSAID is a 

cyclooxygenese-2 (COX-2) inhibitor. 
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The pharmaceutical composition of claim 7, wherein said COX-2 inhibitor is selected 

from the group consisting of celecoxib; rofecoxib; meloxicam; piroxicam; 

valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522; L-745,337; and NS398. 

The pharmaceutical composition of claim 1, wherein said NSAID is selected from the 

group consisting of: aspirin; acetaminophen; ibuprofen; flurbiprofen; ketoprofen; 

lornoxicam; naproxen; oxaprozin; etodolac; indomethacin; ketorolac; and 

nabumetone. 

The pharmaceutical composition of claim 9, wherein said NSAlD is naproxen present 

in an amount of between 50 mg and 1500 mg. 

11. The pharmaceutical composition of claim 10, wherein said naproxen is present in an 

amount of between 200 mg and 600 mg. 

12. The pharmaceutical composition of claim 1, wherein said unit dosage form is a 

multilayer tablet. 

13. The pharmaceutical composition of claim 12, wherein said unit dosage form is a 

trilayer tablet having an outer layer of said acid inhibitor and an inner core of said 

NSAID. 

14. The pharmaceutical composition of claim 12, wherein said unit dosage form is a 

bilayer tablet having an outer layer of said acid inhibitor and an inner core of said 

NSAID. 

15. The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that does not dissolve 

unless the pH of the surrounding medium is 3.5 or greater. 

16. The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that does not dissolve 

unless the pH of the surrounding medium is 4 or greater. 
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The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that does not dissolve .. 
unless the pH of the surrounding medium is 5 or greater. 

The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an iMer core of said NSAID surrounded by a barrier coating that dissolves at a rate 

such that said NSAID is not released until the pH of the surrounding medium is 3.5 or 

greater. 

The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an iMer core of said NSAID surrounded by a barrier coating that dissolves at a rate 

such that said NSAID is not released until the pH of the surrounding medium is 4 or 

greater. 

The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an iMer core of said NSAID surrounded by a barrier coating that dissolves at a rate 

such that said NSAID is not not released until the pH of the surrounding medium is 5 

or greater. 

20 21. The phamaceutical composition of claim 1, wherein said unit dosage form is a 

capsule. 

25 

30 

22. A method of treating a patient for pain or inflanunation, comprising administering to 

said patient the pharmaceutical composition of any one of claims 1-14. 

23. The method of claim 22, wherein said patient is treated for either osteoarthritis or 

rheumatoid arthritis. 

24. A method of treating a patient for pain or inflammation, comprising: 

(a) orally administering to said patient an acid inhibitor at a dose effective 

to raise the gastric pH of said patient to at least 3.5; and 

(b) orally administering to said patient an NSAID that is coated in a 

polymer that only dissolves at a pH of 3.5 or greater. 

' 
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The method of claim 24, wherein said acid inhibitor is an H2 blocker. 

The method of claim 25, wherein said H-2 blocker is selected from the group 

consisting of: cimetidine; ranitidine; ebrotidine; pabutidine; lafutidine; loxtidine and 

famotidine. 

The method of claim 26, wherein said H2 blocker is famotidine administered at a 

dose of between 5 mg and 100 mg. 

10 28. The method of claim 24, wherein said acid inhibitor is a proton pump inhibitor. 

15 

20 

25 

30 

29. The method of claim 28, wherein said proton pump inhibitor is selected from the 

group consisting of: omeprazole, esomeprazole, lansoprazole, rabeprazole and 

pantoprazole. 

30. The method of claim 29, wherein said proton pump inhibitor is pantoprazole 

administered at a dose of between I 0 mg and 200 mg. 

31. 

32. 

The method of any one of claims 24 - 30, wherein said NSAID is a COX-2 inhibitor 

selected from the group consisting of: celecoxib; rofecoxib; meloxicam; piroxicam; 

valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522; L-745,337; and NS398. 

The method of any one of claims 24 - 30, wherein said NSAID is selected from the 

group consisting of: aspirin; acetaminophen; ibuprofen; flurbiprofen; ketoprofen; 

lomoxicam; naproxen; oxaprozin; etodolac; indomethacin; ketorolac; and 

nabumetone. 

33. The method of claim 32, wherein said NSAID is naproxen administered at a dose of 

between 50 mg and 1500 mg. 

34. The method of claim 33, wherein said naproxen is administered at a dose of between 

200 mg and 600 mg. 
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The method of claim 24, wherein said acid inhibitor and said NSAID are delivered as 

part of a single dosage form providing for the coordinated release of therapeutic 

agents. 

The method of claim 35, wherein said single dosage form is a bilayer tablet with an 

outer layer comprising an H2 blocker and an inner core comprising an NSAID. 

A method of treating a patient for pain or inflammation, comprising: 

(a) orally administering to said patient an acid inhibitor at a dose effective 

to raise the gastric pH of said patient to at least 3.5; and 

(b) concurrently administering to said patient an NSAID that is coated in a 

polymer that dissolves at a rate such that said NSAID is not released 

until said gastric pH is at 3.5 or higher. 

15 38. The method of claim 37, wherein said acid inhibitor is an H2 blocker. 

20 

25 

39. The method of claim 38, wherein said H-2 blocker is selected from the group 

consisting of: cimetidine; ranitidine; ebrotidine; pabutidine; lafutidine; loxtidine and 

famotidine. 

40. The method of claim 39, wherein said H2 blocker is famotidine administered at a 

dose of between 5 mg and 100 mg. 

41. The method of claim 37, wherein said acid inhibitor is a proton pump inhibitor. 

42. The method of claim 41, wherein said proton pump inhibitor is selected from the 

group consisting of: omeprazole, esomeprazole, lansoprazole, rabeprazole and 

pantoprazole. 

30 43. The method of claim 42, wherein said proton pump inhibitor is pantoprazole 

administered at a dose of between 10 mg and 200 mg. 
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The method of any one of claims 37 - 43, wherein said NSAID is a COX-2 inhibitor 

selected from the group consisting of: celecoxib; rofecoxib; meloxicam; piroxicam; 

valdecoxib, parecoxib, etoriccixib, CS-502, JTE-522; L-745,337; and NS398. 

The method of any one of claims 37-43, wherein said NSAID is selected from the 

group consisting of: aspirin; acetaminophen; ibuprofen; flurbiprofen; ketoprofen; 

lomoxicam; naproxen; oxaprozin; etodolac; indomethacin; ketorolac; and 

nabumetone. 

The method of claim 45, wherein said NSAID is naproxen administered at a dose of 

between 50 mg and 1500 mg. 

4 7. The method of claim 46, wherein said naproxen is administered at a dose of between 

200 mg and 600 mg. 

48. The method of claim 47, wherein said acid inhibitor and said NSAID are delivered as 

part of a single dosage form providing for the coordinated release of therapeutic 

agents. 

20 49. The method of claim 48, wherein said single dosage form is a bilayer tablet with an 

outer layer comprising an H2 blocker and an inner core comprising an NSAID. 

50. 

25 

A method of improving compliance in patients requiring frequent daily dosages of an 

acid inhibitor and an NSAID comprising administering said dosages in a coordinated 

unit dosage form in accordance with claim 1. 

Dated 20 October, 2006 
Pozen Inc. 

Patent Attorneys for the Applicant/Nominated Person 
SPRUSON & FERGUSON 
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~UII::!J-itc::l:lJ'i!~-:>'l\•'l {., J:: 1, 1, 

l[iiffl!~~~l'l1.->'l'LJ::J..•7;ic::J~~~J 0) r7Jv::J~~~J e: l'l~i, fJIJX..t:L c 
1-67~:1~~~<~X..~,;;~.r-~~-x.r-~~-7o;:K~~-1-v7o;:K~~-ft

~~- 1 'Vft-~~- '"->r~::..-,~) ~ciJ->:¥~fl?h-5o rliim~~~L'lJ..•"C'LJ::1,·;7 

Jv::J~::..-·~J 0) l!iiffl!~J e: L 'lti. J::~c rliim~~~L-r~,•--c 'LJ::~>7Jv~Jv~J (7) r 
liim~ J e: ii::!J:f>RCFJ :L Cl)n->f71JJT:c· ~ • liiffl!~O)llfm~x {., II::!J:f>RT' it 6 , 

17lJ-Jv~J t L'l!i. fJIJX..t:f. c6 _ 1 4 7lJ-Jv~ (fJIJn:::r. 7.x=JV. 1-1-
77-JV. 2 --t-71--JV. c:·7 .x=.;v. 2 -7>:z 1J 1v~~) ~-c·n"'Z¥~t-l?:h6 0 

r7 1J-Jv:;t~~~J t l'lli. f71JX..IJ. C 6 _ 1 4 7 1J-Jk;f~~~ C~X..tf, 7 .x 

=-lkT~~- 1-1-71--Jv:;t~~- 2-1-71--Jv.::t~~~) ~c·b{'¥1f0h-5o 

r7~1v~J c L 'l~;l:. ~X..t.L ;t;J!c ~JV. 7Jv~Jvt7Jv$=.JV. 7Jv::J~~;f]Jv;ff=. 
Jv, iJJvJ\-=E:1 1v. 7Jv~JviJJvJ\-=E:1 JV. 7Jv~JkA.Jv71 =-1V. 7Jv~JI.-,:z;I.-,;t;=.Jv 
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~~ t' b~'*~f 0 :h 6 0 

r;,v~Jv;&Jv;tr=-,v~J t L-ett, C 1 _ 6 7Jv~Jv-IJJvif'=-A~ <WlJ..ttC 7-t= 
1-JV. 7"ot."::.t.::.Jv~~) ~t':b''*lf0:ho" 

r;,~<:J~~;&Jv;f-.::.Jv~J t L -ctL WlJ..ttL c 1 _ 6 /Jv::::J~~-;&;v;f-.::.Jv~ ( 
WlJ;d;f, ;?{ 1--~~IJJv;f-.::.JV. I 1--~~IJJV;:tf.::.;v, 7oo;t:~~IJJv;f-.::.;v_ 7··r-~~IJ 

Jv;f-.::.;v~~) ~ c:·t'"*'f 0tt0" 
r;;v~JviJJvJ\t:1 Jv~J t L-rtL N-c 1 _ 6 7A"~Jv-;&JvJ\t:1 1v~ <171JX. 

t:L ;?{1-Jv;&JvJ\t:1JV. I1-Jv;&JvJ\t:1Jv~~), N. N-:YC 1 _ 6 7Jv~Jv-n 

JvJ\t:1 Jv~ < f7JJ;U::.L N. N -::/;?{1-Jv;&JvJ\t:1 '"- N. N -:Y.:r..1-JviJJvJ\t:1 Jv 
~~) ~t·n''*~f 0t1.0 0 

1 7 Jv~ Jv .AJv 7 1 .::.;~~ J t L --c tL WlJ ..z t:.L c 1 _ 7 7 Jv~Jk::ZJv 7 1 .::.Jv~ { WlJ 
x_ tL _){ 1-Jk7.Jv 7 1 =-1v, x..1-JV::ZJv 7 1 .::.;v_ /o t: Jk::ZJv 7 1 .::.;r..., 1 ~~ /o t: Jv 
7..Jv7 1 =.,v~~) ~t-t'"*'1'0:h0 ., 

17Jv~Jv7..Jv;t;.::.;V:~J t L't"tL WlJX.tL c 1 _ 7 7Jv~Jv7..Jv;t;.::.;r...~ <WlJX.tf 
, ;<1-Jv::ZJv;-t...::.;v_ I1-Jv.Al~"*=-'v. /ot."Jv.AJv;t;..::.;t.-·, 1 '!7oot"Jv7..!V/;t;.::.;v 

~~) ~ c:·,y'"*'f 0:ho 0 

~~~Jv::.t~~~J c. L-ctL iYIJX.tf. /Jv"rlviJJvif.'.::.Jv::.t~~~- /Jv::::J~~IJJv 

if·=-,v::.t~~~. ;&;vJ\'t:1 Jv::.t~~~- 7Jv"rJviJJvJ\t:1 JV::t"r~~- 7Jv~Jv.AJv 

7 1 .::.;v::.t~~~- 7Jv~Jv ;z;v;t;.::.;v::.t"r~~~ c:·n~"*'f 0:h0 0 

r;J~"~n";&Jv;f-.::.;v::.t~~~J c L'CI:L C 1 _ 6 /Jv~Jv-;&Jv;f-.::.;v::.t~~~ ( 
WlJX.!:L 7-1:=1-Jv::.t~~. 7ooto::.t=-Jv::.t"r~~~~ ~t·n>'*tf0:hoo 

17Jv::::J~~;&Jv:t'=-Jv·::.t~:./~j t vctL iYIJ..tt.:rc 1 _ 6 7Jv::::J"r~-IJJv·if.'=-Jv 

::.t~~./~ (iYIJ..ztL ;?{ l--"r~IJl~";t'.::.Jv:;f:'i;=-~, I 1--~~IJJ~·;f,.::.;v:;f:'i;=-~, 7°0;1\~~ 

IJ Jvlf'=-lv::.t~ ~, 7· r-~ ~ IJ Jvif.'=-Jv::.t"r ~~~) ~ c.··n{"*'f 0t1.0 0 

I7Jv~Jv;&JvJ\t:1 ;[...::f~~~J t vctL c 1 _ 6 7Jv~Jv-IJJvJ\t:1 Jv::.t~~ 

~ CWlJ.ZtL ;?{1-JviJJvJ\t:1 Jv::.t"r~ • .:r..7-JviJlvJ\'t:1 Jv::.t~~~~) ~t-h'"*'f0 
·hoo 

17Jv~Jv7..Jv71=-Jv::.t~~~J t L-eu. f!JIJ.Zt::fc 1 _ 7 7Jv~Jv.AJv71=-Jv::.t 
~~~ < f!JIJJ_t:f, ;?{1-Jv7..Jv7 1 .::.;v:t~~, I1-lv.AJ~·7 1 =-1v::.t"r~, /ot:Jk::ZJv 
7 1 .::.;v::.t~ ~. 1 '!7oo t: Jv 7..Jv7 1 .::.;v::.t"r ~~) ~ c.··n~"*'f Gi1.6 0 

1/Jv~Jv.AJv;t;.::.Jt.-·::.t~~~J c L't"LL WlJX.I::fC1 _ 7 7Jv"rlv7..Jv;t;.::.Jv::.t~~ 

~ c WiJ.ZtL .:X7-;v::z;t.-;t;.::.;v::.t~~, .:r..7-Jv7..Jv;t;=-;~"::.t~~, 7"ot:;J-.AJv;t;.::.;v::.t 
~~- 1 '!7"ot:Jv7..Jv;t;.::.;v::.t~~~~) ~t·n>¥1fG:h6" 

1 5 ~"' L 1 o ~:fjg1S"51t~ J t L --c tL WlJ..t !:L .i!I<.~UlFft.1Y'H=M*Ditr, M[jif)](T-:?3 
J: u~*)](rt·G~t::f:ho",.--ToDi(T-5:- 1 @11-.1.1::. < f71173L 1 ~ 3Im) ::r~u 5 ~~.-, L 1 

o ~ ( :ftf:t L < !i 5 itc:U 6 ~) fi*~~h~'*l.f 0 h. J'!f*iYIJ c L 'C U, 2- :t tc:ti 3 -
1-I=-;v~, 2-, 3- :tt.::.ti4- e1J :Y1v~, 2- :tt.::.ti3 -7lJ A·~- 1-, 2- :t 
tc:U3-t:olJJv~, 2-. 3-, 4-, 5-:ttc:ii8-~/lJJv~. 1-. 3-,4-

£ t.::ti 5-1 '! :=:.;:- / 'J Jv·~- 1 -. 2- :t tc:U 3 -1 .;_.... f 1J Jv~~ t'h'"*'f G:ho" ::_ 0 
'3 t?:ftf:t L < ti 1-, 2- :tt.::.!i3- t:o 1J Jv~~ c0 5 :tt.::.ti 6 ~fi*~~-z·;li)-b 0 

:Hi L< ti~Ati. ;,o7/)](r. ;,o-7/{!::~n-c"~-c 'bJ: ~.-.c 1 _ 4 7Jv~,v~. 

J\DY/f!::~tt'C\-1'( b J:"IC 1 - 4 7Jv:::J~~~:BJ:U'5 it.::.!i6~fi*~~b·G~tf 

il.o@:~~::r 1 :tt.::.ti2111!l:ff L -c~.- '-c 'b J:l,v-z.;_....~·.;_....~-e;li)o" 
[ 0009] 
Rl -z·:>F~i1.6 l@:~~::!:-:ffL'CI,>'('bJ:I.-•7511--·~;v~J (J) 175Jv~Jl--·~J c L'C 

!i, iYIJ.Zi:.L C7- 1 6 75Jv:'i;=-Jv~ (iYIJ.Zi:.L x:..;_....:;.:;v_ 7x:T·1-Jv~t·0c6- 1 o 

7 1J -;vc 1 _ 6 7J~·~Jv~~) ~t·n'"*'·ft.:>ho" ~~~5:-:ffL '""C\.>'t" -L J: I.->75Jv 
~~v~J 0 I@:~~J c. L--c!i, J::.~c l@:~~::!:':ffL--cv•"C'bJ:~•7,v"rJI-~.; (J) I@:~ 

~J c ~~0@:~~b'WlJ:>F'Z·~, ~~0*1U 1 ~P L4fl~lll!H~'Z';li)o o @:~~0*:9:b' 2 
fmtl..l:::.0tj}-E;-, ~~~~j:~-it.::.!iW~-:> '(I,>'( b J: ~ ;0 
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Rl '"C·~ ~ :h;,;, 1 7 ~ Jv~ J c L -c tL f1!J .z t::.L J::J1C.~A 0~~~ c L """( ~oo L tc:: 1 7 
~~v~J i/~~~fG:hoo 

Rl '"C-~~tto 17~Jt.<-T3f~~J c L""(U, f71J;U::L J::.~c~A0~~~c L""(~ctiL 
tc:: ~~~lv:T3fY~J l;"~lf G:ho" 

:kf~ Li-lR 1 tl:7.k*J]j{T-'"C'&.>o. 
R2 , R3 ~tc::tJ:R 4 ·-e~~:ho ~~~~:a:fl"L -cvn:- (, J:\.-I/Jv3flv~J c L""(tL 

J::.~c~AO)~~~e: L c~ctiLtc:: ~~~~i-fl"L """( "'c 'b J:t. l/Jv3flv~J lf;~t"ft:>ho 

R2, R3 ;g:_tc::tJ:R4 "t'-~~:ho ~~~~:a:fl"Lct.>c'LJ:I.->/Jv::J3f~~~ c L""(!i 
, J::.~c~AO)~~~e: L ""(~ctiLtc:: r~m~:a:::AL -c ~,-,-c cL J: \.-1/Jv::Jq--~~- tl'~tf::, 

:hoo 
R2, R3 ;g:_tc::tJ:R4 "t'-~~:ho ~~~~:a:fl"Lc'LJ:I.-·~72.f~J c L""(U, {11Jj_i;f 

, 7 2. ./ ~- ~ ./- c 1 _ 6 7 Jv~ Jt..-7 2. ./ ~ < f1!L:U::L .kr Jf...· 7 2. ./ , .x.1-Jv 7 .2. ./ ~ 
) , ~./-c6- 14 7 1J-Jv7~./~ (f71J.ztL 7x.=-Jv7~./, 1-7"'71-Jf...·l~./ 

, 2-7"'71-Jv/~./~), s::-c 1 _ 6 7Jv3flv7~./~ <fYIJi_tL S::..X1-Jv7.2../, 
S::.x.1-Jv7~./~), s::-c6 _: 4 7 1)-Jt-7~ ./~ <fYIJ.Zt.:L s:'7x..=.Jv7.2../~) 

~ct~~~ft:>:h-D 0 

t:f ~ L ~, \ R 2 tJ:, c 1 _ 6 7 Jf...·~ Jv~, c 1 _ 6 7 Jv ::1 ~ ~~, c 1 _ 6 7 Jv ::1 q-- ~ -
C 1 _ 6 7Jv::J~~~- s:'-C 1 _ 6 7Jv3fJJ.-7.2../~-c·&.>oo ~t;,t::.ttf~ LJ..>R 2 uc 
1-3 /Jv~Jv~~tc::tJ:Ct- 3 7Jv::J~~~"Z'·&.>oo 

t:f~ LJ.. lR 3 ~J:, **J]j{T-, c 1 _ 6 7Jv::J3f~- c 1 _ 6 7Jt-::J~~~~tc::UJ\o7 

>-"ft~:h -c~.-·~-c cL J:J..•c 1 _ 6 7Jv::13f~~-c-;no 0 ~ t:.c:t:f~ LJ..•R 3 tJ:J\o7>-"1t~ 

iL.cV•-bi.r>~tc::tJ:c1 _ 3 7Jv::J~:...--~-c-~~~:h-cJ..•-c'LJ:I.-•ct _ 3 7Jv::J~;;. .... ~-c· 
&.>o 0 

:kf~ LVlR 4 ~J:, 7f<*J]j{T-~ t-::IJ:C 1 - 6 llv~ lv~-z:-&.>o" ~ t;, t::.ttf~ L\ >R 4 U7.1< 
*J]j{T-~t-::IJ:C 1 - 3 7Jf...<=\-Jv~ (~~(::.7.k*J]j{T-) -c·&.>oo 

:kf~ Lv•YU~*J]j{T--c·&.>oo 

[ 0010] 
ftil!f'hJ <I) 0J!flf;;WIJC L""(,J:, T~c01tili'mt~¥;1fG:hoo 
2- [ [ [3-..X1-Jv-4- (2.2.2-t-~7Jv:;to.:x.t-~~) -2-l::lJS/.=.;vJ 

..X1-lv J .AJt..-7 1 =-1J...· J - 1 H -A:./.7::1 .2. ;··,f-Jk 2- c [ < 3. 5- S::.X1-Jv-4 
-.x r-~~- 2 -1:::' 1) s;:.=.,v) .X--TJv J .AJv7 1 .=.,v J -5- ..x t-3f~-1 H -A:./:Z'1 
.2_)"\l"-Jk 2- [ [ [4- (3-..Xl-~~7"D;:f;o~~) -3-..X1-JI.--2-l:::'I)S/.=.Jv 
J f·rfv J .AJv 7 1 .=.Jv· J - 1 H -A:./ .7.:: 1 ~ ;··:r-Jv · --r r- l) r, LtilL 5- s-:'7 Jv:To _x 
r-~::...--2- c [ (3. 4-~:_xr-~~-2-1::')::..;-.=.,~.-.) .X1-lvJ .AJv71=-lL·J -1 

H -A:./.::z·1 ~ Y'./-Jv~ c:· 0 

:=.n t:>c:rJ1t:il!f'm0 -J t?, 2- c c c 3 - _x 1-1v- 4- < 2. 2. 2- r- 1) 7 JJ..·:;to.x. r- 3f 
~) -2-l:::'')S/.=.Jv] ..X1-JvJ .AJv71=-lvJ -1 H-A:./.7::1 ~;··;r-Jv (7>-"'/7" 
7:1""-Jv) n":kf~ LJ..• 
~h, J::.~cftil!IW ( I ) tL 7-1:: .2.1*-c·;t>-:> 1:" 'b J: < , R -1*, S -1*~ c"07C~?511 

f*-c·;b-:>c'LJ:I.->0 f71J.ZtL (R) -2- [ [ [3-.X1-Jv-4-(2.2.2-l- 1J7A 
;;to.:x.t-3fs.-·) -2-l:::'I)S/.=.;vJ f-TJvJ .AJv71.::..JvJ -1 H-A:./.::Z.1.2.j"".'f-Jv 

(7>-":17"5;f-lv Rf*cll¥--h~cb"&.>o> ~c.0:YC~~-511f*-c·«>-:>""('LJ:<, ~t-::tlf 

~ Lv•o 
[0011] 
ftil!f'hJ < I ) cJ)tl[c L ""(tL ~~fi"J(;:.~'f~~hotl[7J~:kf~ L<, f1JJ.Zi::L ~Mtl[~t 0 

t.M, fl"Mtg~e: O)tl[, tl[~'t-17 .2. f~i~c O)tj[~ c:·t";¥tf hil.o" 
~Mf.M~c 0f.M0:kfJ!j~f71J c L""( ,J:, f?ll.ZtL 7 t-lJ r'J ktN;, t; 1) r'J kf.M~ c'07iviJ 

lJ1lt~m; !J;t.--~r'JLt.M, <:7-·..t-~r'Jkt.M~c·07Jv!J 1)±'iji1Jt~tg; 7>~=-r'JLtl[~ 

c:·t"~~f t:.:ho c 
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::ff~jj;~(:O)jj;O}J'z:f:i@"~f71Ji:: l'"CtL f7!1.Ztf, 7Jl-c;:f-H/7~/ ( f--lJ/<-TJl-c7~/, t-
1JX7Jl-c7~/"~'c-), t£~ffih\7~/ ce•JSJ/, t::J 1J/~c-), 7Ail/-Jl-c7~ 

/ (x7'/-Jl-c7~/. S.:x7'/-Jv7~/. t-•Jx7'/-Jv7~/~c-). SJ~::7o-"-.. 

"f~Jv7 ~ /, N, N' -::;'rz/::;Ax7 v /S/7 ~ /~c- c0:f.iiJ>:¥>~f bh6 0 

:tll~·I1:7~/Dc0:tll0:tzf:i@";:;£{71Jc l'"CtL f7!J,ZtL 7Jl-c3f=./, IJS//, ::T!l-c=-1--/ 
;:;; e:- c O):f.iiJ>:¥>~f bi1.6 0 

::.hb0:f.i0'3 1?tff£.l<tL 7JviJ •J:&~til£.t..::U:7ll.-"iJIJ±milt~f!,\'·c;b6" t 'J 
bitT t- 1) r'J L:!.iiJ'tlf £. L ~) 0 

::zls:I~!JM;iftjt::J+I~~6::.tcrJ'"('~6PP I c l'"Ct:~L 11::.1'c.'1h (I) ib6~>1i-f0ft!10)"Z/'/ 
1 ~ y-~---,v*11::.it:tmO)P PI ~1 ~ :v~-·e·J SJ/*11::.1'c.'-!tmo)P PI 0)/o r7 ·y::7''1t.ir 
!J:m'LI+I~ '~6.:. e: iJ>··e~ 6 0 .:. O)J:: '3 ;:;£7o r: 7 ·:; 7-- e: L '"C tL f7!J.ZtL w o 2 o o 3- 2 
7 o 9 8. =*IE*flff4 o 4 5 56 3. *IE~~~t6 o 9 3 7 3 4, =*IE*f~t 5o 3 9 8 o 6 
, WO 2 0 0 2/3 0 9 2 0 ~?::ljCiJG0)7oo r 5 ·:; ::7'iJ''*If (,f1.6 o 

11::.ir!t1JJ ( I ) ~i. Elf*1}3;[}0)1J$f::J:: 'J!JM]l!""C"~, (Jji1,Zt;L f~~!lg6 1- 50 9 7 8% 
' *1Ef~~t4' 6 2 8' 0 9 8' 1~~--'¥-1 0- 1 9 50 6 8%' wo 9 8/2 1 2 0 1 ~ 
~=ll~iJGO)jJ$g:t._:ti.:.hbt::~tt..::1J$(.::J:: 'J!M€~ho" ;:;£ii, :'IC~~t§'·l1:~11::~ (I 
) tL :'fC'¥'7J\.J!ft1$ (7J\.ZtJj1Usa8a$, "f5Jl-ciJ5L$, S/7::Z"Tv::T<-$. f!tt1:.!J:-!1£.t..::li 
M~!-' ffll, \o1f$~c > ::::P:fifD/ft.~ c'0)1J$'Z''1~o = t :~;>-c~ 0" f71J,Ztf7 / '!7°7:7'
Jv R f*O)ti;irti. w o o o / 7 8 7 4 5 , w o o 1 /8 3 4 7 3 . w o o 1 /8 
7 8 7 4 :BJ::rfw o o 2/4 4 1 6 7llciJG0)1J$?::1iE-:> '"Cll'M€'9 0.:. e: :G 'Z'·~ 0 0 

::zls:JEB]'"(·JijJ, \6 P PIc l '"C~i, 5 /'/7°5'/-Jk ::;t /<7°5Y'-Jk 5"Z7°5~·--;l-c 
, !\/ t-7"5Y--Jv0J:: '3 ~vt?-lmrfi=ffl !--::ff-9 6"Z/'/ 1 ~ 1'·-Y'-Jl-c*11::i't!tm:t:5 J::Z.F'Ti
t- 75~/-JvO)J:: '3 ;:;£1 ~ yy-e lJ SJ/1I::.ir!tm, £. t..:U:-fhbO):Jt'¥'m·ti.i*~ b U?::-fh 
J?O)~~a{Jt::fl~~h6miJ>:tzf£.L~;'~0 P PIe: L '"Cti, J:: IJ:tzf£.L < tt7 /'/7°7:/
Jk ::T /</5Y--Jk 7'-7 l--75:7'-Jv~ c''"C·;b IJ, f~t:::tzf£. L < 1±5 /'/ 7°5v··-Jl-c'"C' 

<bo" 
[ 0012] 

P P Hl::ir!J:'~O)tilt L'"CU, 11::ir!t1JJ ( I ) O)fi;c L'"C__l:_llcLtc:J:: '3 ~~f£~1'r{J~::~'F~l 
:f~otll, (JjiJ;U:f~~m~e: O):f.i, ::ff~tll~t O)fi;, ~~De O)t_i, ::ff~Mt O)fi;, t_i~1'1 
£.tc:ttDtt7 ~ /McO)m~ c:·iJ':¥>~fb:tl.o 0 

~1*a{J~::u. ~~m~cO):f.iO)tzfJ@"~f711t L'"CU. f7!J,Ztf7-t- lJT'JL, n lJT'JL~c-0) 
7Jvil IJ ilt~, fJ 1v~T'J L. <7.·:ir-~r'J L~ c:·07 JvfJ •J ±:'milt~, ~ bUt::7Jv~ =-.,., 
L. 7/~=-T'JL~c c0:f.iiJ':¥>17't_.,no 0 

::ff~m~ t 0tll0tff:i@"::::..cm t L '"C ti. f7!1 .z tr r- •J /< 1--1v 7 ~ /, r- lJ x 1--Jv 7 ~ /, e 
IJS//, e:1•J/, x7'/-Jl.c7~/, ::;·x7'/-Jv7~/. f--lJX7'/-Jv7~/, s; 
~:;o-"-..;:f-~Jt.-7 ~ /. N. N -:;;:rz/S.:Jvx+v /S/7 ~ /"~c'cO)tiliJ':¥>tfbho 0 

~~Mc0!&0:tzfJm~(JjiJt l'"Cti, f71JJ_tf:!.i~, ~11::.7i<~M, 1i~M. um:M. lJ/M~c
cO)fi;iJ>:¥>~fbh6 0 

~DcO)til0)1zf:i@"~f71Jt l'"CU, IJI1:U:f3f'M. !ltD. t- 1J 7Jv::TowtD. T?-JvD 
, S---".:z.r'JM, ii!!i=t!M, <v1 /~. ::7X/M, :1J\::7M, 1)/::::fM, /<7'/:ZJvJt/M, 
"Z/-t"/::ZJvJt-/M, P- t-;vx>-, :z;vJt/M~c c0tiliJ~:¥>~f (,:fto 0 

:til~'l1:7 ~ /D t 0fil0:tzf:i@"'£f711 c l '"C !±. f7!J.Z tf7Jl-c='f.=-/, 1J SJ/. ::T Jv=-7--/~ 
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::7'"!v7' ~ /D~ c:· t 0tilt~:¥>1t. bho 0 
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AIVIENllMENTS TO THE CLAIMS 

Listing of Claims 

The fo! lowing listing of claims replaces all previous listings or versions thereof: 

1. (Currently amended) A method Wt11!3fi:ffiB:go-tretillng a dise-ase--e-I'-(;1tsertlet=--in-a-patie-n1:-at 

risk of developing an NS.'\ID m>sociated ulcer bygJ__g~~i1!.9ing_t!1e incidence ofNSAID~associated 

ulc_~n>jn_patients at risk of developing__:m~h_gj,Q~f§_,__\~.:h~r~irr..Jh~ _ _r_g~_th9d e:mnprises administering 

to said patient in need thereof a pharmaceutical composition in unit dose form comprisinK 

fa) 20 mg ofesomeprazole, or pharmaceutically acceptable salt thereot~ m an 

arnounta fonn and route sufficient to raise th1..~ gastric pH of said patient to at ieast 3.5 

upon administration of one or more of said tmit dose forms, and 

{b) a therapeutically effectiYe amount ofl7_~ ____ I\lg ____ Qr 500 mg of naproxen, or 

pharmaceutically acceptable salt thereof; wherein said unit dose form provides for 

coordinated re1e<.tse of the esomeprazole and the naproxen such that: 

(i) at least a portion of said esomeprazole, or phannaceutically acceptable salt 

thereof, is released independent of the pH of the surrounding medium; and 

(ii) the naproxen, or pharmaceutically acceptable salt thereof, is not released 

from said unit dose form until the pH of the surrounding mediwn is 3.5 or higher; 

and 

wherein said pharmaceutical composition in unit dose form ~ases4he--l'i-sk--efreduces the 

j_!lcidence QLt-:f28-JD:;lssociated uk~r§j_rr said patient de-veleping an ulcer. 

2. (Original) The method according to claim 1, \ovherein said patient is in need of chronic 

NSAlD treatment. 

3. (Previously presented) The l'llethod according to claim 1. wherein said disease or disorder 

is selected from pain and inflammation. 
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4. (Previously presented) The method according to claim t, \vherein sa1d disease or disorder 

is selected from osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, and a combination 

thereof 

5. (Previously presented) The method according to claim 1, vvherein said patient is taking 

low dose aspirin. 

6. (Previously presented) The method according to claim l, wherein said phannaceutical 

composition decreases the risk of said patient developing a gastroduodena1 ulcer. 

7. (Previously presented) The method according to claim 1, wherein said pharmaceutical 

composition decreases the risk of said patient developing a duodenal ulcer. 

8. (Previously presented) The method according to claim 1, wherein said pharmaceutical 

composition decreases the risk of said patient developing a gastric ulcer. 

9. (Previously presented) The method according to claim 1, wherein said patient is treated 

longer with said pharmaceutical composition in unit dose form than vvith EC-naproxen, or 

pham1aceutically acceptable salt thereof. 

10. (Previously presented) The method according to claim l, wherein said phc1rmaceutical 

composition in unit dose fonn is administered to said patient t\vice a day for at least about 

month. 

I I. (Previously presented) The method according to claim 1, \vherein said pharmaceutical 

composition in unit dose form is administered to said patient t\vice a day for at least about 3 

months. 

12. (Previously presentt~d) The method according to claim 1, wherein said pharmaceutic<II 

composition in unit dose form is administered to said patient tv·/ice a day for at least about 6 

months. 

13. (Currently amended) The method according to claim 1, ·wherein said pharmaceutical 

composition in unit dose form is a multilayer tablet comprising at least one core and at least a 

first layer and a second layer, wherein: 
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(a) said core comprises the naproxen, or a phaml~lceuticaUy acceptable salt thereof; 

(b) said first layer is a coating that at least begins to release the naproxen, or a 

phannaceutically acceptable salt thereof: when the pH of the surrounding medium is 

about 3.5 or greater; and 

(c) said second layer ![is }Jcomprises the esomeprazole, or a pharmaceutically 

acceptable salt thereot~ wherein said esomeprazole, or a pharmaceuticaliy acceptable salt 

thereof, is released at a pH oftrom about 0 or greater. 

14. (Original) The method according to claim 13, wherein said esomeprazole, or a 

pharmaceutically acceptable salt thereof, is released at a pH of from about 1 or greater. 

15. (Original) The method according to claim 13, \Vherein said esomeprazole, or a 

phannaceutically acceptable salt thereof, is released at a pH of from about 0 to about 2. 

16. (Original) The .method according to any one of claims 13-15, wherein at least a portion of 

said esomeprazole, or a phammceutically acceptable salt thereof, is not coated vvith an enteric 

coating. 

17. (Previously presented) The method according to claim 13, wherein said first layer is an 

enteric coating. 

18. (Previously presented) The method according to claim 13, wherein said multi-layer tablet 

is substtmtialtyat least about 95% free of sodimn bicarbonate. 

19. (Previously presented) The method according to claim 13, wherein said first layer begins 

to release the naproxen, or a pharmaceutically acceptable salt thereof, Vv'hen the pH of the 

surrounding medium is at about 4.0 or greater. 

20. (Previously presented) The method according to claim 13, wherein said first layer begins 

to release the naproxen, or a pharmaceutically acceptable salt thereof: when the pH of the 

surrounding medium is at about 4.5 or greater. 

21. (Canceled) 
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22. (Currently amended) The method according to claim 1 or claim 13, wherein the 

therapeutically efl'ective amount of naproxen, or a pharmaceutically acceptable salt thereot~ is 

se-lee-t-ed--frefl:r-3-7§.--m.gc.ilflfr 50 0 mg. 

23. (Currently amended) The method according to claim [[22JJJ, \vhcrein the therapeutically 

effective amount of naproxen, or a pharmaceutically acceptable salt thereof~ is 3 75 mg. 

24. (Canceled) 

25. (Currently amended) A method comprising: treating a disease or disorder in a-pati-ent--at 

r-i&k-B-f--tle·vele-pi-ng an N8AID associ.ate-4-ttk-e-t=-b-y_.9l~reduci_rrg_lhe inci~kn£t of ~_SAID-associated 

ulcers in patients at risk of developing: such ulcers, wherein the method comprises administering 

to the patient a pharmaceutical composition in unit dosage form suitable for oral administration 

compnsmg: 

(a) 20 mg of esomeprazole or a pharmaceutically acceptable salt thereof, that is 

immediately soluble when the dosage form is placed in an aqueous medium, independent 

of pH, in an amount effective to raise the gastric pH of the patient to at I east 3.5 upon 

administration ofone or more of the unit dosa2"e fom1s. and ._.. .• 

(b) 375 mg or 500 mg of naproxen or pharmaceutically acceptable salt thereof: 

vvherein the naproxen or a pharmaceuticaHy acceptable salt thereof is sunoLmded by a 

coating that is substantially insoluble in an aqueous medium at a p}l below 3.5 and at a 

temperature of about Jr C; and 

wherein said pharmaceutical composition in unit dose form ciet..TeaSe-s--+Be---fls*-fAred!!_ces th~ 

incidence ofNSAID-related ulcers in said patient-ae¥e-lBfl-ffig--an--ul£eF. 

26. (Original) The method of claim 25, wherein the risk is associated with chronic NSAID 

treatment 

')'I 
~J. (Original) The method of claim 25, \vherein the risk is associated vvith age of the patient. 

28. (Original) The method of claim 25, vvherein the risk is associated with clmmic NSAID 

treatment and administration of lovv dose aspirin prior to or during NSAID treatment. 
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29. (Previously presented) The method of claim 25, wherein the method (h:~creases the risk of 

the occunence of a gastroduodenal ulcer. 

30. (Previously presented) The method of claim 25, vvherein the method decreases the risk of 

the occurrence of a duodenal ulcer. 

31. (Previously presented) The method of claim 25, wherein the patient is treated for a 

disease or disorder selected from pain, inflammation, osteoarthritis, rheumatoid arthritis, 

ankylosing spondylitis, and combinations thereof. 

32-35. (Canceled) 

36. (Previously presented) The method of claim 25, wherein the amount of naproxen, or a 

phann.acl~utically acceptable salt thereof: is 3 7 5 mg. 

3 7. (Previously presented) The method of claim 25, wherein the amount of naproxen, or a 

pharmaceutically acceptable salt thereot~ is 500 mg. 

38. (Previous!;' presented) The method. of claim 25, \Vherein the pharmaceutical composition 

is formulated to be administered to a patient twice daily, 

39. (Previously presented) The method according to claim 25, ,.vherein said pharmaceutical 

composition in unit dose form is administered to said patient twice a day for at least about 1 

month. 

40. (Previously presented) The method according to claim 25, wherein said pharmaceutical 

composition in unit dose form is administered to said patient tw·ice a day for at least about 3 

months. 

41. (Previously presented) The method according to claim 25, wherein said pharmaceutical 

composition in unit dose f{)rm is administered to said patient twice a day f~'lr at least about 6 

months. 

42. (Previously presented) The method according to claim 25, \vherein the unit dosage form 

is a tablet. 
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43. (Previously presented) The method according to claim 25, wherein the unit dosage form 

is a <.~apsule containing beads or minitablets. 

44. (Previously presented) The method according to claim 25, wherein the unit dosage form 

is a tablet comprising a core and t\VO or more layers, in \vhich 

(a) the naproxen, or a pharmaceutically acceptable salt thereof:. is in the core; 

(b) a first layer surrounds the core and is a coating substantially insoluble in aqueous 

medium at a pH below 3.5 and at a ten1perature of about 37° C.; and 

(c) at least one second layer comprising the esomeprazole, or a pharmaceutically 

acceptable salt thereof, surrounds the coating of the first layer. 

45. (Currently amended) The method according to claim 25, wherein the unit dosage fom1 is 

a multilayer tablet comprising a core and at least a first layer enclosing the core, and a second 

layer enclosing the first layer, vvherein: 

(a) the core comprises the naproxen, or a phannaceutically acceptable salt thereof; 

(b) the first layer is a coating that releases iess than 10% of the naproxen or a 

pharmaceutically acceptable salt thereof after 2 hours \vhen tested using the USP Paddle 

Method in 1000 m! ofO.lN HCl at 75 rpm at 3JO C +[-0.5° C; and 

(c) the second layer comprises esomeprazole, or a pharmaceutically acceptable salt 

thereof and at least one excipient, vvherein the second layer is at least 95% soluble af1:er 

30 minutes \Vhen tested using the USP Paddle ~'lethod in 1000 ml of O.lN HCl for two 

h 7- '>-o ("' 1 () -o (' .ours at :: rpm at .J I .+,_- . .J .:. 

46. (Previously presented) The method according to claim 44, wherein the unit dosage form 

further comprises a pharmacologically inert, vvater soluble coating or film surrounding the 

outermost layer ofthe unit dosage form. 

47. (Pre'viously presented) The method of claim 46, \Vherein the inert coating or film 

comprises a water soluble sugar. 
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48. (Previously presented) The method of claim 25, \Vherein administration of the unit 

dosage form is more effective at reducing the risk of ulcer than treatment vvith enteric coated 

naproxen or a pharmaceutically acceptable salt thereof. 

49-50. (Canceled) 

51. (Currently amended) A method comprising; treating n disease or disorder in a patient at 

risk of developing an NSAID assne·iate-d--uleei'--h·yof reducing the incidence ofNSAIQ_:_?""'?§.9ci<lt~ 

heartburn in patients at risk of developing such heartburns. w·herein the method comprises 

administering to the patient a pharmaceutical composition in unit dosage form suitable for oral 

administration comprising: 

(a) 20 mg of esomeprazole, or a pharmaceutically acceptable salt thereof, that is 

inunediately soluble >vhen the dosage form is placed in an aqueous medium,. independent 

of pH, in an amount effective to raise the gastric pH of the patient to at least 3.5 upon 

administration of one or more of the unit dosage forms, and 

(b) 375 mg or 500 mg of naproxen, or a pharmaceutically acceptable salt thereof, 

wherein the naproxen, or a pham1aceutically acceptable salt thereof: is surrounded by a 

coating substantially insoluble in an aqueous medium at a pFI belo\N 3.5 and at a 

temperature of about 3 r C; and 

wherein said pharmaceutical composition in unit dose form reduces said patient's heartburn 

associated symptoms. 

52. (Original) The method of claim 51, wherein administration of the unit dosage form 

reduces said patient's heartb1.1rn associated symptoms more than treating said patient with enteric 

coated naproxen, or a phannaceutica!ly acceptable salt thereof. 

53. (Previously presented) The method of claim 51, wherein said pharmaceutical 

composition in unit dose form is administered to said patient tvvice a day for at least about 

month. 
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54. (Previously presented) The method of claim 51, wherein said pharmaceutical 

composition in unit dose form is administered to said patient t-vvice a day for at least about 3 

rnonths. 

55. (Previously presented) The method of claim 51, \vherein said phannaceutical 

composition in unit dose form is administered to said patient twice a day for at least about 6 

months. 

56. (Currently amended) A method €B-!Bpiising:--treat-iRg-~ist~S€-Br-tliseFdeF--itHl--patient at 

risk of developing an NSi\:ID assoeiated--t~:ker byof reducil}g the incidence of NSAID·associated 

dvspepsia _LD __ patienl]. __ at ]is k of__Q~ve lQPJ.ng_ such d V~Q.~i&_l~b~t~i!l.J!lf_illiTDPd comprises 

administering to the patient a pharmaceutical composition in unit dosage form suitable for oral 

administration comprising: 

(a) 20 mg of esomeprazole, or a pharmaceutically acceptable salt thereof: that is 

immediately soluble when the dosage form is placed in an aqueous medium, independent 

of pH, in an amount etTective to raise the gastric pH of the patient to at least 3.5 upon 

administration of one or more of the unit dosage forms, and 

(b) l75.JJlg_QL_:2_()0 m_g __ gi_naproxen, or a pharmaceutically acceptable salt thereof 

wherein the naproxen or a pharmaceutically acceptable salt thereof is surrounded by a 

coating substantially insoluble in an aqueous medium at a pli belovv 3.5 and at a 

temperature of about 3 T; C; and 

wherein the pharmaceutical composition reduces said patient's dyspepsia associated symptoms. 

57. (Original) The method of claim 56, wherein administration of the unit dosage form to the 

patient reduces the patient's dyspepsia associated symptoms more than treating said patient \·Vith 

enteric coated naproxen, or a pharmaceutically acceptable salt thereof. 

58. (Previously presented) The method of claim 56, wherein said phannaceutical 

composition in unit dose form is administered to said patient tvvice a day for at least about 1 

rnonth. 
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59. (Previously presented) The method of claim 56, wherein said pharmaceutical 

composition in unit dose form is administered to said patient tvvice a day for at least about 3 

months. 

60. (Previously presented) The method of claim 56, wherein said phaxmaceutical 

composition in unit dose form is administered to said patient tvvice a day for at least about 6 

months. 

6 L (Original) The method according to claim l, wherein said ulcer is a gastric ulcer, said 

patient is~- 60 years of age, and administration of said unit dose form to said patient results in an 

70 to 1 ()()t}'!) relative risk reduction of said patient developing a gastric ulcer than a patient ::::: 60 

years of age who is treated vvith enteric coated naproxen, or a phannaceutically acceptable salt 

thereof 

62. (Original) The method according to claim 25, vvherein said ulcer is a gastric ulcer, said 

patient is ~ 60 years of age, and administration of said unit dosage form to said patient results in 

an 70 to 100% relative risk reduction of said patient developing a gastric ulcer than a patient 2: 60 

yem·s of age who is treated with enteric coated naproxen, or a pharmaceutically acceptable salt 

thereof 

63. (Original) The method according to claim 61 or 62, wherein the administration of said 

unit dose form to said patient results in an 89.2% relative risk reduction of said patient 

developing a gastric ulcer than a patient ::::: 60 years of age who is treated vvith enteric coated 

naproxen, or a pharmaceutically acceptable salt thereo[ 
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REMARKS 

1. Status of the Claims 

Claims 1-31 and 33-63 are pending in the application and stand r~jected, variously, under 

35 U.S.C. §112, first and second paragraphs, 35 U.S.C. §102, 35 U.S.C. §103, and for alleged 

obviousness-type double-patenting. The specific grounds for rejection, and applicants' response 

thereto, are set out in detail belovv. 

II. Rejection Duder 35 U.S.C. § 112, First J>aragraph 

Claims 1-31 and 33-63 are rejected as lacking enablement under the first paragraph of 

§ 112. Applicants traverse, but in the interest of advancing the prosecution, the claims have been 

amended as suggested by the Action. Reconsideration and vvithdravval of the rejection is 

therefore respectfully requested. 

HI. Rejection Under 35 U.S.C. §112, Second Paragraph 

Claims 1-31 and 33-63 are rejected as indefinite over the use of the term "NSAID

associated" as failing to describe a level of association. Applicants traverse. 

The only stated basis for the rejection is that the level of association is not provided. 

However, there is no reason that this issue .... truly one of breadth .. raises indefi11iteness concerns. 

Rather, it is quite clear on the face of the claim that any level of association is claimed. 

Moreover, the fact that this interpretation is quite clear to those of skill in the art can be 

ascertained simply by performing a Google search, vvhich delivers several million hits f()r the 

term "NSAID associated ulcer." Thus, it is evident that the use of this term is pervasive, strongly 

refuting a suggestion that it is unclear. 
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Reconsideration and withdrawal of the rejection is therefore respectfully requested. 

Claim 18 is rejected as indefinite in the use of the term ''substantiall_y" in light of the 

purp01ied absence of a corresponding definition in the specification. Applicants traverse, but in 

the interest of advancing the prosecution, the claim is amended to recite thaL the tablet is at least 

about 9YYi, free of sodium. The specification supports amendment this as follovvs: 

[0028] The phrase "substantially free" means from about 95% to about 99.99% free. In 
one embodiment, substantially free means about 95% free. In another embodiment, the 
term substantially free means about 96(Yt, free. In still (.mother embodiment, the term 
substantially free means about 97% free. In yet another embodiment, the term 
substantially free means about 98% free. In a further embodiment, the term substantially 
free means about 99% free. In still a flllther embodiment, the term substantially free 
means about 99.99'/'iJ free. 

Reconsideration and \Vithdrawal of the rejection is theret~'1re respectfully requested. 

IV. Rejection Under 35 U.S.C. §102(b} 

Claims 1, 3, 6-9, 13-17, 19, 20, 22, 24, 25, 29, 30, 35, 37 38, 42, 44, 45, 48-52, 56 and 57 

stand rejected as anticipated by U.S. Patent 6,926,907 (''the "907 patent''). Applicants traverse. 

Applicants traverse, but in the interest of advancing the prosecution, the claims have been 

amended such that the recitations of claims 21 and 34 -·· 20 mg of esomeprazole - are 

incorporated into each of the independent claims. Since these claims \Vere not rejected under 

§ 1 02(b) it is believed that the rejection is overcome. 

Reconsideration and vvithdravval of the r~jection is therefore respectfully requested. 

V. Rejt~ction Under 35 U.S.C. §103 

A. The '907 Patt.~n{ 

Claims 2, 4, 5, 10-12, 18, 21, 23, 26-28, 31, 33, 34, 36, 39-41, 43, 53-55 and 58-63 stand 

rejected as obvious over tbe '907 patent. Applicants traverse. 
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The Action argues that the '907 patent teaches pharmaceutical dosage f{mns, including 

those containing naproxen and omeprazole, for ttse in the raising gastric pH in clmmic NSAID 

users. Ranges of 5~100 mg of esomeprazole and naproxen at 250 and 500 mg are said to be 

disclosed. Hmvever, it is ackno,vledged that the '907 patent fails to teach (a) specific time 

periods over a Vv'eek or (b) administration to certain specific patient popula6ons. Nonetheless, 

the Action considers the '907 patent to render the instant claims obvious as (a) the specific time 

periods are obvious in view of "chronic" administration, and (b) the specifically claimed subset 

of patients "are included in the group of patients needing prolonged NSAID treatment." It is also 

implied that the specific doses now claimed also are missing, but that they are encompassed in 

the ranges provided and hence prima facie obvious. 

Hovvever, in point of fact, the '907 patent fails to teach or suggest more of vvhat is 

presently claimed than the Action acknowledges. Furtherrnore, the lack of specific teachings in 

the '907 patent are not so easily swept away as "obvious" variations of the method. 

1. Elements .Missing from the '907 Patent 

As stated above, the Action does concede that the specific duration of treatment and the 

particular patient subsets are missing from the '907 patent. It is also apparently acknowledged 

that specitic dosages of both naproxen (375 .mg) and esomeprazole (20 mg) are missing. Finally, 

the reference also lacks a specific teaching of the combination of naproxen vvitb es01neprazole. 

Thus, in every sense, the present invention constitutes a 'selection invention' from among 

numerous different broader categories set forth in the '907 patent. 
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2. Lack of a Prima ~Facie Cas~ 

As explained above, to arrive at the presently claimed invention, the following selections 

from the •907 patent are required: 

• select one NSAID among 24 of such agents; then 

• select one gastric acid inhibitor among 12 such agents; then 

• select one dosage for the gastric acid inhibitor and two for the NSAlD; then 

• select a duration of treatment; and then 

• select patient subsets for treatment. 

It must be appreciated, immediately, that the first t\vo choices alone constitute some 288 options 

from \vhich the skilled artisan must select just one to mrive at the claimed invention. And further, 

the choice of esomeprazole runs counter to the '907 patent's suggestion that famotidine vvas the 

most preferred gastric acid inhibitor1
• In terms of dosage, naproxen \Vas suggested at 275 mg 

and 550 mg, neither of which can be found in the claims above; simih:.trly, esomeprazole \Vas 

suggested at 40 mg, \vhich is not presently claimed. Thus, this increases not only the sheer 

number of options, but the very nature applicants' selection of esomeprazole. Finally, both the 

duration and treatment population w·ould have to be added into this calculus. Whatever the t!nal 

number of options, they are at least in the many thousands. 

Applicants acknovvledge the Action's reliance on MPEP §2144.05, and cases cited 

therein such as In re JVertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976) and In re Geisler, 116 

F.3d 1465, 1469-71,43 USPQ2d 1362, 1365·66 (Fed. Cir. 1997). Hovvever, if a referenee's 

disclosed "range" is so broad as to encompass a very large number of possible distinct 

compositions ·- clearly the case here -·· this might present a situation more a.nalogous to the 

1 "Preferably, the acid inhibitor is an H2 blocker and, in ihe most preferred embodiment, it is famotidine at a dosage 
ofbetween 5 mg and 100 mg.'' '907 patent, col. 4, tines 42-45. 
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obviousness of a species \Vhen the prior art broadly discloses a genus. See In re Baird, 16 F. 3d 

380, 29 USPQ2d 1550 (Fed. Cir. 1994 ); In re Jones, 958 F.2d 34 7, 21 USPQ2d 1941 (Fed. Cir. 

1992). Indeed, there is specific instruction in MPEP §2144.05 to examine :tviPEP § 2144.08 when 

these facts exist, \vhich applicants explain below as a more relevant guide for analyzing the 

inventiveness of thl~ present claims. 

MPEP §2144.08 addresses the situation of "·when a single prior art reference which 

discloses a genus encompassing the claimed species or subgenus but does not expressly disclose 

the pmiicu1ar claimed species or subgenus." The MPEP instructs office personnel, in that 

situation, to find additional prior art to show that the differences between the prior art primary 

reference and the claimed invention as a whole would have been obvious. \Vhere such additional 

prior art is not found, office personnel should detern1ine Vlhether the claimed species or subgenus 

would have been obvious to those of skill in the art. Further, a determination of patentability 

under 35 U.S.C. § 103 should be made upon the facts of the particular case in vievv of the totality 

ofthe circumstances. See, e.g., In re Dillon, 919 F,2d 688, 692-93, 16 USPQ2d 1897, 1901 (Fed. 

Cir. 1990) (in bane). The fact that a claimed species or subgenus is encompassed by a prior art 

genus is not sufficient by itself to establish a prima facie case of obviousness. In re Baird, 16 

F.3d 380, 382, 29 USPQ2d 1550, 1552 (Fed. Cir. I 994) ("The fact that a claimed compound may 

be encompassed by a disclosed generic formula does not by itself render that compound 

obvious."); In re Jones, 958 F.2d 347, 350, 21 USPQ2d 1941, 1943 (Fed. Cir. 1992) (Federal 

Circuit has "decline[d] to extract from }vferck [&Co. v. Biocrajt Laboratories Inc., 874 F.2d 804, 

10 USPQ2d 184 3 (Fed. Cir. 1989)] the rule that... regardless of hovv broad, a disclosure of a 

chemical genus renders obvious any species that happens to faH within it."). See also In re Deuel, 

51 F.3d 1552, 1559,34 USPQ2d 1210, 1215 (Feci. Cir. 1995). 
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Like any proper obviousness analysis, a three-step process should be employed. First, 

Office personnel should establish a prima facie case of unpatentability considering the factors set 

out by the Supreme Court in Graham v. John Deere. See, e.g., In re Bell, 991 F.2d 781, 783,26 

USPQ2d 1529, 1531 (Fed .. Cir. 1993) ("The PTO bears the burden of establishing a case of 

primafacie obviousness.''); In re Rijckaerl, 9 F.3d 1531, 1532,28 USPQ2d 1955, 1956 (Fed. Cir. 

1993); In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). Graham v. 

John Deere Co., 383 U.S. 1, 17-18 (1966), requires that to make out a case of obviousness, one 

must: 

(A) determine the scope and contents of the prior art; 

(B) ascertain the differences bet\veen the prior art and the claims in issue; 

(C) detem1ine the level of ordinary skill in the pe11inent art; and 

(D) evaluate ~my evidence of secondary considerations. 

Only ·when a prima facie case is established does the burden shifts to applicant to come fonvard 

\vith rebuttal evidence or argument to overcome the prima facie case. See, e.g., Bell, 991 F.2d at 

783~84, 26 USPQ2d at 1531; R(jckae1·t, 9 F.3d at 1532, 28 USPQ2d at 1956; Oetiker, 977 F.2d at 

1445, 24 USPQ2d at 1444. 

As an initial matter, office personnel are instructed to detem1ine the scope and content of 

the relevant prior art. In the case of a prior art reference disclosing a genus, Office personnel 

should make findings as to: 

(A) the structure of the disclosed prior urt genus and that of ~my expressly described 

species or subgenus within the genus; 
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(B) any physical or chemical properties and utilities disclosed for the genus, as -vvell as 

any suggested limitations on the usefulness of the genus, and any problems alleged to be 

addressed by the genus; 

(C) the predictability of the tedmology; and 

(D) the number of species encompassed by the genus taking into consideration all of 

the variables possible. 

Then the Action should then compare the prior art genus it to the claimed species or subgenus to 

determine the differences. Through this comparison, the closest disclosed species or subgenus in 

the prior art reference should be identified and compared to that claimed. In Strahiflex, Inc. v. 

Aeroquip Corp., 713 F.2d. 1530, 1537, 218 USPQ 871, 877 (Fed. Cir. 1983), the Court noted that 

"the question under 35 U.S.C. § 103 is not \Vhether the differences [between the claimed 

invention and the prior art] \vould have been obvious'' but '\vhether the claimed invention as a 

Jvltole would have been obvious.'' (emphasis in original). Next, and this is highly relevant to the 

present situation, the Action should determine w·hether it \Votdd have been obvious to one of 

ordinary skill in the relevant art to make the claimed invention as a whole, i.e., to select the 

claimed species or subgenus from the disclosed prior art genus. 

In determining \Vhether the selection of the claimed species or subgenus, the Action is 

specifical~v directed to consider the size of the prior art genus, bearing in mind that size alone 

cannot support an obviousness rejection. See, e.g., Baird, 16 F.3d at 383, 29 USPQ2d at 1552 

(observing that ''it is not the mere number of com.pounds in this limited class which is significant 

here but, rather, the total circumstances involved"). There is no absolute correlation betv·veen the 

size of the prior art genus and a conclusion of obviousness. !d. Thus, the mere tact that a prior art 

genus contains a small mLmber of members does not create a per se rule of obviousness. 
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I·lov,..ever, a genus may be so small that, when considered in light of the totality of the 

circumstances, it -..vmdd anticipate the claimed species or subgenus. For example, it has been held 

that a prior an genus containing only 20 compounds and a limited number of variations in the 

generic chemical fonnula inherently anticipated a claimed species within the genus because ''one 

skilled in [the] art \Vould ... envisage each member" of the genus. In re Petering, 301 F.2d 676, 

681, 133 USPQ 275,280 (CCPA 1962) (emphasis in original). 

Here, referring again to the many thousands of options set out by the '907 patent, 

applicants submit that this case is fax more like the facts of In re Jones or In re Baird than it is of 

in re Petering. Indeed, in making an obviousness determination, the Action should consider the 

number of variables which must be selected or modified, and the nature and significance of the 

differences betvveen the prior art and the claimed invention. See, e.g, In re Jones, 958 F.2d 347, 

350, 21 USPQ2d 1941, 1943 (Fed. Cir. 1992) 

Also, if the prior art reference expressly teaches a particular reason to select the claimed 

species or subgenus, the Action should point out the express disclosure and explain why it would 

have been obvious to one of ordinary skill in the art to select the claimed invention. Other than 

noting that naproxen is used in some of the examples, nothing of the kind has been offered here. 

In addition, the Action must consider any teaching or suggestion in the reference of a preferred 

species or subgenus that is significantly different in structure from the claimed species or 

subgenus. Such a teaching may vveigh against selecting the claimed species or subgenus and thus 

against a determination of obviousness. Baird, 16 F.3d at 382-83, 29 USPQ2d at 1552 (reversing 

obviousness rejection of species in view of large size of genus and disclosed "optimum" species 

which ditlered greatly from and \Vere more complex than the claimed species). Here, the 

discussed preference for famotidine in the '907 patent \Vould have steered the skilled artisan 
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to\vards famotidine rather than esomeprazole, presenting a factor that, according to Baird, argues 

in favor ofnon-ohviousness. 

Based on the evidence as a whole (In re Bell, 991 F.2d 781,784, 26lJSPQ2d 1529, 1531 

(Feel. Cir. 1993); In re Kulling, 897 F.2d 1147, 1149, 14 USPQ2cll056, 1057 (Fed. Cir. 1990)), 

the Action should make express fact-findings relating to the Graham factors, focusing primarily 

on the prior art teachings discussed above. Importantly, these fact-findings should speciflcal(v 

articulate what teachings or suggestions ln the prior art would have motivated one of ordinary 

skill in the art to select the claimed species or subgenus. Ku1iing, 897 F.2d at 1149, 14 USPQ2d 

at 1058; Panduit Corp. v. Dennison lvfj'g. Co., 810 F.2d 1561, 1579 n.42, 1 USQP2d 1593, 1606 

n.42 (Fed. Cir. 1987). :Here, the rejection simply posits that cetiain features of the present claims 

are generically described in the cited art. This is insufficient to establish obviousness, 

particularly where the claimed selection is one of thousands of options, and at least one of the 

features recited is considered less preferred. Thus, no primafclcie case has been established, and 

the rejection should be withdrmvn. 

B. The •907 Patent in vien· of Phillips 

Claims 46 and 47 are rejected over the '907 patent in ·vie\:Y' ofPhiUips (U.S. Patent Pub!n. 

2004/0048896). Applicants traverse. 

Here, the Action has cited the '907 patent exactly as above, and simply added the 

teachings of Phillips with respect to the inert, \Vater-so!uble coating of claims 46 and 47. As 

such, the rejection stiil suffers from the def{.~cts outline above·- namely, that the'907 patent fails 

to specifically teach or suggest the very particular selection as novv claimed from among the 

thousands of options offered by the '907 patent. Reconsideration and withdrawal of the rejection, 

for the reasons presented above, is therefbre respectfully requested. 
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VI. Rejection for Obviousncss-Tvpe Double-Patenting 

Claims l-31 and 33-63 are r~jected over claims 1-20 of co pending application U.S. Serial 

No. 12/823,082 in view of the '907 patent In light of the provisional natw·e of the rejection, 

applicants defer a response until one of the applications is in condition for allowance. 

Claims 1-31 and 33-63 are rejected over claims 1-20 of copending application U.S. Serial 

No. 13/345,075 in vie\:v· of the '907 patent. In light of the pro-visional nature of the rejection, 

applicants defer a response until one ofthe applications is in condition for allowance. 

VII. Conclusion 

In light of the foregoing, applicants respectfully sllbmit that all claims arc in condition for 

allowance, and an early notification to the effect is earnestly solicited. The examiner is invited to 

contact the undersigned representative ·with any questions or concerns regarding this submission 

or the application. 

Date: March 14,2013 

PARKER HIGHLANDER PLLC 
1120 S. Capital of Texas Hvvy. 
Bldg. One, Suite 200 
Austin TX 78746 

Direct: 
General: 
Fax: 
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@ Substituted pyridylsulflnylbenzimldazoles having gastric acid secretion properties, pharmaceutical preparations 
containing same, and intermediates for their preparation. 

@ The present invention relates to novel compounds of the 
formula 

wherein R1 and R2 are same or different and are each 
~ hydrogen, alkyl, halogen, carbomethoxy, carbethoxy, alkoxy, 
"""" or alkanoyl, R6 is hydrogen, methyl or ethyl, R3• R4 and R5 are 
G) same or different and are each hydrogen, methyl, methoxy, 
N ethoxy, methoxyethoxy or ethoxyethoxy whereby R3, R4 and 
.- R5 are not all hydrogen, and whereby when two of R3 , R" and 

R5 are hydrogen the third of R3
, R4 and R5 is not methyl. The 

U) compounds are potent gastric acid secretion inhibitors. 
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Substituted pyridylsulf.inylbenzimidazoles ha'ving .gast.ric 

acid secretion properties. pharmaceutical pr~ppratit?ns· 

containing same, and intermediates for their·pr~paration 

The present invention relates to naw compounds ~aving 

valuabl~ properties jn affectin~ gastric aciid sec~etion in 

mammals, including man, as well as the process for their 

preparation. method of affecting eastric acid secr~tion 

5 and oharmaceutical preparations containing said'novel 

compounds. 

The object of the pres8nt invention is to obtain compounds 

which affect gastric acid secretion, and which inhibit· 

10 exogenously or endogenously stimu~ated gast~ic acid secre

tion. These compounds can be used in the treatment of peptic 

ulcer disease. 

It is previously known that compounds· of the formulas I and 

II 
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Rl~ll>-s-R4-0 (!) 

~3 
- R -

R2 

Rltt:>-tR~ (II) 

13 
R 

wherein R1 and R2 are each selected from the group consist

ing of hydrogen, alkyl# haloge~, cyano. carb?xy, carboxy-

IS alkyl, carboalkoxy, carboalkoxyalkyl, carbamoyl. carbamoyl

oxy, hydroxy .. alkoxy, hydroxyalkyl, trifluoromethyl and 

acyl in a~y ~sition, R3 is selected from the group con

sisting of hydrogen, alkyl, acyl, carboalkoxy .. carbamoyl, 

alkylcarba_moyl, dialkylcarbamoyl, alkylcarbonylmethyl, 

20 alkoxy~arbonylmethyl, and alkylsulphonyl, and R
4 is selected 

from the group consisting of straight and branched alkylene 

g~oups having 1 to 4 carbon atoms, whereby at most one 

methylene group is present between S and the pyridyl group, 

and whereby the pyridyl group may be further substituted 

25 with alkyl or halogen, possess inhibiting effect of gastric 

acid secretion. 

It has now, however. surprisingly been found that the 

compounds defined below possess a still greater inhibiting 

30 effect than those given above. 

Compounds of the invention are those of the general formula 

III 

35 
.(III) 



.T 

3 

wherein R1 and R2 are same or different and ar~Qe~~l feiect

ed from the group consisting of hydrogen, alkyl. halogen, . 

carbomethoxy. oarbethoxy, alkoxy, and alkanoyl, ·R 6 is select

ed from th~ group consisting of hydrogen, methyl, a-nd ethyl. 

5 and R 3 ~ R
4 

and R5 are same or different and are each select

ed from the group consi&ting of'hydrogenp methyl, methoxy, 

10 

15 

3 4 
ethoxy~ methoxyethoxy.and etho~yethoxy whereby R, R, and 

5 . 3 4 
R are not all hydrogen, and whereby when two of R 1 R 1 

and R5 are hydrogen, the third of R3 , R4 and R5 is not methyl. 

1 . 2 
Alkyl R and R of formula III are suitably alkyl having up 

to 7 carbon atoms, preferably up to 4 carbon atoms. Thus, 

alkyl ·R may be methyl, ethyl, n-propyl, isopropyl; n-butyl 

or isobutyl •. 

Halogen R1 and R2 is chloro, bromo, fluoro, or iodo. 

Alkoxy R1 and R2 are suitably alkoxy groups havi~g up to 5 

20 carbon atoms, preferably up to 3 carbon atoms, -as methoxy, 

ethoxy, n-propoxy,.or isopropoxy. 

25 

30 

. 35 

1 2 . . . 
Alkanoyl R and R have preferably up to 4 carqon atoms and 

are e.g. formyl, acetyl, or propionyl, preferably acetyl. 

A preferred group of compounds of the general formula III 

are those wherein R1 and R2 are the same or differe~t and 

are each selected fno~ the group consisting of hydrogen, 

alkyl~ carbomethoxy, alkoxy, and alkanoyl, whereby·~l and R2 

6 . 3 4 . 5 
are not both hyprogen, R 15 hydrogen, and R , R , and R 

are the same or different anq are each selected from· the 

group consisting of hydrogen, methyl, methoxy, and ethoxy, 

whereby R3~ R4
1 and R5 are not all hydrogen, and whereby 

when two of R3 , R4 , and R
5 

are hydrogen the third of R3 , R
4

, 

and R5 is not methyl • 
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A second preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

and are each selected from the group consisting of hydrogen~ 

alkyl~ halogen, carbomethoxy, carbethoxy, alkoxy. and alkanoyl~ 

R6 is selected from the group consisting of hydrogen, methyl, 

and ethyl~ R3 is methyl, R4 is methoxy. and R5 is methyl. 

A third preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

and are each selected from the grou~ consisting of hyd~ogen, 

alkyl, halogen, carbomethoxy, carbethoxy. alkoxy and alkanoyl, 

R6 i~ selected from the group consisting of hydrogen, methyl 

and ethyl, and R3 is hydr~gen, R4 is.methoxy and R5 is methyl 

or R3 is methyl, R4 is methoxy and R5 is hydrogen. 

A fourth preferred group of compounds of the general formula 

III are those wherein -R 1 and R2 are the same or different 

and are each selected from the group consisting of hydrogen, 

alkyl. h·alogeri .. carbomethoxy,. carbethoxy, alkoxy, and alkanoyl., 

R6 is selected from th~ group consisting of hydrogen., methyl 
3 s. 4 

and ethyl, R and R are h'ydrogen and R is methoxy • 

A. fifth preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

25 and are each salected from the group co~sisting of hydrogen, 

alkyl, halogen, carbomethoxy, carbethoxy .. alkoxy, and alkanoyl~ 

R6 is selected from the group consisting of hydrogen, methyl 

and ethyl, and R3 and R5 are methyl and R4 is hydrogen. 

30 A sixth preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

and are each selected from the group consisting of hydrogen. 

alkyl, halogen, carbomethoxy, carbethoxy. alkoxy, and alkanoyl, 

R6. is selected from the group consisting of hydrogen, me-thyl 

35 and ethyl. R3 and R5 are hydrogen and R4 is ethoxy. methoxy

ethoxy or ethoxyethoxy. 
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A seventh preferred group of compounds of the genera1 
formula III are those whepe~n R1 and R2 are the same or 

different and are each selected from the group consisting 

of hydrogen. alkyl, halogen, carbomethoxy, alkoxy, and 

5 alkanoyl, R6 is s~l~cted from the group consisting of 

hydrogen. methyl~ and ethyl, R3
# R4 , and R5 ~re all methyl • 

10 

15 

Compounds of formula III above may be prepared according to 

the following methods: 

a) oxidizing a compound of formula IV 
R4 

2 N R~RS 
R ~S-CH~.JJ N/ . A6 N 

A 

(IV) 

wherein R1 ~ R2 , R6 , R3 , R4 , and R5 have the meaninRs given, 

20 to the formation of a compound- of formula III. · 

. 25 

30 

35 

b) reacting a compound of the ~ormula V 
R2 

\·Jhere in Rl .. 

RI. ~. 1 N'-tcH-M 
~N/. k6 

h 

R2, and R6 have the meanings given 

M is a metal selected from the group consistine 

and Li, with a compound of formula. VI. 

-nR4 5 
.R / R 

(. 
~ 

Z N 

(V) 

above and 

of K .. Na 

(VII) 
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3 4 5 wherein R , R , and R have the same meanings as give.n 
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above, Z is a reactive esterified hydroxy group, to the 

! formation of a compound of formula ~II; 

. ' 
~ 

. : 

.d 
l 
; 

5 c) reacting a compound of the formula VII 

10 

15 

20 

(VII) 

wherein R1 , and R2 -have the same meanings as given above 

and z1 is SH or a reactive esterified hydroxy group; with 

a compound of the formula VIII 

R4 

R~RS 

Z 2 - CH--l. .. jJ 
16 N 
R 

(VIII) 

wherein R6 , R3 , R4 , and R5 have the same meanings as given 

above~ and z2 is a reactive esterified hydroxy group or SH, 

to the formation of an intermediate of formula IV above, 

25 which then is oxidized to give a compound of formula III; 

30 

35 

d) reacting a compound of the formula IX 

(IX) 

wherein R1 and R2 have the same meanings as given above 

with a compound of the formula X 
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(X) 

wherein R6 ~ R3 ~ R4 ~ and R5 ~ave the same meanings as given 

above~ to the -far.mation of an intermediate of formula IV 

above~ which then is oxidized to give a compound of formula 

III, which compound may be converted to its therapeutical"ly 

acceptable salts, if so desired. 

I •1 . 2 
In the reactions ab~ve, Z, Z , and Z may be a reactive, 

esterified hydroxy group which is a hydroxy group esterified 

15 with strong, inorganic or orgahic acid, preferably a hydro

halogen acid, such as hydrochloric-acid, hy~robromic acid, 

or hydroiodic acid! ~lso sulfuri~~cid or a strong organic 

sulfonic aci~ as a strong ~romati~ acid, e.g. benzene~ 

sulfonic acid, ·4-bromobe~zen~sulfQn~c acid or 4~toluene-
20 sulfonic acid. 

The oxidation of the ·-sulfur atom in the chain-s above to· 

sulfinyl (S-70) takes place·in the presence of an oxidizing 

agent sele·c_ted -fr_om the group ·cons·;isting of nitric acid, 

25 hydrogen p~roxide, peracfds, peresters, ozone, dinitrogen-

·.; tetraoxide, iodoso'benzene, N-halosuccinimide .. 1-chlorobenzo

triazole. t~~utylhypochlorite, diazobicyclo-[2,2,2]-octane 

bromine complex, sodium metaperiodate, selenium dioxide, 
·-~ manganese dioxide, chromic acid, cericammonium nitrate, 

30 bromine, chlorine, and sulfuryl chloride. The. oxidation 

usually takes place in a solvent wherein the oxidizing agent 

is present in some excess in relation to the product to be 

oxidized. 

35 Depending on the process conditions and the starting mater- -

ials, the end product is obtained either as the free base 

or in the acid addition salt, both of which are iricluded 

within the ~cope of the invention. Thus. basic. neutral or 

or mixed salts may be obtained as well as hemi,. mono. sesqui 
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or polyhydrates. The acid addition salts of the new 

compounds may in a manner known per~ be transformed into . -
free base using basic agents such as alkali or by ion 

exchange. On the other hand, tl1e free bases obtai~ed may 

5 form salt~ with organic or inorganic: aoi ds. _In the prepara

tion of acid addition salts prefera.bly such acids are used 

which form suitable therapeutically acceptable salts. Such 

acids include hydrohalogen acids, sulfonic, phosphoric, 

nitric, and perchloric acids; aliphatic~ alicyclic, armmati~ 

10 heterocyclic carboxy or sulfonic acids, such as formic, . 
acetic, propionic, succinic, glycolic, lactic, malic, 

tartaric, citric .. ascorbic,. maleic, hydroxymaleic, pyruvic, 

phenylacetic, benzoic .. p-aminobenzoic, antranilic, 

p-hydroxypenzoic, salicylic or p-aminasalicylic acid, 

15 embonic, _· methanesu 1 foni c,. ethanes ul foni ~~- hydroxyethane

sulfonic, ethylenesulfonic, halogenbenzenesulfonic, toluene~ 

sulfonic, naphtylsulfonic or sulfanilic acids; methionine, 

tryptophane .. lysine or arginine. 

20 These or other salts of the new compounds, as e.g. picrates;· 

rna~ serve as purifying agents of the free bases obtained. 

Salts of the bases may be formed, separated from solution, 

and then the free base can be recovered from a new salt 

solution in a purer state. Because of the relationship 

25 between the new compounds in free base form and their salts .. 

it will be understood that the corresponding salts are 

included within the scope of the invention. 

Some of the new compounds may~ depending on the choice of 

30 starting materials and pr~cess, be present as optical is~!Brs 

or racemate, or if they contairi at least two asymmetric 

carbon atoms, be present as an isomer mixture (racemate 

mixture). 

35 The isomer mixtures (racemate mixtures) obtained-may. be 

separated into two stereoisomeric fdiastereomeric) pure 

racemates by means of chromatography or fractional crystal-
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lization. 

The racemates obtained can be separated according to known 

methods6 e.g. recrystallization from an optically active 

5 solvent, use of microorganisms, reactions wit~ optically 

·~ active acids forming salts which can be separated, separa

tion based on different solubilities of the diastereomers. 

Suitable optically active acids are the l- and 0-forms of 

tartaric acid, di-o-tolyl-tartaric acid, malic acid, 

- . , 
-· i 

j 

10 mandelic acid, camphorsulfonic acid or quinic acid, Prefsr

15 

ably the more active part of the two antipodes is isolated. 

The starting materials are known or may, if they should be 

new~ be obtained according to processes known per se. 

In clinical use the compounds of the invention are adminis~

ered orally, rectally or by injection in the form .of a 

pharmaceuti ca 1 preparation which· contains an active component 

either as a free base _or as a pharmaceutically acceptable, 

20 non-toxic acid addition salt, such as hydruchloride, lactate, 

acetate, sulfamate, in combinat1on with a pharmaceutically 

acceptable carrier. The carrier may be in the form of a 

solid, semisolid or liquid .diluent, or a capsule. These 

pharmaceutical preparations are a further object of the 

~ 25 invention. Usually the amount of active compound is between 

.. , 

0.1 to 95 % by weight of the preparation, between 0.5 to 20 

% by weight in preparations for injection and between 2 and 

50 % by weight in preparations for oral administration. 

30 In the preparation of pharmaceutical preparations containing 

a compound of the present inv.ention in the form of dosage 

units for oral administration the compound selected may be 

mixed with a solid. pulverulent carrierJ such as lactose, 

saccharose, sorbitol, mannitol, starch, amylopectin, 

J) cellulose derivatives or gelatin, as well as with an anti

friction agent such as magnesium stearate, calcium stearate, 

and polyethyleneglycol waxes. The mixture is then pressed 
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0005129 
into tablets. If coated tablets are desired, the above 

prepared core may be coated with a concentrated solution 

of sugar, which may contain gum arabic, gelatin, talc, 

titanium dioxide or with a lacquer dissolved in volatile 

5 organic solvent or mixture of solvents. To this coating 

various dyes·may be added in order to distinguish among 

tablets with different active compounds or with different 

amounts of the active compound present. 

10 
I 

Soft gelatin capsules may be prepared which capsules contain 

a mixture of the active compound or qompounds of the 

invention and vegetable oil. Hard gelatin capsules may 

contain granules of the active compound in combination with 

a solid, pulverulent carrier as lactose, saccharose, sorbi-

15 tol, mannitol, potato starch, corn starch, amylopectin, 

20 

25 

cellulose derivatives or gelatin. 

Dosage ·units for rectal administration may be prepared in 

the form of suppositories which contain the active substance 

in a mixture with a neutral fat base, or they may be prepared 

in the form of gelatin-rectal capsules which contain the 

active substance in a mixture with a vegetable oil or par~fin 

oil. 

Liquid preparations for oral administration may be prepared 

in the form of syrups or suspensions2 e.g. solutions contain

ing from 0.2 % to 20 % by weight of the active ingredient 

and the remainder consisting of sugar and a_mixture of 

ethanol, water, glycerol and propylene glycol. If desired, 

30 such liquid preparations may contain colouring agents, 

flavouring agents, saccharin and carboxymethylcellulose as 

a thickening agent . 

·Solutions for parenteral administration by injection may be 

35 prepared as an aqueous solution of a watersoluble pharma

ceutically acceptable sa~t of the active compound, prefer

ably in a concentration from 0.5 % to 10 % by weight. These 

solutions may also contain stabilizing agents and/or 
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buffering agents a~d may be manufactured in different 

dosage unit ampoules. 

Pharmaceutical tablets for oral use are prepdred in the 

following manner: The solid substances are gr~und or sieved 

to a certain particle size, and the binding agent is homo

genized and suspended in a suitable solvent. The therapeut

ically active compounds and auxiliary agents are mixed with 

the binding agent solution. The resulting mixture is 

10 moistened to form a uniform suspension having the consist-

·~ ency of wet snow. The moistening causes the particles to 
~~ 

-1 aggregate. slightly, and the resu 1 ti ng mass is pressed through 

_, 

a stainless steel sieve having a mesh size of approximately 

1 mm. The layers of the mixture are dried in ca~efully 

15 controlled drying cabinets for approximately ten hours to 

obtain the desired particle size and consistency. The 

granules of the dried mixture a~e sieved to remove any 

powder. -To this mixture, disintegrating, antifriction and 

antiadhesive agents are added .. Finally, the mix~ure is 

20 pressed into tablets using ~ machine with the appropriate 

punches and dies to obtain the desired tablet size. The 

pressure applied affects the size of the tablet, its strength 

end its ability to dissolve in water. The compression 

pressure used should be in the range 0.5 to 5 tons. Tablets 

25 are manufactured at the rate of 20.000 to 200.000 per hour. 

The tablets~ especially those which are rough or bitter, 

m=y be coated with a layer of sugar or some other palatable 

s~bstance. They are then packaged by machines having elect

ronic counting devices. The different types of packages 

30 ccnsist of glass or plastic gallipots. boxes~ tubes and 

sp~cific dosage adapted packages. 

Th~ typical daily dose of the active substance varies 

acttJrding to the. individual needs and the manner of adminis-

35 tration. In general~ oral dosages range from 100 to 400 

mg/d1y of active substance and intravenous dosages range 

fran 5 to 20 mg/day~ 
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The following illustrates a preferred embodiment of the 

invention without being limited thereto. Temperature is 

given in degrees Centigrade. 

5 The starting materials in the examples foun~ below were 

prepared in accordance with the following methods: 

10 

15 

20 

25 

30 

35 

(1) a 1,2-diamino compound, such as a-phenylenediamine was 

reacted with potassium ethylxanthate (according to Org. 

Synth. Vol. 30~ p. 56) to form a 2-mercaptobenzimidazole; 

(2) the compound 2-chloromethylpyridine was prepared bY 

reacting 2-hydroxymethylpyridine with thionylchloride 

(according to Arch. Pharm. Vol. 26, pp. 448-451 (1956)); 

(3) the compound 2-chloromethylbenzimidazole was prepared 

by condensing a-phenylenediamine with chloroacetic acid. 

Example 1 

28.9 g of 2-[2-(4.5-dimethyl)pyridylmethylthio]-(5-acetyl

-6-methyl)-benzimidazole were dissolved in 160 ml of CHC1
3

• 

24.4 g of m-chloroperbenzoic acid were added in portions 

while stirring and cooling to 5°C. After io minutes, the 

precipitated m-chlorobenzoic acid was filtered off. The 

filtrate was diluted with CH 2 c12 • washed with Na2 co
3 

solu

tion, dried over Na 2so4 and evaporated in vacuo. The residue 

crystallized when di_luted with CH
3

CN, and 2-[2-(4,5-di

methyl)pyridylmethylsulfinyl]-(5-acetyl-6-methyl)benzimid

azole was recrystallized from CH3CN. Yield 22.3 g; m.p. 

158°C. 

Examples 2-30 

The preparation of compounds of formula III labelled 2-26 

was carried out in accordance with Example 1 above. The 

compounds prepared are listed in Table i which ideAtifies 

the substituents for these compounds. 
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Example _31 (method c) 

0.1 moles of 4-6-dimethyl-2-mercaptobenzimidazole were 

dissolved in 20 ml of water and 200 ml of ethanol contain-

S ing 0.2 moles of sodium hydroxide. 0.1 mole~ of 2-chloro

methyl-(3,5-dimethyl)pyridine hydrochloride were added and 

the mixture was refluxed for two hours. The sodium chloride 

formed was filtered off and the solution was evaporated in 

vacuo. The residue was dissolved in acetone and was treated 

10 

15 

20 

with active carbon. An equivalent amount of concentrated 

hydrochloric acid was added, whereupon the mono-hydro

chloride of 2-[2-(3,5-dimethyl)pyridylmethylthio]-{4,~-di

methyl)benzimidazole was isolated. Yield 0.05 .males . 

This compound was then oxidized in accordance with Example 1 

above to give the correspon~ing sulfinyl compound, melting 

point 50-55°C. 

Example -32 (method b) 

0.1 moles of 2-[li-methylsulf~~ylJ(S-acetyl-6-~~thyl)

benzimidazole were dissolved in-150 mls of ben~ene~ 0.1 moles 

2-chloro-(3,5-dimethyl)py~idine were added and the mixture 

was refluxed for two hours. The lithiumchloride formed was 

25 fi 1 t e red off, an·d the solution was evaporated in vacuo. 

30 

The residue was crystallized from CH 3CN, and r~crystallized 

from the same solvent. Yield 0.82 moles of 2-[2-(3,5-di

methyl)pyridylmethylsulfinyl]-(5-acetyl-6-methyl)benzimid-
- 0 

azole melting at 171 C. 

Example 33 (method d) 

23.4 g of.2-[2-(3,4,5-trimethyl)pyridylmethylthio] .formic acid 

and 16.6 ~ of o-(5-acetyl-6-methyl)phenylenediamine were 

35 boiled for 40 minutes in 100 ml of 4N HCl. The mixture was 

cooled and neutralized with ammonia. The neutral solution 

was then extracted with ethyl acetate. The organic phase was 
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treated with active carbon and evaporated in vacuo. The 

residue was dissolved in acetone whereupon an equivalent 

of concentrated HCl was added. The precipitated hydro

chloride was filtered off after cooling and the salt was 

5 recrystallized from absolute ethanol and some ether. Yie.ld 

of 2-[2-{3,4,5-trimethylpyridyl)methylthio]-(5-acetyl-6-

methyl)benzimidazole was 6.5 g. 

This compound was then oxidized in accordance with Example 1 

10 above, to give the corresponding sulfinyl derivative. 
0 

f1.p. 190 c .. 

Example 34 (method c) 

15 22.0 g of 2-mercapto- ( 5-acetyl-6-methyl) benzimidazole and 

19.5 g of chloromethyl(4~5-dimethyl}pyridine hydrochloride 

were dissolved in 200 ml of 95 % ethanol. 8 g of sodium 

hydroxide in 20 ml of water were added, whereupon the solu

tion was refluxed for two hours. The sodium chloride formed 

20 was filtered off and the solution was evaporated in vacuo. 

The residue, 2-[2-(4,5-dimethyY)pyridylmethylthio]-(5-acetyl-

6-methyl)benzimidazole, was recrystallized from 70% ethanol. 

Yield 10.6 g. 

25 This compound was then oxidized in accordance with Exampl~ 1 

above, to give the correspcinding sulfinyl derivative. 
0 M.p. 158 C .. 

30 
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Ex. 

1 

2 

3 
.4 

5 

6 

7 

8 

9 

10 

11' 

12 

13 

14 

15 

16 
17 
18 

19 

20 

21 

22 

23 

24 
25 

26 

27 
28 

29 

30 

Rl R2 

5-COCH3 6-CH 
3 

5-CODCH
3 

6-CH 
3 

5-CODCH3 H 
5-COCH

3 6-CH 
3 

5--COOCH
3 

6,..CH
3 

·4-CH 
3 S-CH ;3 

5-COCH3 6-CH 
3 

5-COCH
3 

6-CH 
3 

5-COCH
3 

s.:.cH 
3 

4-CH 3 B-CH 3 
5-COCH3 6-CH . 3 
5-CDOCH

3 
6-CH 

3 
5-CDOCH

3 5-CH 
3-

5-COOCH3 6-CH 3 
5-COOCH

3 . 6-CH
3 

5-CDOCH
3 6-CH 

3 
5-COOCH

3 6-CH 3 
5-COOCH

3 6-CH 
~ 

5-:-COOCH3 H 
5-CDOCH3 H 

5-COCH3 H 

5-0CH3 H 

s-.ocH3 H 
-5-CH 

.3. 
H 

H H 

5-Cl H 
5-CH3 

.H 

5-COOC2H5 H 

5-COOCH3 H 

5-CH =! _____ H 

0005129 

R6 R3 R4 Rs f1. p. 
·oc 

H H CH3 CH
3 .158 

• H H CH
3

. CH
3 163 

H H CH3 _ CH
3 

141 

H cH· 
:3 CH3- H. 160 

H CH3 CH3 : H 163 

H 'cH3 H CH3 50-55 
H CH 3 H CH3 171 
H CH

3 CH
3 CH

3 190 

H H OCH
3 

H 165 
H H OCH

3 H 122 

H CH
3 _DCH3 CH

3 156 
H CH

3 
H CH

3 
.144 

H CH3 CH3 CH3 165 

H H OCH3 H 169 

H H OC 2H5 H 146 

H CH3 OCH
3 H 175 

H CH 3 OCH3 CH
3 155 

H H OCH
3 

CH3 158 

H CH 3 H CH3 141 

H CH 3 OCH 
3 CH

3 142 

H CH3 OCH
3 

CH3 162 

H H OCH3 CH
3 178 

H CH3 OCH
3 CH3 156 

H CH 3 OCH3 CH3 181 

H CH3 
OCH3 CH

3 
165 

H CH3 OC!i3 CH3 185 
H H oc2H40CH3 H 119 

H CH3 OCH3 CH3 
150-5 

CH 3 CH
3 H CH3 

130 

CH::\ CH 3 H CH:1 152 
-
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Biological effect 

The compounds of the invention possess worthwhile thera

peutic properties. as gastric acid secretion inhibitors as 

5 demonstrated by the.following_ tests .. To determine the 

gastric acid secretion inhibitory propertiesJt experiments 

have been performed on conscious dogs provided with gastric 

~istulas of conventional type and duodenal fistulas~ the 

latter ones used for direct intraduodenal administration 

10 o.f the test compounds_. After 18 hours starvation and depriv

ation of water the- dogs were given a subcutaneous infusion 

of pentegastrin (1-4 nmol/kg, h) lasting for 6-7 hours. 

Gastric juice was coiiect~d in consecutive 30 minutes 

samples. An aliRuot of each sample was·titrated with 0.1 N 

1~ NaOH to pH 7.0 for tftrable acid concentration using an 

automatic titrator and pH-meter (Radiometer~ Copenhagen, 

Denmark). Acid out~ut was calculated as mmol H+/60 minutes. 
- • • t 

The pe~cent inhibition compared to control experiments was 

cal4uJ:a:ted for ea.ch compound and th-e peak i_nhibi tory effect 

20 is given in Table 2 below •. The·test compounds,-suspended in 

O .. S. % Met:hacele (methyl celluloseL were given_intraduoden

ally in doses ·from 4-20 pmol/kg when the secretory response 

to pentagastrin has reached a steady level. 

25 In the test prior known compounds were compared with the 

compounds of the present invention as will be evident from 

the Table 2 below. 

30 The following gastric acid inhibiting effect data were 

obtained for a number of compounds tested according to the 

method described. 

. ' 



17 
0005129 

' ' 

" 5 --. 
l 

•; 

-, 'I 
j . . 

Ex. Rl R2 R6 R3 R4 Rs 
-Dose Effect 

10 ~mol/kg % inhibition 
-

·-~ 
• 

1 5-COCH3 6-CH H H CH3 CH 2 90 3 3 
4 5-COCH3 6-CH H CH 3 CH3 H 1 60 3 

' 7 5-COCH3 6-CH H CH3 H CH
3 2 100 3 

I 8 5-CDCH3 6-CH 3 H CH3 CH3 CH3 4 100 

; 15 9 5-COCH3 6-CH 
3 H H OCH3 H 2 95 

11 5-COCH3 6-CH 3 H CH 3 OCH 3 CH
3 

0.5 70 

X 5-COCH 3 6-CH H H CH 3 H 20 30 3 I 
X S-COCH 3 6-CH H H H CH 3 8 BO 3 

20 2 5-COOCH3 6-CH 3 H H CH 3 
CH3 2 60 

5 5-COOCH3 6-CH 3 H CH3 CH3 H 2 90 

12 5-COOCH
3 

6-CH 
3 H CH3 H CH3 2 70 

13 5-COOCH3 6-CH H CH3 CH
3 

CH
3 

4 80 3 . 
14 5-COOCH3 

6-CH 3 H H OCH3 H .2 100 

25 15 5-COOCH
3 

6-CH 
3 H H DC 2H5 H 4 75 

16 5-COOCH3 6-CH 3 H CH 3 OCH3 H 0.5 65 

17 5-COOCH3 6-CH 
3 H CH3 OCH 3 CH3 

0_. 5 90 

18 5-COOCH3 6-CH 3 H H OCH
3 

CH
3 

X 5-COOCH 3 6-CH 3 H H H CH3 4 50 

30 X 5-COOCH3 6-CH 3 H Br H 1-1 4 D 

6 4-CH 3 6-CH 3 H CH 3 H CH 3 4 40 

10 4-CH 3 
6-CH

3
. H H QCH

3 
_H 2 40 

)( 4-CH 3 6-CH 
3 H H H H 4 30 

)( 4-CH 6-CH H H H CH3 12 50 
3 ·3 I 

35 

I 

cont. 
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Ex Rl 2 R6 R3 R4 Rs Dose Effect · I R 
JlffiO 1/kg % inhibition 

!3 -5-COOCH3 H H H CH3 cr;3 4 100 

!19 5-COOCH3 H H CH3 H CH3 2 60 

bo 5-COOCH3 H H CH3 OCH3 CH o.s. 55 
i 3 . 
'x 5-COOCH · H· H H H CH3 20 90 I 0 3 

5 

X S:_COOCH 
3 H H H ·H H 20 50 

21 5-COCH3 H H CH3 OCH3 CH3 0.5 60 

10 X 5-COCH3 H H H H C2H5 20 40 

22 5-0CH · · 
.3 

H H ·H . OCH3 CH 3 
23 5-0CH3 H H. CH3 OCH3 CH3 0.5 65 

X 5-0CH
3

· H H H CH3 l:i 20 10 

15 24 5-CH ' 3. H ·H CH · 
3 OCH3 CH3 0.5 50 

X 5-CH 3 H H H H CH3 4 50 

25 H H H CH
3 

OCH3_ CH3 0.5 60 

X H H H H fi H 4 50 
20 28 s ... cooc

4
H5 H H CH

3 
OCH3 

cH
1 

o .. s 50 . .. 
26 5-Cl H H CH

3
_ OCH3 CH3 0.5 25 

27 5-CH 3 H H H O~H40CH3 H 0.5 30 

29 5-COOCH3 H CH3 CH H 3 CH 3· 
. o. 5 40 

x denotes a prevJously known compound 
25 

Example 35 

A syrup contqining 2 ~ {weight per volume) of active 

substance was prepared from the following ingredient~: 

30 

2-[2-(4~5-dimethyl)pyridylmethylsulfinyl]

- ( 5-acetyl-6-me.thyl) 9enzimidazo le • HCl 
Saccharin 
Sugar 

35 Glycerin 

Flavouring agent 
Ethanol 96 % 

Distilled water (sufficient to obtain a final 
volume of 100 ml) 

2.0 g 

0.6 g 

30.0 g 

5-.0 g 

0.1 g 

10.0 m1 
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Sugar, saccharin and the acid addition salt were dissolved 

in 60 g of warm water. After cooling, glycerin and a solu

tion of flavouring agents dissolved in ethanol were added. 

To the mixture water was added to obtain a final volume of 

100 ml. 

The above given active substance may be replaced with other 

pharmaceutically acceptable acid addition salts. 

10 Example 36 

2-[2-(3,4-dimethyl)pyridylmethylsulfinyl]-(5-acetyl-6-

-methyl)benzimidazole • HCl (250 g) was mixed with lactose 

., (175.8 g) 6 potato starch (169.7 g) and colloidal silicic 

15 acid (32 g). The mixture was moistened with 10% solution 

of gelatin and was ground through a 12-mesh sieve. After 

drying, potato starch (160 g), talc (50 g) and magnesium 

-! stearate (5 g) were added and the mixture thus obtained was 

pressed into tablets (10.000), with each tablet containing 

t 20 2S mg of active substance. Tablets can be prepared that 

contain any desired amount of the active ingredient. 

Example 37 

25 Granules were prepared from 2-[2-(3,5-dimethyl)pyridyl

methylsulfinyl]-~-acetyl-~-methyl)benzimidazole-p-hydroxy

benzoate (25P g), lactose (175.9 g) and an alcoholic solu

tion of polyvinylpyrrolidone (25 g). After drying, the 

granules were mixed with talc (25 g}, potato starch (40 g). 

30 and mQgnesium stearate (2.50 g) and were pressed into 10.000 

tablets. These tablets are first coated with a 10 % alcoholic 

solution of shellac and thereupon with an aqueous solution 

containing saccharos~? (45 %)~ gum arabic (5 %L gelatin (4%), 

and dyestuff (0.2 %). Talc and powdered sugar were used for 

35 powdering after the first five coatings. The coating was then 

covered with a 66 % sugar syrup and polished with a solution 

of 10 % carnauba wax in carbon tetrachloride. 
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Example 38 

2-[2-{3,5-dirnathylipyridylmethylsulfinyl]-[5-acetyl-6-
-methyl)benzimid~zo~e hydrochloride (1 gl~ sodium chloride 

5 {0.6 g) and ascorbic-acid (0.1 g) were dissolved in 

sufficient amount o~ distilled water to give 100 rnl of 
solution. This solution, which contains 10 mg of active 
substance for each ml, was used in filli~g ampoules, which 
were sterilized by heating at 120°C for 20 minutes. 

10 

• i 
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1. A compound of formula ~II 

(III) 

""' 10 

or a therapeutically acceptable salt thereof in whiGh 

R1 and R2 are the same or differeht and are selected 

15 from the group consisting o¥ hydrogen, -alkyl. halogen, 

carbomethoxy, car,bethoxy. alkoxy, a-nd· alkanoyl in any 

position, R6 is s~lect~d from the group consisting of 
- -_ 3 4 . 5 

hydrogen, methyl and ethyl, R , R , and R are the 

same or different and are each selected from the group 

?U con~isting of hydrogen, methyl. rnethoxy. ethoxy,· 

25 

3 4 5 methoxy-ethoxy and ~thoxy-ethoxy whereby R , R , and R 

are not all hydrogen, 9nd whereby when two o~ R3 , R4 , 

and R5 are hydrogen, the third of R3 , R4 , and R5 is 

not methyl. 

2. A compound according to claim 1, wherein R1 .and R2 

are same or different and are each selected from the 

group consisting of hydr~gen, alkyl, carbomethoxy, 

alkoxy, and alkanoyl in any position, whereby R1 and 

30 R2 a~e not both ~ydrogen, R6 ~s hydrcgen, and R 3 ~ R4 , 

and R5 are the same or different and are each selected 

from the group consisting of hydrogen, methyl, methoxy, 
3 4 5 and ethoxy, whereby R , R , and R are not all hydrogen 

and whereby when two of R3 , R4 , and R5 are hydrogen, 

35 the third of R3 , R
4

, aod R5 are not methyl. 
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3. A compound according to claim !,wherein R1 , R2 , and 

R6 hpve the meanings given and R~ and R5 are methyl and 

R4 is methoxy • 
• 

· 5 4. A compound according to claim l.w wherein R~ .. R2 .. and 

R
6 have the"meanings given, R

4 is methoxy. and R3 is 

hydrogen and R
5 is methyl, or R

5 is hydrogen and R3 is 

methyl • 

10 5. A compound according to claim 1 or a t~erapeutically 
acceptable salt thereo~ in which R1 .. R2 .. and R6 have the 

meaning~ given. R3 and R
5 are hydrogsn, and R4 is methoxy, 

ethoxy, meth~xyethoxy or ethoxy-ethoxy. 

15 6w A compound acdording to claim 1 or a th~rapeutically 

acceptable salt thereof in which. R1 .. ·R2 .. and R6 have the_.· 
. • . • R3 d R5 . . 4 

20 

mean1ngs g~ven, and , an are methyl_~nd R is 

hydrogen; 

. 
7. A c~mpound according to claim 1 and selected from the 

group consisting of . 

2- [2- ( 3, 4-dimethyll- ·pyridy_lmethylsulfi nyl]- ( s~_acetyl-_s:- -

-methvl)-benzimidazole, 
2-[2-(3,5-dimethyl)-~yridylmethylsulfinyl]-(4,6-dimethyl)-

· i 25 -ben7imidazole, 

. ! 

2- [ 2- ( 4 .. 5-dimethyl) -pyridylmethylsulfinyl] -{ 5-,carbomethg~y)-
-benzimidazole, 

2-[2-(4,5-dimethyl)-pyridylrnethylsulfinyl]-(5-acetyl-6-

-methyl)-benzimidazole, 

30 2- [2- ( 4 ... 5-dimethyl) -pyridylmethylsul finyl]- (5-carbomethoxy-

6-methyl) -benzimidazole, 

2-[2-(3,4-dime~hyl)-pyridylmethylsulfinyl]-(5-carbomethoxy

-6-methyl)-benzimidazole, 

3'5 

. . 
2-[2-(3~5-di~ethyl)~py~idylmethylsulfinylJ-15-acetyl-6-

met~yl)-benzimidazole, 

2-[2-[3,4~5-trimethyl)-pyridylmethylsulfinyl]-(5-acatyl-6-

-methyl)-benzimidazole, 

·. . ~ 
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5 2-[2-~-methoxy)-pyridylmethyls~lfinylJ-(5-acetyl-6-methyl)
-benzimidazole 

2-[2-(4-methoxy)-pyridylmethylsulfinyl]-(4#6-dim~tnyl) 

-benzimidazole 

2-[2-(3.5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

10 .=Jcety 1-6 -methyl) :..beniimi dazole, 

2-[2-[3~5-dimethyl)-pyridylmethylsulfinyl}-(5-carbomethoxy

-6-methyl)-benzimidazole# 

2-[2-(3,4,5-trimethyll-py~idylmethylsulfinyl)-{5-carbomethoxy-

1 5 

20 

25 

30 

3 5 

-6-methyl)-benzimidazqle, 

2-[2-(4-methoxy)-pyridylmethylsulfinyl]-(5-carbomethoxy-6-

methyl)-benzimidazole. 

2-[2-(4-ethoxy)-pyridylmethylsulfinyl]--(5-carbomethoxy-6-

methyl)-benzimidazole. 

2-[2-(3-methyl-4-methoxy)-pyridylmethylsulfinyl}-(5-carbo

rnethoxy- 6-methy 1) -benzimidazole., 

2-[2-[3,5-dimeth~l~4-methoxy)-pyridy1methyl~ulfinyl]-(5-carbo

methaxy-6-methyl)-benzimidazole, 

2-[2-(4-methaxy-5-methyl)-pyridylmethylsulfinyl]-(5-carbo-
• . 

methoxy-6-methyl)-benzimidazole, 

2- [ 2- { 3, 5.- dime thy 1 ) - p y ri d y 1 met h y 1 s ul fi n y 1 ] - ( ~ -carbo met h o xy) -

-benzimidazole .. 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethyJsulfinylJ~t5~arbo-. 

methoxyl-benzimidazole. 

2-[2-(3,5-dimethyl-~-methoxy)-pyridylmethylsulfinyl]-(5-

act~tyl) -benzimidazole, 

2-[2-(4-methoxy-5-methyl)-pyridylmethylsulfinyl]-(5-methoxy)

-benzimidazole, 

2-{2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

-methoxyl-ben~imidazole • 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

me thy 1 ) -benz imidazole • : 

2-[2-(3.5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-benzi

·midazole, 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

40 chloral-benzimidazole 
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8. A pharmaceutical preparation for inhibiting gastric 

acid secretion~ characterized in that it contains as 

active agent a compound of formula Ill 

0 
N . . T 
-~ _ • S-rCH----t 

·~ Is 
N R 

(III) 

I 
H 

or a pharmaceutic~lly accept~ble non-toxic acid addition 

salt.thereof in a therapeutically ef'fective amount in 

which R1 and R2 are the ~arne or different and are selected 

15 from the group consisting of hydrogen~ alkyl~ halogen, 

carbamethoxy» carbethoxy~ alkoxy, and alkanoyl in any 

position, R6 is selected from.the group consisting of 
3 . 4 5 

hydrogen, methyl, and ethyl R , R • and R are the same 

or diff.srent and are each selected from the group con-

20 sisting of by.drogen 11 me·thyl_. methoxy, ethoxy. methoxy-
. 3 4 5 

ethoxy. and ethoxy-ethoxy whereby R • R ,and R are not 

all hydrogen, and whereby when two of R3 • R4 , and R5 
- 3 4 5 

are hydrogen, the third o-F R • R , and R is not methyl. 

·25 9. A pharmaceutical preparation according to claim 8 · 

wherein the active 1ngredien~ is selected from. the group 

consisting of 

. . ~ 
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2-[2-(3.4-dimethyll,..pyridylmethylsulf'frtyl)-(S.-acetyl-6 ... 

-methyl)-benzimidazole. 

2- [ 2- { 3, 5,. dimethyl) -pyJ""idylmethyl~·ulfinyl)- ( 4. 6-dimethyl)

-benz iflli daza 1 e .. 

2-£2-(4,5-dimethyll-pyridylm!1JthylsulfinylJ-(5-carbomethoxy)-

-benzimidazole,. 

2-[2~(4,5-dimathyll-pyridylmethylsulfinyl]·{S-acetyl-6-

-methyl}-benzimi~azole# 

2-(2-(4.5-dimethyl)-pyridylm~thy~sulfinylJ-(5-carbomethoxy~ 

6-methyll-benzimidazola. 

2-[2-{3.4-dimethyl}-pyridylmethylsulfinyl]-(5-carbomethoxy

-6-methyl]-benzimidazole, 

2- [2- ( 3" 5- dimethyl) -pyri dylma~hylsul fi nylJ -~ ( 5 .-acetyl-6-

methyl)- bon;. i mi dar..o 1 e·~-

15 2-[2-[3,4,5~trimethylY-pyridylmethylsulfinyl]-(5-acetyl-6-

-methyl)-benzimidazoJe, 

2- [ 2-_( 4 -methoxy)- pyri dylmethylsul fi nyl]- ( 5-acetyl-6 -methyl)

-benzimidazole, 

2-[2-(4-methoxy)-pyridylmethyls~lfinyl]-(A.~~dimethyl)-benzi-

20 midazole~ 

2-[2-{3,5-dimethy~-4-methoxyl-pyridylmethylsulfinyl]~[s~ 

acetyl-6-methyl)-benzimidazole, 

2-[2-{3¥5-dimethyl)-p~ridylmethylsuifinyll-(S~carbomethoxy

-6-methyl)-benzim:id~zole,.. 

25 2-[2-£3.4#5-trimethyl)-pyridyl~ethylsulfinyl]~(S-carbomethoxy

-6-methyl)-benzimidazole, 

2-[2-(4-methoxyl-pyridylmethylsulfinyl].~(S-carbometh~xy-6-

-methyl)-benzimidazole• 
2~[2-(4-athoxy)-pyridylmethylsulfinyl]-(5-carbomethoxy-6-

30 -me thy 1) -ben.! i mi da.zo 1 e, 

2-[2-(3-methyl-4~methoxy}-pyridylmethylsulfinyl}-(5-carbo

methoxy-6-methyll-benzimidazole, · 

2-[2-[3,5-dimethyl-4-methoxy)-pyridylmethylault'inyl]-(5-carbo-

methoxy-6-methyl)-benzimidazole~ 

35 2- [ 2- (4 -methoxy-5-methyl) -pyridylmethylsul finyl] -( 5-carbo

methoxy- 6 -me thylJ -benzimi dazo 1 e~ 
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2- [2- ( 3, 5 -dimet·hyl) .. pyridylmethy 1-sul fi nyl J- ( 5-carbometho'f(y) 

-benzimidazole, 
2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5...

carbomethoxyl-benzimidazole, 
5 2-[2-(3,5-dimethyl-4-methoxyl-pyridylmethyls~lfinyl]-(5-

acetyl)-benzimidazole, 
- -

2-[2-(4-methoxy-5-methyl)~pyridylmeth~laulfinyl]-(5-methoxy) 

-benzimidazole, 
2-[2:...(3,.5-dimethy-1~4-methoxyJ ... pyridylmethylsulfinyl]-(5-

10 methoxy)-benzimidazole,. 

2- [2- ( 3 i 5-dimethyl-4-methoxy ).-pyri dy.lmethyl.sul fi nyl] -( 5-

methyl)-benzimidazole, 

2- [2- ( 3,. 5-dimetn_yl ~4-methoxy) -pyridylmethylsulfinyl] -benzi

midazole,-
15 2- [2-( 3. 5-di_metf:yl-4.-methoxy J -pyri dylmethylsu 1 finyl]- ( 5-

chloro)~benzimidazole, 

20 

25 

30 

35 

or a pharmaceutic.ally acceptable nan-toxic addition salt 

ther~of~ 

10 .. Intermediates of the -tormul? 

Ro2 N., . . R3'. -

1 / ~ 
R .. ~---S-CH 

N/_ I 
J R6 
H 

1 . - 2 
whereir R and R • preferably in 3 to 5 position, are the 
same or dif-ferent and are seiected from the group con
sisting of hydrogen. alkyl, halogen, carbomethoxy, carb
ethoxy, alkoxy an~ alkanoyl, R6 is selected from the group 
consisting of hydrogen, methyl~ and ethyl, and R3 • R4 , 

5 . . 
and R are the same or- different and are selected from 

the group consisting of hydrogen. ~ethyl, methoxy, ethoxy# 
3 4 5 methoxy-ethoxy, and ethoxy-ethoxy whereby R ~ R , and R 



' ' . 
27 0005129 

3 4 5 are not all hydrog~n when two of' R • R * and R ··are 

hydrogen. the third of R3 , R4 • and R5 is not me~hyl • 

. ;.:~ 
·. 
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TITLE ~110DJFIED 
see front page 

1 

Novel compounds 

Field of the invention 

The invention relates to novel salts of the known compound omeprazole. 

5 Background of the invention 

10 

15 

20 

The compound known under the generic name omeprazole, having the 
structural formula 

( i) 

which is described i.a. in European patent specification 0005129, is 
being extensively investigated clinically as a gastric acid secretion 
inhibiting agent. 

Omeprazol is useful for inhibiting gastric acid secretion as well as for 
providing gastrointestinal cytoprotective effects in mammals and man. 
In a more general sense, omeprazole may be used for prevention and 
treatment of gastrointestinal inflammatory diseases in mammals and man, 

25 including e.g. gastritis, gastric ulcer, and duodenal ulcer. Furthermore, 
omeprazole may be used for prevention and treatment of other gastroin
testinal disorders where cytoprotective and/or gastric antisecretory 
effect is desirable, e.g. in patients with gastrinomas, in patients 
with acute upper gastrointestinal bleeding, and in patients with a 

30 history of chronic and excessive alcohol consumption. 

The term "omeprazole" as used in this spec1fication designates tne 

neutral form of the compound of the formula (i), that is the form as 
given in the formula {i) without salt forming components present. 
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A problem with omeprazole is its stability characteristics. Upon storage 
without any special precautions being taken, it is degraded at a rate 
which is higher than desired. At storage during accelerated conditions, 
that is at +37°C and at a relative humidity of 80% for a period of 6 

5 months, about 6% of the subst9nce is converted to degradation products. 
While the rate of decomposition of omeprazole at normal storage con
ditions is lower, it is nevertheless desirable to obtain physical 
forms of omeprazole which exhibit improved stability. This 
need for more stable forms of omeprazole is apparent when con-

10 sidering the often considerable time periods involved from the synthesis 
of the active substance through its incorporation in pharmaceutical 

preparations. distribution of the finished oroduct to pharmacies etc •. up 
to the consumption of the preparation by the patient. The present in
vention provides such new forms of omeprazole which exhibit improved 

15 storage stability. 

The invention 

It has been found that the novel alkaline ~alts of omeprazole with the 
20 structural formula 

25 

I 

n 

, ~NH? l 
. N \R1 ) 4 or H2N-C~ .... , wherein R is an alkyl qroup containino 

NH2 

1-4 carbon atoms are more stable durinq storaqe than the corresoondino 
35 neutral form of omeprazole. The salts of the formula I are also easier 

to handle than the neutral form in th€ manufacture of !Jhannaceutical 
dosage units. 
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A preferred group of omeprazole salts of the formula I are those where
. An+ . N + K+ M 2+ d C 2+ 1 n 1 s a , , g an a . 

Further preferred salts are those wherein An+ is Na+, Mg2+ and ca2+. 

5 The Na+-salt is especially preferred for the preparation of liquid 
pharmaceutical formulations, e.g. solutions for intravenous administra
tion. The Mg 2+and ca2+salts are especially preferred for the prepara
tion of tablets. The Mg2+ salt is particularly preferred. 

10 Illustrative examples of the alkyl group R1 are CH3, c2H5, n-C 3H7, and 
n-C4H9. 

15 

The novel salts I of the invention are prepared by reacting omeprazole 
of the formula 



5 

10 

15 

20 

25 

4 

CH OOCH3 0 
3 '?' CH3 t. # 

l CH -S_/ 
~ 2 ' 

with a base capable of releasing the cation 

wherein An+ is as defined above, 
to give a salt of the formula 

which salt is tt.ereafter isolated. 

00124495 

(i) 

{ii) 

I 

n 

Examples of bases capable of releasing tile cation An+ s and examples of 
reaction conditions are given below. 

a) Salts of the formula I wherein A is Li~ Na or K are prepared by 
treating omeprazole with LiOH, NaOH or KOH in an aqueous or nonaqueous 
medium or with LiOR, LiNH2, LiNR2, NaOR, NaNH2, NaNRzs KOR, KNH2 or 
KNR2 ~ wherein R is an alkyl group containing 1-4 carbon atoms, in a 

30 nonaqueous medium. 

b) Salts of the formula I wherein A is Mg, Ca, or Ti are prepared by 
treating orneprazole with Mg(OR) 2, Ca(OR) 2, CaH2, Ti{OR)4 
or TiH4, wherein R is an alkyl group containing 1-4 carbon atoms, in a 

35 nonaqueous solvent such as an alcohol (only for the alcoholates}, e.g. 
ROH, or in an ether such as tetrahydrofuran. 
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c) Salts of the formula I wherein A are prep a red by 
treating omeprazole with 

H N-C...,......... NH2 
2 

'NH 
5 dissolved in a solvent, for example an alcohol. 

d) A salt of formula I may be converted to another salt of the same 
10 formula by exchanging the cation. When both the starting material and 

the salt obtained as final product are sufficiently soluble, such an ex
change may be performed by using a cation-exchange resin saturated 
with the cation desired in the product. The exchange may also be per
formed by utilizing the low solubility of a desired salt. By this 

15 principle, for example, Na+ as a counter ion may be exchanged for 
2+ 2+ Ca or Mg . 

e) The reaction between the compounds (i) and (ii) may also be carried 
out by ion-pair extraction.For example, tetrabutylarnmonium salts of 

20 the invention may be prepared by dissolving the Na+-sart in water con
taining tetrabutylamrnoniurn sulfate followed by extraction of the tetra
butylarnmonium salt I into a methylene chloride phase, and subsequent 
isolation of the tetrabutylammonium salt I. In this manner also other 
tetraalkylammonium salts I may be prepared. 

25 

Illustrative examples of the radical Rare CH3, c2H5, n-c3H7, n-C4H9, 
i-C4H9, sec.-c4H9 and tert.-c4H9. 

The invention also relates to pharmaceutical compositions containing a 
30 novel salt of omeprazole as active ingredient; to the use of the novel 

omeprazolesalts for providing gastrointestinal cytoprotective effects 
in mammals and man; to the use of the novel omeprazole salts in the 
prevention and treatment of gastrointestinal inflammatory diseases in 
mammals and man; to the use of the novel omeprazole salts for inhibit-

35 ing gastric acid secretion in mammals and man; to a method for inhibit
ing gastric acid secretion in mammals and man by administering a com
pound of the formu1a I; to a method for the treatment of gastrointesti-
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nal inflammatory diseases in mammals and man by administering a com
pound of the formula I; and to a method for providing gastrointesti
nal cytoprotective effects in mammals and man by administering a 
compound of the formula I. 

For clinical use the compounds of the invention are formulated into 
pharmaceutical formulations for oral, rectal, parenteral or other 
mode of administration. The pharmaceutical formulation contains a 
compound of the invention in combination with a pharmaceutically 

10 acceptable carrier. The carrier may be in the form of a solid, semi
solid or liquid diluent, or a capsule. These pharmaceutical prepara
tions are a further object of the invention. Usually the amount of 
active compound is between 0.1-95% by weight of the preparation, between 
0.2-20% by weight in preparations for parenteral use and between 1 and 

15 50% by weight in preparations for oral administration. 

In the preparation of pharmaceutical formulations containing a compound 
of the present invention in the form of dosage units for oral admini
stration the compound selected may be mixed with a solid, powdered 

20 carrier, e.g. lactose, saccharose, sorbitol, mannitol, starch, amylo-
pectin, cellulose derivatives or gelatin, as well as with lubricating 
agents e.g. magnesium stearate, calcium stearate, sodium steryl fuma-
rate and polyethylene glycol waxes. The mixture is then processed into 
granules or pressed into tablets. Since the.compounds of the invention 

25 are susceptible to degradation in acid to neutral media, the above-men
tioned granules or tablets are preferably coated with an enteric coating 
which protects the active compound from acid degradation as long as the 

dosage form remains in the stomach. The enteric coating is chosen among 
pharmaceutically acceptable enteric-coating materials e.g. beeswax. 

30 shellac or anionic film-forming polymers such as cellulose acetate 
phthalate, hydroxypropyl methylcellulose phthalate, partly methyl esteri
fied methacrylic acid polymers and the like, if preferred in combination 
with a suitable plasticizer. To this coating various dyes may be added 
in order to distinguish among tablets or granules with different active 

35 compounds or with different amounts of the active compound present. 
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Soft gelatine capsules may be prepared with capsules containing a mix
ture of the active compound or compounds of the invention, vegetable 
oil, fat, or other suitable vehicle for soft gelatine capsules. Soft 
gelatine capsules are preferably enteric coated as described above. 

5 Hard gelatine capsules may contain enteric-coated granules of the 
active compound. Hard gelatine capsules may also contain the active 
compound in combination with a solid powdered carrier e.g. lactose, 
saccharose, sorbitol, mannitol, potato starch, corn starch, amylopectin, 
cellulose derivatives or gelatine; the hard gelatine capsules are pre-

10 ferably enteric coated as described above. 

Dosage units for rectal administration may be prepared in the form of 
suppositories which contain the active substance mixed with a neutral 
fat base, or they may be prepared in the form of a gelatine rectal cap-

15 sule which contains the active substance in a mixture with a vegetable 
oil, paraffin oil or other suitable vehicle for gelatine rectal cap
sules, or they may be prepared in the form of a ready-made micro enema, 
or they may be prepared in the form of a dry micro enema formulation to 
be reconstituted in a suitable solvent just prior to administration. 

20 
Liquid preparations for oral administration may be prepared in the 
form of syrups or suspensions, e.g. solutions or suspensions containing 
from 0.2% to 20% by weight of the active ingredient and the remainder 
consisting of sugar or sugar alcohols and a. mixture of ethanol, water, 

25 glycerol, propylene glycol and polyethylene glycol. If desired, such 
liquid preparations may contain colouring agents, flavouring agents, 
saccharine and carboxymethyl cellulose and thickening agent. Liquid 
preparations for oral administration may also be prepared in the form 

30 

of a dry powder to be reconstituted with a suitable solvent prior to use. 

Solutions for parenteral administration may be prepared as a solution 
of a compound of the invention in a pharmaceutically acceptable sol
vent, preferably in a concentration from 0.1% to 10% by weight. These 
solutions may also contain stabilis inq agents and/or buffering agents 

35 and may be manufactured in unit dose ampoules or vials. Solutions for 
parenteral administration may also be prepared as a dry preparation to 
be reconstituted .with a suitable solvent extemporaneously before use. 
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Sodium salts of the invention are preferably used in the preparation 
of parenteral formulations. 

The typical daily dose of the active substance varies within a wide 
5 range and will depend on various factors such as for example the in

dividual requirement of each patient, the manner of administration and 
the disease. In general, oral and parenteral dosages will be in the 
range of 5 to 400 mg per day of active substance. 

10 The following examples will further illustrate the invention. 

Example 1. Preparation of 5-methoxy-2-[[(4-methoxy-3~5-dimethyl-2-
-pyridinyl)-methyl]sulfinyl]-1~-benzimidazole sodium salt {omeprazole 
sodium salt). 

15 Omeprazole (1000g, 2.90 mol) was added to a solution of NaOH (116g, 2.90 
mol) in deionized water (25L). After stirring for 5 min methylene chlor
ide (5l) was added and stirring was continued for 10 min. The two 
phases were separated. The aqueous phase was washed with methylene 
chloride (5t), filtered clear (Celite) and concentrated by evaporation 

20 under reduced pressure to about 21 total volume. Absolute ethanol {6!} 

was added and the evaporation was continued until dryness. Ethyl acetate 
(7l) was added, the mixture was stirred under reflux for 30 min. After 
cooling and standing over night the resulting slurry was stirred with an 
additional amount (2L) of ethyl acetate and filtered. The filter cake 

25 was washed with diethyl ether and dried under reduced pressure at 40°C 
over night giving omeprazole sodium salt (975g, 92%), mp 208-210°C, NMR: 

cY(D20): 1.85(s,3H), 2.1(s,3H), 3.5(s,3H), 3.85(s,3H), 4.75(s,2H), 6.85 
(dd,lH), 7.2(d,1H), 7.55(d,lH), 8.15(d,1H}. 

30 Example 2. Preparation of omeprazole sodium salt. 
Omeprazole {1300g, 3.77 mol) was added under vigorous mechanic stirring 
to a mixture of tetrahydrofuran {13L} and SO% aqueous NaOH (296g, 3.7 
mol) and stirring was then continued for 45 min. Trichloroethylene 
(5.7l) was added and stirring was continued over night at room tempera-

35 ture. The mixture was cooled to +5°C and then stirred for 3h. The pre
cipitate was filtered off and the filter cake was washed with trichloro
ethylene {SL} and dried under reduced pressure at 50°C giving o~eprazole 
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sodium salt (1314g, 95%), mp 208-210°C. 

Example 3. Preparation of omeprazole potassium salt. 
Omeprazole (lO.Og, 0.0290 mol) was added to a solution of KOH (1.60g. 

5 0.0285 mol) in deionized water and then methylene chloride (50ml) was 
added. The mixture was stirred vigorously for 15 min. The phases were 
separated and the aqueous phase was washed with methylene chloride 
(50ml} and filtered clear (Celite). Evaporation to dryness gave a 
crystalline residue. Recrystallisation from ethyl acetate yielded 

10 omeprazole patassium salt, mp. 148-l50°C (soluble in water). 

Example 4. Preparation of di-omeprazole calcium salt dihydrate. 
Anhydrous Cac1 2 (17.9g, 0.161 mol) dissolved in deionized water {200 ml) 
was added dropwise under viogorous stirring to a solution of omepra-

15 zole sodium salt (125g, 0.340 mol) in deionized water (1250 ml) and 
then stirring was continued for lh at room temperature. The precipitate 
was centrifugated down and washed with deionized water until no Cl 
was detectable (AgN03). After drying in the air and grinding, the cry
stals were dried in vacuum at 40° for 20h yielding omeprazole calcium 

20 salt dihydrate (104g, 80%), mp 182-l84°C, NMR: ~CDC1 3+1 drop of DMSO-d6) 
2.0(s,3H), 2.15(s,3H), 3.6(s,3H), 3.7(s,3H), 4.5{s,2H), 6.7(dd,lH), 
7.l(d,lH), 7.6(d,lH, 8.15(s,lH). 

Example 5. Preparation of di-omeprazole ma~nesium salt dihydrate. 
25 Anhydrous MgC1 2 (l6.2g, 0.17 mol) dissolved in deionized water (625 ml) 

was added dropwise under vigorous stirring to a solution of omeprazole 
sodium salt (125g, 0.340 mol) in deionized water(l560ml) and then the 
stirring was continued for 1 h at room temperature .. The precipitate was 
centrifugated down.and then washed with deionized water until no Cl 

30 was detectable (AgN03). Drying in the air, grinding and drying in vacuum 
at 40° for 24h yielded omeprazole magnesium salt dihydrate (lllg, 87%) 
mp 177-178°C. 

Example 6. Preparation of di-omeprazole magnesium salt. 
35 Magnesium (0.35g, 0.0145 mol) was reacted with absolute methanol (TOm!) 

(in the presence of one drop of CC1 4} to give a solution of Mg(OCH3)2 
in methanol so-lution. More methanol (lOml) was added and the solution 
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was added dropwise to a solution of omeprazole (10 g. 0.029 m} in 
methanol {200 ml) and the mixture was then stirred for 30 min at room 

. temperature. Evaporation gave a crystalline solid of the di-omeprazole 
magnesium salt~ mp. 178-180°. 

Example 7. Preparation of omeprazole tetrabutylammonium salt. 
Omeprazole sodium salt (3.8g, 0.010 mol) was added to a mixture of 
tetrabutylammonium hydrogensulphate (3.5g, 0.010 mol) and NaOH (0.42 g. 
0.0105 mol} in deionized water (l5ml ). Methylene chloride {lOrn!) was 

10 added and the mixture was shaken in a separatory funnel. After sepa
ration of the phases the organic phase was dried and the solvent evapo
rated off giving omeprazole tetrabutylammonium salt (3.5g, 60%), NMR: 

oT(CDC1 3): 0.8-l.15{m,l2H), l.l5-1.6(m,l6H), 2.25(s,3H}, 2.3(s,3H), 
2.75-3.15(m,8H), 3.75{s,3H), 3.9{s,3H), 4.7(d,lH), 5.05(d,1H}, 6.8 

15 (dd,lH), 7.3(d,lH), 7.7{d,1H), 8.35(s,lH). 

Example 8. Preparation of omeprazole guanidinium [C+(NH2)3] salt. 

A solution of guanidine (0.0029 mol)[prepared from guanidinium nitrate 
and KOH] in ethanol {50ml) was added to a solution of omeprazole 

20 (l.Og, 0.0029 mol) and the resulting solution was stirred for 15 min. 
The solvent was evaporated giving omeprazole guanidinium salt, mp 110-
1120C (soluble in water). 

Example 9. Preparation of tetra-omeprazole titanium salt. 
25 Titanium tetraisopropylate (1.03g, 0.0036 mol) was added to a solution 

of omeprazole in dry isopropanol (250m!) and the mixture was stirred 
under N2 at room temperature for 4h. (A white precipitate was formed). 
Evaporation of the solvent followed by washing 3 times with light pet
roleum and drying in vacuum gave a white-crystalline powder of tetra-

30 omeprazole titanium salt, mp >260°C. 

Example 10. Preparation of orneprazole litium salt. 

Omeprazole {3.0 g, 0.0087 mol) was added to a solution of LiOH (0.207 g, 
0.00865 mol} in deionized water and then methylene chloride (25 ml) 

35 was added. The mixture was stirred vigorously for 15 min. The phases 
were separated and the aqueous phase was washed with methylene chloride 
(25 ml} and filtered clear (Celite). Evaporation to dryness gave a cry
stalline omeprazole litium salt, mp. 198-200°C (soluble in water). 
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NMR:<f(CDC1 3) 1.65 (s,3H), 1.8 {s,3H), 3.45 {s,3H), 3.4 {s,3H}, 
4.2 (s,2H}, 6.6 (dd,lH), 6.95 (d,lH), 7.45 (d,lH), 7.75 (s,lH). 

The NMR data given in the examples are measured at 90 MHz. 

Incorporation of the novel omeprazole salts of the present invention 
in pharmaceutical preparations is exemplified in the following examples. 

Example 11. Syrup 

A syrup containing 1% {weight per volume} of active substance was pre

pared from the following ingredients: 

I 

II 

I 

Omeprazole sodium salt 1.0 g 
Sugar, powder 30.0 g 

Saccharine 0.6 g 

Glycerol 5.0 9 
Flavouring agent 0.05g 

Ethanol 5.0 g 
Sorbic acid 0.5 g 
Sodium dihydrogen phosphate q.s. to pH= 9.0 g 
Distilled water q.s. to a final volume of 100 ml 

Powdered omeprazole sodium salt was carefully dry mixed with pow
dered sugar, dried in a vacuum oven over-night and dispensed into 
bottles each containing 31.0 gram of the powder mixture. 

II A solution of saccharine, glycerol, flavouring agent, ethanol, 

sodium dihydrogen phosphate, sorbic acid and water was prepared, 
30 and dispensed into vials. When mixed with the powder mixture of 

omeprazole sodium salt and sugar the final volume was 100 ml. 

Solvent vial II is to be added to powder mixture vial I just prior to 
use. The formed suspension is stable for ten days when stored at re-

35 frigerator temperature. 

The salt given above may be replaced with another salt of the invention. 
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Example 12. Enteric-coated tablets 

An enteric-coated tablet containing 20 mg of active compound was pre
pared from the following ingredients: 

I 

II 

I 

Omeprazole magnesium salt 200 g 
Lactose 700 g 
Methyl cellulose 6 g 
Polyvinylpyrrolidone cross-linked 50 g 
Magnesium stearate 15 g 
Distilled water q.s. 

Cellulose acetate phthalate 200 g 
Cetyl alcohol 15 g 
Isopropanol 2000 g 

Methylene chloride 2000 g 

Omeprazole magnesium salt, powder, was mixed with lactose, and 
granulated with a water solution of methyl cellulose. The wet 
mass was forced through a sieve and the granulate dried in an 
oven. After drying the granulate was mixed with polyvinylpyrroli
done and magnesium stearate. The dry mixture was. pressed into tab
let cores (10 000 tablets), each tablet containing 20 mg of active 

25 substance, in a tabletting machine using 6 rnm diameter punches. 

II A solution of cellulose acetate phthalate and cetyl alcohol in 
isopropanol/methylene chloride was sprayed onto the tablets I in 
an Accela Cotae, Manesty coating equipment. A final tablet weight 

30 of 110 mg was obtained. 

Example 13. Solution for intravenous administration 

A parenteral formulation for intravenous use, containing 4 mg of active 
35 compound per ml, was prepared from the following ingredients: 



Omeprazole sodium salt 
Sterile water 

13 

II Polyethylene glycol 400 for injection 
5 Sodium dihydrogen phosphate 

Sterile water to a final volume of 

4.26 9 
200 ml 

400 9 

1.5g 

1000 ml 

00124495 

I Omeprazole sodium salt 4.26 g, corresponding to 4.0 g of omepra-
10 zole, was dissolved in sterile water to a final volume of 200 ml. 

The solution was filtered through a 0.22 ~ filter and dispensed 
into sterile vials, each vial containing 2.0 ml. The vials were 
placed in a freeze drier with a shelf temper~ture of -40°C. When 
the solution in the vials had frozen, the solution was freeze 

15 dried. After drying the vials were stoppered. 

II A solution of polyethylene glycol and sodium dihydrogen phosphate 
in sterile water was prepared, filtered through a 0.22 ~ filter, 
dispensed into sterile vials and the vials closed with a rubber 

20 stopper. The vials were sterilised in an autoclave at +120°C for 
twenty minutes. Immediately before use 10.0 ml of solvent II is 
added to vial I. The clear solution contains 4 mg of omeprazole per 
mill i 1 itre. 

25 Test of the stability of omeprazole salts of the invention 

The stability of omeprazole sodium salt, of the invention, obtained 
according to Example l, was compared with the stability of the neutral 
form of omeprazole. Both test compounds were stored for six months at 

30 + 37°C and at a relative humidity of 80%. Thereafter, the amount of 
degradation products which had formed was measured. The result is given 
in Table 1 below. 



00124495 

14 

Table l. Stability of neutral omeprazole and of omeprazole sodium 
salt after six months storage at + 37°C and 80% relative 
humidity 

5 Test compound 

neutral omeprazole 
10 omeprazole sodium salt 

Amount of degradation products 
formed {per cent calculated on 
original amount of"omeprazole) 

6 

0.4 

As is seen in Table 1 the omeprazole sodium salt of the invention gave 
15 rise to substantially lower amounts of degradation products than 

the neutral form of omeprazol. This shows the improved stability of 
the novel omeprazole salts of the invention. 
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What we claim is: 

1. A compound of the formula 

5 

n 
10 

15 

wherein R1 is an alkyl group containing 1-4 carbon atoms. 

2. A compound according to claim 1 wherein An+ is Na+, K+, Mg 2+ or 
20 ca2+. 

3. A compound according to claim wherein An+ is Na+. 

4. A compound according to claim 1 wherein An+ is Mg 2+. 

25 
5. A process for the preparation of a compound of the formula 

30 
I 

n 

35 
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wherein R1 is an alkyl group containing 1-4 carbon atoms characterized 
by reacting omeprazole of the formula 

(i) 

with a base capable of releasing the cation 

( i i) 

to give a salt of the formula I~ which salt is thereafter isolated. 

15 6. A process according to claim 5 wherein the base releasing the cation 
An+ is NaOH, NaNH2, or NaNR2 wherein R is an alkyl group containing 
1-4 carbon atoms. 

7. A process according to claim 5 wherein the base releasing the cation 
20 An+ is Mg(OR) 2 wherein R is an alkyl group containing 1-4 carbon atoms. 

8. A pharmaceutical composition containing as active ingredient a com
pound according to any of claims 1-4. 

25 9. A compound as defined in any of claims 1-4, for use in inhib]ting 
gastric acid secretion in mammals and man. 

30 

10. A compound as defined in any of claims 1-4, for use as gastrointesti
nal cytoprotecting agent in mammals and man. 

11. A compound as defined in any of claims 1-4, for use in the treat
ment of gastrointestinal inflammatory diseases in mammals and man. 
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Dlaloxypyrldlne, Verfahren zu lhrer Herstellung, lhre Anwendung und sle enthaltende Arznelmlttel. 

Dialkoxypyridine der allgemeinen Formell 

H A3 

A1' I A2XYA4 
, N (O)n ):)C)-~~-cH, "'-N to. 

R1-0 

worin 
A 1 einen ganz oder Oberwiegend durch Fluor substituierten 
1-3C-Aikylrest oder einen Chloridfluormethylrest und 
A 1 ' Wasserstoff, Halogen, Trifluormethyl, einen 1-3C-Aikylrest 
oder einen gegebenenfalls ganz oder uberwiegend durch 
Fluor substituierten 1-3C-Aikoxyrest oder 
A1 und R1' gemeinsam und unter EinschluB des Sauerstoff
atoms. an das R 1 gebunden ist, einen gegebenenfalls ganz 
oder teilweise durch Fluor substituierten 1-2C-Aikylendioxy
rest oder einen Chlortrifluorethylendioxyrest darstellen, 
A3 einen 1-3C-Aikoxyrest, 
einer der Aeste R2 und R4 einen 1-3C-Aikoxyrest und der an
dere ein Wasserstoffatom oder einen 1-3C-Aikylrest und 
n die Zahlen 0 oder 1 darstellt, 

sowie deren Salze sind neue Verbindungen mit interessanten 
pharmakologischen Eigenschaften. 

ACTORUM AG 
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@ Dlalkoxypyrlcllne, Verfahren zu lhrer Herstellung, lhre Anwendung und ale enthaltende Arznelmlttel. 

@ Dialkoxypyridine der allgemeinen Formal I 

R1:0' , -=02 ;J (R4 eM (0), 9" 

}-~-cH2 " 
N H 

Rt-0 • I I!, 

C worin 
R1 einen ganz oder uberwiegend durch Fluor substituierten 

• 1-3C-Aikylrest oder einen Chloridnuormethylrest und 
:) R1' Wasserstoff, Halogen, Trifluormethyl, einen 1-3C·Aikylrest 
• oder einen gegebenenfalls ganz oder uberwiegend durch 

Fluor substituierten 1-3C-Aikoxyrest oder 
) R1 und R1' gemeinsam und unter EinschluB des Sauerstoff
) atoms, an das R1 gebunden ist, einen gegebenenfalls ganz 
• oder teilweise durch Fluor substituierten 1-2C-Aikylendioxy

rest oder einen Chlortrifluorethylandioxyrest darstellen, 
) R3 einen 1-3C-Aikoxyrest, 

einer der Reste R2 und R4 einen 1-3C-Aikoxyrest und der an-
I. dere ein Wasserstoffatom oder einen 1-3C-Aikylrest und 
I n die Zahlen 0 oder 1 darstellt, 

sowie deren Salze sind neue Verbindungen mit interessanten 
pharmakologischen Eigenschaften. 

ACTORUM AG 
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Dialkoxypyridine yerfahran zu ihrer Her,tellunq ihre Anwenduna und sie 

anthaltende Arzneimittel 

5 Anwendunqsgebiet der Erflndung 

10 

Die Erfindung betrifft neue Dialkoxypyridine, Verfahren zu ihrer Herstel

lung, ihre Anwendung und sie enthaltende Arznaimittel. Die erfindungsge

mi8en Verbindungen werden in der pharmazeutischen Industria als Zwischen

produkte und zur Herstellung von Hedikamenten verwendet. 

Stand dar Technik 

In dar europiischen Patentanmeldung 0 005 129 warden substituierte Pyri

dylsulfinylbenzimidazole beschrieben, die magensiuresekretionshemmende 

Eigenschaften besitzen sollen. - In dar europiischen Patentanmeldung 

15 0 074 341 wird die Verwendung einer Reihe von Senzimidazolderivaten zur 

Hagensiuresekretionshem.ung beschrieben. In der britischen Patentanmeldung 

GB Z 082 580 warden tricyclische Imidazolderivate beschrieben, die die 

Hagensauresekretion hemmen und die Entstehung von Ulcera verhindern 

sollen. 

20 

25 

30 

35 

40 

Es wurde nun uberraschenderweise gefunden, daB die unten naher beschriebe

nen Dialkoxypyridine interessante und unerwartete Eigenschaften aufweisen, 

durch die sie sich in vorteilhafter Weise von den bekannten Verbindungen 

unterscheiden. 

Beschreibung der Erfindung 

Gegenstand der Erfindung sind neue Oialkoxypyridine der allgemeinen 

Forme! I 

R1:0' ~ ~2 ;)
3 

R< eN (Oin -?" 

)---M-cHz ~ 
N N 

R1-0 
(I I, 
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worin 

R1 einen ganz oder uberwiegend durch F1uor substituierten 1-3C-Alky1rest 

oder einen Ch1ordif1uormethy1rest und 

R1' Wasserstoff, Ha1ogen, Trif1uormethy1, einen 1-3C-A1ky1rest oder einen 

5 gegebenenfa11s ganz oder uberwiegend durch F1uor substituierten 

1-3C-Alkoxyrest, oder 

10 

R1 und R1' gemeinsam und unter Einsch1uB des Sauerstoffatoms, an das R1 

gebunden ist, einen gegebenenfal1s ganz oder tei1weise durch Fluor 

substituierten 1-2C-Alkylendioxyrest oder einen Chlortrifluorethylen

dioxyrest darstellen, 

R3 einen 1-3C-Alkoxyrest, 

einer der Reste R2 und R4 einen 1-3C-Alkoxyrest und der andere ein Wasser

stoffatom oder einen 1-3C-A1kylrest und 

n die Zahlen 0 oder 1 darste1lt, 

15 sowie die Salze dieser Yerbindungen. 

Als ganz oder uberwiegend durch F1uor substituierte 1-3C-Alkylreste seien 

beispielsweise dar 1,1,2-Trifluorethylrest, der Perfluorpropylrest, der 

Perf1uorethy1rest und insbesondere der 1,1,2,2-Tetrafluorethy1rest, der 

20 Trifluormethy1rest, der 2,2,2-Trifluorethylrest und der Difluormethylrest 

genannt. 

25 

Ha1ogen im Sinne der vor1iegenden Erfindung ist Brom, Chlor und insbeson

dere F1uor. 

1-3C-A1ky1reste sind der Propy1-, Isopropyl-, Ethy1- und insbesondere dar 

Hethylrest. 

1-3C-A1koxyreste enthalten neben dem Sauerstoffatom die vorstehend genann-

30 ten 1-3C-A1kylreste. Bevorzugt ist der Hethoxyrest. 

Ganz oder Oberwiegend durch Fluor substituierte 1-3C-Alkoxyreste enthalten 

neben dem Sauerstoffatom die vorstehend aufgefuhrten ganz oder uberwiegend 

durch Fluor substituierten 1-3C-Alkylreste. Beispielsweise seien der 
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1,1,2,2-Tetrafluorethoxy-, der Trifluormethoxy-, dar 2,2,2-Trifluor

ethoxy- und der Difluormethoxyrest genannt. 

Als gegebenenfalls ganz oder teilweise durch Fluor substituierte 1-2C-Al-

5 kylendioxyreste seien beispielsweise der 1,1-Difluorethylendioxyrest 

(-O-CF 2 -CH 2 -o-), der 1,1,2,2-Tetrafluorethylendioxyrest (-0-CFt-CFt-0-), 

der 1,1,2-Trifluorethylendioxyrest (-0-Cft-CHF-0-) und insbesondere der 

Difluormethylendioxyrest (-O-CF 2-0-) als substituierte, und der Ethylen

dioxyrest und der Hethylendioxyrest als unsubstituierte Reste genannt. 

10 

Als Salze kommen fDr Yerbindungen der Forme! I, in denen n die Zahl 0 be

deutet (Sulfide), bevorzugt alle Siureadditionssalze in Betracht. Beson

ders erwihnt seien die pharmakologisch vertriglichen Salze dar in der Ga

lenik ublicherweise verwendeten anorganischen und organischen Siuren. 

15 Pharmakologisch unvertrigliche Salze, die beispielsweise bel der Herstel

lung dar erfindungsgemiBen Verbindungen im industriellen HaBstab als Yer

fahrensprodukte zunichst anfallen k6nnen, warden durch dem Fachmann be

kannte Verfahren in pharmakologisch vertrigliche Salze ubergefuhrt. Als 

solche eignen sich beispielsweise wasserlosliche und wasserunlosliche Siu-

20 readditionssalze, wie das Hydrochlorid, Hydrobromid, Hydroiodid, Phosphat, 

Nitrat, Sulfat, Acetat, Citrat, Gluconat, Benzoat, Hibenzat, Fendizoat, 

Butyrat, Sulfosalicylat, Haleat, Laurat, Halat, Fumarat, Succinat, Oxalat, 

Tartrat, Amsonat, Embonat, Hetembonat, Stearat, Tosilat, 2-Hydroxy-3-naph

thoat, 3-Hydroxy-2-naphthoat oder Hesilat. 

25 

Fur Verbindungen der Forme! I, in denen n die Zahl 1 bedeutet (Sulfoxide), 

kom.en als Salze bevorzugt basische Salze in Betracht, insbesondere 

pharmakologisch vertrigliche Salze mit in der Galenik ublicherweise ver

wendeten anorganischen und organischen Basen. Als Beispiele fur basische 

30 Salze seien Natrium-, Kalium-, Calcium- oder Aluminiumsalze erwahnt. 

35 

Elne Ausgestaltung (Ausgestaltung a) der Erfindung sind Yerbindungen der 

Formal I, worin R1' WasserstofT darstellt und R1, R2, R3, R4 und n die 

oben angegebenen Bedeutungen haben, und ihre Salze. 

Eine weltere Ausgestaltung (Ausgestaltung bl der Erfindung sind Verbin-
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dungen dar Formal I, worin R1' Halogen, Trifluormethyl, einen 1-lC-Alkyl

rest oder einen gegebenenfa11s ganz oder uberwiegend durch Fluor substitu

ierten 1-lC-Alkoxyrest darstellt und R1, R2, R3, R4 und n die oben angege

benen Bedeutungen haben, und ihre Sa~ze. 

Eine weitere Ausgesta~tung (Ausgesta~tung cJ der Erfindung sind Verbin

dungen dar ForMal I, worin R1 und R1' gemeinsam und unter Einsch1u8 des 

sauerstoffatoms, an das R1 gebunden ist, einen 1-2C-A1ky1endioxyrest dar

ste11en und R2, R3, R4 und n die oben angegebenen Bedeutungen haben, und 

10 ihre Salze. 

Eine weitere Ausgestaltung (Ausgestaltung dJ dar Erfindung sind Verbin

dungen dar ForMal I, worin R1 und R1' gemeinsam und unter Einschlu8 des 

Sauerstoffatoms, an das R1 gebunden ist, einen ganz oder teilweise durch 

15 Fluor substituierten 1-2C-Alkylendioxyrest darstellen und R2, R3, R4 und n 

die oben angegebenen Bedeutungen haben, und ihre Salze. 

Eine weitere Ausgestaltung (Ausgestaltung e) dar Erfindung sind Verbin

dungen dar formal I, worin R1 und R1' gemeinsam und unter Einschlul des 

20 Sauerstoffatoms, an das R1 gebunden ist, einen Chlortrifluorethylendioxy

rest darste11en und R2, R3, R4 und n die oben angegebenen Bedeutungen 

haben, und ihre Salze. 

Bevorzugte Verbindungen der Ausgestaltung a sind so~che dar Formal I, 

25 worin R1 1,1,2,2-Tetrafluorethyl, Trifluormethyl, 2,2,2-Trifluorethyl, 

Difluormethyl oder Chlordifluormethyl, R1' Wasserstoff, R3 Hethoxy, einer 

dar Reste R2 und R4 Hethoxy und dar andere Wasserstoff oder Methyl und n 

die Zahlen 0 oder 1 darstellt, und die Salze dieser Verbindungen. 

30 Bevorzugte Yerbindungen dar Ausgestaltung b sind solche der Formal I, wo

rin R1 Difluormethyl, R1' Difluormethoxy oder Hethoxy, R3 Hethoxy, einer 

dar Reste R2 und R4 Hethoxy und dar andere Wasserstoff oder Methyl und n 

die Zahlen 0 oder 1 darstellt, und die Salze dieser Verbindungen. 

35 Bevorzugte Verbindungen der Ausgestaltung c sind solche dar Formal I, wo

rin R1 und R1' gemeinsam und unter EinschluB des Sauerstoffatoms, an das 
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R1 gebunden ist, einen Hethy~en- oder Ethylendioxyrest darstellen, RJ 

Hethoxy, einer der Reste R2 und R4 Methoxy und der andere Wasserstoff oder 

Methyl und n die Zahlen 0 oder 1 darstellt, und die Salze dieser 

Verbindungen. 

Bevorzugte Verbindungen der Ausgastaltung d sind solche der Formal I, wo

rin R1 und R1' gemeinsam und unter Einschlu8 des Sauerstoffatoms, an das 

R1 gebunden 1st, einen Difluormethylendioxyrest odar einen 1,1,2-Trifluor

ethylendioxyrest darstellen, RJ Hethoxy, einer der Reste R2 und R4 Hethoxy 

10 und der andere Wasserstoff oder Methyl und n die Zahlen 0 oder 1 dar

ste~lt, und die Salze dieser Verbindungen. 

Bevorzugte Verbindungen dar Ausgestaltung e sind solche der Formal I, wo

rin R1 und R1' gameinsam und unter Einsch~u8 des Sauerstoffatoms, an das 

15 R1 gebunden ist, einen Chlartrifluorethylendioxyrest darstellen. RJ 

Hethoxy, einer der Reate R2 und R4 Hethoxy und der andere Wasserstoff oder 

Methyl und n die Zahlen 0 oder 1 darstellt, und die Salze dieser 

Verbindungen. 

20 Als erfindungsgemiBe Verbindungen seien beispielsweise genannt: 

2-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylsu~finyll-5-trifluormethoxy-1H

benzimidazol, 

2-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylthiol-5-trifluormethoxy-tH

benzimidazol, 

25 2-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylsulfiny~]-5-(1,1,2,2-tetra-

fluorethoxy)-1H-benzimidazal, 

2-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylthiol-5-(1,1,2,2-tetrafluor

ethoxy)-1H-benzimidazol, 

2-[1~.5-Dimethoxy-J-methyl-2-pyridyl)methylsulfinyl]-5-(2.2,2-trifluor-

30 ethoxy)-1H-benzimidazol, 

2-[(~.5-Dimethoxy-3-methyl-2-pyridyllmethylthiol-5-(2,2,2-trifluoreth

oxyi-1H-benzimidazol, 

5-Difluormethoxy-2-[(4,5-dimethoxy-J-methyl-2-pyridyl)methylsulfinyl]-1H

benzimidazol, 

35 5-Difluormethoxy-2-[(4,5-dimethoxy-J-methyl-2-pyridyl)methylthiol-1H-benz-

imidazol, 
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5-Chlordifluormethoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyllmethylsulfi

nyll-1H-benzimidazol, 

5-Chlordifluormethoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyllmethylthiol-1H

benzimidazol, 

5 5,6-Bis(difluormethoxy)-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylsul-

finyll-1H-benzimidazol, 

5,6-Bis(difluormethoxy)-2-[(4,5-dimethoxy-J-methyl-2-pyridyl)methyl

thiol-1H-benzimidazol 

5-Difluormethoxy-6-methoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl-

10 sulfinyl]-1H-benzimidazol, 

5-Difluormethoxy-6-methoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl

thio]-1H-benzimidazol, 

2-[(4,5-Dimethoxy-2-pyridyllmethylsulfinyll-5-trifluormethoxy-1H-benzimid-

azol, 

15 2-[(4,5-Dimethoxy-2-pyridyllmethylthiol-5-trifluormethoxy-1H-benzimidazol, 

2-[(4,5-Dimethoxy-2-pyridyllaethylsulfinyll-5-(1,1,2,2-tetrafluorethoxy)-

1H-benzintidazol, 

2-[(4,5-Dimethoxy-2-pyridyl)methylthio]-5-(1,1,2,2-tetraf1uorethoxy)-1H

benzimidazo1, 

20 2-[[4,5-Dimethoxy-2-pyridyl)methylsulfinyl]-5-(2,2,2-trifluorethoxy)-1H-

benzimidazol, 

2-[(4,5-Dimethoxy-2-pyridyl)methylthiol-5-(2,2,2-trifluorethoxy)-1H-benz

imidazol, 

5-Difluormethoxy-2-[(4,5-dimethoxy-2-pyridyl}methylsu1finyl]-1H-benzimid-

25 azol, 

5-Difluormethoxy-2-[(4,5-dimethoxy-2-pyridyl)methylthio]-1H-benzimidazo1, 

5-Chlordifluormethoxy-2-({4,5-dimethoxy-2-pyridyl)methylsulfinyll-1H-benz

imldazol, 

5-Chlordifluormethoxy-2-[(4,5-dimethoxy-2-pyridyl)methylthiol-1H-benzimid-

30 azol, 

5,8-Bis(difluormethoxy)-2-[[4,5-dimethoxy-2-pyridyl)methylsulfinyl]-lH

benzimidazol, 

5,6-Bis(difluormethoxy)-2-[(4,5-dimethoxy-2-pyridyl)methylthiol-lH-benz

imidazol 

35 5-Difluormethoxy-6-methoxy-2-[(4,5-dimethoxy-2-pyrldyl)methylsulfinyl]-1H-

benzimidazol, 
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5-Difluormethoxy-6-methoxy-2-((~.5-dimethoxy-2-pyrldyl)methylthio)-tH

benzimidazol, 

2-[(3,4-Dimethoxy-5-methyl-2-pyridyl)methylsulfinyl]-5-trifluormethoxy-1H

benzimidazol, 

5 2-[(3,4-Dimethoxy-5-methyl-2-pyridyl)methylthiol-5-trifluormethoxy-tH-

benzimidazol, 

2-[(3,4-Dimethoxy-5-methyl-2-pyridyl)methylsulfinyll-5-(1,1,2,2-tetra

fluorethoxyl-1H-benzimidazol, 

2-[(3,4-0imethoxy-5-methyl-2-pyridyl)methylthio1-5-(1,1,2,2-tetrafluor-

10 ethoxy)-tH-benzimidazol, 

2-[(3,4-Dimethoxy-5-methyl-2-pyridyl)methylsulfinyll-5-(2,2,2-trifluor

ethoxy)-tH-benzimidazol, 

2-[(3,4-Dimethoxy-5-methyl-2-pyridyl)methylthiol-5-(2,2,2-trifluorethoxy)-

1H-benzimidazol, 

15 5-Difluormethoxy-2-[{3,4-dimethoxy-5-methyl-2-pyridyl)methylsulfinyll-1H-

benzimidazol, 

5-Difluormethoxy-2-[(3,4-dimethoxy-5-methyl-2-pyridyl)methylthiol-1H-benz

imidazol, 

5-Chlordifluormethoxy-2-[(3,4-dimethoxy-5-methyl-2-pyridyl)methylsul-

20 finyll-1H-benzimidazol, 

5-Chlordifluormethoxy-2-[(3,4-dimethoxy-5-methyl-2-pyridyllmethylthiol-1H

benzimidazol, 

5,6-Bis(difluormethoxyl-2-[(3,4-dimethoxy-5-methyl-2-pyridyl)methylsul

finyl]-1H-benzimidazol, 

25 5,6-Bis(difluormethoxy)-2-[(3,4-dimethoxy-5-methyl-2-pyridyllmethylthiol-

1H-benzimidazol 

5-Difluormethoxy-6-methoxy-2-[(3,4-dimethoxy-5-methyl-2-pyrldyllmethyl

sulfinyl]-tH-benzimidazol, 

5-Difluormethoxy-6-methoxy-2-[(3,4-dimethoxy-5-methyl-2-pyrldyl)methyl-

30 thiol-1H-benzimldazol, 

2-[(3,4-Dimethoxy-2-pyridyl)mathylsulfinyll-5-trifluormethoxy-1H-benzimid

azol, 

2-[(3,4-Dimethoxy-2-pyridyl)methylthlol-5-trifluormethoxy-tH-benzimidazol. 

2-[(3,4-0imethoxy-2-pyridyl)methylsulfinyll-5-(1,1,2,2-tetrafluorethoKy)-

35 1H-benzimidazol, 

2-[(3,4-DimethoKy-2-pyridyl)methylthiol-5-(1,1,2,2-tetrafluorethoxy)-1H-
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benzimidazo~. 

2-[(3,4-Dimethoxy-2-pyridy~)methy~su~finy~l-5-(2,2,2-trif~uorethoxy)-1H

benzimidazo~. 

2-[(3,4-Dimethoxy-2-pyridy~Jmethy~thiol-5-(2,2,2-trif~uorethoxyJ-1H-benz-

5 imidazo~. 

5-Difluormethoxy-2-[(3,4-dimethoxy-2-pyridyllmethylsulfiny~l-1H-benzimi-

dazol, 

5-Dif~uormethoxy-2-[(3,4-dimethoxy-2-pyridyl)methylthiol-1H-benzimidazol, 

5-Ch~ordifluormethoxy-2-[(3,4-dimethoxy-2-pyridy~)methylsu~finyl]-1H-benz-

10 imidazol, 

5-Ch~ordif~uormethoxy-2-[(3,4-dimethoxy-2-pyridy1Jmethylthiol-1H-benzimi-

dazo~. 

5,6-Bis(difluormethoxy)-2-[(3,4-dimethoxy-2-pyridyl)methy~sulfiny~]-1H

benzimidazol, 

15 5,6-Bis(difluormethoxy)-2-[(3,4-dimethoxy-2-pyridyl)methylthiol-tH-benz-

imidazol, 

5-Difluormethoxy-6-methoxy-2-[(3,4-dimethoxy-2-pyridyl)methylsulfinyll-1H

benzimidazol, 

5-Difluormethoxy-6-methoxy-2-[(3,4-dimethoxy-2-pyridyl)methylthio]-1H-

20 benzimidazol, 

2,2-Difluor-6-[(4,5-dimethoxy-2-pyridyl)methylsulfinyl]-SH-[1,3]-dioxolo

[4,5-f]benzimidazol, 

2,2-Difluor-6-[(4,5-dimethoxy-2-pyridyl)methylthiol-5H-[1,3]-dioxolo

[4,5-f]benzimidazol, 

25 2,2-Difluor-6-[(3-methy~-4,5-dimethoxy-2-pyridyl)methylthio)-SH-(1,3]-di-

oxo~o[4,5-f]benzimidazo~. 

2,2-Difluor-6-((3-methy~-4,5-dimethoxy-2-pyridyl)methylsulfinyl]-5H

[1,3]-dioxolo-[4,5-f]benzimidazol, 

6-[(4,5-Diethoxy-3-methyl-2-pyridyl)methy~thio1-2,2-difluor-5H-(1,3]-di-

30 oxolo£4,5-f]benzimidazol, 

6-[(4,5-Diethoxy-3-methy~-2-pyridyl)methylsulfinyl]-2,2-dif~uor-5H-[1,3]

dioxolo[4,5-f]benzimidazol, 

6,6,7-Trifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl

thiol-1H-[1,4]-dioxino[2,3-f]benzimidazol, 

35 6,6,7-Trifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylsu~-

finyl]-1H-[1,4]-dioxino[2,3-f]benzimidazol, 
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6,6,7-Trifluor-6,7-dihydro-2-((4,5-dimethoxy-2-pyridyl)methylthiol-1H

[1,4l-dioxino[2,3-flbenzimidazol, 

6,6,7-Trifluor-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyll-

1H-[1,4l-dioxino[2,3-f]benzimldazol, 

5 2-((4,5-Diethoxy-2-pyridyl)methylthio]-6,6,7-trifluor-6,7-dihydro-1H-

[1,4]-dioxino[2,3-f]benzimidazol, 

2-((4,5-Diethoxy-2-pyridyl)methylsulfinyl]-6,6,7-trifluor-6,7-dihydro-1H

[1,4]-dioxino[2,3-f]benzimidazol, 

2-((4,5-Diethoxy-3-methyl-2-pyridyl)methylthio]-6,6,7-trifluor-6,7-di-

10 hydro-1H-[1,4l-dioxino[2,3-flbenzimidazo1, 

2-((4,5-Diethoxy-3-methyl-2-pyridyl)methylsulfinyl]-6,6,7-trifluor-&.7-di

hydro-1H-[1,4]-dioxino[2,3-f]benzimidazo1, 

6,6-Difluor-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl)methylthiol-1H-[1,4l

dioxino[2,3-f]benzimidazol, 

15 6,6-Difluor-6,7-dihydro-2-((4,5-dimethoxy-2-pyridyl}methylsulfinyll-1H-

[1,4l-dioxino[2,3-f]benzimidazo1, 

6,6-0ifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyllmethylthiol-

1H-[1,4l-dioxino[2,3-flbenzimidazo1, 

6,6-0ifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridylJmethylsulfl-

20 nyll-1H-[1,4]-dioxino[2,3-f]benzimidazol, 

6,6,7,7-Tetrafluor-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl)methylthiol-1H

[1,4]-dioxino[2,3-flbenzimidazol, 

6,6,7,7-Tetrafluor-6,7-dihydro-2-((4,5-dimethoxy-~-pyridyllmethylsulfi

nyl]-1H-[1,4]-dioxino[2,3-f]benzimidazol, 

25 6,6,7,7-Tetrafluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)me-

thylthioJ-1H-[1,4]-dioxino[2,3-f]benzimidazol, 

6,6,7,7-Tetrafluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)me

thylsu1Tiny~l-1H-[l,4]-dioxino(2,3-f]benzimidazol, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)-

30 methylsu1Tinyl]-1H-[1,4l-dioxino[2,3-T]benzimidazo~. 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)

methylthioJ-1H-[1,4]-dioxino[2,3-f]benzimidazol, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl)methylsul

Tinyl]-1H-[1,41-dioxino[2,3-T]benzimidazol, 

35 6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl)methyl-

thiol-1H-[1,4]-dioxlno[2,3-f]benzimldazol, 
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2,2-Dif1uor-6-[(3,4-dimethoxy-2-pyridy1)methylsu1finyll-5H-[1,3]-dioxo

lo[4,5-f]benzimidazo1, 

2,2-Dif1uor-6-[(3,4-dimethoxy-2-pyridy1)methy1thio]-5H-[1,3]-dioxo1o

[4,5-f]benzimidazo1, 

5 2,2-Dif1uor-6-[(3,4-dimethoxy-5-methy1-2-pyridy1)methy1thiol-5H-[1,3l-d1-

oxo1o[4,5-flbenzimidazo1, 

2,2-Dif1uor-6-[(3,4-dimethoxy-5-methy1-2-pyridy1)methy1su1finy1l-5H

[1,3]-dioxolo[4,5-flbenzimidazo1, 

6-[(3,4-0iethoxy-5-methyl-2-pyridy1)methylthiol-2,2-difluor-5H-[1,3]-di-

10 oxo1o[4,5-f]benzimidazo1, 

6-[(3,4-Diethoxy-5-methy1-2-pyridyl)methylsulfiny1]-2,2-dif1uor-5H-[1,3]

dioxo1o[4,5-flbenzimidazo1, 

6,6,7-Trif1uor-6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridy1)methyl

thiol-1H-[1,4]-dioxino[2,3-flbenzimidazo1, 

15 6,6,7-Trif1uor-6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridy1)methyl-

su1finy1l-1H-[1,4]-dioxino[2,3-f]benzimidazol, 

6,6,7-Trifluor-6,7-dihydro-2-[(3,4-dimethoxy-2-pyridyllmethy1thiol-1H

[1,4l-dioxino[2,3-flbenzimidazo1, 

6,6,7-Trifluor-6,7-dihydro-2-((3,4-dimethoxy-2-pyridyl}methylsulfinyll-

20 1H-[1,4l-dioxino[2,3-f]benzimidazol, 

2-[(3,4-Diethoxy-2-pyridyl)methy1thio]-6,6,7-trif1uor-6,7-dihydro-1H

[1,4]-dioxino[2,3-f]benzimidazo1, 

2-[!3,4-Diethoxy-2-pyridyl)methylsulfinyl]-6,6,7-trifluor-6,7-dihydro-1H

(1,4]-dioxino[2,3-f]benzimidazo1, 

25 2-((3,4-Diethoxy-5-methyl-2-pyridyl)methylthio]-6,6,7-trifluor-6,7-di-

hydro-1H-[1,4]-dioxino[2,3-f]benzimidazo1, 

2-((3,4-Diethoxy-5-methyl-2-pyridy1)methylsulfinyl]-6,6,7-trifluor-6,7-di

hydro-1H-[1,4]-dioxino[2,3-flbenzimidazol, 

6,6-Difluor-6,7-dihydro-2-[{3,4-dimethoxy-2-pyridyl)methy1thiol-1H-[1,4]-

30 dioxino[2,3-f]benzimidazo1, 

6,6-Difluor-6,7-dihydro-2-((3,4-dimethoxy-2-pyridyl)methylsulfinyl1-tH

[1,4l-dioxino[2,3-f]benzimidazol, 

6,6-Difluor-6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridyl)methylthio]-

1H-[1,4]-dioxino[2,3-f]benzimidazo1, 

35 6,6-Difluor-6,7-dihydro-2-((3,4-dimethoxy-5-methyl-2-pyridylJmethylsulfi-

ny1]-1H-[1,4]-dioxino[2,3-f]benzimidazo1, 
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6,6,7,7-Tetrafluor-6,7-dihydro-2-((3,4-dimethoxy-2-pyridyl)methylthio]-1H

[1,4]-dioxino[2,3-f]benzimidazo1, 

6,6,7,7-Tetrafluor-6,7-dihydro-2-[(3,4-dimethoxy-2-pyridyl)methylsulfi

nyll-1H-[1,4)-dioxino[2,3-f)benzimidazol, 

5 6,6,7,7-Tetrafluor-6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridyl)-

methylthiol-1H-[1,4)-dioxino[2,3-flbenzimidazo1, 

6,6,7,7-Tetrafluor-6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridylJ

methylsulfiny1)-1H-[1,4l-dioxino[2,3-f)benzimidazo1, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridylJ-

10 methylsulfinyll-1H-[1,4)-dioxino[2,3-f]benzimidazo1, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-CC3,4-dimethoxy-5-methyl-2-pyridy1)

methylthiol-1H-[1,4)-dioxino[2,3-flbenzimidazol, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(3,4-dimethoxy-2-pyridyl)methylsu1-

finy1]-1H-[1,4)-dioxino[2,3-flbenzimidazol, 

15 6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(3,4-dimethoxy-2-pyridyl)methy1-

thiol-1H-[1,4)-dioxino[2,3-f]benzimidazo1, 

6-[(4,5-Dimethoxy-3-methyl-2-pyridyllmethylthioJ-5H-(1,3]-dioxolo[4,5-fl

benzimidazo1, 

6-[(4,5-Dimethoxy-3-methy1-2-pyridy1)methylsulfiny1)-5H-(1,3]-dioxolo-

20 [4,5-flbenzimidazol, 

6-[(4,5-Dimethoxy-2-pyridyl)methylthiol-5H-[1,3l-dioxolo[4,5-flbenzimi

dazo1, 

6-[(4,5-Dimethoxy-2-pyridyl)methylsulfinyll-5H-[1,3]-dioxolo[4,5-f]benz

imidazo1, 

25 6-[(3,4-Dimethoxy-2-pyridyl)methy1thiol-5H-[1,3]-dioxolo(4,5-f]benzimi-

dazol, 

6-[(3,4-Dimethoxy-2-pyridyl)methy1sulfinyll-5H-{1,3J-dioxolo[4,5-f]benz

imidazol. 

6-[(3,4-Dimethoxy-5-methyl-2-pyridy~)methylthioJ-5H-[1,3l-dioxolo[4,5-fl-

30 benzimidazo~. 

6-[(3,4-Dimethoxy-5-methy~-2-pyridyl)methy1sulfinylJ-5H-[1,3]-dioxolo

[4,5-f]benzimidazol, 

6,7-Dihydro-Z-[(4,5-dimethoxy-3-methy~-2-pyridyl)methylthiol-1H-[1,4l-di

oxino[2,3-f]benzimidazo1, 

35 6,7-Dihydro-Z-[(4,5-dimethoxy-3-methyl-2-pyridy~)methylsulfinyl]-1H-[1,4]-

dioxino[2,3-f]benzimidazo~. 
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6,7-Dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridyl)methylthiol-1H-(1,4]-di

oxino[2,3-flbenzimidazo1, 

6,7-Dihydro-2-[(3,4-dimethoxy-5-methy1-2-pyridy1)methylsulfinyl]-tH-[1,4]

dioxino[2,3-f]benzimidazol, 

5 6,7-0ihydro-2-[(3,4-dimethoxy-2-pyridyl)methylthiol-1H-(1,4)-dioxino-

10 

[2,3-f]benzimidazol, 

6,7-Dihydro-2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyll-1H-[1,4]-dioxino

(2,3-f]benzimidazo1 

und die Sa1ze dieser Verbindungen. 

Bedingt durch die Tautomerie im Imidazolring ist die 5-Substitution im 

Benzimidazo1 mit der &-Substitution identisch. Entsprechend ist bel den 

Verbindungen, in denen R1 und R1' gemeinsam und unter EinschluB des Sauer

stoffatoms. an das R1 gebunden ist, einen substituierten Ethylendioxyrest 

15 darstellen. die 6-Position im [1,4l-Dioxino[2,3-f]benzimidazolteil mit der 

7-Position identisch. 

Ein weiterer Gegenstand der Erfindung ist ein Verfahren zur Herstellung 

der Dialkoxypyridine der Formel I, worin R1, R1', R2, R3. R4 und n die 

20 eben angegebenen Bedeutungen haben, und ihrer Salze. 

Das Verfahren ist dadurch gekennzeichnet, daB man 

a) Hercaptobenzimidazole der Forme! II mit Picolinderivaten III, 

25 

R3 

30 

35 
Z '-CH 2 

(II) (III), 
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oder 

b) Benzimidazole der Formel IV mit Hercaptopicolinen V, 

5 
H R3 

R1:~X:X~>-Z" HS-tHz 

(R~ 10 

(IV) (VI, 
15 

oder 

20 cJ o-Pheny~endiamine der For.a1 VI mit Ameisensiurederivaten VII 

25 

30 

35 

40 

45 

(VI) 

.. A(' 
HOOC-S-tH2_____r~ ~ 

N 

[VII), 

umsetzt und gegebenenfa11s anschlieBend die nach al, b) oder c) erhaltenen 

2-Benzimidazolyl-2-pyridylmethyl-sulfide der Formel VIII 

R1X)' j 0(' 
( }-s-CHz '- ~ 

N N 
Rt-0 

(VIII), 

oxidiert und/oder in die Salze uberfuhrt, 
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oder daB man 

d) Benzimidazo~e der Forme~ IX mit Pyridinderivaten X 

oder 

R1Nc' , N 0 

.>-~-CH,-H 
R1-0 

(IX) 

z~•• 
N 

(X), 

e) su~finy~derivate der Forme~ XI mit 2-Pico~inderivaten XII 

H R3 .,vi N 0 

)-II R2 
(R4 S-Y 

N H'-cH2 
Rl-0 

(XI) (XII), 

umsetzt und gegebenenfa~~~ ansch~ieBend in die Sa~ze uberfuhrt, wobei Y, 

35 z. Z' und z•• geeignete Abgangsgruppen darstellen, H fur ein Alkalimetall

atom (Li, Na oder KJ steht, H' fur das Xquiva~ent eines Heta~~atoms steht 

und Rt, R1', R2, R3, R4 und n die oben angegebenen Bedeutungen haben. 

Bel den vorstehend aufgefuhrten Umsetzungen konnen die Verbindungen II-XII 

40 a~s solche oder gegebenenfa~~s in Form ihrer Sa~ze eingesetzt warden. 

45 

Die Herstellungsverfahren a), b) und c) fOhren zu den erfindungsgemi8en 

Su~fiden, die Oxidation der Verbindungen VIII und die Verfahren d) und 

e) ~iefern die erfindungsgemiBen Su~foxide. 

We~che Abgangsgruppen Y, Z, Z' bzw. 2'' geeignet sind, ist dem Fachmann 



287EP 

__ o :t 6 6_2 e_? 
-15- --6853--

aufgrund seines Fachwissens gelaufig. Eine geeignete Abgangsgruppe Y lst 

beispielswelse eine Gruppe, die zusammen mit dar Sulfinylgruppe, an die 

sie gebunden ist, ein reaktives Sulflnsiurederivat bildet. Als geeignete 

Abgangsgruppen Y seien beispielsweise Alkoxy-, Dialkylamino- oder Alkyl-

5 mercaptogruppen genannt. Als geelgnete Abgangsgruppen Z, Z' bzw. z•• .seien 

beispielsweise Ha1ogenatome, insbesondere Chloratome, oder durch Vereste

rung (z.B. mit p-Toluolsulfonsaure) aktivierte Hydroxylgruppen genannt. 

Das Xquivalent eines Hetallatoms H' ist beispielsweise ein Alkalimetall

(Ll, Ha oder K), oder ein Erdalkalimetallatom (z.B. Hg), das durch ein 

10 Halogenatom (z.B. Br, Grignard-Reagenzl substituiert ist, oder irgendein 

anderas, gagebanenfalls substituiertes Hetallatom, von dem bekannt 1st, 

daB es bel Substitutionsreaktionen metallorganischer Verbindungen wie die 

obenerwihnten Hetalle reagiert. 

tS Die Umsetzung von II mit III erfolgt in an sich bekannter Weise in geeig

neten, vorzugsweise polaren protischen oder aprotischen Losungsmitteln 

(wie Methanol, Isopropanol, Dimethylsulfoxid, Aceton, Dlmethylformamid 

oder Acetonitril) unter Zusatz oder unter Ausschlu8 von Wasser. Sie wird 

beispielsweise in Gegenwart eines Protonenakzeptors durchgefuhrt. Als sol-

20 che eignen sich Alkalimetallhydroxide, wie Natriumhydroxid, Alkalimetall

carbonate, wie Kaliumcarbonat, oder tertiire Amine, wie Pyridin, Triethyl

amin oder Ethyldiisopropylamin. Alternativ kann die Umsetzung auch ohne 

Protonenakzeptor durchgefuhrt warden, wobei - je nach Art dar Ausgangsver

bindungen - gegebenenfalls zunichst die Siureadditionssalze in besonders 

25 reiner Form abgetrennt warden konnen. Die Reaktionstemperatur kann zwi

schen 0° und 150°C liegen, wobei in Gegenwart von Protonenakzeptoren Tem

peraturen zwischen 20° und 80°C und ohne Protonenakzeptoren zwischen 60o 

und 120°C - insbesondere die Siedetemperatur dar verwendeten Losungsmit

tel - bevorzugt sind. Die Reaktionszeiten liegen zwischen 0,5 und 24 Stun-

30 den. 

35 

Bei dar Umsetzung von IV mit V, die in an sich bekannter Weise erfolgt, 

kommen ihnllche Reaktlonsbedingungen wie bel der Umsetzung von II mit III 

zur Anwendung. 

Die Reaktion von VI mit VII wird bevorzugt in polaren, gegebenenfalls was-
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serHaltigen Losungsmitteln in Gegenwart einer starken Siure, z.B. Salzsau

re, insbesondere bel der Siedetemperatur des verwendeten Losungsmittels 

durchgefuhrt. 

5 Die Oxidation der Sulfide VIII er~olgt in an sich bekannter Weise und un

ter den Bedingungen, wie sie dem Fachmann fur die Oxidation von Sulfiden 

zu Sulfoxiden geliu~ig sind [siehe hierzu z.B. J. Drabowicz und H. Miko

lajczyk, Organic preparations and procedures int. 14(1-2), 45-89(1982) 

oder E. Block in s. Patai, The Chemistry of Functional Groups. Supplement 

10 E. Part 1, S. 539-608, John Wiley and Sons (Interscience Publication), 

1980]. Als Oxidationsmittel kommen alle fur die Oxidation von Sulfiden zu 

Sulfoxiden ublicherweise verwendeten Reagenzien in Fraga, z.B. Hypohalo

genite, insbesondere Peroxysiuren, wie z.a. Peroxyessigsiure, Trifluorper

oxyessigslure, 3,5-0initroperoxybenzoesiure, Peroxymaleinsiure oder bevor-

15 zugt m-Chlorperoxybenzoesiure. 

Die Reaktionstemperatur liegt (je nach Reaktivitit des Oxidationsmittels 

und VerdDnnungsgrad) zwischen -70°C und der Siedetemperatur des verwende

ten LosungsMlttels, bevorzugt jedoch zwischen -50° und +20°C. Die Oxida-

20 tion wird zweckmiBigerwelse in inerten Losungsmitteln, z. B. aromatischen 

oder chlorierten Kohlenwasserstoffen, wie Benzol, Toluol, Dichlormethan 

oder Chloroform, oder in Estern, wie Essigsiureethylester oder Essigsiure

isopropylester, oder in Ethern, wie Dioxan, mit Zusatz von Wasser oder 

ohne Wasser durchgefOhrt. 

25 

Die Umsetzung von IX mit X erfo~gt bevorzugt in inerten Lasungsmitteln, 

wie sie auch fur die Reaktion von Enolationen ~it Alkylierungsmitteln Ob

licherweise verwendet warden. Beispie~sweise seien aromatische Losungsmit

tel wie Benzol oder To~uol genannt. Die Reaktionstemperatur liegt {je nach 

30 Art des Alkalimeta~latoms H und dar Abgangsgruppe Z) in der Regel zwischen 

0° und 120°C, wobei die Siedetemperatur des verwendeten Losungsmittels be

vorzugt ist. Beispielsweise [wenn H Li(Lithium) und Z Cl(Chlor) darstellt 

und die Umsetzung in Benzol durchgefuhrt wirdl ist die Siedetemperatur von 

Benzol (80°C) bevorzugt. 

35 

Die Verbindungen XI warden mit den Verbindungen XII in an sich bekannter 
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Weise umgesetzt, wie sie dem Fachmann fur die Reaktion metallorganischer 

Verbindungen gelaufig ist. 

Je nach Art der Ausgangsverbindungen, die gegebenenfalls auch in Form 

5 ihrer Salze eingesetzt warden konnen, und in Abhingigkeit von den Reak

tionsbedingungen werden die erfindungsgemiBen Verbindungen zunichst entwe

der a1s so1che oder in Form ihrer Salze gewonnen. 

Im Obrigen erhalt man die Salze durch Auflosen der freien Verbindungen in 

10 einem geeigneten losungsmittel, z.B. in einem chlorierten Kohlenwasser

stoff, wie Hethylenchlorid oder Chloroform, einem niedermolekularen ali

phatischen A1kohol (Ethanol, Isopropanol), einem Ether tDiisopropylether), 

Katon (AcetonJ oder Wasser, das die gewunschte Sture bzw. Base enthilt, 

oder dem die gewunschte Saure bzw. Base - gegebenenfa11s in der genau 

15 berechneten stochlometrischen Menge anschlieBend zugegeben wird. 

Die Salze werden durch Filtrieren, Umfillen, Ausfillen oder durch Verdamp

fen des Losungsmittels gewonnen. 

20 Erha1tene Salze konnen durch Alkalisieren bzw. Ansiuern, z.B. mit wiBrigem 

Natriumhydrogencarbonat bzw. mit verdunnter Salzsiure, in die freien Ver

bindungen umgewandelt werden, welche wiederum in die Salze ObergefOhrt 

warden konnen. Auf diese Weise lassen sich die Verbindungen reinigen, oder 

es lassen sich pharmakologisch nicht vertrigliche Salze in pharmakologisch 

25 vertrag1iche Salze umwandeln. 

Die erfindungsgemaBen Sulfoxide sind optisch aktive Verbindungen. Die Er

findung umfa8t daher sowohl die Enantiomeren als auch ihre Hischungen und 

Racemate. Die Enantiomeren konnen in an sich bekannter Weise (beispiels-

30 weise durch Herstellung und Trennung entsprechender diastereoisomerer Ver

bindungen) separiert werden. Die Enantiomeren konnen aber auch durch asym

metrische Synthase, beispielswelse durch Reaktion optisch aktiver reiner 

Verbindungen XI oder diastereoisomer reiner Verbindungen XI mit Verbindun

gen XII hergestellt werden (siehe hierzu K.K. Andersen, Tetrahedron lett., 

35 93 (1962)]. 
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Die erfindungsgemi8en Verbindungen werden bevorzugt durch Umsetzung von II 

mit III und gegebenenfalls anschlie8ende Oxidation des entstandenen Sul

fids VIII synthetisiert. 

5 Die Verbindungen der Formel II sind tells bekannt (DE-OS 31 32 613), oder 

sie konnen nach bekannten Vorschriften analog hergestellt werden. Verbln

dungen II erhilt man beispielsweise durch Umsetzen von Verbindungen VI mit 

Kohlendisulfid in Gegenwart von Alkalihydroxiden oder mit Alkali-0-ethyl

dithiocarbonaten. 

10 

Die Verblndungen VI konnen nach der lm folgenden Reaktionsschema A angege

benen allgemeinen Herstellungsmethode synthetisiert werden: 

15 Reaktionsschema A; 

20 

25 

30 

35 

40 

45 

50 

(A1) 

•·~~ }-Ho,-H_z_} 

R1-0A/ 

(A2) 

R

1

X)' I (CHaCOz)O 
}-HH2 } 

R1' 

~~ }-NHCOCH,-H_N_ol_1 

R1-0A/ R1-0 

(AJI 

R

1:o· I }-HHCOCH, 
--N02 

R1-0 

(A5) 

(A4) 

R1' 

Hydrolyse :o~ --NHz Hz ----) } --> 
--N02 

R1-0 

VI 

(AS) 
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Die Ausgangsverbindungen At - A3 konnen nach bekannten Methoden oder ana

log zu diesen [z.B. J.Org.Chem. ~. 2907-2910 (1979); J.Org.Chem. Zi. 1-11 

(1964); DE-OS 20 29 556; DE-OS 28 ~8 531; J.Fluorine Cham. 11. 281-91 

(1981); Synthesis 1980, 727-8] hergestellt werden, wobei bel ungleichen 

5 Substituenten R1' und R1-0- auch Isomerengemische entstehen konnen. 

Die Verbindungen IV, IX und XI konnen beispielsweise aus den Verbindungen 

II in fur den Fachmann bekannter Weise hergestellt werden. 

10 Die Verbindungen IX werden beispielsweise aus den Verbindungen II durch 

Methylierung, Oxydation und anschlie8ende Deprotonierung - z.B. mit Alka

limetallhydriden oder -alkoholaten oder ublichen metallorganischen Verbin

dungen erhalten. Die Verbindungen X werden in Anlehnung an Z. Talik, 

Roczniki Chem. 2a. 475 (1961) hergestellt. 

15 

20 

25 

30 

35 

Die Verbindungen III konnen - je nach Substitutionsmuster - auf verschie

dene Weise hergestellt werden: 

1. Verbindungen III mit R2 und Rl = 1-lC-Alkoxy und R4 = Wasserstoff 

oder 1-3C-Alkyl. 

Diese Verbindungen werden z.B. ausgehend von bekannten oder auf be

kanntem Wege herstellbaren 3-Hydroxy- bzw. J-Hydroxy-5-alkyl-pyridi

nen durch Benzylierung der Hydroxygruppe (z.B. mit Kaliumhydroxid und 

Benzylchlorid in Dimethylsulfoxid), N-Oxidation (z.a. mit 30 l-igem 

Wasserstoffperoxid), Nitrierung in 4-Position (z.B. mit Nitriersiu

re), Austausch der Nitrogruppe gegen die 1-JC-Alkoxygruppe !z.B. 

durch Umsetzung mit Alkali-alkoxid). reduktive Debenzylierung und 

gleichzeltige N-Deoxygenierung (z.B. mit Wasserstoff an Palladium/ 

Kahle in saurem Medium~. Elnfuhrung der Hydroxymethylgruppe in a-Po

sition zum Pyridinstickstoff (z.B. durch Umsetzung mit alkalischer 

Formalinlosungl, Umwandlung der 3-Hydroxy- in eine 1-3C-Alkoxygruppe 

(z.B. durch Alkylierung mit 1-JC-Alkyliodid in basischem Hediuml und 

Einfuhrung der Fluchtgruppe Z' (z.B. durch Umsetzung mit Thionylchlo

rid) hergestellt. In einer bevorzugten Alternative warden die Verbin

dungen ausgehend von bekannten oder aUT bekanntem Wege herstellbaren 
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3-Hydroxy-2-alkyl- bzw. 3-Hydroxy-2,5-dialkyl-pyridinen durch Alky

lierung der Hydroxygruppe (z.B. mit Kallumhydroxid und Hethyliodid in 

Oimethylsulfoxid), H-Oxidation (z.B. mit 30Jigem Wasserstoffperoxid), 

Nitrierung in 4-Position (z.B. mit Salpetersiure), Austausch der 

Nitrogruppe gegen die 1-3C-Alkoxygruppe (z.a. durch Umsetzung mit 

Alkalialkoxid), Umwandlung in das 2-Acetoxymethylpyridin Cz.B. mit 

hei8em Essigsiureanhydrid), Verseifung (z.B. mit verdunnter Natron

lauge) zur Hydroxymethylgruppe und Einfuhrung der Fluchtgruppe Z' 

(z.B. durch UMsetzung mit Thionylchlorid) hergestellt. 

Verbindungen III mit R3 und R4 = 1-3C-Alkoxy und R2 = Wasserstoff. 

Oiese Verbindungen warden z.B. ausgehend vom bekannten 5-Hydroxy-2-

methylpyridinen durch Alkylierung der Hydroxygruppe (z.B. mit 1-3C

Alkyliodid und Kaliumhydroxid in Dimethylsulfoxid), N-Oxidation (z.B. 

sit 30 1-igem Nasserstoffperoxid), Nitrierung in 4-Position Cz.B. mit 

Nitriersiure). Austausch dar Nitrogruppe gegen die 1-JC-Alkoxygruppe 

lz.B. durch Umsetzung mit Alkali-alkoxid), Umwandlung in das 2-Acet

oxymethylpyridin (z.B. mit hei8em Essigsiureanhydrid), Verseifung 

tz.B. mit verdOnnter Natronlauge) zur 2-Hydroxymethylgruppe und Ein

fOhrung der Fluchtgruppe Z' (z.B. durch Umsetzung mit Thionylchlorid) 

hergestellt. 

3. Verbindungen III aft R3 und R4 = 1-3C-Alkoxy und R2 = 1-3C-Alkyl. 

Diese Verbindungen warden z.B. ausgehend von bekannten oder auf be

kanntem Neg herstellbaren 2-Hethyl-3-alkyl-~-alkoxypyridinen (siehe 

z.B. EP-A 0 080 602) durch N-OMidation (z.B. mit 30 ~-igem Wasser

stoffperoxid), gezielte Acetoxylierung und anschlle8ende Verseifung 

in 5-Postition (z.S. mit Essigsiureanhydrid und anschlle8end Natron

lauge), Alkylierung der 5-HydroMygruppe (z.B. mit 1-3C-Alkyliodid und 

Natronlauge in Dimethylsulfoxid), N-Oxidation (z.B. mit m-Chlorper

oxibenzoesiure), tlmwandlung in das 2-Acetoxymethylpyridin (z.B. mit 

heiBem Essigsiureanhydrid), Verseifung (z.B. mit verdunnter Natron

lauge) zur 2-Hydroxymethylgruppe und Einfuhrung der Fluchtgruppe Z' 

Cz.B. durch Umsetzung mit Thionylchlorld) hergestellt. 
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Welche Reaktionsbedingungen (Temperaturen, Reaktionszeiten, Losungsmittel 

etc.) bel den oben skizzierten Synthesewegen fur die Herste~~ung der Ver

bindungen III iM einzelnen erforderlich sind, ist dam FachMann aufgrund 

5 seines Fachwissens geliufig. Die genaue Herstellung einze~ner Vertreter 

der Verbindungen III ist in den Beispielen angegeben. Die Herstellung wei

terer Vertreter erfolgt in analoger Weise. 

Verbindungen der Formal III, worin R3 einen 1-JC-Alka~yrest darstellt, 

tO einer der Reste R2 und R4 einen 1-3C-AlkoKyrest und der andere einen 1-3C

Alk~yrest darstellt sind neu und ebenfalls Gegenstand der Erfindung. 

15 

Die Verbindungen V, VII und XII werden beispielsweise ausgehend von den 

Verbindungen III auf fur den FachMann bekannten Wegen hergestellt. 

Die folgenden Beispiele erlautern die Erfindung naher, ohne sie einzu

schranken. Die in den Beispielen namentlich aufgefuhrten Verbindungen der 

Formal I sowie Salze dieser Verbindungen sind bevorzugter Gegenstand der 

Erfindung. In den 8eispielen bedeutet F. Schmelzpunkt, Zers. steht fur 

20 Zersetzung, Sdp. steht fur Siedepunkt. 
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B e i s p i e 1 e 

1. 2-[!4 5-Dlmethoxy-2-pyrldyl)methylthio]-5-trifluormethoxy-1H

benzimidazol 

Zu einer Losung von 1,64 g 2-Mercapto-5-trifluormethoxy-1H-benzimidazol in 

10 40 ml Ethanol und 20 ml 1n Natronlauge werden 1,57 g 2-Chlormethyl-4,5-di

methoxypyrldlniumchlorid zugegeben, 2 Stunden bel 20°C und anschlieBend 

noch 1 Stunde bei 40°C geruhrt, Ethanol am Rotationsverdampfer (1 kPa/ 

40oc1 abdestilliert, der dabei ausfallende farblose Niederschlag uber eine 

Nutsche filtriert, mit 1n Natronlauge und Wasser nachgewaschen und ge-

15 trocknet. Han erhalt 2,15 g (79 1 d.Th.) der Titelverbindung vom F. 

92-93°C. 

Analog erhalt man 

5-Chlordifluormethoxy-2-[(4,5-dimethoxy-2-pyridyl)methylthio1-1H-benzimld-

20 azol, 

5-Difluormethoxy-2-II4,5-dimethoxy-2-pyridyl)methylthiol-1H-benz

imidazol !Vl), 

5,6-Bis(difluormethoxy)-2-[(4,5-dimethoxy-2-pyridyl)methylthiol-1H-benz

imidazol, 

25 5-Difluormethoxy-6-methoxy-2-[(4,5-dimethoxy-2-pyridyl)methylthio]-1H-

benzimidazol IF. 159-160°CI und 

5-Difluormethoxy-6-fluor-2-[(4,5-dimethoxy-2-pyridyl)methylthiol-1H

benzimidazol 

durch Umsetzung von 

30 5-Chlordifluormethoxy-2-mercapto-1H-benzimidazol. 

5-0ifluormethoxy-2-mercapto-1H-benzimidazol. 

5,6-Bisldifluormethoxyl-2-mercapto-1H-benzimidazol, 

5-0ifluormethoxy-2-mercapto-6-methoxy-lH-benzimidazol und 

5-0ifluormethoxy-6-fluor-2-mercapto-lH-benzimidazol 

35 mit 

2-Chlormethyl-4,5-dimethoxypyridiniumchlorid. 
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2. 2-[(4.5-0imethoxy-2-pyridvllmethy1sy1finyll-5-trifluormethoxy-

1H-ben:zimidazol 

5 Zu einer L6sung von 0,36 g 2-[4,5-Dimethoxy-2-pyridyl)methylthiol-5-tri

fluormethoxy-tH-benzimidazol in 10 ml Hethylenchlorid tropft man bei -5D°C 

5,5 ml einer 0,2m Losung von m-Chlorperoxibenzoesaure in Hethylenchlorid 

zu und ruhrt weitere 30 Hinuten bel der angegebenen Temperatur. Nach Zu

gabe von 0,3 ml Triethylamin wird die kalte Reaktionsmischung in 10 ml 

10 5 l-ige Hatriumthiosulfat- und 10 ml 5 1-ige Natriumcarbonatlosung einge

ruhrt, nach Phasentrennung wird noch dreimal mit 10 ml Hethylenchlorid 

extrahiert, die vereinigten organischen Phasen werden einmal mit 5 ml 

einer 5 ligen Natriumthiosulfatlosung gewaschen, getrocknet, vom Trocken

mittel !Hagnesiumsulfat) filtriert und eingeengt. Der Ruckstand wird mit 

15 Diisopropylether zur Kristallisation gebracht und anschlie8end aus 

Methylenchlorid/Oiisopropylether umgefillt. Han erhalt 0,27 g (72 l d.Th.) 

der Titelverbindung als farblosen Feststoff vom F. 159-61°C (Zers.). 

Analog erhilt man 

20 5-Chlordifluormethoxy-2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyll-1H-benz-

imidazol, 

5-Difluormethoxy-2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyl]-1H-benz

imidazol [F. t59°C {Zers.)], 

5,6-Bisldifluormethoxy)-2-[(4,5-dimethoxy-2-pyridyl)methy1sulfinyl]-1H-

25 benzimidazo~. 

5-Difluormethoxy-6-methoxy-2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyl]-

1H-benzimidazo~ und 

5-Difluormethoxy-6-fluor-2,2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyll-

1H-benzimidazo~ 

30 durch Oxidation der weiteren Sulfide des Beispiels 1 mit m-Chlorperoxi

benzoesaure. 

35 

3. 2-[!4.5-Dimethoxy-2-oyridyl)methylthioJ-5-(1.1.2.2-tetrafluorethoxy)

lH-benzimidazol 

Nach der in Beispiel 1 angegebenen Arbeitsweise erhalt man durch Umsetzung 

von 1,07 g 2-Hercapto-5-(1,1,2,2-tetrafluorethoxy)-tH-benzimidazol mit 
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0,90 g 2-Chlormethyl-4,5-dimethoxypyridiniumchlorid in 15 ml Ethanol unter 

Zusatz von 17 ml 0,5 n Natronlau9e 1,40 g der Titelverbindung als gelbes 

til. Umkristallisation aus Petrolether liefert das Produkt in Form farblo

ser Kristalle vom F. 125-127oc. Ausbeute: 1,20 9 (721 d.Thl. 

4. 2-[14.5-Dimethoxy-2-oyridyllmethy1sulfinyll-5-11.1.2.2-tetrafluor

ethgxyl-1H-benzimidazol 

Nach der in Beispiel 2 angegebenen Arbeitsweise erhalt man durch Oxidation 

10 von 0,76 g 2-{(4,5-0imethoxy-2-pyrldyl)methylthiol-5-(1,1,2,2-tetrafluor

ethoxyl-1H-benzimidazo1 mit 19 ml einer 0,1 m Losung von m-Chlorperoxi

benzoesiure in 30 ml Hethylenchlorld bel -40°C nach Extraktion eine Losung 

des Produktes in Hethylenchlorid. Nach Trocknung uber Hagnesiumsulfat wird 

vom Trockenmittel filtriert, ein9eengt und der Ruckstand aus Hethylen-

15 chlorid/Diisopropylether kristallisiert. Han erhalt 0,64 g {821 d.Th.l der 

Titelverbindung in Form farbloser Kristalle vom F. 160-162°C {Zers.J. 

20 

5. 2-[14 5-D1methoxy-2-pyridyllmethylthioJ-5-(2.2.2-trifluorethoxyl-1H

benzimidazol 

1,0 g 2-Hercapto-5-(2,2,2-trifluorethoxyl-1H-benzimidazol werden in 15 ml 

Ethanol und 8,5 ml 1n Natronlauge gelost, mit 0,90 9 2-Chlormethyl-~,5-di

methoxypyridiniumchlorid versetzt und 20 Stunden 9eruhrt. Nach Zugabe von 

30 Ml Wasser extrahiert man dreimal mit je 30 ml Hethylenchlorid, wischt 

25 die Hethylenchloridphase einmal mit 5 ml 0,1 n Natronlauge, trocknet die 

vereinigten organischen Phasen uber Hagnesiumsulfat und engt nach Filtra

tion des Trockenmittels vollstindig ein. Han erhalt 1,51 g (941 d.Th.} der 

Titelverbindung als amorphen, festen Ruckstand vom F. 55-57oc. 

30 6. 2-£(4.5-Dimethoxv-?-oyridyllmethylsulfinyll-5-!2.2.2-trifluorethoxyl

lH-benzimidazol 

0,8 g 2-[(4,5-Dimethoxy-2-pyridyl)methylthiol-5-(2,2,2-trifluorethoxy)-

1H-benzimidazol werden·in 15 ml Oioxan und 2,5 ml 1 n Natronlauge gelost. 

35 Innerhalb von 2 Stunden wird ein Gemisch von 3 ml 8-prozentiger Natrium

hypochloritlosung und 3,5 ml 1n Natronlauge unter Kuhlung auf 0-5°C zuge-
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tropft. Nach Zugabe von 5 ml S~iger Natriumthiosulfatlosung wird zur 

Trockene eingeengt. der Ruckstand in Wasser aufgenommen und mit Phosphat

puffer auf pHi gestellt. Han filtriert vom ausgefallenen Feststoff, track

net und kristallisiert aus Essigester/Diisopropylether urn. Han erhalt 0,45 

5 g (551 d.Th.) der Titelverbindung als farblose Kristalle vom F. 142-143°C 

(Zers.). 

10 

7. 2-[!4.5-0imethoxy-3-methyl-2-pyridyllmethylthiol-5-(1.1.2.2-tetra

fluorethoxyl-1H-benzimidazol 

Nach der in Beispiel 1 angegebenen Arbeitsweise erhalt man durch Umsetzung 

von 1,07 g 2-Hercapto-5-(1,1,2,2-tetrafluorethoxy)-1H-benzimidazol mit 

0,96 g 2-Chlormethyl-4,5-dimethoxy-3-methylpyridiniumchlorid in 12 ml 

Ethanol unter Zusatz von 17 ml 0,5 n Natronlauge 1,46 g (831 d.Th.) der 

15 Titelverbindung vom F. 127-128oc lfarbloses Pulver). 

8. 2-[{4.5-Dimethoxy-3-methyl-?-pyridyl)methylsulfinv11-5-(1.l.?.?

tetrafluorethoxy)-1H-benzimidazo1 

20 Nach der in Beispiel 2 angegebenen Arbeitsweise erhilt man durch Oxidation 

von 0,99 g 2-[(4,5-Dimethoxy-3-methyl-2-pyridyl}methylthio]-5-(1,1,2,2-

tetrafluorethoxy)-1H-benzimidazol mit 12 ml einer 0,2 m Losung von 

m-Chlorperoxibenzoesiure in Hethylench1orid bei -4ooc und einer Reaktions

zeit von 1,5 Stunden 0,8 g eines bla8gelben ijls. Zweimalige Umkristalli-

25 sation aus Hethylench1orid/Diisopropylether liefert 0,30 g (341 d.Th.) der 

Tite1verbindung in Form farbloser Krista1le vom F. 125°C (Zers.). 

30 

9. 5-Difluormethoxy-2-[(4.5-dimethoxy-3-methv1-2-pyridyl)methylthiol-1H

benzimidazol 

Nach der in Beispie1 1 angegebenen Arbeitsweise erhilt man durch Umsetzung 

von 0,38 g (2 mHol) 5-Dif1uormethoxy-2-mercapto-1H-benzimidazo1 mit 0,48 g 

(2 mHo1) 2-Chlormethy1-4,5-dimethoxy-3-methy1pyridiniumchlorid in 10 ml 

Ethanol unter Zusatz von 8,8 ml tn Natronlauge nach zwei Stunden bei sooc 
35 0,64 g (841 d.Th.) der Titelverbindung vom F. 100-102°c {farbloses 

Kristallpulver). 
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10. 2-[(3.4-Dimethoxy-2-pyridyllmethylthioJ-5-(1.1.2.2-tetrafluorethoxy!-

1H-benzimidazol 

zu einer Losung von 0,46 g (1,7 mMol) 2-Mercapto-5-(1,1,2,2-tetrafluor-

5 ethoxyl-1H-benzimidazol in 10 ml Ethanol, 10 ml Wasser und 1,8 ml 2n 

Natronlauge werden 0,38 g (1,7 mMol) 2-Chlormethyl-3,4-dimethoxy-pyri

diniumchlorid zugegeben; nach einer Stunde Ruhren bei 20°C werden erneut 

10 ml Wasser zugetropft; anschlieBend wird bei 20°C nochmals vier Stunden 

geruhrt. Man filtriert vom ausgefallenen Feststoff, wascht mit 0,01 n 

10 Natronlauge und anschlieBend mit Wasser neutral und trocknet bis zur 

Gewichtskonstanz. Han erhalt 0,63 g (90% d.Th.) der Titelverbindung als 

farbloses Kristallpulver vom F. 98-102°C. 

Analog erhalt man 

15 5-Difluormethoxy-2-[(3,4-dimethoxy-2-pyridyl)methylthio]-lH-benzimidazol 

(F. 104-108°C) und 

5-Difluormethoxy-6-methoxy-2-[(3,4-dimethoxy-2-pyridyl)methylthio]-1H-
• 

benzimidazol (F. 137-13B°C) durch Umsetzung von 

5-Difluormethoxy-2-mercapto-1H-benzimidazol und 

20 5-Difluormethoxy-6-methoxy-2-mercapto-lH-benzimidazol mit 

2-Chlormethyl-3,4-dimethoxypyriniumchlorid. 

25 

11. 2-[(4.5-Dimethoxy-3-methyl-2-pyridyllmethylthiol-5-trifluor

methoxy-1H-benzimidazol 

Nach der in Beispiel 1 angegebenen Arbeitsweise erhalt man durch Umsetzung 

von 1,15 g 2-Mercapto-5-trifluormethoxy-lH-benzimidazol mit 1,20 g 

2-Chlormethyl-4,5-dimethoxy-3-methylpyridiniumchlorid in 20 ml Isopropanol 

unter Zusatz von 20,5 ml 0,5n Natronlauge 1,40 g (70 X d.Th) der Titel-

30 verbindung. Umkristallisation aus Diisopropylether/Petrolether liefert ein 

Produkt vom F. 94-97oc. 

Analog erhalt man 

2-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylthio]-5-(2,2,2-trifluor-

35 ethoxy)-1H-benzimidazol, 

5-Chlordifluormethoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methy1thio]-1H

benzimidazol, 
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5,S-Bis(difluormethoxyl-2-[(4,5-dimethoxy-3-methyl-2-pyridyllmethyl

thio]-1H-benzimidazol, 

5-Difluormethoxy-6-methoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl

thiol-1H-benzimidazol und 

5 5-Difluormethoxy-6-fluor-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl-

thiol-1H-benzimidazol 

durch Umsetzung von 

2-Hercapto-5-(2,2,2-trifluorethoxy)-1H-benzimidazol, 

5-Chlordifluormethoxy-2-mercapto-1H-benzimidazol, 

10 5,6-Bis(difluormethoxyl-2-mercapto-1H-benzimidazol, 

15 

5-Difluormethoxy-2-mercapto-6-methoxy-1H-benzimidazol und 

5-Difluormethoxy-6-fluor-2-mercapto-1H-benzimidazol 

lllit 

2-Chlormethyl-4,5-dimethoxy-3-methyl-pyridiniumchlorid. 

12. 2-[[4 s-pimethoxy-3-methyl-2-pyridyl)methvlsulfinyll-5-trifluor

methoxy-1H-benzimidazo1 

20 Nach der in Beispiel 2 angegebenen Arbeitsweise erhilt man durch Oxidation 

von 0,2~ g 2-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylthiol-5-trifluor

methoxy-1H-benzimidazol mit 3,3 ml einer 0,2m Losung von m-Chlorperoxi

benzoesiure in Hethylenchlorid bel -50°C und Umfallung aus Hethylen

chlorid/Diisopropylether 0,19 g 176 1 d.Th.) der Titelverbindung als farb-

25 loses Pulver; 158-159°C Zers. 

Analog erhilt man 

2-[(4,5-Dimethoxy-3-methyl-2-pyridyllmethylsulfinyll-5-(2,2,2-trifluor

ethoxy)-lH-benzimidazol, 

30 5-Chlordifluormethoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylsul-

finyl]-1H-benzimidazol, 

5-Difluormethoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylsulfinyl]-1H

benzimidazol [f. 133-135 (Zers.)], 

5,5-Bistdifluormethoxy)-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl-

35 sulfinyl]-1H-benzimidazol, 

5-Difluormethoxy-6-methoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl-
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su~finy~]-1H-benzimidazo~. 

5-Dif~uormethoxy-S-f1uor-2-[(4,5-dimethoxy-3-methy~-2-pyridy~lmethy~

su~finy1]-1H-benzimidazol 

2-[(3,4-Dimethoxy-2-pyridy~)methy~su~finy~]-5-(1,1,2,2-tetraf~uorethoxy)-

5 tH-benzimidazo~ [F. 117-119°C (Zers.)] und 

5-Difluormethoxy-2-[(3,4-dimethoxy-2-pyridyl)methylsulfinyll-lH-benzimi

dazol [F. 136°C (Zers.)] 

10 

durch Oxidation der Su~fide der obigen Beispiele 9 bis 11 mit m-Chlorper

oxibenzoesiure. 

13. 2.2-Dif1uor-6-[(4.5-dimethoxy-3-methy1-2-pyridy1lmethy1thiol-5H

[1.3J-dioxolo[;.s-flbenzimidazo~ 

Zu einer Losung von 0,92g 2,2-Difluor-5H-[1,3l-dioxo1o[4,5-f]benzimidazo1-

15 s-thio1 in 10 m1 Ethano1 und 10 m~ 1n Natron~auge werden 0,95 g 2-

Chlormethyl-4r5-dimethoxy-3-methylpyridiniumchlorid zugegeben. Han ruhrt 

die ge1be Reaktionsmischung 1 Stunde bei 20°C, setzt nochmals 10 ml 

Wasser zu, wobei ein farbloser Feststoff ausfillt, rOhrt weitere 5 

Stunden, filtriert, wlscht mit 1n Natron~auge und Wasser nach und trocknet 

20 bis zur Gewichtskonstanz. Oas amorphe Pulver wird aus Hethylenchlorid/ 

Diisopropy~ether umkrista~~isiert. Han erhilt 1,5 g (93 l d.Th.) der 

Titelverbindung in Form farb~oser Krista~1e vom F. tso-stoc. 

Analog erhi~t man 

25 6,6,7-Trif~uor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridy1)methyl-

thiol-1H-[1,4]-dioxino[2,3-f]benzimidazol, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-((4,5-dimethoxy-3-methyl-2-pyri

dyl)methy~thio]-1H-[1,4]-dioxino(2,3-f]benzimidazo~ und 

6,7-Dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylthiol-1H-[1,4l-

30 dioxino£2,3-f]benzimidazo~ 

durch Umsetzung von 

6,6,7-Trifluor-6,7-dihydro-1H-[1,4]-dioxino[2,3-flbenzimidazol-2-thio1, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-1H-[1,4]-dioxino(2,3-flbenzimidazol-2-

thio~ bzw. 

35 6,7-Dihydro-1H-[1,4]-dioxino[2,3-f]benzimidazol-2-thio~ mit 

2-Chlormethyl-4,5-dimethoxy-3-methylpyridiniumchlorid. 
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14. 2.2-Difluor-6-[(4.5-dimethoxy-3-methyl-2-pyridyllmethylsulfi

nyll-5H-[1.31-dioxolo[4.5-flbenzimidazol 

Zu einer auf -40°C gekuhlten Suspension von 0,80 g 2,2-0ifluor-6[(4,5-

5 dimethoxy-3-methyl-2-pyridyl)methylthio]-5H-[1,3l-dioxolo[4,5-f]benzimida-

zol in 10 ml Hethylenchlorid tropft man innerhalb von 10 Hinuten 21 ml 

einer 0,1n Losung von m-Chlorperoxibenzoesaure in Hethylenchlorid zu. Han 

ruhrt weitere 20 Hinuten und laBt die Temperatur dabei auf -20°C 

ansteigen, setzt 0,5 ml Triethylamin zu und gie8t das Reaktionsgemisch in 

10 40 ml einer jeweils 5 ~-igen Hatriumthiosulfat- und 5 l-igen 

Natriumcarbonatlosung ein. Nach Phasentrennung wird die Wasserphase noch 

zweimal mit je 20 ml Hethylenchlorid extrahlert; die vereinigten orga

nischen Phasen werden mit einem Gemisch aus jeweils 5 ml Natriumthiosul

fat- und Natriumcarbonatlosung gewaschen, getrocknet und eingeengt. Der 

15 Ruckstand wird aus Hethylenchlorid/Diisopropylether umkristallisiert. Han 

erhilt 0,62 g (75 l d.Th.) der Titelverbindung; Zers. 189-SOoc. 

Analog erhilt man 

6,6,7-Trifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methy!-2-pyridyl)methyl-

20 sulfinyl]-tH-[1,4]-dioxino[2,3-f]benzimidazol, 

6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyri

dyllmethylsu1finyl]-1H-[1,4]-dioxino[2,3-f]benzimidazo1 und 

6,7-0ihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylsulfinyl]-1H-{1,4l

dioxlno[2,3-flbenzimidazol 

25 durch Oxidation der unter Beispiel 13 genannten weiteren Sulfide mit 

m-Chlorperoxibenzoesaure. 

30 

15. 6-£!4.5-Dimethoxy-2-pvridyl)methylthiol-SH-[1 .3J-dioxo1o[4.5-fl-benz

imidazol 

Nach der in Beispiel 13 beschriebenen Arbeitsweise erhalt man durch Um

setzung von 0,85 g 5H-[1,3]-dioxolo(4,5-f]-benzimldazo1-6-thiol mit 0,98 g 

2-Ch1ormethy1-4,5-dimethoxypyridiniumch1orld in 10 m1 Ethanol und 10 ml 

Wasser unter Zusatz von 8,5 m1 1n Natron!auge nach einer Reaktionszeit von 

35 20 Stunden und nach Einengen des Losungsmittels im Vakumm auf ein Vo!umen 

von 10 ml einen braunlichen Feststoff. Man lost das Rohprodukt in 30 ml 
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Hethylenchlorid, klirt mit Bleicherde (z. B. Tonsil•), engt ein, kristal

lisiert durch Zugabe von Diisopropylether und kocht den nun bla8gelben 

Feststoff in 5 ml Methanol aus. Han erhilt 0,90 g (601 d.Th.) der Titel

verbindung als farblosen Feststoff vom F. 198-200°C. 

16. 6-ti4.5-Dimetboxy-2-oyridyllmethvlsylfinyll-5H-[1.3J-dioxolo[4.5-fl

benzimidazo1 

Nach der in Beispiel 14 beschriebenen Arbeitsweise erhalt man durch Oxida-

10 tion von 0,7 g 6-[4,5-Dimethoxy-2-pyridy1Jmethylthio]-5H-(1,3]-dioxolo

[4,5-f]-benzimidazol mit 23 ml einer 0,1 m Lasung von m-Chlorperoxibenzoe

siure nach Umkristallisatlon aus Diethylether 0,27 g der Titelverbindung 

in Form farbloser Kristalle vom F. 199°C (Zers.). 

15 17. 2.2-Difluor-6-t(3.4-dimethoxy-2-oyridyllmethy1thiol-5H-t1.3J-dioxolo

t4.5-flbenzimidazol 

Nach der in Beispiel 13 angegebenen Arbeitsweise erhilt man durch Um

setzung von 0,69 g (3 mHol) 2,2-Difluor-5H-[1,3]-dioxolo[4,5-fl-benzimi-

20 dazol-6-thiol mit 0,67 g (3 mHol) 2-Chlormethyl-3,4-dimethoxypyridinium

chlorid in einem Gemisch von 10 ml Ethanol und 10 ml Wasser unter Zusatz 

von 3,3 ml 2n Natronlauge nach 10 Stunden Reaktionszeit 1,05 g (921 d.Th.) 

der Titelverbindung als feinkristallines, farbloses Pulver vom F. 

185-187oc. 

25 

Analog erhilt man 

6-[{3,4-Dimethoxy-2-pyridyl)methylthiol-5H-[1,3]-dioxolo[4,5-f]benzimida

zol (F. 155-t570C) 

durch Umsetzung von 

30 5H-[1,3l-dioxolo[4,5-f]benzimidazol-6-thiol 

mit 

2-Ch~ormethyl-3,4-dimethoxypyridiniumchlorld. 

18. 6-t[4,5-Dimethoxy-3-methyl-2-oyridyl)methy~thiol-5H-t1.3l-dioxo1o-

]A [4,5-flbenzimidazo~ 

0,78 9 (4 mHol) 5H-[1,3]-dioxolo(4,5-f]benzimidazol-6-thiol werden mit 

0,95 g (4 mHol) 2-Chlormethyl-4,5-dimethoxy-3-methylpyridiniumchlorid in 
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30 ml Isopropanol 15 Stunden unter Ruckflu8 zum Sieden erhitzt. Han 

filtriert vom ausgefallenen Feststoff, ruhrt mit Isopropanol aus, 

filtriert erneut und trocknet bis zur Gewichtskonstanz. Han erhilt 1,0 g 

(59~ d.Th.) des Dihydrochlorids der Titelverbindung als farblosen Fest-

5 staff vom F. 206°C (Zers.). 

19. 2.2-Difluor-6-t(4.5-dimethoxv-?-oyridyllmethylthio1-5H-t1.3J

dioxolo[4.5-flbenzimidazol 

10 Zu einer auf sooc erwarmten Losung von 0,69 g 2,2-Difluor-5H-[1,3]-di

oxolo[4,5-fJbenzimidazol-S-thio1 und 0,67 g 2-Chlormethyl-4,5-dimeth

oxypyridiniumchlorid in 9 ml Ethanol und 4 ml Wasser tropft man innerhalb 

einer Hinute 6,3 ml 1n Natronlauge zu. Beim Abkuhlen der klaren Reaktions

mischung auf 20°C fillt nach kurzer Zeit ein farbloser Hiederschlag aus. 

15 Han ruhrt weitere 5 Stunden bel 20°C, saugt uber eine Nutsche ab, wischt 

mit 1n Natronlauge und Wasser nach und trocknet bis zur Gewichtskonstanz. 

Der beige Feststoff wird in 10 ml Hethylenchlorid gelost, von unloslichen 

Bestandteilen filtriert, das Filtrat eingeengt und durch Zugabe von 

Diisopropylether und nach Abkuhlung zur Kristallisation gebracht. Han 

20 erha1t 1,02 g (90 I d.Th.) der Titelverbindung vom F. 189-91oc. 

Analog erhalt man 

6,6,7-Trifluor-6,7-dihydro-2-[{4,5-dimethoxy-2-pyridyl)methylthio]-1H

[1,4]-dioxino[2,3-f]benzimidazol, 

25 6-Chlor-6,7,7-trifluor-6,7-dihydro-2-[1~.5-dimethoxy-2-pyridyl)methyl-

thio]-1H-[1,4l-dioxino[2,3-f]benzimidazol und 

6,7-Dihydro-2-[(4,5-dimethoxy-2-pyridyllmethylthio]-tH-[1,4]-dioxino

[2,3-f]benzimidazol 

durch Umsetzung von 

30 6,6,7-Trifluor-6,7-dihydro-tH-[1,4]-dioxino£2,3-flbenzimidazol-2-thiol, 

6-Chlor-5,7,7-trifluor-6,7-dihydro-1H-[1 ,4]-dioxino[2,3-f]benzimidazol-2-

thiol, bzw. 

6,7-0ihydro-1H-(1,4]-dioxino[2,3-f]benzimidazol-2-thiol 

mit 

35 2-Chlormethyl-4,5-dimethoxy-pyridiniumchlorid. 
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20. 2.2-Difluor-6-t!4.5-dimethoxy-2-pyridyl)methylsulfinyll-5H

[1.3l-dioxplo[4 5-flbenzimidazol 

5 0,76 g 2,2-Difluor-6-[(4,5-dimethoxy-2-pyridyllmethylthiol-5H-(1,3]-di

oxolo(4,5-f]benzimidazol warden in 10 ml Dioxan und 2 ml 1n Natronlauge 

gelost. Unter Eiskuhlung tropft man zuerst eine iquimolare Menge einer 

titrierten wi8rigen Natriumhypochloritlosung, die mit 1 Mol pro Liter 

Natronlauge versetzt ist, zu, und setzt nach einer Stunde nochmals 1 

10 Aquivalent und nach 3 Stunden die halbe iquimolare Menge Natriumhypo

chlorlt zur Erreichung einer vollstlndigen Umsetzung zu. Nach 4 Stunden 

Reaktionszeit warden 5 ml 5 1-ige Hatriumthiosulfatlosung und weitere 

25 ml Dioxan zugegeben, die obere Dioxanphase abgetrennt, einmal mit 5 ml 

Natriumthiosulfatlosung gewaschen und am Rotationsverdampfer eingeengt. 

15 Oer olige Ruckstand wird in 20 ml Wasser und 10 ml Essigsiureethylester 

gelost und mit ca. 100 ml einer Pufferlosung vom pH 6,8 auf pH 7 gestellt. 

Oar ausgefallene Feststoff wird Dber eine Nutsche abgesaugt, mit Wasser 

gewaschen, bei 0°C mit Aceton ausgeruhrt und getrocknet. Han erhilt 0,7 g 

(87 l d.Th.) dar Titelverbindung in Form farbloser Kristalle; Zers. bei 

20 211-213oc. 

Analog erhilt man 

2,2-Difluor-6-[(3,4-dimethoxy-2-pyridyl)methylsulfinyll-5H-[1,3l-dioxolo

[4,5-f]-benzimidazol [F. 177-178°C (Zers.)] 

25 6-[(4,5-Dimethoxy-3-methyl-2-pyridylJmethylsulfinyl]-SH-[1,3]-dioxolo-

[4,5-fl-benzimidazol, 

6,6,7-Trifluor-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridy~)methylsulfinyll-

1H-[1,4]-dioxino[2,3-f]benzimidazol, 

6-[(3,4-Dimethoxy-2-pyridyl)methylsulfinyl]-5H-[1,3]-dioxolo[4,5-f]benz-

30 imidazol [F. 170-171°C (Zers.)], 

S-Chlor-6,7,7-trifluor-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl)methyl

sulfinyl]-1H-[1,4]-dioxino[2,3-flbenzimidazol und 

5,7-Dihydro-2-[(4,5-dimethoxy-2-pyridyl)methylsulfinyl]-1H-[1,4]-di

oxino[2,3-f]benzimidazol 

35 durch Oxidation dar in den Beispielen 17 bis 19 genannten weiteren Sulfide 

mit Natriumhypochloritlosung. 
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21. ?-Hercapto-5-(1.1.2.2-tetrafluorethoxyl-lH-benzimidazol 

a) 55 g 1-Nitro-4-(1,1,2,2-tetrafluorethoxy)benzol werden in 300 ml 

5 Ethanol an 0,5 g 1Diiger Palladiumkohle in elner Umlaufhydrierungsappara

tur unter Atmosphirendruck 1 h bei 20-45°C hydriert, der Katalysator 

abfiltriert und die Losung bel 40°C im Vakuum eingeengt. Han verdunnt das 

4-(1,1,2,2-tetrafluorethoxylanilin mit 100 ml Eisessig und tropft 23 ml 

Essigsiureanhydrid bel Raumtemperatur zu, versetzt nach 30 Hin. mit 2 ml 

10 Wasser, engt nach kurzer Zeit die Losung bei 50°C im Vakuum ein und ver

setzt mit 500 ml Eiswasser. Han erhilt 56 g (971) N-[4-(1,1,2,2-tetra

fluorethoxy)phenyl]-acetamid vom Schmp. t2t-122°C. 

b) Han lost 55 g der vorstehenden Verbindung in 380 ml Dichlor-

15 methan, tropft 55 ml 100Jige Salpetersiure in 10 Hin. bel Raumtemperatur 

zu und rOhrt noch 6 h. Die organische Losung wird dann mit wa8riger 

Natriumcarbonatlosung und Wasser gewaschen, mit Hagnesiumsulfat getrocknet 

und eingeengt. Han erhilt 65 g 110011 N-(2-Nitro-4-(1,1,2,2-tetrafluor

ethoxy)phenyll-acetamid vom Schmp. 80-81°C (aus Cyclohexan). 

20 

25 

c) Han lost 63 g vorstehender Verbindung in 450 ml Methanol, tropft 

bei Raumtemperatur 106 ml 6 m Hatronlauge zu, kuhlt im Eisbad und fallt 

durch Zutropfen von 900 ml Wasser 53 g {981) 2-Nitro-4-(1,1,2,2-tetra

fluorethoxy}-anilin (Schmp. 85-asoc). 

d) 33 g vorstehender Verbindung werden in ca. 600 ml Isopropano1 an 

1 g 10liger Palladiumkohle in einer Umlaufhydrierungsapparatur drucklos 

bel Raumtemperatur hydriert. Han saugt den Kata1ysator ab und fa11t mit 

4 m Chlorwasserstoff in Ether 34 g 1891) 4-(1,1,2,2-Tetrafluorethoxy)-1,2-

30 phenylendiamin-dihydrochlorid vom Schmp. 275-276oc !Zersetzung). 

el 33 9 vorstehender Verbindung werden mit 330 ml Ethanol, 60 m1 

Wasser, 8,9 g Natriumhydroxid und 23 g Xalium-0-ethyldithiocarbonat 

(umkristallisiert aus Isopropanol} versetzt und 15 h unter Ruckflu8 zum 

35 Sieden erhitzt. Han versetzt mit 1,2 1 Eiswasser, ste11t mit Natronlau-
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ge auf pH 13-14, klirt mit Aktivkohle und fallt mit verdunnter Salzsau

re bis pH 3,5. Han erhalt 27 g (911) der Titelverbindung vom Schmp. 

316-319°C (aus Isopropanol). 

5 22. 2-Hercaoto-5-trifluormethoxy-lH-benzimidazol 

10 

15 

20 

Analog Beispiel 21e) erhalt man durch Umsetzen von 4-Trifluormethoxy-

1,2-phenylendiamin-dihydrochlorid (vgl. C.A. i[, 23408d, 1961) mit Ka

lium-0-ethyldithiocarbonat und Natronlauge in Ethanol in 75 ~ Ausbeute 

die Titelverbindung vom Schmp. 305-307°C !Zersetzung, aus Toluol). 

23. 2-Hercapto-5-(2 2.2-trifluorethoxy!-1H-benzimidazol 

a) 50 g 1-(2,2,2-Trifluorethoxyl-4-nitrobenzol (Synthesis 1980, 

Seite 727) werden analog Beispiel 21a) hydriert und acetyliert. Han erhilt 

50 g (95 J) N-[4-12,2,2-Trifluorethoxy)phenyl]acetamid (Schmp. 140-14f°C). 

b) Han ruhrt 42 g voranstehender Verbindung mit 9,7 ml 100% Salpe

tersiure in 290 ml Eisessig 18 h bel Raumtemperatur und fillt mit Was

ser. Han erhilt 47 g (94J) N-[2-Nitro-4-[2,2,2-trifluorethaxy)phenyll

acetamid (Schmp. 117-118°C). 

c) Han hydrolysiert 47 g voranstehender Verbindung analog Beispiel 

21c und erhilt 38,7 g (97Jl 2-Nltro-4-(2,2,2-trifluorethoxy)-anilin 

(Schmp. 84-85°Cl. 

25 d) Han hydriert 37 g voranstehender Verbindung analog Beispiel 21d) 

und erhilt 41 g I94J) 4-{2,2,2-Trifluorethoxy)-1,2-phenylendiamin-dihydro

chlorid vom Schmp. 230-233oc {Zersetzung). 

e) Analog Beispiel 21e) erhilt man aus 36 g voranstehender Verbindung 

30 30 g (9411 dar Titelverbindung (Schmp. 2BB-290oC). 

24. 5-Chlordifluormethoxy-2-merkaoto-lH-benzimidazol 

a) 10,0 g N-(4-(Chlordifluormethoxy)phenyl]-acetamid {Schmp. 101-

35 103°C, aus 4-Chlordifluormethoxyanilin und Essigsaureanhydrid) und 12,3 ml 

100l Salpetersaure werden in ao ml Oichlormethan 4 h bel 2ooc geruhrt. Han 
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neutra~isiert mit wa8riger Kallumhydrogencarbonatlosung, engt die orga

nische Schicht ein und erha~t 11,4 g (96~) N-14-Ch~ordif~uormethoxy-2-

nitropheny~)-acetamid !Schmp. 89-91°C). 

b) Han tropft bel 5°C zu 10,5 g voranstehender Verbindung in 200 ml 

Hethano~ 8,6 m~ einer 30ligen Losung von Natriummethy~at in Methanol, 

ruhrt 2 h ohne Kuhlung, versetzt mit Eiswasser, stellt auf pH 8 und erhalt 

8,7 g (97%) 4-Ch~ordifluormethoxy-2-nitroanilin {Schmp. 40-42°C). 

c) Han hydriert 8,5 g voranstehender Verbindung an 0,8 g 101iger 

Palladiumkohle drucklos in 200 ml Methanol, versetzt mit konzentrierter 

Salzsiure, filtriert, engt ein und verruhrt mit Dilsopropylether. Han 

erhilt 8,5 g 197%) 4-Chlordlfluormethoxy-1,2-phenylendiamin-dihydro

ch~orid. 

d) Aus 8,5 g voranstehender Verbindung werden ana~og Beispie~ 21el 

6,3 g 1721) der Titelverbindung vom Schmp. 268-27ooc (Zersetzung) er

halten. 

25. 5-0iflugrmethoxy-2-merkapto-1H-benzimidazo1 

a) 11,8 9 H-14-Dlfluormethoxyphenyl)-acetamid [L.H.Jagupol'skii et 

al., J.Genera1 Chemistry !USSR)~. 190 (1969)] werden in 200 ml Di

chlormethan mit 12,1 ml 100%iger Salzsiure 1,5 h bel Raumtemperatur ge-

25 ruhrt. Analog Beispiel 21bl erhalt man 13,3 g (92%) N-[(4-Difluormethoxy--

2-nitro)phenyl]-acetamid (Schmp. 71-730c). 

b) Analog Beispiel 24b erhilt man daraus in 96%iger Ausbeute 4-Di-

fluormethoxy-2-nitroanilin (Schmp. 68-7QOC). 

30 

c) Analog Beispiel 24c erhilt man in 94~ Ausbeute 4-Difluormethoxy-

1,2-phenylendiamin-dihydrochlorid. 

d) Analog Beispiel 24e erhalt man in 781 Ausbeute die Tltelverbin-

35 dung vom Schmp. 250-252°C (aus Isopropanol). 
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26. 5.6-Bis(difluormethoxv!-2-merkapto-lH-benzimidazal 

a} In eine losung von 100 g Brenzkatechin, 220 g Hatriumhydroxid 

5 und SO g Hatriumdithionit in 500 ml Wasser und 400 ml Diaxan leitet man 

bel 50-55oc 275 g Chlardifluormethan analog L.H. Sedova et al., Zh. 

Org. Khim. A. 568 (19701 ein. Han erhilt nach Destillation bel 61-62°CJ 

1,0-1,1kPa eine Hischung von 1,2-Bis(difluormethoxy}benzol und 2-Difluor

methoxyphenol, die durch Chromatographie an Kieselgel mittels CyclohexanJ 

10 Essigsaureethylester (4:1) getrennt warden. 

bJ Eine Losung von 15 g 1,2-Bis(difluormethoxy)benzol und 15 ml 

100 Siger Salpetersiure in 150 ml Dichlormethan wird 1 h bel Raumtem

peratur geruhrt. Han neutralisiert mit Kaliumhydrogencarbonatlosung, 

15 trennt die organische Schicht ab und chromatographiert an Kieselgel 

mittels Cyclohexan/Essigsaureethylester (4:1). Han erhalt 1,2-Bis(di

fluormethoxyl-4-nitrobenzol. Dieses hydriert und acetyliert man analog 

Beispiel 21a zu N-[3,4-Bis(difluormethoxy)phenyl]acetamid (Schmp. 

81-83°C). Analog Beispiel 21 erhilt man ferner N-[4,5-Bis(difluormeth-

20 oxyl-2-nitrophenyllacetamid (Schmp. 65-67°C), N-[4,5-Bis(difluormethoxyl-

2-nitrolanilin (Schmp. 107-109°C), 4,5-Bis(difluormethoxy)-1,2-phenylen

diamin-dihydrochlorid und die Titelverbindung vom Schmp. 285-287°C (Zer

setzung; aus Isopropanol). 

25 27. 5-0ifluormethoxy-2-merkapto-6-methoxv-1H-benzimidazol 

a) In eine Losung von 55,5 g Guajacol und 130 g Natriumhydroxid in 

300 ml Wasser und 300 ml Dioxan werden bel sooc ca. 58 g Chlordifluor

methan eingeleitet. Han filtriert die Hischung bel 10°C, trennt die or-

30 ganische Schicht ab, trocknet mit wasserfreiem Kaliumcarbonat und de

stilliert. Han erhalt 56 g (731) t-Oifluormethoxy-2-methoxybenzol vom 

Siedepunkt 75-76°C/0,9kPa. 

b) Zu einer Losung von 47 g voranstehender Verbindung in 230 ml Di-

35 chlormethan wird bei D-5°C eine Losung von 33,6 ml 100%iger Salpetersiure 

in 90 ml Oichlormethan getropft, nach 30 Hin. mit 250 ml Eiswasser 

versetzt und mit Kaliumhydrogencarbonat neutralisiert. Die getrocknete 

organische Phase wird im Vakuum eingeengt und dar Ruckstand aus Cyclohexan 
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umkristallis!ert. Han erhilt 53 g (901) 1-Difluormethoxy-2-methoxy-5-

nitrobenzo~ (Schmp. 48-49°CI. Dieses wird analog Beispie~ 21a hydriert und 

acetyliert. Han erhilt in 901 Ausbeute H-(3-0ifluormethoxy-4-methoxy

pheny~)acetamid (Schmp. 129-130°C). 

c) 46 g voranstehender Verbindung werden mit 33 m~ 100~iger Sa~pe-

tersiure in Oichlormethan analog voranstehender Vorschrift nitriert. Han 

erhi~t in 991 Ausbeute H-(5-Difluormethoxy-4-methoxy-2-nitrophe

nyl)acetamid (Schmp. 116-117°C). 

d) 54 g voranstehender Verbindung warden in 810 ~ Hethano~ 1 h mit 

44,8 ml 301lger methanolischer Natriummethylatlosung bel Raumtemperatur 

geruhrt. Han engt im Vakuum ein, versetzt mit Eiswasser und Eisessig 

bis pH 8 und erhilt in 991 Ausbeute 5-0ifluormethoxy-4-methoxy-2-nitro-

15 anilin (Schmp. 144-14SOC). 

e) 25 g voranstehender Verbindung warden in 300 ml Methanol an 

1,25 g 10Jiger Pa1~adiumkohle entsprechend Beispie~ 21d hydriert. Han 

erhilt 26 g (881) 3-Difluormethoxy-4-methoxy-1,2-phenylendiamindihydro-

20 chlorid vom Schmp. 218-220°C lZersetzung). 

25 

f) 25 g voranstehender Verbindung werden mit 19 g Kalium-0-ethyldi

thiocarbonat entsprechend Beispie~ 21e umgesetzt. Han erha~t 20 g (8911 

der Tite~verbindung vom Schmp. 280-282°C (Zersetzung; aus Isopropano~). 

28. 5-Difluormethoxy-6-Tluor-2-merkapto-lH-benzimidazol 

a) Analog Beispiel 27a erhilt man aus 2-Fluorphenol und Chlordl-

f1uormethan 1-Dif~uormethoxy-2-f~uorbenzo~ (Sdp. 76°C/10 kPa; n~0 = 

30 1,4340) 

b) Zu 30 g der voranstehenden Verblndung in 300 m~ Dich~ormethan 

tropft man bel -10°c 38,4 ml tOO~lge Salpetersiure. ruhrt 1 h bel -1o 0 c 
und 2,5 h bei 0°C. Han versetzt mit Eiswasser, ste1lt neutra~ und chro-

35 matographiert uber Kleselgel mit Essigester/Cyclohexan (4:1). Man erhalt 

34 g eines Ules, das ca. 90~ 1-Difluormethoxy-2-fluor-4-nltrobenzo~ und 

101 1-Dif~uormethoxy-2-fluor-5-nitrobenzol tNHR-Spektrum) entha1t. 
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cl 30 g voranstehender Hischung wird analog Beispiel 21a hydrlert 

und acetyliert. Nach Umkristallisieren aus Toluol erhilt man 21 g (6511 

N-(4-Difluormethoxy-3-fluorphenyl)acetamid vom Schmp. 112-113°C. 

d) Zu 20 g voranstehender Verbindung in 200 ml Dichlormethan warden 

bel zooc 22,5 ml 100Sige Salpetersiure in 30 Min. zugetropft und 15 h bel 

Raumtemperatur nachgeruhrt. Analog Beispiel 27c erhalt man in 891 Ausbeute 

N-(~-Oifluormethoxy-5-fluor-2-nitrophenyl)acetamld vom Schmp. 72-74°C (aus 

10 Cyclohexan). Durch mehrstundiges Ruhren mit 1 m Salzsiure in Methanol bel 

sooc erhilt man in 951 Ausbeute 4-Dlfluormethoxy-5-fluor-2-nitroanilln vom 

Schmp. 95-97,5oc und analog Beispiel 27e) in 851 Ausbeute 4-Difluor

methoxy-5-fluor-1,2-phenylendiamin-dihydrochlorid. Zersetzung ab 210°C. 

15 

20 

e) 15 9 voranstehender Verbindun9 werden mit 11,8 9 Kalium-0-ethyl-

dithiocarbonat entsprechend Beispiel 21e umgesetzt. Han erhilt 11.1 g 

{841) der Titelverbindung vom Schmp. 275-276°C (Zersetzun9, aus Isopro

panol). 

29. 2.2-Difluor-5H-[1.31-dioxolo[4.5-flbenzlmldazol-6-thiol 

a) Han hydriert 30 9 4-Amino-2,2-difluor-5-nitro-1,3-benzodioxol in 300 ml 

Methanol an 0,5 9 101iger Palladiumkohle in elner Umlaufhydrierungsappatur 

bei Atmosphirendruck und Raumtemperatur, versetzt mit 2,5 Aquivalenten 

25 methanolischer Chlorwasserstoiflosung, filtriert, engt die Losung im 

Vakuum ein, versetzt mit Isopropanol und Ether und erhilt 35 g (97 1) 

2,2-Difluor-1,3-benzodioxol-4,5-diamin-dihydrochlorld vom Schmp. 232-2JJOc 

(ZersetzungJ. 

30 b) Han versetzt 30 9 voranstehender Verbindung in 300 ml Ethanol mit 24 g 

Kalium-0-ethyldithiocarbonat (umkristallisiert aus Isopropanol) und 9,2 g 

Natriumhydroxid in 55 ml Wasser und erhitzt 15 h unter RuckfluB zum 

Sieden. Han gieBt auf 1,5 l Wasser, stellt mit Natronlauge auf pH 14, 

klart mit Aktivkohle, fallt mit konzentrierter Salzsiure in der Wirme und 

35 saugt den Hiederschla9 in der Kalte ab. Han erhilt 24 g 191 ') der 

Titelverbindung vom Schmp. 365-370°C (Zersetzung). 
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30. 6.6.7-Trifluor-6.7-dihydro-lH-[1.4]-dioxino£2.3-flbenzimidazol-

2-thiol 

5 al Zu 50 g 2,2,3-Trifluor-2,3-dihydro-1,4-benzodioxin wird bei 5°C in 1 h 

eine Hischung von 39,5 ml 69~iger Salpetersiure und 46 ml 97liger 

Schwefelsaure getropft. Han ruhrt 1 h bel 10°C, 1 h bel 20°C und 5 Min. 

bei 4ooc und gie8t auf 200 g Eis. extrahiert mit Oichlormethan, wascht mit 

Wasser, trocknet mit Hagnesiumsulfat und destilliert im Vakuum. Han erhalt 

10 58 g (94 ll einer Hischung von 2,2,3-Trifluor-2,3-dihydro-6-nitro-(und 

7-nitrol-1,4-benzodioxin vom Sdp. 68,5°C (0,15 mbar) und n~0 1,5080. Ein 

Gaschromatogramm mit einer 10 m Fused Silica Siule (Fa. Chrompack) zeigt 

zwei Peaks im Verhaltnis 2:3. 

15 b) Han hydriert 35 g des Isomerengemisches in 400 ml Ethanol an 3 g 

20 

10 l-iger Palladiumkohle bel Atmosphirendruck und 20-30°C in einer Um

laufhydrierungsapparatur, filtriert und engt im Vakuum ein. Han erhalt 

30,5 g (100 l) einer flussigen Hischung von 6-Amino-Cund 7-Aminol-2,2,3-

trifluor-2,3-dihydro-1,4-benzodioxin. 

c) Zu 28 g der voranstehenden Isomerenmischung tropft man bei 20-30°C eine 

Hischung aus 15,3 g Essisiureanhydrid und 15 ml Eisessig, ruhrt 30 Hin. 

bel 3ooc, setzt 1 ml Wasser zu, ruhrt 30 Hin. bei 30°C und destilllert das 

L5sungsmittel im Vakuum ab. Ourch Umkristallisation aus Toluol erhalt man 

25 19 g einer Fraktion des Gemisches der isomeren Acetaminoderivate vom 

Schmp. 128-133°C. 

d) Zu 17 g des Isomerengemisches der Acetaminoderivate, suspendlert in 200 

ml Dichlormethan, tropft man bei -6° bis -a 0 c 14 ml 100~ige Salpetersaure, 

30 gelost in 60 ml Dichlormethan, ruhrt 2 h bel 0°C und dann uber Nacht bel 

Raumtemperatur. Han gie8t auf 110 g Eis, tre~nt die organ!sche Phase ab, 

wascht mit Wasser und engt im Vakuum ein. Oer Ruckstand (19,8 g) wird aus 

20 ml Ethanol umkristallislert. Han erhalt 15,5 g einer Hischung von 

6-Acetamino-2,2,3-trifluor-2,3-dihydro-7-nitro-1,4-benzodioxin und 

35 7-Acetam!no-2,2,3-trifluor-2,3-dihydro-6-nitro-1,4-benzodiox!n. 
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e) Han suspendiert 14,5 g des voranstehenden Produktgemisches in 80 ml 

Methanol und tropft unter Erwarmung auf 30°C 30 m1 5m Natronlauge zu. Han 

ruhrt noch 0,5 h bel Raumtemperatur, gieBt auf 200 gEls und erhalt 11,7 g 

elner Hischung von 6-Amino-2,2,3-trifluor-2,3-dihydro-7-nitro-1,4-benzo-

5 dioxin und 7-Amino-2,2,3-trifluor-2,3-dihydro-6-nitro-1,4-benzodioxin. 

10 

Elne Probe wird an einer Kieselgelsaule mit Cyclohexan/Essigsaureethyl

ester (4:1) in zwei reine Isomeren mit den Schmelzpunkten 110,5-111,5°C 

und 120-121oc getrennt, deren NHR-Spektren an einem 60 HHz-Gerat in 

Deuterochloroform praktisch identisch sind. 

fl 10,9 g des voranstehenden Isomerengemisches warden in 300 ml Methanol 

bel Raumtemperatur und Atmosph§rendruck an 1 g 101iger Palladiumkohle in 

2,5 h hydriert. Han setzt 30 m1 4 m Chlorwasserstoff in Methanol zu, 

filtriert, engt im Vakuum ein und verruhrt mit 100 ml Ether. Han erhalt 

15 12,6 g (98 1) 2,2,3-Trifluor-2,3-dihydro-1,4-benzodioxin-6,7-dlamin

.dihydrochlorid ( Schmp. >25QOC). 

g) 12 g voranstehender Verbindung und 8,5 g Kalium-0-ethyldithiocarbonat 

(umkristallisiert aus Isopropanol) warden in 120 m1 Ethanol mit 20,5 ml 4 

20 m wi8riger Kaliumhydroxidlosung versetzt und 17 h unter R0ckflu8 zum 

Sieden erhitzt. Han gieBt auf 300 g Els, stellt mit Kaliumhydroxldlosung 

auf pH 12-13, klirt mit Aktivkohle und fallt mit konzentrierter Salzsaure. 

Nach erneuter Fillung mit Siure aus alkallscher waBrig-alkohollscher 

losung erhalt man 10 g [93 l) der Titelverbindung vom Schmp. 309-3100c 

25 (Zersetzung). 

30 

31. 6-Chlor-6 7.7-trifluor-6.7-dihydro-1H-t1 +J-dloxino£?.3-flbenz

imidazol-?-thiol 

a) Zu 18 9 2-Chlor-2,3,3-trlfluor-2,3-dihydro-1,4-benzodioxin tropft man 

bel 5°C eine Hischung von 18,3 ml 65liger Salpetersiure und 15,4 ml 97li9e 

Schwefelsiure, ruhrt 2 h bel 5-10°C und 9le8t auf Eis. Han extrahlert mit 

Hethylenchlorid und erhilt 21,3 9 einer Hischung von 2-Chlor-2.3,3-tri-

35 fluor-2,3-dihydro-6-nitro-(und 7-nitro)-1,4-benzodioxln als Ul. 
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b) Analog Beispiel JOb) erhalt man daraus in 95% Ausbeute eine olige Hl

schung von 2-Chlor-2,3,3-trifluor-2,3-dihydro-1,4-benzodioxln-S-{und 

7-lamin, welche entsprechend Beispiel JOel zu einer Hischung der entspre

chenden Acetaminoderivate quantitativ umgesetzt wird. 

c) 19 9 der voranstehenden Hischung wird ln 190 ml Dichlormethan mit 16 ml 

1001iger Salpetersiure 9eruhrt und das Reaktionsprodukt durch Chro

matographle an Kieselgel mittels Cyclohexan/Essi9saureethylester (4:1) 

gereinigt. Han erhalt 15 9 einer Hischun9 von 6-Acetamino-2-chlor-2,3,3-

10 trifluor-6,7-dlhydro-7-nitro-1,4-benzodioxin und 7-Acetamlno-2-

chlor-2,3,3-trifluor-6,7-dihydro-6-nitro-1,4-benzodioxin als hellgelbes 

Ul. 

d) Zu 14,5 g der voranstehenden Hischun9 in 100 m1 Methanol tropft man bel 

15 soc 10,2 ml einer 301i9en Losung von Natriummethylat in Methanol, ruhrt 

1,5 h ohne Kuhlung, gie8t auf Eis, neutralisiert mit verdunnter Salzsaure, 

extrahiert mit Dichlormethan und engt lm Vakuum ein. Han erhalt 12,7 9 

einer Hischung von 6-Amino-2-chlor-2,3,3-trifluor-2,3-dihydro-7-nitro-

1,4-benzodioxin und 7-Amino-2-chlor-2,3,3-trifluor-2,3-dlhydro-6-nitro-

20 1,4-benzodioxin als oran9efarbenes ~l. 

25 

30 

35 

e) 12,4 g der voranstehenden Mischun9 werden analog Beispiel 30f) 

hydriert. Han erhalt 12,6 9 (99~) 2-Chlor-2,3,3-trifluor-2,3-dihydro-

1,4-benzodioxin-6,7-diamin-dihydrochlorld. 

f) 12,4 9 der voranstehenden Verbindun9 werden analog Beispiel JOg) mit 

9,1 g Kalium-0-ethyldithiocarbonat und Kallumhydroxidlosung in Ethanol um-

9&Setzt. Man erhalt 9,6 9 (74~) der Titelverbindung vom Schmp. 2BB-29ooc 

(Zersetzungl. 

32. 2-Chlormethyl-4.5-dimethoxy-oyridinium-chlorid 

a) 2-Chlormethyl-4,5-dlmethoxy-pyrldinlum-chlorid 

Zu einer auf 0°C gekuhlten Losun9 von 5 g 2-Hydroxymethyl-4,5-dimeth

oxypyridin in 40 ml Hethylenchlorid tropft man innerhalb einer Stunde 
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3 ml Thionylchlorid, gelost in 10 ml Methylenchlorid ZU, ruhrt an

schlie8end 4 Stunden bel 20°C, wobei sich die Reaktionsmischung rot 

firbt, setzt 5 Ml Toluol zu und engt am Rotationsverdampfer vollstindig 

ein (3ooc 1 5 mbar). Dar o~ige Ruckstand wird in 50 ml warmem Isopropa-

5 nol gelost, mit wenig Tonsil• geklart, filtriert und erneut eingeengt. Man 

nimmt in 10 m1 Toluo~ auf und bringt die Losung mit Petrolether zur Kri

stallisation. Mach Abkuhlung im Eisbad wird abgesaugt, mit Petrolether ge

waschen und getrocknet. Man erhalt 4,6 g (70S d.Th.) der Titelverbindung 

2-Chlormethyl-4,5-dimethoxy-pyridinium-chlorid als farblosen Feststoff; 

to Zers. bei 160-61°C. 

b) 2-Hydroxymethyl-4,5-dimethoxy-pyridin 

19 g 4,5-0imethoxy-2-methylpyridin-1-oxid warden innerhalb von 30 Hinu-

15 ten in der Weise ZU 60 ml auf 80°C erwarmten Essigsaureanhydrid zudo

siert, da8 die Temperatur nicht uber 100°C steigt. Nach weiteren 45 Hi

nuten bel 85°C wird Oberschussiges Essigsaureanhydrid im Vakuum abde

stilliert und der olige dunkle Ruckstand, der im wesentlichen aus dem 

Zwischenprodukt 2-Acetoxymethyl-4,5-dimethoxypyridin besteht, mit 80 ml 

20 2n Hatronlauge 1 Stunde lang bel 80°C geruhrt. Nach Verdunnen mit 80 ml 

Wasser und Abkuh~ung wird achtmal mit je 100 ml Methylenchlorid extra

hiert, die vereinigten organischen Phasen zweimal mit tn Natronlauge 

gewaschen, getrocknet, eingeengt und der kristalline, braunliche Ruck

stand aus To1uol umkristallisiert. Man erhalt 14 g (74 1 d.Th.) 

25 2-Hydroxymethyl-4,5-dimethoxy-pyridin vom F. 122-24oc. 

c) 4,5-Dimethoxy-2-methylpyridin-1-oxid 

Zu einer Suspension von 16,9 g 5-Methoxy-2-methyl-4-nitropyridin-1-oxid 

30 in 170 ml trockenem Methanol werden 20 ml einer 30 1-igen Natriummethy

latlosung zugetropft, 15 Stunden bei 20oc und anschlie8end 4 Stunden 

bei 50°C geruhrt. Han ste~lt durch vorsichtige Zugabe von konzentrier

ter Schwefelsaure unter Eiskuhlung auf pH 7, engt ein, ruhrt den Ruck

stand mit 200 ml Hethylenchlorid aus, filtriert von unloslichen Be-

35 standteilen, versetzt mit 10 ml Toluol und engt erneut zur Trockne ein. 

Han erhilt 15,2 g (98 1 d.Th.) 4,5-0imethoxy-2-methylpyridin-1-oxid als 
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Tarbloses Kristallisat vom F. 118-121°C. 

d) 5-Hethoxy-2-methyl-4-nitropyridin-1-oxid 

5 Zu 35 ml auf sooc erwirmte 65 X-ige Salpetersaure werden 21,2 g 5-Heth

oxy-2-methylpyridin-1-oxid in der Weise zudosiert, daB die Temperatur 

der Reaktionsmischung 80°C nicht ubersteigt. Han ruhrt 1 Stunde bei 

aooc, setzt zur vollstindigen Umsetzung noch 13 ml 100 1-ige Salpeter

sJure zu und ruhrt weitere 2 Stunden bel 60-70°C. Zur Aufarbeitung 

10 gieBt man auf 300 g Eis. Der ausgefallene gelbe Hiederschlag wird uber 

ein Hutsche filtriert, mit Wasser gewaschen und getrocknet. Oer trocke

ne Feststoff wird mit 200ml Hethylenchlorid ausgekocht, filtriert und 

getrocknet. Ourch Konzentrierung des Filtrats wird weiteres OC-relnes 

Produkt isoliert. Han erhilt 22,3 g (87 X d.Th.) 5-Hethoxy-2-methyl-4-

15 nitropyridin-1-oxid vom F. 201-202°C; gelbe Kristalle. 

e) 5-Hethoxy-2-methylpyridin-1-oxid 

Zu einer Losung von 60,9 g 5-Hethoxy-2-methylpyridin in 300 ml Eisessig 

20 werden bel 60°C 120 g 30 1-lge Wasserstoffperoxidlosung innerhalb von 

1 Stunde zugetropft und 3 Stunden nachgeruhrt. Hach Zerstorung von 

uberschussigen Perverbindungen durch Zugabe von aktivem Hangandioxid 

wird filtriert, eingeengt, der Ruckstand in 500 ml Essigsaureethylester 

heiB geklart, erneut eingeengt und bei 0.3 mbar destilliert. Han erhilt 

25 54 g (77 1 d.Th.) 5-Hethoxy-2-methylpyridin-1-oxid als rasch erstarren

des Hl (Sdp. 13ooc); F. 80-84oc. 

f) 5-Hethoxy-2-methylpyridin 

30 Zu einer Losung von 84 g Kaliumhydroxid in 400 ml Methanol und 500 ml 

Dimethylsulfoxid werden innerhalb einer Stunde 150 ml 3-Hydroxy-6-me

thylpyridin zudosiert. Nach Entfernung des Hethanols am Rotationsver

dampfer tropft man unter Eiskuhlung 213 g Hethyliodid, gelost in 100 m! 

Dimethylsulfoxid zu, ruhrt 15 Stunden bei 2ooc und unterwirft das Reak-

35 tionsgemisch einer Wasserdampfdestillation. Das Destillat wird am Ex

traktor kontinuierlich mit Hethylenchlorid extrahiert und der Extrakt 
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eingeengt. Han erhilt 85 g (56 l d.Th.) 5-Hethoxy-2-methylpyridin als 

farbloses I:Jl. 

33. 2-Chlormethyl-4.5-dimethoxy-3-methyloyridinium-chlorid 

al 2-Chlormethyl-4.5-dimethoxy-3-methylpyridinium-chlorid 

Nach der in Beispiel 32a) beschriebenen Arbeitsweise erhilt man durch 

Umsetzung von 2,7 g 2-Hydroxymethyl-4,5-dimethoxy-3-methylpyridin mit 4 g 

10 Thionylchlorid in 25 ml Hethylenchlorid nach 1 Stunde Reaktionszeit und 

nach einer vereinfachten Aufarbeitungsmethode, nimlich durch Zusatz von 

10 ml Toluol, abdestillieren des Hethylenchlorids und uberschussigen 

Thionylchlorids, Absaugung des ausgefallenen Kristallisats und Trocknung 

3,45 g (99 S d.Th) der Titelverbindung als farblose Kristalle; Zers. bei 

15 12s-2soc. 

b) 2-Hydroxymethyl-4,5-dimethoxy-3-methylpyridin 

4,5 g 4,5-Dimethoxy-2,3-dimethylpyridln-1-oxid warden in 20 ml Essig-

20 siureanhydrid 30 Hinuten auf 110°C erwirmt und anschlieBend am Rota

tionsverdampfer eingeengt. Der 61ige Ruckstand, der aus dem Zwischen

produkt 2-Acetoxymethyl-4,5-dimethoxy-3-methylpyridin besteht. wird in 

30 ml 3n Natronlauge 2 Stunden bei ao 0 c geruhrt, nach Abkuhlung funfmal 

mit je 30 ml Hethylenchlorid extxahiert, die vereinigten organischen 

25 Phasen zweimal mit 2n Natronlauge gewaschen, getrocknet, eingeengt, der 

Ruckstand mit Petrolether verruhxt, abgesaugt und getrocknet. Han er

hilt 4,0 g (89 1 d.Th.) 2-Hydroxymethyl-4,5-dimethoxy-3-methylpyridin 

vom F. 91-92°C. 

30 c) 4,5-Dimethoxy-2,3-dimethylpyridin-1-oxid 

6,3 g 4,5-Dimethoxy-2,3-dlmethylpyridin werden in 120 ml Hethylenchlo

rid gelost, sukzessive 20 g m-Chlorperoxibenzoesaure zugegeben, erst 2 

Stunden bel 2ooc und anschlle8end 4 Stunden bel 4ooc geruhrt. Nach Zu-

35 satz von 20 m1 5n Natronlauge wird dreimal mit einem Gemisch aus einer 

5 l-igen Natriumthiosulfat- und 5 1-igen Natriumcarbonatlosung gewa-
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schen, die Wasserphasen zweimal mit Methylenchlorid ruckextrahiert, die 

vereinigten organischen Phasen uber Magnesiumsulfat getrocknet und ein

geengt. Han erhalt 4,6 9 (66 1 d.Th.) 4,5-0imethoxy-2,3-dlmethylpyri

din-1-oxid. Der Rf-Wert in Hethylenchlorid/Hethanol 19:1 betragt 0,25. 

d] 4,5-Dimethoxy-2,3-dimethylpyridin 

Hach der in Beispiel 32f) beschriebenen Arbeitsweise erhilt man durch 

Umsetzung von 9,18 g 5-Hydroxy-4-methoxy-2,3-dimethylpyridin in 50 ml 

10 Oimethylsulfoxid zuerst mit 3,6 g Hatriumhydroxid, anschlieBend mit 8,95 9 

Hethyliodid 7,4 g (74 I d.Th.) 4,5-Dimethoxy-2,3-dimethylpyridin als 

farbloses, allmihllch kristallisierendes Ul, F. 36-38°C. 

15 

el 5-Hydroxy-4-methoxy-2,3-dimethylpyridin 

1000 g 4-Methoxy-2,3-dimethylpyridin-1-oxid warden bei 100°C unter Ruh

ren lnnerhalb von 1 Stunden zu 3 1 Essigsiureanhydrld zudosiert und 

weitere 3 Stunden bel 100°C nachgeruhrt. Man liBt abkuhlen, engt bel 

70°C/10 mbar vollstindig ein und destilliert anschlieBend bel 

20 10-2 mbar. Die Fraktion mit einem Siedeintervall von 95-145°C (Gemisch 

aus dem Zwischenprodukt 5-Acetoxy-4-methoxy-2,3-dimethylpyridin und 

2-Acetoxymethyl-4-methoxy-3-methylpyridin) wird abgenommen {952 g) und 

zu 3,5 1 auf 50°C erwirmte 2n Natronlauge innerhalb von 30 Hinuten zu

gegeben. 

25 Han ruhrt bei 50°C bis zur Bildung einer klaren Losung (ca. 3 Stunden), 

liBt abkuhlen und extrahiert dreimal mit je 1 1 Hethylenchlorid. Die 

vereinigten organischen Phasen werden zweimal mit je 0,5 1 1n Natron

lauge ruckextrahiert und anschlie8end die vereinigten Wasserphasen mit 

halbkonzentrierter Salzsiure unter Ruhren auf pH 7,5 gestellt. Han fil-

30 triert vom ausgefallenen Feststoff, wischt nach und trocknet bis zur 

Gewichtskonstanz. Han erhalt 5-Hydroxy-4-methoxy-2,3-dimethylpyr~din 

vom F. 274-76oc. 

34. 2-Ch1ormethyl-3.4-dimethoxy-pyrldinium-chlorid 

35 

a) 2-Chlormethyl-3,4-dimethoxy-pyridiniumchlorid 



287EP 

0. 1_6 6 2 8_? -

-46- 6853 

Nach der in Beispie~ 32a beschriebenen Arbeitsweise erha~t man durch Um

setzung von 3,38 g 2-Hydroxymethyl-3,4-dimethoxypyridln mit 2 ml Thionyl

ch~orid in 30 m~ Hethy~ench~orid nach 2,5 Stunden Reaktionszeit und nach 

5 der in Beispie~ 33a beschriebenen Art der Aufarbeitung 4,2 g (931 d.Th.) 

der Tite~verbindung a1s farblosen Feststoff vom F. 151-15Z°C (Zers.) 

b) 2-Hydroxymethyl-3,4-dimethoxypyridin 

10 4,8 g 2-Acetoxymethyl-3,4-dimethoxypyridin warden nach Zusatz von 15 m~ 2n 

Natron~auge bei 80oc krlftig gerOhrt, wobei sich aus dem anfinglichen 

Zweiphasenga.isch eine homogene Losung bi~det. Hach 2 h liBt man abkuhlen, 

extrahiert fDnfmal mit je 30 ml Hethylenchlorid, wischt die vereinigten 

organischen Phasen zweimal mit je 5 ml 0,3 n Natron~auge, trocknet uber 

15 Ka~iumcarbonat, fi1triert, engt ein und verruhrt den Desti~lationsruck

stand mit Petrolether. Han erhalt 3,6 g (961 d.Th.) 2-Hydroxymethyl-3,4-

dimethoxypyridin als farblasen Feststoff vom F. 87-89°C. 

20 

c) 2-Acetoxymethyl-3,4-dimethoxypyridin 

Zu 25 ml Essigsiureanhydrid werden bei 85°C innerhalb von einer Stunde 4,8 

g (28 mHol) 3,4-Dimethoxy-2-methylpyridin-1-oxid zudosiert, eine Stunde 

bei der selben Temperatur geruhrt, im Vakuum vo~lstindig eingeengt und der 

braune, olige ROckstand in einer Kugelrohrdestille bel 1 Pa desti1liert. 

25 Han erhilt 5,3 g (90l d.Th.) 2-Acetoxymethy~-3,4-dimethoxypyridin; Sdp. 

125-13ooc. 

d) 3,4-0imethoxy-2-methylpyridin-1-oxid 

30 4,5 g (25 MHol) 3-Hethoxy-2-methyl-4-nitropyridin-1-oxid werden in 75 ml 

trockenem Methanol nach Zusatz von 4,7 ml 30liger Natriummethylat1osung 16 

Stunden bel 40°C geruhrt. Anschlie8end kuhlt man ab, stellt mit konz. 

Schwefelsiure auf pH 7, filtriert, engt im Vakuum vol~standig ein, nimmt 

den oligen, rdtlichen Ruckstand in 50 ml Toluo~ auf, filtriert erneut von 

35 unlos1ichen Bestandtei1en und engt das Filtrat zur Trockene ein. Der 

gelbe, olige Ruckstand kristallisiert im Eisbad und wird abschlieBend mit 



287EP 

0166287 

-47- 6853 

30 ml Petrolether (50/70) bel 40°C ausgeruhrt. Nach Filtration und 

Trocknung im Exslccator erhilt man 5,2 g (B8l d.Th.) 3,4-Dlmethoxy-2-

methylpyridin-1-oxid in Form blaBgelber Kristalle vom F. 111-113°C. 

5 e) 3-Hethoxy-2-methyl-4-nitropyridin-1-oxid 

zu 5,4 g 3-Hethoxy-2-methylpyridin-1-oxid in 12 ml Eisessig werden bel 

aooc innerhalb von 6h in vier Portionen von je 2 ml 8 ml konz. Salpeter

saure zugegeben, uber Nacht bel der selben Temperatur geruhrt, nochmals in 

10 drei Portionen innerhalb von 6 Stunden 8 ml Salpetersiure zugegeben und 

weitere 15 Stunden geruhrt. Nach Abkuhlung gie6t man auf Els (40g), stellt 

mdt 10n Natronlauge auf pH 6, filtriert vom ausgefallenen Nebenprodukt 

(3-Hethoxy-2-methyl-4-nitropyridin) und extrahiert viermal mit 50 ml 

Hethylenchlorld. Nach Trocknung werden die vereinigten organischen Phasen 

15 vollstindig eingeengt und der Ruckstand aus wenig Hethylenchlorid/Petrol

ether umkristallisiert. Han erhilt 4,2 g (57X d.Th.) der Titelverbindung 

in Form gelber Kristalle vom F. 103-1D4°C. 

20 

f) 3-Hethoxy-2-methylpyridin-1-oxid 

15,3 g (0,124 Holl 3-Hethoxy-2-methylpyridin werden in 100 ml Eisessig 

gelost und bel 80°C in 4 Portionen ~0 ml 30llges Wasserstoffperoxid inner

halb von 6 Stunden zugegeben. Han ruhrt weitere drei Stunden und engt an

schlie8end 1m Vakuum (1,5 kPa) eln, setzt zweimal je 50 ml Essigsaure zu 

25 und engt jeweils vollstandig ein. Nach negativem Nachweis auf Perverbin

dungen wird im Kugelrohrofen destilliert. Die bei 12D°C (1,5 Pa) destil

lierende Fraktion wlrd in wenlg Dlethylether ausgeruhrt, der Feststoff 

filtriert und getrocknet. Han erhalt 12 g (SOl d.Th.) 3-Hethoxy-2-methyl

pyridin-1-oxid in Form farbloser Krlstalle vom F. 72-78°C. 

30 

g) 3-Hethoxy-2-methylpyridin 

Nach der in Beispiel 32f beschriebenen Arbeltsweise erhilt man durch Um

setzung von 13,7 g (125 mHol} 3-Hydroxy-2-methylpyridln mit 9,2 ml Hethyl-

35 iodid unter Zusatz von 46 ml 3m methanolischer Kaliumhydroxidlosung nach 

einer Reaktionszeit von 3 Stunden 15,5 g (90% d.Th.) 3-Hethoxy-2-methyl

pyridin als farbloses Hl. 
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Gewerb1iche Anwendbarktit 

Die Dialkoxypyridine der a11gemeinen Formal I und ihre Salze besitzen 

wertvolle pharmakologische Eigenschaften, die sie gewerblich verwertbar 

machen. Sie hemmen deutlich die Hagensiuresekretion von Warmblutern und 

10 weisen daruberhinaus eine ausgezeichnete Hagen- und Oarmschutzwirkung bel 

Warmblutern auf. Diese Hagen- und Darmschutzwirkung wird bereits bel der 

Verabreichung von Dosen beobachtet, die unterhalb der sauresekretionshem

menden Dosen liegen. Daruberhinaus zeichen sich die erfindungsgemiSen Ver

bindungen durch das Fehlen wesentlicher Nebenwirkungen und eine gro8e 

15 · therapeutische Breite aus. 

Unter ·Hagen- und Darmschutz• wird in diesem Zusammenhang die Verhutung 

und 8ehandlung gastrointestinaler Krankheiten, insbesondere gastrointe

stinaler entzundlicher Krankheiten und lasionen (wie z.B. Ulcus ventri-

20 cull, Ulcus duodeni, Gastritis, byperazider oder medikamentos bedingter 

Reizmagen) verstanden, die beispielsweise durch Hikroorganismen, Bakte~ 

rientoxine, Hedikamente [z.S. bestimmte Antiphlogistika und Antirheumati

ka), Chemikalien (z.B. Ethanol), Magensiure oder StreBsituationen verur

sacht werden konnen. 

25 

Ein weiterer Vorteil dar erfindungsgemiBen Verbindungen 1st ihre ver

gleichsweise gro8e chemische Stabilitat. 

In ihren ausgezelchneten Eigenschaften erweisen sich die erfindungsgema8en 

30 Verblndungen Oberraschenderweise den aus dem Stand der Technik bekannten 

Verbindungen deutlich uberlegen. Aufgrund dieser Eigenschaften sind die 

Dialkoxypyridine und ihre pharmakologlsch vertraglichen Salze fur den 

Elnsatz in der Human- und Veterinirmedizin hervorragend geeignet, wobei 

sie insbesondere zur Behandlung und/oder Prophylaxe von Krankheiten des 

35 Hagens und Darms und solcher Krankheiten, die auf einer Oberhohten Hagen

sauresekretion beruhen, verwendet warden. 
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Ein weiterer Gegenstand der Erflndung sind daher die erfindungsgemi8en 

Verbindungen zur Anwendung be! der Behandlung und/oder Prophylaxe der vor

stehend genannten Krankheiten. 

Ebenso umfaBt die Erfindung die Verwendung der erfindungsgemaBen Ver

blndungen zur Herstellung von Arznelmitteln, die zur Behandlung und/oder 

Prophylaxe der vorstehend genannten Krankheiten eingesetzt warden. 

10 Ein weiterer Gegenstand der Erfindung sind Arzneimittel, die ein oder 

mehrere Dialkoxypyridine der allgemeinen Formal I und/oder ihre pharmako

logisch vertraglichen Salze enthalten. 

Die Arzneimittel werden nach an sich bekannten, dam Fachmann gelaufi-

15 gen Verfahren hergestellt. Als Arzneimittel werden die erfindungsge-

miBen pharmakologisch wirksamen Verbindungen l=Wirkstoffe) entweder 

als solche, oder vorzugsweise in Kombination mit geeigneten pharma

zeutischen Hilfs- oder Trigerstoffen in Form von Tabletten, Dragees, 

Kapseln, Suppositorien, Pflastern (z.B. als TTS), Emulsionen, Suspensionen 

20 oder Losungen eingesetzt, wobei der Wirkstoffgehalt vorteilhafterweise 

zwischen 0,1 und 95% betragt. 

Welche Hilfs- bzw. Trigerstoffe fur die gewunschten Arzneimittelformulie

rungen geeignet sind, ist dem Fachmann aufgrund seines Fachwissens gelau-

Z5 fig. Neben l3semitteln, Gelbildnern, Suppositoriengrundlagen, Tab~etten

Hilfsstoffen und anderen Wirkstofftrigern konnen beispielsweise Antioxi

dantien, Dispergiermittel, Emulgatoren, Entschaumer, Geschmackskorrigen

tien, Konservierungsmittel, Losungsvermittler, Farbstoffe oder insbeson

dere Permeationspromotoren und Komplexbildner (z.B. Cyclodextrine) ver-

30 wendet warden. 

Ole Wirkstoffe konnen oral, parenteral oder percutan appliziert warden. 

Im allgemeinen hat es sich in der Humanmedizin als vorteilhaft erwie-

35 sen, den oder die Wirkstoffe bei oraler Gabe in elner Tagesdosis von 

etwa 0,01 bis etwa 20, vorzugsweise 0,05 bis 5, insbesondere 0,1 bis 
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1,5 mg/kg Korpergewicht, gegebenenfalls in Form mehrerer, vorzugswei

se 1 bis 4 Einzelgaben zur Erzielung des gewunschten Ergebnisses zu 

verabreichen. Bel einer parenteralen Behandlung konnen ahnliche bzw. 

(insbesondere bei der intravenosen Verabreichung der Wirkstoffe) in 

5 der Regel niedrigere Dosierungen zur Anwendung kommen. Die Festlegung 

der jeweils erforderlichen optimalen Dosierung und Applikationsart 

der Wirkstoffe kann durch jeden Fachmann aufgrund seines Fachwissens 

leicht erfolgen. 

10 Sollen die erfindungsgemiBen Verbindungen und/oder Salze zur Behand

lung der oben genannten Krankheiten eingesetzt warden, so konnen die 

pharmazeutischen Zubereitungen auch einen oder mehrere pharmakolo

gisch aktive Bestandteile anderer Arzneimittelgruppen. wie Antacida, 

beispielsweise Aluminiumhydroxyd, Hagnesiumaluminat; Tranquilizer, wie 

15 Benzodiazpine, beispielsweise Diazepam; Spasmolytika. wie z.B. 

Bletamiverln, Camylofin; Anticholinergica, wie z.B. Oxyphencyclimin. 

Phencarbamid: Lokalanaesthetika. wie z.B. Tetracain. Procain; gege

benenfalls auch Fermente, Vitamine oder Aminosiuren enthalten. 

20 Hervorzuheben ist in diesem Zusammenhang insbesondere die Kombination der 

erfindungsgemiBen Verbindungen mit anderen, die Siuresekretlon hemmenden 

Pharmaka, wie beispielsweise Hz-Blockern (z.S. Cimetidin. Ranitidin), 

ferner mit sogenannten peripheren Anticholinergika (z.B. Pirenzepin, 

Telenzepin, Zolenzepint sowie mit Gastrin-Antagonisten, mit dem Ziel, die 

25 Hauptwirkung in additivem oder uberadditivem Sinn zu verstarken und/oder 

die Nebenwirkungen zu eliminieren oder zu verringern. 
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Pharmakoloqie 

5 Die ausgezelchnete Hagenschutzwirkung und die magensekretionshemmende 

Wirkung der erfindungsgemi8en Verbindungen laBt sich tierexperimentell am 

Modell Shay-Ratte nachweisen. Die untersuchten erfindungsgemaBen Verbin

dungen sind wie folgt mit Hummern versehen worden: 

10 Lfd. Nr. 

15 2 

3 

20 

5 

25 

Name der Verbindung 

2-[(4,5-Dimethoxy-2-pyridyl)methylsulfinyl]-5-trifluormethoxy

fH-benzimidazol 

2-((4,5-Dimethoxy-3-methyl-2-pyridyl)methylsulfinyll-5-tri

fluormethoxy-1H-benzimidazol 

2-[(4,5-Dimethoxy-2-pyridyl)methylsulfinyl]-5-(1,1,2,2-tetra

fluorethoxyi-1H-benzimidazol 

2,2-Difluor-6-[(4,5-dimethoxy-2-pyridyl)methylthiol-5H-[1,3]

dioxolo[4,5-f]benzimidazol 

2,2-Difluor-6-((4,5-dimethoxy-2-pyridyl)methylsulfinyl]-5H

[1,3]-dioxolo[4,5-f]benzimidazol 

30 Der EinfluB der untersuchten Verblndungen auf die durch Pylorusligatur 

C4h; sog. Shay-Ratte) und orale Gabe von 100 mg/kg Acetylsalicylsaure 

ausgeloste Hagenlisionsbildung sowie die Hagensekretion (HCll wihrend 4 h 

bei der Ratte, ist in der folgenden Tabelle dargestellt. 
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Haqenschutzwirkung und Haqensekretionshemmunq 

Lfd. n Hagenschutzwirkung Hemmung der HC1-Sekret1on d. Hagens 
Nr. [Anzah1 (Ratte) Hemmung d. (Ratte; Summe 4 h) 

d.Tierel Ui sionsindexes, 1 Hemmung ED25+) EDSO+) 
EDSO+) der HCl- [mg/kg, p.o.] 

[Mg/kg, p.o. l Sekretion 
++) 

1 40 0,6 15 1 '0 . 3 

2 48 0,8 25 0,7 1 • 7 

3 56 0,6 18 ... 1 3,4 

4 40 3,5 28 3,0 6,5 

5 72 ... 1 25 1, 0 3,0 

+) ED25 bzw. EDSO = Oasis, die den Lasionsindex bzw. die HC1-Sekre

tion (4h) des Rattenmagens bel der behande1ten 

Gruppe gegenuber der Kontro11gruppe um 25 bzw. 

50 1 mindert. 

30 ++) nach Gabe der antiu1cer6sen EDSO 

Die Prufung der antiulcerogenen Wirkung erfolgte nach der Methode der 

sogenannten Shay-Ratte: 

Die U1cusprovokation erfo1gt bel 24 Stunden nuchtern gehaltenen Rat-

35 ten (weiblich, 180-200 g, 4 Tiere je Kifig auf hohem Gitterrost) 

durch Py1orus1igatur (unter Diethylethernarkose) und orale App1ika

tion von 100 mg/10 ml/kg Acetylsalicylsiure. Die zu prufenden Sub

stanzen werden oral [tO m1/kg) eine Stunde vor der Pylorusligatur 

verabreicht. Der Wundverschlu8 wird mittels Hichelklammern vorgenom-

40 men. 4 Stunden danach erfolgt die Totung der Tiere im Etherrausch durch 

Atlas-Dislokation und die Resektion des Hagens. Der Hagen wird lings 

eroffnet und auf einer Korkplatte fixiert, nachdem zuvor die Menge 
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des sezernierten Hagensaftes (Volumen) und spater sein HCl-Gehalt 

(Titration mit Natronlauge} bestimmt wurde; mit einem Stereomikroskop 

werden bel 10-facher Vergr68erung Anzahl und GroBe l=Ourchmesser) 

vorhandener Ulcera ermittelt. Das Produkt aus Schweregrad (gema8 

5 nachfolgender Punkteskala) und Anzahl der Ulcera dient als lndividu

eller Laslonsindex. 

10 

15 

Punkteskala: 

keine Ulcera 0 

Ulcusdurchmesser 0. 1 - 1,4 mm 

1. 5 - 2,4 mm 2 

2,5 - 3,4 mm 3 

3,5 - 4,4 mm 4 

4,5 - 5,4 mm 5 

) 5,5 mm 6 

Als HaB fur den antiulcerogenen Effekt dient die Hinderung des 

mittleren Lisionsindex jeder behandelten Gruppe gegenuber dem der 

Kontrollgruppe (=100l). Die ED25 bzw. ED50 bezeichnen diejenigen Dosen, 

20 die den mittleren Lisionsindex bzw. die HCl-Sekretlon gegenuber der 

Kontrolle um 25l bzw. SOl mindern. 

Toxizitit 

Die LD50 aller gepruften Verbindungen liegt oberhalb von 1000 mg/kg [p.o.] 

25 bel der Haus. 
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P a t e n t a n s p r n c h e 

5 1. Dialkoxypyridine der allgemeinen Formal I 

R3 

10 
R1X)' ~ 

C
H (O)n 

R1-0 .>---~--CHz 
15 

(I), 

20 worin 

25 

30 

35 

R1 einen ganz oder uberwiegend durch Fluor substituierten 1-JC-Alkylrest 

oder einen Chlordifluormethylrest und 

R1' Wasserstoff, Halogen, Trifluormethyl, elnen 1-lC-Alkylrest oder einen 

gegebenenfalls ganz oder Uberwiegend durch Fluor substituierten 

1-JC-Alkoxyrest oder 

R1 und R1' gemeinsam und unter Einschlu8 des Sauerstoffatoms, an das R1 

gebunden ist, einen gegebenenfalls ganz oder teilweise durch Fluor 

substituierten 1-2-Alkylendioxyrest oder einen Chlortrifluorethylen

dioxyrest darstellen, 

R3 einen 1-3C-Alkoxyrest, 

einer der Reste R2 und R4 einen 1-JC-Alkoxyrest und der andere ein Wasser

stoffatom oder einen 1-3C-Alkylrest und 

n die Zahlen 0 oder 1 darstellt, 

sowie die Salze dieser Verbindungen. 

2. Verbindungen der Formel I nach Anspruch 1, 

worin 

R1 einen ganz oder uberwiegend durch Fluor substituierten 1-JC-Alkylrest 

oder einen Chlordifluormethylrest, 

40 R1' Wasserstoff, Halogen, Trifluormethyl, einen 1-3C-Alkylrest oder einen 
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gegebenenfalls ganz oder uberwiegend durch Fluor substituierten 

1-JC-Alkoxyrest, 

RJ einen 1-3C-Alkoxyrest, 

einer der Reste R2 und R4 elnen 1-3C-A~koxyrest und der andere eln Wasser

stoffatom oder einen 1-JC-A~ky~rest und 

n die Zah~en 0 oder 1 darste~~t. 

sowie die Salze dieser Verbindungen. 

3. Verbindungen der Forme! I nach Anspruch 1, 

10 worin 

15 

20 

R1 und R1' gemeinsam und unter Einschlu8 des Sauerstoffatoms, an das R1 

gebunden ist, einen gegebenenfa~ls ganz oder teilweise durch F~uor 

substituierten 1-2C-Alkylendioxyrest oder einen Chlortrifluorethylen

dioxyrest, 

RJ einen 1-JC-Alkoxyrest, 

einer dar Reste R2 und R4 einen 1-3C-A~koxyrest und der andere ein Wasser

stoffatom oder einen 1-JC-A~ky~rest und 

n die Zah~en 0 oder 1 darstel~t. 

sowie die Sa~ze dieser Verbindung. 

4. Verbindungen der Forme~ I nach Anspruch 2, worin R1 1,1,2,2-Tetra

fluorethy~. Trifluormethyl, 2,2,2-Trifluorethyl oder Difluormethyl, R1' 

Wasserstoff, R3 Hethoxy, einer der Reste R2 oder R4 Hethoxy und der andere 

Wasserstoff oder Methyl und n die Zahlen 0 oder 1 darstellt, und die Salze 

25 dieser Verbindungen. 

5. Verbindungen der Forme~ I nach Anspruch 3, worin R1 und R1' gemeinsam 

und unter Einschlu8 des Sauerstoffatoms, an das R1 gebunden ist, elnen 

JQ Difluormethylend!oxyrest oder elnen Hethylendioxyrest darste~len, R3 

Methoxy, einer der Reste R2 oder R4 Hethoxy und der andere Wasserstoff 

oder Hethy~ und n die Zah~en 0 oder 1 darstellt, und die Salze dieser Ver

bindungen. 

35 6. Verbindungen der Forme~ I nach elnem der Anspruche 1 bis 5, worin n 

die Zahl 0 bedeutet, und ihre Saureaddltionssalze. 
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1. Verbindungen der Formel I nach einem der Anspruche 1 bis 5, worin n 

die Zahl 1 bedeutet, und ihre Salze mit Basen. 

a. Verbindung ausgewihlt aus der Gruppe bestehend aus 

5 2-[(4,5-0imethoxy-2-pyridyl)methylsulfinyl]-5-trifluormethoxy-1H-benzimi-

dazol, 

2-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylsulfinyl]-5-trifluormethoxy-

1H-benzimidazol, 

2-[(4,5-Dimethoxy-2-pyridyl)methylsulfinyll-5-(1,1,2.2-tetrafluor-

10 ethoxyi-1H-benzimidazol 

2.2-Difluor-6-[(4,5-dimethoxy-2-pyridyl)methylthiol-SH-[1,3]-dioxolo

[4,5-flbenzimidazol und 

2,2-Difluor-6-[(4,5-dimethoxy-2-pyridyl)methylsulfiyll-5H-[1,3]-dioxolo

[4,5-f]benzimidazol 

15 und ihren Salzen. 

9. Verfahren zur Herstellung von Dialkoxypyridinen der Formel I 

nach Anspruch 1 und ihren Salzen, dadurch gekennzeichnet, daB man 

20 a) Hercaptobenzimidazole der Formel II mit Picolinderivaten III, 

25 

30 

35 

40 

R3 

(II) (III). 

oder 

bl Benzimidazole der Formel IV mit Hercaptopicolinen v. 

R1:0' l )--z·· 
N 

R1-0 

(IV) 

.~ .. ~( 
~N 

!VI. 
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oder 

c) o-Pheny1endiamine der Forme1 VI mit Ameisensaurederivaten VII 

.. :::oc::: 
C VI) 

··~· HOOC-S-cH,~ ~ 
N 

{VII), 

umsetzt und gegebenenfa11s anschlieBend die nach a), b) oder c) erhal

tenen 2-Benzimidazo1y1-2-pyridylmethy1-sulfide der Forme1 VIII 

R1:()' l 0(4 
( )------s-cH, ' ~ 

N N R1-0 
{VIII), 

oxidiert und/oder in die Sa1ze uberfuhrt, 

35 oder daB man 

40 

45 

50 

d) Benzimidazo1e der Forme1 IX mit Pyridinderivaten X 

H 

··~(~)--L•.-• 
R1-0~ 

{IX) 

oder 

z_:i)•• 
N 

{X) • 
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e) Su~finy~derivate der Forme~ XI mit 2-Pico~inderivaten XII 

(XI) 

··A(' H'-tH2~) 
N 

[XII). 

umsetzt und gegebenenfalls anschlie8end in die Salze uberfuhrt. wobei Y, 

z, z• und Z'' geeignete Abgangsgruppen darstellen, H fur ein Alkalimetall

atom (Li, Na oder K) steht, H' fOr das Aquivalent eines Hetallatoms steht 

und R1, R1', R2, R3, R4 und n die in Anspruch 1 angegebenen Bedeutungen 

2D haben. 

25 

30 

10. Arzneimittel enthaltend ein oder mehrere Dialkoxypyridine nach 

einem oder mehreren der AnsprOche 1 bis 8 und/oder ihre pharmakologisch 

vertriglichen Salze. 

11. Dialkoxypyridine nach einem der Anspruche 1 bis 8 und ihre 

pharmakologlsch vertraglichen Salze zur Anwendung bel der Behandlung und/ 

oder Prophylaxe von Krankheiten des Hagens und/oder Darms und solcher 

Krankheiten, die auf einer erhohten Hagensauresekretion beruhen. 

12. Verwendung von Dialkoxypyridinen nach elnem der Anspruche 1 bls 8 und 

ihren pharamkologisch vertrigllchen Salzen zur Herstellung von Arzneimit

teln fur die Behandlung und/oder Prophylaxe von Krankheiten des Hagens 

und/oder Darms und solchen Krankheiten, die auf einer erhohten Hagensiure-

35 sekretion beruhen. 
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p a t e n t a n s o r Q c h e fyr den yertraqsstaat: AT 

1. Verfahren zur Herstellung von Dialkoxypyridinen der allgemeinen 

forme! I 

R

1

X)' l 1
H

1
, ~04 

( }-s-CHz ') 
N N 

R1-0 

(I) • 

worin 

R1 einen ganz oder uberwiegend durch Fluor substituierten 1-3C-Alkylrest 

oder einen Chlordifluormethylrest und 

R1' Wasserstaff, H«logen, Trifluormethyl, einen 1-JC-Alkylrest oder einen 

25 gegebenenfalls ganz oder uberwiegend durch Fluor substituierten 

1-JC-Alkoxyrest oder 

30 

R1 und R1' gemeinsam und unter Einschlu8 des Sauerstoffatoms, an das R1 

gebunden ist, einen gegebenenfalls ganz oder teilweise durch Fluor 

substituierten 1-2-Alkylendioxyrest oder einen Chlortrifluorethylen

dioxyrest darstellen, 

R3 einen 1-JC-Alkoxyrest, 

einer der Reste R2 und R4 elnen 1-JC-Alkoxyrest und der andere ein Wasser

stoffatom oder einen 1-3C-Alkylrest und 

n die Zahlen 0 oder 1 darstellt, 

35 und lhren Salzen, dadurch gekennzeichnet, daB man 

a) Hercaptobenzlmidazole der Formel II mit Picolinderivaten III, 

40 
H 

R1X' /~ I 

.,_0 vC:>-·· 
R3 

45 

(II) 
50 

(III), 
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oder 

b} Benzimidazole der Formel IV mit Hercaptopicolinen V, 

Rl 

(IV) ( v). 

oder 

c) o-Phenylendiamine der Forme! VI mit Ameisens§urederivaten VII 

Rl 

··~c::: R1-0/V HOOC-S-CH2 

(VI) (VII), 

umsetzt und gegebenenfalls anschlieBend die nach a), b) ader c) erhaltenen 

2-Benzimidazolyl-2-pyridylmethyl-sulfide der Forme! VIII 

(VIII], 

50 oxidiert und/ader in die Salze uberfuhrt, 

oder daB man 

d) Benzimidazole der Forme! IX mit Pyridinderivaten X 
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10 
(IX) 

~Ar"' 
z ') 

N 
(X), 

5 
R1:()' , 

(~L .... 
R1-0 

oder 

15 e) Su1finy1derivate der Formal XI mit 2-Pico1inderivaten XII 

H R3 

20 .. :::oc~>-L 
25 

(XII 

umsetzt und gegebenenfa11s anschlieBend in die Salze uberfuhrt, wobei Y, 

z, z• und Z'' geeignete Abgangsgruppen darstellen, H fur ein Alkalimetall-

30 atom (li, Na oder K) steht, H' fur das Xquivalent eines Heta11atoms steht 

und R1, R1', R2, R3, R4 und n die oben angegebenen Bedeutungen haben. 

35 

45 

2. Verfahren nach Anspruch 1, 

worin 

R1 einen ganz oder Dberwiegend durch Fluor substituierten 1-JC-Alkylrest 

oder einen Ch1ordifluormethylrest, 

R1' Wasserstoff, Halogen, Trifluormethyl, einen 1-JC-Alkylrest oder einen 

RJ 

gegebenenfalls ganz oder uberwiegend durch Fluor substituierten 

1-JC-Alkoxyrest, 

einen 1-JC-Alkoxyrest, 

einer der Reste R2 und R4 einen 1-JC-Alkoxyrest und der andere ein Wasser

stoffatom oder einen 1-JC-Alkylrest ~nd 

n die Zahlen 0 oder 1 darstellt. 

3. Verfahren nach Anspruch 1, 

worin 

R1 und R1' gemeinsam und unter EinschluB des Sauerstoffatoms, an das R1 
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gebunden ist. einen gegebenenfalls ganz oder teilweise durch Fluor 

substituierten 1-2C-Alkylendioxyrest oder einen Chlortrifluorethylen

dioxyrest, 

R3 einen 1-3C-Alkoxyrest, 

5 einer der Reste R2 und R4 einen 1-3C-Alkoxyrest und der andere ein Wasser-

stoffatom oder einen 1-3C-Alkylrest und 

n die Zahlen 0 oder 1 darstellt. 

4. Verfahren nach Anspruch t. worin R1 1,1,2,2-Tetrafluorethyl, Tri-

10 fluormethyl, 2,2,2-Trifluorethyl oder Difluormethyl. R1' Wasserstoff, R3 

Hethoxy, einer der Reste R2 oder R4 Hethoxy und der andere Wasserstoff 

oder Methyl und n die Zahlen 0 oder 1 darstellt. 

5. Verfahren nach Anspruch 1, worin R1 und R1' gemeinsam und unter 

15 Einschlu8 des Sauerstoffatoms, an das R1 gebunden 1st, einen Difluor

methylendioxyrest oder einen Hethylendioxyrest darstellen, R3 Hethoxy, 

einer der Reste R2 oder R4 Hethoxy und der andere Wasserstoff oder Methyl 

und n die Zahlen 0 oder 1 darstellt. 

20 

25 

6. Verfahren zur Herstellung von Verblndungen der Formel I nach Anspruch 

1, worin Rt, R1', R2, R3 und R4 die in Anspruch 1 angegebenen Bedeutungen 

haben und n die Zahl 0 bedeutet, dadurch gekennzeichnet, daB man Hercapto

benzimidazole der Formal II mit Picolinderivaten III umsetzt und gegebe

nenfalls anschlieBend in die Sauredditionssalze uberfuhrt. 

7. Verfahren zur Herstellung von Verbindungen der Formel I nach Anspruch 

1, worin R1, R1', R2, RJ und R4 die in Anspruch 1 angegebenen Bedeutungen 

haben und n die Zahl 1 bedeutet, dadurch gekennzeichnet, daB man die 

2-Benzimidazolyl-2-pyridylmethyl-sulflde der Formel VIII oxidiert und ge-

30 gebenenfalls anschlieBend in die Salze mit Basen uberfuhrt. 

6. Verfahren zur Herstellung von Arzneimitteln, dadurch gekennzeichnet, 

daB man eine Verbindung der Formel I nach Anspruch 1 oder ein pharmakolo

gisch vertriglicnes Salz davon mit einem pharmazeutischen Hilfs- und/oder 

35 Trigerstoff vermischt. 
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ORAL SOLID PHARMACEUTICAL FORM WITH SEQUENTIAL ACTION FOR THE 

ADMINISTERING OF DRUGS WITH ULCEROGENIC SIDE EFFECT. 

The present invention relates to a new pharmaceutical 

form with antiinflammator~ and analgesic activity, avoiding 

the ulcerogenic side effect of the antiinflammatory and an-

algesic active principle. 

More particularly, the present invention relates to an 

oral solid pharmaceutical form with antiinflammatory and an 

algesic activity, with sequential action, showing an effect 

of protection of the gastric and duodenal mucosa against the 

action of the active principles having ulcerogenic side ef-

10 :feet. 

15 

It is known that during ~hese last years several non

steroidic drugs with antiinflammatory and analgesic action, 

denominated as FANS (Non Steroidic Antiinflammatory Drugs, 

NSAD) have been prepared and tested. 

It is knmm too that :for all these drugs as a side effect 

a damaging action on the gastric and duodenal mucosa has 

been evidenced, which makes unadvisable the prolonged use 

thereof. 

Jn order to overcome this problem, several modifica-

20 tions and administering forms have been suggested for these 

drugs, e.g., the formation of salts with alkaline metals, 

the formation of complexes with Al, Mg or Cu, the prepara-

. '' 
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tion of inclusion compounds with B-cyclodextrins and the 

like. 

Notwithstanding the attention devoted to this problem, 

and the large number of solutions proposed, the problem of 

5 the ulcerogenic action of antiinflammatory drugs is to be 

considered as being still open, and always of great inter

est in the pharmaceutical field. 

A noticeable step forward has been done with the con

temporary administering, in the 1 : 1 ratio, of FANS and 

10 sucralfate, which allows an antiinflammatory activity si

milar to that exerted by the same FANS alone to be obtained, 

with a considerable reduction in the damaging effects on the 

gastric and duodenal mucosa (Italian Patent Application Nr. 

23205 A.83). 

15 Sucralfate [3,4,5,6-tetra-(polyhydroxyalumino)-«-D-gl~, 

copyranosyl sulphate - 2,3,4,5-tetra-(polyhydroxy~lumino}

e-D-fructofuranoside sulphate] is a product prepared dur

ing these last years, and successfully tested in the manage

ment of gastric and duodenal ulcer {R. Nagashima et al., 

20 Arzneim. Forsch., 1980: 30: 84/8; 1980: 30: 88/91 "Selec

tive Binding of Sucralfate to Ulcer Lesion"). 

We have now found that if, instead of contemporaneou~ 

ly administering the mixture of the two active principles, 

the administering in sequence of sucralfate first, and of 

25 FANS then is ~arried out, a more efficacious protection of 

the mucosa is obtained. The result in practice is such as 

to allow the same protection level with lower amounts of 

sucralfate to be obtained. This administering form causes 

however the drawback that a double administering is to be 

30 carried out, with a suitable time interval. 

Purpose of the present invention is to provide a so~ 

id pharmaceutic~} form which allows the contemporary admin-
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istering oC the two drugs above mentioned, or oC other sim

ilar drugs, and the rerease oC them in a sequential Cashion. 

This purpose is achieved by means oC the pharmaceutical 

Corm sequentially relasing the active principles according 

5 to the present invention, which is characterized in that it 

is constituted by a tablet comprising: 

a) a centre core containing an active principle providing an 

anti-inClammatory and analgesic activity with side ulcero 

genic eCCects; 

10 b) a layer coating lor said core, containing a second active 

principle, providing a protective action of the gastric 

and duodenal mucosa, which is released immediately. 

These and other characteristics and advantages o1 the 

pharmaceutical Corm according to the present invention shall 

15 be evidenced in greater detail by the 1ollowing detailed dis

closure, and by the related Figure 1, which are reported to 

the purpose o1 illustrating and not of limiting the inven

tion itsel1. 

Referring to the numerical indices of 1ig. 1, the 

20 centre core (1) of the pharmaceutical 1orm according to the 

present invention is prepared by making into a paste the 

antiinflammatory and analgesic active principle, suitably 

Cormulated, with an alcoholic solution of ethylcellulose; 

the paste is granulated, dried, blended with lubricating 

25 and disintegrating substances, and then transformed into 

tablets. 

The coating layer (2) is prepared by mixing sucralfate 

in suitable formulations, and is applied to the core {1) by 

means of the double-compression technique, i.e., by compres~ 

30 ing two coating layers respectively positwned on and under 

the core. 

The coating layer can contain as mucose protecting ac~ 
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tive principles, in addition to sucralfate, also mucin, eel 

lulose derivatives, natural or synthetic polymeric materials, 

alone, or as different combinations with each other. 

The coating layer is so formulated, as to release an 

5 extremely subdivided dispersion of sucralfate before that 

the FANS composing the core comes in contact with the gastric 

and duodenal mucosa. 

The action of this farmaceutical form is hence devel-

oped in two sequential steps, whose sequence is evidenced 

10 by observations related to tests carried out on animal. The 

steps of this aetion are: 

15 

A) Disintegration quick and of microgranular type, in the 

acidic medium of the stomach, of the coating layer, with 

formation of a wide dispersion of the protective agent 

composing it. The active principle of the coating has 

hence the time and the possibility of lining the gastric 

and intestinal mucosa, protecting it from the subsequent 

contact with the ulcerogenic drug contained in the core. 

B) Slow disintegration of the core in a medium wherein the 

20 protectiveactive substance has already lined the mucosa. 

In this way, the lesioning action of the drug contained 

in the core is limited by the action o.f the protective drug. 

Several compositions containing sucralfate : FANS in 

weight ratios comprised within the range of from 1: 4 to 

25 8 : 1 have been tested onrats by means of the test of py

lorus ligature according to the technique Linda J. et al., 

J. Pharmac., 1978, 30, 244- 246 "Inhibitors of Gastric Le-

sions in the Rat". 

The testing has been carried out on Charles River Wis 

30 tar rats of 230 - 270 g of weight and in the number of 8 

rats per each group. The rats, fasting from 15 hours, have 

been submitted to etheric anesthesia and then to the lig~ 
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ture of the pylorus. The rats have been treated, immediat~ 

ly after the recovery, by means of gastric probe, with the 

FANS alone, with the FANS in the sucralfate-FANS form with 

sequential action according to the present invention, and 

5 by means of the administering of sucralfate first, and then, 

after a 10 minutes interval, of FANS. 

The single active principles have been administered 

as aqueous suspension in sodium-CMC at 0.5% p.o. 

Six hours later than the intervention, the rats have 

10 been sacrificed and the stomach, after having been with

drawn, has been cut along the line of the greater curva

ture. The stomach, after having been slightly washed with 

bidistilled water has been spread out.and mounted on a sup

port for the ·evaluation of induced ulceration. The altera-

15 tions detected on the gastric mucosa have been quantified 

on the basis of their type and largeness, with a value 

ranging from 0 to 1 (ulcerating index, UI), according to the 

following empirical scale: 

0 = mucose not damaged (control submitted to surgical han-

20 dling and to placebo) 

0.25 = diffused accentuated hyperemia 

0.50 = diffused erosion 

0.75 = diffused hemorrhagic ulceration 

1 = diffused hemorrhagic ulceration with perforation and 

25 damaging of the whole gastric mucosa. 

The activity of the form of sucralfate and FANS with 

sequential action according to the invention has been ex

pressed as percentage inhibition of the lesion relatively 

to that observed in the control group as treated with the 

JO ligature of pylorus and administering of FANS only, and com 

pared to that obtained from the contemP.orary administering 

of sucralfate and FANS. The ID
50 

(Jrihibitin~ Do~is 50) was 

, .. 
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computated by the probit method. 

In Table 1 the values of ID
50 

of sucralf~te for va

rious FANS are reported, in the case of the contemporary ad 

ministering of FANS and sucralfate, and in the case of the 

5 administering in the form with sequential activity accord-

10 

15 

20 

25 

30 

ing to the present invention. 

TABLE 1 

Inhibiting Dosis 50 of sucralfate for the ulcerogenic ac

tivity of some FANS (mg) 

FANS 

Sodium indoprofen 
betainate (200 mg/ 
kg as indoprofen) 

Diclofenac Na (50 
mg/kg) 

Indomethacin (100 
mg/kg) 

Contemporary ad
ministering of' 
sucral!ate and 
of FANS 

206 

157 

204 

Administering of' 
the sucralfate
FANS form with se
quential action 

85.6 

96.6 

97 

It results from Table 1 in a clear way that the ad

ministering of the form of sucralfate-FANS with sequential 

action is capable of' protecting to a significantly greater 

extent the gastric mucosa against the lesioning power of 

FANS. 

To illustrative, but not limitative, purpose of the 

present invention, the following Example is reported, re

lating to a formulation of the pharmaceutic form with se

quential action (the numbers indicate parts by weight): 

a) Formulation of' the core of sodium indoprofen betainate 

Sodium indoprofen betainate 

Ethylcellulose 

Carboxymethyl starch 

290 

5 

12 

t i'"t 
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Magnesium stearate 3 

b) Preparation of the core 

Indoprofen betainate is made into a paste with an alcohol 

ic solution of ethylcellulose, the paste is granulated 

and dried. The dried granulate is mixed with the lubri 

cant agent (magnesium stearate) and then with the disin

tegrating agent (carboxymethyl starch), and is compress

ed to form tablets of slightly cro~ned shape, with punches 

of 9 mm in diameter. 

10 c) Formulation of the coating layer 

15 

Sucralfate 

Crosslinked carboxymethylcellulose 

Microcrystalline cellulose 

Magnesium carbonate 

CL Polyvinylpirrolidone 

Magnesium stearate 

100 

10 

40 

10 

5 

2 

The components of the formulation are mixed in a V-mix 

er. 

d) Application of sucralfate coating on the core of sodium 

20 indoprofen betainate. 

25 

The application of the coating layer on the core is car-

ried out by means of the double-compression technique, 

by compressing two layers of coating positioned on the 

core and under it, a coated tablet of suitable diameter 

being obtained, w~erein the outer coating is constituted 

by sucralfate, and the inner core is constituted by in

doprofen betainate (see figure 1). 

'~· 
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C 1 a i m s 

1. Solid pharmaceutical form, for administration by 

oral way, with sequential release of the contained active 

principles, characterized in that it is constituted by 

(a) a centre core containing an active principle display-

ing antiinflammatory and analgesic activity, with ul

cerogenic side effects; 

• • f 

(b) a coating·layer for said core, containing a second ac

tive principle displaying a protective action for the ga~ 

tric and duodenal mucosa, which is immediately releas-

10 ed. 

2. Pharmaceutical form according to claim 1, character

ized in that the active principle contained in said core is 

constitutend by FANS (Non Steroidic Antiinflammatory drugs, 

NSAD), such as ASA, Indoprofen, Naproxen, Ketoprofen, Indo-

15 methacin, Diflunisal, Diclofenac or derivatives. 

J. Pharmaceutical form according to claim 1, character~ 

ized in that said core shows a slow disintegration, or con

stitutes a system with bioeroded matrix and however of the 

type with properties of controlled release of the contain-

20 ed active principle. 

4. Pharmaceutical form according to claim 1, character

ized in that said core coritaines active principles provided 

with anti-inflammatory and analgesic activity, with ulcero

genic side effects, combined with each other or with other 

25 medicaments. 

5- Pharmaceutical form according to claim 1, character

ized in that said coating layer is constituted by active 

principles capable of performing a protective action on ~he 

gastric and duodena~ mucosa such as, e.g., sucralfate, mucin, 

30 cellulose derivatives, natural or synthetic polymeric mate 

rials capable of forming a protective lining. 
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6. Pharmaceutical form according to claim 1, character

ized in that said coating layer shows a disintegration quick 

and of the microgranular type in the acidic medium of the 

stomach, determining an immediate dispersion of the contain-

5 ed protective agent. 

7. Pharmaceutical form according to claim 1, character

ized in that sucralfate or another mucose-protecting agent 

and FANS are contained in a weight ratio comprised within" 

the range of from 1 : 4 to 8 : 1 • 

. 0 8. Pharmaceutical form for oral usage according to 

claims from 1 to 7 and method for the preparation thereof, 

which is carried out by means of the double-compression tee 

nique, i.e., by compressing around said core containing the 

active principle provided with antiinflammatory and anal-

l5 gesic activity with ulcerogenic side effects,·said coating 

layer containing an active principle provided with protec

tive action for the gastric and duodenal mucosa. 

Milano, 

PIC/fnv 



FIGURE 1 

.. 
~ . . , . ' ' 

0167958 



Europaisches Patentamt 

European Patent Office 

Office europeen des brevets 

@ Publication number: 0 174 
A1 

726 

EUROPEAN PATENT APPLICATION 

@ Application number: 85305458.3 

@ Date of filing: 31.07.85 

(§) Priority: 16.08.84 JP 171069184 

@ Date of publication of application: 
19.03.86 Bulletin 86/12 

@ Designated Contracting States: 
AT BE CH DE FR GB IT Ll LU NL SE 

@) Pyridine derivatives and their production. 

@The compound of the formula 

0- R4 

R2DR3 
R l N I . f"'l--).... S - C H "'N ~N 2 

H { ~ )n 

wherein R1 is hydrogen. methoxy or trifluoromethyl, R2 and 
A3 are independently hydrogen or methyl. R4 is a C2 .s 

fluorinated alkyl and n denotes 0 or 1. or a pharmacologically 
acceptable salt thereof is novel, and useful for prophylaxis 
and therapy of digestive ulcers (e.g. gastric ulcer. duodenal 
ulcer) and gastritis. 

@ Int. Cl.4
: C 07 D 401/12 

A 61 K 31/44 

@ Applicant: Takeda Chemical Industries, Ltd. 
27. Doshomachi 2-chome Higashi-ku 
Osaka-shi Osaka, 541 (JP) 

@ Inventor: Nohara, Akira 
15-12, Oharano-Kamisatotorimicho 
Nishikyo-Ku Kyoto 610-11(JP) 

@ Inventor: Maki, Yoshitaka 
5-17. Oharano-Kamisatotorimicho 
Nishikyo-Ku Kyoto 610-11(JP) 

@ Representative: Lewin, John Harvey et al, 
Elkington and Fife High Holborn House 52!54 High 
Hoi born 
London WC1V SSH(GB) 

Croydon Printing Company Ltd. 

85 



(- ' ' 1 , ' 

0174726 

- 1 -

Pyridine Derivatives and Their Production 

This invention relates to pyridine derivatives 

useful as e.g. anti-ulcer agents and to a method of 

preparing them. 

As the pyridine derivativ~s having anti-ulcer 

5 activity, those disclosed in USP. 4,255,431 (Japanese 

Unexamined Patent Laid-open No. 141783/79) and USP. 

4,472,409 (Japanese Unexamined Patent Laid-open No. 

135881/83) etc. have been known. 

However, while these known compounds have an 

10 acid-secretion-inhibiting action, their gastric mucous 

membrane protecting action is insufficient, thus being 

hardly considered satisfactory as anti-ulcer agents. 

Besides, these compounds are possessed of such drawbacks 

in the physico-chemical properties as being unstable and 

15 readily decomposed. 

It is considered that gastrointestinal ulcer is 

induced by unbalance between aggressive factors, e.g. 

hydrochloric acid, pepsin, and defensive factors, e.g. 

mucus secretion and mucosal blood flow. Therefore, a 

20 medicine having both an action of inhibiting gastric acid 

secretion and an action of enhancing protection of 

gastric mucosa has been desired. 

The present inventors diligently studied with the 

purpose of preparing an anti-ulcer agent having excellent 

25 actions of inhibiting gastric acid secretion, of 
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protecting gastric mucosa and of anti-ulceration.- They 

found that a certain type of pyridine derivatives meet 

the said purpose, and they conducted further study to 

accomplish the present invention. 

5 The present invention relates to 

(1) pyridine derivatives of the formula (I) 

-(I) 

10 

15 wherein R1 is hydrogen, methoxy or trifluoromethyl, 

R2 and R3 are independently hydrogen or methyl, R4 

is a c 2 _ 5 fluorinated alkyl, and n denotes 0 or 1, or 

their pharmacologically acceptable salts and 

(2} a method for preparing a compound (I) or its 

20 pharmacologically acceptable salt, which comprises 

allowing a compound of the formula (II) 

25 

30 

1 .... ~-N 
R VN)l_Xl 

(II) 

H 

wherein R1 is of the same meaning as defined above, to 

react with a compound of the formula (III) 

{III) 

wherein R2 , R3 and R4 are of the same meaning as 

35 defined above, one of x1 and x2 is SH and the other 
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is a leaving group and, when necessary, by subjecting the 

reaction product to oxidation. 

In the above formulae, c2_ 5 fluorinated alkyl 

groups shown by R4 are exemplified by 2,2,2-tri

fluoroethyl, 2,2,3,3,3-pentafluoropropyl, 2,2,3,3-

tetrafluoropropyl 1-(trifluoromethyl)-2,2,2-trifluoro

ethyl, 2,2,3,3,4,4,4-heptafluorobutyl and 2,2,3,3,4,4,5,5-

octafluoropentyl. 

E 1 f h 1 · 1 d x2 · h xamp es o t e eav1ng groups X an 1n t e 

·above formulae are halogen, preferably chlorine, bromine 

or iodine, or a reactive esterified hydroxy group, e.g. 
an arylsulfonyloxy, for example, phenylsulfonyloxy or tosyloxy, or o c 1_4 olkyl

sulfonyloxy1 for example, methonesulfonyloxy, or an organic phosphoryloxy, 

for example, diphenylphosphor yloxy, dibenzylphosphoryloxy or di-C 1_4 olkyl

phosphoryloxy (e.g. dimethylphosphoryloxy) and the like. 
1 R may be located at 4- or 5-position, and 

preferably at 5-position. 

A sulfide derivative (I) {n = 0), among the object 

compounds of this invention, can be prepared by allowing 

a compound (II} to react with a compound (III). It is 

convenient to conduct this reaction in the presence of a 

base. The base is exemplified by alkali metal hydride 

e.g. sodium hydride and potassium hydride; alkali metal 

e.g. metallic sodium; sodium alcoholate e.g. sodium 

methoxide and sodium ethoxide: alkali metal carbonate 

e.g. potassium carbonate and sodium carbonate; and 

organic amines e.g. triethylamine. The solvent used for 

the reaction is exemplified by alcohols e.g. methanol and 

ethanol, as well as dimethylformamide. The amount of a 

base used for the reaction is usually in a little excess 

to the equivalent, but it may be in a large excess. 

Specifically, it is about 1-10 equivalents, more pre

ferably about 1-4 equivalents. The reaction temperature 

ranges usually from about 0°C to about the boiling point 

of the solvent then used, more preferably from about 20°C 
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to about B0°C. The reaction time ranges from about 0.2 

to about 24 hours, more preferably from about 0.5 to 

about 2 hours. 

A sulfinyl derivative (I) (n = 1), which is also 

5 among the object compounds of this invention, can be 

prepared by subjecting a compound (I) (n = 0) to oxida

tion. The oxidizing agent to be employed here is exempli

fied by peracid e.g. m-chloroperbenzoic acid, peracetic 

acid, trifluoroperacetic acid and permaleic acid, or 

10 sodium brornite or sodium hypochlorite or hydrogen peroxide. 

The solvent used for the reaction is exemplified by 

halogenated hydrocarbon e.g. chloroform and dichloro

methane, ethers e.g. tetrahydrofuran and dioxane, amides 

e.g. dimethylforrnamide, alcohols, e.g. methanol, ethanol, 

15 propanol, and t-butanol or water, and these solvents may 

used singly or in admixture. The oxidizing agent is used 

preferably in approximately equivalent or a little excess 

amount relative to the compound (I) (n = 0) . Specifical

ly, it is about 1 to about 3 equivalents, more preferably 

20 about 1-1.5 equivalent. The reaction temperature ranges 

from that under ice-cooling to about the boiling point of 

the solvent then employed, usually from that under 

ice-cooling to room temperature, more preferably from 

about ooc to about l0°C. The reaction time usually 

25 ranges from about 0.1 to about 24 hours, more preferably 

from about 0.1 to about 4 hours. 

The object compound (I) produced by the above 

reaction can be isolated and purified by conventional 

means e.g. recrystallization and chromatography. 

30 The corr.pound (I) of this invention may be led to 

pharmacologically acceptable salts thereof by per ~ 

conventional means, the salts being exemplified by 

hydrochloride, hydrobromide, hydroiodide, phosphate, 

nitrate, sulfate, acetate and citrate. 

35 Among the compounds (I), those of n = 0 give stable 
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salts, while those of~ = 1 may exist as an aqueous 

solution though unstable. 

The process of preparing the starting material 

(III) is described as follows. 

5 Process 1) 

10 

15 

2 0-R4 

R)OR3 vl ___ _, 
HOCH2 

(VIII). 

(VII} 

{III) 

A nitro compound of the formula (IV) [wherein R2 

3 
and R are of the same meaning as defined above] is 

20 allowed to react with an alcohol derivative R4
0H (V) 

[wherein R4 is of the same meaning as defined above] in 

the presence of a base to give an alkoxy derivative of 

the formula (VI) [wherein R2 , R3 and R4 are of the 

same meaning as defined above]. The base is exemplified 

25 by alkali metal e.g. lithium, sodium and potassium~ 

alkali metal hydride e.g. sodium hydride and potassium 

hydride; alcoholate e.g. potassium t-butoxide and sodium 

propoxide; alkali metal carbonate or hydrogen carbonate 

e.g. potassium carbonate, lithium carbonate, sodium 

30 carbonate, potassium hydrogen carbonate and sodium 

hydrogen carbonate; or alkali hydroxide e.g. sodium 

hydroxide and potassium h¥droxide. The solvent used for 

the reaction is exemplified by, besides R
4
0H itself, 

ethers such as tetrahydrofuran and dioxane as well as 

35 ketones such as acetone and methyl ethyl ketone, aceta-
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nitrile, dimethylformamide and hexamethylphosphoric acid 

triarnide. The reaction temperature is suitably selected 

within the range from those under ice-cooling to those 

near the boiling point of the solvent used. The reaction 

5 time ranges usually from about 1 to about 48 hours. 

The thus-obtained compound (VI) is subjected to 

heating (about 80 to about 120°C} in the presence of 

acetic anhydride singly or together with a mineral acid 

e.g. sulfuric acid and perchloric acid to give a 2-

10 acetoxyrnethylpyridine derivative of the formula (VII) 

[wherein R2 , R3 and R4 are of the same meaning as 

defined above). The reaction time ranges usually from 

about 0.1 to about 10 hours. 

Then, the compound {VII) is subjected to alkali-

15 hydrolysis to give a 2-hydroxyrnethyl pyridine derivative 

of the formula (VIII) [wherein R2 , R
3 and R4 are of 

the same meaning as defined above]. The alkali is 

exemplified by sodium hydroxide, potassium hydroxide, 

potassium carbonate and sodium carbonate. The solvent 

20 used for the reaction is exemplified by methanol, ethanol 

and water. The reaction temperature ranges usually from 

about 20°C to about 60°C. The reaction time is within 

the range of from about 0.1 to about 2 hours. 

The compound (VIII) is further subjected to reac-

25 tion with a chlorinating agent such as thionyl chloride, 

or an esterifying agent, e.g. an organic sulfonic acid 

chloride such as rnethanesulfonyl chloride or p-toluene

sulfonyl chloride, or an organic phosphoric acid chloride· 

such as diphenylphosphoryl chloride to give the compound 

30 (III). The amount of the chlorinating agent used for the 

reaction is usually in equivalent to a large excess 

relative to the compound (VIII). The solvent used for 

the reaction is exemplified by chloroform, dichloro

methane and tetrachloroethane. The reaction temperature 

35 is usually within the range of from about•20°C to about 
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80°C, and the reaction time is auout 0.1 to about 2 

hours. 

The amount of the organic sulfonic acid chloride or 

.organic phosphoric acid chloride used for the reaction is 

5 usually in equivalent to a little ~xcess, and the reaction 

is usually conducted in the presence of a base. The base 

is exemplified by organic base e.g. triethylamine and 

tributylamine, or inorganic base e.g. sodium carbonate, 

potassium carbonate and sodium hydrogen carbonate. The 

10 amount of a base used for the reaction is usually in 

equivalent to a little excess. The solvent used for the 

reaction is exemplified by chloroform, dichloromethane, 

carbon tetrachloride or acetonitrile. The reaction 

temperature ranges usually from that under ice-cooling to 

15 about the boiling point of the solvent then used. The 

raction time ranges usually from a few minutes to a few 

hours. It is usually preferable to use the thus-produced 

compound (III) immediately for the reaction with a 

compound {II). 

20 Process 2) 

2 N02 0-R4 0-R4 

ROR3 R40H R20R3 R2.._aR3 
----;:.. (VIII) 

+N 
-} + I -

25 0 0 MeOS03 OCH3 
(IX) (X) (XI) 

By a reaction similar to the above-described 

30 process (1), a compound of the formula (IX) [wherein R2 

and R3 are of the same meaning as defined above] is led 

to a compound of the formula (X) [wherein R2 , R3 and 

R4 are of the same meaning as defined above]. 

Then, the compound (X} is subjected to methylation 

35 with dimethyl sulfate to give a compound of the formula 
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(XI) [wherein R
2 , R

3 and F
4 are of the same meaning 

as defined above). The reaction can be conducted usually 

without solvent. The reaction temperature ranges from 

about 100°C to about 120°C, and the reaction time is 

5 within the range of from about 0.1 to about 4 hours. 

Further, the compound (XI) is allowed to react with 

a radical source such as ammonium persulfate or any other 

persulfate in methanol to give the above-mentioned 

compound (VIII). The reaction temperature is within the 

10 range of from about 20°C to about 80°C, and the reaction 

time ran9es from about 0.5 to about 4 hours. 

Pharmacological ac~1cr.s of the compounds of the 

present invention are described as follows. 

As the models of ga~trointestinal ulcers, restraint 

15 and water-immersion stress-induced ulcer, indomethacin

induced ulcer and ethanol-induced gastric mucosal lesions 

have been used. However, as a model mimicking human 

gastric ulcer, indomethacin-induced gastric antral ulcer 

was reported in "Gastroenterology" (Satoh et al. 81, 

20 p. 719, 1981}, which is considered to be of value as an 

experimental model. Therefore, the following are data of 

anti-ulcer actions of the object compounds (I) and of 

some representable known compounds, on the ulcer model in 

the above-mentioned literature reference. 

25 Experimental Method: 

Male Sprague-Dawley rats of ?-weeks old were fasted 

for 24 hours. These animals were administered test 

compounds into stomach by using a gastric tube. After 30 

minutes, indomethacin, 30 mg/kg subcutaneously, was 

30 administered. Durjng 30-9C minutes after the administra

tion of indomethacin, these animals had free access to 

chow pellets (Japan Clea, CE-2}. At 5 hours after the 

administration of indon1ethacin, 1 ml of 1% Evans blue was 

injected to the animals via the tail vein, followed by 

35 sacrificing these animals with carbon dioxide gas. The 
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stomach was removed together with the low~r part of 

esophagus and the duodenum. The esophagus was clipped, 

10 ml of 1¥ formalin solution was instilled into the 

stomach from the duodenum, and then the duodenum was 

5 clipped. The whole stomach was immersed in 1% formalin 

solution. About 15 minutes later, the stomachs were 

opened along the greater curvature. Area of the lesions 

occurred in the gastric antral mucosa was measured under 

a dissecting microscope with a square-grid eye piece 

10 (xlO). The sum total of the individual lesions in each 

animal has measured, and the average value per group was 

calculated. Based on the difference between the average 

value of each group and that of the control grour., the 

inhibition rate was determined. The test compound on 

15 indomethacin was suspended in a 5% gum arabic solution, 

and administered in a volume of 2 ml/kg. 

Experimental Results: 

20 

25 
Anti-ulcer actiona) 

Rl R2 R3 R4 n IDso (mg/kg, p. 0.) 

H H H CH 2cF3 1 2.4 

H CH 3 H CH 2cF3 1 <1. 0 
30 

H H H CH 2cr2cF3 1 1.3 

H CH 3 H CH 2cr 2cr 3 1 <1.0 

H H H CH 2cr2cF 2B 1 1.3 

35 H CH 3 H CH 2cF2cF2H 1 <1.0 
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R1 R2 R3 R4 
Anti-ulcer actiona) 

n ID5o (mg/kg, p.o.) 

H CB3 H CH 2CF2CF3 0 3.7 

5-0CH3 CH 3 CH3 CH3 
~1 

21.0 

5-CF CH3 H CH3 
~2 

5.5 . 3 

~1 The compound disclosed in Example 23 of USP. 

4,255,431 (Japanese Unexamined Patent Laid-open No. 

141783/1979) 

~2 The compound disclosed in Example 3 of USP. 

4,472,409 (Japanese Unexamined Patent Laid-open No. 

135881/1983) 

a) Using 6 rats per group, each of the test compounds 

·was administered in a dose of 1, 3, 10 and 30 mg/kg 

to determine In50 • 

As sho~~ by the above data, the compounds of this 

20 invention have superior anti-ulcer action as compared 

with known compounds by about 1.5-20 times or more. 

Besides, the compound (I} of this invention shows excel

lent actions of inhibiting gastric acid secretion, 

protecting gastric mucous membrane and preventing ulcera-

25 tion. 

Stating about the toxicity of the compound {I) of 

this invention, oral administration of the compound 

employed for the experiment of anti-ulceration (compound 
1 2 3 4 of R = H, R = CH 3 , R = H, R = CH2CF2CF3, n = 1) to mice 

30 even in a dose of 2000 mg/kg caused no fatal effect, thus 

the compound {I) being low in toxicity. 

As described in the foregoing, the compound (I} of 

this jnvention has an anti-ulcer action, a gastric acid 

secretion controlling action and a mucous membrane 

35 protecting action, furthermore is of low toxicity and is 
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relatively stable as a chemical substance. The compound 

(I) of this invention can thus be used for prophylaxis 

and therapy of digestive ulcers (e.g. gastric ulcer, 

duodenal ulcer) and gastritis in mammalian animals (e.g. 

5 mouse, rat, rabbit, dog, cat and man). 

When the compound (I) of this invention is used as 

an anti-ulcer agent for the therapy of digestive ulcers 

in mammalian animals, it can be administered orally in a 

dosage form of capsules, tablets, granules, etc. by 

10 formulating with a pharmacologically acceptable carrier, 

excipient, diluent, etc. The daily dose is about 0.01-30 

rng/kg, more preferably about 0.1-3 mg/kg. 

Incidentally, the compound of this invention (1) (n 

= 0) is useful as a starting material for preparing the 

1 5 compound (I) ( n = 1) . 

The processes of producing the starting compounds 

to be employed in the method of this invention as well as 

those of producing the compound (I) of this invention are. 

specifically explained by the followi~g Reference Examples 

20 and Working Examples. 

Reference Example 1 

In 2,2,3,3-tetrafluoropropanol (10 ml) was dissolved 

2,3-dimethyl-4-nitropyridine-1-oxide (2 g). To the 

solution was added potassium t-butoxide (1.6 g) little by 

25 little at room temperature. The mixture was then heated 

at B0-90°C for 22 hours. The reaction solution was 

diluted with water, which was subjected to extraction 

with chloroform. The extract was dried on magnesium 

sulfate, and then concentrated. The concentrate was 

30 chromatographed on a column of silica gel (70 g). 

Elution was conducted with methanol-chloroform (1:10), 

and then subjected to recrystallization from ethyl 

acetate-hexane to yield 2.6 g of 2,3-dirnethyl-4-(2,2,3,3-

tetrafluoropropoxy)pyridine-1-oxide as colorless needles, 

35 m.p. 13B-139°C. 
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After the manner similar to the above, compounds 

(VI) were prepared from compounds (IV) . 

Compound (VI) 

R2 R3 R4 Melting point (OC) 

H H CH 2CF3 148-150 

CH3 CH3 CH 2cF3 138-139 

Reference Example 2 

A mixture of 2,3-dimethyl-4-nitropyridine-1-oxide 

(2.0 g), methyl ethyl ketone (30 m1), 2,2,3,3,3-

pentaf1uoropropanol (3.05 ml), anhydrous potassium 

carbonate (3.29 g) and hexamethyl phosphoric acid tri

amide (2.07 g) was heated at 70-80°C for 4.5 days under 

stirring, then insolubles were filtered off. The 

filtrate was concentrated, to which was added water. The 

mixture was subjected to extraction with ethyl acetate. 

The extract solution was dried on magnesium sulfate, 

followed by removing the solvent by evaporation. The 

residue was chromatographed on a column of silica gel (50 

g), eluted with chloroform-methanol (10:1), andre

crystallized from ethyl acetate-hexane to yield 2.4 g of 

2,3-dimethyl-4-(2,2,3,3,3-pentafluoropropoxy)pyridine-

1-oxide as colorless needles, m.p. 148-149°C. 

After the manner similar to the above, compounds 

(VI) were prepared from starting compounds (IV). 

Compound (VI) 

R2 .3 
R R4 Melting point (oC} 

CH3 H CH 2CF3 131.0-131.5 

H CH 3 CH2cF3 153-154 

H H CH 2CF2CF
3 79-81 
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Compound (VI) 

R2 R3 R4 Meltinq point (OC) 

H CH 3 CH 2cF2cF3 140-142 

H H CH2cF2~F2H Oily 

H CH 3 CH 2cF2cF2H 143.5-144.5 

CH 3 H CH 2CF2CF2H 138-139 

Reference Example 3 

Concentrated sulfuric acid (two drops) was added to 

a solution of 2,3-dimethyl-4-(2,2,3,3-tetrafluoro

propoxy)pyridine-1-oxide (2.6 g) in acetic anhydride (8 

20 rnl). The mixture was stirred at ll0°C for 4 hours, which 

was then concentrated. The residue was dissolved in 

methanol (20 ml), to which was added sodium hydroxide 

(1.2 g} dissolved in water {5 ml). The mixture was 

stirred at room temperature for 30 minutes, which was 

25 concentrated. To the residue was added water, and the 

mixture was subjected to extraction with ethyl acetate. 

The extract was dried on magnesium sulfate, followed by 

removal of the solvent by evaporation. The residue was 

chromatographed on a column of silica gel (50 g), eluted 

30 with chloroform-methanol (10:1), and recrystallized from 

isopropyl ether to yield 1.6 g of 2-hydroxymethyl-3-

methyl-4-(2,2,3,3-tetrafluoropropoxy)pyridine as yellow 

crystals, m.p. 67-68°C. 

After the manner similar to the above, compounds 

35 (VIII) were prepared from compounds (VI) • 
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Compound (VIII) 

R2 R3 R4 Melting point {oC} 

H H CH 2CF3 Oily 

CH3 H CH 2cF3 93.5-94.0 

H H CH 2cF2cF3 Oily 

CH3 H CH 2cF2CF3 Oily 

H CH 3 CH 2cF2cF3 87-89 

H H CH 2CF2cF2H 88-89 

H CH3 CH 2cF2cF2H 98-99 

CH3 H CH2cF2cF2H 67-68 

Reference Example 4 

To a solution of 3,5-dimethyl-4-nitropyridine-1-

oxide (2.0 g) in 2,2,3,3,3-pentafluoropropanol (10 g) was· 

added at 0°C little by little potassium t-butoxide (2 g) 

over 15 minutes. The mixture was stirred at 60°C for 18 

hours. To the reaction mixture was added chloroform, 

which was subjected to filtration with celite. The 

filtrate was chromatographed on a column of silica gel 

(80 g), eluted with ethyl acetate-hexane {1:1), then with 

20% methanol-ethyl acetate, and recrystallized from 

ether-hexane to yield 2.6 g of 3,5-dimethyl-4-(2,2,3,3,3-

pentafluoropropoxy)pyridine-1-oxide as crystals, m.p. 

89-91°C. 

After the manner similar to the above, compounds 

35 {X) were prepared from compounds (IX). 
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Compound (X) 

R2 R3 4 R. Melting point ( oc) 

5 CH 3 H CH2cF3 82-94 

CH 3 CH 3 CH2CF3 138-139 

10 Reference Example 5 

A mixture of 3,5-dimethyl-4-(2,2,3,3,3-pentafluoro

propoxy)pyridine-1-oxide (2.5 g) and dimethyl sulfate 

(1 ml) was heated at 120°C for 30 minutes, to which was 

then added methanol (12.5 ml). To the mixture was 

15 added dropwise at 80°C ammonium persulfate {4.3 g) 

dissolved in water (20 ml)-methanol (10 ml) over 30 

minutes, which was stirred for further 30 minutes. The 

resultant solution was concentrated. To the residue was 

added ice, which was neutralized with sodium carbonate, 

20 followed by extraction with chloroform. The extract 

was dried on sodium sulfate, followed by removing the 

solvent by evaporation to give 2.2 g of 3,5-dimethyl-2-

hydroxymethyl-4-(2,2,3,3,3-pentafluoropropoxy)pyridine as 

an oily substance. 

25 After the manner similar to the above, compounds 

(VIII} were prepared from compounds {X) • 

30 Compound (VIII) 

R2 R3 R4 Melting point ( oc) 

H CH3 CH2CF3 116-119 

CH 3 CH3 CH2cF3 62-63 
35 
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Example 1 

To a solution qf 2-hydroxymethyl-3-methyl-4-

(2,2,3,3,3-pentafluoropropoxy)pyridine (350 mg) in 

chloroform (10 rnl) was added thionyl chloride (0.2 rnl). 

5 The mixture was refluxed for 30 minutes, which was then 

concentrated. The residue was dissolved in methanol (5 

ml). The solution was added to a mixture of 2-mercapto

benzirnidazole (200 mg), 28% sodium metho;::;; ~ solution (1 

ml) and methanol (6 ml), which was reflux_: ror 30 

10 minutes. From the resultant was removed methanol by 

evaporation. To the residue was added ~ater, which was 

subjected to ~xtraction with ethyl acetate. The extract 

was washed with a dilute sodium hydroxide solution, 

followed by drying on magnesium sulfate. From the 

15 resultant was removed the solvent by evaporation. The 

residue was then chrornatographed on a column of silica 

gel (20 g), eluted with ethyl acetate-hexane (2:1), and 

then recrystallized from ethyl acetate-hexane to yield 

370 mg of 2-[3-methyl-4-(2,2,3,3,3-pentafluoropropoxy)-

20 pyrid-2-yl]methylthiobenzimidazole·~ hydrate as 

colorless plates, m.p. 145-146°C. 

25 

30 

35 

After the manner similar to the above, compounds 

(I} (n = 0) were prepared by allowing compounds (II) with 

compounds (III). 

Compound (I) {n=O) 

Rl R2 R3 R4 Melting point (°C) 

H H H CH
2
cF 3 138-139 

H CH3 H CH 2CF 3 149-150 

H H CH 3 
CH 2cF 3 168-170 

H CH 3 CH 3 
CH

2
cF

3 151.5-152.0 

H H H CH
2

cF 2cF
3 125-126 
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Compound (I) (n=O) 

Rl R2 R3 R4 Melting point ( oc) 

H H CH 3 
CH 2cF2CF 3 151-152 

H H H CH 2cF2CF2H Oily *3 

H CH3 H CH 2CF 2CF2H 134-135 

H H CH 3 CH 2CF2CF2H 148-149 

H CH
3 

CH 3 CH 2CF 2CF 3 158-160 

5-CF3 CH 3 H CH 2CF3 92-93 

5-0CH 3 CH 3 
H CH 2CF3 159-160 

5-0CH 3 H H CH 2CF3 152-153 

*3 NHR spectrum (COC£.3)0:4o35(S) ,4.39(t,t,J=l.5 and 12Hz), 
5.98 (1H,t,t,J=52o5 and 4Hz), 6.81 {1H,d,d,J=2 and 6Hz) 
6.95 (1H,d,J=2Hz), 7.1-7o3 (2H,m}, 7.4-7o7 (2H,m), 
8.50 (1H,d,J=6 Hz) 

1 *4: 4H 2o (crystal water) 

Example 2 

25 To a solution of 2-[3-methyl-4-(2,2,3,3,3-penta-

fluoropropoxy}pyrid-2-yl)methy1thiobenzirnidazole (2.2 g) 

in chloroform (20 ml) was added dropwise under ice-cool

ing over a period of 30 minutes m-chloroperbenzoic acid 

(1.3 g) dissolved in chloroform (15 ml). The solution 

30 was washed with a saturated aqueous solution of sodium 

hydrogen carbonate, then dried on magnesium sulfate, and 

concentrated. The residue was chromatographed on a 

column of silica gel (50 g), eluted with ethyl acetate, 

and then recrystallized from acetone-isopropyl ether to 

35 give 1.78 g of 2-[3-rnethyl-4-(2,2,3,3,3-pentafluoro

propoxy)pyrid-2-yl]methylsulfinylbenzimidazole as pale 

yellow prisms, m.p. 161-163°C (decamp.). 

After the manner similar to the above, compounds 

(I) (n = 1) were prepared from compounds (I) (n = 0}. 
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Compound (I) (n=l} 

Rl R2 R3 R4 Melting point ("C) 

5 H H H CH 2cF 3 176-177 

H CH 3 H CH 2CF3 178-182(d) 

H H CH
3 

CH 2cF3 175-177 •. ei 

H CH3 CH3 CH 2CF3 177-178 ::<' 

10 H H H CH 2cF 2CF3 148-!SO(d} 

H H CH 3 CH 2cF2cF3 145-148(d) 

H H H CH 2CF2CF2H 132-133 

H CH 3 H CH 2cF2cF2H 14 7-148 (d) 
15 

H H CH3 CH 2cF2cF2H 136-139(d) 

H CH 3 CH 3 CB 2cF2cF3 157-159 

5-CF3 CH3 H CB 2CF3 161-162{d) 

20 5-0CH 3 
CH

3 
H CH 2CF 3 140.5-142 (d)" 

5-0CH3 H H CH2CF3 162-163(d) 

(Note) (d): decomposition 

25 

30 

35 
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What we claim is: 

1. A compound of the formula 

wherein R1 is hydrogen, methoxy or trifluoromethyl, 

R2 and R3 are independently hydrogen or methyl, R4 

is a c 2_ 5 fluorinated alkyl and n denotes 0 or 1, and a 

pharmacologically acceptable salt thereof. 

15 2. A compound according to claim 1, wherein R1 

is hydrogen. 

3. A compound according to claim 1 or 2, wherein R
2 

is methyl. 

4. A compound according to any of claims 1 to 3, wherein R
3 

20 is hydrogen. 

5. A compound according to any of claims to 4, wherein R
4 

is a c2_ 3 fluorinated alkyl. 

6. A compound according to claim 1, wherein the 

compound is 2-[3-methyl-4-{2,2,2-trifluoroethoxy)-pyrid-

25 2-yl]methylsulfinylbenzimidazole. 

7. A compound according to claim 1, wherein the 

compound is 2-[3-methyl-4-(2,2,3,3,3-pentafluoropropoxy)

pyrid-2-yl]methylsulfinylbenzimidazole. 

8. A compound according to claim 1, wherein the 

30 compound is 2-[3-methyl-4-{2,2,3,3-tetrafluoropropoxy)

pyrid-2-ylJmethylsulfinylbenzimidazole. 

35 

9. A method for producing a pyridine derivative of 

the formula 
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wherein R1 is hydrogen, methoxy or trifluoromethyl, 

R2 and R3 are independently hydrogen or methyl, R4 

is a c 2_ 5 fluorinated alkyl and n denotes 0 or 1, or a 

pharmacologically acceptable salt thereof, which 

5 comprises allowing a compound of the formula 

10 

15 

li~N 
R~N..J-_Xl 

H 

wherein R1 is of the same meaning as defined above, to 

react with a compound of the formula 

O-R4 

R2X:)R3 
x 2cH 2 N 

wherein R2 , R3 and R4 are of the same meaning as 

defined above, and one of x1 and x2 is SH and the 

20 other is a leaving group, and when necessary, by 

subjecting the reaction product to oxidation. 

25 

10. A method according to claim 9, wherein x1 is 

SH and x2 is halogen. 
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Claims for contracting state: AT (Austria) 

1. A method for producing a pyridine derivative of 

the formulu 

wherein P1 is hydrcgen, wethoxy or trifluoromethyl, 

R2 and r 3 2re independently hydrogen or methyl, R4 

is a c 2_ 5 fluorinated alkyl and n denotes 0 or 1, or a 

15 pharmacclogically acceptable salt thereof, which 

comprises allowing a compound of the formula 

20 

25 

30 

~herein R1 is of the same meaning as defined above, to 

react with a compound of the formula 

0-R.4 

R2,~,y3 

x 2cH2~~,J .. 

wherein n2 , R3 and n4 arc of the s2mc meaning as 

defined above, and one of x1 and x2 is SH and the 

other is a leaving group, and when necessary, by 

subjecting the reaction product to oxidation. 

2. A method according to claim 1, wherein x1 is 

SH and x2 is halogen. 
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Pharmaceutical formulations of acid labile substances for oral use 

Field of the Invention 

The present invention is related to new pharmaceutical preparations 
containing acid labile substances for oral use~ to a method for the 

5 manufacture of such preparations and to a method of affecting gastric 
acid secretion and providing gastrointestinal cytoprotective effect when 
using them. 

10 

Background of the Invention 

Acid labile substances present a problem to the formulator when 
formulating a pharmaceutical dosage form for oral use. In order to 
prevent the substances from contact with the acid reacting gastric juice 
after oral intake, the conventional way to solve this problem is to coat 

15 the dosage form with an enteric coating. The coating is a group of 
substances/polymers with the common feature of being practically 
insoluble in acid media, while they are soluble in neutral to alkaline 
media. For substances that are labile in acid media, but have better 
stability in neutral to alkaline media, it is often advantageous to add 

20 alkaline reacting inactive constituents in order to increase the 
stability of the active compound during manufacture and storage. 

25 

30 

A group of compounds exerting these stability properties are substituted 
benzimidazoles with the general formula I 

0 

II N--<' 
A-CH-S-< I NH 

R5 

wherein A is an optionally substituted heterocyclic group and R1, R2, 
R3, and R4 are the same or different as defined below and 
R5 is H or a 1 ower a 1 kyl, or the compound 2- ~ 2-dimethyl ami no-

35 benzyl )sulfiny~ -benzimidazole. 
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-The compounds with the general formula I are virtually biologically 
inactive as such, but degrade/transform to active inhibitors of certain 
enzyme systems in acid media. 

5 As examples of compounds with the mentioned properties the compounds 
described in the patents US-A-4045 563, EP-Bl-0 005 129 and BE-898 880 
and the patent applications EP-85850258,6, EP-Al-0 080 602, EP-0127 736, 
EP-0 134 400, EP-0 130 729, EP-0 150 586, DE-3415971 GB-2 082 580 and 
SE-A-8504048-3 may be mentioned. The last application describes 

10 2- (2-disubstituted-aminobenzyl)sulfinyl benzimidazoles, e.g. 2- {2-di
-methylaminobenzyl)sulfinyl benzimidazole, also called, NC-1300 and 
presented by Prof. S. Okabe at the Symposium on Drug Activity held on 
Oct 17th 1985 in Nagoya, Japan, and which interacts with the H+K+-ATPase 
after acid degradation within the parietal cells. (See for instance B. 

15 Wallmark, A. Brandstrom and H. Larsson "Evidence for acid-induced 
transformation of omeprazole into an active inhibitor of H+K+-ATPase 
within the parietal cell 11

, Biochemica et Biophysica Acta 778, 549-558, 
1984). Other compounds with similar properties are further mentioned in 
the patent US-4 182 766 and the patent applications GB-2 141 429, EP-0 

20 146 370 and GB-2 082 580. A common feature of these compounds are that 
they are transformed into the biologically active compounds via rapid 
degradation/transformation in acid media. 

The stability profile of some compounds with the general formula I above 
25 is exemplified in the Table 1 below, where the half-life of the 

degradation/transformation reaction in solution at pH 2 and 7 are given. 

30 
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Table 1. Rate of degradation/transformation of compounds 

with the general structure 

0 2 

11 N~ A-CH2-S -1: I 
N ~ R3 
H 

0244380 

Compound 
No 

Half-life (minutes) for the 

transformation to the active moiety 

10 A at pH = 2 at pH = 7 

1. 11 150 

15 

5.4 1700 

20 

3. 1.9 122 

25 

4. 2.0 8.8 

30 

3.7 1620 

35 

Cont. 
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Compound 

No 

A 

o-@ 
6. ~ 5-0CH3;H 

N 

7. @=:'- 5-C2H5;H 
I 
CH3 

4 
0244380 

Half-life {minutes) for the 

transformation to the active moiety 

at pH = 2 at pH = 7 

4.0 3900 

33 not determined 
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Substituted sulfoxides, such as for instance the substituted 
benzimidazoles described in EP-Bl-0005129 are potent inhibitors of 
gastric acid secretion. The substituted benzimidazoles are susceptible 
to degradation/transformation in acid reacting and neutral media. 

It is an inherent property of these compounds to be activated to the 
active moiety in the acid environment within the parietal cells. The 
activated compound interacts with the enzyme in the parietal cells, 
which mediates the production of hydrochloric acid in the gastric 

10 mucosa. All compounds of the class of substituted benzimidazoles, 
containing a sulfoxide grouping, which interferes with the H+K+
-ATPase in the parietal cells hitherto known are all also degraded in 

acid media. 

15 A pharmaceut i ca 1 dosage form of acid 1 abi 1 e substances, which prevents 
the substan~es from contact with acidic gastric juice, must be enteric 
coated. Ordinary enteric coatings, however, are made of acidic 
compounds. If covered with such a conventional enteric coating, the acid 

labile substance rapidily decomposes by direct or indirect contact with 
20 it, with the result that the preparations become badly discoloured and 

lose in content of the active compound with the passage of time. 

In order to enhance the storage stability, the cores which contain the 
acid labile substance must also contain alkaline reacting constituents. 

25 When such an alkaline core is enteric coated with an amount of a 
conventional enteric coating polymer such as, for example, cellulose 
acetate phthalate, that permits the dissolution of the coating and the 
active drug contained in the cores in the proximal part of the small 
intestine, it also will allow some diffusion of water or gastric juice 

30 through the ente~ic coating into the cores, during the time the dosage 
form resides in the stomach before it is emptied into the small 
intestine. The diffused water or gastric juice will dissolve parts of 
the core in the close proximity of the enteric coating layer and there 
form an alkaline solution inside the coated dosage form. The alkaline 

35 solution will interfere with the enteric coating and eventually dissolve 
it. 
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In DE-Al-3 046 559 a way to coat a dosage form is described. First the 
dosage form is coated with a water insoluble layer containing 
microcrystalline cellulose and then with a second enteric coating with 
the aim to achieve a dosage form which releases the active drug in the 

5 colon. This method of preparation will not give the desired release of 
the compounds with the general formula I above in the small intestine. 

US-A-2 540 979 describes an enteric coated oral dosage form~ where the 
enteric coating is combined with a second and/or first coating of a 

10 water insoluble 11 Waxn layer. This method of preparation is not 
applicable on cores containing a compound with the general formula I 
since direct contact between substances such as cellulose acetate 
phthalate (CAP} and a compound of formula I causes degradation and 
discolouration of the compounds of the formula I. 

15 
DE-82-23 36 218 describes a method to produce a dialysis membrane 
consisting of a mixture of one or more conventional enteric coating 
polymers and one or more insoluble cellulose derivatives. Such a 
membrane will not give a proper protection of the acid labile compounds 

20 of the formula I in gastric juice. 

DE-Al-1 204 363 describes a three-layer coating procedure. The first 
layer is soluble in gastric but is )nsoluble in intestinal juice. The 
second is water soluble regardless of pH and the third layer is an 

25 enteric coating. This preparation as well as the preparation described 
in DE-Al-1 617 615 result in a dosage form which is not dissolved in 
gastric juice and which only dissolves slowly in intestinal juice. Such 
preparations cannot be used for the compounds of the formula I, where a 
rapid release of the drug in the small intestine is needed. DE-Al 12 04 

30 363 describes coating with three layers to achieve release of a drug in 
the ileum, an aim which is outside the scope of the present invention. 
GB-A-1 485 676 describes a way to obtain a preparation which effervesces_ 
in the small intestine. This is obtained by the enteric coating of a 
core containing the active drug and an effervescing system such as a 

35 
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combination of carbonate and/or bicarbonate salt and a pharmaceutically 
acceptable acid. This formulation cannot be adopted for a pharmaceutical 
dosage form containing a compound of formula I as the presence of an 
acid in contact with a compound of formula I in the cores would give as 

5 a result that the compound of formula I was degraded. 

WO 85/03436 describes a pharmaceutical preparation, wherein cores 

containing active drugs mixed with for instance buffering components 
such as sodium dihydrogenphosphate with the aim of maintaining a 

10 constant pH and a constant rate of diffusion, are coated with a first 
coating which controls the diffusion. This formulation cannot be adopted 
for acid labile compounds where a rapid release in the small intestive 
is wanted. Direct application of an enteric coating onto the cores would 
also adversely influence the storage stability of such dosage forms 

15 containing acid labile compounds. 

Outline of the invention 

According to the present invention it has been found that the known acid 
20 labile compounds with the general formula I above in which R1

! R2, R3 

and R4 are the same or different and are 

25 



{a) 
{b) 
(c) 
(d) 
(e) 

(f) 

(g) 

(h) 

( i) 

(j) 

{k) 

OJ 
(m) 

(n) 

(o} 

8 0244380 

hydrogen 
halogen, e.g. F~ Cl, Br, I 
-CN 
-CHO 
-CF3 

0 
II 11 -C-R 

-o-c-R12 

-CH(OR13 ) 
2 

-{Z)n-B-D 
aryl containing up to 10 carbon atoms 
aryloxy containing up to 10 carbon atoms5 
optionally substituted by alkyl containing 
1-6 carbon atoms 
-alkylthio containing 1-6 carbon atoms 
-N02 
-alkylsulfinyl containing 1-6 carbon atoms 
or wherein adjacent groups R1 R2 R3 and R4 

, ' 
together with the adjacent carbon atoms in the 

benzimidazole ring form a 5-5 6- or 7-membered 
monocyclic ring or a 9-, 10- or 11-membered 
bicyclic ring, which rings may be saturated 
or unsaturated and may contain 0-3 hetero 
atoms selected from -N- and -0-, and which 
rings may be optionally substituted with l-4 
substituents selected from alkyl groups with 1-3 
carbon atoms, alkylene radicals containing 4-5 
carbon atoms giving spiro compounds, or two or 
four of these substituents together form one or 
two oxo groups 

0 

(-~-), whereby if R1 and R2, R2 and R3 or R3 and 
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H4 together"with.the adjacent carbon atoms in 
the benzimidazole ring form two rings they may 
be condensed with each other, in which formulas 
Rll and R12 ~ which are the same or different, 

5 are 

10 

15 

20 

25 Z is 

n is 

B is 
30 

(a) aryl containing up to 10 carbon atoms 
(b) alkoxy containing 1-4 carbon atoms 
(c) alkoxya1koxy containing 1-3 carbon atoms in each 

alkoxy part 
(d) arylalkoxy containing 1-2 carbon atoms in the 

alkoxy part and up to 10 carbon atoms in the 
aryl part 

(e) aryloxy containing up to 10 carbon atoms 
(f) dialkylamino containing 1-3 carbon atoms in the 

alkyl parts, or . 
(g) pyrrolidino or piperidine, optionally 

substituted with alkyl containing l-3 carbon 
atoms; 

(a) alkyl containing l-4 carbon atoms, or 
(b) alkylene containing 2-3 carbon atoms; 

0 
II 

-0- or -c- ; 

0 or 1; 

(a} alkylene containing l-6 carbon atoms -
(b) cycloalkylene containing 3-6 carbon atoms 
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D is 

10 

wherein 

m is 
20 

r is 

Y is 

25 

0244380 
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(c) alkenylene containing 2-6 carbon atoms 
-(d} cycloalkylene containing 3-6 carbon atoms, 

or 
(e} alkynylene containing 2-6 carbon atoms; 

(a) H 

{b) -CN 

0 
(c) _g_Rg 

0 
(d) -(Y) -(~) -R lO . 

m r· 

(a) alkoxy containing·1-5·carbon atoms·~, or 

(b) dialkylamino containing 1-3 carbon atoms in 
the alkyl parts; -. 

0 or 1; 

0 or 1; 

(a) -0-

(b) -NH

(c) -NR 10-; 

{a) H 

(b) alkyl containing 1-3 carbon atoms 
(c) arylalkyl containing-1-2 carbon atoms in the 

alkyl part and up to 10 carbon atoms in the 
aryl part 
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10 

15 

20 

25 

30 

35 
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(d) aryl containing up to 10 carbon atoms; 

A is especially a pyridyl group 

in which R6 and R8 are the same 
or different, are 

(a) H or 

8 

(b) alkyl containing 1-6 carbon atoms; 

(a) H 

(b) alkyl containing 1-8 carbon atoms 
(c) alkoxy containing 1-8 carbon atoms 
(d} alkenyloxy containing 2-5 carbon atoms 
(e) alkynyloxy containing 2-5 carbon atoms 
(f} alkoxyalkoxy containing 1-2 carbon atoms in 

each a 1 koxy group-~ 

(g) aryl containing up to 10 carbon atoms 
{h) arylalkyl containing l-6 carbon atoms in the 

alkyl part and up to 10 carbon atoms in the aryl 
part 

{i) aryloxy containing up to 10 carbon atoms, 
optionally substituted by alkyl containing 1-6 

carbon atoms 
(j) arylalkoxy containing l-6 carbon atoms in the 

alkoxy part and up to 10 carbon atoms in the 
aryl part 

(k) dialkylarninoalkoxy containing 1-2 carbon atoms 
in the alkyl substituents on the amino nitrogen 
and 1-4 carbon atoms in the alkoxy group 

(1) oxacycloalky1 containing one oxygen atom and 3-7 
carbon atoms 

(m) oxacycloalkoxy containing two oxygen atoms and-
4-7 carbon atoms 

(n) oxacycloa1kylalkyl containing one oxygen atom 
and 4-7 carbon atoms 
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(o) oxacycloalkylalkoxy containing two oxygen atoms 
and 4-6 carbon atoms~ or 

(p} R6 and R7, or R7 and R8 together with the 
adjacent carbon atoms in the pyridine ring form 

5 a ring wherein the part constituted by R6 and 
R7, or R7 and R8, is 

-CH=CH-CH=CH-

-0-(CHzlp-
-S-(CH2 )v-

10 -CH2{CH2)p-

15 

-O-CH=CH-
-NH-CH=CH-

-~-CH=CH-

CH3 

wherein p is 2~ 3 or 4~ v is 2 or 3 and the 0 and N atoms always are 
attached to position 4 in the pyridine ring; provided that not more than 
one of R6 ~ R7 and R8 is hydrogen can be formulated into an enteric 
coated dosage form. 

The object of the present invention is thus an enteric coated dosage 
form of acid labile compounds with the general formula I defined above 
except the compound omeprazole, 5-methoxy-2- (4-methoxy-3,5 dimethyl
-2-pyridinyl methyl sulfinyl -lH-benzimidazole. Another compound, which 

25 may be enteric coated according to the invention is 2- (2-dimethyl
aminobenzyl}sulfinyl -benzimidazole. The new preparations are resistant 
to dissolution in acid media, dissolve rapidly in neutral to alkaline 
media and have a good stability during long-term storage. The new dosage 
form is characterized in the following way. Cores containing the acid 

30 labile compound mixed with alkaline compounds or an alkaline salt of the 
acid labile compound optionally mixed with an alkaline compound are 
coated with two or more layers~ whereby the first layer/layers is/are 
soluble in water or rapidly disintegrating in water and consist{s} of 
non-acidic, otherwise inert pharmaceutically acceptable substances. 

35 This/these first layer/layers separates/separate the alkaline core 
material from the outer layer, which is an enteric coating. The final, 
enteric coated dosage form is treated in a suitable way to reduce 
the water content to a very low level in order to obtain a good 
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stability of the dosage form during long-term storage. 

As examples of compounds especially suitable for the pharmaceutical 
dosage form according to the invention the compounds listed in Table 

5 can be mentioned. 

The half-life of degradation of the compounds 1-6 in Table 1 in water 
solution at pH-values less than four is in most cases shorter than ten 
minutes. Also at neutral pH-values the degradation reaction proceeds 

10 rapidly, e.g. at pH=7 the half-life of degradation is between 10 minutes 
and 65 hours while at higher pH-values the stability in solution for 
most compounds is much better. The stability profile is similar in solid 
phase. The degradation is catalyzed by acid reacting substances. The 
acid labile compounds are stabilized in mixtures with alkaline reacting 

15 substances. 

From what is said about the stability properties of the acid labile 
compounds listed above it is obvious that an_oral dosage form of the 
said compounds must be protected from contact with the acid reacting 

20 gastric juice in order to reach the small intestine without degradation. 

25 

Detailed description of the invention 

Cores 

The acid labile active compound is mixed with inert, preferably water 
soluble, conventional pharmaceutical constituents to obtain the 
preferred concentration of the active compound in the final mixture and 
with an alkaline reacting, otherwise inert, pharmaceutically acceptable 

30 substance (or substances), which creates a "micro-pH" around each 
particle of active compound of not less than pH=7, preferably not less 
than pH=8, when water is adsorbed to the particles of the mixture or 

when water is added in small amounts to the mixture. Such substances can 
be chosen among, but are not restricted to substances such as the 

35 sodium, potassium, calcium, magnesium and aluminium salts of phosphoric 
acid, carbonic acid, citric acid or other suitable weak inorganic or 
organic acids; substances normally used in antacid preparations such as 
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aluminium~ calcium and magnesium hydroxides; magnesium oxide or 
composite substances such as Al 2o3.6Mg0 co2.12H2o, (Mg6Al 2{oH> 16co3 
4H20), MgO.Al 2o3.2Si02.nH20, wherein n not is an integer and less than 2 
or similar compounds; organic pH-buffering substances such as 
trishydroxymethylaminomethane or other similar, pharmaceutically 

5 acceptable pH-buffering substances. The stabilizing, high pH-value in 
the powder mixture can also be achieved by using an alkaline reacting, 
salt of the active compound such as the sodium, potassium, magnesium, 
calcium etc. salts of acid labile compounds,either alone or in 
combination with a conventional buffering substance as previously 

10 described. 

15 

The powder mixture is then formulated into small beads i.e. pellets or 
tablets, by conventional pharmaceutical procedures. The pellets, tablets 
or gelatin capsules are used as cores for further processing. 

Separating layer 

The alkaline reacting cores containing an acid labile compound must be 
separated from the enteric coating polymer(s) containing free carboxyl 

20 groups, which otherwise causes degradation/discolouration of the acid 
labile compound during the coating process or during storage. The 
subcoating layer, {the separating layer), also serves as a pH-buffering 
zone in which hydrogen ions diffusing from the outside in towards the 
alkaline core can react with hydroxyl ions diffusing from the alkaline 

25 core towards the surface of the coated articles. The pH-buffering 
properties of the separating layer can be further strengthened by 
introducing in the layer substances chosen from a group of compounds 
usually used in antacid formulations such as, for instance, magnesium 
oxide, hydroxide or carbonate, aluminium or calcium hydroxide, carbonate 

30 or s i 1 i cate; composite a l umi ni urn/magnesi urn compounds such as, for 
instance Al 2o3.6Mg0 co2.12H20, {Mg6Al 2(0H} 16co3,4H20), 
MgO.A1 2o3.2Si02.nH2o, wherein n not is an integer and less than 2 or 
similar compounds; or other pharmaceutically acceptable pH-buffering 
substances such as, for instance the sodium, potassium, calcium, 

35 magnesium and aluminium salts of phosphoric, citric or other suitable, 
weak, inorganic or organic acids. 
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The separating layer consists of one or more water soluble inert layers, 
optionally containing pH-buffering substances. 

The separating layer(s} can be applied to the cores - pellets or tablets 

5 - by conventional coating procedures in a suitable coating pan or in a 
fluidized bed apparatus using water and/or conventional organic solvents 
for the coating solution. The material for the separating layer is 
chosen among the pharmaceutically acceptable~ water soluble, inert 
compounds or polymers used for film-coating applications such as, for 

10 instance sugar, polyethylene glycol, polyvinylpyrollidone, polyvinyl 
alcohol, hydroxypropyl cellulose, hydroxymethyl cellulose, hydroxypropyl 
methylcellulose or the like. The thickness of the separating layer is 
not less than 2 ~. for small spherical pellets preferably not less than 
4 ~m, for tablets preferably not less than 10 ~m. 

15 

In the case of tablets another method to apply the coating can be 
performed by the drycoating technique. First a tablet containing the 
acid labile compound is compressed as described above. Around this 
tablet another layer is compressed using a suitable tableting machine. 

20 The outer, separating layer, consists of pharmaceutically acceptable, in 

water soluble or in water rapidly disintegrating tablet excipients. The 
separating layer has a thickness of not less than 1 mm. Ordinary 
plasticizers, pigments, titanium-dioxide talc and other additives may 
also be included into the separating layer. 

25 

In the case of gelatin capsules the gelatin capsule itself serves as 
separating layer. 

Enteric coating layer 

The enteric coating layer is applied on to the sub-coated cores by 
conventional coating techniques such as, for instance, pan coating or 
fluidized bed coating using solutions of polymers in water and/or 
suitable organic solvents or by using latex suspensions of said 

35 polymers. As enteric coating polymers c~n be used, for example, 
cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, 
polyvinyl acetate phthalate, co-polymerized methacrylic acid/methacrylic 
acid methyl esters such as, for instance, compounds known under the 
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trade name EudragitR L 12~5 or EudragitR L lOO,(Rohm Pharma} or similar 

compounds used to obtain enteric coatings. 

The enteric coating can also be applied using water-based polymer 
5 dispersions, e.g. Aquateric (FMC Corporation), EudragitR L 100-55 {Rohm 

Pharma), Coating CE 5142 {BASF}. The enteric coating layer can 
optionally contain a pharmaceutically acceptable plasticizer such as, 
for instance, cetanol, triacetin, citric acid esters such as, for 
instance, those known under the trade name CitroflexR (Pfizer} phthalic 

10 acid esters, dibutyl succinate or similar plasticizers. 

The amount of plasticizer is usually optimized for each enteric coating 
polymer(s} and is usually in the range of 1-20 % of the enteric coating 
polymer{s). Dispersants such as talc, colourants and pigments may also 

15 be included into the enteric coating layer. 

Thus the special preparation according to the invention consists of 
cores containing the acid labile compound mixed with an alkaline 
reacting compound or cores containing an alkaline salt of the acid 

20 labile compound optionally mixed with an alkaline reacting compound. The 
cores suspended in water forms a solution or a suspension which has a 
pH, which is higher than that of a solution in which the polymer used 

for enteric coating is just soluble. The cores are coated with a water 
soluble or in water rapidly disintegrating coating, optionally 

25 containing a pH-buffering substance, which separates the alkaline cores 
from the enteric coating. Without this separating layer the resistance 
towards gastric juice would be too short and the storage stability of 
the dosage form would be unacceptably short. The sub-coated dosage form 
is finally coated with an enteric coating rendering the dosage form 

30 insoluble in acid media, but rapidly disintegrating/dissolving in 
neutral to alkaline media such as, for instance the liquids present in 
the proximal part of the small intestine, the site where dissolution is 
wanted. 

35 Final dosage form 

The final dosage form is either an enteric coated tablet or capsule or 
in the case of enteric coated pellets, pellets dispensed in hard gelatin 
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capsules or sachets or pellets formulated into tablets. It is essential 

for the long term stability during storage that the water content of the 
final dosage form containing acid labile compound (enteric coated 
tablets, capsules or pellets) is kept low, preferably not exceeding 1.5 

5 % by weight. 

Process 

A process for the manufacture of the oral dosage form represents a 
10 further aspect of the invention. After the forming of the cores the 

cores are first coated with the separating layer and then with the 
enteric coating layer. The coating is carried out as described above. 

The preparation according to the invention is especially advantageous in 
15 reducing gastric acid secretion and/or providing a gastrointestinal 

cytoprotective. effect. It is usually administered one to several times a 
day. The typical daily dose of the active substance varies and will 
depend on various factors such as for example the individual requirement 

of the patients, the mode of administration and the disease. In general 
20 the dosage will be in the range of 1 to 400 mg per day of active 

substance. A method for the treatment of such conditions using the vovel 
oral dosage form represents a further aspect of the invention. 

The invention is described in detail in the following examples: 
25 

EXAMPLES 

Examples 1 - 3 exemplify the invention. 

3J Example 1 

Uncoated pellets 

35 
I 

{

Lactose powder 
Lactose anhydrous 
Hydroxypropyl cellulose 

253 g 

167 g 

25 g 
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II 

18 

Compound 1, Table I 
Sodium lauryl sulphate 
Disodium hydrogen phosphate 

Sodium dihydrogen phosphate 

Distilled water 

0244380 

50 g 

5 g 

l.5g 

0.1 g 

125 g 

The dry ingredients {I} were premixed in a mixer. Addition of a 
granulation liquid (II) containing the suspended active compound was 

made and the mass was wet-mixed to a proper consistency. The wet mass 

10 was pressed through an extruder and spheronized to pellets. The pellets 
were dried and classified into suitable particle size ranges. 

15 

Subcoated pellets 

III 

Uncoated pellets 

{

Hydroxypropyl methyl

cellulose 
Distilled water 

500 g 

20 g 

400 g 

20 The polymer solution (III} was sprayed onto the uncoated pellets in a 

fluidized bed apparatus. The spray guns were placed above the fluidized 
bed. 

25 

Enteric coated pellets 

Subcoated pellets 500 g 
r-Hydroxypropyl methylcellulose 

~ phthalate 57 g 

IV Cetyl alcohol 3 g 

~cetone 540 g 
Ethanol 231 g 

The polymer solution (IV} was sprayed on the subcoated pellets in a 

fluidized bed apparatus with spray guns placed above the bed. After 

35 drying to a water content of 0.5 % the enteric coated pellets were 
classified and filled into hard gelatin capsules in an amount of 284 mg, 
corresponding to 25 mg of active compound 1. 30 capsules were packed in 

tight containers together with a desiccant. 
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Example 2 

Formulation with the sodium salt of compound 2 according to Table I. 

5 Uncoated pellets 

(Compound 2, Tab 1 e I sodium salt 339 9 
) Mannitol powder 2 422 g 

Lactose anhydrous 120 9 
I 

10 I ~ydro.ypropyl cellulose 90 9 

15 

icrocrystalline cellulose 60 9 

II J Sodium lauryl sulphate 7 g 

~Distilled water 650 g 

The preparation was made as described in Expmple 1 with the exception 
that the sodium salt of compound 2 was added together with the other 
ingredients in mixture I. 

20 Subcoated pe 11 ets 

Uncoated pellets 500 g 

r-Hydroxypropyl methylcellulose 20 g 
III lliluminium hydroxide/magnesium 

25 carbonate 4 g 

Distilled water 400 9 

Pellets subcoated with III 500 g 
IV ~Hydroxypropyl methylcellulose 20 g 

) Distilled water 400 g 
\. 

The two subcoat layers, III and IV, were applied to the uncoated pellets 
in a fluidized bed apparatus in consecutive order as previously 
described. 

35 
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Enteric coated pellets 

Subcoated pellets 500 g 
Hydroxypropyl me thy 1 ce 11 u 1 ose 

phthalate 57 g 
. v Cetyl alcohol 3 g 

Acetone 540 g 
Ethanol 231 g 

10 The preparation of enteric coated pellets was performed as described in 
Example 1. 

Example 3 

15 Formulation with compound 6, according to Table 1. This example gives 
the composition of·one unit dose according to the invention. 

Tablet core 

20 Compound 6, Table 1 

Lactose 
Hydroxypropyl cellulose 
(low substitution} 
Hydroxypropyl cellulose 

25 Talc 
Mg(OH) 2 
Total 

15 mg 
119 mg 

5 mg 
1 mg 
5 mg 

15 mg 
160 mg 

Tablet cores having the composition above and each weighing 160 mg were 
30 first made by known techniques. 

Separating layer (inner) 

Hydroxypropyl cellulose 
35 Synthetic hydrotalcite 

[Al 2o3.6MgO.C02.12H2o] 

2 mg 
0.3 mg 
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Separating layer (outer) 

Hydroxypropyl cellulose 2 mg 

5 The two separating layers were applied to the cores by known coating 

techniques. 

Enteric coating layer 

10 Hydroxypropyl methylcellulose 
phthalate 7 mg 
Cetyl alcohol 0.5 mg 

The enteric coating solution was sprayed on the cores coated by the two 
15 separating layers by_known enteric coating techniques. 

20 
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CLAIMS 

1. An oral~ pharmaceutical preparation containing an acid labile 
compound as the active ingredient characterized in that it is composed 

5 of core material containing the active ingredient together with an 
alkaline reacting compound~ or an alkaline salt of the active ingredient 

-optionally together with an alkaline reacting compound~ and on said core 
material one or more inert reacting subcoating layers comprising tablet 
excipients which are soluble or rapidly disintegrating in water~ or 

10 polymeric, water soluble, filmforming compounds~ optionally containing 
pH-buffering, alkaline compounds between the alkaline reacting core and 
an outer layer~ which is an enteric coating. 

2. A preparation according to claim 1, wherein the acid labile compound 
15 has the general formula I. 

20 

0 

A-CH-~ ~ 
I ~NH 
Rs 

I 

wherein A is an optionally substituted heterocyclic group, R1, R2, R3 

25 and R4 are the same or different and preferably hydrogen, 
0 
II 5 

lower alkyl, lower alkoxy, -CF3 ~ -0-C-lower alkyl or halogen and R isH 
or a lower alkyl group wherein "lower" denotes 1-6 carbon atoms except 
the compound omeprazo 1 e, 5-methoxy-2 [[< 4-methoxy-3, 5 

30 dimethyl-2-pyridinyl) methyl~ sulfiny~ -lH-benzimidazole; or the acid 
labile compound is 2- [<2-dimethylamin~benzyl }sulfinyl] -benzimidazole. 

3. A preparation according to claim l wherein the subcoating layer 
comprises one or more of magnesium oxide, magnesium hydroxide or 

35 composite substance [Al 2o3.6MgO.C02. 12H2o or MgO.A1 2o3.2Si02.nH2o], 
wherein n not is an integer and less than two. 
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4. A preparation according to claim 2 or 3 wherein the subcoating 
comprises two or more sub-layers. 

5. A preparation according to claim 4 wherein the subcoating comprises 
5 hydroxypropyl methylcellulose, hydroxypropyl cellulose or polyvinyl

-pyrrolidone. 

6. A preparation according to claim 1 wherein the alkaline core 
comprises the acid labile compound and pH-buffering alkaline compound 

10 rendering to the micro-environment of the acid labile compound a pH of 
7-12. 

7. A preparation according to claim 6 wherein the alkaline compound 
comprises one or more of magnesium oxide, hydroxide or carbonate, 

15 aluminium hydroxide, aluminium, calcium, sodium or potassium carbonate, 
phosphate or citrate, the composite aluminium/magnesium compounds 
Al 2o3.6Mg0.C02.12H2o or MgO.Al2o3.2Si02.nH2o, wherein n not is an 
integer and less than two. 

20 8. A preparation according to claim 1 wherein the alkaline core 

comprises an alkaline salt of the acid labile compound such as the 
sodium, potassium, magnesium, calcium or ammonium salt. 

9. A preparation according to claim 7 wherein the alkaline core 
25 comprises an alkaline salt of the acid labile compound mixed with an 

inert, alkaline compound. 

10. A preparation according to claim 1 wherein the enteric coating 
comprises hydroxypropyl methylcellulose phthalate, cellulose acetate 

30 phthalate, co-polymerized methacrylic acid/methacrylic acid methyl ester 
or polyvinyl acetate phthalate, optionally containing a plasticizer. 

11. A preparation according to claim 1 wherein the water content of the 
final dosage form containing the acid labile compound does not 

35 exceed 1.5% by weight. 
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12. Process for the preparation of an oral pharmaceutical formulation 
containing an acid labile compound in which cores containing the acid 
labile compound mixed with an alkaline reacting compound or compounds or 
an alkaline salt of the acid labile compound optionally mixed with an 

5 alkaline reacting compound or compounds are coated with one or more 
inert reacting subcoating layers whereafter the subcoated cores are 
further coated with an enteric coating layer. 

13. Use of the preparation according to claim 1 for the manufacture of a 
10 medicament for treatment of gastrointestinal diseases. 
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CLAIMS FOR THE CONTRACTING STATES AT, ES, GR. 

1. A process for the preparation of an oral, pharmaceutical formulation 
containing an acid labile compound as the active ingredient 

5 characterized in that the cores containing the acid labile compound 
mixed with an alkaline reacting compound, or an alkaline salt of the 
active ingredient optionally together with an alkaline reacting 
compound, are coated with one or more inert reacting subcoating layers 
comprising tablet excipients which are soluble or rapidly disintegrating 

10 in water, or polymeric, water soluble, filmforming compounds, optionally 
containing pH-buffering, alkaline compounds between the alkaline 
reacting core and an outer layer, which is an enteric coating layer, 
whereafter the subcoated cores are further coated with said outer 
enteric coating layer. 

15 

20 

25 

2. A process according to claim 1, wherein the acid labile compound has 
the general formula I. 

0 

A-CH -~----<: 
_ j NH 
Rs. 

I 

wherein A is an optionally substituted heterocyclic group, R1, R2, R3 

and R4 are the same or different and preferably hydrogen, 

0 
II 5 lower alkyl, lower alkoxy, -CF3, -0-C-lower alkyl or halogen and R isH 

30 or a lower alkyl group wherein 11 lower 11 denotes 1-6 carbon atoms except 
the compound omeprazo 1 e, 5-methoxy-2 [[< 4-methoxy-3, 5 
dimethyl-2-pyridinyl) methyl] sulfiny~ -.!!!-benzimidazole; or the acid 
labile compound is 2-[<2-dimethylaminobenzyl}sulfiny~ -benzimidazole. 

35 3. A process according to claim 1 wherein the subcoating layer comprises 
one or more of magnesium oxide, magnesium hydroxide or composite 
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substance 01 2o3.6MgO.co2.12H2o or MgO.A1 2o3 .zsio2 .nH2~, wherein n not 
is an integer and less than two. 

4. A process according to claim 2 or 3 wherein the subcoating comprises 
5 two or more sub-layers. 

10 

5. A process according to claim 4 wherein the subcoating comprises 
hydroxypropyl methylcellulose~ hydroxypropyl cellulose or polyvinyl
-pyrrolidone. 

6. A process according to claim 1 wherein the alkaline core comprises 
the acid labile compound and pH-buffering alkaline compound rendering to 
the micro-environment of the acid labile compound a pH of 7-12. 

15 7. A process according to claim 6 wherein the alkaline compound 
comprises one or more of magnesium oxide, hydroxide or carbonate, 
aluminium hydroxide, aluminium, calcium, sodium or potassium carbonate, 
phosphate or citrate, the composite aluminium/magnesium compounds 
Al 2o3.6MgO.C02.12H20-or MgO.Al 2o3.2Si02.nH2o, wherein n not is an 

20 integer and 1 ess than two. 

25 

8. A process according to claim 1 wherein the alkaline core comprises an 
alkaline salt of the acid labile compound such as the sodium, potassium, 
magnesium, calcium or ammonium salt. 

9. A process according to claim 7 wherein the alkaline core comprises an 
alkaline salt of the acid labile compound mixed with an inert, alkaline 
compound. 

30 10. A process according to claim 1 wherein the enteric coating comprises 
hydroxypropyl methylcellulose phthalate, cellulose acetate phthalate, 
co-polymerized methacrylic acid/methacrylic acid methyl ester or 
polyvinyl acetate phthalate, optionally containing a plasticizer. 

35 11. A process according to claim 1 wherein the water content of the 
final dosage form containing the acid labile compound does not exceed 
1.5% by weight. 
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12. Use of the formulation prepared according to claim 1 for the 
manufacture of a medicament for treatment of gastrointestinal diseases. 
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Description 

The present invention is related to new pharmaceutical preparations containing acid labile substances 
for oral use and, to a method for the manufacture of such preparations. 

5 Acid labile substances present a problem to the formulator when formulating a pharmaceutical dosage 
form for oral use. In order to prevent the substances from contact with the acid reacting gastric juice after 
oral intake, the conventional way to solve this problem is to coat the dosage form with an enteric coating. 
The coating is a group of substances/polymers with the common feature of being practically insoluble in 
acid media, while they are soluble in neutral to alkaline media. For substances that are labile in acid media, 

10 but have better stability in neutral to alkaline media, it is often advantageous to add alkaline reacting 
inactive constituents in order to increase the stability of the active compound during manufacture and 
storage. 

15 

20 

25 

A group of compounds exerting these stability properties are substituted benzimidazoles with the 
general formula I 

wherein A is an optionally substituted heterocyclic group and R1, R2 , R3 , and R4-, are the same or different 
as defined below and R5 is H or a lower alkyl, or the compound 2-[(2-dimethylaminobenzyl)sulfinyl]-

30 benzimidazole. 
The compounds with the general formula I are virtually biologically inactive as such, but 

degrade/transform to active inhibitors of certain enzyme systems in acid media. 
As examples of compounds with the mentioned properties the compounds described in the patents US

A-4045 563, EP-81-0 005 129 and BE-898 880 and the patent applications, EP-A-173664, EP-A1-0 080 602, 
35 EP-0127 763, EP-0 134 400, EP-0 130 729, EP-0 150 586, DE-3415971 GB-2 082 580 and SE-A-8504048-3 

may be mentioned. The last application describes 2- (2-disubstituted-aminobenzyl)sulfinyl benzimidazoles, 
e.g. 2- (2-di-methylaminobenzyl)sulfinyl benzimidazole, also called, NC-1300 and presented by Prof. S. 
Okabe at the Symposium on Drug Activity held on Oct 17th 1985 in Nagoya, Japan, and which interacts 
with the H + K + -ATPase after acid degradation within the parietal cells. (See for instance B. Wall mark, A. 

40 Brandstrom and H. Larsson "Evidence for acid-induced transformation of omeprazole into an active inhibitor 
of H+K+-ATPase within the parietal cell", Biochemica et Biophysica Acta 778, 549-558, 1984). Other 
compounds with similar properties are further mentioned in the patent US=4182 766 and the patent 
applications GB-2 141 429, EP-0 146 370 and GB-2 082 580. A common feature of these compounds is 
that they are transformed into the biologically active compounds via rapid degradation/transformation in acid 

45 media. 

50 

55 

The stability profile of some compounds with the general formula I above is exemplified in the Table 1 
below, where the half-life of the degradation/transformation reaction in solution at pH 2 and 7 are given. 
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1aJ1~ 1. Rate of degradation/transformation of compounds 

with the general structure 

Compound 

No 

A 

l. 

CH3 CH 

2. '(§::( 3 

N 

3. $: 
OCH 3 

4. 
c$XCH3 

N 

5-CH3;H 

5-CF3;H 

5-CF 3;H 

o-@ 
5. C2H5 ~ 5-0CH3;H 

N 

Half-life (minutes) for the 
transformation to the active moiety 

at pH = 2 at pH = 7 

11 150 

5.4 1700 

1.9 122 

2.0 8.8 

3.7 1620 

Cont. 
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Half-life (minutes) for the 

transformation to the active moiety 
at pH = 2 at pH = 7 

4.0 3900 

33 not determined 

Substituted sulfoxides, such as for instance the substituted benzimidazoles described in EP-61-
0005129 are potent inhibitors of gastric acid secretion. The substituted benzimidazoles are susceptible to 
degradation/transformation in acid reacting and neutral media. 

It is an inherent property of these compounds to be activated to the active moiety in the acid 
30 environment within the parietal cells. The activated compound interacts with the enzyme in the parietal 

cells, which mediates the production of hydrochloric acid in the gastric mucosa. All compounds of the class 
of substituted benzimidazoles, containing a sulfoxide grouping, which interferes with the H + K + -ATPase in 
the parietal cells hitherto known are all also degraded in acid media. 

A pharmaceutical dosage form of acid labile substances, which prevents the substances from contact 
35 with acidic gastric juice, must be enteric coated. Ordinary enteric coatings, however, are made of acidic 

compounds. If covered with such a conventional enteric coating, the acid labile substance rapidily 
decomposes by direct or indirect contact with it, with the result that the preparations become badly 
discoloured and lose in content of the active compound with the passage of time. 

In order to enhance the storage stability, the cores which contain the acid labile substance must also 
40 contain alkaline reacting constituents. When such an alkaline core is enteric coated with an amount of a 

conventional enteric coating polymer such as, for example, cellulose acetate phthalate, that permits the 
dissolution of the coating and the active drug contained in the cores in the proximal part of the small 
intestine, it also will allow some diffusion of water or gastric juice through the enteric coating into the cores, 
during the time the dosage form resides in the stomach before it is emptied into the small intestine. The 

45 diffused water or gastric juice will dissolve parts of the core in the close proximity of the enteric coating 
layer and there form an alkaline solution inside the coated dosage form. The alkaline solution will interfere 
with the enteric coating and eventually dissolve it. 

In DE-A 1-3 046 559 a way to coat a dosage form is described. First the dosage form is coated with a 
water insoluble layer containing microcrystalline cellulose and then with a second enteric coating with the 

50 aim to achieve a dosage form which releases the active drug in the colon. This method of preparation will 
not give the desired release of the compounds with the general formula I above in the small intestine. 

US-A-2 540 979 describes an enteric coated oral dosage form, where the enteric coating is combined 
with a second and/or first coating of a water insoluble "wax" layer. This method of preparation is not 
applicable on cores containing a compound with the general formula I since direct contact between 

55 substances such as cellulose acetate phthalate (CAP) and a compound of formula I causes degradation and 
discolouration of the compounds of the formula I. 

DE-62-23 36 218 describes a method to produce a dialysis membrane consisting of a mixture of one or 
more conventional enteric coating polymers and one or more insoluble cellulose derivatives. Such a 

5 



EP 0 244 380 81 

membrane will not give a proper protection of the acid labile compounds of the formula I in gastric juice. 
DE-A 1-1 204 363 describes a three-layer coating procedure. The first layer is soluble in gastric but is 

insoluble in intestinal juice. The second is water soluble regardless of pH and the third layer is an enteric 
coating. This preparation as well as the preparation described in DE-A 1-1 617 615 result in a dosage form 

5 which is not dissolved in gastric juice and which only dissolves slowly in intestinal juice. Such preparations 
cannot be used for the compounds of the formula I, where a rapid release of the drug in the small intestine 
is needed. DE-A1 12 04 363 describes coating with three layers to achieve release of a drug in the ileum, 
an aim which is outside the scope of the present invention. GB-A-1 485 676 describes a way to obtain a 
preparation which effervesces in the small intestine. This is obtained by the enteric coating of a core 

10 containing the active drug and an effervescing system such as a combination of carbonate and/or 
bicarbonate salt and a pharmaceutically acceptable acid. This formulation cannot be adopted for a 
pharmaceutical dosage form containing a compound of formula I as the presence of an acid in contact with 
a compound of formula I in the cores would give as a result that the compound of formula I was degraded. 

WO 85/03436 describes a pharmaceutical preparation, wherein cores containing active drugs mixed 
15 with for instance buffering components such as sodium dihydrogen-phosphate with the aim of maintaining a 

constant pH and a constant rate of diffusion, are coated with a first coating which controls the diffusion. This 
formulation cannot be adopted for acid labile compounds where a rapid release in the small intestive is 
wanted. Direct application of an enteric coating onto the cores would also adversely influence the storage 
stability of such dosage forms containing acid labile compounds. 

20 EP-A-124 495 and EP-A-173 664 describe enteric coated granules without subcoating or a powder that 
are filled into hard gelatine capsules or a solution that is filled into a soft capsule. 

The object of the present invention is to provide an oral, pharmaceutical preparation stable to 
discolouration containing an acid labile compound of the general formula I above wherein A is an optionally 
substituted heterocyclic group, R1, R2, R3 and R4 , are the same or different and preferably hydrogen, lower 

25 alkyl, lower alkoxy, -CFa, 

30 
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0 
II 

-0-C-lower 

alkyl or halogen and R5 is H or a lower alkyl group wherein "lower" denotes 1-6 carbon atoms except the 
compound omeprazole, methoxy-2[[(4-methoxy-3,5 dimethyl-2-pyridinyl) methyl] sulfinyl]-1 H-benzimidazole; 
or the acid labile compound is 2-[(2-dimethylaminobenzyl)sulfinyl]-bensimidazole as the active ingredient. 
The core material is in the form of small beads or tablets containing the active ingredient together with an 
alkaline reacting compound, or an alkaline salt of the active ingredient optionally together with an alkaline 
reacting compound, and on said core material one or more inert reacting subcoating layers comprising 
tablet excipients which are soluble or rapidly disintegrating in water, or polymeric, water soluble, filmforming 
compounds, optionally containing pH-buffering, alkaline compounds between the alkaline reacting core and 
an outer layer, which is an enteric coating. 

R1, R2, R3 and R4 , which are the same or different and especially 
(a) hydrogen 
(b) halogen, e.g. F, Cl, Br, I 
(c) -CN 
(d) -CHO 
(e) -CFa 
(f) 

(g) -Q-C-R12 
(h) -CH(OR13)2 
(i) -(Z)n-B-D 
G) aryl containing up to 10 carbon atoms 

0 
II 11 

-C-R 

(k) aryloxy containing up to 10 carbon atoms, optionally substituted by alkyl containing 1-6 carbon atoms 
(I) -alkylthio containing 1-6 carbon atoms 

6 
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(m) -N02 
(n) -alkylsulfinyl containing 1-6 carbon atoms 
(o) or wherein adjacent groups R1 R2 R3 and R4 together with the adjacent carbon atoms in the 
benzimidazole ring form a 5-, 6- or 7-membered monocyclic ring or a 9-, 10- or 11-membered bicyclic 

5 ring, which rings may be saturated or unsaturated and may contain 0-3 hetero atoms selected from -N
and -0-, and which rings may be optionally substituted with 1-4 substituents selected from alkyl groups 
with 1-3 carbon atoms, alkylene radicals containing 4-5 carbon atoms giving spiro compounds, or two or 
four of these substituents together form one or two oxo groups 

10 

0 

" (-c-), 

15 whereby if R1 and R2 , R2 and R3 or R3 and R4 together with the adjacent carbon atoms in the 
benzimidazole ring form two rings they may be condensed with each other, in which formulas R11 and 
R12 , which are the same or different, are 

(a) aryl containing up to 10 carbon atoms 
(b) alkoxy containing 1-4 carbon atoms 

20 (c) alkoxyalkoxy containing 1-3 carbon atoms in each alkoxy part 
(d) arylalkoxy containing 1-2 carbon atoms in the alkoxy part and up to 10 carbon atoms in the aryl 
part 
(e) aryloxy containing up to 1 0 carbon atoms 
(f) dialkylamino containing 1-3 carbon atoms in the alkyl parts, or 

25 (g) pyrrolidino or piperidine, optionally substituted with alkyl containing 1-3 carbon atoms; 
R13 is 

30 
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(a) alkyl containing 1-4 carbon atoms, or 
(b) alkylene containing 2-3 carbon atoms; 

Z is -0- or 

n is 
B is 

Dis 

0 or 1; 

0 
II -c-

(a) alkylene containing 1-6 carbon atoms 
(b) cycloalkylene containing 3-6 carbon atoms 
(c) alkenylene containing 2-6 carbon atoms 
(d) cycloalkylene containing 3-6 carbon atoms, or 
(e) alkynylene containing 2-6 carbon atoms; 

(a) H 
(b) -CN 
(c) 

(d) -(Y)m 

7 

0 
II 9 

-C-R 

0 
II 

-(C) r-



wherein 
R9 is 

5 

m is 
r is 
Yis 

10 

R10 is 
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(a) alkoxy containing 1-5 carbon atoms, or 
(b) dialkylamino containing 1-3 carbon atoms in the alkyl parts; 

0 or 1; 
0 or 1; 

(a) -0-
(b) -NH
(c) -NR1D_; 

(a) H 
(b) alkyl containing 1-3 carbon atoms 

15 (c) arylalkyl containing 1-2 carbon atoms in the alkyl part and up to 10 carbon atoms in 
the aryl part 

20 
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(d) aryl containing up to 10 carbon atoms; 
R5 is H, CH3 or C2Hs; 

A is especially a pyridyl group in which R6 and R8 are the same or different, are 

8 

(a) H or 
(b) alkyl containing 1-6 carbon atoms; 
R7 is 

(a) H 
(b) alkyl containing 1-8 carbon atoms 
(c) alkoxy containing 1-8 carbon atoms 
(d) alkenyloxy containing 2-5 carbon atoms 
(e) alkynyloxy containing 2-5 carbon atoms 
(f) alkoxyalkoxy containing 1-2 carbon atoms in each alkoxy group 
(g) aryl containing up to 1 0 carbon atoms 
(h) arylalkyl containing 1-6 carbon atoms in the alkyl part and up to 10 carbon atoms in the 
aryl part 
(i) aryloxy containing up to 10 carbon atoms, optionally substituted by alkyl containing 1-6 
carbon atoms 
(j) arylalkoxy containing 1-6 carbon atoms in the alkoxy part and up to 10 carbon atoms in 
the aryl part 
(k) dialkylaminoalkoxy containing 1-2 carbon atoms in the alkyl substituents on the amino 
nitrogen and 1-4 carbon atoms in the alkoxy group 
(I) oxacycloalkyl containing one oxygen atom and 3-7 carbon atoms 
(m) oxacycloalkoxy containing two oxygen atoms and 4-7 carbon atoms 
(n) oxacycloalkylalkyl containing one oxygen atom and 4-7 carbon atoms 
(o) oxacycloalkylalkoxy containing two oxygen atoms and 4-6 carbon atoms, or 
(p) R6 and R7 , or R7 and R8 together with the adjacent carbon atoms in the pyridine ring 
form a ring wherein the part constituted by R6 and R7, or R7 and R8 , is 

-CH = CH-CH = CH-
-0-(CH2)p-
-S-(CH2)v-

8 
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-CH2(CH2)p-
-O-CH =CH-
-NH-CH=CH-

5 -N-CH=CH-
1 
CH 3 

10 wherein p is 2, 3 or 4, v is 2 or 3 and the 0 and N atoms always are attached to position 4 in the pyridine 
ring; provided that not more than one of R6 , R7 and R8 is hydrogen can be formulated into an enteric 
coated dosage form. 

The object of the present invention is thus an enteric coated dosage form of acid labile compounds with 
the general formula I defined above except the compound omeprazole, 5-methoxy-2-[[(4-methoxy-3,5 

15 dimethyl-2-pyridinyl)methyl]sulfinyl] -1 H-benzimidazole. Another compound, which may be enteric coated 
according to the invention is 2- (2-dimethylaminobenzyl)sulfinyl -benzimidazole. The new preparations are 
resistant to dissolution in acid media, dissolve rapidly in neutral to alkaline media and have a good stability 
during long-term storage. The new dosage form is characterized in the following way. Cores containing the 
acid labile compound mixed with alkaline compounds or an alkaline salt of the acid labile compound 

20 optionally mixed with an alkaline compound are coated with two or more layers, in which the first 
layer/layers is/are soluble in water or rapidly disintegrating in water and consist(s) of non-acidic, otherwise 
inert pharmaceutically acceptable substances. This/these first layer/layers separates/separate the alkaline 
core material from the outer layer, which is an enteric coating. The final, enteric coated dosage form is 
treated in a suitable way to reduce the water content to a very low level in order to obtain a good stability 

25 with virtually no discolouration of the dosage form during long-term storage. 
As examples of compounds especially suitable for the pharmaceutical dosage form according to the 

invention the compounds listed in Table 1 can be mentioned. 
The half-life of degradation of the compounds 1-6 in Table 1 in water solution at pH-values less than 

four is in most cases shorter than ten minutes. Also at neutral pH-values the degradation reaction proceeds 
30 rapidly, e.g. at pH= 7 the half-life of degradation is between 10 minutes and 65 hours while at higher pH

values the stability in solution for most compounds is much better. The stability profile is similar in solid 
phase. The degradation is catalyzed by acid reacting substances. The acid labile compounds are stabilized 
in mixtures with alkaline reacting substances. 

From what is said about the stability properties of the acid labile compounds listed above it is obvious 
35 that an oral dosage form of the said compounds must be protected from contact with the acid reacting 

gastric juice in order to reach the small intestine without degradation. 

Cores 

40 The acid labile active compound is mixed with inert, preferably water soluble, conventional pharmaceuti-
cal constituents to obtain the preferred concentration of the active compound in the final mixture and with an 
alkaline reacting, otherwise inert, pharmaceutically acceptable substance (or substances), which creates a 
"micro-pH" around each particle of active compound of not less than pH= 7, preferably not less than pH= 8, 
when water is adsorbed to the particles of the mixture or when water is added in small amounts to the 

45 mixture. Such substances can be chosen among substances such as the sodium, potassium, calcium, 
magnesium and aluminium salts of phosphoric acid, carbonic acid, citric acid or other suitable weak 
inorganic or organic acids; substances normally used in antacid preparations such as aluminium, calcium 
and magnesium hydroxides; magnesium oxide or composite substances such as Ah03.6MgO C02.12H20, 
(Mg5Ah(OH)15C03 4H20), MgO.Ah03.2Si02.nH20, wherein n not is an integer and less than 2 or similar 

50 compounds; organic pH-buffering substances such as trishydroxymethylaminomethane or other similar, 
pharmaceutically acceptable pH-buffering substances. The stabilizing, high pH-value in the powder mixture 
can also be achieved by using an alkaline reacting, salt of the active compound such as the sodium, 
potassium, magnesium, calcium salts of acid labile compounds, either alone or in combination with a 
conventional buffering substance as previously described. 

55 The powder mixture is then formulated into small beads i.e. pellets or tablets, by conventional 
pharmaceutical procedures. The pellets or tablets are used as cores for further processing. 

Separating layer 
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The alkaline reacting cores containing an acid labile compound must be separated from the enteric 
coating polymer(s) containing free carboxyl groups, which otherwise causes degradation/discolouration of 
the acid labile compound during the coating process or during storage. The subcoating layer, (the 
separating layer), also serves as a pH-buffering zone in which hydrogen ions diffusing from the outside in 

5 towards the alkaline core can react with hydroxyl ions diffusing from the alkaline core towards the surface of 
the coated particles. The pH-buffering properties of the separating layer can be further strengthened by 
introducing in the layer substances chosen from a group of compounds usually used in antacid formulations 
such as, for instance, magnesium oxide, hydroxide or carbonate, aluminium or calcium hydroxide, carbonate 
or silicate; composite aluminium/magnesium compounds such as, for instance Ah03.6MgO C02.12H20, 

10 (MgGA12(0H)1GC03,4H20), MgO.A1z03.2Si02.nH20, wherein n not is an integer and less than 2 or similar 
compounds; or other pharmaceutically acceptable pH-buffering substances such as, for instance the 
sodium, potassium, calcium, magnesium and aluminium salts of phosphoric, citric or other suitable, weak, 
inorganic or organic acids. 

The separating layer consists of one or more water soluble inert layers, optionally containing pH-
15 buffering substances. 

The separating layer(s) can be applied to the cores - pellets or tablets - by conventional coating 
procedures in a suitable coating pan or in a fluidized bed apparatus using water and/or conventional organic 
solvents for the coating solution. The material for the separating layer is chosen among the pharmaceuti
cally acceptable, water soluble, inert compounds or polymers used for film-coating applications such as, for 

20 instance sugar, polyethylene glycol, polyvinylpyrollidone, polyvinyl alcohol, hydroxypropyl cellulose, hydrox
ymethyl cellulose or hydroxypropyl methylcellulose. The thickness of the separating layer is not less than 2 
um, for small spherical pellets preferably not less than 4 um, for tablets preferably not less than 10 um. 

In the case of tablets another method to apply the coating can be performed by the drycoating 
technique. First a tablet containing the acid labile compound is compressed as described above. Around 

25 this tablet another layer is compressed using a suitable tableting machine. The outer, separating layer, 
consists of pharmaceutically acceptable, in water soluble or in water rapidly disintegrating tablet excipients. 
The separating layer has a thickness of not less than 1 mm. Ordinary plasticizers, pigments, titanium 
dioxide talc and other additives may also be included into the separating layer. 

The enteric coating layer is applied on to the sub-coated cores by conventional coating techniques such 
30 as, for instance, pan coating or fluidized bed coating using solutions of polymers in water and/or suitable 

organic solvents or by using latex suspensions of said polymers. As enteric coating polymers can be used, 
for example, cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, polyvinyl acetate 
phthalate, co-polymerized methacrylic acidimethacrylic acid methyl esters such as, for instance, compounds 
known under the trade name EudragitR L 12,5 or EudragitR L 100, (Rohm Pharma) or similar compounds 

35 used to obtain enteric coatings. 
The enteric coating can also be applied using water-based polymer dispersions, e.g. Aquateric (FMC 

Corporation), EudragitR L 100-55 (Rohm Pharma), Coating CE 5142 (BASF). The enteric coating layer can 
optionally contain a pharmaceutically acceptable plasticizer such as, for instance, cetanol, triacetin, citric 
acid esters such as, for instance, those known under the trade name CitroflexR (Pfizer) phthalic acid esters, 

40 dibutyl succinate or similar plasticizers. 
The amount of plasticizer is usually optimized for each enteric coating polymer(s) and is usually in the 

range of 1-20 % of the enteric coating polymer(s). Dispersants such as talc, colourants and pigments may 
also be included into the enteric coating layer. 

Thus the special preparation according to the invention consists of cores containing the acid labile 
45 compound mixed with an alkaline reacting compound or cores containing an alkaline salt of the acid labile 

compound optionally mixed with an alkaline reacting compound. The cores suspended in water forms a 
solution or a suspension which has a pH, which is higher than that of a solution in which the polymer used 
for enteric coating is just soluble. The cores are coated with a water soluble or in water rapidly 
disintegrating coating, optionally containing a pH-buffering substance, which separates the alkaline cores 

50 from the enteric coating. Without this separating layer the resistance towards gastric juice would be too 
short and the storage stability of the dosage form would be unacceptably short. The sub-coated dosage 
form is finally coated with an enteric coating rendering the dosage form insoluble in acid media, but rapidly 
disintegrating/dissolving in neutral to alkaline media such as, for instance the liquids present in the proximal 
part of the small intestine, the site where dissolution is wanted. 

55 

Final dosage form 

The final dosage form is either an enteric coated tablet or in the case of enteric coated pellets, pellets 

10 
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dispensed in hard gelatin capsules or sachets or pellets formulated into tablets. It is essential for the long 
term stability during storage that the water content of the final dosage form containing acid labile compound 
(enteric coated tablets, capsules or pellets) is kept low, preferably not exceeding 1.5 % by weight. 

A process for the manufacture of the oral dosage form represents a further aspect of the invention. After 
5 the forming of the cores the cores are first coated with the separating layer and then with the enteric coating 

layer. The coating is carried out as described above. 
The preparation according to the invention is especially advantageous in reducing gastric acid secretion 

and/or providing a gastrointestinal cytoprotective effect. It is usually administered one to several times a 
day. The typical daily dose of the active substance varies and will depend on various factors such as for 

10 example the individual requirement of the patients, the mode of administration and the disease. In general 
the dosage will be in the range of 1 to 400 mg per day of active substance. 

15 
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The invention is described in detail in the following examples: 

EXAMPLES 

Examples 1 - 3 exemplify the invention. 

Example 1 

Uncoated pellets 

II 

t
( Lactose powder 

Lactose anhydrous 

Hydroxypropyl cellulose 

Compound l, Table I 
Sodium lauryl sulphate 

Disodium hydrogen phosphate 

Sodium dihydrogen phosphate 

Distilled water 

50 

5 

253 

167 

25 

g 

g 

l.5g 

0.1 g 

125 g 

9 
g 

g 

The dry ingredients (I) were premixed in a mixer. Addition of a granulation liquid (II) containing the 
suspended active compound was made and the mass was wet-mixed to a proper consistency. The wet 

45 mass was pressed through an extruder and spheronized to pellets. The pellets were dried and classified 
into suitable particle size ranges. 

Subcoated pellets 

50 Uncoated pellets 500 g 

III 
~Hydroxypropyl methyl-

cellulose 20 g 

Distilled water 400 g 55 

11 
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The polymer solution (Ill) was sprayed onto the uncoated pellets in a fluidized bed apparatus. The spray 
guns were placed above the fluidized bed. 

Enteric coated pellets 

Subcoated pellets 500 g 

fHydroxypropyl methyl ce 11 ul ose 

~phthalate 57 g 

IV Cetyl alcohol 3 g 
I 

; Acetone 540 g 

l:thanol 231 g 

The polymer solution (IV) was sprayed on the subcoated pellets in a fluidized bed apparatus with spray 
20 guns placed above the bed. After drying to a water content of 0.5 % the enteric coated pellets were 

classified and filled into hard gelatin capsules in an amount of 284 mg, corresponding to 25 mg of active 
compound 1. 30 capsules were packed in tight containers together with a desiccant. 

25 
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Example 2 

Formulation with the sodium salt of compound 2 according to Table I. 

Uncoated pellets 

I I 

/'compound 2, Table I sodium salt 
I 

J Mannitol powder 
{ Lactose anhydrous 
I 

( ~ydroxypropyl cellulose 

~icrocrystalline cellulose 

f Sodium lauryl sulphate 
l_Distilled water 

339 9 
2 422 9 

120 9 

90 9 
60 g 

7 9 
650 g 

The preparation was made as described in Example 1 with the exception that the sodium salt of 
compound 2 was added together with the other ingredients in mixture I. 

Subcoated pellets 
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Uncoated pellets 500 9 
r-Hydroxypropyl methylcellulose 20 g 

I I I 
I 

~ Aluminium hydroxide/magnesium 
1 carbonate 4 9 
~istilled water 400 g 

Pellets subcoated with III r 500 g 
IV J Hydroxypropyl methylcellulose 20 g 

: Di sti 11 ed water 400 g 
\. 

The two subcoat layers, Ill and IV, were applied to the uncoated pellets in a fluidized bed apparatus in 
consecutive order as previously described. 

Enteric coated pellets 

Subcoated pellets 500 g 

Hydroxypropyl methylcellulose 

phthalate 57 9 

v Cetyl alcohol 3 g 

Acetone 540 g 

Ethano 1 231 9 

The preparation of enteric coated pellets was performed as described in Example 1 . 

Example 3 

40 Formulation with compound 6, according to Table 1. This example gives the composition of one unit 

45 

50 

dose according to the invention. 

Tablet core 

Compound 6, Table 1 
Lactose 
Hydroxypropyl cellulose (low substitution) 
Hydroxypropyl cellulose 
Talc 
Mg(OH)2 
Total 

15 mg 
119 mg 

5 mg 
1 mg 
5 mg 

15 mg 
160 mg 

55 Tablet cores having the composition above and each weighing 160 mg were first made by known 
techniques. 

Separating layer (inner) 
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Hydroxypropyl cellulose 
Synthetic hydrotalcite [Ab03.6MgO.C02.12H20] 

Separating layer (outer) 

Hydroxypropyl cellulose 2 mg 

The two separating layers were applied to the cores by known coating techniques. 

Enteric coating layer 

Hydroxypropyl methylcellulose phthalate 
Cetyl alcohol 

The enteric coating solution was sprayed on the cores coated by the two separating layers by known 
enteric coating techniques. 

Claims 
25 Claims for the following Contracting States : BE, CH, DE, FR, GB, IT, Ll, LU, NL, SE 

1. 

30 

35 

40 
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50 

An oral, pharmaceutical preparation stable to discolouration containing an acid labile compound of the 
general formula I 

A --CH 

15 
R 

0 
II s 

N ---r' 

-<NH 
2 

I 

wherein A is an optionally substituted heterocyclic group, R1, R2, R3 and R4 are the same or different 
and preferably hydrogen, 
lower alkyl, lower alkoxy, -CFs, 

0 
II 

-0-C-lower 

alkyl or halogen and R5 is H or a lower alkyl group wherein "lower" denotes 1-6 carbon atoms except 
the compound omeprazole, 5-methoxy-2[[(4-methoxy-3,5 dimethyl-2-pyridinyl) methyl] sulfinyl]-1 H
benzimidazole; or the acid labile compound is 2-[(2-dimethylaminobenzyl)sulfinyl]-benzimidazole as the 
active ingredient characterized in that it is composed of core material in the form of small beads or 

55 tablets containing the active ingredient together with an alkaline reacting compound, or an alkaline salt 
of the active ingredient optionally together with an alkaline reacting compound, and on said core 
material one or more inert reacting subcoating layers comprising tablet excipients which are soluble or 
rapidly disintegrating in water, or polymeric, water soluble, filmforming compounds, optionally contain-
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ing pH-buffering, alkaline compounds between the alkaline reacting core and an outer layer, which is an 
enteric coating. 

2. A preparation according to claim 1 wherein the subcoating comprises hydroxypropyl methylcellulose, 
s hydroxypropyl cellulose or polyvinylpyrrolidone. 

10 

3. A preparation according to claim 1 wherein the subcoating comprises two or more sub-layers and 
where the inner layer comprises one or more of magnesium oxide, magnesium hydroxide or composite 
substance AI20s.6Mg020 or MgO.Ai20s.2Si02.nH20, wherein n is not an integer and less than two. 

4. A preparation according to claim 1 wherein the alkaline core comprises the acid labile compound and a 
pH-buffering alkaline compound rendering to the microenvironment of the acid labile compound a pH of 
7-12. 

15 5. A preparation according to claim 4 wherein the alkaline compound comprises one or more of 
magnesium oxide, hydroxide or carbonate, aluminium hydroxide, aluminium, calcium, sodium or 
potassium carbonate, phosphate or citrate, the composite aluminium/magnesium compounds 
AI20s.6MgO.C02.12H20 or MgO.AI20s.2Si02.nH20, wherein n not is an integer and less than two. 

20 6. A preparation according to claim 1 wherein the alkaline core comprises an alkaline salt of the acid labile 
compound such as the sodium, potassium, magnesium, calcium or ammonium salt. 

25 

7. A preparation according to claim 5 wherein the alkaline core comprises an alkaline salt of the acid labile 
compound mixed with an alkaline otherwise inert compound. 

8. A preparation according to claim 1 wherein the enteric coating comprises hydroxypropyl methylcel
lulose phthalate, cellulose acetate phthalate, co-polymerized methacrylic acid/methacrylic acid methyl 
ester or polyvinyl acetate phthalate, optionally containing a plasticizer. 

30 9. A preparation according to claim 1 wherein the water content of the final dosage form containing the 
acid labile compound does not exceed 1.5 % by weight. 

10. Process for the preparation of an oral pharmaceutical formulation stable to discolouration containing an 
acid labile compound according to claim 1 in which cores containing the acid labile compound mixed 

35 with an alkaline reacting compound or compounds or an alkaline salt of the acid labile compound 
optionally mixed with an alkaline reacting compound or compounds are coated with one or more inert 
reacting subcoating layers whereafter the subcoated cores are further coated with an enteric coating 
layer. 

40 Claims for the following Contracting States: AT, ES, GR 

1. 

45 

50 

55 

A process for the preparation of an oral, pharmaceutical formulation stable to discolouration containing 
an acid labile compound of the general formula I 

A --CH 
I; 
R 

0 
II 
5 

N 

-<NH I 

wherein A is an optionally substituted heterocyclic group, R1, R2, R3 and R4 are the same or different 
and preferably hydrogen, 

15 
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lower alkyl, lower alkoxy, -CF3, 
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0 
I\ 

-0-C-lower 

alkyl or halogen and R5 is H or a lower alkyl group wherein "lower" denotes 1-6 carbon atoms except 
the compound omeprazole, 5-methoxy-2[[(methoxy-3,5 dimethyl-2-pyridinyl) methyl] sulfinyl]-1 H-ben-

10 zimidazole; or the acid labile compound is 2-[(2-dimethylaminozyl)sulfinyl]-benzimidazole as the active 
ingredient characterized in that the acid labile compound mixed with an alkaline reacting compound, or 
an alkaline salt of the active ingredient optionally mixed with alkaline reacting compound, are formed to 
cores and said cores, which are in the form of small beads or tablets, are coated with one or more inert 
reacting subcoating layers comprising tablet excipients which are soluble or rapidly disintegrating in 

15 water, or polymeric, water soluble, filmforming compounds, optionally containing pH-buffering, alkaline 
compounds between the alkaline reacting core and an outer layer, which is an enteric coating layer, 
whereafter the subcoated cores are further coated with said outer enteric coating layer. 

2. A process according to claim 1, wherein the applied subcoating comprises hydroxypropyl methylcel-
20 lulose, hydroxypropyl cellulose or polyvinyl-pyrrolidone. 

3. A process according to claim 1 wherein the applied subcoating comprises two or more sub-layers and 
where the inner sub-layer contains one or more of magnesium oxide, magnesium hydroxide or 
composite substance AI203.6MgO.C02.12H20 or MgO.Ab03.2Si02.nH20, wherein n not is an integer 

25 and less than two. 

30 

4. A process according to claim 1 wherein the acid labile compound is mixed with a pH-buffering alkaline 
compound rendering to the micro-environment of the acid labile compound a pH of 7-12, to form an 
alkaline core. 

5. A process according to claim 4 wherein the alkaline compound which the acid labile compound is 
mixed with comprises one or more of magnesium oxide, hydroxide or carbonate, aluminium hydroxide, 
aluminium, calcium, sodium or potassium carbonate, phosphate or citrate, the composite 
aluminium/magnesium compounds Ab03.6MgO.C~.12H20 or MgO.Ab03.2Si02.nH20 wherein n not is 

35 an integer and less than two. 

40 

6. A process according to claim 1 wherein an alkaline salt of the acid labile compound such as the 
sodium, potassium, magnesium, calcium or ammonium salt is formed and incorporated into the alkaline 
core. 

7. A process according to claim 6 wherein the alkaline core comprises an alkaline salt of the acid labile 
compound mixed with an alkaline otherwise inert compound. 

8. A process according to claim 1 wherein the enteric coating which comprises hydroxypropyl methylcel-
45 lulose phthalate, cellulose acetate phthalate, co-polymerized methacrylic acid/methacrylic acid methyl 

ester or polyvinyl acetate phthalate, optionally containing a plasticizer is applied. 

50 

9. A process according to claim 1 wherein a dosage form containing the acid lab"1le compound is prepared 
in which the water content does not exceed 1 .5 % by weight. 

PatentansprU che 
PatentansprUche fUr folgende Vertragsstaaten: BE, CH, DE, FR, GB, IT Ll, LU, NL, SE 

1. Orale pharmazeutische Praparation, die gegen Verfarbung stabil ist, welche Praparation eine saurelabi-
55 le Verbindung der allgemeinen Formel I 
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.1 
2 

0 .. 
I ~ A CH I I 

'~ ) 
R 

worin A eine gegebenenfalls substituierte heterocyclische Gruppe ist, R1, R2, R3 und R4 gleich oder 
verschieden und vorzugsweise Wasserstoff, Niedrigalkyl, Niedrigalkoxy, -CF3, 

0 
II 

-0-C-Niedrigalkyl 

oder Haiogen sind, und Rs fOr H oder eine Niedrigalkylgruppe steht, worin "Niedrig" 1 bis 6 
Kohlenstoffatome bezeichnet. mit Ausnahme der Verbindung Omeprazol, 5-Methoxy-2-[[(4-methoxy-3,5-
dimethyl-2-pyridinyl ) -methyl ]-sulfinyl ]-1 H-benzimidazol; oder die saurelabile Verbindung 2-[(2-
Dimethylaminobenzyl)-sulfinyl ]-benzimidazol-als aktiven lnhaltsstoff umfaBt, dadurch gekennzeichnet, 

25 daB die Praparation aus Kernmaterial in Form von kleinen KOgelchen oder Tabletten, welches den 
aktiven lnhaltsstoff zusammen mit einer alkalisch reagierenden Verbindung oder ein Alkalisalz des 
aktiven lnhaltsstoffes, gegebenenfalls zusammen mit einer alkalisch reagierenden Verbindung enthalt, 
und einer oder mehreren inert reagierenden Basisl.iberzugsschichten auf dem Kernmaterial, umfassend 
in Wasser 16sliche oder rasch zerfallende Tablettenhilfsstoffe oder polymere wasserlosliche filmbilden-

30 de Verbindungen, die gegebenenfalls pH-puffernde Alkaliverbindungen zwischen dem alkalisch reagie
renden Kern und einer auBeren Schicht, welche eine enterische Oberzugsschicht ist, enthalten, 
zusammengesetzt ist. 

2. Praparation nach Anspruch 1, worin der BasisOberzug Hydroxypropylmethylcellulose, Hydroxypropyl-
35 cellulose oder Polyvinylpyrrolidon umfaBt. 

3. Praparation nach Anspruch 1, worin der BasisOberzug zwei oder mehrere Unterschichten umfaBt, und 
wobei die innere Schicht eines oder mehrere von Magnesiumoxid, Magnesiumhydroxid oder der 
zusammengesetzten Substanz Ab03.6MgO.C02.12H20 oder MgO.Ab03.2Si02.nH20. worin n keine 

40 ganze Zahl und weniger als 2 ist, umfaBt. 

45 

4. Praparation nach Anspruch 1, worin der alkalische Kern die saurelabile Verbindung und eine pH
puffernde Alkaliverbindung zur Herstellung einer Mikroumgebung der saurelabilen Verbindung von pH 
7-12 umfaBt. 

5. Praparation nach Anspruch 4, worin die Alkaliverbindung eines oder mehrere von Magnesiumoxid, 
-hydroxid oder -carbonat, Aluminiumhydroxid, Aluminium-. Calcium-. Natrium- oder Kaliumcarbonat, 
phosphat oder -citrat. der zusammengesetzten Aluminium/Magnesiumverbindungen 
AI203.6MgO.C02.12H20 oder Mgo.Ab03.2Si02 .nH20, worin n keine ganze Zahl und weniger als 2 ist, 

50 umfaBt. 

6. Praparation nach Anspruch 1. worin der alkalische Kern ein Alkalisalz der saurelabilen Verbindung, wie 
das Natrium-, Kalium-, Magnesium-, Calcium- oder Ammoniumsalz umfaBt. 

55 7. Praparation nach Anspruch 5, worin der alkalische Kern ein Alkalisalz der saurelabilen Verbindung in 
Mischung mit einer alkalischen, sonst inerten Verbindung umfaBt. 

8. Praparation nach Anspruch 1, worin der enterische Oberzug Hydroxypropylmethylcellulosephthalat, 

17 
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Celluloseacetatphthalat, copolymerisierten Methacrylsaure/Methacrylsauremethylester oder Polyvinyl
acetatphthalat umfaBt und gegebenenfalls einen Weichmacher enthalt. 

9. Praparation nach Anspruch 1, worin der Wassergehalt der die saurelabile Verbindung enthaltenden 
5 endgUitigen Dosisform 1,5 Gew.-% nicht Ubersteigt. 

10. Verfahren zur Herstellung einer oralen pharmazeutischen Formulierung, die gegen Vertarbung stabil ist 
und eine saurelabile Verbindung nach Anspruch 1 enthalt, in welcher Formulierung Kerne, enthaltend 
die saurelabile Verbindung in Mischung mit einer alkalisch reagierenden Verbindung oder Verbindun-

10 gen oder ein Alkalisalz der saurelabilen Verbindung, gegebenenfalls gemischt mit einer alkalisch 
reagierenden Verbindung oder Verbindungen, mit einer oder mehreren inerten reagierenden BasisUber
zugsschichten Oberzogen werden, wonach die mit dem BasisUberzug Uberzogenen Kerne weiters mit 
einer enterischen Uberzugsschicht Uberzogen werden. 

15 PatentansprUche fUr folgende Vertragsstaaten: AT, ES, GR 

1. 

20 

25 

30 

35 

Verfahren zur Herstellung einer oralen pharmazeutischen Formulierung, die gegen verfarbung stabil ist, 
welche Formulierung eine saurelabile Verbindung der allgemeinen Formel I 

A -CH 

I~ 
R 

0 
I s I , 

worin A eine gegebenenfalls substituierte heterocyclische Gruppe ist, R1, R2 , R3 und R4 gleich oder 
verschieden und vorzugsweise Wasserstoff, Niedrigalkyl, Niedrigalkoxy, -CFs, 

0 
1\ 

-0-C-Niedrigalkyl 

40 oder Halogen sind, und R5 fUr H oder eine Niedrigalkylgruppe steht, worin "Niedrig" 1 bis 6 
Kohlenstoffatome bezeichnet, mit Ausnahme der Verbindung Omeprazol, 5-Methoxy-2-[[(4-methoxy-3,5-
dimethyl-2-pyridinyl)-methyl]-sulfinyl]-1 H-benzimidazol; oder die saurelabile Verbindung 2-[(2-Dimethy
laminobenzyl)-sulfinyl]-benzimidazol als aktiven lnhaltsstoff enthalt, dadurch gekennzeichnet, daB die 
saurelabile Verbindung in Mischung mit einer alkalisch reagierenden Verbindung oder ein Alkalisalz des 

45 aktiven lnhaltsstoffes, gegebenenfalls gemischt mit einer alkalisch reagierenden Verbindung, zu Kernen 
geformt werden, und die Kerne, welche die Form von kleinen KUgelchen oder Tabletten aufweisen, mit 
einer oder mehreren inert reagierenden Basisiiberzugsschichten, umfassend in Wasser losliche oder 
rasch zerfallende Tablettenhilfsstoffe oder polymers wasserlosliche filmbildende Verbindungen, die 
gegebenenfalls pH-puffernde Alkaliverbindungen zwischen dem alkalisch reagierenden Kern und einer 

50 auBeren Schicht, welche eine enterische Uberzugsschicht ist, enthalten, Uberzogen werden, worauf die 
mit dem Basisiiberzug uberzogenen Kerne weiters mit der auBeren enterischen Uberzugsschicht 
Uberzogen werden. 

2. Verfahren nach Anspruch 1 , worin der aufgebrachte BasisOberzug Hydroxypropylmethylcellulose, 
55 Hydroxypropylcellulose oder Polyvinylpyrrolidon umfaBt. 

3. Verfahren nach Anspruch 1 , worin der aufgebrachte Basisiiberzug zwei oder mehrere Unterschichten 
umfaBt, und wobei die innere Unterschicht eines oder mehrere von Magnesiumoxid, Magnesiumhydro-

18 
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xid oder der zusammengesetzten Substanz Ab03.6MgO.C02.12H20 oder MgO.AI203.2Si02.nH20, 
worin n keine ganze Zahl und weniger als 2 ist, umfaBt. 

4. Verfahren nach Anspruch 1, worin die saurelabile Verbindung mit einer pH-puffernden Alkaliverbindung 
5 zur Herstellung einer Mikroumgebung der saurelabilen Verbindung von pH 7-12 gemischt ist, wobei ein 

alkalischer Kern gebildet wird. 

5. Verfahren nach Anspruch 4, worin die Alkaliverbindung mit welcher die saurelabile Verbindung in 
Mischung ist, eines oder mehrere von Magnesiumoxid, -hydroxid oder -carbonat, Aluminiumhydroxid, 

10 Aluminium-, Calcium-, Natrium- oder Kaliumcarbonat, -phosphat oder -citrat, der zusammengesetzten 
Aluminium/Magnesiumverbindungen Al2 03 .6MgO.C02 .12H2 0 oder MgO.Ab 03 .2Si02 .nH2 0, worin n 
keine ganze Zahl und weniger als 2 ist, umfaBt. 

6. Verfahren nach Anspruch 1, worin ein Alkalisalz der saurelabilen Verbindung, wie das Natrium-, Kalium-
15 , Magnesium-, Calcium- oder Ammoniumsalz, gebildet wird und in den alkalischen Kern inkorporiert 

wird. 

20 

7. Verfahren nach Anspruch 6, worin der alkalische Kern ein Alkalisalz der saurelabilen Verbindung in 
Mischung mit einer alkalischen, sonst inerten Verbindung umfaBt. 

8. Verfahren nach Anspruch 1, worin der enterische Oberzug, welcher Hydroxypropylmethylcellulosepht
halat, Celluloseacetatphthalat, copolymerisierten Methacrylsaure/Methacrylsauremethylester oder Poly
vinylacetatphthalat umfaBt und gegebenenfalls einen Weichmacher enthalt, angewandt wird. 

25 9. Verfahren nach Anspruch 1, worin eine die saurelabile Verbindung enthaltende Dosisform hergestellt 
wird, wobei ihr Wassergehalt 1,5 Gew.-% nicht Ubersteigt. 

30 

35 

40 

45 

50 

Revendications 
Revendications pour les Etats contractants suivants : BE, CH, DE, FA, GB, IT, Ll, LU, NL, SE, 

1. Preparation pharmaceutique orale resistant a Ia decoloration contenant un compose sensible aux 
acides de formule generale I : 

0 

II .Ai ___, 
A-CH -s-<? 

I "NH 
Rs 

dans laquelle A est un groupe heterocyclique eventuellement substitue , R1, R2, R3 et R4 sont 
identiques ou differents et sont de preference des atomes d'hydrogene , des groupes alkyle inferieurs , 
alcoxy inferieurs -CF3, 

0 u 
-0-C-alkyle 

55 inferieur ou halogene et R5 est un atome d'hydrogene ou un groupe alkyle inferieur , ou "inrerieur" 
signifie de 1 a 6 atomes de carbone, exception faite du compose omeprazole, 5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1 H-benzimidazole ; ou bien le compose sensible aux 
acides est le 2-[(2-dimethylaminobenzyl)sulfinyl]benzimidazole, comme ingredient actif , caracterisee 

19 
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en ce que' elle est composes d'une substance de noyau sous Ia forme de petites perles ou de 
comprimes contenant !'ingredient actif ainsi qu'un compose a reaction alcaline , ou un sel alcalin de 
!'ingredient actif ainsi eventuellement qu'un compose a reaction alcaline, et , sur ladite substance de 
noyau, d'une ou plusieurs couches de sous-enrobage inertes comprenant des excipients pour compri-

5 mes qui sont solubles ou qui se desintegrent rapidement dans l'eau, ou des composes filmogenes 
polymeres hydrosolubles, contenant eventuellement des composes alcalins servant de tampon de pH 
entre le noyau a reaction alcaline et une couche externe , qui est un enrobage a delitement enterique . 

2. Preparation selon Ia revendication 1, dans laquelle le sous-enrobage comprend de l'hydroxypropylme-
10 thylcellulose , de l'hydroxypropylcellulose ou de Ia polyvinylpyrrolidone . 

3. Preparation selon Ia revendication 1, dans laquelle le sous-enrobage comprend deux ou plusieurs 
souscouches et dans laquelle Ia couche interieure comprend une ou plusieurs substances parmi 
l'oxyde de magnesium, l'hydroxyde de magnesium ou une substance composite Ab03,6MgO, C02, 

15 12H20 ou MgO, Ai203, 2Si02, nH20, ou n n'est pas un nombre entier et est inferieur a 2. 

20 

4. Preparation selon Ia revendication 1, dans laquelle le noyau alcalin comprend le compose sensible aux 
acides et un compose alcalin servant de tampon de pH conferant au micro-environnement du compose 
sensible aux acides un pH de 7-12. 

5. Preparation selon Ia revendication 4, dans laquelle le compose alcalin comprend une ou plusieurs 
substances parmi l'oxyde, l'hydroxyde ou le carbonate de magnesium, l'hydroxyde d'aluminium. le 
carbonate , le phosphate ou le citrate d'aluminium, de calcium, de sodium ou de potassium, les 
composes composites aluminium/magnesium AI203, 6Mg0, C02, 12H20 ou MgO, Ai203, 2Si02, nH20, 

25 ou n n'est pas un nombre entier et est inferieur a 2. 

30 

6. Preparation selon Ia revendication 1 , dans laquelle le noyau alcalin comprend un sel alcalin du 
compose sensible aux acides comme le sel de sodium, de potassium, de magnesium, de calcium ou 
d'ammonium. 

7. Preparation selon Ia revendication 5, dans laquelle le noyau alcalin comprend un sel alcalin du 
compose sensible aux acides melange avec un compose alcalin inerte par ailleurs. 

8. Preparation selon Ia revendication 1, dans laquelle l'enrobage a delitement enterique comprend du 
35 phtalate d'hydroxypropylmethylcellulose, de l'acetate-phtalate de cellulose, un copolymers d'acide 

methacrylique et d'ester methylique d'acide methacrylique ou du poly(acetate-phtalate de vinyle), 
contenant eventuellement un plastifiant. 

9. Preparation selon Ia revendication 1, dans laquelle Ia teneur en eau de Ia forme posologique finale 
40 contenant le compose sensible aux acides ne de passe pas 1 ,5% en poids . 

10. Procede de preparation d'une formulation pharmaceutique orale resistants a Ia decoloration contenant 
un compose sensible aux acides selon Ia revendication 1 dans lequel les noyaux contenant le compose 
sensible aux acides melange avec un compose ou des composes a reaction alcaline ou un sel alcalin 

45 du compose sensible aux acides eventuellement melange avec un compose ou des composes a 
reaction alcaline sont enrobes avec une ou plusieurs couches de sous-enrobage inertes, puis les 
noyaux sous-enrobes sont ensuite enrobes d'un enrobage a delitement enterique. 

50 

55 

Revendications pour les Etats contractants suivants: AT, ES, GR 

1. Procede de preparation d'une formulation pharmaceutique orale resistant a Ia decoloration contenant un 
compose sensible aux acides de formula generale I : 
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0 
II l( --.r-

A-cH-s~ 
I "NH 
Rs 

dans laquelle A est un groupe heterocyclique eventuellement substitue, R1, R2, R3 et R4 sont identiques 
ou differents et sont de preference des atomes d'hydrogene, des groupes alkyle inferieurs, alcoxy 
inferieurs, -CF3-, 

0 
II 

-O-C-alkyle 

inferieur ou halogene et R5 est un atome d'hydrog?me au un groupe alkyle inferieur, au "inrerieur" 
signifie de 1 a 6 atomes de carbone, exception faite du compose omeprazole, 5-methoxy-2-[[(methoxy-
3,5-dimethyl-2-pyridinyl)methyllsulfinyl]-1 H-benzimidazole ; ou bien le compose sensible aux acides est 
le 2-[(2-dimethylaminobenzyl)sulfinyl]benzimidazole, comme ingredient actif, caracterise en ce que l'on 
met sous forme de noyaux le compose sensible aux acides melange avec un compose a reaction 
alcaline, ou un sel alcalin de !'ingredient actif eventuellement melange avec les composes a reaction 
alcaline, ces noyaux, qui se presentent sous Ia forme de petites perles au de comprimes, sont enrobes 
d'une ou plusieurs couches de sous-enrobage inertes comprenant des excipients pour comprimes qui 
sont solubles ou qui se desintegrent rapidement dans l'eau, ou des composes filmogenes polymeres 
hydrosolubles, contenant eventuellement des composes alcalins servant de tampon de pH entre le 
noyau a reaction alcaline et une couche externe, qui est un enrobage a delitement enterique, puis les 
noyaux sous-enrobes sont ensuite enrobes de ladite couche d'enrobage externe a delitement enterique. 

35 2. Procede selon Ia revendication 1, dans lequel le sousenrobage applique comprend de l'hydroxypropyl
methylcellulose, de l'hydroxypropylcellulose ou de Ia polyvinyl-pyrrolidone. 

3. Procede selon Ia revendication 1, dans lequel le sousenrobage applique comprend deux ou plusieurs 
sous-couches et dans lequel Ia sous-couche interieure contient une ou plusieurs substances parmi 

40 l'oxyde de magnesium, l'hydroxyde de magnesium au une substance composite AI203,6MgO, C~, 
12H20 ou MgO, Ai20s, 2Si02, nH20, ou n n'est pas un nombre entier et est inferieur a deux. 

4. Procede selon Ia revendication 1, dans lequel le compose sensible aux acides est melange avec un 
compose alcalin servant de tampon de pH conferant au micro-environnement du compose sensible aux 

45 acides un pH de 7-12, pour former un noyau alcalin. 

5. Procede selon Ia revendication 4, dans lequel le compose alcalin avec lequel est melange le compose 
sensible aux acides comprend une ou plusieurs substances parmi l'oxyde, l'hydroxyde au le carbonate 
de magnesium, l'hydroxyde d'aluminium, le carbonate, le phosphate ou le citrate d'aluminium, les 

50 composes composites d'aluminium et de magnesium Ai203, 6Mg0, C02, 12H20 ou MgO, AI20s, 
2Si02, nH2 0, ou n n'est pas un nombre entier et est inferieur a deux. 

6. Procede selon Ia revendication 1, dans lequel le sel alcalin du compose sensible aux acides, tel que le 
sel de sodium, de potassium, de magnesium, de calcium ou d'ammonium, est forme et incorpore dans 

55 le noyau alcalin. 

7. Procede selon Ia revendication 6, dans lequel le noyau alcalin comprend un sel alcalin du compose 
sensible aux acides melange avec un autre compose alcalin inerte par ailleurs. 
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8. Procede selon Ia revendication 1, dans lequel on applique l'enrobage a delitement enterique qui 
comprend du phtalate d'hydroxypropylmethylcellulose, de l'acetate-phtalate de cellulose, un copolyme
re d'acide methacrylique et d'ester methylique d'acide methacrylique ou du poly(acetatephtalate de 
vinyle), contenant eventuellement un plastifiant. 

9. Procede selon Ia revendication 1, dans lequel on prepare une forme posologique contenant le compose 
sensible aux acides dans lequel Ia teneur en eau ne de passe pas 1 ,5% en poids. 
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PHARMCEUTICAL COMPOSITIONS AND METHODS FOR TREATING THE SYMPTOMS OF OVERINDUL· 
GENCE 

Field of the Invention 

This invention relates to pharmaceutical com
positions for treating the symptoms of overindul
gence. More particularly, the invention comprises 
treating the symptoms of overindulgence with a 
combination of non-steroidal anti-inflammatory drug 
or acetaminophen and a histamine receptor blocker 
and/or a proton pump inhibitor composition 

Background of the Invention 

Non-steroidal anti-inflammatory drugs 
(hereinafter referred to as "NSAID(S)") and ac
etaminophen (hereinafter referred to as "APAP") 
are known to be effective analgesics for the treat· 
ment of mild to moderate pain Histamine receptor 
blockers (referred to generically herein as H1 or H2 
blockers) are effective inhibitors of gastric acid 
production. Proton pump inhibitors have been re
cently introduced as effective gastric acid inhibitors 

The symptoms of overindulgence due to ex
cessive or inappropriate intake of food andfor al
coholic beverage are well known and include head
ache as well as indigestion, upper abdominal dis
comfort, bloating, heartburn or pyrosis These fatter 
symptoms collectively are sometimes referred to 
as acid indigestion or sour stomach. Indigestion 
has been variously described and will be defined 
herein as encompassing one or more of the follow
ing symptoms: abdominal pain and/or pressure, 
heartburn, a sense of abdominal fullness or bloat
ing, excessive belching or flatulence and a vague 
feeling that digestion has not proceeded naturally 
(See Friedman, L.S., and K. J. lsselbacher, 
"Indigestion", Harison's Principles of Internal Medi· 
cine , 11th Edition, McGraw Hill Book Company, 
N.Y., p 171-175, 1986). 

The pathophysiology of indigestion is generally 
believed to be related to increased intraluminal 
acidity. The effects of alcohol and/or food on the 
gastrointestinal tract are influenced by a number of 
factors, including the mental state of the patient, 
the amount and type of food concurrently ingested, 
the individual subject's tolerance for alcohol and 
the presence or absence of disease. Gastric secre
tions stimulated by alcohol are rich in acid and 
normal in pepsin content. Stimulation of the antral 
mucosa by alcohol also leads to increased gastric 
secretion. Histamine has also been shown to be 
released in response to the alcohol-gastrin inter
relationship. (See Glass, G. B. J., B. L Slomiany 
and A Slomiany, "Biochemical and Pathological 

Derangements of the Gastrointestinal Tract follow
ing Acute and Chronic Ingestion of Ethanol", Bio
chemistry and Pharmacology of Ethanol , VolT, 
Plenum Press. N.Y., p 551-586,19~ 

5 Alcohol in concentrations of about 1 0% in the 
stomach results in an acid rich secretion. Alcoholic 
drinks of 40% concentration and over are quite 
irritating to the gastric mucosa and cause conges
tive hyperemia and inflammation of the gastric mu-

10 cosa and can produce erosive gastritis {See Ritch
ie, J. M., "The Aliphatic Alcohols", The Phar
maclogical Basis of Therapeutics , ?~Edition, 
MacMillan Publishing Co, N.Y., p 372-386, 1985). 
The irritation produced by alcohol stimulates sensi-

15 tized visceral afferent nerves which accompany the 
abdominal sympathetic pathway and is responsible 
for the symptom of abdominal discomfort which 
accompanies overindulgence. Inflammation also 
generally lowers the threshold for pain from vis-

20 cera/ distention or exaggerated muscular contrac
tion (See Lorber, S. H., and V. P. Dimoso, Jr., 
"Diseases of the Gastrointestinal Tract", The Biol
ogy of Alcoholism , Vol 3, Clinical Pathology, Ple
num Press, N.Y., p 339-357, 1974). 

25 Heartburn or pyrosis is frequently associated 
with overindulgence and is the result of reflux of 
acidic gastric content into the lower esophagus 
after a large meal or excessive alcohol intake. 
Heartburn is described as a sensation of warmth or 

30 burning located substernally or high in the epl
gastrum with occasional radiation into the neck and 
occasionally to the arms. 

Treatment of the gastric mucosal irritation and 
heartburn associated with overindulgence due to 

35 alcohol has traditionally been directed toward re
ducing gastric acidity with various oral antacids. 
Recent introduction of H2 receptor blocking agents 
has added another dimension to the treatment regi
men and has only lately been considered as a 

40 routine therapy for gastric mucosal irritation due to 
a variety of causes. Histamine is known to stimu
late the retease of gastric acid. Evidence is avail
able that blocking the histamine gastric response is 
possible with agents which selectively block the H1 

45 receptor. Similarly, combinations of H1 and H2 re
ceptor blocking agents have been shown to have a 
synergistic effect on protecting the gastric mucosa. 
An appropriate treatment of heartburn or pyrosis 
could encompass a composition containing an H1 

so receptor blocking agent, an H2 receptor blocking 
agent or a combination of the two depending upon 
the desired result or severity of the condition. 

2 

Headache due to excessive food or alcohol 
ingestion is a much more obscure subject. While 
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the etiology of the common headache due to over
indulgence may be related to the essential oils, 
metabolic by-products of ethyl alcohol metabolism 
or osmotic changes induced by the anhydrous na
ture of the alcohol itself, specific details of the 
mechanism are difficult to determine. Should etiol
ogies and mechanisms of headache production be 
more precisely known, therapy can be more spe
cifically oriented. Meanwhile, treatnient has been 
directed at avoidance and symptomatic therapy 
with analgesic compositions, e.g. aspirin or APAP 
(See Adams, A. D. and J. B. Martin, "Headache", 
Harrlson's Principles of Internal Medicine , 11th 
Edition, McGraw Hill Book Company, N.Y., p 26-33, 
1986). 

The treatment of the symptoms of overindul
gence often requires the co-administration of an 
analgesic to relieve the headache along with an 
agent to reduce gastric acidity which is generally 
believed to cause the indigestion and heartburn. 
For example, effervescent products comprising as
pirin or APAP combined with an antacid such as 
sodium or calcium carbonates have been commer
cially available as treatments for the symptoms of 
overindulgence. 

The concept of combining an agent to reduce 
or inhibit the production of gastric acid with an 
analgesic in a single composition has, however, 
heretofore been overlooked as a method of treating 
overindulgence. Such a combination would be a 
significant advance and meet a long felt need for 
treating the symptoms of overindulgence, permit
ting a single composition to more effectively treat 
all the symptoms concurrently. 

Summary of the Invention 

The foregoing object of fulfilling a long felt 
need for pharmaceutical compositions which can 
relieve the symptoms of overindulgence defined 
herein as headache and acid indigestion has now 
been accomplished in accordance with the com
positions and methods of the present invention. 

In accordance with the purposes of the inven
tion, as embodied and fully described herein, the 
invention comprises pharmaceutical compositions 
for treating the symptoms of overindulgence com
prising an analgesic effective amount of an NSAID 
or APAP and a gastric acid inhibiting effective 
amount of an H, or H2 blocker, a proton pump 
inhibitor or a combination thereof. 

In preferred embodiments the NSAID is se
lected from the group consisting of propionic acid 
derivatives including ibuprofen, fenoprofen, 
naproxen and ketoprofen; fenamic acid derivatives, 
including meclofenamate and mefenamic acid; ox
icams .. including piroxicam; indole acetic acids, in-

eluding indomethacin, sulindac, tolmetin; and phar
maceutically acceptable salts thereof. The pre
ferred H, or H2 or proton pump inhibitors are 
selected from the group consisting of the H2 recep-

5 tor blocking drugs cimetidine, ranitidine and 
famotidine; the proton pump inhibitor drug 
omeprazole; and the H1 receptor blocking drugs, 
from the group ethanolamines including diphen
hydramine, dimenhydrimate, carbinoxamine, from 

to the group ethylenediamines, including tripelen
namine, pyrilamine, from the group alkylamines, 
including cholphenirdmine, from the group 
piperazines, including hydroxyzine, cyclizine, 
meclizine, from the group phenothiarinec, including 

15 promethazine. In more preferred embodiments the 
APAP or ibuprofen are used in combination with 
cimetidine. 

As embodied and broadly described herein, 
the invention further comprises a method for treat-

20 ing the symptoms of overindulgence comprising 
administering a combination pharmaceutical com
position to a patient comprising an analgesic effec
tive amount of APAP or an NSAID and a gastric 
acid inhibiting effective amount of an H, or Hz 

25 blocker, a proton pump inhibitor or a combination 
thereof as is described above. 

Detailed Description of Preferred Embodiments of 
30 the Invention 

Reference will now be made in detail to pre
ferred embodiments of the invention, examples of 
which are illustrated in the following examples sec-

35 tion. 
To achieve the object of the invention of pro

viding a pharmaceutical composition for treating 
the symptoms of overindulgence an analgesic ef
fective amount of APAP or an NSAID is combined 

40 with a gastric acid inhibiting effective amount of an 
H, or Hz blocker or a proton pump inhibitor or a 
combination thereof. 

The treatment of overindulgence is directed to 
the symptomatic relief of the complaints of acid 

45 indigestion and headache. This requires the use of 
an agent which would treat the headache, abdomi
nal discomfort and reduce the intraluminal gastric 
acidity. Since no single agent has been found to be 
capable of treating the multiple symptons of overin-

50 dulgence, a composition such as is described in 
this invention is recommended. 

APAP, a well-known clinically proven analgesic 
and antipyretic, produces analgesia by elevating 
the pain threshold. APAP is indicated as an analge-

55 sic for both acute and chronic pain conditions, 
including arthritic and rheumatic conditions involv
ing musculoskeletal pain, headache, dysmenorrhea, 
myalgias and neuralgias. APAP is an extremely 

3 
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safe analgesic, rarely producing side-effects and is 
especially well tolerated by aspirin-sensitive pa
tients. (Seegers, A. J. M., L. P. Jager, and J. Van 
Noordwijk, "Effects of Phenacetin Parcetamol and 
Caffeine on the Erosive Activity of Acetylsalicylic 
Acid in the Rat Stomach: Dose-Response Relation
ships, Time Course of Erosion Development and 
Effects of Acid Secretion", J. Pharmacal , 31:840-
848, 1979), have shown thaT APAP decreases the 
gastric erosive activity of a strongly ulcerogenic 
NSAID. {Stern, A. 1., D. L. Hogan, L. H. Kahn, and 
J. 1. Isenberg, "Protective Effect of Acetaminophen 
Against Aspirin - and Ethanol-Induced Damage to 
the Human Gastric Mucosa", Gastroenterology , 
86:728-733, 1984), have additionally shown that a 
single dose of APAP prevents a significant amount 
of gastric mucosal damage caused by both aspirin 
and alcohol. Further, APAP is particularly well suit
ed as an analgesic in patients with hemostatic 
disturbances as well as in patients with upper gas
trointestinal disorders including ulcers, gastritis and 
hiatus hernia. 

Aspirin and other NSAIDs are commonly used 
for the treatment of pain and inf lammation of a 
variety of etiologies. The mechanism of action of 
this class of drugs is by inhibition of the enzyme of 
prostaglandin synthetase, both centrally and pe
ripherally. The peripheral prostaglandin synthetase 
inhibiting activity of aspirin and other NSAIDs is 
responsible for the anti-inflammatory and analgesic 
activity as well as for many of the varied side
effects of these drugs. Aspirin is specifically ex
cluded from this invention since aspirin, by itself, 
causes severe inflammation of the gastric mucosa. 
In the presence of alcohol, this effect of aspirin is 
enhanced. Similarly, prolongation of bleeding time 
induced by aspirin, is enhanced in the presence of 
alcohol (See Deykin, D., P. Janson and L. 
McMahon, "Ethanol Potentiation of Aspirin-Induced 
Prolongation of the Bleeding Time", New England 
Journal of Medicine , 306:852-854-:1"982). For 
these reasons aspirin is not a rational choice either 
alone or in combination with other compositions for 
treating acid indigestion in general and as it relates 
to overindulgence. While other NSAIDs can by 
themselves lead to increased stomach upset, this 
effect is not as severe as with aspirin, and they are 
thus useful in treating the symptoms of overindul
gence in accordance with the combination com
position of the invention. 

The presence of gastrin, acetylcholine and his
tamine in the stomach interacting with the his
tamine receptor on the parietal cell results in the 
increased secretion of hydrochloric acid. The activ
ity of gastrin and acetylcholine are believed to be 
influenced by histamine. Inhibition of the histamine 
receptor prevents the attachment of histamine to 
the- parietal cell and subsequently inhibits acid se-

cretion. Omeprazole, a proton pump inhibitor, ir
reversibly inhibits the enzyme responsible for acid 
production. 

The histzmine receptors are differentiated by 
5 the class of inhibitor so that while the acid secret

ing histamine receptor is called an H2 receptor with 
the inhibitors of this site being called the H2 recep
tor blocker, the histamine H1 receptor site blockers 
comprise another class of antihistamine drugs. The 

10 combination of H1 and H2 blockers can synergisti
cally protect the gastrointestinal mucosa from the 
effects of chemically induced damage such as oc
curs in alcohol and food related overindulgence. 

The composition of the present invention shall 
15 preferably contain a combination of the following 

compositions or their pharmaceutically acceptable 
salts either acetaminophen from 500 to 1000 mg 
per dose or one of several NSAIDs from the group 
of: propionic acid derivatives including ibuprofen 

20 (the term ibuprofen is meant to include administra
tion of both the racemic mixture of R- and S
enantiomers and the substantially pure S-enan
tiomer which is the analgesic active form of 
ibuprofen) from 200 to 400 mg per dose; naproxen 

25 from 200 to 500 mg per dose; fenoprofen from 200 
to 600 mg per dose; ketoprofen from 50 to 300 mg 
per dose, meclofenamate from 50 to 400 mg per 
dose, mefenamic acid from 250 to 500 mg per 
dose; piroxicam from 1 0 to 20 mg per dose; in-

3D domethacin from 25 to 200 mg per dose, sulindac 
from 150 to 400 mg per dose, tolmetin from 200 to 
1200 mg per dose; in combination with the H2 
receptor blocking drugs including cimetidine from 
150 to 800 mg per dose; ranitidine from 50 to 300 

35 mg per dose; famotidine from 5 to 40 mg per dose; 
or in combination with the proton pump inhibitor 
drugs including omeprazole from 100 to 500 mg 
per dose; and/or an H1 receptor blocking drug from 
the group ethanolamines including diphen-

40 hydramine 25 to 200 mg per dose; dimenhydrimate 
from 50 to 400 mg per dose, carbinoxamine from 4 
to 8 mg per dose; from the group ethylenediamines 
including tripelennamine frog 25 to 300 mg per 
dose; pyrilamine from 25 to 300 mg per dose; from 

45 the group alkylamines including chorpheniramine 
from 2 to 24 mg per dose, from the group 
piperazines including hydroxyzine from 25 to 1 00 
mg per dose, cyclizine from 50 to 300 mg per 
dose, meclizine from 8 to 400 mg per dose; and 

so from the group phenothiazines including pro
methazine from 12.5 to 50 mg per dose. 

The dosage ranges described above are pre
ferred adult doses and may vary depending upon 
the age and weight of the patient as would be 

55 known by those skilled in the pharmaceutical arts. 

4 

Further, if a combination of, for example an H1 and 
H2 blocker is used, the dosage for each may be 
reduced. 
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To establish the efficacy of the composition of 
this invention in humans, patients suffering from 
the symptoms of overindulgence which will include 
any of the constellation of signs of indigestion, 
upper abdominal discomfort, bloating, heartburn or 
pyrosis and headache can be administered ac
etaminophen or a non-steroidal anti-inflammatory 
drug with and without histamine receptor blockers 
(H1 and/or H2 blocking agents). To determine ef
ficacy, patients are asked to subjectively estimate 
onset of relief, duration of relief and time to maxi
mum relief. Appropriate statistical methods are 
used to show that on the average, acetaminophen 
or non-steroidal anti-inflammatory agents with H1 
histamine and/or Hz histamine receptor blocking 
drugs are more efficacious. 

Since appropriate animal models for the evalu
ation of overindulgence are not available, studies 
will not be conducted involving laboratory animals. 

Other ingredients both active and inactive can 
be added to the combination pharmaceutical com
positions of the invention. For example, flavoring 
compositions are desirably added to chewable and 
liquid dosage forms. Further, antidiarrheal, antiflatu
lent, antispasmodic and/or anticholinergic composi
tions may be added to the compositions of the 
invention to reduce and relieve gastrointestinal dis
tress, which may be associated with acid indiges
tion. Exzmples of antidiarrheals include loperamidc, 
attapulgite, bismuth subsalicylate, diphenoxylate 
HCI, polycarbophil, calcium polycarbophil and mix
tures thereof. An example of an antiflatulent is 
simethicone. Examples of antispasmodics include 
phenobarbital dicyclomine HCI, belladonna alka
loids, and atropine. 

Examples 

The invention will now be illustrated by exam
ples. The examples are not intended to be limiting 
of the scope of the present invention but read in 
conjunction with the detailed and general descrip
tion above, provide further understanding ot the 
present invention and an outline of a process for 
preparing the compositions of the invention. Exam
ple 1-14 disclose various formulations for preparing 
tablets or caplets in accordance with the invention. 
Various conventional techniques for preparing me
dicament tablets or caplets can be employed as 
would be known to those skilled in the art as is 
disclosed for example by Remington's Pharmaceu
tle Sciences , flack Publishing Co., Chapter 90, 
"Oral Solid Dosage Forms", pp. 1603-1632 (1985). 

Example 1: 

5 

A tablet consisting of: 
500 mg of acetaminophen; 
150 mg of cimetidine; and 
other auxiliary agents and coloring agents. 

Example 2: 

10 A tablet consisting of: 

15 

500 mg ot acetaminophen; 
mg of diphenhydramine; and 
other auxiliary agents and coloring agents. 

Example 3: 

A tablet consisting of: 
20 200 mg of ibuprofen; 

150 mg of cimetidine; and 
other auxiliary agents and coloring agents. 

25 Example 4: 

A tablet consisting of: 
200 mg of ibuprofen; 

30 mg of ranitidine; and 

35 

other auxiliary agents and coloring agents. 

Example 5: 

A tablet consisting of: 
200 mg of ibuprofen; 
mg of diphenhydramine; and 

40 other auxiliary agents and coloring agents. 

45 

50 

Example 6: 

A tablet consisting of: 
500 mg of acetaminophen; 
50 mg of ranitidine; and 
other auxiliary agents and coloring agents. 

Example 7: 

55 A tablet consisting of: 

5 

500 mg of acetaminophen; 
150 mg of cimetidine; 
25 mg of diphenhydramine; and 
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other auxiliary agents and coloring agents. 

Example 8: 

A tablet consisting of: 
200 mg of ibuprofen; 
350 mg of cimetidine; 
mg of diphenhydramine; and 
other auxiliary agents and coloring agents. 

Example 9: 

A tablet consisting of: 
500 mg of acetaminophen; 
50 mg of ranitidine; 
25 mg of diphenhydramine; and 
other auxiliary agents and coloring agents. 

Example 10: 

A tablet consisting of: 
200 mg of ibuprofen; 
50 mg of ranitidine; 
25 mg of diphenhydramine; and 
other auxiliary agents and coloring agents. 

Example 11: 

A tablet consisting of: 
500 mg of acetaminphen; 
60 mg of omeprazole; and 
other auxiliary agents and coloring agents. 

Example 12: 

A tablet consisting of: 
200 mg ibuprofen; 
mg omeprazole; and 
other auxiliary agents and coloring agents. 

Example 13: 

A tablet consisting of: 
500 mg acetaminophen; 
60 mg omeprazole; 
25 mg diphenhydramine; and 
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other auxiliary agents and coloring agents. 

Example 14: 

A tablet consisting of: 
200 mg ibuprofen; 
60 mg omeprazole; 

10 25 mg diphenhydramine; and 
other auxiliary agents and coloring agents. 

Various other dosage forms can be applied 
herein such as a filled gelatin capsule, liquid 
emulsion/suspension or chewable tablet form em-

15 playing the dosage actives provided above or other 
dosage amounts in accordance with the present 
invention. A liquid suspension of ibuprofen to which 
cimetidine, diphenhydramine, ranitidine o~ combi
nations thereof in the amounts provided above can 

20 be added to the ibuprofen suspension disclosed in 
EP-A-90307001.9. 

Method of Treating Patients for the Symptoms of 
25 0Vei1rldulgence - - -

A patient exhibiting the symptoms or suffering 
from the symptoms of overindulgence is treated by 
the oral administration of one tablet of the phar-

ao maceutical composition in accordance with any of 
Examples 1-14. 

The scope of the present invention is not limit
ed by the description, examples and suggested 
uses herein and modifications can be made without 

35 departing from the spirit of the invention. For exam
ple, the pharmaceutical compositions of the inven
tion may be provided in a sustained release for
mulation for prolonged and/or nightime treatment of 
the symptoms of overindulgence. Application of the 

40 compositions and methods of the present invention 
for medical and pharmaceutical uses can be ac
complished by any clinical, medical and pharma
ceutical methods and techniques as are presently 
or prospectively known to those skilled in the art. 

45 Thus it is intended that the presently claimed in
vention cover the modifications and variations of 
this invention provided that they come within the 
scope of the appended claims and their equiv
alents. 

50 

Claims 

1. A pharmaceutical composition comprising: 
55 an analgesic effective amount of acetaminophen or 

a non-steroidal anti-inflammatory drug; and 

6 

a gastric acid inhibiting effective amount of an H1 
or H2 receptor blocker, a proton pump .inhibitor or a 
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combination thereof. 
2. The composition of claim 1 wherein the non
steroidal anti-inflammatory drug is a propionic acid 
derivative, a fenamic acid derivative, an oxicam, an 
indole acetic acid or a pharmaceutically acceptable 
salt thereof. 
3. The composition of claim 1 or claim 2 wherein 
the acetaminophen or non-steroidal anti-inflamma-
tory drug, selected from ibuprofen, fenoprofen, 
naproxen, ketoprofen, meclofenamate, mefenamic 
acid, piroxicam, indomethacin, sulindac, tolmetin, 
or a pharmaceutically acceptable salt thereof, is 
combined with: 
one of the H2 receptor blocking drugs cimetidine, 
ranitidine and famotidine; 
the proton pump inhibitor drug omeprazole; or one 
of the H1 receptor blocking drugs diphen-
hydramine, dimenhydrimate, carbinoxamine, 
tripelennamine, pyrilamine, chorpheniramine, 
hydroxyzine, cyclizine, meclizine, promethazine; 
or a pharmaceutically acceptable salt thereof. 
4. The composition of any one of claims 1 to 3 
which contains: 
acetaminophen from 500 to 1 OOOmg per dose, 
ibuprofen from 200 to 400 mg per dose, naproxen 
from 200 to 500 mg per dose, fenoprofen from 200 
to 600 mg per dose, ketoprofen from 50 to 300 mg 
per dose, meclofenamate from 50 to 400 mg per 
dose. mefenamic acid from 250 to 500 mg per 
dose. piroxicam from 10 to 20 mg per dose, in
domethacin from 25 to 200 mg per dose, sulindac 
from 150 to 400 mg per dose, tolmetin from 200 to 
1200 mg per dose or a pharmaceutically accept-
able salt thereof; 

or promethazine; or 
(c) a combination of a drug from group (a) and a 
drug from group (b). 

6. The composition of any one of claims 1 to 5 
5 comprising: 

a combination of acetaminophen and cimetidine; 
a combination of ibuprofen and cimetidine; or 
a combination of naproxen anddiphenhydramine. 
7. The composition of any one of claims 1 to 6, in 

10 oral tablet, caplet, chewable or liquid dosage form. 
8. The composition of any one of claims 1 to 7, for 
use in treating the symptoms of over indulgence. 
9. A method for producing the composition of any 
one of claims 1 to 8 which comprises forming a 

15 pharmaceutical composition containing: 
an analgesic effective amount of acetaminophen or 
a non-steroidal anti-inflammatory drug; and 
a gastric acid inhibiting amount of an H1 or H2 
receptor blocker, a proton pump inhibitor or a com-

20 bination thereof. 

25 

30 

in combination with: 35 

cimetidine from 150 to 800 mg per dose, ranitidine 
from 50 to 300 mg per dose, famotidine from 5 to 
40 mg per dose, omeprazole from 100 to 500 mg 
per dose, diphenhydramine from 25 to 200 mg per 
dose, dimenhydrimate from 50 to 400 mg per 40 

dose, carbinoxamine from 4 to 8 mg per dose, 
tripelennamine from 25 to 300 mg per dose, 
pyrilamine from 25 to 100 mg per dose, chlor
pheniramine from 2 to 24 mg per dose, hydrox-
yzine from 25 to 100 mg per dose, cyclizine from 45 

50 to 300 mg per dose, meclizine from 8 to 400 
mg per dose, promethazine from 12.5 to 50 mg per 
dose, a pharmaceutically acceptable salt thereof or 
a combination thereof. 
5. The composition of any one of claims 1 to 4 so 
comprising fenoprofen, ketoprofen, meclofenamate, 
mefenamic acid, piroxicam, indomethacin, sulindac, 
tolmetin or a pharmaceutically acceptable salt 
thereof, and 

(a) cimetidine, ranitidine or famotidine; or 55 

(b) diphenhydramine, dimenhydrimate, carbinox
amine, tripelennamine, pyrilamine, chlor
pheniramine. hydroxyzine. cyclizine. meclizine 

7 
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The present invention relates to improvements in the treatment of inflammatory conditions and for 
analgesia. More particularly it relates to the co-administration of a non-steroidal anti-inflammatory drug with 
a salt formed between ranitidine and a complex of bismuth with a carboxylic acid. 

Systemic non-steroidal anti-inflammatory drugs, such as aspirin, indomethacin, ibuprofen and piroxicam, 
5 are known to give rise to undesirable side effects. In particular, they are known to be ulcerogenic and can 

thus, for example, give rise to gastric and/or duodenal ulceration when administered orally. This side effect 
may be further enhanced in combination with other factors such as stress and smoking. Since in some 
treatments these compounds may have to be used for an extended period, such side effects can prove a 
serious disadvantage. 

10 In our UK Patent Specification No. 22209378 we describe and claim salts formed between ranitidine 
and a complex of bismuth with a carboxylic acid, particularly tartaric acid and, more especially, citric acid. 
One such salt is N-[2-[[[5-[(dimethylamino)methyl]-2-furanyl]methyl]thio]ethyi]-N'-methyl-2-nitro-1, 1-
ethenediamine 2-hydroxy-1 ,2,3-propanetricarboxylate bismuth (3+) complex, also known as ranitidine bis
muth Citrate. 

15 The salts disclosed in UK Patent Specification No. 22209378 possess the H2-antagonist antisecretory 
properties associated with ranitidine, together with antibacterial activity against Helicobacter pylori (formerly 
Campylobacter pylori). In addition, such salts possess cytoprotective properties and display activity against 
the human gastric pepsins with preferential inhibition of pepsin 1, a pepsin isozyme associated with peptic 
ulcer. The salts disclosed in UK Patent Specification No. 22209378 thus possess a particularly advanta-

20 geous combination of properties for the treatment of gastrointestinal disorders, especially peptic ulcer 
disease (e.g. gastric and duodenal ulceration) and other gastroduodenal conditions, for example gastritis 
and non-ulcer dyspepsia. 

Tests in animals and humans have now shown that mucosal lesions of the gastrointestinal tract caused 
by non-steroidal anti-inflammatory drugs are significantly reduced by administering ranitidine bismuth 

25 citrate. In particular, we have demonstrated in rats the ability of ranitidine bismuth citrate to prevent 
indomethacin induced gastric antral ulceration using a modification of the method of Satoh et al., 
Gastroenterology (1981 ), 81, 719-725. In this test ranitidine bismuth citrate was markedly more potent than 
both ranitidine hydrochloride and tripotassium dicitrato bismuth ate as DeNol TM • A recently published human 
clinical study (N. Hudson et al., Gut 1992, 33 supplement, s47) also demonstrates that ranitidine bismuth 

30 citrate confers substantial protection from aspirin-induced injury to the gastric mucosa. 
The present invention thus provides, in one aspect, the use of (i) ranitidine bismuth citrate and (ii) a 

non-steroidal anti-inflammatory drug in the manufacture of medicaments for simultaneous, separate or 
sequential use in treating or preventing inflammatory conditions or for analgesia. 

In a further, or alternative, aspect the present invention provides the use of ranitidine bismuth citrate in 
35 the manufacture of medicaments to prevent gastrointestinal damage caused by non-steroidal anti-inflam

matory drugs. 
Combination therapy according to the present invention may be used in the treatment of inflammatory 

conditions, particularly acute and chronic musculo-skeletal inflammatory conditions such as rheumatoid and 
osteo-arthritis and ankylosing spondylitis and for analgesia in conditions such as dysmenorrhoea, especially 

40 where the use of the anti-inflammatory drug is limited by gastrointestinal side effects. As stated above, co
administration of ranitidine bismuth citrate with a systematic non-steroidal anti-inflammatory drug may also 
be used to prevent gastrointestinal damage caused by non-steroidal anti-inflammatory drugs. Such gastroin
testinal damage includes duodenal and/or gastric ulceration, non-steroidal anti-inflammatory drug associated 
gastritis and gastric erosions, and non-steroidal anti-inflammatory drug associated mucosal damage to the 

45 small intestine. 
Suitable systemic non-steroidal anti-inflammatory drugs which may be employed in the invention 

generally also show analgesic activity and include, for example, aspirin, indomethacin, ibuprofen, piroxicam, 
fenoprofen, ketoprofen, naproxen, mefenamic acid, diflunisal, benorylate, azapropazone, diclofenac, fen
bufen, feprazone, fenclofenac, flufenamic acid, flurbiprofen, oxyphenbutazone, phenylbutazone, sulindac and 

50 tolmetin. 
The ranitidine bismuth citrate and the anti-inflammatory drug are preferably co-administered in the form 

of separate pharmaceutical compositions for simultaneous and/or sequential use. Alternatively the ranitidine 
bismuth citrate and the anti-inflammatory drug may be administered as a single pharmaceutical composition 
for oral use comprising effective amounts of the active ingredients. 

55 Thus, according to a further aspect, the invention provides a product containing (i) ranitidine bismuth 
citrate and (ii) a non-steroidal antiinflammatory drug as a combined preparation for simultaneous, separate 
or sequential use in treating or preventing inflammatory conditions or for analgesia. 
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When the ranitidine bismuth citrate and the non-steroidal anti-inflammatory are administered as 
separate preparations, the anti-inflammatory may be provided in any convenient formulation, such as in the 
manner known in the art and/or commercially for the compound concerned. Administration of both the 
ranitidine bismuth citrate and the non-steroidal anti-inflammatory by the oral route is preferred, although the 

5 anti-inflammatory, where appropriate, may also be given by another route, for example parenterally (e.g. 
intravenously) or rectally (e.g. by suppository). 

The ranitidine bismuth citrate may conveniently be formulated as tablets (including chewable tablets), 
capsules (of either the hard or soft type), or as a liquid preparation, as described for example in UK Patent 
Specification Nos. 22209378 and 2248185A. Tablets are generally preferred. 

10 As stated hereinabove, ranitidine bismuth citrate and the non-steroidal anti-inflammatory drug may be 
administered as a single pharmaceutical composition for oral use. Thus, according to a further aspect the 
invention provides a pharmaceutical composition, for oral use in human or veterinary medicine, comprising 
ranitidine bismuth citrate and a non-steroidal anti-inflammatory drug, together, where appropriate, with a 
pharmaceutically acceptable carrier or excipient. 

15 Suitable additional carriers or excipients include binding agents (e.g. pregelatinised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g. lactose, microcrystalline cellulose or 
calcium hydrogen phosphate); lubricants (e.g. magnesium stearate, talc or silica); disintegrants (e.g. starch 
or sodium starch glycollate); or wetting agents (e.g. sodium Iaury! sulphate). An alkaline salt of the type 
described in UK Patent Specification No. 2248185A may be added to improve the rate of disintegration 

20 and/or dissolution of the composition. 
The compositions may be prepared according to conventional techniques well known in the pharmaceu

tical industry. Thus, for example, the ranitidine bismuth citrate and the non-steroidal anti-inflammatory drug 
may be admixed together, if desired, with suitable carriers or excipients. Tablets may be prepared, for 
example, by direct compression or wet granulation of such a mixture. Capsules may be prepared by filling 

25 the blend along with suitable carriers or excipients into gelatin capsules, using a suitable filling machine. 
Tablets may be coated by methods well known in the art. The preparations may also contain flavouring, 
colouring and/or sweetening agents as appropriate. 

When ranitidine bismuth citrate and the non-steroidal anti-inflammatory drug are administered as a 
single pharmaceutical composition for oral use the composition is preferably in the form of a capsule or, 

30 more particularly, a tablet. 
The compositions for use according to the invention may, if desired, be presented in a pack or 

dispenser device which may contain one or more unit dosage forms containing the active ingredients. The 
pack may for example comprise metal or plastic foil, such as a blister pack. Where the ranitidine bismuth 
citrate and the non-steroidal anti-inflammatory drug are intended for administration as separate composi-

35 tions these may be presented in the form of, for example, a twin pack. 
Thus, according to a further aspect the present invention provides a twin-container pack for use in 

treating or preventing inflammatory conditions or for analgesia, one of the containers containing ranitidine 
bismuth citrate and the other containing a non-steroidal anti-inflammatory drug. 

The doses at which the ranitidine bismuth citrate and the non-steroidal anti-inflammatory may be 
40 administered to man (of approximately 70kg body weight) will depend on the route of administration of the 

anti-inflammatory and on the nature and severity of the condition being treated. It will also be appreciated 
that it may be necessary to make routine variations to the dosage depending on the age and weight of the 
patient. 

A proposed dosage of ranitidine bismuth citrate for use according to the invention is 150mg to 1 .5g, 
45 preferably 200 - 800mg per unit dose. The unit dose may be administered, for example, 1 to 4 times per 

day, preferably once or twice per day. 
The non-steroidal anti-inflammatory may conveniently be administered at doses within the normal 

dosage range at which the compound is therapeutically effective, -for example 50mg-1g of aspirin, 10- 100 
mg of indomethacin, 5 - 50 mg of piroxicam, 100-500mg of ibuprofen and 200-800mg of mefenamic acid 

50 per dosage unit taken one or more times daily in accordance with the normal dosage regime for the drug in 
question. 

In a further aspect, the present invention provides a method of treating inflammatory conditions or for 
analgesia in a human or animal subject, which comprises administering to said subject effective amounts of 
ranitidine bismuth citrate and a non-steroidal anti-inflammatory drug. 

55 In another, or alternative, aspect the present invention provides a method of treating gastrointestinal 
damage caused by non-steroidal anti-inflammatory drugs in a human or animal subject, which comprises 
administering to said subject an effective amount of ranitidine bismuth citrate. 
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References herein to treatment include prophylactic treatment as well as the alleviation of acute 
symptoms. 

The methods of the present invention comprise administering the non-steroidal anti-inflammatory drug 
and ranitidine bismuth citrate either concurrently or non-concurrently. As used herein, concurrent admin-

5 istration means that the agents are given within 24 hours of each other, whereas non-concurrent administra
tion means that the agents are given more than 24 hours apart. When the agents are administered 
concurrently, it may be preferable to administer the agents within about 1 hour of each other or, more 
preferably, within about 5 minutes of each other. 

For the methods of the present invention, the duration of administration of the agents during either 
10 concurrent or non-concurrent dosing will vary according to the specific condition being treated. 
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The following examples illustrate pharmaceutical compositions for oral use containing both ranitidine 
bismuth citrate and a suitable non-steroidal anti-inflammatory drug. 

Example 1 

TABLETS 

mg/tablet 

(a) Ranitidine bismuth citrate 400.00 
Ibuprofen 400.00 
Lactose 200.00 
Hydroxypropyl methylcellulose 5.00 
Sodium starch glycollate 30.00 
Magnesium stearate 10.00 
Compression weight 1045.00 

The ranitidine bismuth citrate and ibuprofen are sieved through a 250um sieve and blended with the 
lactose. This mix is granulated with a solution of the hydroxypropyl methylcellulose. The granules are dried, 
screened and blended with the sodium starch glycollate and the magnesium stearate. The lubricated 
granules are compressed into tablets using 15.0mm punches. 

mg/tablet 

(b) Ranitidine bismuth citrate 400.00 
Indomethacin 50.00 
Microcrystalline cellulose 114.00 
Anhydrous sodium carbonate 30.00 
Magnesium stearate 6.00 
Compression weight 600.00 

The ranitidine bismuth citrate and indomethacin are blended with the microcrystalline cellulose, sodium 
45 carbonate and magnesium stearate and compressed using 12.5mm punches. 

50 

55 

4 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Example 2 

CAPSULES 

EP 0 550 083 A1 

Capsule 

(a) Ranitidine bismuth citrate 200.00 
Ibuprofen 400.00 
Starch 1500** 196.00 
Magnesium stearate 4.00 
Fill weight 800.00 

-A form of directly compressible starch supplied by Colorcon Ltd, 
Orpington, Kent. 

The ranitidine bismuth citrate and ibuprofen are sieved through a 2501lm sieve and blended with the 
Starch 1500 and magnesium stearate. The resultant mix is filled into size 0 hard gelatin capsules using a 
suitable filling machine. 

mg/capsule 

(b) Ranitidine bismuth citrate 200.00 
Indomethacin 50.00 
Starch 1500 48.50 
Magnesium stearate 1.50 
Fill weight 300.00 

The ranitidine bismuth citrate and indomethacin are sieved through a 2501lm sieve and blended with 
the Starch 1500 and magnesium stearate. The resultant mix is filled into size 2 hard gelatin capsules using 
a suitable filling machine. 

Example 3 

INHIBITION OF INDOMETHACIN-INDUCED GASTRIC LESIONS IN THE RAT 

The ability of ranitidine bismuth citrate to prevent indomethacin-induced gastric antral ulceration was 
compared with that of ranitidine hydrochloride and De-No I TM • 

Female rats, which had been fasted for 24 hours and then re-fed, received ranitidine bismuth citrate (1 
to 1 OOmglkg), ranitidine hydrochloride (1 0 to 1 OOmg/kg) or De-Nol TM (3 to 1 OOmg/kg) by oral gavage. 
Ranitidine bismuth citrate was administered as a suspension and the other test compounds as solutions. 
Thirty minutes after dosing with the test compound, animals received indomethacin (60mg/kg sc) as an 
ulcerogenic stimulus and after a further 6 hours the animals were killed and the antral region assessed 
macroscopically for damage. 

Results are presented in the table below. Ranitidine bismuth citrate produced a dose-related inhibition 
of indomethacin-induced lesions and was relatively potent, an EDso value of 4.5mg/kg po being calculated. 
Ranitidine hydrochloride and De-Nol™ were markedly less potent. 

EDso Values for Inhibition of Indomethacin - Induced Antral Ulceration 

Compound Ranitidine Bismuth Citrate Ranitidine Hydrochloride De-Nol™ 

ED5o mg/kg p.o. 4.5 23.4 43.2 

95% confidence limits 0.5- 10.7 16.0- 33.0 23.6- 93.0 

5 
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Claims 

1. The use of (i) ranitidine bismuth citrate and (ii) a non-steroidal anti-inflammatory drug in the manufac
ture of medicaments for simultaneous, separate or sequential use in treating or preventing inflammatory 

5 conditions or for analgesia. 

2. The use of ranitidine bismuth citrate in the manufacture of medicaments to prevent gastrointestinal 
damage caused by non-steroidal anti-inflammatory drugs. 

10 3. The use according to Claim 1 in which the compounds (i) and (ii) are presented as separate 
compositions for said use. 

4. A product containing compounds (i) and (ii) as defined in Claim 1 as a combined preparation for 
simultaneous, separate or sequential use in treating or preventing inflammatory conditions or for 

15 analgesia. 

5. A pharmaceutical composition, for oral use, which comprises both a compound (i) and a compound (ii) 
as defined in Claim 1, together with a pharmaceutical carrier or excipient. 

20 6. A use, product or composition according to any preceding claim in which the non-steroidal anti
inflammatory drug is selected from aspirin, indomethacin, ibuprofen, piroxicam, fenoprofen, ketoprofen, 
naproxen, mefenamic acid, diflunisal, benorylate, azapropazone, diclofenac, fenbufen, feprazone, fen
clofenac, flufenamic acid, flurbiprofen, oxyphenbutazone, phenylbutazone, sulindac and tolmetin. 

25 7. A use or product according to any preceding claim in which compounds (i) and (ii) are in forms suitable 
for oral administration. 

8. A use or product according to any preceding claim in which compound (i) is formulated as a tablet. 

30 9. A use or product according to Claim 8 in which compound (i) is administered at a dosage of 200-
SOOmg per unit dose. 

35 

10. A twin-container pack for use in treating or preventing inflammatory conditions or for analgesia, one of 
the containers containing (i) and the other containing (ii) as defined in the preceding claims. 

11. A composition according to Claim 5 or Claim 6 or a pack according to Claim 10, in association with 
instructions for the use of both (i) and (ii) in treating or preventing inflammatory conditions or for 
analgesia. 

40 12. A method for the preparation of a composition according to Claim 5 or Claim 6 which comprises 
admixing (i) and (ii) together, if desired, with suitable carriers or excipients. 

45 
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Description 

Field of the invention 

5 [0001] The present invention is directed to new compounds with high optical purity, their use in medicine, a process 
for their preparation and their use in the manufacture of pharmaceutical preparation. The invention also relates to novel 
intermediates in the preparation of the compounds of the invention. 

10 

Background of the invention 

[0002] The compound 5-methoxy-2-[[( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole, hav
ing the generic name omeprazole, and therapeutically acceptable alkaline salts thereof are described in EP 5129 and 
EP 124 495, respectively. Omeprazole and its alkaline salts are effective gastric acid secretion inhibitors, and are useful 
as antiulcer agents. The compounds, being sulfoxides, have an asymmetric center in the sulfur atom, i.e. exist as two 

15 optical isomers (enantiomers). It is desirable to obtain compounds with improved pharmacokinetic and metabolic prop
erties which will give an improved therapeutic profile such as a lower degree of interindividual variation. The present 
invention provides such compounds, which are novel salts of single enantiomers of omeprazole. 
[0003] The separation of the enantiomers of omeprazole in analytical scale is described in e.g. J. Chromatography, 
532 (1990), 305-19 and in a preparative scale in DE 4035455. The latter has been done by using a diastereomeric ether 

20 which is separated and thereafter hydrolysed in an acidic solution. Under the acidic conditions needed for hydrolysis of 
the attached group, omeprazole is quite sensitive and the acid has to be quickly neutralized with a base to avoid deg
radation of the acid-sensitive compound. In the above mentioned application this is done by adding the reaction mixture 
containing concentrated sulfuric acid to a concentrated solution of NaOH. This is disadvantageous because there is a 
great risk of locally reaching pH values between 1-6, which would be devastating for the substance. Moreover, instan-

25 taneous neutralisation will create heat which will be difficult to handle in large scale production. 
[0004] The present invention in a further aspect provides a novel method for preparing the novel compounds of the 
invention in large scale. This novel method can also be used in large scale to obtain single enantiomers of omeprazole 
in neutral form. 
[0005] There is no example known in the prior art of any isolated or characterized salt of optically pure omeprazole, 

30 i.e. single enantiomers of omeprazole neither of any isolated or characterized salt of any optically pure omeprazole ana
logue. 

Detailed description of the invention 

35 [0006] The present invention refers to the new Na+, Mg2+, Li+, K+, Ca2+ and N+(R)4 salts of the single enantiomers 
of omeprazole, where R is an alkyl with 1-4 carbon atoms, i.e. Na+, Mg2+, Li+, K+, Ca2+ and N+(R)4 salts of (+)-5-meth
oxy-2-([(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl] sulfinyl]-1.!:::!.-benzimidazole and (-)-5-methoxy-2-[(4-methoxy-3,5-
dimethyl-2-pyridinyl)methyl] sulfinyl]-1.!:::!.-benzimidazole, where R is an alkyl with 1-4 carbon atoms. 
[0007] Particularly preferred salts according to the invention are the Na+, Ca2+ and Mg2+ salts, i.e (+)-5-methoxy-

40 2-[[( 4-methoxy-3, 5-dimethyl-2 -pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole sodium salt, (-)-5-methoxy-2 -[[( 4-methoxy-
3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole sodium salt, (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole magnesium salt. (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi
nyl)methyij sulfinyl]-1.!:::!.-benzimidazole magnesium salt, ( + )-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi
nyl)methyijsulfinyl]-1.!:::!.-benzimidazole calcium salt and (-)-5-methoxy-2-[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl) 

45 sulfinyl]-1.!:::!.-benzimidazole calcium salt. 
[0008] Most preferred salts according to the invention are the optically pure Na+ salts of omeprazole according to 
compounds Ia and lb 
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Ia ( + )-enantiomer 

lb (-)-enantiomer 

and the optically pure magnesium salts of omeprazole according to compounds II a and lib 

Da (+)-enantiomer 

lib (-)-enantiomer 

2 

(Ia, lb) 

(II a, 

llb) 

[0009] With the expression "optically pure Na+ salts of omeprazole" is meant the ( +)-enantiomer of omeprazole Na
salt essentially free of the (-)-enantiomer of omeprazole Na-salt and the (-)-enantiomer essentially free of the (+)-enan-

50 tiomer, respectively. Single enantiomers of omeprazole have hitherto only been obtained as syrups and not as crystal
line products. By means of the novel specific method according to one aspect of the invention of preparing the single 
enantiomers of omeprazole, the salts defined by the present invention are easy to obtain. In addition, the salts, however 
not the neutral forms, are obtained as crystalline products. Because it is possible to purify optically impure salts of the 
enantiomers of omeprazole by crystallisation, they can be obtained in very high optical purity, namely ~9.8% enantio-

55 meric excess (e.e.) even from an optically contaminated preparation. Moreover, the optically pure salts are stable 
towards racemization both in neutral pH and basic pH, which was surprising since the known deprotonation at the car
bon atom between the pyridine ring and the chiral sulphur atom was expected to cause racemization under alkaline 
conditions. This high stability towards racemization makes it possible to use a single enantiomeric salt of the invention 

3 
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in therapy. 

[001 0] The specific method of preparation of the single enantiomers of omeprazole is a further aspect of the inven
tion as mentioned above and it can be used to obtain the single enantiomers of omeprazole in neutral from as well as 
the salts thereof. 

5 [0011] The compounds according to the invention may be used for inhibiting gastric acid secretion in mammals and 
man. In a more general sense, the compounds of the invention may be used for the treatment of gastric acid-related 
diseases and gastrointestinal inflammatory diseases in mammals and man, such as gastric ulcer, duodenal ulcer, reflux 
esophagitis, and gastritis. Furthermore, the compounds may be used for treatment of other gastrointestinal disorders 
where gastric antisecretory effect is desirable e.g. in patients on NSAID therapy, in patients with gastrinomas, and in 

10 patients with accute upper gastrointestinal bleeding. They may also be used in patients in intensive care situations, and 
pre- and postoperatively to prevent acid aspiration and stress ulceration. The compound of the invention may also be 
used for treatment or prophylaxis of inflammatory conditions in mammals, including man, especially those involving lys
ozymal enzymes. Conditions that may be specifically mentioned are rheumatoid arthritis and gout. The compound of 
the invention may also be useful in the treatment of psoriasis as well as in the treatment of Helicobacter infections. 

15 [0012] Yet a further aspect of the invention is the compound Ill, which is an intermediate used in the specific method 
of preparation. 
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[0013] The optically pure compounds of the invention, i.e. the single enantiomers, are prepared by separating the 
two stereoisomers of a diastereomeric mixture of the following type, 5- or 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl] sulfinyl]-1-[acyloxymethyl]-1.!:::!.-benzimidazole, formula IV 
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OJ0-11 N "' 
cH 2-s----{ I ocH3 

N ~ -

I 
(IV) 

CH2-..0Acyl 

wherein the methoxy substituent in the benzimidazole moiety is in position 5 or 6, and wherein the Acyl radical is as 
defined below, followed by a solvolysis of each separated diastereomer in an alkaline solution. The formed single enan
tiomers of omeprazole are then isolated by neutralizing aqueous solutions of the salts of the single enantiomers of ome-

20 prazole with a neutralizing agent which can be an acid or an ester such as methyl formate. 

[0014] The Acyl moiety in the diastereomeric ester may be a chiral acyl group such as mandeloyl, and the asym-
metric center in the chiral acyl group can have either R or S configuration. 
[0015] The diastereomeric esters can be separated either by chromatography or fractional crystallization. 
[0016] The solvolysis usually takes place together with a base in a protic solvent such as alcohols or water. but the 

25 acyl group may also be hydrolysed off by a base in an aprotic solvent such as dimethylsulfoxide or dimethylformamide. 
The reacting base may be oH- or R1o- where R1 can be any alkyl or aryl group. 
[0017] To obtain the optically pure Na+ salts of the invention, i.e. the single enantiomers of omeprazole Na+ salts, 
the resulting compound is treated with a base, such as NaOH, in an aqueous or nonaqueous medium, or with NaOR2 

wherein R2 is an alkyl group containing 1-4 carbon atoms, or with NaNH2. Also alkaline salts wherein the cation is u+ 
30 or K+ may be prepared using Lithium or potassium salts of the above mentioned bases. In order to obtain the crystalline 

form of the Na+ salt, addition of NaOH in a non-aqueous medium such as a mixture of 2-butanone and toluene, is pre
ferred. 
[0018] To obtain the optically pure Mg2+ salts of the invention, optically pure Na+ salts are treated with an aqueous 
solution of an inorganic magnesium salt such as MgCI2 , whereupon the Mg2+ salts are precipitated. The optically pure 

35 Mg2+ salts may also be prepared by treating single enantiomers of omeprazole with a base, such as Mg(OR3b. wherein 
R3 is an alkyl group containing 1-4 carbon atoms, in a non-aqueous solvent such as alcohol (only for alcoholates), e.g. 
ROH, or in an ether such as tetrahydrofuran. In an analogous way, also alkaline salts wherein the cation is Ca2+ can be 
prepared. using an aqueous solution of an inorganic calcium salt such as CaCI2. 

[0019] Alkaline salts of the single enantiomers of the invention are, as mentioned above, beside the sodium salts 
40 (compounds Ia and lb) and the magnesium salts (compound I Ia and lib), exemplified by their salts with u+, K+, Ca2+ 

and WR)4• where R is an alkyl with 1-4 C-atoms. 
[0020] For clinical use the single enantiomers, i.e. the optically pure compounds, of the invention are formulated 
into pharmaceutical formulations for oral, rectal, parenteral or other modes of administrations. The pharmaceutical for
mulations contain the single enantiomers of the invention normally in combination with a pharmaceutically acceptable 

45 carrier. The carrier may be in form of a solid, semi-solid or liquid diluent, or capsule. These pharmaceutical preparations 
are a further object of the invention. Usually the amount of active compound is between 0.1-95% by weight of the prep
aration. between 0.2-20% by weight in preparations for parenteral use and between 1-50% by weight in preparations 
for oral administration. 
[0021] In the preparation of pharmaceutical formulations in form of dosage units for oral administration the optically 

50 pure compound may be mixed with a solid, powdered carrier, such as lactose, saccharose, sorbitol, mannitol, starch, 
amylopectin, cellulose derivates, gelatin or another suitable carrier, stabilizing substances such as alkaline compounds 
e.g. carbonates, hydroxides and oxides of sodium, potassium, calcium, magnesium and the like as well as with lubricat
ing agents such as magnesium stearate, calcium stearate, sodium stearyl fumarate and polyethylenglycol waxes. The 
mixture is then processed into granules or pressed into tablets. Granules and tablets may be coated with an enteric 

55 coating which protects the active compound from acid catalysed degradation as long as the dosage form remains in the 
stomach. The enteric coating is chosen among pharmaceutically acceptable enteric-coating materials e.g. beeswax, 
shellac or anionic film-forming polymers and the like, if preferred in combination with a suitable plasticizer. To the coat
ing various dyes may be added in order to distinguish among tablets or granules with different amounts of the active 
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compound present. 

[0022] Soft gelatine capsules may be prepared with capsules containing a mixture of the active compound, vege
table oil, fat, or other suitable vehicle for soft gelatine capsules. Soft gelatine capsules may also be enteric-coated as 
described above. 

5 [0023] Hard gelatine capsules may contain granules or enteric-coated granules of the active compound. Hard gel
atine capsules may also contain the active compound in combination with a solid powdered carrier such as lactose, sac
charose, sorbitol, mannitol, potato starch, amylopectin, cellulose derivates or gelatin. The capsules may be enteric
coated as described above. 
[0024] Dosage units for rectal administration may be prepared in the form of suppositories which contain the active 

10 substance mixed with a neutral fat base, or they may be prepared in the form of a gelatine rectal capsule which contains 
the active substance in a mixture with a vegetable oil, paraffin oil or other suitable vehicle for gelatine rectal capsules, 
or they may be prepared in the form of a ready-made micro enema, or they may be prepared in the form of a dry micro 
enema formulation to be reconstituted in a suitable solvent just prior to administration. 
[0025] Liquid preparation for oral administration may be prepared in the form of syrups or suspensions, e.g. solu-

15 tions or suspensions containing from 0.2% to 20% by weight of the active ingredient and the remainder consisting of 
sugar or sugar alcohols and a mixture of ethanol, water, glycerol, propylene glycol and/or polyethylene glycol. If desired, 
such liquid preparations may contain colouring agents, flavouring agents, saccharine and carboxymethyl cellulose or 
other thickening agents. Liquid preparations for oral administration may also be prepared in the form of dry powder to 
be reconstituted with a suitable solvent prior to use. 

20 [0026] Solutions for parenteral administrations may be prepared as solutions of the optically pure compounds of the 
invention in pharmaceutically acceptable solvents, preferably in a concentration from 0.1 to 10% by weight These soul
tions may also contain stabilizing agents and/or buffering agents and may be manufactured in different unit dose 
ampoules or vials. Solutions for parenteral administration may also be prepared as dry preparations to be reconstituted 
with a suitable solvent extemporaneously before use. 

25 [0027] The typical daily dose of the active compound will depend on various factors such as for example the indi-
vidual requirement of each patient, the route of administration and the disease. In general, oral and parenteral dosages 
will be in the range of 5 to 500 mg per day of active substance. 
[0028] The invention is illustrated by the following examples. 

30 Example 1. Preparation of <+l-5-methoxv-2-![(4-methoxy-3 5-dimethyl-2-pyridinyllmethyllsulfinyll-1 H-benzimidazole 
sodium salt 

[0029] 100 mg (0.3 mmol) of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl]sulfinyl]-1!::i-benzimida
zole (contaminated with 3% of the (+)-isomer) was dissolved in 1 ml of 2-butanone with stirring. 60 111 of an aqueous 

35 solution of 5.0 M sodium hydroxide and 2 ml of toluene were added. The tesultant mixture was non-homogeneous. In 
order to obtain a clear solution, more 2-butanone was added (ca 1 ml) and the mixture was stirred at ambient temper
ature over night. The formed precipitate was filtered off and washed with ether. There was obtained 51 mg (46%) of the 
title compound as white crystals m.p. (decomposition) 246-248°C. The optical purity (e. e.) which was analyzed by chiral 
column chromatography was ~9.8%. [a] 5° = +42,80° (c=0.5%, water). 

40 [0030] NMR data are given below. 

Example 2. Preparation of (-l-5-methoxy-2-[[( 4-methoxy-3 5-dimethyl-2-pyridinyllmethyiJsulfinyiJ-1 H-benzimidazole 
sodium salt 

45 [0031] 100 mg (0.3 mmol) of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl]sulfinyl]-1!::i-benzimi-
dazole (contaminated with 3% of the (-)-isomer) was dissolved in 1 ml of 2-butanone with stirring. 60 111 of an aqueous 
solution of 5.0 M sodium hydroxide and 2 ml of toluene were added. The resultant mixture was non-homogeneous. In 
order to obtain a clear solution, more 2-butanone was added (ca 1 ml) and the mixture was stirred at ambient temper
ature over night The formed precipitate was filtered off and washed with ether. There was obtained 56 mg (51%) of the 

50 title compound as white crystals m.p. (decomposition) 247-249°C. 
[0032] The optical purity (e. e.) which was analyzed by chiral column chromatography was :?:99.8%. [a] 5° = -44.1 o 

(c=0.5%, water). 
[0033] NMR data are given below. 

55 Example 3. Preparation of <+>-5-methoxy-2-![(4-methoxy-3 5-dimethyl-2-pyridinyllmethyllsulfinyll-1 H-benzimidazole 
magnesium salt 

[0034] 2.9 ml of a 0.1 M solution of NaOH was added to 0.10 g (0.29 mmol) (+)-5-methoxy-2-[[(4-methoxy-3,5-
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dimethyl-2-pyridinyl)methyl] sulfinyl]-1.!:::!.-benzimidazole. To this mixture 2 ml methylene chloride was added, and after 
mixing in a separatory funnel the aqueous solution was separated off A solution of 14 mg (0.145 mmol) MgCI2 in water 
was added dropwise. The formed precipitate was isolated by centrifugation, and 52 mg (50%) of the product was iso
lated as an amorphous powder. The optical purity (e.e.) was 98%, and thus the same as the starting material. The opti
cal purity was determined by chromatography on an analytical chiral column. [a] B0 = + 101.2° (c=1%, methanol). The 
Mg content of the sample was found to be 3.0%, shown by atomic absorption spectroscopy. 

Example 4. Preparation of <+l-5-methoxv-2-![(4-methoxy-3 5-dimethv!-2-pyridinyllmethyllsulfinyll-1 H-benzimidazole 
magnesium salt 

[0035] (-)-5-methoxy-2-[[( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl] sulfinyl]-1.!:::!.-benzimidazole sodium salt (0.500 
g, 1.36 mmol) was dissolved in water (1 0 ml). To this mixture 10 ml of an aqueous solution of MgCI2xH20 (138 mg, 0.68 
mmol) was added dropwise and the formed precipitate was isolated by centrifugation. There was obtained 418 mg 
(86%) of the product as a white powder. The optical purity (§g) of the product was 99.8% which was the same as the 

15 optical purity of the starting material. The optical purity was determined by chromatography on an analytical chiral col

umn. [a]B0 
= +129.9° (c=1%, methanol). 

20 

Example 5. Preparation of (-l-5-methoxy-2-UC 4-methoxy-3 5-dimethyl-2-ovridinyllmethyiJsulfinyiJ-1 H-benzimidazole 
magnesium salt 

[0036] (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-1.!:::!.-benzimidazole sodium salt 
(0.165 g, 0.45 mmol) was dissolved in water (3 ml). To this mixture 2 ml of an aqueous solution of MgCI2xH20 (46 mg, 
0.23 mmol) was added dropwise and the formed precipitate was isolated by centrifugation. There was obtained 85 mg 
(51%) of the product as a white powder. The optical purity (§g) of the product was 99.9"k which was the same or better 

25 as the optical purity of the starting material. The optical purity was determined by chromatography on an analytical chi
ral column. [a] 5° = -128.2° (c=1%, methanol). 

30 

35 

40 

Ex. 

1. 

2. 

[0037] 
pies. 

Table I 

Solvent NMR data 6 ppm 

DMSO-d6 500 MHz 2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3. 72 (s, 3H), 4.37 (d, 1 H), 4. 75 (d. 1 H), 6.54 
{dd. 1 H), 6.96 (d, 1 H) 7.30 (d, 1 H), 8.21 (s, 1 H). 

DMSO-d6 500 MHz 2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3. 72 (s, 3H), 4.38 (d, 1 H), 4. 73 (d, 1 H), 6.54 
{dd, 1 H), 6.96 (d, 1 H), 7.31 (d, 1 H), 8.21 (s, 1 H). 

Preparation of the synthetic intermediates according to the invention will be described in the following exam-

Example 6. Preparation of 6-methoxy-2-![4-methoxy-3 5-dimethyl-2-pvridinyllmethyiHR/Sl-sulfinyi1-1-[CRl-mandeloy
loxymethyl1-1 H-benzimidazole 

[0038] A solution of 3.4 g sodium hydroxide in 40 ml water was added to a mixture of 14.4 g (42 mmol) tetrabuty-
45 !ammonium hydrogen sulphate and 6.4 g (42 mmol) (R)-(-)-mandelic acid. The mixture was extracted with 400 ml chlo

roform. After separation, the organic extract was heated to reflux with 16.6 g (42 mmol) of the racemate of 6-methoxy-
2-[[(4-methoxy-3,5-dimerhyl-2-pyridinyl)methyl]-sulfinyl]-1-(chloromethyl]-1.!:::!.-benzimidazole. Evaporation of the solvent 
was followed by dilution with 1 00 ml dichloromethane and 700 ml ethyl acetate. The mixture was washed with 3 x 200 
ml water and the organic solution was dried over MgS04 and then evaporated. The crude material was purified by 

50 recrystallization from 100 ml acetonitrile, giving 8.1 g of the tide compound (38%) as a diastereomeric mixture. 

55 

[0039] NMR data are given below. 

Example 7. Separation of the more hydrophilic diastereomer of 6-methoxv-2-![(4-methoxy-3.5-dimethvJ-2-ovridi
nyllmethyiJ-(R/Sl-sulfinyll-1-[( Rl-mandeloyloxymethyll-1 H-benzimidazole 

[0040] The diastereomers of the tide compound in Example 6 were separated using reversed phase chromatogra
phy (HPLC). Approximately 300 mg of the diastereomeric mixture was dissolved in 10 ml hot acetonitrile which was 
diluted with 10 ml of a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile (70130). The solution was injected 
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to the column and the compounds were eluted with a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile 
(70/30). The more hydrophilic isomer was easier to obtain pure than the less hydrophilic one. The work up procedure 
for the fraction which contained pure isomer was as follows; extraction with dichloromethane, washing the organic solu
tion with aqueous 5 % sodium hydrogen carbonate solution, drying over Na2S04 and evaporation of the solvent on a 

5 rotavapor (at the end of the evaporation the removal of acetonitrile was facilitated by adding more dichloromethane). 
Using 1.2 g of the diastereomeric mixture with the above mentioned technique, the more hydrophilic isomer, 410 mg, 
was obtained in a pure state as a colourless syrup. 

[0041] NMR data are given below. 

10 Example 8. Preparation of 6-methoxy-2-fff 4-methoxy-3 5-dimethyl-2-pyridinyllmethyiHR/Sl-sulfinyll-1-fCSl-mandeloy
loxymethyll-1 H-benzimidazole 

[0042] The product was obtained from 8.1 g (202 mmol) sodium hydroxide in 100 ml water, 34.4 g (101 mmol) 
tetrabutylammonium hydrogen sulfate, 15.4 g (101 mmol} (S}-(+}-mandelic acid and 39.9 g (101 mmol} of the racemate 

15 of 6-methoxy-2-([( 4-methoxy-3,5-dimethyl-2-pyridinyl}methyl]-sulfinyl]-1-[chloromethyl]-1 !:!.-benzimidazole using the 
same procedure as in Example 6. Recrystallization from 100 ml acetonitrile yielded 21.3 g, i.e. 41% of the title com
pound as a diastereomeric mixture. 
[0043] NMR data are given below. 

20 Example 9. Separation of the more hydroohilic diastereomer of 6-methoxv-2-![(4-methoxy-3 5-dimethyl-2-ovridi
nyllmethyll -( R/Sl -sulfinyll -1-[CSl-mandeloyloxymethvl]-1 H-benzi midazole 

[0044] The diastereomers of the title compound in Example 8 were separated using reversed phase chromatogra
phy (HPLC} in the same way as in Example 7, but using the diasteromeric mixture of 6-methoxy-2-[[(4-methoxy-3,5-

25 dimethyl-2-pyridinyl)methyi]-(R/S)-sulfinyi]-1-[(S)-mandeloloxymethyl]-1 !:!.-benzimidazole instead of the (R)-mandelic 
ester used in Example 7. Using 2.1 g of the diastereomeric mixture, the more hydrophilic isomer, 760 mg, was obtained 
in a pure state as a colourless syrup. 
[0045] NMR data are given below. 

30 Example 10. Preparation of (-)-5-methoxy-2-UC 4-methoxy-3 5-dimethyl-2-pyridinyllmethyll-sulfinyll-1 H-benzimidazole 

[0046] 0.23 g (0.45 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyrid
inyl)methyl] sulfinyi]-1-[(R)-mandeloyloxymethyl]-1 !::i-benzimidazole was dissolved in 15 ml methanol. A solution of 36 
mg (0.9 mmol) sodium hydroxid in 0.45 ml water was added, and after 10 minutes the mixture was evaporated on a 

35 rotavapor. The residue was partitioned between 15 ml water and 15 ml dichloromethane. The organic solution was 
extracted with 15 ml water and to the combined aqueous solutions was added 85 j..LI (1.4 mmol) methyl formate. After 
15 minutes the mixture was extracted with 3x10 ml dichloromethane. The organic solution was dried over Na2S04 and 
then evaporated. There was obtained 0.12 g (77<'k) of the tide compound as a colourless syrup. The optical purity (e. e.) 
which was analyzed by chiral column chromatography was 94%. [a] EP = -155° (c=O.S%, chloroform). 

40 [0047] NMR data are given below 

Example 11. Preparation of ( + )-5-methoxy-2-![(4-methoxy-3 5-dimethyl-2-pyridinyllmethyll-sulfinyll-1 H-benzimidazole 

[0048] 0. 76 g (1.5 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi-
45 nyl)methyijsulfinyi]-1-[(S)-mandeloyloxymethyl]-1!:::!.-benzimidazole was dissolved in 50 ml methanol. A solution of 0.12 

mg (3.0 mmol) sodium hydroxid in 1.5 ml water was added, and after 10 minutes the mixture was evaporated on a 
rotavapor. The residue was partitioned between 25 ml water and 25 ml dichloromethane. The organic solution was 
extracted with 25 ml water and to the combined aqueous solutions was added 200 j..LI (3.2 mmol) methyl formate. After 
15 minutes the mixture was extracted with 3x25 ml dichloromethane. The organic solution was dried over Na2S04 and 

50 then evaporated. There was obtained 0.42 g (81%) of the title compound as a colourless syrup. The optical purity (e. e.) 
which was analyzed by chiral column chromatography was 98%. [a] 5° = + 157" (c=O.S%, chloroform). 
[0049] NMR data are given below 

55 

8 



EP 1 020 461 A2 

Table 2 

Ex. Solvent NMR data o ppm 
5 

6. CDCI3 500 MHz 2.18 (s. 3H), 2.20 (s. 3H), 2.36 (s. 3H), 2.39 (s. 3H), 3.77 (s. 3H), 3.78 (s. 3H), 3.82 (s. 
3H), 3.87 (s, 3H), 4.80 (d. 1 H), 4.88 (d. 1 H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d. 1 H), 6.54 
(d, 1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.95-6.98 (m, 2H), 7.01 (d, 1H), 7.2-7.3 (m, 6H), 
7.37 (m, 2H), 7.44 (m, 2H), 7.58 (d. 1 H), 7.62 (d. 1 H), 7.95 (s, 1 H), 7.97 (s, 1 H). 

10 7. CHCI3 500 MHz 2.20 (s, 3H), 2.36 (s, 3H), 3. 78 (s, 3H), 3.82 (s, 3H), 4.80 (d. 1 H), 5.00 (d. 1 H), 5.35 (d. 
1 H), 6.43 (d, 1 H), 6.63 (d. 1 H), 6.90 (d. 1 H), 6.97 (dd, 1 H), 7.2-7.3 (m, 3H), 7.37 (m, 2H), 
7.62 (d. 1 H), 7.97 (s, 1 H). 

8. CDCI3 500 MHz 2.19 (s. 3H), 2.20 (s. 3H), 2.36 (s. 3H), 2.39 (s. 3H), 3.77 (s. 3H), 3.78 (s. 3H), 3.83 (s. 
3H), 3.87 (s, 3H), 4.80 (d. 1 H), 4.88 (d. 1 H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d. 1 H), 6.54 

15 (d, 1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.96-6.98 (m, 2H), 7.01 (d, 1H), 7.2-7.3 (m, 6H), 
7.37 (m, 2H), 7.44 (m, 2H), 7.58 (d. 1 H), 7.62 (d. 1 H), 7.95 (s, 1 H), 7.97 (s, 1 H). 

9. CDCI3 500 MHz 2.20 (s, 3H), 2.36 (s, 3H), 3. 78 (s, 3H), 3.82 (s, 3H), 4.80 (d. 1 H), 5.00 (d. 1 H), 5.35 (d. 
1 H), 6.43 (d, 1 H), 6.63 (d. 1 H), 6.90 (d. 1 H), 6.97 (dd, 1 H), 7.2-7.3 (m, 3H), 7.37 (m, 2H), 

20 7.62 (d. 1 H), 7.97 (s, 1 H). 

10. CDCI3 300 MHz 2.18, (s, 3H), 2.22 (s, 3H), 3.68 (s, 3H), 3.83 (s, 3H), 4. 77 (m, 2H), 6.93 (dd, 1 H), ""7.0 (b, 
1H),,..7.5(b,1H),8.19(s,1H). 

11. CDCI3 2.21 (s, 3H), 2.23 (s, 3H), 3.69 (s, 3H), 3.84 (s, 3H), 4.76 (m, 2H), 6.94 (dd, 1 H), ""7.0 (b, 

25 1 H), ""7.5 (b. 1 H), 8.20 (s, 1 H). 

[0050] The best mode of carrying out the invention known at present is to use the sodium salts of the optically pure 
compounds of the invention, thus the compounds described in Example 1 and Example 2. 

30 [0051] Pharmaceutical preparations containing the compounds of the invention as active ingredient are illustrated 
in the following formulations. 

35 [0052] A syrup containing 1% (weight per volume) of active substance was prepared from the following ingredients: 

40 

45 

50 

Compound according to Example 2 1.0 g 

Sugar, powder 

Saccharine 

Glycerol 

Flavouring agent 

30.0g 

0.6g 

S.Og 

0.05g 

Ethanol 96% 5.0 g 

Distilled water q.s. to a final volume of 100 ml 

[0053] Sugar and saccharine were dissolved in 60 g of warm water. After cooling the active compound was added 
to the sugar solution and glycerol and a solution of flavouring agents dissolved in ethanol were added. The mixture was 
diluted with water to a final volume of 100 mi. 

55 Enteric-coated tablets 

[0054] An enteric coated tablet containing 50 mg of active compound was prepared from the following ingredients: 
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I Compound according to Example 3 as Mg salt 500 g 

Lactose 700 g 

Methyl cellulose 6g 

Polyvinylpyrrolidone cross-linked SOg 

Magnesium stearate 15 g 

Sodium carbonate 6g 

Distilled water q.s. 

II Cellulose acetate phthalate 200 g 

Cetyl alcohol 15 g 

Isopropanol 2000 g 

Methylene chloride 2000 g 

I Compound according to Example 3, powder, was mixed with lactose and granulated with a water solution of 
methyl cellulose and sodium carbonate. The wet mass was forced through a sieve and the granulate dried in an 

25 oven. After drying the granulate was mixed with polyvinylpyrrolidone and magnesium stearate. The dry mixture was 
pressed into tablet cores (1 0 000 tablets). each tablet containing 50 mg of active substance, in a tabletting machine 
using 7 mm diameter punches. 

II A solution of cellulose acetate phthalate and cetyl alcolhol in isopropanol/methylene chloride was sprayed onto 
30 the tablets I in an Accela CotaR, Manesty coating equipment. A final tablet weight of 110 mg was obtained. 

Solution for intravenous administration 

[0055] A parenteral formulation for intravenous use, containing 4 mg of active compound per ml, was prepared from 
35 the following ingredients: 

40 

45 

50 

55 

Compound according to Example 2 4 g 

Sterile water to a final volume of 1000 ml 

[0056] The active compound was dissolved in water to a final volume of 1000 mi. The solution was filtered through 
a 0.22 11m filter and immediately dispensed into 10 ml sterile ampoules. The ampoules were sealed. 

Capsules 

[0057] Capsules containing 30 mg of active compound were prepared from the following ingredients: 

Compound according to Example 1 

Lactose 

Microcrystalline cellulose 

300 g 

700 g 

40 9 

Hydroxypropyl cellulose low-substituted 62 g 

10 
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(continued) 

Disodium hydrogen phosphate 

Purified water 

2g 

q.s. 

[0058] The active compound was mixed with the dry ingredients and granulated wit a solution of disodium hydrogen 
phosphate. The wet mass was forced through an extruder and spheronized and dried in a fluidized bed dryer. 

[0059] 500 g of the pellets above were first coated with a solution of hydroxypropyl methylcellulose, 30 g, in water, 
750 g, using a fluidized bed coater. After drying, the pellets were coated wit a second coating as given below: 

10 [0060] Coating solution: 

15 

20 

Hydroxypropyl methylcellulose phthalate 

Cetyl alcohol 

Acetone 

Ethanol 

[0061] The final coated pellets were filled into capsules. 

Suppositories 

70 g 

4g 

200 g 

600 g 

25 [0062] Suppositories were prepared from the following ingredients using a welding procedure. Each suppository 
contained 40 mg of active compound. 

30 Compound according to Example 2 4 g 

Witepsol H-15 180 g 

[0063] The active compound was homogenously mixed with Witepsol H- 15 at a temperature of 41 o C. The molten 
35 mass was volume filled into pre-fabricated suppository packages to a net weight of 1.84 g. After cooling the packages 

were heat sealed. Each suppository contained 40 mg of active compound. 

Stability towards racemization at different pH:es 

40 [0064] The stability of the optically pure compounds of the invention towards racemization has been measured at 
low concentrations in refrigerator in aqueous buffer solutions at pH 8, 9.3, 10 and 11.2. The stereochemical stability was 
measured by comparing the optical purity for the (-)-isomer of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)
methyl]sulfinyl]-1l:i-benzimidazole in buffer solution immediately after dissolving and after several days. The measure
ment was performed by chromatography on an analytical chiral column. The surprising high stereochemical stability in 

45 alkaline conditions for the compounds of invention is exemplified by the fact that no racemization for the test compound 
was obtained at pH 11.2 even after 21 days. At pH 8, 9.3 and 10, the chemical degradation of the compound is more 
apparent which makes the racemization measurement more difficult to perform, however at none of these pH values a 
detectable racemization was obtained after 16 days. 
[0065] In another racemization experiment with the optically pure compounds of the invention, an aqueous phos-

50 phate buffer solution (pH=11) of the (+)-isomer of 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyi]-
1J:i-benzimidazole (c=10-5M) was warmed for 26 hours at 3rC without any racemization at all being observed. 
[0066] The following pages 22 - 26 of the description relate to preferred embodiments of the invention, wherein 
"embt. I embts." means embodiment I embodiments. 

55 1. Optically pure compounds characterized in that the compounds areNa+, Mg2+, u+, K+ Ca2+ and W(R)4 salts 
of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1l:i-benzimidazole and (-)-5-methoxy-2-
[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1l:i-benzimidazole, wherein R is an alkyl with 1-4 carbon 
atoms. 

11 
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2. Compounds according to embt. 1 characterized in that the compounds are (+)-5-methoxy-2-[(4-methoxy-3,5-
dimethyl-2-pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole sodium salt, (-)-5-methoxy-2-[[( 4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl] sulfinyl]-1.!:::!.-benzimidazole sodium salt, ( + )-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi
nyl)methyl]sulfinyl]-1.!:::!.-benzimidazole magnesium salt, (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi-

5 nyl)methyl] sulfinyl]-1.!:::!.-benzimidazole magnesium salt, (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl] sulfinyl]-1.!:::!.-benzimidazole calcium salt and ( -)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi
nyl)methyl]sulfinyl]-1.!:::!.-benzimidazole calcium Salt. 

3. Compounds according to embts. 1 and 2 characterized in that the compounds are (+)-5-methoxy-2-[[(4-meth-
10 oxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole sodium salt, (-)-5-methoxy-2-[( 4-methoxy-3,5-

dimethyl-2-pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole sodium salt, ( + )-5-methoxy-2-[[( 4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole magnesium salt and (-)-5-methoxy-2-[[( 4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1.!:::!.-benzimidazole magnesium salt. 

15 4. Compounds according to embts. 1 and 2 characterized in that the compounds are (+)-5-methoxy-2-[[(4-meth
oxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl-1.!:::!.-benzimidazole sodium salt and (-)-5-methoxy-2-[( 4-methoxy-3,5-
dimethyl-2-pyridinyl)methyl]sulfinyl-1.!:::!.-benzimidazole sodium salt in their crystalline forms. 

5. Compounds according to embts. 1 and 2 characterized in that the compound is (+)-5-methoxy-2-[[(4-methoxy-
20 3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl-1.!:::!.-benzimidazole sodium salt in its crystalline form. 

6. Compounds according to embts. 1 and 2 characterized in that the compound is (-)-5-methoxy-2-[[(4-methoxy-
3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl-1.!:::!.-benzimidazole sodium salt in its crystalline form. 

25 7. Process for the preparation of a compound according to embt. 1 characterized in that a diastereomeric ester of 
formula IV 

30 

35 

40 

(IV) 

wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or S configuration, is separated, 
and each of the separated diastereomers is dissolved in an alkaline solution where the acyloxymethyl group is 

45 hydrolyzed to give the optically pure compound. 

8. Process according to embt. 7 characterized in that the diastereomers are separated by chromatography or frac
tional crystallization. 

50 9. Process according to embt. 7 characterized in that the solvolysis is performed in alkaline solution consisting of 
a base in a protic solvent, such as alcohols or water; or a base in an aprotic solvent, such as dimethylsulfoxide or 
dimethylformamide. 

10. Process for the preparation of a compound according to embt. 1 in crystalline form characterized in that a 
55 product from the process in embt. 7 is neutralized with a neutralizing agent which can be an acid or an ester such 

as methyl formate, followed by treatment with a base in non-aqueous solution. 

11. Process for preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl-1.!:::!.-benzimi-

12 
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dazole sodium salt and ( -)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl-1.!::i-benzimidazole 
sodium salt in their crystalline forms characterized in that (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi
nyl)methyl]-sulfinyl]-1.!::i-benzimidazole sodium salt and ( -)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi
nyl)methyl] sulfinyi-1.!::J.-benzimidazole sodium salt crude product respectively is neutralized followed by treatment 

5 with NaOH in a non-aqueous medium. 

10 

15 

20 

25 

12. Process for the preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1.!::i-benz
imidazole and (-)-5-methoxy-2-[[( 4-methoxy-3 ,5-dimethyl-2-pyridinyl) methyl]sulfinyl]-1.!::i-benzi midazole character
ized in that a diastereomeric ester of formula IV 

(IV) 

wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or S configuration, is separated, 
and each of the separated diastereomers is dissolved in an alkaline solution where the acyloxymethyl group is 
hydrolyzed off to give the optically pure compound after neutralization with a neutralizing agent which can be an 

30 acid or an ester. 

13. Process according to embt. 12 characterized in that the diastereomers are separated by chromatography or 
fractional crystallization. 

35 14. Process according to embt. 12 characterized in that the solvolysis is performed in alkaline solution consisting 
of a base in a protic solvent, such as alcohols or water; or a base in an aprotic solvent, such as dimethylsulfoxide 
or dimethylformamide. 

15. The compound (+ )-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyQmethyl]-sulfinyl]-1.!::i-benzimidazole 
40 obtained by the process defined in embt. 12. 

16. The compound ( -)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl)-1.!::i-benzimidazole 
obtained by the process defined in embt. 12. 

45 17. Pharmaceutical preparation containing an optically pure compound according to any of embts. 1-6 as active 
ingredient. 

18. Optically pure compounds according to any of embts. 1-6 for use in therapy. 

50 19. Use of an optically pure compound according to any of embts. 1-6 in the preparation of a pharmaceutical for
mulation for inhibiting gastric acid secretion. 

55 

20. Use of an optically pure compound according to any of embts. 1-6 for the preparation of a pharmaceutical for
mulation for the treatment of gastrointestinal inflammatory diseases. 

21. A method for inhibiting gastric acid secretion comprising administration to a mammal including man in need of 
such treatment an effective amount of an optically pure compound according to any of embts. 1-6. 

13 
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22. A method for the treatment of gastrointestinal inflammatory diseases comprising administration to a mammal 
including man in need of such treatment an effective amount of an optically pure compound according to any of 
embts. 1-6. 

5 23. The compound 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl]-1 -[mandeloyloxymethyl]-1.!:i-benz
imidazole. 

Claims 

10 1. The use of an alkaline salt of the ( -)-enantiomer of omeprazole for the manufacture of a pharmaceutical preparation 
having improved pharmacokinetic and metabolic properties. 

15 

2. The use of claim 1, wherein said improved pharmacokinetic and metabolic properties comprise an improved ther
apeutic profile when treating gastric acid related diseases. 

3. The use of claim 1 or 2, wherein said improvement comprises a lower degree of interindividual variation in plasma 
levels. 

4. The use of any of claims 1 to 3, wherein said alkaline salt is selected from the Na+, Mg2+, u+, K+, Ca2+, and N+(R)4 
20 salts, wherein R is an alkyl with 1-4 carbon atoms. 

5. The use of claim 4, wherein said salt is selected from the u+, K+, Ca2+ and N+(R)4 salts. 

25 

30 

35 

40 

45 

50 

55 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The invention herein is directed to a pharma
ceutical tablet which comprises both an NSAID and mi
soprostol. 
[0002] Nonsteroidal anti-inflammatory drugs 
(NSAIDs) comprise a class of drugs which have thera
peutic value especially for the treatment of inflammatory 
conditions such as exhibited in inflammatory diseases 
like osteoarthritis and rheumatoid arthritis. While the 
NSAI Ds present a beneficial therapeutic value, they al-
so exhibit an undesirable ulcerogenic effect generally 
associated with chronic use. NSAID induced ulcers in 
the stomach can be dangerous. Such ulcers generally 
exhibit few or no symptoms and may cause bleeding 
when undetected. In some instances, bleeding ulcers 
can prove fatal. 

ing the mantle tablet is complicated, and the machinery 
needed is specialized and relatively expensive. In the 
process of manufacture of the mantle tablet, it is neces
sary to first make the smaller core tablet, which is done 

5 on a conventional tablet press, and then to use a com
pression coating press to make the final tablet. Such a 
press makes the final tablet much the same as a con
ventional tablet is made, but must have the added fea
ture of being able to insert the core tablet along with the 

10 mantle powder mix into each die for compression into 
the final tablet. 
[001 0] Another disadvantage is that the final tablet 
must be substantially larger than the inner core tablet to 
have an adequate quantity of compressible mantle ma-

15 terial completely surrounding the inner core. In the com
positions of U.S. patent 5601843, the substantial mass 

[0003] Certain prostaglandins have been shown to 20 

prevent NSAID induced ulcers. Misoprostol is a pros
taglandin which has been accepted for use in the treat
ment of NSAI D induced ulcers in many countries, includ-

of the mantle is in any event necessary to comprise the 
misoprostol. This is because misoprostol is unstable in 
pure form, and the only way known in the art to stabilize 
misoprostol is to process it into a dispersion comprising 
1 part misoprostol in from about 50 to about 500 parts 
of a polymer, as disclosed in U.S. patent 4301146. The 
examples of U.S. patent 5601843 all use a dispersion 
of 1 part misoprostol in 100 parts hydroxypropyl meth-ing the United States. 

[0004] It is desirable to provide a pharmaceutical 
composition which exhibits the beneficial properties of 
an NSAID and which also exhibits the beneficial prop
erties of misoprostol for countering the ulcerogenic side 
effects attendant to NSAID administration. 
[0005] This can be achieved by combining an NSAID 
and misoprostol in a single pharmaceutical tablet. How
ever, this is not easy to do, because misoprostol is highly 
unstable, and it is thus desirable not to have the miso
prostol and NSAI D mixed together, so as to prevent any 
deleterious effect of the NSAID on the stability of the 
misoprostol. 
[0006] One solution to this problem, which is dis
closed in U.S. Patent 5601843, is to produce a compo
sition in the form of a tablet comprising within it a smaller 
tablet. Such a composition is known in the art as a "com
pression coated" tablet or "mantle" tablet. The portion 
of the larger tablet (i.e. the whole composition) that sur
rounds the smaller inner or "core" tablet is known as the 
"mantle". In the compositions of U.S. patent 5601843, 
the misoprostol and NSAI D are separated from each 
other by having the core tablet comprise the NSAID and 
the mantle comprise the misoprostol. 
[0007] It is also disclosed that, in order to prevent con-
tact between the misoprostol and the NSAID at the sur
face of the inner core, the inner core may be coated with 
an inert film coating. Such coating may be an enteric 
film coating, which also serves to reduce the likelihood 
of the NSAI D dissolving in the stomach and thereby pre
vent exposing the stomach to the NSAID. 
[0008] While the invention of U.S. Patent 5601843 ac
complishes its objective of separating the NSAID from 
the misoprostol, it has certain disadvantages. 
[0009] One disadvantage is that the process of mak-

25 ylcellulose ("HPMC"). Also this dispersion must be 
mixed with a binder, lubricant and other ingredients to 
make a mixture which can be compressed into the man
tle. Thus it follows that the mass of the mantle must be 
large relative to the core. 

30 [0011] In all nine examples of U.S. patent 5601843, 
the core tablet has a mass of 90 mg and the mantle has 
a mass of 265 mg. The nine examples differ from each 
other only in details of film coatings applied to the core 
tablet before it is inserted into the final tablet. Hence, in 

35 all nine examples, the total mass of the final tablet is at 
least 355 mg, despite the fact that the mass of the core 
tablet is only 90 mg. 
[0012] The object of the present invention is to enable 
a pharmaceutical tablet that incorporates both an 

40 NSAID and misoprostol, but overcomes these disad-
vantages. 

BRIEF SUMMARY OF THE INVENTION 

45 [0013] The present invention is a pharmaceutical 
composition in the form of a tablet comprising a core 
and a film coating applied over the core, wherein the 
core comprises an NSAID and the film coating compris-
es misoprostol. 

50 [0014] As aforesaid, the misoprostol must be stabi
lized by processing it into a dispersion in a polymer. 
However, a film coating also must comprise a polymer. 
The essence of the invention is to film-coat the core tab-
let with a coating comprised of both the misoprostol and 

55 a polymer, so that the polymer simultaneously serves 
the two purposes of stabilizing the misoprostol and form
ing a polymeric film coating around the core. 
[0015] The procedure of applying the film coating 

2 
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comprising misoprostol is to dissolve the misoprostol 
and polymer in solvent, optionally along with other in
gredients such as plasticizers and surfactants, and to 
spray the solution onto the tablets in conventional tablet 
coating equipment. As the solvent is evaporated, the 
film coating comprising the misoprostol and polymer is 
formed around the tablet. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The NSAI D contained within the core tablet will 
preferably be piroxicam, or diclofenac, or a salt of di
clofenac, such as diclofenac sodium or diclofenac po
tassium. Most preferably, the NSAID will be diclofenac 
sodium. 
[0017] Where diclofenac or a salt thereof is used, the 
amount per tablet will preferably be from about 25 to 
about 75 mg. The core tablet containing diclofenac or 
salt thereof will contain, along with the diclofenac or salt 
thereof. usual tablet excipients such as binders, lubri
cants, fillers and the like. Preferably, the tablet contain
ing the diclofenac or salt thereof will be coated with an 
enteric film coating to prevent the diclofenac or salt 
thereof from dissolving until after it has passed through 
the stomach and entered the small intestine. The enteric 
coating can be formulated with any suitable enteric coat
ing polymer, many of which are known to those skilled 
in the art. 
[0018] Where piroxicam is used as the NSAID, the 
amount per tablet will preferably be from about 10 to 
about 20 mg. Again, the tablet containing piroxicam will 
also comprise usual tablet excipients. 
[0019] It will be understood that the film coating com
prising misoprostol may be sprayed directly on the core 
tablet containing the NSAID. Optionally, the core tablet 
may first be coated with an enteric film coating, and the 
film coating comprising the misoprostol applied as an 
overcoat. 
[0020] Also optionally, the core tablet may first be 
coated with an enteric film coating and then overcoated 
with another inert film coating, and then overcoated 
again with the film coating comprising misoprostol. 
[0021] Also optionally, another inert film coating may 
be applied on top of the film coating which comprises 
the misoprostol, in order to protect the misoprostol from 
the effects of light and air. 
[0022] The polymer used in the film coating which 
comprises the misoprostol may be any water-soluble 
polymer which will form a film coating when sprayed on
to a tablet and which will also stabilize misoprostol. The 
polymer will preferably be selected from povidone and 
water-soluble cellulose derivatives, and most preferably 
will be hydroxypropyl methylcellulose. The ratio of pol
ymer to misoprostol by weight will preferably be from 
about 10 to about 100 parts polymer to 1 part misopr
ostol, and more preferably from about 15 to about 50 
parts polymer to 1 part misoprostol. 
[0023] The solvent system used to dissolve the mis-

oprostol and polymer may be comprised of water or or
ganic solvents and will preferably be a mixture of a chlo
rinated hydrocarbon and an alcohol, and most prefera
bly be a mixture of methylene chloride and an alcohol. 

5 The solution will optionally also comprise other ingredi
ents, such as a plasticizer or surfactant. 
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[0024] The invention will be further understood from 
the following example, which is intended to be illustra
tive and not limiting of the invention 

EXAMPLE 1 

[0025] Core tablets are made with ingredients per tab
let as follows: 

mg per tablet 

diclofenac sodium 50.0 

lactose (monohydrate) 13.0 

microcrystalline cellulose 12.9 

corn starch 8.4 

povidone 4.8 

magnesium stearate 0.9 

90.0 

[0026] The process of production of these core tablets 
is to mix all of the ingredients except the magnesium 
stearate, granulate by adding water and mixing, dry the 
granules, add the magnesium stearate, mix again, and 
compress this final mixture into tablets on a tablet press. 
[0027] These core tablets are then enteric coated by 
applying a coating with ingredients per tablet as follows: 

mg per tablet 

cellulose acetate phthalate 5.4 

diethyl phthalate 1.5 

6.9 

40 [0028] The process of application of this film coating 
is to dissolve the cellulose acetate phthalate and the di
ethyl phthalate in acetone, and to spray the solution onto 
the tablets in a coating pan and evaporate the acetone. 

45 

50 

55 

3 

[0029] These enteric film coated tablets are then over-
coated with a film coating comprising hydroxypropyl 
methylcellulose, polyethylene glycol as plasticizer, and 
misoprostol, with the following ingredients per tablet: 

mg per tablet 

hydroxypropyl methylcellulose 4.0 

polyethylene glycol 0.2 

misoprostol 0.2 

4.4 

[0030] The process of application of this film coating 
is to dissolve the hydroxypropyl methylcellulose, poly-
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ethylene glycol, and misoprostol in a mixture of methyl
ene chloride and methanol, and to spray the solution on
to the enteric coated tablets in a coating pan and evap
orate the methylene chloride and methanol. 

Claims 

1. A pharmaceutical composition in the form of a tablet 
comprising a core and a film coating applied over 
the core, wherein the core comprises an NSAID and 
the film coating comprises a polymer and misopr-
ostol. 

2. A pharmaceutical composition as in claim 1 further 
comprising an enteric coating applied between the 
core and the film coating comprising a polymer and 
misoprostol. 

3. A composition as in claim 1 or 2 wherein the NSAID 
is piroxicam or diclofenac or a salt thereof. 

4. A composition as in claim 1 or 2 wherein the NSAID 
is diclofenac sodium. 

5. A composition as in any of claims 1 to 4, wherein 
the polymer is povidone or a water-soluble cellulose 
derivative. 

6. A composition as in any of claims 1 to 4, wherein 
the polymer is hydroxypropyl methylcellulose. 

7. A composition as in any of claims 1 to 6 wherein the 
ratio of polymer to misoprostol by weight is from 
about 10 to about 100. 

8. A composition as in any of claims 1 to 6 wherein the 
ratio of polymer to misoprostol by weight is from 
about 15 to about 50. 

9. The process of making a composition according to 
any of claims 1 and 3 to 8 which comprises the steps 
of making the core tablet comprising the NSAID, 

5 
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and applying around the core a film coating com
prising the polymer and misoprostol by dissolving 45 

the polymer and misoprostol in solvent, spraying 
the solution, and evaporating the solvent. 

10. The process of making a composition according to 
any of claims 2 to 8 which comprises the steps of 50 

making the core tablet comprising the NSAID, ap
plying an enteric coating around the core, and ap
plying an overcoating around the enteric coating 
comprising the polymer and misoprostol by dissolv-
ing the polymer and misoprostol in solvent, spraying 55 

the solution, and evaporating the solvent. 

11. A process of claim 9 or 1 0 wherein the solvent com-

4 

prises a chlorinated hydrocarbon and an alcohol. 

12. A process of claim 9 or 10 wherein the chlorinated 
hydrocarbon is methylene chloride. 
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Pharmaceutical Compositions for the Coordinated 
Delivery of NSAIDs 

Field of the Invention 

5 The present invention is directed to pharmaceutical compositions that provide for the 

10 

coordinated release of an acid inhibitor and a non-steroidal anti-inflammatory drug (NSAID). 

These compositions have a reduced likelihood of causing unwanted side effects, especially 

gastrointestinal side effects, when administered as a treatment for pain, arthritis and other 

conditions amenable to treatment with NSAIDs. 

Background of the Invention 

Although non-steroidal anti-inflammatory drugs are widely accepted as effective 

agents for controlling pain, their administration can lead to the development of 

gastroduodenal lesions, e.g., ulcers and erosions, in susceptible individuals. It appears that a 

15 major factor contributing to the development of these lesions is the presence of acid in the 

stomach and upper small intestine of patients. This view is supported by clinical studies 

demonstrating an improvement in NSAID tolerability when patients are also taking 

independent doses of acid inhibitors (Dig. Dis. 12:210-222 (1994); Drug Safoty 21:503-512 

(1999); Aliment. Pharmacol. Ther. 12:135-140 (1998); Am. J. Med. 104(3A):67S-74S (1998); 

20 Clin. Ther. 17:1159-1173 (1995)). Other major factors contributing to NSAID-associated 

gastropathy include a local toxic effect ofNSAIDs and inhibition of protective prostaglandins 

(Can. J. Gastroenterol. 13: 135-142 (1999) and Pract. Drug Safety 21:503-512, (1999)), 

which may also make some patients more susceptible to the ulcerogenic effects of other 

noxious stimuli. 

25 

In general, more potent and longer lasting acid inhibitors, such as proton pump 

inhibitors, are thought to be more protective during chronic administration of NSAIDs than 

shorter acting agents, e.g., histamine Hz receptor antagonists (H-2 blockers) (N Eng. J. Med. 

338:719-726 (1998); Am. J. Med. 104(3A):56S-61S (1998)). The most likely explanation for 

30 this is that gastric pH fluctuates widely throughout the dosing interval with short acting acid 

inhibitors leaving the mucosa vulnerable for significant periods of time. In particular, the pH 

is at its lowest point, and hence the mucosa is most vulnerable, at the end of the dosing 

interval (least amount of acid inhibition) and for some time after the subsequent dose of acid 



5 

wo 02/098352 PCTIUS02/17105 

2 

inhibitor. In general, it appears that when a short acting acid inhibitor and an NSAID are 

administered simultaneously, NSAID-related mucosal damage occurs before the pH of the 

gastrointestinal tract can be raised and after the acid inhibiting effect of the short acting acid 

inhibitor dissipates. 

Although longer lasting agents, such as proton pump inhibitors (PPis), usually 

maintain a consistently higher gastroduodenal pH throughout the day, after several days 

dosing, their antisecretory effect may be delayed for several hours and may not take full 

effect for several days (Clin. Pharmacokinet. 20:38-49 (1991)). Their effect may be 

1 0 diminished toward the end of the usual dosing interval. Intragastric pH rises particularly 

slowly with the first dose in a course of treatment since this class of drugs is enteric coated to 

avoid destruction by stomach acid. As a result, absorption is delayed for several hours. Even 

then, some patients fail to respond consistently to drugs of this type and suffer from "acid 

breakthrough" which again leaves them vulnerable to NSAID-associated gastroduo-

15 denaldamage (Aliment. Pharmacal. Ther. 14:709-714 (2000)). Despite a significant reduction 

in gastroduodenal lesions with the concomitant administration of a proton pump inhibitor 

during six months of NSAID therapy, up to 16% of patients still develop ulcers, indicating 

that there remains substantial room for improvement (N Eng. J Med. 338:727-734 (1998)). 

Thus, the addition of a pH sensitive enteric coating to an NSAID could provide additional 

20 protection against gastroduodenal damage not provided by the H2 blocker or PPI alone. In 

addition, although long acting acid inhibitors may reduce the risk of GI lesions in chronic 

NSAID users, there are questions about the safety of maintaining an abnormally elevated pH 

in a patient's GI tract for a prolonged period of time (Scand. J Gastroenterol. Suppl. 178:85-

92 (1990)). 

25 

Recognizing the potential benefits of PPis for the prevention of NSAID-induced 

gastroduodenal damage, others have disclosed strategies for combining the two active agents 

for therapeutic purposes. However, these suggestions do not provide for coordinated drug 

release or for reducing intragastric acid levels to a non-toxic level prior to the release of 

30 NSAID (U.S. 5,204,118; U.S. 5,417,980; U.S. 5,466,436; and U.S. 5,037,815). In certain 

cases, suggested means of delivery would expose the gastrointestinal tract to NSAIDs prior to 

onset ofPPI activity (U.S. 6,365,184). 
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Attempts to develop NSAIDs that are inherently less toxic to the gastrointestinal tract 

have met with only limited success. For example, the recently developed cyclooxygenase-2 

(COX-2) inhibitors show a reduced tendency to produce gastrointestinal ulcers and erosions, 

but a significant risk is still present, especially if the patient is exposed to other ulcerogens 

5 (JAMA 284:1247-1255 (2000); N Eng. J. Med. 343:1520-1528 (2000)). In this regard, it 

appears that even low doses of aspirin will negate most of the benefit relating to lower 

gastrointestinal lesions. In addition, the COX-2 inhibitors may not be as effective as other 

NSAIDs at relieving some types of pain and have been associated with significant 

cardiovascular problems (JADA 131:1729-1737 (2000); SCRIP 2617, pg. 19, Feb. 14, 2001); 

10 NY Times, May 22, 2001, pg. C1)). 

Other attempts to produce an NSAID therapy with less gastrointestinal toxicity have 

involved the concomitant administration of a cytoprotective agent. In 1998, Searle began 

marketing Arthrotec™ for the treatment of arthritis in patients at risk for developing GI 

15 ulcers. This product contains misopristol (a cytoprotective prostaglandin) and the NSAID 

diclofenac. Although patients administered Arthrotec™ do have a lower risk of developing 

ulcers, they may experience a number of other serious side effects such as diarrhea, severe 

cramping and, in the case of pregnant women, potential damage to the fetus. 

20 

25 

Another approach has been to produce enteric coated NSAID products. However, 

even though these have shown modest reductions in gastroduodenal damage in short term 

studies (Scand. J. Gastroenterol. 20: 239-242 (1985) and Scand. J. Gastroenterol. 25:231-

234 (1990)), there is no consistent evidence of a long term benefit during chronic treatment. 

Overall, it may be concluded that the risk of inducing GI ulcers is a recognized 

problem associated with the administration of NSAIDs and that, despite considerable effort, 

an ideal solution has not yet been found. 

Summary of the Invention 

30 The present invention is based upon the discovery of a new method for reducing the 

risk of gastrointestinal side effects in people taking NSAIDs for pain relief and for other 

conditions, particularly during chronic treatment. The method involves the administration of 

a single, coordinated, unit-dose product that combines: a) an agent that actively raises 
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intragastric pH to levels associated with less risk ofNSAID-induced ulcers; and b) an NSAID 

that is specially formulated to be released in a coordinated way that minimizes the adverse 

effects of the NSAID on the gastroduodenal mucosa. Either short or long acting acid 

inhibitors can be effectively used in the dosage forms. This method has the added benefit of 

5 being able to protect patients from other gastrointestinal ulcerogens whose effect may 

otherwise be enhanced by the disruption of gastroprotective prostaglandins due to NSAID 

therapy. 

In its first aspect, the invention is directed to a pharmaceutical composition in unit 

1 0 dosage form suitable for oral administration to a patient. The composition contains an acid 

inhibitor present in an amount effective to raise the gastric pH of a patient to at least 3.5, 

preferably to at least 4, and more preferably to at least 5, when one or more unit dosage forms 

are administered. The gastric pH should not exceed 7.5 and preferably should not exceed 7.0. 

The term "acid inhibitor" refers to agents that inhibit gastric acid secretion and increase 

15 gastric pH. In contrast to art teaching against the use of H2 blockers for the prevention of 

NSAID-associated ulcers (N Eng. J. Med. 340: 1888-1899 (1999)), these agents are 

preferred compounds in the current invention. Specific, H2 blockers that may be used include 

cimetidine, ranitidine, ebrotidine, pabutidine, lafutidine, loxtidine or famotidine. The most 

preferred acid inhibitor is famotidine present in dosage forms in an amount of between 5 mg 

20 and 1 00 mg. Other agents that may be effectively used include proton pump inhibitors such 

as omeprazole, esomeprazole, pantoprazole, lansoprazole or rabeprazole. 

The pharmaceutical composition also contains a non-steroidal anti-inflammatory drug 

in an amount effective to reduce or eliminate pain or inflammation. The NSAID may be a 

25 COX-2 inhibitor such as celecoxib, rofecoxib, meloxicam, piroxicam, valdecoxib, parecoxib, 

etoricoxib, CS-502, JTE-522, L-745,337 orNS398. Alternatively, the NSAID may be aspirin, 

acetaminophen, ibuprofen, flurbiprofen, ketoprofen, naproxen, oxaprozin, etodolac, 

indomethacin, ketorolac, lornoxicam, nabumetone, or diclofenac. The most preferred NSAID 

is naproxen in an amount ofbetween 50 mg and 1500 mg, and more preferably, in an amount 

30 of between 200 mg and 600 mg. It will be understood that, for the purposes of the present 

invention, reference to an acid inhibitor, NSAID, or analgesic agent will include all of the 

common forms of these compounds and, in particular, their pharmaceutically acceptable salts. 

The amounts of NSAIDs which are therapeutically effective may be lower in the current 
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invention than otherwise found in practice due to potential positive kinetic interaction and 

NSAID absorption in the presence of an acid inhibitor. 

The term "unit dosage form" as used herein refers to a single entity for drug 

5 administration. For example, a single tablet or capsule combining both an acid inhibitor and 

an NSAID would be a unit dosage form. A unit dosage form of the present invention 

preferably provides for coordinated drug release, in a way that elevates gastric pH and 

reduces the deleterious effects of the NSAID on the gastroduodenal mucosa, i.e., the acid 

inhibitor is released first and the release ofNSAID is delayed until after the pH in the GI tract 

1 0 has risen. In a preferred embodiment, the unit dosage form is a multilayer tablet, having an 

outer layer comprising the acid inhibitor and an inner core which comprises the NSAID. In 

the most preferred form, coordinated delivery is accomplished by having the inner core 

surrounded by a polymeric barrier coating that does not dissolve unless the surrounding 

medium is at a pH of at least 3.5, preferably at least 4 and more preferably, at least 5. 

15 Alternatively, a barrier coating may be employed which controls the release of NSAID by 

time, as opposed to pH, with the rate adjusted so that NSAID is not released until after the pH 

of the gastrointestinal tract has risen to at least 3.5, preferably at least 4, and more preferably 

at least 5. Thus, a time-release formulation may be used to prevent the gastric presence of 

NSAID until mucosal tissue is no longer exposed to the damage enhancing effect of very low 

20 pH. 

The invention includes methods of treating a patient for pain, inflammation and/or 

other conditions by administering the pharmaceutical compositions described above. 

Although the method may be used for any condition in which an NSAID is effective, it is 

25 expected that it will be particularly useful in patients with osteoarthritis or rheumatoid 

arthritis. Other conditions that may be treated include, but are not limited to: all form of 

headache, including migraine headache; acute musculoskeletal pain; ankylosing spondylitis; 

dysmenorrhoea; myalgias; and neuralgias. 

30 In a more general sense, the invention includes methods of treating pain, 

inflammation and/or other conditions by orally administering an acid inhibitor at a dose 

effective to raise a patient's gastric pH to at least 3.5, preferably to at least 4 or and more 

preferably to at least 5. The patient is also administered an NSAID, for example in a 
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coordinated dosage form, that has been coated in a polymer that only dissolves at a pH of 

least 3.5, preferably at least 4 and, more preferably, 5 or greater or which dissolves at a rate 

that is slow enough to prevent NSAID release until after the pH has been raised. When acid 

inhibitor and NSAID are administered in separate doses, e.g., in two separate tablets, they 

5 should be given concomitantly (i.e., so that their biological effects overlap) and may be given 

concurrently, i.e., NSAID is given within one hour after the acid inhibitor. Preferably, the 

acid inhibitor is an H2 blocker and, in the most preferred embodiment, it is famotidine at a 

dosage of between 5 mg and 1 00 mg. Any of the NSAIDs described above may be used in 

the method but naproxen at a dosage of between 200 and 600 mg is most preferred. It is 

1 0 expected that the inhibitor and analgesic will be typically delivered as part of a single unit 

dosage form which provides for the coordinated release of therapeutic agents. The most 

preferred dosage form is a multilayer tablet having an outer layer comprising an H2 blocker 

and an inner core comprising an NSAID. 

15 The invention also provides a method for increasing compliance in a patient requiring 

frequent daily dosing of NSAIDs by providing both an acid inhibitor and NSAID in a single 

convenient, preferably coordinated, unit dosage form, thereby reducing the number of 

individual doses to be administered during any given period. 

20 Brief Description of the Drawings 

25 

Figure 1 is a schematic diagram of a four layer tablet dosage form. There is a 

naproxen core layer surrounded by a barrier layer. A third, enteric coating, layer delays the 

release of naproxen sodium until the pH is at a specific level, e.g., above 4. Finally, there is 

an outer layer that releases an acid inhibitor such as famotidine. 

Figure 2 illustrates a three layer dosage form. An acid inhibitor, e.g., famotidine, is 

released immediately after ingestion by a patient in order to raise the pH of the 

gastrointestinal tract to above a specific pH, e.g., above 4. The innermost layer contains 

naproxen. Thus, the dosage form has a naproxen core, an enteric film coat and an acid 

30 inhibitor film coat. 

Figure 3 illustrates a naproxen sodium pellet which contains a subcoat or barrier coat 

prior to the enteric film coat. 
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Detailed Description of the Invention 

The present invention is based upon the discovery of improved pharmaceutical 

compositions for administering NSAIDs to patients. In addition to containing one or more 

NSAIDs, the compositions include acid inhibitors that are capable of raising the pH of the GI 

5 tract of patients. All of the dosage forms are designed for oral delivery and provide for the 

coordinated release of therapeutic agents, i.e., for the sequential release of acid inhibitor 

followed by analgesic. 

The NSAIDs used in preparations may be either short or long acting. As used herein, 

10 the term "long acting" refers to an NSAID having a pharmacokinetic half-life of at least 2 

hours, preferably at least 4 hours and more preferably, at least 8-14 hours. In general, its 

duration of action will equal or exceed about 6-8 hours. Examples of long-acting NSAIDs 

are: flurbiprofen with a half-life of about 6 hours; ketoprofen with a half-life of about 2 to 4 

hours; naproxen or naproxen sodium with half-lives of about 12 to 15 hours and about 12 to 

15 13 hours respectively; oxaprozin with a half life of about 42 to 50 hours; etodolac with a half

life of about 7 hours; indomethacin with a half life of about 4 to 6 hours; ketorolac with a 

half-life of up to about 8-9 hours, nabumetone with a half-life of about 22 to 30 hours; 

mefenamic acid with a half-life of up to about 4 hours; and piroxicam with a half-life of 

about 4 to 6 hours. If an NSAID does not naturally have a half-life sufficient to be long 

20 acting, it can, if desired, be made long acting by the way in which it is formulated. For 

example, NSAIDs such as acetaminophen and aspirin may be formulated in a manner to 

increase their half-life or duration of action. Methods for making appropriate formulations are 

well known in the art (see e.g. Remington's Pharmaceutical Sciences, 16th ed., A. Oslo editor, 

Easton, PA (1980)). 

25 

30 

It is expected that a skilled pharmacologist may adjust the amount of drug in a 

pharmaceutical composition or administered to a patient based upon standard techniques well 

known in the art. Nevertheless, the following general guidelines are provided: 

Indomethacin is particularly useful when contained in tablets or capsules in an 

amount from about 25 to 75 mg. A typical daily oral dosage of indomethacin is 

three 25 mg doses taken at intervals during the day. However, daily dosages of up 

to about 150 mg are useful in some patients. 
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Aspirin will typically be present in tablets or capsules in an amount of between 

about 250 mg and 1000 mg. Typical daily dosages will be in an amount ranging 

from 500 mg to about 10 g. 

Ibuprofen may be provided in tablets or capsules of 50, 100, 200, 300, 400, 600, 

or 800 mg. Daily doses should not exceed 3200 mg. 200 mg- 800 mg may be 

particularly useful when given 3 or 4 times daily. 

Flurbiprofen is useful when in tablets at about from 50 to 1 00 mg. Daily doses of 

about 100 to 500 mg, and particularly from about 200 to 300 mg, are usually 

effective. 

Ketoprofen is useful when contained in tablets or capsules in an amount of about 

25 to 75 mg. Daily doses of from 100 to 500 mg and particularly of about 100 to 

300 mg are typical as is about 25 to 50 mg every six to eight hours. 

Naproxen is particularly useful when contained in tablets or capsules in an 

amount of from 250 to 500 mg. For naproxen sodium, tablets of about 275 or 

about 550 mg are typically used. Initial doses of from 100 to 1250 mg, and 

particularly 350 to 800 mg are also used, with doses of about 550 mg being 

generally preferred. 

Oxaprozin may be used in tablets or capsules in the range of roughly 200 mg to 

1200 mg, with about 600 mg being preferred. Daily doses of 1200 mg have been 

found to be particularly useful and daily doses should not exceed 1800 mg or 26 

mg/kg. 

Etodolac is useful when provided in capsules of200 mg to 300 mg or in tablets of 

about 400 mg. Useful doses for acute pain are 200-400 mg every six-eight hours, 

not to exceed 1200 mg/day. Patients weighing less than 60 kg are advised not to 

exceed doses of 20 mg/kg. Doses for other uses are also limited to 1200 mg/day 

in divided doses, particularly 2, 3 or 4 times daily. 
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Ketorolac is usefully provided in tablets of 1-50 mg, with about 10 mg being 

typical. Oral doses of up to 40 mg, and particularly 10-30 mg/day have been 

useful in the alleviation of pain. 

Nabumetone may be provided in tablets or capsules of between 500 mg and 750 

mg. Daily doses of 1500-2000 mg, after an initial dose of 100 mg, are of 

particular use. 

Mefenamic acid is particularly useful when contained in tablets or capsules of 50 

mg to 500 mg, with 250 mg being typical. For acute pain, an initial dosage of 1-

1000 mg, and particularly about 500 mg, is useful, al:fuough other doses may be 

required for certain patients. 

Lomoxicam is provided in tablets of 4 mg or 8 mg. Useful doses for acute pain 

are 8 mg or 16 mg daily, and for arthritis are 12 mg daily. 

One particular group of long acting NSAIDs that may be used are the 

cyclooxygenase-2 inhibitors. These include: celecoxib, rofecoxib, meloxicam, piroxicam, 

valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522, L-745,337, or NS398. JTE-522, L-

20 745,337 and NS398 as described, inter alia, in Wakatani, et al. (Jpn. J. Pharmacal. 78:365-

311 (1998)) and Panara, et al. (Br. J. Pharmacal. 116:2429-2434 (1995)). The amount 

present in a tablet or administered to a patient will depend upon the particular COX-2 

inhibitor being used. For example: 

25 

30 

Celecoxib may be administered in a tablet or capsule containing from about 100 

mg to about 500 mg or, preferably, from about 100 mg to about 200 mg. 

Piroxicam may be used in tablets or capsules containing from about 1 0 to 20 mg. 

Rofecoxib will typically be provided in tablets or capsules in an amount of 12.5, 

25 or 50 mg. The recommended initial daily dosage for the management of acute 

pain is 50 mg. 
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Meloxicam is provided in tablets of 7.5 mg, with a recommended daily dose of 

7.5 or 15 mg for the management of osteoarthritis. 

Valdecoxib is provided in tablets of 10 or 20 mg, with a recommended daily dose 

of 10 mg for arthritis or 40 mg for dysmenorrhea. 

With respect to acid inhibitors, tablets or capsules may contain anywhere from 1 mg 

to as much as 1 g. Typical amounts for H2 blockers are: cimetidine, 100 to 800 mg/unit dose; 

ranitidine, 50-300 mg/unit dose; famotidine, 5-100 mg/unit dose; ebrotidine 400 - 800 

10 mg/unit dose; pabutidine 40 mg/unit dose; lafutidine 5-20 mg/unit dose; and nizatidine, 50-

600 mg/unit dose. Proton pump inhibitors will typically be present at about 5 mg to 600 mg 

per unit dose. For example, the proton pump inhibitor omeprazole should be present in tablets 

or capsules in an amount from 5 to 50 mg, with about 20 mg per unit dosage form being 

preferred. Other typical amounts are: esomeprazole, 5-100 mg, with about 40 mg per unit 

15 dosage form being preferred; lansoprazole, 15-150 mg, with about 30 mg per unit dosage 

form being preferred; pantoprazole, 10-200 mg, with about 40 mg per unit dosage form being 

preferred; and rabeprazole, 5-100 mg, with about 20 mg per unit dosage form being 

preferred. 

20 Making of Pharmaceutical Preparations 

The pharmaceutical compositions of the invention include tablets, dragees, liquids and 

capsules and can be made in accordance with methods that are standard in the art (see, e.g., 

Remington's Pharmaceutical Sciences, 16th ed., A Oslo editor, Easton, Pa. (1980)). Drugs and 

drug combinations will typically be prepared in admixture with conventional excipients. 

25 Suitable carriers include, but are not limited to: water; salt solutions; alcohols; gum arabic; 

vegetable oils; benzyl alcohols; polyethylene glycols; gelatin; carbohydrates such as lactose, 

amylose or starch; magnesium stearate; talc; silicic acid; paraffin; perfume oil; fatty acid 

esters; hydroxymethylcellulose; polyvinyl pyrrolidone; etc. The pharmaceutical preparations 

can be sterilized and, if desired, mixed with auxiliary agents such as: lubricants, 

30 preservatives, disintegrants; stabilizers; wetting agents; emulsifiers; salts; buffers; coloring 

agents; flavoring agents; or aromatic substances. 
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Enteric coating layer(s) may be applied onto the core or onto the barrier layer of the 

core using standard coating techniques. The enteric coating materials may be dissolved or 

dispersed in organic or aqueous solvents and may include one or more of the following 

materials: methacrylic acid copolymers, shellac, hydroxypropylmethcellulose phthalate, 

5 polyvinyl acetate phthalate, hydroxypropylmethylcellulose trimellitate, carboxymethylethyl

cellulose, cellulose acetate phthalate or other suitable enteric coating polymer(s). The pH at 

which the enteric coat will dissolve can be controlled by the polymer or combination of 

polymers selected and/or ratio of pendant groups. For example, dissolution characteristics of 

the polymer film can be altered by the ratio of free carboxyl groups to ester groups. Enteric 

1 0 coating layers also contain pharmaceutically acceptable plasticizers such as triethyl citrate, 

dibutyl phthalate, triacetin, polyethylene glycols, polysorbates or other plasticizers. 

Additives such as dispersants, colorants, anti-adhering and anti-foaming agents may also be 

included. 

15 The Making of Tablet Dosage Forms 

Preferably, the combination of an acid inhibitor and an NSAID will be in the form of 

a bi- or multi-layer tablet. In a bilayer configuration, one portion of the tablet contains the 

acid inhibitor in the required dose along with appropriate excipients, agents to aid dissolution, 

lubricants, fillers, etc. The second portion of the tablet will contain the NSAID, preferably 

20 naproxen, in the required dose along_ with other excipients, dissolution agents, lubricants, 

fillers, etc. In the most preferred embodiment, the NSAID layer is surrounded by a polymeric 

coating which does not dissolve at a pH of less than 4. The naproxen may be granulated by 

methods such as slugging, low- or high- shear granulation, wet granulation, or fluidized-bed 

granulation. Of these processes, slugging generally produces tablets of less hardness and 

25 greater friability. Low-shear granulation, high-shear granulation, wet granulation and 

fluidized-bed granulation generally produce harder, less friable tablets. 

30 

Examples 

Example 1: Enteric Coated Naproxen Sodium Core and Famotidine 
Immediate Release 

A schematic diagram of a four layer tablet dosage form is shown in Figure I. The first 

layer contains naproxen sodium distributed throughout a matrix of pharmaceutically 

acceptable fillers, excipients, binding agents, disintegrants, and lubricants. 
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The second layer is a barrier layer which protects the first layer containing naproxen 

sodium. The barrier film coat is applied by conventional pan coating technology and the 

weight of the barrier coat may vary from 1% to 3% of the core tablet weight. In particular 

embodiments, the core naproxen sodium tablet is coated with coating ingredients such as 

5 Opaspray® K-1-4210A or Opadry® YS-1-7006 (Colorcon, West Point, PA). Polymer film 

coating ingredients such as hydroxypropylmethylcellulose 2910 and polyethylene glycol 

8000 in a coating suspension may also be used. 

The function of the third layer is to prevent the release of naproxen sodium until the 

1 0 dosage form reaches an environment where the pH is above about 4 or 5. The enteric coating 

does not dissolve in areas of the GI tract where the pH may be below about 4 or 5 such as in 

an unprotected stomach. Methacrylic acid copolymers are used as the enteric coating 

ingredient, triethyl citrate and dibutyl phthalate are plasticisers, and ammonium hydroxide is 

used to adjust the pH of the dispersion. The coating dissolves only when the local pH is 

15 above, for example, 5.5 and, as a result, naproxen sodium is released. 

The outermost layer contains an "acid inhibitor" in an effective amount which is 

released from the dosage form immediately after administration to the patient. The acid 

inhibitor in the present example is a proton pump inhibitor or, preferably the H2 blocker 

20 famotidine, which raises the pH of the gastrointestinal tract to above 4. The typical effective 

amount of famotidine in the dosage form will vary from 5 mg to 100 mg. A typical film 

coating formulation contains Opadry Clear® YS-1-7006 which helps in the formation of the 

film and in uniformly distributing famotidine within the fourth layer without tablets sticking 

to the coating pan or to each other during application of the film coat. Other ingredients may 

25 include: plasticisers such as triethyl citrate, dibutyl phthalate, and polyethylene glycol; anti

adhering agents such as talc; lubricating ingredients such as magnesium stearate; and 

opacifiers such as titanium dioxide. In addition, the pH of the film coating solution can be 

adjusted to aid in dissolution of the famotidine. The film coating is thin and rapidly releases 

famotidine for absorption. 

30 
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Core Tablet Ingredients %W/W mg/Tablet 

Naproxen sodium, USP 74.074 500.00 

Microcrystalline cellulose, NF 
(Avicel PH 200) 17.166 115.87 

5 Povidone (K29/32), USP 3.450 23.29 

Talc, USP 4.350 29.36 

Magnesium Stearate, NF 0.960 6.48 

Total 100.00 675.00 

10 

Barrier Film Coating Ingredients 0/o W/W 

Opadry Clear® YS-1-7006 5.00 

Purified water USP 95.00 

15 Total 100.00 

Enteric Coating Dispersion 

Ingredients o;o W/W 

Methacrylic Acid Copolymer, NF 
20 (Eudragit L-100-55) 7.30 

Methacrylic Acid Copolymer, NF 
(Eudragit L-100) 7.30 

Triethyl Citrate, NF 2.95 

Dibutyl Phthalate, NF 1.17 

25 Ammonium Hydroxide (30%), NF 0.87 

Purified water, USP 80.41 
--------

Total 100.00 

30 Famotidine Coating Dispersion 

Ingredients %W/W 

Famotidine, USP 3.0 

Opadry Clear® (YS-1-7006) 5.0 

Talc, USP 3.0 

35 
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Purified Water, USP 89.0 

Total 100.0 

Example 2: Enteric Coated Naproxen Core and Famotidine 
Immediate Release 

PCTIUS02/17105 

Figure 2 illustrates a three layered dosage form which releases famotidine 

immediately after ingestion by the patient in order to raise the pH of the gastrointestinal tract 

to above about 4. The innermost layer contains naproxen uniformly distributed throughout a 

10 matrix of pharmaceutically acceptable excipients. These excipients perform specific functions 

and may serve as binders, disintegrants, or lubricants. A pharmaceutically acceptable enteric 

coating surrounds the naproxen core. The function of the enteric coat is to delay the release of 

naproxen until the dosage form reaches an environment where the pH is above about 4. The 

coating does not dissolve in the harshly acidic pH of the unprotected stomach. It contains 

15 methacrylic acid copolymers which prevent the release of naproxen in the unprotected 

stomach. Also included are: triethyl citrate, a plasticiser; simethicone emulsion, an anti

foaming agent; and sodium hydroxide which is used to adjust the pH of the dispersion. 

The outermost layer contains an "acid inhibitor" in an effective amount which is 

20 released from the dosage form immediately after administration to the patient. The acid 

inhibitor in this example is a proton pump inhibitor or, preferably, the H2 blocker famotidine 

which raises the pH of the stomach to above 4. A typical film coating formulation contains 

Opadry Clear® YS-1-7006 which helps in the formation of the film and in uniformly 

distributing famotidine in the fourth layer without tablets sticking to the coating pan or 

25 sticking to each other during application of the film coat. Other ingredients are: plasticisers 

such as polyethylene glycol 8000; anti-adhering agents such as talc; lubricating ingredients 

such as magnesium stearate;, and opacifiers such as titanium dioxide. In addition, the pH of 

the film coating solution can be adjusted to aid in dissolution of the famotidine. The film 

coating is thin and rapidly releases famotidine for absorption. 

30 Core Tablet Ingredients 

Naproxen, USP 

Povidone K-90, USP 

Starch, USP 

%,W/W 

90.91 

2.00 

2.59 

mg/Tablet 

500.00 

11.00 

14.25 
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Croscarmellose Sodium, USP 

Magnesium Stearate, NF 

Total 
Purified Water, USP qs 

15 

4.00 

0.50 

100.00 

Enteric Coating Dispersion Ingredients 

Methacrylic Acid Copolymer Type C, NF 

(Eudragit L-1 00-55) 

Talc, USP 

Sodium Hydroxide, NF 

Triethyl Citrate, NF 

Simethicone Emulsion, USP 

Purified Water, USP 

Total 

Famotidine Coating Dispersion 
Ingredients 

Famotidine, USP 

Opadry Clear® (YS-1-7006) 

Talc, USP 

Purified Water, USP 

Total 

3.0 

5.0 

3.0 

89.0 

100.0 

PCTIUS02/17105 

22.00 

2.75 

550.00 

14.5 

3.8 

0.2 

1.7 

0.02 

79.78 

100.00 

Example 3: Naproxen Controlled Release Core and Famotidine 
Immediate Release 

A trilayer tablet which separates famotidine contained in the film coat from 

30 controlled-release naproxen may be used in the present invention. The core tablet of naproxen 

is formulated using excipients which control the drug release for therapeutic relief from pain 

and inflammation for 24 hours. Figure 2 shows an example of an appropriate trilayer tablet. 

In this particular example, naproxen is mixed with a polymeric material, hydroxypropyl

methylcellulose and granulated with water. The granules are dried, milled, and blended with a 

35 lubricant, such as magnesium stearate. They are then compacted into tablets. 
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The controlled-release core tablet of naproxen is film coated with a pharmaceutically 

acceptable enteric coating. The function of the enteric coat is to delay the release of naproxen 

until the dosage form reaches an envirornnent where the pH is above about 4. The coating 

does not dissolve in the extremely acidic pH of the unprotected stomach. The function of 

5 methacrylic acid copolymers is to prevent the release of naproxen until the pH of the stomach 

rises. Triethyl citrate is a plasticiser, simethicone emulsion is a anti-foaming agent, and 

sodium hydroxide is used to adjust the pH ofthe dispersion. 

The outermost layer contains an "acid inhibitor" which is released from the dosage 

1 0 form immediately after administration to the patient. The acid inhibitor in the present 

example is a proton pump inhibitor or, preferably, the H2 blocker famotidine which 

consistently raises the pH of the stomach to above 4. The typical effective amount of 

famotidine in the dosage will vary from 5 mg to 100 mg. A typical film coating formulation 

contains Opadry Blue® YS-1-4215 which is essential for film formation and for the uniform 

15 application of famotidine to the core tablet. Polymer film coating ingredients, 

hydroxypropylmethylcellulose or Opaspray® K-1-4210A (Colorcon, West Point, PA) may 

also be used. Other ingredients which help in the formation of the film and in the uniform 

application of famotidine to the core tablet are: plasticisers such as triethyl citrate and dibutyl 

phthalate; anti-adhering agents such as talc; lubricating ingredients such as magnesium 

20 stearate; and opacifiers such as titanium dioxide. In addition, the pH of the film coating 

solution can be adjusted to aid in dissolution of the famotidine. The film coating is thin and 

rapidly releases famotidine for absorption. 

Core Tablet Ingredients o/o W/W mg/Tablet 

Naproxen, USP 94.00 750 

25 Hydroxypropyl methylcellulose 
2208, USP (viscosity 15000 cps) 5.00 39.9 

Magnesium Stearate, NF 1.00 7.95 

Total 100.00 797.85 

30 
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Enteric Coating Dispersion Ingredients 

Methacrylic Acid Copolymer Type C, NF 
(Eudragit L-1 00-55) 

Talc, USP 

Sodium Hydroxide, NF 

Triethyl Citrate, NF 

Simethicone Emulsion, USP 

Purified Water, USP 

PCTIUS02/17105 

%W/W 

14.5 

3.8 

0.2 

1.7 

0.02 

79.78 

Total 100.00 

Famotidine Coating Dispersion Ingredients 0/o W/W 

Famotidine, USP 2.0 

Opadry Blue® (YS-1-4215) 10.0 

Talc, USP 9.0 

Purified Water, USP 79.0 

Total 100.0 

Example 4: Naproxen and Famotidine Controlled Release Core and 
Famotidine Immediate Release 

A trilayer tablet which separates famotidine contained in the film coat from 

controlled-release naproxen and famotidine may be used in the present invention. The core 

tablet of naproxen and famotidine is formulated using excipients which control the drug 

25 release for therapeutic relief from pain and inflammation for 24 hours. Figure 2 is an example 

of an appropriate trilayer tablet. In this particular example, naproxen and famotidine are 

mixed with a polymeric material, hydroxypropylmethylcellulose and granulated with water. 

The granules are dried, milled, and blended with a lubricant, such as magnesium stearate. 

They are then compacted into tablets. 

30 The controlled-release core tablet of naproxen and famotidine is film coated with a 

pharmaceutically acceptable enteric coating. The function of the enteric coat is to delay the 

release of naproxen until the dosage form reaches an environment where the pH is above 

about 4. The coating does not dissolve in the extrememly acidic pH of the unprotected 

stomach. The function of methacrylic acid copolymers is to prevent the release of naproxen 
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in the pH of the stomach rises. Triethyl citrate is a plasticiser, simethicone emulsion is a anti

foaming agent, and sodium hydroxide is used to adjust the pH of the dispersion. 

The outermost later contains an "acid inhibitor" which is released from the dosage 

form immediately after administration to the patient. The acid inhibitor in the present 

5 example is a proton pump inhibitor or, preferably, the H2 blocker famotidine which 

consistently raises the pH of the stomach to above 4. The typical effective amount. of 

famotidine in the dosage will vary from 5 mg to 100 mg. A typical film coating formulation 

contains Opadry Blue® YS-1-4215 which is essential for film formation and for the uniform 

application of famotidine to the core tablet. Polymer film coating ingredients, 

10 hydroxypropylmethylcellulose or Opaspray® K-1-4210A (Colorcon, West Point, PA) may 

also be used. Other ingredients which help in the formation of the film and in the uniform 

application of famotidine to the core tablet are: plasticisers such as triethyl citrate and dibutyl 

phthalate; anti-adhering agents such as talc; lubricating ingredients such as magnesium 

stearate; and opacifiers such as titanium dioxide. In addition, the pH of the film coating 

15 solution can be adjusted to aid in dissolution of the famotidine. The film coating is thin and 

rapidly releases famotidine for absorption. 

20 

25 

30 

Core Tablet Ingredients 
Naproxen, USP 

Famotidine, USP 

Hydroxypropyl methylcellulose 
2208, USP (viscosity 15000 cps) 

Magnesium Stearate, NF 

Total 

O.fo W/W 

88.05 

3.52 

7.03 

1.40 

100.00 

Enteric Coating Dispersion Ingredients 
Methacrylic Acid Copolymer Type C, NF 
(Eudragit L-1 00-55) 

Talc, USP 

Sodium Hydroxide, NF 

Triethyl Citrate, NF 

Simethicone Emulsion, USP 

mg/Tablet 
500 

20.0 

39.9 

7.95 

567.85 

14.5 

3.8 

0.2 

1.7 

0.02 
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Purified Water, USP 

Total 

Famotidine Coating Dispersion 
Ingredients 

Famotidine, USP 

Opadry Blue® (YS-1-4215) 

Talc, USP 

Purified Water, USP 

19 

2.0 

10.0 

9.0 

79.0 

Total 100.0 

PCTIUS02/17105 

79.78 

100.00 

Example 5: Enteric Coated Naproxen Sodium Core and Pantoprazole 
Immediate Release in Film Coat 

A schematic diagram of a four layer tablet dosage form is shown in Figure 1. The first 

layer contains naproxen sodium distributed throughout a matrix of pharmaceutically 

acceptable fillers, excipients, binding agents, disintegrants, and lubricants. 

The second layer is a barrier layer which protects the first layer containing naproxen 

20 sodium. The barrier film coat is applied by conventional pan coating technology and the 

weight of the barrier coat may vary from 1% to 3% of the core tablet weight. In particular 

embodiments, the core naproxen sodium tablet is coated with coating ingredients such as 

Opaspray® K-1-4210A or Opadry® YS-1-7006 (Colorcon, West Point, PA). Polymer film 

coating ingredients such as hydroxypropylmethylcellulose 2910 and polyethylene glycol 

25 8000 in a coating suspension may also be used. 

The third layer is an enteric film coat. It does not dissolve in areas of the GI tract 

where the pH may be below 4 such as in an unprotected stomach but it dissolves only when 

the local pH is above about 4. Therefore, the function of the third layer is to prevent the 

30 release of naproxen sodium until the dosage form reaches an environment where the pH is 

above 4. In this example, hydroxypropylmethylcellulose phthalate is the enteric coating 

ingredient, cetyl alcohol is a plasticiser and acetone and alcohol are solvents. 

The fourth layer contains an "acid inhibitor" in an effective amount which is released 

3 5 from the dosage form as soon as the film coat dissolves. The acid inhibitor in this example is 
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a proton pump inhibitor, pantoprazole which raises the pH of the gastrointestinal tract to 

above 4. The typical effective amount ofpantoprazole in the dosage form may vary from 10 

mg to 200 mg. The film coat is applied by conventional pan coating technology and the 

weight of film coat may vary from 4% to 8% of the core tablet weight. Other ingredients are, 

5 plasticisers such as triethyl citrate, dibutyl phthalate, anti-adhering agents such as talc, 

lubricating ingredients such as magnesium stearate, opacifiers such as, titanium dioxide, and 

ammonium hydroxide to adjust the pH of the dispersion. The film coating is thin and rapidly 

releases pantoprazole for absorption. Therefore, pantoprazole releases first and then the core 

erodes and releases naproxen sodium. 

10 

15 

Core Tablet Ingredients 

Naproxen sodium, USP 

Microcrystalline cellulose, NF 

(Avicel PH 200) 

Povidone (K29/32), USP 

Talc, USP 

Magnesium Stearate, NF 

Total 

o/o W/W 

74.075 

17.165 

3.450 

4.350 

0.960 

100.00 

mgltablet 

500.00 

115.87 

23.29 

29.36 

6.48 

675.00 

Naproxen sodium, 50% microcrystalline cellulose and povidone are dry mixed and 

wet granulated in an appropriate granulator with sufficient purified water. The wet granules 

are dried, milled, and blended with the remaining 50% microcrystalline cellulose, talc and 

magnesium stearate. The final granule blend is compressed into tablets. 

Barrier Film Coating Ingredients 

Opadry® Clear YS-1-7006 

Purified Water, USP 

Total 

%W/W 

5.00 

95.00 

100.00 
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Opadry clear is added slowly to purified water and mixing is continued until Opadry 

is fully dispersed. The solution is sprayed on to the tablet cores in a conventional coating pan 

until proper amount of Opadry clear is deposited on the tablets. 

Enteric Coating Ingredients 

Hydroxypropyl methylcellulose phthalate, 
NF 
Cetyl alcohol, NF 

Acetone, NF 

Alcohol, USP 

Total 

%W/W 

5.5 

0.3 

66.3 

27.9 

100.00 

Hydroxypropylmethylcellulose phthalate and cetyl alcohol are dissolved in a mixture 

of alcohol and acetone. The solution is then sprayed on to the tablet bed in proper coating 

equipment. A sample of the tablets is tested for gastric resistance and the coating stopped if 

the tablets pass the test. 

Pantoprazole Film Coating Ingredients 

Pantoprazole sodium, USP 

Opadry® Clear YS-1-7006 

Sodium carbonate, NF 

Purified Water, USP 

Total 

O.foW/W 

5.00 

5.00 

1.20 

88.80 

100.00 

Pantoprazole sodium is dissolved in purified water containing sodium carbonate in 

solution. After thorough mixing, Opadry clear is added slowly and mixing is continued until 

Opadry is fully dispersed. The suspension is sprayed on to the tablet cores in a conventional 

15 coating pan until the proper amount of pantoprazole sodium is deposited. 

Example 6: Enteric Coated Naproxen Sodium Core and Omeprazole 
Immediate Release in Film Coat 

A schematic diagram of a four layer tablet dosage form is shown in Figure 1. The first 

20 layer contains naproxen sodium distributed throughout a matrix of pharmaceutically 

acceptable fillers, excipients, binding agents, disintegrants, and lubricants. 
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The second layer is a barrier layer which protects the first layer containing naproxen 

sodium. The barrier film coat is applied by conventional pan coating technology and the 

weight of the barrier coat may vary from 1% to 3% of the core tablet weight. In particular 

embodiments, the core naproxen sodium tablet is coated with coating ingredients such as 

5 Opaspray® K-1-4210A or Opadry® YS-1-7006 (Colorcon, West Point, PA). Polymer film 

coating ingredients such as hydroxypropylmethylcellulose 2910 and polyethylene glycol 

8000 in a coating suspension may also be used. 

The third layer is an enteric film coat. It does not dissolve in areas of the GI tract 

1 0 where the pH is below 4 such as in an unprotected stomach but it dissolves only when the 

local pH is above 4. Therefore, the function of the third layer is to prevent the release of 

naproxen sodium until the dosage form reaches an environment where the pH is above about 

4. In this example, hydroxypropylmethylcellulose phthalate is the enteric coating ingredient, 

cetyl alcohol is a plasticiser and acetone and alcohol are solvents. 

15 

The fourth layer contains an "acid inhibitor" in an effective amount which is released 

from the dosage form as soon as the film coat dissolves. The acid inhibitor in this example is 

a proton pump inhibitor, omeprazole, which raises the pH of the gastrointestinal tract to 

above 4. The typical effective amount of omeprazole in the dosage form may vary from 5 mg 

20 to 50 mg. The film coat is applied by conventional pan coating technology and the weight of 

film coat may vary from 4% to 8% of the core tablet weight. Other ingredients are, 

plasticisers such as triethyl citrate, dibutyl phthalate, anti-adhering agents such as talc, 

lubricating ingredients such as magnesium stearate, opacifiers such as, titanium dioxide, and 

ammonium hydroxide to adjust the pH of the dispersion. The film coating is thin and rapidly 

25 releases omeprazole for absorption. Therefore, omeprazole is released first and then the core 

erodes and releases naproxen sodium. 

Core Tablet Ingredients 

Naproxen sodium, USP 
Microcrystalline cellulose, 
NF (A vicel PH 200) 

%W/W 

74.075 

17.165 

mgltablet 

500.00 

115.87 
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Povidone (K29/32), USP 3.450 23.29 

Talc, USP 4.350 29.36 

Magnesium Stearate, NF 0.960 6.48 

Total 100.00 675.00 

Naproxen sodium, 50% microcrystalline cellulose and povidone are dry mixed and 

wet granulated in an appropriate granulator with sufficient purified water. The wet granules 

are dried, milled, and blended with the remaining 50% microcrystalline cellulose, talc and 

magnesium stearate. The final granule blend is compressed into tablets. 

Barrier Film Coating Ingredients 

Opadry® Clear YS-1-7006 

Purified Water, USP 

Total 

5.00 

95.00 

100.00 

Opadry clear is added slowly to purified water and mixing is continued until Opadry 

is fully dispersed. The solution is sprayed on to the tablet cores in a conventional coating pan 

until the proper amount of Opadry clear is deposited on the tablets. 

Enteric Coating Ingredients 

Methacrylic Acid Copolymer, NF 
(Eudragit L-1 00-55) 

Triethyl Citrate, NF 

Talc, USP 

Purified Water, USP 

Isopropyl Alcohol, USP 

Total 

6.0 

0.6 

3.0 

5.0 

85.40 

100.00 

10 Methacrylic acid copolymer, triethyl citrate, and talc are dissolved in a mixture of 

isopropyl alcohol and water. The solution is then sprayed on to the tablet bed in a proper 

coating equipment. A sample of the tablets is tested for gastric resistance and the coating is 

stopped if the tablets pass the test. 
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Omeprazole Film Coating Ingredients 

Omeprazole, USP 

Opadry® Clear YS-1-7006 

Purified Water, USP 

Isopropyl Alcohol, USP 

Total 

24 

5.00 

5.00 

10.00 

80.00 

100.00 

PCTIUS02/17105 

Omeprazole is dissolved in a purified water and isopropyl alcohol mixture. After 

thorough mixing, Opadry clear is added slowly and mixing is continued until Opadry is fully 

dispersed. The suspension is sprayed on to the tablet cores in a conventional coating pan until 

5 proper amount of omeprazole is deposited on the tablets. 

Example 7: Naproxen Sodium Delayed Release and Omeprazole Immediate 
Release Capsule 

A coordinated delivery dosage may be used to provide fast release of an acid 

10 inhibitor, a proton pump inhibitor, omeprazole which raises the pH of the gastrointestinal 

tract to above 4, and the delayed release of a non-steroidal anti-inflammatory drug, naproxen 

sodium. Omeprazole granules modify the pH of the stomach such that the drug readily 

dissolves and is absorbed in the stomach without significant degradation. The typical 

effective amount of omeprazole in the dosage form may vary from 5 mg to 50 mg. The 

15 release of naproxen sodium is delayed by enteric coating. 

Omeprazole granules contain an alkalizing excipient such as sodium bicarbonate. 

Other soluble alkalizing agents such as potassium bicarbonate, sodium carbonate, sodium 

hydroxide, or their combinations may also be used. The alkalizing agent helps solubilize and 

protect omeprazole from degradation before its absorption. Sodium lauryl sulfate helps in the 

20 wetting of omeprazole. Other surfactants may be used to perform the same function. In the 

present example, hydroxypropyl methylcellulose helps in granule formation, sodium starch 

glycolate is a disintegrant, and magnesium stearate is a lubricant. Other excipients may also 

be used to perform these functions. 

Naproxen sodium pellets as shown in Figure 3 are prepared by the wet massing 

25 technique and the conventional extrusion and spheronization process. The excipients used in 

the formulation are microcrystalline cellulose, and povidone. The pellets after drying and 



wo 02/098352 PCTIUS02/17105 

25 

classification are coated with a protective subcoating containing povidone. Other coating 

ingredients may also be used such as Opaspray K-1-4210A or Opadry YS-1-7006 

(trademarks of Colorcon, West Point, PA). Polymer film coating ingredients such as 

hydroxypropylmethylcellulose 2910 and polyethylene glycol 8000 in a subcoating suspension 

5 are also alternatives. Other ingredients are, plasticisers such as triethyl citrate, dibutyl 

phthalate, anti-adhering agents such as talc, lubricating ingredients such as magnesium 

stearate, opacifiers such as, titanium dioxide. 

The subcoated pellets are enteric coated using enteric coating polymers. In this 

10 example, the enteric coating polymer is methacrylic acid copolymer and the plasticizer is 

dibutyl phthalate which are dissolved in a mixture of acetone and alcohol. The enteric film 

does not dissolve in the acidic pH but dissolves when the pH in the gut is above about pH 6 

and releases naproxen sodium. 

15 

20 

Omeprazole Granules 

Omeprazole, USP 

Sodium Bicarbonate, USP 

Hydroxypropyl methylcellulose, 
USP 
Sodium lauryl sulfate, NF 

Sodium starch glycolate, NF 

Magnesium stearate, NF 

Total 

%,W/W 

12.9 

82.40 

2.00 

0.20 

2.00 

0.50 

100 

mg/capsule 

20.00 

127.72 

3.10 

0.31 

3.10 

0.77 

100 

Hydroxypropylmethylcellulose is dissolved in water, then sodium lauryl sulfate is 

added and the solution is mixed. Omeprazole, microcrystalline cellulose, and sodium 

bicarbonate are dry mixed together and granulated with the granulating solution. The 

granulation is mixed until proper granule formation is reached. The granulation is then dried, 

milled, and blended with magnesium stearate. 
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Pellet Ingredients %)W/W mgltablet 

Naproxen sodium, USP 86.80 250.00 

Microcrystalline cellulose, NF 11.10 32.00 

(Avice! PH 200) 

Povidone (K90), USP 2.10 6.00 

Total 100.00 288.00 

Povidone is dissolved in water. Naproxen sodium and microcrystalline cellulose are 

dry mixed and granulated with povidone solution. The wet mass is mixed until proper 

consistency is reached. The wet mass is then pressed through an extruder and spheronized to 

5 form pellets. The pellets are then dried and classified into suitable particle size range. 

10 

Subcoat Ingredients 0/o W /W 

Povidone (K29-32), USP 10.00 

Alcohol, USP 90.00 

Total 100.00 

The pellet cores are coated using povidone solution by a conventional coating pan 

method to a weight gain of 1-2%. 

Enteric Coating Ingredients 

Methacrylic Acid Copolymer, NF 
(Eudragit L-1 00) 
Diethyl Phthalate, NF 

Acetone, NF 

Isopropyl Alcohol, USP 

Total 

8.20 

1.70 

33.30 

56.80 

100.0 

Eudragit L-1 00 is dissolved in isopropanol and acetone and diethyl phthalate is 

dissolved. The solution is sprayed on the pellet cores using proper film coating equipment. A 

sample of the pellets is tested for gastric resistance before stopping the coating process. 
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Omeprazole fast release granules and naproxen sodium delayed release pellets are 

blended together and filled into appropriate size capsules to contain 250 mg naproxen sodium 

and 20 mg omeprazole per capsule. 

Example 8: Naproxen Delayed Release and Omeprazole Immediate Release 
Capsule 

The present Example is directed to a coordinated delivery dosage form containing 

omeprazole and naproxen. The formulation contains I 0 mg omeprazole and uses 

methylcellulose as a binder and croscarmellose sodium as a disintegrant. Naproxen pellets as 

I 0 shown in Figure 3 do not need a subcoating layer and are enteric coated with an aqueous 

dispersion of methacrylic acid copolymer. Optionally, these pellets could be compressed into 

a core and film coated with an acid inhibitor and thereby form a bilayer tablet. 

Omeprazole Granules 0/o W/W mgt capsule 

Omeprazole, USP 6.45 10.00 

Sodium Bicarbonate, USP 88.85 137.7I 

Methylcellulose, USP 2.00 3.10 

Sodium lauryl sulfate, NF 0.20 0.3I 

Croscarmellose sodium, NF 2.00 3.10 

Magnesium stearate, NF 0.50 0.78 

Total 100 IOO 

Methylcellulose is dissolved in water, then sodium lauryl sulfate is added to the 

15 solution and mixed. Omeprazole, microcrystalline cellulose, and sodium bicarbonate are dry 

mixed together and granulated with the granulating solution. The granulation is mixed until 

proper granule formation is reached. The granulation is then dried, milled, and blended with 

magnesium stearate. 
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Pellet Ingredients 

Naproxen, USP 

Microcrystalline cellulose, NF 
(Avice! PH 200) 

Povidone (K90), USP 

Total 

PCTIUS02/17105 
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o/o W/W mgltablet 

76.22 250.00 

21.78 71.44 

2.00 6.56 

100.00 328.00 

Povidone is dissolved in water. Naproxen and microcrystalline cellulose are dry 

mixed and granulated with povidone solution. The wet mass is mixed until proper 

consistency is reached. The wet mass is then pressed through an extruder and spheronized to 

5 form pellets. The pellets are then dried and classified into a suitable particle size range. 

Enteric Coating Ingredients 0/o W /W 

Methacrylic Acid Copolymer, NF 15.60 
(Eudragit L30D 30% dispersion) 
Talc, USP 7.60 

Triethyl citrate, NF 1.60 

Simethicone Emulsion, USP 0.20 

(Silicone antifoam emulsion SE 2) 

Purified Water, USP 74.80 

Eudragit 30D is dispersed in purified water and simethicone emulsion. Talc and 

triethyl citrate are then dispersed. The suspension is sprayed on the pellet cores using proper 

1 0 film coating equipment. A sample of the pellets is tested for gastric resistance before stopping 

the coating process. Omeprazole fast release granules_ and naproxen sodium delayed release 

pellets are blended together and filled into appropriate size capsules to contain 250 mg 

naproxen and 1 0 mg omeprazole per capsule. 

15 Example 9: Clinical Study of the Relationship of Gastric pH to NSAID
induced Gastric Ulcers 

Sixty-two subjects were enrolled in a clinical study and randomly assigned to three 

groups. The following three groups were administered study medication twice daily for five 
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days: (a) 550 mg naproxen sodium (n=10), (b) 40 mg famotidine given with 550 mg of 

naproxen or famotidine followed 90 minutes later by 550 mg naproxen, (n=39) or (c) 20 mg 

omeprazole followed by 550 mg naproxen sodium (n=13). Gastric pH was measured hourly 

beginning at the time of dosing of the final daily dose of study medication and for 8 - 10 

5 hours thereafter. Subjects had a gastric endoscopy performed at the beginning and on Day 5 

prior to the morning dose of study medication to identify gastric and duodenal irritation; no 

subjects were admitted to the study if gastric irritation was present at the time of initial 

endoscopy. 

Five patients, three (33%) in the naproxen alone group and two (5%) in the 

10 famotidine/naproxen group, presented with gastroduodenal ulcers at the end of the study. In 

the naproxen alone group, the pH was greater than 4 only 4% of the time, and in the 

famotidine/naproxen group the pH was greater than 4 forty-nine percent of the time during 

the 8- 10 hours following naproxen sodium dosing. Additionally, Lanza grade 3 or 4 damage 

was present in 28% (n=11) of the subjects receiving famotidine/naproxen sodium, and 

15 present 100% (n=IO) in the naproxen sodium treatment group. Monitoring of gastric acidity 

on day 5 indicated that patients with Lanza scores of greater than 2 had integrated gastric 

acidity of greater than 100 mmol-hr./L. Only 20- 40% of patients with integrated gastric 

acidity ofless than 100 mmol-hr/L had gastric pathology, whereas all patients with integrated 

gastric acidity greater than I 00 mmol-hr/L had pathology. 

20 
Example 10. Famotidine and Enteric Coated Naproxen Reduce Gastroduodenal 

Damage Due to NSAID Therapy 

Forty patients are randomized to two groups for a one week study of twice-daily 

dosing of: 500mg enteric coated naproxen, and 500mg enteric coated naproxen preceded by 

25 40mg famotidine. Endoscopies are conducted on all patients prior to first dosing and on the 

final day of the study. No subjects have any evidence of gastroduodenal damage at the 

beginning of the study (at first endoscopy). 

At the second endoscopy, Lanza scores for gastroduodenal damage are assessed for 

all subjects. Subjects in the enteric coated naproxen 500mg group have a lower incidence of 

30 grade 3-4 gastroduodenal damage than subjects previously treated with non-enteric coated 

naproxen 500mg. Importantly, subjects administered 500mg enteric coated naproxen and 
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40mg famotidine have substantially lower incidence of grade 3 - 4 gastroduodenal damage 

than subjects who had previously taken naproxen alone (either naked or enteric coated) 

which demonstrates the need for and the value of combining acid inhibition with enteric 

coating to minimize the gastrointestinal damage ofNSAID. 
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What is Claimed is: 

1. 

2. 

A pharmaceutical composition in unit dose form suitable for oral administration to a 

patient, comprising: 

(a) an acid inhibitor present in an amount effective to raise the gastric pH 

of said patient to at least 3.5 upon the administration of one or more of 

said unit dosage forms; 

(b) a non-steroidal anti-inflammatory drug (NSAID) in an amount 

effective to reduce or eliminate pain or inflammation in said patient 

upon administration of one or more of said unit dosage forms; 

and wherein said unit dosage form provides for the coordinated release of said acid 

inhibitor followed by said NSAID. 

The pharmaceutical composition of claim 1, wherein said acid inhibitor is selected 

from: a proton pump inhibitor and an H2 blocker. 

3. The pharmaceutical composition of claim 2, wherein said acid inhibitor is an H2 

blocker selected from the group consisting of: cimetidine; ranitidine; ebrotidine; 

pabutidine; lafutidine; loxtidine and famotidine. 

4. The pharmaceutical composition of claim 3, wherein said H2 blocker is famotidine, 

present in said unit dosage form in an amount of between 5 mg and 100 mg. 

5. 

6. 

The pharmaceutical composition of claim 1, wherein said acid inhibitor is a proton 

pump inhibitor selected from the group consisting of: omeprazole, esomeprazole, 

lansoprazole, pantoprazole and rabeprazole. 

The pharmaceutical composition of claim 5, wherein said proton pump inhibitor is 

pantoprazole, present in said unit dosage form in an amount of between 10 mg and 

200mg. 

7. The pharmaceutical composition of claim 1, wherein said NSAID IS a 

cyclooxygenese-2 (COX-2) inhibitor. 
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8. The pharmaceutical composition of claim 7, wherein said COX-2 inhibitor is selected 

from the group consisting of celecoxib; rofecoxib; meloxicam; piroxicam; 

valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522; L-745,337; and NS398. 

9. 

10. 

The pharmaceutical composition of claim I, wherein said NSAID is selected from the 

group consisting of: aspirin; acetaminophen; ibuprofen; flurbiprofen; ketoprofen; 

lomoxicam; naproxen; oxaprozin; etodolac; indomethacin; ketorolac; and 

nabumetone. 

The pharmaceutical composition of claim 9, wherein said NSAID is naproxen present 

in an amount of between 50 mg and 1500 mg. 

11. The pharmaceutical composition of claim 10, wherein said naproxen is present in an 

amount of between 200 mg and 600 mg. 

12. 

13. 

The pharmaceutical composition of claim 1, wherein said unit dosage form is a 

multilayer tablet. 

The pharmaceutical composition of claim 12, wherein said unit dosage form is a 

trilayer tablet having an outer layer of said acid inhibitor and an inner core of said 

NSAID. 

14. The pharmaceutical composition of claim 12, wherein said unit dosage form is a 

bilayer tablet having an outer layer of said acid inhibitor and an inner core of said 

NSAID. 

15. The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that does not dissolve 

unless the pH of the surrounding medium is 3.5 or greater. 

16. The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that does not dissolve 

unless the pH of the surrounding medium is 4 or greater. 
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17. The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that does not dissolve 

unless the pH of the surrounding medium is 5 or greater. 

18. 

19. 

20. 

21. 

The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that dissolves at a rate 

such that said NSAID is not released until the pH of the surrounding medium is 3.5 or 

greater. 

The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that dissolves at a rate 

such that said NSAID is not released until the pH of the surrounding medium is 4 or 

greater. 

The pharmaceutical composition of any one of claims 12-14, wherein said tablet has 

an inner core of said NSAID surrounded by a barrier coating that dissolves at a rate 

such that said NSAID is not not released until the pH of the surrounding medium is 5 

or greater. 

The phamaceutical composition of claim 1, wherein said unit dosage form is a 

capsule. 

22. A method of treating a patient for pain or inflammation, comprising administering to 

said patient the pharmaceutical composition of any one of claims 1-14. 

23. The method of claim 22, wherein said patient is treated for either osteoarthritis or 

rheumatoid arthritis. 

24. A method of treating a patient for pain or inflammation, comprising: 

(a) orally administering to said patient an acid inhibitor at a dose effective 

to raise the gastric pH of said patient to at least 3.5; and 

(b) orally administering to said patient an NSAID that is coated in a 

polymer that only dissolves at a pH of3.5 or greater. 
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26. 

27. 

28. 

34 

The method of claim 24, wherein said acid inhibitor is an H2 blocker. 

The method of claim 25, wherein said H-2 blocker is selected from the group 

consisting of: cimetidine; ranitidine; ebrotidine; pabutidine; lafutidine; loxtidine and 

famotidine. 

The method of claim 26, wherein said H2 blocker is famotidine administered at a 

dose of between 5 mg and I 00 mg. 

The method of claim 24, wherein said acid inhibitor is a proton pump inhibitor. 

29. The method of claim 28, wherein said proton pump inhibitor is selected from the 

group consisting of: omeprazole, esomeprazole, lansoprazole, rabeprazole and 

pantoprazole. 

30. The method of claim 29, wherein said proton pump inhibitor is pantoprazole 

administered at a dose ofbetweenlO mg and 200 mg. 

31. 

32. 

33. 

The method of any one of claims 24- 30, wherein said NSAID is a COX-2 inhibitor 

selected from the group consisting of: celecoxib; rofecoxib; meloxicam; piroxicam; 

valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522; L-745,337; and NS398. 

The method of any one of claims 24 - 30, wherein said NSAID is selected from the 

group consisting of: aspirin; acetaminophen; ibuprofen; flurbiprofen; ketoprofen; 

lomoxicam; naproxen; oxaprozin; etodolac; indomethacin; ketorolac; and 

nabumetone. 

The method of claim 32, wherein said NSAID is naproxen administered at a dose of 

between 50 mg and 1500 mg. 

34. The method of claim 33, wherein said naproxen is administered at a dose of between 

200 mg and 600 mg. 
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35. The method of claim 24, wherein said acid inhibitor and said NSAID are delivered as 

part of a single dosage form providing for the coordinated release of therapeutic 

agents. 

36. The method of claim 35, wherein said single dosage form is a bilayer tablet with an 

outer layer comprising an H2 blocker and an inner core comprising an NSAID. 

3 7. A method of treating a patient for pain or inflammation, comprising: 

38. 

(a) orally administering to said patient an acid inhibitor at a dose effective 

to raise the gastric pH of said patient to at least 3.5; and 

(b) concurrently administering to said patient an NSAID that is coated in a 

polymer that dissolves at a rate such that said NSAID is not released 

until said gastric pH is at 3.5 or higher. 

The method of claim 37, wherein said acid inhibitor is an H2 blocker. 

39. The method of claim 38, wherein said H-2 blocker is selected from the group 

consisting of: cimetidine; ranitidine; ebrotidine; pabutidine; lafutidine; loxtidine and 

farnotidine. 

40. The method of claim 39, wherein said H2 blocker is farnotidine administered at a 

dose of between 5 mg and 1 00 mg. 

41. The method of claim 3 7, wherein said acid inhibitor is a proton pump inhibitor. 

42. The method of claim 41, wherein said proton pump inhibitor is selected from the 

group consisting of: omeprazole, esomeprazole, lansoprazole, rabeprazole and 

pantoprazole. 

43. The method of claim 42, wherein said proton pump inhibitor is pantoprazole 

administered at a dose of between 1 0 mg and 200 mg. 
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44. The method of any one of claims 37- 43, wherein said NSAID is a COX-2 inhibitor 

selected from the group consisting of: celecoxib; rofecoxib; meloxicam; piroxicam; 

valdecoxib, parecoxib, etoricoxib, CS-502, JTE-522; L-745,337; and NS398. 

5 45. The method of any one of claims 37- 43, wherein said NSAID is selected from the 

group consisting of: aspirin; acetaminophen; ibuprofen; flurbiprofen; ketoprofen; 

lomoxicam; naproxen; oxaprozin; etodolac; indomethacin; ketorolac; and 

nabumetone. 

10 46. The method of claim 45, wherein said NSAID is naproxen administered at a dose of 

between 50 mg and 1500 mg. 

15 

47. The method of claim 46, wherein said naproxen is administered at a dose of between 

200 mg and 600 mg. 

48. The method of claim 47, wherein said acid inhibitor and said NSAID are delivered as 

part of a single dosage form providing for the coordinated release of therapeutic 

agents. 

20 49. The method of claim 48, wherein said single dosage form is a bilayer tablet with an 

outer layer comprising an H2 blocker and an inner core comprising an NSAID. 

25 

50. A method of improving compliance in patients requiring frequent daily dosages of an 

acid inhibitor and an NSAID comprising administering said dosages in a coordinated 

unit dosage form in accordance with claim 1. 
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· PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORlTY 

To: PCT 
MICHAEL A. SANZO 
LAW OFFICE OF MICHAEL A. SANZO, LLC 
15400 CALHOUN DRIVE, SUITE 125 NOTIFICATION OF TRANSMITTAL OF 
ROCKVILLE, MD 20855 THE INTERNATIONAL SEARCH REPORT AND 

THE WRlTTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44.1) 

Date of mailing 

;i 0 AUG 2010 (day/month/year) 

Applicant's or agent's file reference 

7569/22925PC FOR FURTHER ACTION See paragraphs I and 4 be low 

International application No. International filing date 

PCT/US 10/39864 (day/month/year) 24 June 2010 (24.06.201 O) 

Applicant POZEN INC. 

I. ~ 

2. D 

3. D 

The applicant is hereby notified that the international search report and the written opinion of the International Searching 
Authority have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the 
international search report. 

Where? Directly to the International Bureau ofWIPO, 34 chemin des Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 8270 

For more detailed instructions, sec the notes on the accompanying sheet. 

The applicant is hereby notified that no international search report will be established and that the declaration under 
Article l7(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

D the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

0 no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Reminders 
Shortly after the expiration of 18 months from the priority date, the international application will be published by the 
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.l and 90bis.3, respectively, 
before the completion of the technical preparations for international publication. 
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the 
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an 
international preliminary examination report has been or is to be established. These comments would also be made available to 
the public but not before the expiration of 30 months from the priority date. 
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed 
acts for entry into the national phase before those designated Offices. 
In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 
months. 
See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's 
Guide, Volume II, National Chapters and the WI PO Internet site. 

Name and mailing address of the I SAlUS 
Mail Stop PCT, Attn: ISAIUS 
Commissioner tor Patents 
P.O. Box 1450, Alexandria, Virginia 22313·1450 

Facsimile No. 571 ·273-3201 

Form PCTIISN220 (January 2004) 

Authorized officer: 

PCT Helpdesk: 571·272-4300 
PCT OSP: 571·272·m4 

LeeW. Young 

(See notes on accompanying sheet) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER see Form PCTIISN220 
7569122925PC ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCTIUS 10/39864 24 June 2010 (24.06.2010) 25 June 2009 (25.06.2009) 

Applicant • 
POZEN INC. 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of + sheets. 

D It is also accompanied by a copy of each prior art document cited in this report. 

I. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

18] the international application in the language in which it was filed. 

0 a translation of the international application into which is the language of 
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.l(b)). 

b. D This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

c. 0 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

2. [8] Certain claims were found unsearchable (see Box No. II). 

3. 0 Unity of invention is lacking (see Box No. lll). 

4. With regard to the title, 

I&J the text is approved as submitted by the applicant. 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

IZI the text is approved as submitted by the applicant. 

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. -'-------

0 as suggested by the applicant. 

0 as selected by this Authority, because the applicant failed to suggest a figure. 

0 as selected by this Authority, because this figure better characterizes the invention. 

b. IXJ none of the figures is to be published with the abstract. 

Form PCT/ISN21 0 (first sheet) (July 2009) 
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INTERNATIONAL SEARCH REPORT International application No. 

PCTIUS 10139864 

Bos No. II Observations where certain claims were round unsearchable (Continuation or item 2 or first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

I. 0 Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

2. 0 Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

3. [8J Claims Nos.: 4·10, 14-15 and 20 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill Observations where unity oflnvention Is lacking (Continuation of item 3 or first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

1.0 

2. D 
3. D 

4. D 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 
additional fees. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: · 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest D 
D 
D 

The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a protest fee. 

The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

No protest accompanied the payment of additional search fees. 

Form PCTIISA/210 (continuation of first sheet (2)) (July 2009) 
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PATENT COOPERATION TREATY 
. :~ 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

To: MICHAEL A. SANZO PCT 
LAW OFFICE OF MICHAEL A. SANZO, LLC 
15400 CALHOUN DRIVE, SUITE 125 
ROCKVILLE, MD 20855 WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

Date of mailing 
(day/month/year) 

(PCT Rule 43bis.l) 

31) AUG 2010 
Applicant's or agent's file reference 

7569/22925PC 
FOR FURTHER ACTION 

International application No. 

PCT IUS 1 0/39864 

International filing date (day/month/year} 

24 June 201 0 (24.06.201 O) 

International Patent Classification (I PC) or both national classification and IPC 
IPC(8)- A01 N 43/40; A61 K 31/44 (2010.01) 
USPC- 514/338 
Applicant POZEN INC. 

I. This opinion contains indications relating to the following items: 

IZI Box No. I Basis of the opinion 

D Box No. II Priority 

See paragraph 2 below 

Priority date (day/month/year} 

25 June 2009 (25.06.2009) 

181 Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

D Box No. IV Lack of unity of invention 

181 Box No. V Reasoned statement under Rule 43bis.I(a)(i) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

0 Box No. VI Certain documents cited 

0 Box No. VII Certain defects in the international application 

0 Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority 
other than this one to be the !PEA and the chosen IPEA has notified the International Bureau under Rule 66.Ibis(b) that written 
opinions of this International Searching Authority will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 
a written reply together, where appropriate, with amendments, before the expiration of3 months from the date of mailing of Form 
PCT/ISA/220 or before the expiration of22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. 

3. For further details, see notes to Form PCT/ISA/220. 

Name and mailing address of the I SAlUS 
Mail Stop PCT, Attn: ISMJS 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313·1450 

Facsimile No. 571-273-3201 

Date of completion of this opinion 

15 August 2010 ( 15.08.201 0) 

Form PCT/ISA/237 (cover sheet) (July 2009) 

Authorized officer: 

LeeW. Young 

PCT Holpdesk: 571·272-4300 
PCT OSP: 571·272·7774 
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Box No.I 

WRITTEN OPINlON OF THE 
INTERNATIONAL SEARCHING AUTHo'RITY 

Basis of this opinion 

I. With regard to the language, this opinion has been established on the basis of: 

the international application in the language in which it was filed. 

International application No. 
PCT/US 10/39864 

~ 
D a translation of the international application into which is the language of a 

translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 

2. 0 This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified 
to this Authority under Rule 91 (Rule 43bis.l (a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been 
established on the basis of a sequence listing filed or furnished: 

a. (means) 

0 on paper 

0 in electronic form 

b. (time) 

D in the international application as filed 

D together with the international application in electronic form 

D subsequently to this Authority for the purposes of search 

4. 0 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 
statements that the information in the subsequent or additional copies is identical to that in the application as filed or 
docs not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

Form PCT/JSA/237 (Box No. I) (July 2009) 



WRIITEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

PCT/US201 0/039864 30.08.2010 

International application No. 
PCT/US 10/39864 

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appeaTS to be novel, to involve an inventive step (to be non obvious), or to be industrially 
applicable have not been examined in respect of; 

D the entire international application. 

C8J claims Nos. 4-10 14-15 and 20 

because: 

D the said international application, or the said claims Nos._,_.,.----,..,..,-----------
subject matter which does not require an international search (specify): 

relate to the following 

~ the description, claims or drawings (indicate particular elements below) or said claims Nos. 4-10, 14-15 and 20 
are so unclear that no meaningful opinion could be fom1ed (specify): 

Claims 4-1 O, 14-15 and 20 are improper multiple dependent claims because I hey are dependent claims and are not drafted in 
accordance with lhe second and third sentences of Rule 6.4(a). 

D the claims, or said claims Nos.-:--:--:---:-:----:-:-:--::----:,-;---:-::-;-------
by the description that no meaningful opinion could be formed (specify): 

are so inadequately supported 

~ no international search report has been established for said claims Nos. _4_-1_0:c:,_1_4_-_1_5_a_n..:.d_2_0 ____________ _ 

D a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit: 

D furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative 
Instructions, and such listing was not available to the International Searching Authority in a form and manner acceptable 
to it. 

D 

D 

furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the Administrative 
Instructions, and such listing was not available to the International Searching Authority in a form and manner acceptable 
to it. 

pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under 
Rule 13ter.l(a) or (b). 

D See Supplemental Box for further details. 

Form PCf/lSA/237 (Box No. lll) (July 2009) 
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WRJITEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORJTY 

International application No. 

PCT/US 10139864 

Box No. V Reasoned statement under Rule 43bis.l(a)(l) with re&ard to novelty,lnventive step or industrial applicability; 
citations and explanations supporting such statement 

I. Statement 

Novelty (N) Claims 1-3, 11-13, 16-19 YES 

Claims None NO 

Inventive step (IS) Claims None YES 

Claims 1-3, 11·13. 16-19 NO 

Industrial applicability (lA) Claims 1-3, 11-13, 16·19 YES 

Claims None NO 

2. Citations and explanations: 
Claims 1-2, 12·13 and 16·191ack inventive step under PCT Article 33(3) as being obvious over US 2005/0249811 A1 to Plachetka in view 
of US 200210160046 A1 to Robinson et al. (hereinafter 'Robinson'). 

As per claim 1, Plachetka discloses a method of treating a patient at risk of developing an NSAID-associated ulcer for a disease or 
disorder that responds to aspirin (para [0011)), comprising administering to said patient a pharmaceutical composition in unit dosage form 
(para [0011)) comprising: 
a) omeprazole or pharmaceutically acceptable salt thereof (para [0013]}, that is immediately soluble when the dosage form is placed in an 
aqueous medium (para [0080)·[0100), Examples 6-8), in an amount effective to raise the gastric pH of the patient to atleast3.5 upon 
administration of one or more of the unit dosage forms (para [0012)), and 
b) aspirin or a pharmaceutically acceptable salt thereof (para [0018]}, wherein the aspirin or a pharmaceutically acceptable salt thereof is 
surrounded by a coating thai is substantially insoluble in an aqueous medium at a pH below 3.5 (para [0018)) and at a temperature of 37C 
(para [0018), i.e., in the patient's stomach, with normal body temperature being 37C). Plachetka does not disclose the limitations taught by 
Robinson, namely omeprazola release is independent of pH (para [0032)), wherein said administration is continued for a period of at least 
14 days (para [0003), e.g., 4-8 weeks}. It would have bean obvious to one skilled in the art to modify Plachetka with Robinson so as to 
provide pH-independent rapid release of omeprazola (para [0009)·[0011 )). 

As per claim 2, daim 1 would have been obvious as above. Robinson discloses said patient is administered one or more of said unit 
dosage forms daily for a period of at least 28 days (para [0003)). 

As per claim 12, claims 1 would have been obvious as above. Plachelka discloses the unit dosage form is a tablet comprising a core and 
two or more layers (para [0018]}, in which: 
a) the cora comprises aspirin or a pharmaceutically acceptable salt thereof (para [0018]); 
b) a first layer surrounds the core and has a coaling substantially insoluble in aqueous medium at a pH below 3.5 (para [0018)); and 
c) at least one second layer (para [0018]) comprising the omeprazole or pharmaceutically acceptable salt thereof (para [0013]) said 
second layer surrounding the coating of said first layer (para [0018]). 

As per claim 13, claim 12 would have been obvious as above. Plachetka disdosas the amount of omeprazole, or a pharmaceutically 
acceptable salt thereof, is present in said unit dosage form at 15-40 mg (para [0013), [0046)) and the amount of aspirin, or a 
pharmaceutically acceptable salt thereof, is present in said unit dosage form at 81 • 650 mg (para [0014)). 

As per claim 16, claim 1 would have bean obvious as above. Robinson discloses a) said administration continues lor a period of at least 
28 days (para [0003]). Plachetka discloses b) the amount of omeprazole, or a pharmaceutically acceptable salt thereof, is 15-40 mg (para 
[0013], [0046)); and c) the amount of aspirin, or a pharmaceutically acceptable salt thereof, Is 81 • 650 mg (para [0014)). 

As per claim 17, claim 16 would have been obvious as above. Plachetka discloses said patient is treated lor pain or inflammation (para 
[0015]). 

As per claim 18, claim 17 would have been obvious as above. Plachetka discloses said pain or inflammation is associated with 
osteoarthritis; rheumatoid arthritis; ankylosing spondylitis; headache; toothache; common cold; muscle ache; cardiovascular disease; 
cancer; cerebrovascular disease; or a combination thereof (para (0019)). 

As per claim 19, claims 16-18 would have been obvious as above. Plachelka discloses the unit dosage form is a tablet comprising a core 
and two or more layers (para [0018]}, in which: 
a) the core comprises aspirin or a pharmaceutically acceptable salt thereof (para [0018]); 
b) a first layer surrounds the cora and has a coating substantially Insoluble in aqueous medium at a pH below 3.5 (para [0018)); and 
c) at least one second layer (para [0018]} comprising the omeprazole or pharmaceutically acceptable salt thereof (para [0013)) said 
second layer surrounding the coating of said first layer (para [0018)). 

-·--··---·-··-··---·-··-··-----------continued in Supplemental Box------------------·---·-

Form PCT/ISA/237 (Box No. V) (July 2009) 
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WRI'ITEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Supplemental Box 

In case the space In any ofthe preceding boxes is not sufficient. 
Continuation of: 

Box No. V 2. Citations and explanations: 

International application No. 

PCTIUS 10/39864 

Claims 3 and 11 lack inventive step under PCT Article 33(3) as being obvious over Plachetka in view of Robinson and further In view of US 
2004/0022846 At to Depui et al. (hereinafter 'Depui'). 

As per claim 3, claims 1-2 would have been obvious as above. Plachetka and Robinson do not disclose the limitation taught by Depui, 
namely said patient is at increased risk of ulcer formation due to said patient's age (para [0007). It would have been obvious to one skilled 
in the art to modify Plachetka and Robinson with Depui so as to simplify treatment regimen and improve patient compliance (para [0014)). 

As per claim 11, claim 1 would have been obvious as above. Plachetka and Robinson do not disclose the limitation taught by Depui, 
namely the pharmaceutical composition in unit dosage form reduces heartburn or dyspepsia associated symptoms in said patient (para 
(0009)). It would have been obvious to one skilled in the art to modify Plachetka and Robinson with Depui so as to simplify treatment 
regimen and improve patient compliance (para [0014]). 

Claims 1-3, 11-13 and 16-19 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used 
by industry. 

Fonn PCT/ISA/237 (Supplemental Box) (July 2009) 



PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 

To: MICHAEL A. SANZO PCT PILLSBURY WINTHROP LLP 
1600 TYSONS BOULEVARD 
MCLEAN, VIRGINIA 112102 NOTIFICATION OF TRANSMI'ITAL OF 

THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 

Date of Mailing 
( daylmonthlytar) 

l_4MllR /''"iti.1 .. . 
Applicant's or agent's file reference 

FOR FURTHER ACTION 
71896/141+67 

See paragraphs 1 and 4 below 

International application No. International filing date 
(day/month/year) 

PCT/US02/17105 Sl MAY 2002 

Applicant 
POZEN INC. 

1. ~ The applicant is hereby notified that the international search report has been established and is transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is nonnally two months from the date of transmittal of the 
international search report. 

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the accompanying sheet. 

The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect is transmitted herewith. 

With regard to the protest against payment of (an) additional fee(s) Wider Rule 40. 2, the applicant is notified that: 

0 
0 

the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the tel(ts of both the protest and the decision thereon to the designated Offices. 

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

+. Reminders 

Shortly after 18 months from the priority date, the international application will be published by the lruernational Bureau. If the 
applicatt wishes to avoid or postpone publication, a notice of withdrawal of the international application. or of the priority claim, 
must reach the llllernational Bureau as provided in rules 90 bis.l ao:l 90bis. 3, respectively, before the completion of the technical 
preparations for itternationaJ publication. 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
elWIIination must be filed if the applicant wishes to postpone the entry itto the national phase until 30 months from the priority 
dale (in some Offices even later); otherwise the applicalll must, within 20 months from the priority date, perform the presecribed 
acts for elllry illlo the national phase before thooe designated Offices. 

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 months. 

See the Armel( to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT AppliconJs's 
Guide, Volume II, National Cha~ers and the WI PO lttemet site. 

Name and mailing address of the !SA/US 
C.Om..miaioner or Patent. 1.11d Trademacka 
Box PCT 
Wuhingt.on, D.C. 001!81 

Facsimile No. (70.5) .505-.51!.50 

Fonn PCT/ISN220 (April 2002) * 

Authorized officer 

(See notu on accompanying shut) 

C18 



PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant'• or agent'• file reference FOR FURTHER see Notification of Transmittal of International Search Report 
(Form PCT/ISA/!120) as w•llas, where applicable, item 5 below. 71896/1+1467 ACTION 

International application No. International filing date (day/month/year) (Earliest) Priority Date (daylmoruhlyear) 

PCT/USo!l/ 17105 s1 MAY !100!1 01 JUNE 2001 

Applicant 
POZEN INC. 

This int•rnational search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of Z sheets. 

0 h is also accompanied by a copy of each prior art document cited in this report. 

1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
langu~ in which it was filed, unleSB otherwise indicated under this item. 

0 the international search was carried out on the basi• of a translation of the international application furnished to this 
Authority (Rule !IS. I (b)). 

b. With regard to any nucleotide and/or amino add sequence disclosed in the illemational application, the inlemational sean:h 
was carried out on the basis of the sequence listing: 

0 
D 
0 
D 
D 
D 

!l.o 
"· D 

contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

the otatement that the subsequently furnished written sequence listing doeo not go beyond the disclosure m 

the 

the statcmell that the information recorded in comv-ner readable form is idellical to the wrinen sequence listing has b een 
furnished. 

Certain claims wrce found unseacchable (See Box 1). 

Unity of invention is lacking (See Box II). 

+. With regard to the title, 

[29 the text io approved as submitted by the applicant. 

D the text hu been established by this Authority to read as follows: 

5. With regard to the abstr.oct, 

[B rhe text is approved as submitted by the applicant. 

D the text has been established, according to Rule ss.!l(b), by this Authority as it appears in 
Box III. The applicant may, within one month from the date of mailing of this international 
search report, submit comments to this Authority. 

6. The f1gure of the drawings to be published with the abstract is Figure No. 

D 
0 
0 

as ouggeoted by the applicant. 

because the applicant failed to suggest a figure. 

because this figure better characterizes the invention. 

Form PCT/ISA/!110 (first sheet) {July 1998)* 

G None of the figures. 



INTERNATIONAL SEARCH REPORT International application No. 

PCT/USo~/17105 

A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7)' :A61K 9/!l!i!, 9/1!4, 9/~6. 9/!!!i!, 9/1!6, 9152, 9/58, 9/61! 

US CL :4~4/457, 458, +61, 46~. 468,469, +7~, +7+, 480, +8!i! 
According to International Patent Classification (!PC) or to both national classification and I PC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

u.s. : 41!+1+57, 468, +61, 461!, 468, 469, 472, +7+, 480, +B!i! 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 

Electronic data base consuhed during the international search (name of data base and, where practicable, search terms used) 

WEST, search terms: nsaid, antiinflammatory, tablet, proton pump inhibitor, histamine H ~receptor antagonists, H-11 blockers, 

acid inhibitor, ph 

c. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant pasoages Relevant to claim No. 

X US 5,716,648 A (HALSKOV eta!) 10 February 1998 (10.02.1998), 1' 21' 50 
see entire document, especially column 1' column 2, lines 24-48, 
column 4, lines 52-68, column 6, lines 9-23, column 8, lines 19-68, 
examples 4 and 5, claims 1 and 23-30. 

0 Further documents are listed in the continuation of Box c. 0 See patent family annex. 

. Speci.&.l caLe.goria- or cited. 4ooumeo&&: "'!'" later documeu\ publiaho4 &.1\er the iD&e111at.iouaJ ti.liog d.&&e or priorily 

"A" document tl.etlning the genenJ •t&Le of the ui which il no& conaid.G:red 
Pte a.a.d no& iD oooQial. with the application ~u& oited to uatlent.&ud 

'-o bo of pa.Jtioula.r releY.&Doe 
&he priDoiple or \hoory WJd.erlyin& tho bnention 

"E" ea.rlier lioc1UPIIDi publiahed on or a.ftor l.he lnLenu.Uooa.l !Uin& d..a.te "X" document of particular relen.aoe; the claimed innutiou c&Dnot. be 
oouaicl.ored ooTel or oanno& be aoQ.al4end to m ... ot'"' &D iDnnti,... n.p 

"L" d.ocumeni wbioh may ib.Joy doubt. ou priori&y cl..r..im(•) or which ia when ihe cloc1UDIIIl' i1 ta.llou &lone 

clt&d &o e~tabllah the pub)Jcatiou Ute of a.noUler cic.&UoD or o\ber 
"Y" document ol particuW nleYa.ooe; the ol.&imed ln natiou c&.auot. b• opocW rouou (u opocitlod) 

cou&J~:red. kJ i.D't'ohe a.u i.anotiq a&ep Yb.eu the clocumeut il combined 
·o· d.ooumea& releni.D& Lo &D. on.J d.Ucl0$UJ"e, ue, ClxhibiUon or o&ber ,,.-Hh oue or man allier aacb dooumeu\1, •a.ub oombinatio.n beiD& 

me &.a.• obriou ~ a person aJdlled. in the IU1 

"P" d.ootUDOut pubUahed prior &.o th• Wt.ernaUooaJ flliD& d.&to ba& la*er •.t;• docatDeut member of the ume p&Lent fa.mlly 
,h ......... priority ute cl&imed 

Date of the actual completion of the international search Date of mailing of the international search report 

1!6 JANUARY !i!OOS 14 MA1i ZOD3 
-

Name and mailin~ address of the !SA/US Au~D ~ ~ Commissioner of atents and Tradcmack.o 
Box PCT A M. SPEAR 
Washington, D.C. 20231 

Facsimile No. (70/l) !106-.'!2 so Telephone No. (70!1) /108·1 !i!/15 

Form PCT/ISA/!i!IO (second sheet) (July 1998)• 
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PTO/SB/81 (01-09) 
Approved for use through 11/30/2011. OMB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number 

I' POWER OF ATTORNEY Application Number 12/822,612 ' OR Filing Date June 24, 2010 

REVOCATION OF POWER OF ATTORNEY First Named Inventor Brian AULT 

WITH A NEW POWER OF ATTORNEY 
Title Me !hod for Treating a Patient at Risk for Developing an NSAIO-Assodabtd UICM 

AND 
Art Unit 1612 

CHANGE OF CORRESPONDENCE ADDRESS 
Examiner Name Adam C. Milligan 

\. Attorney Docket Number PZAZ.P0002US ./ 

I hereby revoke all previous powers of attorney given in the above-identified application. 

D A Power of Attorney is submitted herewith. 

OR 

I I 
[g] I hereby appoint Practitioner(s) associated with the following Customer 108197 

Number as my/our attorney(s) or agent(s) to prosecute the application 
identified above, and to transact all business in the United States Patent 
and Trademark Office connected therewith: 

OR 

D I hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) to prosecute the application identified above, and 
to transact all business in the United States Patent and Trademark Office connected therewith: 

Practitioner(s) Name Registration Number 

Please recognize or change the correspondence address for the above-identified application to: 

[g] The address associated with the above-mentioned Customer Number. 

OR 

I I D The address associated with Customer Number: 

OR 

D Firm or 
Individual Name 

Address 

City J State I I Zip I 
Country 

Telephone I Email 1 
I am the: 

D Applicant/Inventor. 

OR 

[g] Assignee of record of an interest. See 37 CFR 3. 71. 
Statement under 37 CFR 3. 73(b) (Form PTOISB/96) submitted herewittJ. or filed on 

~ 
SIG~ATURE of ~pplicant or Assignee of Record 

Signature Y'/-L A.Lfl_ I Date I ffitl.t {k I 3 ;:}01 ~ 
Name Pffo.vi 6 Ml'l/-le. I Telephone I 2:0d.. ~ 'i\~5- (ot_.,()q 
Title and Company f\ u-\-hoc\L.ecl Ro.o( ,-v-n ~?\1\ J-e_ /ASTRAZENECA AB 

.I!I.QIE.: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one 
signature is required, see below•. 

[g] *Total of 2 forms are submitted. 

This collection of mformat1on IS reqUired by 37 CFR 1.31, 1.32 and 1.33. The 1nformat1on IS reqUired to obta1n or reta1n a benefit by the public wh1ch IS to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 



PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
Brian AULT et al. 

Serial No.: 12/822,612 

Filed: June 24, 20 I 0 

For: METHOD FOR TREATING A PATIENT 
AT RISK FOR DEVELOPING AN 
NSAID-ASSOCIA TED ULCER 

Group Art Unit: 1612 

Examiner: Adam C. Milligan 

Atty. Dkt. No.: PZAZ.P0002US 

Confirmation No.: 6136 

CERTIFICATE OF ELECTRONIC TRANSMISSION 

I hereby certify that this corresponden is being 
electronically filed with the United St s Patent and 
Trademark Office via EFS-Web o e date below: 

March 14. 2013 
Date 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Sir: 

In compliance with the duty of disclosure under 37 C.F.R. § 1.56, it is respectfully 

requested that this Supplemental Information Disclosure Statement be entered and the documents 

listed on attached Form PT0-1449 be considered by the Examiner and made of record. Copies 

of the listed documents required by 37 C.F.R. § 1.98(a)(2) are enclosed for the convenience of 

the Examiner. 

In accordance with 37 C.F.R §§ 1.97(g), (h), this Supplemental Information Disclosure 

Statement is not to be construed as a representation that a search has been made, and is not to be 

(00044823} EIDS.doc 



construed to be an admission that the information cited is, or is considered to be, material to 

patentability as defined in 37 C.F.R. § 1.56(b). 

A fee as set forth in 37 C.F.R. § 1.17(p) in the amount of $180.00 is enclosed. If an 

appropriate payment has not been enclosed, or if it is insufficient, the Commissioner is 

authorized to deduct the appropriate fee from Parker Highlander PLLC Deposit Account No. 50-

5902/PZAZ.P0002US. 

Applicants respectfully request that the listed documents be made of record in the present 

case. 

Parker Highlander PLLC 
1120 S. Capital ofTexas Highway 
Building One, Suite 200 
Austin, Texas 78746 
512-334-2900 (Telephone) 
512-334-2999 (Fax) 

Date: March 14, 2013 

[00044823} EIDS.doc 



PTO/SB/80 {11-08) 
Approved for use through 11/30/2011. OMB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

r POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under 

37 CFR 3.73(b). 

I hereby appoint: 

0 Practitioners associated with the Customer Number: I 108197 

I OR 

D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name 
"",:/~';;;;~·~· 

Name 
"",:/~-;;;;~1~11 

as auu• ·~f\5) or agen!(s) to I "fl' """"!the un be· ore the United ' Patent and lo auo:;ll '"": Office (USPTO) in connection with 
any and all patent applications assigned Q!}!y to the undersigned according to the USPTO assignment records or assignment documents 
attached to this form in accordance with 37 CFR 3.73(b). 

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to: 

[Z] The address associated with Customer Number: I 108197 I OR 
U Firm or 

Individual Name 
Address 

City I State I Zip 

Country 

Telephone J Email 

Assignee Name and Address: 

POZEN Inc. 

1414 Raleigh Road, Suite 400 

Chapel Hill, North Carolina 27517 

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivalent) is required to be 
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of 
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee, 
and must identify the application in which this Power of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature Af:_/!L) ~~ .....,<} Date RIB /;:J 
Name Gilda Thomas Telephone / 

Title Senior Vice President, General Counsel 
Th1s collection of mformat1on IS reqwred by 37 CFR 1.31, 1.32 and 1.33. The mformat1on Is required to obtam or reta1n a benefit by the public which IS to file {and 
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection Is estimated to take 3 minutes 
to complete, inducting gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 

J 



MODIFIED PTO/SB/96 (04-07) 

STATEMENT UNDER37 CFR3.73(b) 

Applicant/Patent Owner: Brian AUL T. Clara HWANG, Everardus ORLEMANS, Mark SOSTEK and John R. PLACHETKA 

Application N o./Patent No. -"-12""/_,8""2""2,6'"""1""2 ________ Filed/Issue Date: "'J u""n""e'-'2"-4:..o...=:2""0-"-l 0"'-------------

Entitled: METHOD FOR TREATING A PATIENT AT RISK FOR DEVELOPING AN NSAID-ASSOCIATED ULCER 

"-'A""S'"""T""RA~Z,_.E""N-'-'E~C"""A'--"-"A""'B=-----------------' a corporation 
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, 

university, government agency, etc.) 
states that it is: 

1. D the assignee of the entire right, title, and interest; 

2. D an assignee of less than the entire right, title and interest. 
The extent (by percentage) of its ownership interest is __ %; or 

3. [gl the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

in the patent application/patent identified above by virtue of either: 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in the United 
States Patent and Trademark Office at Reel __ , Frame __ , or for which a copy thereof is attached. 

OR 

B. [gl A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

I. From: Brian AULT, Clara HWANG and Mark SOSTEK To: "-'A""st~ra""Z=e'-'-'n""ec,a""'P'-'L""P,__ _______ _ 
The document was recorded in the United States Patent and Trademark Office at 
Reel 028860, Frame 0759, or for which a copy thereof is attached. 

2. From: AstraZeneca Pharmaceuticals LP To: AstraZeneca UK Limited 
The document was recorded in the United States Patent and Trademark Office at 
Reel 028860, Frame 0940, or for which a copy thereof is attached. 

3. From: AstraZeneca UK Limited To: AstraZeneca AB 
The document was recorded in the United States Patent and Trademark Office at 
Reel 028860, Frame 0990, or for which a copy thereof is attached. 

[gl Additional documents in the chain of title are listed on a supplemental sheet. 

[gl As required by 37 CFR 3.73(b)(l)(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being submitted for recordation pursuant to 37 CFR 3.11. 
[NOTE: A separate copy (i.e., a true copy ofthe original assignment document(s)) must be submitted to Assignment Division in 

accordance with 37 CFR Part 3, if the assignment is to be recorded in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title r·' #'d bolow) ;, authorized to act on bohal f of the a";gnoe. 

/, ---~M~ar~c~h~l~4~,2~0~1~3 ___ _ 
I 1 ~gnature Date 

Steven! L. Wg_hlander, Reg. No. 37,642 (512) 334-2900 
Rtir(ted or Typed Name Telephone Number 

Attorney PZAZ.P0002US 
Title File Code 

{00046275} 



STATEMENT UNDER 37 CFR 3.73(b) 

B. (cont) A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

{00046275} 

4. From: AstraZeneca AB To: AstraZeneca AB and Pozen Inc. 
The document was recorded in the United States Patent and Trademark Office at 
Reel 028861, Frame 0066, or for which a copy thereof is attached. 
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Application No. Applicant(s) 

12/822,612 AULT ET AL. 

Office Action Summary Examiner Art Unit 

ADAM C. MILLIGAN 1612 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ;the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C. D. 11, 453 O.G. 213. 

Disposition of Claims 

5)~ Claim(s) 1-31 and 33-63 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 1-31 and 33-63 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

1 0)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) ~ Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date See Continuation Sheet. 

U.S. Patent and Trademark Off1ce 

PTOL-326 (Rev. 03·11) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20120908 
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Application/Control Number: 12/822,612 

Art Unit: 1612 

DETAILED ACTION 

Claim Rejections - 35 USC § 112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and 
process of making and using it, in such full, clear, concise, and exact terms as to enable any 
person skilled in the art to which it pertains, or with which it is most nearly connected, to make 
and use the same and shall set forth the best mode contemplated by the inventor of carrying 
out his invention. 

Claims 1-31 and 33-63 are rejected under 35 U.S.C. 112, first paragraph, 

because the specification, while being enabling for treating pain or inflammation, 

does not reasonably provide enablement for all diseases and disorders that 

respond to aspirin. The specification does not enable any person skilled in the 

art to which it pertains, or with which it is most nearly connected, to render the 

invention commensurate in scope with these claims. 

To be enabling, the specification of the patent must teach those skilled in 

the art how to make and use the full scope of the claimed invention without 

undue experimentation. In re Wright, 999 F.2d 1557, 1561 (Fed. Cir. 1993). 

Explaining what is meant by "undue experimentation," the Federal Circuit has 

stated: 

The test is not merely quantitative, since a considerable amount of 
experimentation is permissible, if it is merely routine, or if the 
specification in question provides a reasonable amount of guidance 
with respect to the direction in which the experimentation should 
proceed to enable the determination of how to practice a desired 
embodiment of the claimed invention. PPG v. Guardian, 75 F.3d 
1558, 1564 (Fed. Cir. 1996).1 

1 As pointed out by the court in In re Angstadt, 537 F.2d 498 at 504 (CCPA 1976), the key word is 
"undue", not "experimentation". 

Page 2 



Application/Control Number: 12/822,612 

Art Unit: 1612 

The factors that may be considered in determining whether a disclosure 

would require undue experimentation are set forth by In re Wands, 8 USPQ2d 

1400 (CAFC 1988) at 1404 where the court set forth the eight factors to consider 

when assessing if a disclosure would have required undue experimentation. 

Citing Ex parte Forman, 230 USPQ 546 (BdApls 1986) at 547 the court recited 

eight factors: 

1) the quantity of experimentation necessary, 
2) the amount of direction or guidance provided, 
3) the presence or absence of working examples, 
4) the nature of the invention, 
5) the state of the prior art, 
6) the relative skill of those in the art, 
7) the predictability of the art, and 
8) the breadth of the claims. 

These factors are always applied against the background understanding 

that scope of enablement varies inversely with the degree of unpredictability 

involved. In re Fisher, 57 CCPA 1099, 1108, 427 F.2d 833, 839, 166 USPQ 18, 

24 (1970). Keeping that in mind, the Wands factors are relevant to the instant 

fact situation for the following reasons: 

1. The nature of the invention, state and predictability of the art, and 
relative skill level 

The invention relates to a method of treating a disease or disorder, where 

the patient population is limited to those at risk developing an NSAID-associated 

ulcer. As anyone who takes too much NSAI D is at risk of developing an ulcer, the 

claim as presented is directed to treating any disease or disorder. The relative 

skill of those in the art is high, that of an MD or PhD. 

2. The breadth of the claims 
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The claims are extremely broad given that there is no limitation on which 

patients are treated or which diseases or conditions are treated. Thus, the claims 

imply that where a patient is determined to have a risk of developing an NSAID-

induced ulcer, but does not currently have an NSAI D-induced ulcer, the method 

would treat the patient. However, no reasonably skill artisan would accept that 

the method treats a condition that does not exist. Further, no reasonably skilled 

artisan would accept an assertion that the formulation described herein could be 

used to treat all known conditions. 

3. The amount of direction or guidance provided and the presence or 
absence of working examples 

The specification provides no direction or guidance for practicing the 

claimed invention in its "full scope". No reasonably specific guidance is provided 

concerning how to treat a condition that does not exist or which conditions can be 

treated. Rather the specification is drawn to reducing the likelihood of NSAID-

induced gastric ulcer occurrence. 

4. The quantity of experimentation necessary 

Because of the known unpredictability of the art, and in the absence of 

experimental evidence, no one skilled in the art would accept the assertion that 

the instantly claimed agents could be predictably used to treat all conditions or 

treat a completely healthy patient as inferred by the claim and contemplated by 

the specification. Accordingly, the instant claims do not comply with the 

enablement requirement of §112, since to practice the claimed invention in its 

"full scope" a person of ordinary skill in the art would have to engage in undue 
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experimentation, with no reasonable expectation of success. 

Examiner suggests amending the claims to "a method of reducing the 

incidence of NSAID-associated ulcers in patients at risk of developing such" or 

the like. 

Claim Rejections- 35 USC§ 112 -Indefinite 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 1-31 and 33-63 are rejected under 35 U.S.C. 112, second 

paragraph, as being indefinite for failing to particularly point out and distinctly 

claim the subject matter which Applicants regard as the invention. 

The term NSAI D-associated is not defined in the instant specification and 

is indefinite because it is unclear what level of association is required between 

the NSAID and the ulcer to meet the term. 

The term "substantially" in claim 18 is a relative term which renders the 

claim indefinite. The term "substantially" is not defined by the claim, the 

specification does not provide a standard for ascertaining the requisite degree, 

and one of ordinary skill in the art would not be reasonably apprised of the scope 

of the invention. 

Claim Rejections - 35 USC § 102 

(b) the invention was patented or described in a printed publication in this or a foreign country 
or in public use or on sale in this country, more than one year prior to the date of application 
for patent in the United States. 
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Claims 1, 3, 6-9, 13-17, 19, 20, 22, 24, 25, 29, 30, 35, 37, 38, 42, 44, 45, 

48-52, 56 and 57 are rejected under 35 U.S.C. 1 02(b) as being anticipated by 

Plachetka (U.S. 6,926,907- see patent cite #39 on 12 page IDS dated 

8/28/2012). 

Plachetka teaches non-steroidal anti-inflammatory drugs (NSAIDs) are 

widely accepted for pain control, but can lead to the development of 

gastrointestinal (GI) ulcers in susceptible individuals (col.1, lines 21-39 and col.2, 

lines 64-67). Plachetka states that "the risk of inducing Gl ulcers is a recognized 

problem associated with the administration of NSAIDs" (col.2, lines 64-67). A 

method for reducing the risk of gastrointestinal side effects for people taking 

NSAIDs during chronic treatment by administration of a single, coordinated, unit-

dose product that combines (a) an agent which actively raises gastric pH to 

levels associated with less risk of NSAID-induced ulcers and (b) an NSAID that is 

specially formulated to be released in a coordinated way to minimize adverse 

effects (col.3, lines 1-17). One specific formulation which is a four layer tablet 

comprising an inner core of 500mg naproxen sodium and excipients, a second 

barrier layer to protect the naproxen, a third enteric layer which dissolves only 

when the pH is above about 4 (Example 6 at col. 14) and a fourth layer 

comprising immediate release omeprazole in an amount sufficient to raise the pH 

in the gastrointestinal (GI) tract to above 4 (Example 6 at col. 15). 

Note, esomeprazole is the active S-enantiomer of omeprazole. Thus, 

omeprazole inherently includes esomeprazole and R-omeprazole. 
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With regard to claims 45 and 48, given that all of the recited structural 

limitations are disclosed in the prior art, it is reasonably expected that the prior art 

tablet would exhibit the same functional characteristics as the instantly recited 

tablet. 

With regard to claims 49 and 50 all of the active steps of the method 

recited are taught by Plachetka given that Plachetka teaches administration of 

the dosage to the same patient population (i.e. NSAID users at risk of developing 

ulcers). 

With regard to claims 51, 52, 56 and 57, one of skill in the art would 

expect the method of Plachetka to effectively treat symptoms of heartburn and 

dyspepsia given that both are associated with pain. 

Claim Rejections- 35 U.S. C. § 103 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for 

all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 1 02 of this title, if the differences between the subject matter 
sought to be patented and the prior art are such that the subject matter as a whole would have 
been obvious at the time the invention was made to a person having ordinary skill in the art to 
which said subject matter pertains. Patentability shall not be negatived by the manner in which 
the invention was made. 

This application currently names joint inventors. In considering 

patentability of the claims under 35 U.S.C. 1 03(a), the examiner presumes that 

the subject matter of the various claims was commonly owned at the time any 

inventions covered therein were made absent any evidence to the contrary. 
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Claims 2, 4, 5, 10-12,18,21,23,26-28,31,33, 34, 36,39-41,43,53-55 

58-63 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over Plachetka 

(U.S. 6,926,907- see patent cite #39 on 12 page I OS dated 8/28/2012). 

Plachetka teaches non-steroidal anti-inflammatory drugs (NSAIDs) are 

widely accepted for pain control, but can lead to the development of 

gastrointestinal (GI) ulcers in susceptible individuals (col.1, lines 21-39 and col.2, 

lines 64-67). Plachetka teaches a method for reducing the risk of gastrointestinal 

side effects for people taking NSAI Ds during chronic treatment by administration 

of a single, coordinated, unit-dose product that combines an agent which actively 

raises gastric pH to levels associated with less risk of NSAI D-induced ulcers and 

an NSAID that is specially formulated to be released in a coordinated way to 

minimize adverse effects (col.3, lines 1-17). Figure 1 and Example 6 

demonstrates a dosage having a naproxen (500mg) core layer, which is 

surrounded by a barrier layer, which is then surrounded by an enteric coating, 

which is then surrounded by acid inhibitor releasing layer (Example 6). The 

outermost omeprazole layer raises the gastrointestinal pH to above 4 (col.15, 

lines 1-16). The third layer prevents the release of the naproxen until the pH is 

above about 4 (col.14, lines 59-67). The second layer protects the naproxen, and 

the first layer contains the naproxen and suitable excipients (col.14, lines 40-58). 

Results demonstrate that after a week of twice a day administration, patients 

taking the tablet of Plachetka had substantially less grade 3-4 gastrointestinal 

damage than those taking naked or enteric coated NSAIDs without an acid 

inhibitor (Example 1 0). Other than naproxen, which is typically administered at 
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amounts of 250mg to 500mg, suitable NSAIDs include aspirin (col.1, lines 39-

45), which is typically administered in amounts between about 250mg and 

1 OOOmg (col 5, lines 55-59). Suitable acid inhibitors include omeprazole (col. 3, 

lines 18-38 and Examples 6, 7 and 8), which may be administered between 

about 5mg and 50mg (col.?, lines 1-18) and esomeprazole, which may be 

administered at 5mg to 1 OOmg. Omeprazole is administered with an alkalizing 

agent such as sodium bicarbonate, potassium bicarbonate or sodium hydroxide 

to help solubilize and protect the omeprazole (col.15, lines 34-45). The tablet 

dosage discussed above may alternatively be formulated as a capsule 

formulation wherein the capsule contains pellets and granules (See e.g. Example 

7). 

Plachetka does not teach the administration specific time periods over a 

week or administration to specific patient subpopulations. 

With regard to claims 2, 4, 5, 26-28, 31 and 61-63, it would have been 

obvious to use the method of Plachetka on any patient who requires prolonged 

given that NSAIDs are taught to inducing Gl ulcers. Accordingly, it would have 

been obvious to administer the tablets of Plachetka to subsets of these patients 

where the subsets are included in the group of patients needing prolonged 

NSAID treatment. 

With regard to claims 10-12, 39-41, 53-55 and 58-60, given that the prior 

art method is demonstrated to lesson gastric ulcers over the course of a week 

trial and is taught for use by chronic NSAID users, it would have been obvious to 
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continue the twice per day (BID) regimen for periods of time well beyond a week 

and up to the lifetime of the patient. 
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With regard to claim 18, it would have been obvious to one of ordinary skill 

in the art to substitute sodium bicarbonate for potassium bicarbonate or sodium 

hydroxide given that each of the above are taught to act as alkalizing agents. 

MPEP 2144.06(11). 

With regard to claims 21, 23, 33 and 34, in the case where the claimed 

ranges overlap or lie inside ranges disclosed by the prior art, a prima facie case 

of obviousness exists. see MPEP 2144.05. Here, the prior art teaches that 

naproxen may administered at amounts of 250mg to 500mg and esomeprazole 

may be administered in amounts of 5mg to 1 OOmg. 

With regard to claim 43, the recited "beads or minitablets" recited are 

interpreted to include the "granules" and "pellets" of Example 7 of the prior art 

which are placed into the capsule. 

Claims 46 and 47 are rejected under 35 U.S.C. 1 03(a) as being 

unpatentable over Plachetka (U.S. 6,926,907- see patent cite #39 on 12 page 

IDS dated 8/28/2012) in view of Phillips (U.S. 2004/0048896- see publication 

cite #12 on 18 page IDS dated 8/28/2012). 

Plachetka is discussed above but does not teach the addition of a 

pharmacologically inert water-soluble coating over the outermost, esomeprazole 

containing, layer of the tablet. 
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Phillips teaches that when administering bitter tasting proton pump 
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inhibitors such as omeprazole or esomeprazole, sweeteners such a sucrose and 

aspartame may be added to the formulation. 

Phillips does not teach the addition of naproxen. 

It would have been obvious to one of ordinary skill in the art to add a 

water-soluble coating comprising sucrose or aspartame to the formulation of 

Plachetka in order to mask the bitter taste associated with esomeprazole as 

taught by Phillips. 

Obvious-Type Nonstatutory Double Patenting 

The nonstatutory double patenting rejection is based on a judicially 
created doctrine grounded in public policy (a policy reflected in the statute) so as 
to prevent the unjustified or improper timewise extension of the "right to exclude" 
granted by a patent and to prevent possible harassment by multiple assignees. 
A nonstatutory obviousness-type double patenting rejection is appropriate where 
the conflicting claims are not identical, but at least one examined application 
claim is not patentably distinct from the reference claim(s) because the examined 
application claim is either anticipated by, or would have been obvious over, the 
reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. 
Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In 
re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 
F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 
619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 
1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 
1.321 (d) may be used to overcome an actual or provisional rejection based on a 
nonstatutory double patenting ground provided the conflicting application or 
patent either is shown to be commonly owned with this application, or claims an 
invention made as a result of activities undertaken within the scope of a joint 
research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may 
sign a terminal disclaimer. A terminal disclaimer signed by the assignee must 
fully comply with 37 CFR 3.73(b). 
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Claims 1-31 and 33-63 are provisionally rejected on the ground of 

nonstatutory obviousness-type double patenting as being unpatentable over 

claims 1-20 of copending Application No. 12/823082 in view of Plachetka (U.S. 

6,926,907- see IDS dated 8/28/2012). 

The copending applications teach a method of treating a patient at risk of 

developing an NSAI D-associated ulcer by administering a unit dose comprising 

omeprazole in an amount sufficient to raise the gastric pH of the patient to at 

least 3.5 and the NSAI D aspirin surrounded by a coating that is substantially 

insoluble in an aqueous medium below 3.5. 

Plachetka is discussed above and additionally teaches that both aspirin 
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and naproxen are suitable NSAIDs (col.3, lines 18-38) and that both omeprazole 

and esomeprazole are suitable acid inhibitors (col.3, lines 18-38). 

It would have been obvious to one of ordinary skill in the art to substitute 

aspirin for naproxen given that Plachetka teaches both are substitutable 

equivalent NSAIDs. See MPEP 2144.06(11). Further, one of ordinary skill in the 

art would understand that esomeprazole is the S-enantiomer of omeprazole, and 

thus contained in omeprazole. 

This is a provisional obviousness-type double patenting rejection because 

the conflicting claims have not in fact been patented. 

Claims 1-20 of copending Application No. 13/345075 are similarly rejected 

in view of Plachetka (U.S. 6,926,907- see IDS dated 8/28/2012) under the same 

analysis as recited above. 
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Conclusion 

No claims are allowed. 
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Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to ADAM MILLIGAN whose telephone number is 

(571 )270-7674. The examiner can normally be reached on M-F 9:00-5:00 EST. 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, Fred Krass can be reached on (571 )272-0580. The fax 

phone number for the organization where this application or proceeding is 

assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from 

the Patent Application Information Retrieval (PAIR) system. Status information 

for published applications may be obtained from either Private PAIR or Public 

PAIR. Status information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, see http://pair-

direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-

free). If you would like assistance from a USPTO Customer Service 

Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000. 

/Benjamin Packard/ 
Primary Examiner, Art Unit 1612 

/ADAM C MILLIGAN/ 
Examiner, Art Unit 1612 
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! ! 2139653-$.DI D. OR DE-20041223-$.DI D. OR i ! i 
! ! US-4035455-$.DID. OR DE-19920514-$.DID. j ! i 
! !OREP-19810429-$.DID.OREP-19870114- j ! i 
l ! $. Dl D. OR EP-19890823-$. Dl D. OR EP- l l i 
! ! 199101 02-$. Dl D. OR EP-19890426-$. Dl D. OR i ! i 
~ ~ j ~ l 
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! EP-19930107-$.DID. OR EP-19890621-$.DID. 
~ OR EP-19940216-$. Dl D. OR EP-19990324-

1 ~o~19~-7~~$~~~b~2g~6~;1~16~-8~f-i.61 D. OR 
! EP-20030924-$. Dl D. OR U& 1726300-$. Dl D. 
! OR EP-20061129-$.DI D. OR US-1726301-
!$.DID. OR US-2105193-$.DID. OR U& 
!2163747-$.DID. OR U&2216413-$.DID. OR 
~ W0-19850815-$. Dl D. OR W0-19900628-
~$.DID. ORW0-19911114-$.DID. ORWO- . 
! 19911226-$. Dl D. OR W0-19930624-$. Dl D. OR i 
! W0-19930708-$. Dl D. OR W0-19940414- i 
~ $. Dl D. OR W0-19941208-$. Dl D. OR WO- j 
\ 19950119-$.DI D. OR W0-19951207-$.DI D. OR! 
! W0-19960222-$. Dl D. OR W0-19960523- i 
i $. Dl D. OR W0-19960801-$. Dl D. OR WO- i 
! 19970403-$. Dl D. OR W0-19970717 -$. Dl D. OR i 
! W0-19980402-$. Dl D. OR W0-19980528- i 
! $. Dl D. OR W0-19981203-$. Dl D. OR WO- i 
~ 199901 07-$. Dl D. OR W0-19991229-$. Dl D. OR j 
! W0-19990318-$.DI D. OR W0-19990617- j 
\ $. Dl D. OR US-1162008-$. Dl D. OR U& i 
' j 

'··········'············'············································································································' ·············································'~==~I 

I[L2 ID!IL1 and duodenal ulcer.clm. :US- !UDJ r)FF 12012/09/W 
I I i i PGPUB·i i I 20"44 i 

l .......... l .......... ..l ........................................................................................................... .l.~§~~:.:J ....................... ..: ................. ..! ...... : .................. ..: 
I[L3 ID! (John with Plachetka).in. and duodenal :US- :uoJ ![OFF 12012/09/W 
! I i ulcer.clm. ! PGPUB;! ! ! 20:44 ! 

! ........ .J .......... .J ........................................................................................................... .1 .~§~~.! .. .! ........................ .: ................. ..! .......................... .: r 1Di['6926907".did. :US- !uDJ 1

1

CJFF 12012/09/091 
I ~ ~ iPGPUB·i : 121•51 : 
~ ~ ~ l USPAT, l l ~ . l 

I[L51[2411~U&l~ADJ!~OFFI~ ~ ~ ~ iPGPUB·i i ~22·15 i 
~ ~ ~ l USPAT, l l ~ . l 
~ ~~~~~~~~~~~ ~~~~~~~~~~~~.:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~· 

I[L£ r4 I L1 and (film coat$ and sweet$) I us- IUDJ ![OFF 12012/09/091 
i ~ ~ iPGPUB·i i ~22·15 i 
I _______ J _________ J ________________________________________________________________________________________________________ ...] ~§~~~::.~ _______________________ ..i ________________ ...! -----~------------------..1 r ID! L1 and (film coat$ same sweet$) :US- :uoJ ![OFF 12012/09/091 
i ~ ~ iPGPUB·i i ~22·17 i 
I _______ J _________ J. ________________________________________________________________________________________________________ ...] ~§~~~(J _______________________ ..i ________________ ...! -----~------------------..1 
I[S1 ID\1"12823082" :US- !UDJ IIOFF 12012/09/071 
~ I i i PGPUB·i i ~22·01 i I ! ! : USPAT,: : I . : 
~ '''''''''' ·' ''''''''''' ... ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' •' ''''''''''''''''': ''''''''''''''''''''''''': ''''''''''''''''''' ·' '''''''''''''''''''''''''': 

liS> 1[30 ii(John with Plachetka).in. :US- :uoJ IIOFF 12012/09/071 
i ~ ~ 'PGPUB·i i i 22·01 i I ! ! : USPAT,: : I . : 
~ '''''''''' ·' ''''''''''' ... ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' •' '''''''''''''''''' '''''''''''''''''''''''''' ''''''''''''''''''' ·' ''''''''''''''''''''''''''' 

I[S3 1[25 I (John with F1achetka).in. and aspirin I us- IUDJ IIOFF 12012/09/071 
i ~ ~ 'PGPUB·i i i 22·02 i I ! ! : USPAT,: : I . : 
~ ,,,,,,,,,,,' ,,,,,,,,,,,,.. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,.,.~ ,,,,,,,,,,,,,,,,,,,,,,.,.~ ,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,.,.~ r ID! (John with Plachetka).in. and "aspirin.clm" :US- :uoJ rFF 12012/09/071 
i ~ ~ 'PGPUB·i i i 22·02 i I ! ! : USPAT,: : I . : 
~ ~~~~~~~~~~~' ~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~ II"' lfl (John with F1achetka).in. and aspirin.clm. I us- lfADJ![OFF 12012/09/071 

i ~L ....... .J 'PGPUB·\ ..................... ...1 i 22•02 : 

~~;:; j[gmml (J~h~ ;.;;;;; R~~h~k~) ~~ ;;;;d ;;;;;;~ ;;;;d ml ~A!'llJ ml[oFF mj 2012/09i07' 
! ! ! omeprazole ! PGPUB;! ! ! 22:04 ! 
! ! ! j USPAT j j ! j li"""""""""""ii""""""""""""i .............................................................................................................................. ;1 ........................ ;1 ................... , .......................... ; 
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! I I omeprazole and ulcer ! PGPUB;! ! ! 22:06 ! 
I[S7 ID! (John with Plachetka).in. and aspirin and ! US- !DDJ !LFF ! 2012/09/07! 

I ........ ..1 .......... ..1 ........................................................................................................... .1 .~§~~.! .. .! ........................ .! ................. ..! .......................... .! 
I[Sl IDi (John with Plachetka).in. and aspirin and :US- !DDJ r)FF 12012/09/08; 
! ! ! omeprazole and ulcer.clm. ! PGPUB;! ! ! 18:49 ! I ________ j __________ j ___________________________________________________________________________________________________________ ] ~§~~I _ _! ________________________ _: _________________ j _________________________ _: 
I[SJ IDi (John with Plachetka).in. and NSAI D and ! US- !DDJ '[OFF 12012/09/08; 
! ! ! ulcer.clm. ! PGPUB;! ! ! 19:02 ! I ________ j __________ j ___________________________________________________________________________________________________________ ] ~§~~I _ _! ________________________ _: _________________ j _________________________ _: 
I[S10 11233 I aspirin with omeprazole and ulcer I us- IDDJ ![OFF 12012/09/081 
i i i iPGPUB·i i i19"43 i 
I _______ j _________ j ____________________________________________________________________________________________________________ ] ~§~~I:J _______________________ __! ________________ J -----~------------------__! 
llstt r2 I aspirin with omeprazole same ulcer I us- IDDJ IIOFF 12012/09/081 
i i i 'PGPUB·i i '19"44 i I I I : USPAT,: : I . : 
~ '''''''''' ·' ''''''''''' ... . ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' •' ''''''''''''''''': ''''''''''''''''''''''''': ''''''''''''''''''' ·' '''''''''''''''''''''''''': 

11812 r6 I aspirin with omeprazole same ulcer and I us- IDDJ IIOFF 12012/09/081 
I I !enteric !PGPUB;i i !19:44 i 
! ! ! j USPAT i i ! j 
~ '''''''''' ·' ''''''''''' ... ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' •' ''''''''''''''''': ''''''''''''''''''''''''': ''''''''''''''''''' ·' '''''''''''''''''''''''''': 

11813 r7 I aspirin with omeprazole same ulcer and enteric! U& IDDJ IIOFF 12012/09/081 
I I !with tablet ! PGPUB;i i I 19:44 i 
! ! ! j USPAT i i ! j 
~ ,,,,,,,,,,,' ,,,,,,,,,,,,.. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,.,.~ ,,,,,,,,,,,,,,,,,,,,,,.,.~ ,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,.,.~ 

11814 r2 I aspirin with omeprazole same ulcer and enteric! U& IDDJ rFF I20t2/09/08l 
I I !coat$ !PGPUB;! i !19:45 i 
! ! ! j USPAT i j ! j 
~ ~~~~~~~~~~~' ~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1181510! aspirin with omeprazole and ulcer with NSAI D : U& !DDJ rFF I20t2/09/08l 
I I I and enteric coat$ ! PGPUB; i i I 19:46 i 
! ! ! j USPAT i j ! j 
iF=''~""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""'"'""""""""""""'""""""""'"'""""""""""""'< 

i S16 152 I U&2001 0025107-$. Dl D. OR U&2001 0036473- U& ADJ OFF I 2012/09/08! 
! !$.DID. OR U&20010044410-$.DID. OR U& PGPUB; 120:00 i 
! ! 20020012676-$.DI D. OR US-20020042433- USPAT ! i 
I ! $.DID. OR U&20020044962-$.DI D. OR U& I : 
! ! 20020045184-$.DI D. OR US-20020086029- ! j 
I I $.DID. OR U&20020111370-$.DI D. OR U& I i 
! !20020155153-$.DID. OR US-122402D-$.DID. ! i 
I ! OR US-20020160046-$.DI D. OR U& ! i 
! ! 20020090395-$.DI D. OR US-20030008903- I i 
! ! $. Dl D. OR U&20030040537 -$. Dl D. OR U& ! i 
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I !20030215527-$.DID. OR US-20030232080- I i 
! ! $.DID. OR U&20040022846-$.DI D. OR U& ! i 
I !20040180089-$.DID. OR US-4122203-$.DID. ! i 
! ! OR US-20040048896-$.DI D. OR U& ! i 
! !20040121004-$.DID. OR US-20040131676- I i 
I !$.DID. OR U&20040171646-$.DID. OR U& I : 
! ! 20050249811 -$. Dl D. OR US-20050004171 - ! j 
I I $.DID. OR U&20050042304-$.DI D. OR U& I i 
! ! 20050054682-$.DI D. OR US-20050147668- ! i 
I !$.DID. OR U&20050163847-$.DID. OR U& ! i 
! ! 20050227949-$.DI D. OR US-20050249806- ! i 
! !$.DID. OR U&20060165797-$.DID. OR U& I i 
I ! 20060178348-$.DI D. OR US-20060178349- I : 
! !$.DID. OR U&20060177504-$.DID. OR U& ! j 
I I 20060287284-$.DI D. OR US-20070207200- I : 
! ! $.DID. OR U&20070237820-$.DI D. OR U& ! i 
I !20070122470-$.DID. OR US-20070154542- ! i 
! !$.DID. OR U&20070184078-$.DID. OR U& ! i 
! ! 20070243251-$.DI D. OR US-200801 03169- I i 
! ! $.DID. OR U&20080031941-$.DI D. OR U& ! i 
I ! 20090074863-$.DI D. OR US-20090297594- I : 
I I $.DID. OR U&120309D-$.DI D. OR U& I i 
~ ~ ~ : 
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ABSTRACT 

The novel optically pure compounds Na+ 1 Mg 2+ I Li + 1 K+ 1 

Ca2+ and N+(R) 4 salts of (+)-5-methoxy-2- [[(4-methoxy-3 1 5-

dimethyl-2-pyridinyl)methyl]sulfinyl]-1~-benzimidazole or 

5 (-)-5-methoxy-2-[[(4-methoxy-3 1 5-dimethyl-2-

pyridinyl)methyl]sulfinyl]-1~-benzimidazole, where R is an 

alkyl with 1-4 carbon atoms, processes for the preparation 

thereof and pharmaceutical preparations containing the 

compounds as active ingredients, as well as the use of the 

10 compounds in pharmaceutical preparations and intermediates 

obtained by preparing the compounds. The novel compounds are 

represented by: 

(Ia, Ib) 

X 
15 

n 

Ia (+)-enantiomer 

Ib (-)-enantiomer 

822 

wherein n is 1 or 2 and X is Na+ I Mg2 + I Li +, K+, Ca2 + or 

20 N+ (R) 4. 

-T,C ----~--·---------
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. An optically pure compound characterized in that the 

compound is aNa+, Mg2+, Li+, K+, ca2+ or N+(R) 4 salt of 

{-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]

sulfinyl]-1H-benzimidazole, wherein R is an alkyl group with 

1-4 carbon atoms. 

2. A compound according to claim 1 characterized in 

that it is in solid state form. 

3. A compound according to claim 2 characterized in 

that it is in crystalline form. 

4. A compound according to claim 1, 2 or 3 

characterized in that it is aNa+, Mg2+ or ca2+ salt of {-)-5-

methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]

sulfinyl]-1H-benzimidazole. 

5. A compound according to claim 1, 2 OR 3 

characterized in that it is the Mg2+ salt of (-)-5-methoxy-2-

[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H

benzimidazole. 

6. A compound according to claim 1 characterized in 

that it is the Na+ salt of (-)-5-methoxy-2-[[(4-methoxy-3,5-

23940-831 
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dimethyl-2-pyridinyl)methyl]sulfinyl]-1~-benzimidazole in its 

crystalline form_ 

7. A compound according to any one of claims 1 to 6 

having an optical purity of 98% or greater. 

5 8. A compound according to any one of claims 1 to 6 

having an optical purity of 99.8% or greater. 

9. A process for the preparation of an optically pure 

Na+, Mg2 +, Li +, K+, Ca2 + or N+ (R) 4 salt of (-) -5 -methoxy-

2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1~-

10 benzimidazole, R is defined in claim 1, characterized in that a 

diastereomeric mixture of an ester of formula IV 

15 

wherein Acyl designates a chiral acid group having 

either R or S configuration, is separated to obtain the 

separated diastereomers, whereafter the diastereomer comprising 

the acyloxymethyl derivative of (-)-5-methoxy-2-[[(4-methoxy-

20 3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1~-benzimidazole is 

dissolved in an alkaline solution wherein the acyloxymethyl 

group is subjected to solvolysis to give an optically pure 

compound which is converted to the required Na+, Mg2 +, Li+, 

Ca2 + or N+(R) 4 salt of (-)-5-methoxy-2- [[(4-methoxy-3,5-dimethyl-

25 2-pyridinyl)methyl]sulfinyl]-1~-benzimidazole. 

10. A process according to claim 9 characterized in that 

the chiral acyl group is mandeloyl. 
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11. A process according to claim 9 or 10 characterized in 

that the diastereomers are separated by chromatography. 

12. A process according to claim 9 or 10 characterized in 

that the diastereomers are separated by fractional 

5 crystallization. 

13. A process according to claim 9, 10, 11 or 12 

characterized in that the solvolysis is performed in an 

alkaline solution of a base in a protic solvent. 

14. A process according to claim 13 characterized in that 

10 the protic solvent is an alcohol or water. 

15. A process according to claim 9, 10, 11, or 12 

characterized in that the solvolysis is performed in an 

alkaline solution of a base in an aprotic solvent. 

16. A process according to claim 15 characterized in that 

15 the aprotic solvent is dimethylsulfoxide or dimethylformamide. 

17. A process according to any one of claim 9 or 16 

characterized in that the product of the solvolysis is 

neutralized with an acid or an ester, followed by treatment 

with an appropriate base in non-aqueous solution and recovery 

20 of the Na+, Mg2 +, Li +, K+, Ca2 + or N+ (R) 4 salt in crystalline 

form. 

18. A process according to claim 17 characterized in that 

the product of the solvolysis is neutralized with methyl 

formate. 

25 19. A process according to any one of claims 9 to 18 

characterized in that the solvolysis is carried out with NaOH 

or Na0R 1 where R 1 is an alkyl or aryl group, the crude sodium 

salt is neutralized followed by treatment with NaOH in non

aqueous solution to prepare the sodium salt of (-)-5-methoxy-2-

---------------·---~---···-··---
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[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1~

benzimidazole. 

20. A process according to claim 17, 18 or 19 

characterized in that the non-aqueous solution comprises 2-

5 butanone or toluene. 

21. A process according to any one of claims 9 to 20 

characterized in that the product from the solvolysis is 

neutralised and the obtained (-)-5-methoxy-2-[[(4-methoxy-3,5-

dimethyl-2-pyridinyl)methyl]sulfinyl]-1~-benzimidazole is 

10 converted into an optionally pure Na+ salt and the optically 

pure Na+ salt is treated with an aqueous solution of an 

inorganic magnesium salt to precipitate the optically pure Mg2+ 

salt of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]sulfinyl]-1~-benzimidazole. 

15 22. A process according to any one of claims 9 to 20 

characterized in that the product from the solvolysis is 

neutralised and the obtained optically pure (-)-5-methoxy-

2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-

1~-benzimidazole is reacted with Mg(OR3
) 2 in an alcohol of 

20 formula R30H, wherein R3 is an alkyl group containing 1 to 4 

carbon atoms. 

23. A process according to any one of claims 9 to 19 

characterized in that the product from the solvolysis is 

neutralised and the obtained optically pure (-)-5-methoxy-2-

25 [[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1~

benzimidazole is reacted with Mg(OR3
) 2 , wherein R3 is an alkyl 

group containing 1 to 4 carbon atoms, in an ether. 

24. A pharmaceutical preparation containing an optically 

pure compound according to any one of claims 1 to 6 together 

30 with a pharmaceutically acceptable carrier. 
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25. An optically pure compound according to any one of 

claims 1 to 8 for use in therapy. 

26. Use of an optically pure compound according to any 

one of claims 1 to 8 in the preparation of a pharmaceutical 

5 formulation for inhibiting gastric acid secretion. 

27. Use of an optically pure compound according to any 

one of claims 1 to 8 for the preparation of a pharmaceutical 

formulation for the treatment of gastrointestinal inflammatory 

diseases. 

10 28. Use of an optically pure compound according to any 

one of claims 1 to 8 in the manufacture of a medicament with a 

lower degree of interindividual variation in plasma levels. 

29. Use of an optically pure compound according to any 

one of claims 1 to 8 in the manufacture of a medicament with an 

15 improved therapeutic profile when treating gastric acid related 

diseases. 

FETHERSTONHAUGH & CO. 

OTTAWA, CANADA 

PATENT AGENTS 
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Optically pure salts of pyridinylmethyl sulfinyl-IH
benzimidazole compounds. 

Field of the invention 

PCT /SE94/00509 

5 The present invention is directed to new compounds with high optical purity, their 

use in medicine, a process for their preparation and their use in the manufacture of 

pharmaceutical preparation. The invention also relates to novel intermediates in the 

preparation of the compounds of the invention. 

10 Background of the invention 

The compound 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl] sulfinyl]-1 A-benzimidazole, having the generic name omeprazole, 

and therapeutically acceptable alkaline salts thereof are described in EP 5129 and 

15 EP 124 495, respectively. Omeprazole and its alkaline salts are effective gastric 

acid secretion inhibitors, and are useful as antiulcer agents. The compounds, being 

sulfoxides, have an asymmetric center in the sulfur atom, i.e. exist as two optical 

isomers (enantiomers). It is desirable to obtain compounds with improved 

pharmacokinetic and metabolic properties which will give an improved therapeutic 

20 profile such as a lower degree of interindividual variation. The present invention 

provides such compounds, which are novel salts of single enantiomers of 

omeprazole. 

The separation of the enantiomers of omeprazole in analytical scale is described in 

25 e.g. J. Chromatography, 532 (1990), 305-19 and in a preparative scale in DE 

4035455. The latter has been done by using a diastereomeric ether which is 

separated and thereafter hydrolysed in an acidic solution. Under the acidic 

conditions needed for hydrolysis of the attached group, omeprazole is quite 

sensitive and the acid has to be quickly neutralized with a base to avoid 

30 degradation of the acid-sensitive compound. In the above mentioned application 
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this is done by adding the reaction mixture containing concentrated sulfuric acid to 

a concentrated solution of NaOH. This is disadvantageous because there is a great 

risk of locally reaching pH values between 1-6, which would be devastating for the 

substance. Moreover, instantaneous neutralisation will create heat which will be 

5 difficult to handle in large scale production. 

10 

The present invention in a further aspect provides a novel method for preparing the 

novel compounds of the invention in large scale. This novel method can also be 

used in large scale to obtain single enantiomers of omeprazole in neutral form. 

There is no example known in the prior art of any isolated or characterized salt of 

optically pure omeprazole, i.e. single enantiomers of omeprazole neither of any 

isolated or characterized salt of any optically pure omeprazole analogue. 

15 Detailed description of the invention 

The present invention refers to the new Na +, Mg2+, Li+, K+, Ca2+ and N+(R)4 

salts of the single enantiomers of omeprazole, where R is ari alkyl with 1-4 carbon 

atoms, i.e. Na+, Mg2+, u+, K+, ca2+ and W(R)4 salts of (+)-5-methoxy-2-[[(4-

20 methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH-benzimidazole and 

(-)-5-methoxy-2-[[ ( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1 H

benzimidazole, where R is an alkyl with 1-4 carbon atoms. 

Particularly preferred salts according to the invention are the Na+, Ca2+ and Mg2+ 

25 salts, i.e ( + )-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-

1H-benzimidazole sodium salt, (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]sulfinyl]-lH-benzimidazole sodium salt, ( + )-5-methoxy-2-[[ ( 4-

methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH-benzimidazole magnesium 

salt, (-)-5-methoxy-2-[[ (4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfmyl]-IH-

30 benzimidazole magnesium salt, ( + )-5-methoxy-2-[[ ( 4-methoxy-3,5-dimethyl-2-
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pyridinyl)methyl]sulfinyl]-IH-benzimidazole calcium salt and (-)-5-methoxy-2-[[ ( 4-

methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH-benzimidazole calcium salt. 

Most preferred salts according to the invention are the optically pure Na+ salts of 

5 omeprazole according to compounds Ia and Ib 

10 

15 

20 

25 

30 

Ia ( + )-enantiomer 

Ib (-)-enantiomer 

(Ia, lb) 

and the optically pure magnesium salts of omeprazole according to compounds Ila 

and lib 

Ila ( + )-enantiomer 

lib (-)-enantiomer 

2 

(II a, 

lib) 
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With the expression "optically pure Na+ salts of omeprazole" is 

meant the (+)-enantiomer of omeprazole Na-salt essentially free 

of the (-)-enantiomer of omeprazole Na-salt and the (-)

enantiomer essentially free of the (+)-enantiomer, 

5 respectively. Single enantiomers of omeprazole have hitherto 

only been obtained as syrups and not as crystalline products. 

By means of the novel specific method according to one aspect 

of the invention by preparing the single enantiomers of 

omeprazole, the salts defined by the present invention are easy 

10 to obtain. In addition, the salts, however not the neutral 

forms, are obtained as crystalline products. Because it is 

possible to purify optically impure salts of the enantiomers of 

omeprazole by crystallisation, they can be obtained in very 

high optical purity, in some instances ~99.8% enantiomeric 

15 excess (e.e.) even from an optically contaminated preparation. 

Moreover, the optically pure salts are stable towards 

racemization both in neutral pH and basic pH, which was 

surprising since the known deprotonation at the carbon atom 

between the pyridine ring and the chiral sulphur atom was 

20 expected to cause racemization under alkaline conditions. This 

high stability towards racemization makes it possible to use a 

single enantiomeric salt of the invention in therapy. 

The specific method of preparation of the single enantiomers of 

25 omeprazole is a further aspect of the invention as mentioned 

above and it can be used to obtain the single enantiomers of 

omeprazole in neutral from as well as the salts thereof. 

The compounds according to the invention may be used for 

30 inhibiting gastric acid secretion in mammals and man. In a 

more general sense, the compounds of the invention may be used 

for the treatment of gastric acid-related diseases and 

gastrointestinal inflammatory diseases in mammals and man, such 

as gastric ulcer, duodenal ulcer, reflux esophagitis and 

35 gastritis. Furthermore, the compounds may be used for 
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treatment of other gastrointestinal disorders where gastric 

antisecretory effect is desirable e.g. in patients on NSAID 

therapy/ in patients with gastrinomas/ and in patients with 

acute upper gastrointestinal bleeding. They may also be used 
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in patients in intensive care situations, and pre- and postoperatively to prevent acid 

aspiration and stress ulceration. The compound of the invention may also be used 

for treatment or prophylaxis of inflammatory conditions in mammals, including 

man, especially those involving lysozymal enzymes. Conditions that may be 

5 specifically mentioned are rheumatoid arthritis and gout. The compound of the 

invention may also be useful in the treatment of psoriasis as well as in the 

treatment of Helicobacter infections. 

Yet a further aspect of the invention is the compound III, which is an intermediate 

10 used in the specific method of preparation. 

00 II N ~ 
cH2-s---{ I 

N # OCH 
I - 3 

15 

CH 2 'o OH 

~b-bH-D' 
0 -20 

Preparation 

The optically pure compounds of the invention, i.e. the single enantiomers, are 

25 prepared by separating the two stereoisomers of a diastereomeric mixture of the 

following type, 5- or 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]sulfinyl]-1-[acyloxymethyl]-lH-benzimidazole, formula IV 

30 

(Ill) 
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(IV) 

10 wherein the methoxy substituent in the:benzimidazole moiety is in position 5 or 6, 

and wherein the Acyl radical is as defined below, followed by a solvolysis of each 

separated diastereomer in an alkaline solution. The formed single enantiomers of 

omeprazole are then isolated by neutralizing aqueous solutions of the salts of the 

single enantiomers of omeprazole with a neutralizing agent which can be an acid or 

15 an ester such as methyl formate. 

20 

The Acyl moiety in the diastereomeric ester may be a chiral acyl group such as 

mandeloyl, and the asynunetric ce~ter in the chiral acyl group can have either R or 

S configuration. 

The diastereomcric esters can be separated either by chromatography or fractional 

crystallization. 

The solvolysis usually takes place together with a base in a protic solvent such as 

25 alcohols or water, but the acyl group may also be hydrolysed off by a base in an 

aprotic solvent such as dimethylsulfoxide or dimethylformaritide. The reacting base 

may be Off' or RIo- where R I can be any alkyl or aryl group. 

To obtain the optically pure Na+ salts of the invention, 

30 i.e. the single enantiomers of omeprazole Na+ salts, the 

compound resulting from the solvolysis is treated with a 

base, such as 
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NaOH, in an aqueous or nonaqueous medium, or with NaOR2 wherein R2 is an 

alkyl group containing 1-4 carbon atoms, or with NaNH2. Also alkaline salts 

wherein the cation is Li+ or K+ may be prepared using lithium or potassium salts 

of the above mentioned bases. In order to obtain the crystalline form of the Na + 

5 salt, addition of NaOH in a non-aqueous medium such as a mixture of 2-butanone 

and toluene, is preferred. 

To obtain the optically pure Mg2+ salts of the invention, optically pure Na + salts 

are treated with an aqueous solution of an inorganic magnesium salt such as 

10 MgC12, whereupon the Mg2+ salts are precipitated. The optically pure Mg2+ salts 

may also be prepared by treating single enantiomers of omeprazole with a base, 

such as Mg(OR3)2, wherein R3 is an alkyl group containing 1-4 carbon atoms, in a 

non-aqueous solvent such as alcohol (only for alcoholates), e.g. ROH, or in an 

ether such as tetrahydrofuran. In an analogous way, also alkaline salts wherein the 

15 cation is Ca2+ can be prepared, using an aqueous solution of an inorganic calcium 

salt such as CaC12. 

Alkaline salts of the single enantiomers of the invention are, as mentioned above, 

beside the sodium salts (compounds Ia and Ib) and the magnesium salts (compound 

20 Ila and lib), exemplified by their salts with Li+, K+, ca2+ and W(R)4, where R is 

an alkyl with 1-4 C-atoms. 

For clinical use the single enantiomers, i.e. the optically pure compounds, of the 

invention are formulated into pharmaceutical formulations for oral, rectal, 

25 parenteral or other modes of administrations. The pharmaceutical formulations 

contain the single enantiomers of the invention normally in combination with a 

pharmaceutically acceptable carrier. The carrier may be in form of a solid, semi

solid or liquid diluent, or capsule. These pharmaceutical preparations are a further 

object of the invention. Usually the amount of active compound is between 0.1-

30 95% by weight of the preparation, between 0.2-20% by weight in preparations for 
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parenteral use and between 1-50% by weight in preparations for oral 

administration. 

In the preparation of pharmaceutical formulations in form of dosage units for oral 

5 administration the optically pure compound may be mixed with a solid, powdered 

carrier, such as lactose, saccharose, sorbitol, mannitol, starch, amylopectin, 

cellulose derivates, gelatin or another suitable carrier, stabilizing substances such as 

alkaline compounds e.g. carbonates, hydroxides and oxides of sodium, potassium, 

calcium, magnesium and the like as well as with lubricating agents such as 

10 magnesium stearate, calcium stearate, sodium stearyl fumarate and 

polyethylenglycol waxes. The mixture is then processed into granules or pressed 

into tablets. Granules and tablets may be coated with an enteric coating which 

protects the active compound from acid catalysed degradation as long as the dosage 

form remains in the stomach. The enteric coating is chosen among 

15 pharmaceutically acceptable enteric-coating materials e.g. beeswax, shellac or 

anionic film-forming polymers and the like, if preferred in combination with a 

suitable plasticizer. To the coating various dyes may be added in order to 

distinguish among tablets or granules with different amounts of the active 

compound present 

20 

Soft gelatine capsules may be prepared with capsules containing a mixture of the 

active compound, vegetable oil, fat, or other suitable vehicle for soft gelatine 

capsules. Soft gelatine capsules may also be enteric-coated as described above. 

25 Hard gelatine capsules may contain granules or enteric-coated granules of the 

active compound. Hard gelatine capsules may also contain the active compound in 

combination with a solid powdered carrier such as lactose, saccharose, sorbitol, 

mannitol, potato starch, amylopectin, cellulose derivates or gelatin. The capsules 

may be enteric-coated as described above. 

30 
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Dosage units for rectal administration may be prepared in the form of suppositories 

which contain the active substance mixed with a neutral fat base, or they may be 

prepared in the form of a gelatine rectal capsule which contains the active 

substance in a mixture with a vegetable oil, paraffin oil or other suitable vehicle 

5 for gelatine rectal capsules, or they may be prepared in the form of a ready-made 

micro enema, or they may be prepared in the form of a dry micro enema 

formulation to be reconstituted in a suitable solvent just prior to administration. 

Liquid preparation for oral administration may be prepared in the form of syrups or 

10 suspensions, e.g. solutions or suspensions containing from 0.2% to 20% by weight 

of the active ingredient and the remainder consisting of sugar or sugar alcohols 

and a mixture of ethanol, water, glycerol, propylene glycol and/or polyethylene 

glycol. If desired, such liquid preparations may contain colouring agents, flavouring 

agents, saccharine and carboxymethyl cellulose or other thickening agents. Liquid 

15 preparations for oral administration may also be prepared in the form of dry 

powder to be reconstituted with a suitable solvent prior to use. 

Solutions for parenteral administrations may be prepared as solutions of the 

optically pure compounds of the invention in pharmaceutically acceptable solvents, 

20 preferably in a concentration from 0.1 to 10% by weight. These soultions may also 

contain stabilizing agents and/or buffering agents and may be manufactured in 

different unit dose ampoules or vials. Solutions for parenteral administration may 

also be prepared as dry preparations to be reconstituted with a suitable solvent 

extemporaneously before use. 

25 

30 

The typical daily dose of the active compound will depend on various factors such 

as for example the individual requirement of each patient, the route of 

administration and the disease. In general, oral and parenteral dosages will be in 

the range of 5 to 500 mg per day of active substance. 
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The invention is illustrated by the following examples. It 

will be noted from the examples that the preparation of the 

optically pure salts of omeprazole will result in a change of 

direction from (-) to (+) optical rotation when preparing the 

5 sodium salt from the non-salt form and vice versa from (+) to 

(-) optical rotation when preparing the magnesium salt from the 

sodium salt. 
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10 

15 
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Example 1. Preparation of (+)-5-methoxy-2-([(4-methoxy-3.5-di.methyl-2-

pvridinyl)methyllsulfinylJ-IH-benzirnidazole sodium salt -
1 00 __ mg (Q~~ ~ol) of (-)-5-methoxy-2-{[ ( 4-methoxy'-3.5-dimethyl-2-pyridinyl)

methyl]sulfinyl]-lH-benzirnidazole (contaminated with 3% of the (+)-isoincr) was 

dissolved in 1 m1 of 2-butanone with stirring. 60 )11 of an aqueous solution of 5.0 

M sodium hydroxide and 2 m1 of toluene were added. The resultant mixture was 

non-homogeneous. In order to obtain a clear solution. more 2-butanone was added 

(ca 1 ml) and the mixtme was stirred at ambient tempc:rature over night:The 

formed precipitate was filtered off and washed with ether. There was obtained 51 

mg (46%) of the title compound as white crystals m.p. (decomposition) 246-248°C. 

The optical purity (e.e.) which was analyzed by chiral column chromatography was 

~99.8%. [a]J5°= +42.8° (c=0-5%, water). 

NMR data are given below. 

Example 2. Preparation of (-)-5-methoxy-2-[[( 4-methoxy-3,5-dimethvl-2-

2 o pvridinyl)methvl]sulfinyll-1 H-benzimidazole sodium salt 

25 

100 mg (0.3 mrnol) of (+)-5-methoxy-2-[[(4-methoxy-3.5-dirnethyl-2-pyridinyl)

methyl]sulfmyl]-1 H-ben.zimidazole (contaminated with 3% of the (-)-isomer) was 

dissolved in 1 m1 of 2-butanone with stirring. 60 pl of an aqueous solution of 

5.0 M sodium hydroxide and 2 ml of toluene were added. The resultant mixture 

was non-homogeneous. In order to obtain a clear solution, more 2-butanone was 

added (ca I ml) and the mixture was stirred at ambient temperature over night. The 

formed precipitate was filtered off and washed with ether. There was obtained 56 

3 0 mg (51%) of the title compound as white crystals m.p. (decomposition) 247-249°C. 



-
wo 94/27988 PCT /SE94/00509 

5 

The optical purity (e.e.) which was analyzed by chiral column chromatography was 

;:::99.8%. [a]fi0= -44.1° (c=0.5%, water). 

NMR data are given below. 

Example 3. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pvridinyl)methyllsulfinyll-1 H-benzimidazole magnesium salt 

2.9 ml of a 0.1 M solution of NaOH was added to 0.10 g (0.29 mmol) (+)-5-

1 0 methoxy-2-[[ ( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl] -lH

benzimidazole. To this mixture 2 ml methylene chloride was added, and after 

mixing in a separatory funnel the aqueous solution was separated off. A solution 

of 14 mg (0.145 mmol) MgC12 in water was added dropwise. The formed 

precipitate was isolated by centrifugation, and 52 mg (50%) of the product was 

15 isolated as an amorphous powder. The optical purity (e.e.) was 98%, and thus the 

same as the starting material. The optical purity was determined by 

chromatography on an analytical chiral column. [a]fi0= + 101.2° (c=l %, methanol). 

The Mg content of the sample was found to be 3.0%, showri by atomic absorption 

spectroscopy. 

20 

Example 4. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pvridinyl)methyllsulfinyll-1 H-benzimidazole magnesium salt 

(-)-5-methoxy-2-[[ ( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-lH-

25 benzimidazole sodium salt (0.500 g, 1.36 mmol) was dissolved in water (10 ml). 

To this mixture 10 ml of an aqueous solution of MgC12xH2o (138 mg, 0.68 

mmol) was added dropwise and the formed precipitate was isolated by 

centrifugation. There was obtained 418 mg (86%) of the prOduct as a white 

powder. The optical purity~ of the product was 99.8% which was the same as 

30 the optical purity of the starting material. The optical purity was determined by 
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chromatography on an analytical chiral column. [a]f,0= +129.9° (c=1%, methanol). 

Example 5. Preparation of (-)-5-methoxy-2-[[( 4-methoxy-3,5-dimethyl-2-

pvridinyl)methyl]sulfinyl]-1H-benzimidazole magnesium salt 

( + )-5-methoxy-2-[[ ( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-1 H

benzimidazole sodium salt (0.165 g, 0.45 mmol) was dissolved in water (3 ml). To 

this mixture 2 ml of an aqueous solution of MgC12xH20 (46 mg, 0.23 mmol) was 

added dropwise and the formed precipitate was isolated by centrifugation. There 

10 was obtained 85 mg (51%) of the product as a white powder. The optical purity 

@) of the product was 99.9% which was the same or better as the optical purity of 

the starting material. The optical purity was determined by chromatography on an 

analytical chiral column. [aJf,0= -128.2° (c=l%, methanol). 

15 Table 1 

20 

25 

30 

Ex. Solvent NMR data o ppm 

1. DMSO-d6 2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H), 4.37 

500 MHz (d, lH), 4.75 (d, lH), 6.54 (dd, lH), 6.96 (d, lH) 7.30 (d, 

lH), 8.21 (s, lH). 

2. DMSO-d6 2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H), 

500 MHz 4.38 (d, IH), 4.73 (d, lH), 6.54 (dd, 1H), 6.96 (d, IH), 7.31 

(d, 1H), 8.21 (s, lH). 

Preparation of the synthetic intermediates according to the invention will be 

described in the following examples. 
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Example 6. Preparation of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]-(R/S)-sulfinyl]-1-[(R)-mandeloyloxymethyl]-1H-benzimidazole -
A solution of 3.4 g sodium hydroxide in 40 m1 water was added to a mixture of 

5 14.4 g (42 mmol) tetrabutylammonium hydrogen sulphate and 6.4 g (42 mmol) 

(R)-(-)-mandelic acid. The mixture was extracted with 400 m1 chloroform. After 

separation, the organic extract was heated to reflux with 16.6 g (42 mmol) of the 

racemate of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-

1-[chloromethyl]-1H-benzimidazole. Evaporation of the solvent was followed by 

10 dilution with 100 m1 dichloromethane and 700 m1 ethyl acetate. The mixture was 

washed with 3 x 200 m1 water and the organic solution was dried over MgSO 4 and 

then evaporated. The crude material was purified by recrystallization from 100 m1 

acetonitrile, giving 8.1 g of the title compound (38%) as a diastereomeric mixture. 

15 NMR data are given below. 

20 

Example 7. Separation of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-

methoxv-3,5-dimethyl-2-pvridinyl)methyl]-(R/S )-sulfinyl]-1-[(R)

mandeloyloxymethyll-1 H-benzimidazole 

The diastereomers of the title compound in Example 6 were separated using 

reversed phase chromatography (HPLC). Approximately 300 mg of the 

diastereomeric mixture was dissolved in 10 m1 hot acetonitrile which was diluted 

with 10 m1 of a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile 

25 (70/30). The solution was injected to the column and the compounds were eluted 

with a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile (70/30). The 

more hydrophilic isomer was easier to obtain pure than the less hydrophilic one. 

The work up procedure for the fraction which contained pure isomer was as 

follows; extraction with dichloromethane, washing the organic solution with 

30 aqueous 5 % sodium hydrogen carbonate solution, drying over Na2so4 and 
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t\.'II'lG~~ ·-
evaporation of the solvent on a rotavapor (at the end of the evaporation the 

removal of acetonitrile was facilitated by adding more dichloromethane). Using 1.2 

5 

10 

g of the diastereomeric mixture with the above mentioned technique, the more 

hydrophilic isomer, 410 mg, was obtained in a pure state as a colourless syrup. 

NMR data are given below. 

Example 8. Preparation of 6-methoxy-2-[[(4-methoxy-35-dimethyl-2-

pvridinyl)methyll -(R/S )-sulfinyll-1-[(S )-mandeloyloxymethyll-1 H-benzimidazole 

The product was obtained from 8.1 g (202 mmol) sodium hydroxide in 100 ml 

water, 34.4 g (101 mmol) tetrabutylammonium hydrogen sulfate, 15.4 g (101 

mmol) (S)-(+)-mandelic acid and 39.9 g (101 mmol) of the racemate of 6-methoxy-

2-[[( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfmyl]-1-[ chloromethyl]-1 H-

15 benzimidazole using the same procedure as in Example 6. Recrystallization from 

100 ml acetonitrile yielded 21.3 g, i.e. 41% of the title compound as a 

diastereomeric mixture. 

20 

NMR data are given below. 

Example 9. Separation of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-

methoxy-3,5-dimethyl-2-pvridinyl)methyll-(R/S)-sulfinyl]-1-[(S)

mandeloyloxymethyll-1H-benzimidazole -
25 The diastereomers of the title compound in Example 8 were separated using 

reversed phase chromatography (HPLC) in the same way as in Example 7, but 

using the diasteromeric mixture of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]-(R/S )-sulfinyl]-1-[ (S )-mandeloloxymethyl]-1 H-benzimidazole 

instead of the (R)-mandelic ester used in Example 7. Using 2.1 g of the 

30 diastereomeric mixture, the more hydrophilic isomer, 760 mg, was obtained in a 
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pure state as a colourless syrup. 

NMR data are given below. 

5 Example 10. Preparation of (-)-5-methoxy-2-[[(4-methoxy-3.5-dimethyl-2-

pvridinyl)methylJ-sulfinylJ-1 H -benzimidazole -
0.23 g (0.45 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-

methoxy-3,5-dimethyl-2-pyridinyl)methyl] sulfinyl]-1-[ (R)-mandeloy loxymethy 1]-1 H-

10 benzimidazole was dissolved in 15 ml methanol. A solution of 36 mg (0.9 mmol) 

sodium hydroxid in 0.45 ml water was added, and after 10 minutes the mixture 

was evaporated on a rotavapor. The residue was partitioned between 15 ml water 

and 15 m1 dichloromethane. The organic solution was extracted with 15 m1 water 

and to the combined aqueous solutions was added 85 pl (1.4 mmol) methyl 

15 formate. After 15 minutes the mixture was extracted with 3x10 ml 

dichloromethane. The organic solution was dried over Na2so4 and then 

evaporated. There was obtained 0.12 g (77%) of the title compound as a 

colourless syrup. The optical purity (e.e.) which was analyzed by chiral column 

chromatography was 94%. [a]f,0= -155° (c=0.5%, chloroform). 

20 

25 

NMR data are given below 

Example 11. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3.5-dimethyl-2-

pvridinyl)methylJ-su1finyll-1H-benzimidazole 

0.76 g (1.5 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-

methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1-[ (S )-mandeloyloxymethy 1]-1 H

benzimidazole was dissolved in 50 m1 methanol. A solution of 0.12 mg (3.0 mmol) 

sodium hydroxid in 1.5 ml water was added, and after 10 minutes the mixture was 

30 evaporated on a rotavapor. The residue was partitioned between 25 m1 water and 
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25 m1 dichloromethane. The organic solution was extracted with 25 m1 water and 

to the combined aqueous solutions was added 200 pl (3.2 mrnol) methyl formate. 

After 15 minutes the mixture was extracted with 3x25 m1 dichloromethane. The 

organic solution was dried over N~S04 and then evaporated. There was obtained 

5 0.42 g (81 %) of the title compound as a colourless syrup. The optical purity (e.e.) 

which was analyzed by chiral column chromatography was 98%. [a]fiO= + 157° 

(c=0.5%, chloroform). 

NMR data are given below 

10 

Table 2. 

Ex. Solvent NMR data B ppm 

6. CDC13 2.18 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H), 

15 500 MHz 3.77 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 3.87 (s, 3H), 4.80 (d, 

1H), 4.88 (d, lH), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, lH), 

6.54 (d, lH), 6.6-6.7 (m, 2H), 6.90 (d, IH), 6.95-6.98 (m, 

2H), 7.01 (d, IH), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m, 

2H), 7.58 (d, IH), 7.62 {d, IH), 7.95 (s, IH), 7.97 (s, lH). 

20 

7. CDC13 2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 

500 MHz 4.80 (d, lH), 5.00 (d, IH), 5.35 (d, IH), 6.43 (d, IH), 6.63 

(d, IH), 6.90 (d, lH), 6.97 (dd, lH), 7.2-7.3 (m, 3H), 7.37 

(m, 2H), 7.62 (d, lH), 7.97 (s, lH). 

25 

8. CDCI3 2.19 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H), 3.77 

500 MHz (s, 3H), 3.78 (s, 3H), 3.83 (s, 3H), 3.87 (s, 3H), 4.80 (d, IH), 

4.88 (d, lH), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, lH), 6.54 (d, 

IH), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.96-6.98 (m, 2H), 7.01 

30 (d, 1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m, 2H), 7.58 (d, 
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1H) , 7. 62 (d, 1H) , 7. 95 ( s, 1H) I 7. 97 ( s I 1H) . 

2. 2 0 ( s I 3H) I 2. 3 6 ( s I 3H) I 3. 7 8 ( s, 3H) I 3. 82 ( s I 

3H) ,4.80(d,1H) ,5.00(d,1H) ,5.35(d,1H) ,6.43 

(d, 1H) I 6. 63 (d, 1H) 6. 90 (d, 1H) I 6. 97 (dd, 1H) I 

7.2-7.3 (m,3H) ,7.37(m,2H) ,7.62 (d,1H) ,7.97 

(s,1H). 

2.18, (s,3H) ,2.22 (s,3H) ,3.68 (s,3H) ,3.83 (s, 

3H) , 4. 77 (m, 2H) , 6. 93 (dd, 1H), ';:;.7. 0 (b, 1H) , 

';:;.7. 5 ( b I 1H) , 8 . 19 ( s I 1H) . 

2.21(s,3H) ,2.23(s,3H) ,3.69(s,3H) ,3.84(s,3 
\ 

H) , 4 . 7 6 ( m, 2 H) , 6 . 9 4 ( dd, 1 H) , ';:;:, 7 . 0 ( b , 1 H) , = 7 . 5 

(b,1H) ,8.20(s,1H). 

The best mode of carrying out the invention known at 

present is to use the sodium salts of the optically pure 

compounds of the invention, thus the compounds described in 

Example 1 and Example 2. 

Pharmaceutical preparations containing the compounds 

of the invention as active ingredient are illustrated in the 

following formulations. 

Syrup 

A syrup containing 1% (weight per volume) of active 

10 substance was prepared from the following ingredients: 

Compound according to the invention 1.0 g 

Sugar, powder 30.0 g 

Saccharine 0.6 g 

Glycerol 5.0 g 

15 Flavouring agent 0.05 g 

--- - -- ---- -----------
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Ethanol 96% 5.0 g 

Distilled water q.s. to a final volume of 100 ml 

Sugar and saccharine were dissolved in 60 g of warm 

water. After cooling the active compound was added to the 

5 sugar solution and glycerol and a solution of flavouring agents 

dissolved in ethanol were added. The mixture was diluted with 

water to a final volume of 100 ml. 

Enteric-coated tablets 

An enteric coated tablet containing 50 mg of active 

10 compound was prepared from the following ingredients: 

15 

20 

I 

II 

I 

Compound according to the invention 
as Mg salt 

Lactose 

Methyl cellulose 

Polyvinylpyrrolidone cross-linked 

Magnesium stearate 

Sodium carbonate 

Distilled water 

Cellulose acetate phthalate 

Cetyl alcohol 

Isopropanol 

Methylene chloride 

500 g 

700 g 

6 g 

50 g 

15 g 

6 g 

q.s. 

200 g 

15 g 

2000 g 

2000 g 

Compound according to the invention, powder, was 

mixed with lactose and granulated with a water solution of 

25 methyl cellulose and sodium carbonate. The wet mass was forced 
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through a sieve and the granulate dried in an oven. After 

drying the granulate was mixed with polyvinylpyrrolidone and 

magnesium stearate. The dry mixture was pressed into tablet 

cores (10 000 tablets), each tablet containing 50 mg of active 

5 substance, in a tabletting machine using 7 mm diameter punches. 

II A solution of cellulose acetate phthalate and cetyl 

alcohol in isopropanol/methylene chloride was sprayed onto the 

tablets I in an Accela CotaR, Manesty coating equipment. A 

final tablet weight of 110 mg was obtained. 

10 Solution for intravenous administration 

15 

A parenteral formulation for intravenous use, 

containing 4 mg of active compound per ml, was prepared from 

the following ingredients: 

Compound according to the invention 4 g 

Sterile water to a final volume of 1000 ml 

The active compound was dissolved in water to a final 

volume of 1000 ml. The solution was filtered through a 0.22 ~m 

filter and immediately dispensed into 10 ml sterile ampoules. 

The ampoules were sealed. 

20 Capsules 

25 

Capsules containing 30 mg of active compound were 

prepared from the following ingredients: 

Compound according to the invention 300 g 

Lactose 700 g 

Microcrystalline cellulose 40 g 

Hydroxypropyl cellulose low-substituted 62 g 
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Disodium hydrogen phosphate 2 g 

Purified water q.s. 

The active compound was mixed with the dry 

ingredients and granulated with a solution of disodium hydrogen 

5 phosphate. The wet mass was forced through an extruder and 

spheronized and dried in a fluidized bed dryer. 

500 g of the pellets above were first coated with a 

solution of hydroxypropyl methylcellulose, 30 g, in water, 750 

g, using a fluidized bed coater. Afer drying, the pellets were 

10 coated with a second coating as given below: 

Coating solution: 

Hydroxypropyl methylcellulose phthalate 

Cetyl alcohol 

Acetone 

15 Ethanol 

The final coated pellets were filled into capsules. 

Suppositories 

Suppositories were prepared from the following 

ingredients using a welding procedure. Each suppository 

20 contained 40 mg of active compound. 

Compound according to the invention 

Witepsol *H-15 

*Trade-mark 

70 g 

4 g 

200 g 

600 g 

4 g 

180 g 
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The active compound was homogeneously mixed with 

Witepsol* H-15 at a temperature of 41°C. The molten mass was 

volume filled into pre-fabricated suppository packages to a net 

weight of 1.84 g. After cooling the packages were heat sealea. 

5 Each suppository contained 40 mg of active compound. 

Stability towards racemization at different pHs 

The stability of the optically pure compounds of the 

invention towards racemization has been measured at low 

concentrations in refrigerator in aqueous buffer solutions at 

10 pH 8, 9.3, 10 and 11.2. The stereochemical stability was 

measured by comparing the optical purity for the (-)-isomer of 

5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)

methyl]sulfinyl]-1~-benzimidazole in buffer solution 

immediately after dissolving and after several days. The 

15 measurement was performed by chromatography on an analytical 

chiral column. The surprising high stereochemical stability 1n 

alkaline conditions for the compounds of invention is 

exemplified by the fact that no racemization for the test 

compound was obtained at pH 11.2 even after 21 days. At pH 8, 

20 9.3 and 10, the chemical degradation of the compound is more 

apparent which makes the racemization measurement more 

difficult to perform, however at none of these pH values a 

detectable racemization was obtained after 16 days. 

In another racemization experiment with the optically 

pure compounds of the invention, an aqueous phosphate buffer 

solution (pH=11) of the (+)-isomer of 5-methoxy-2-[[(4-methoxy-

3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1~-benzimidazole 

(c=10- 5 M) was warmed for 26 hours at 37°C without any 

racemization at all being observed. 

*Trade-mark 
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Beschreibung 

Die vorliegende Erfindung betrifft eine neue pharmazeutische Zubereitung zur oralen Verabreichung. Sie enthiilt als 
Wirkstoff wenigstens eine saurelabile heterozyklische Verbindung, wie einen Protonenpumpeninhibitor, wobei Omepra-

5 zol besonders bevorzugt ist. Die erfindungsgemiille pharmazeutische Zubereitung ist insbesondere bestimmt zur Be hand
lung von Starungen oder Krankheiten des Gastrointestinaltrakts. Weiterhin betrifft die vorliegende Erfindung ein Verfah
ren zur Herstellung dieser neuen pharmazeutischen Zubereitung. 

Protonenpumpeninhibitoren werden allgemein zur Hemmung der Magensauresekretion sowohl bei Saugetieren als 
auch bei Menschen eingesetzt. 

10 Allgemein werden sie zur Pravention und Behandlung von Storungen oder Krankheiten, die bei der Magensauresekre-
tion auftreten, verwendet, einschlieBlich z. B. Osophagitis, Gastritis, Duodenitis, gastrischem Ulkus und duodenalem Ul
kus. Weiterhin konnen Protonenpumpeninhibitoren zur Behandlung von anderen gastrointestinalen Starungen eingesetzt 
werden, bei denen erwiinscht ist, daB eine Sekretion der Magensaure unterbleibt, z. B. bei Patienten, die sich einer The
rapie mit nichtsteroidalen Antiphlogistika (NSAID) unterziehen. Weiterhin sind Protonenpumpeninhibitoren niitzlich bei 

15 der Behandlung von Heliobakter-Infektion und damit in Zusammenhang stehenden Krankheiten. 
Bekannte Protonenpumpeninhibitoren, die unter ihrem INN Namen bekannt sind, sind z. B. Omeprazol, Lansoprazol, 

Pantoprazol, Pariprazol, Leminoprazol. 
Geeignete Protonenpumpeninhibitoren sind z. B. in EP-A1-0005129, EP-A1-174 726, EP-A1-166 287, 

GB 2 163 747, WO 90/06925, W091/19711, WO 91/19712 beschrieben. 
20 Die unter dem generischen Namen Omeprazol bekannte Substanz (5-Methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridi-

nyl)methyl]sulfinyl]-1H-benzimidazol ist in EP-A1-0 005 129 beschrieben. Bestimmte Omeprazolsalze einschlieBlich 
alkalischer Omeprazolsalze sind in EP-A-0 124 495 und in WO 95/01977 beschrieben. Weiterhin sind Salze von einzel
nen Omeprazolenantiomeren in WO 94/27988 beschrieben. 

Protonenpumpeninhibitoren und insbesondere Omeprazol sind jedoch unter Feuchtigkeits- und SaureeinftuB extrem 
25 instabil. Z.B. liegt die Halbwertszeit des Abbaus von Omeprazol in wasserigen Losungen, die ph-Werte von weniger als 

drei aufweisen, bei weniger als zehn Minuten. Der Abbau von Omeprazol wird von Sauren katalysiert, wahrend alkali
sche Verbindungen zu einer Stabilisierung fiihren (siehe WO 96/24338). Die Stabilitat von Omeprazol wird ebenfalls 
durch Warme, organische Losungsmittel und in gewisser Weise durch Tageslicht beeinftuBt. 

Aufgrund der vorgenannten Stabilitatsprobleme muB der Protonenpumpeninhibitor und insbesondere Omeprazol in 
30 Form von magensaftresistenten Zubereitungen verabreicht werden. Alle bisherigen Ansatze zur oralen Verabreichung 

von Protonenpumpeninhibitoren losen dieses Problem tiber Dareichungsformen, bei denen der Protonenpumpeninhibitor 
bzw. das Omeprazol mit Feststoffen zu festen Arzneiformen verarbeitet wird. Beispielsweise seien hier US-4,853,230 
sowie WO 96/24338 genannt. Ebenso wie in US-4,786,505, EP-0 277 741 und EP-A-0 342 522 werden in der Patentli
teratur Zubereitungen beschrieben, die im wesentlichen aus einem festen Kern bestehen, in dem Omeprazol als stabili-

35 siertes Alkalisalz formuliert ist. Dieser Omeprazol-Kem kann von mehreren Schichten geschiitzt werden. 
WO 96/01623 beschreibt Omeprazoltabletten mit verzogerter Wirkstofffreisetzung, bestehend aus einem Omeprazol

Kemmaterial und dariiberliegenden Beschichtungsschichten. Diese Hiille kann aus ein oder mehreren Schichten beste
hen, wobei insbesondere eine Methacrylsaurecopolymer (L30D-55)-Schicht verwendet wird. 

Daher ist es Aufgabe der Erfindung, eine neue pharmazeutische Zubereitungsform zur oralen Verabreichung, enthal-
40 tend als Wirkstoff wenigstens einen Protoneninhibitor und insbesondere Omeprazol, bereitzustellen, wobei der Proto

nenpumpeninhibitor bzw. Omeprazol nicht mehr mit Feststoffen zu festen Arzneimitteln verarbeitet werden muB. Wei
terhin soll ein Verfahren zur Herstellung dieser neuen pharmazeutischen Zubereitung angegeben werden. 

Diese Aufgabe wird durch die neue pharmazeutische Zubereitung zur oralen Verabreichung gem. Anspruch 1 gelost. 
Die erfindungsgemaBe Zubereitung besteht aus einer gefiillten nahtlosen Kapsel, die ein Kapselfiillmaterial d. h. einen 

45 Inhalt und einen Film zum Beschichten des Inhalts enthiilt. Der Inhalt des Kapselfiillmaterials besteht aus dem wenig
stens einen Wirkstoff, der in einem Losungs- undloder Suspendiermittel gelost bzw. suspendiert ist und ggf. pharmazeu
tisch akzeptablen Tragerstoffen sowie iiblichen Zusatz- und Hilfssubstanzen. Die erfindungsgemaBe gefiillte nahtlose 
Kapsel ist mit mindestens einem Film bzw. einer Schicht beschichtet, so daB die Kapseln die Magenpassage iiberstehen 
und erst im Diinndarm den Wirkstoff freisetzen. 

50 Erfindungsgema/3 wurde festgestellt, daB Omeprazol erstmals in Form von Losungen bzw. Suspensionen ebenfalls zu 
stabilen oralen magensaftresistenten Arzneimitteln verarbeitet werden konnen. 

Die erfindungsgemiille Aufgabe wird weiterhin durch das Verfahren gema/3 Anspruch 13 gelOst. 
In den Unteranspriichen sind vorteilhafte Ausfiihrungsformen der Erfindung enthalten. 
Die Erfindung betrifft daher eine neue pharmazeutische Zubereitungsform zur oralen Verabreichung, enthaltend als 

55 Wirkstoff wenigstens einen Protonenpumpeninhibitor und gegebenenfalls pharmazeutische akzeptable Tragerstoffe, so
wie iibliche Zusatz- und Hilfssubstanzen, wobei die erfindungsgemiille Zubereitung eine gefiillte, nahtlose Kapsell ist, 
enthaltend ein Kapselfiillamterial 2, umfassend den mindestens einen Wirkstoff, der in einem LOsungs- undloder Sus
pendiermittel gelOst bzw. suspendiert ist, und mindestens eine Schicht bzw. einen Film 3 zum Beschichten des Kapsel
fiillmaterials 2. 

60 Weiterhin betrifft die vorliegende Erfindung ein Verfahren zur Herstellung der pharmazeutischen Zubereitung wobei 
man gleichzeitig eine Beschichtungsschicht oder FilmlOsung fiir die nahtlose(n) Kapsel(n) und die Losung undloder Sus
pension des wenigstens einen Wirkstoffes in eine Kiihllosung aus einer konzentrisch angeordneten Mehrfachdiise, die 
wenigstens aus zwei Diisen besteht, extrudiert, wobei die innere Diise einen kleineren Durchmesser als die auBere Diise 
aufweist, und wobei insbesondere die Kiihlftiissigkeit im Bereich des Strahleintritts in diese in den Strahl umhiillende 

65 Schwingungen versetzt wird, und der Strahlstrom unter Anwendung der Grenzftachenspannung kontinuierlich in kleine 
spharische nahtlose Kapseltropfen 1 iiberfiihrt wird. In einer besonderen Ausfiihrungsform des erfindungsgemaBen Ver
fahrens kann man eine Mehrfachdiise mit wenigstens drei Diisen einsetzen, bestehend aus einer AuBendiise und einer In
nendiise und wenigstens einer Zwischendiise, die sich in der Mittelstellung zwischen der AuBen- und Innendiise befindet. 

2 
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Der Durchmesser der drei Di.isen steigt graduell in der vorgenannten Reihenfolge an. Gemiill dem erfindungsgemiillen 
Verfahren wird gleichzeitig eine Filml6sung flir die nahtlose Kapsel, die Losung bzw. die Suspension der Wirksubstanz 
und eine weitere Filmlosung in eine Ktihllosung extrudiert und der Strahlstrom der drei Fltissigkeiten unter Ausnutzung 
der GrenzfHichenspannung kontinuierlich in kleine sphiirische nahtlose Kapseltropfen 1 tiberftihrt. 

GemaB der Erfindung konnen die nahtlosen Kapseln 1 eine GroBe von 0,3 mm bis 10,0 mm im Durchmesser, ins be- 5 

sondere eine GroBe von 0,8 bis 3,0 mm im Durchmesser aufweisen. 
Der Protonenpumpeninhibitor im Inneren der Kapsell ist in einer besonderen Ausfi.ihrungsform durch zwei Schichten 

3 und 4 geschtitzt, einer enterischen Beschichtungsschicht 3 und einer Schicht, die die enterische Besichtungsschicht 4 
von den Protonenpumpeninhibitor abtrennt. ErfindungsgemaB kann die vorgenannte Hi.ille aus einer oder mehreren 
Schichten bestehen. Die Htillen sind so gestaltet, daB die Mikrokapseln die Magenpassage tiberstehen und erst im Dtinn- 10 

darm den Wirkstoff freisetzen. Die so hergestellten Mikrokapseln konnen in Dosen/Sachets oder Kapseln abgefi.illt und/ 
oder unter Zusatz i.iblicher pharmazeutischer Hilfsstoffe zu Tabletten verpreBt werden. 

Als Protonenpumpeninhibitor kommen Stoffe wie Omeprazol, Lansoprazol, Pantoprazol, Pariprazol, Lemiprazol in 
Betracht, wobei Omeprazol bevorzugt ist. Als \Virkstoff kann gemaB einer besonderen Ausfi.ihrungsform der Erfindung 
Omeprazol, ein alkalisches Salz von Omeprazol, ein einzelnes Enantiomer von Omeprazol oder ein alkalisches davon 15 

oder ein Magenesiumsalz von S-Omeprazol eingesetzt werden. 
Bevor die erfindungsgemaBen nahtlosen Kapseln hergestellt werden, muB Omeprazol in einem geeigneten Losungs

und/oder Suspendiermittel gel6st bzw. suspendiert werden. Als geeignetes Losungs- und/oder Suspendiermittel kommen 
ParafinoL mittelkettige Triglyceride, Isopropylmyristat, Pflanzenole, niedrigschmelzende Wachse in Betracht. Diesen 
Losungs- bzw. Suspendiermitteln konnen gegebenenfalls alkalisch reagierende Verbindungen zur Stabilisierung des 20 

Omeprazols zugesetzt werden. Derartig alkalisch reagierende Verbindungen sind z. B. Aminosauren wie Lysin, Arginin, 
Ornitin, Histidin, puffemde Substanzen wie Trometamin, N-Aminozucker wie N-Methyl-D-glukamin (Meglumin), N
Ethyl-D-glukamin (Eglumin), Glukosamin, Dinatrium-N-stearoylglutamat, heterocyclische Aminderivate wie Piperazin, 
N-Methyl-piperazin, Morpholin, Alkalisalze von Zitronensaure, Weinsaure etc., oder Alkalisalze von Fettsauren, oder 
Alkalimetallphosphate, Alkalsilikate oder Alkalikarbonate etc. Besonders bevorzugte alkalisch reagierende Verbindun- 25 

gen zur Stabilisierung sind Harnstoff, Natriumhydrogencarbonat, Natriumhydorgenphosphat und Natriumacetat. 
Die Menge der alkalischen Verbindung sollte etwa 0,1 mmol/g Wirkstoff bis zu 15 mmol/g Wirkstoff betragen. 
Die Htille bzw. die Htillen der erfindungsgemiillen nahtlosen Kapseln konnen aus Gelatine, Agar und/oder Kombina

tionen von Gelatine und/oder Agar mit Pektin und/oder Hydroxypropylmethylcellulose und/oder Chitosan und/oder Po
lyacrylaten bestehen, wobei Methacrylsaurecopolymere (z. B. L30D-55) bevorzugt sein konnen. Die Menge an verwen- 30 

deter Gelatine und/oder Agar oder der vorbeschriebenen Gemische betragt normalerweise 60 bis 90 Gewichtsprozent des 
Gesamtgewichtes des Kapselfilms. Geeignetes niederes Methoxypectin mit einem Molekulargewicht von nicht mehr als 
200 000 und einem Methoxylierungsgrad von 1-6% liegt vorzugsweise in einer Menge von 5-20 Gew.-%, vorzugsweise 
in einer Menge von 10-15 Gew.-%, bezogen auf das Gesamtgewicht des Films, vor. 

Die Beschichtungsschichten konnen ebenfalls pharmazeutisch akzeptable Weichmacher wie z. B. Phtalsaureesterce- 35 

tylalkohol, Polyethylenglykole etc. enthalten. Die Menge an Weichmacher betragt tiblicherweise 15-50 Gew.-%, bezo-
gen auf das Gesamtgewicht der Beschichtung. Urn die saurelabilen Substanzen zu schtitzen, betragt die Schichtdicke der 
Beschichtung wenigstens 10 )1m, vorzugsweise 20 )lffi. 

Das Kapselftillmaterial2 kann neben dem Wirkstoff noch Bindemittel, oberflachenaktive Substanzen, Ftillstoffe und 
andere bekannte Zusatz- und Hilfsstoffe enthalten. Bindemittel sind zum Beispiel Cellulosen wie Hydroxypropylmethyl- 40 

cellulosen, Hydroxypropylcellulose und Carboxymethylcellulose, Polyvinylpyrolidon, Starken und andere Substanzen. 
Der Protonenpumpeninhibitor kann in einer Menge von 5-80 mg, insbesondere in einer Menge von 10-50 mg in der 

Kapselftillung 2 vorliegen. Als Protonenpumpeninhibitor wird Omeprazol besonders bevorzugt. 
Neben den nahtlosen Kapseln mit dem Protonenpumpeninhibitor kann zusatzlich mindestens ein weiterer Wirkstoff 

aus der Gruppe der NSAID wie Ibuprofen, Diclofenac, Piroxicam, Naproxen, Indomethazin, Fenoprofen, Acemetacin, 45 

Flurbiprofen, Ketroprofen oder ein pham1azeutisches Salz davon oder ein Enantiomeres davon vorliegen. \brzugsweise 
liegt der Wirkstoff aus der Gruppe NSAID in einer Dosierung von 20--1000 mg vor. 

In einer anderen Ausfi.ihrungsform der Erfindung kann neben den nahtlosen Kapseln mit dem Protonenpumpeninhibi
tor zusatzlich eine oder mehrere antimikrobiell wirksame Substanzen vorliegen. 

Geeignete antibakteriell wirksame Substanzen schlieBen z. B. Antibiotika, Tetracycline, Nitroimidazole, Penicilline, 50 

Cephalosporine, Carbopenemene, Aminoglykoside, Macrolid-Antibiotika, Linkosamid-Antibiotika, 4-Quinolone, Rifar
nycine, Nitrofurnatoin ein. Beispiele sind: Ampicillin, Amoxicillin, Benzylpenicillin, Phenoxymethylpenicillin, Bacam
picillin, Pivampicillin, Carbenicillin, Cloxacillin, Clyclacillin, Dicloxacillin, Methicillin, Oxacillin, p-Peracillin, Ticar
cilin, Flucloxacillin, Cefuroxime, Cefetamet, Cefetram, Cefixim, Cefoxitin, Ceftazidim, Ceftizoxim, Latamoxef, Cef
operazon, Ceftriaxon, Cefsulodin, Cefotaxim, Cephalexin, Cefaclor, Cefadroxil, Cefalothin, Cefazolin, Cefpodoxim, 55 

Ceftibuten, Aztreonam, Tigemonam, Erythromycin, Dirithromycin, Roxithromycin, Azithromycin, Clarithromycin, 
Clindamycin, Paldimycin, Lincomycin, Vancomycin, Spectinomycin, Tobramycin, Paromomycin, Metronidazol, Tinti
dazol, Omidazol, Amifloxacin, Cinoxacin, Ciprofloxacin, Difloxacin, Enoxacin, Fleroxadin, Norfloxacin, Ofloxacin, Te
mafloxacin, Doxycyclin, Minoclyclin, Tetracyclin, Chlortetracyclin, Oxytetracyclin, Methacyclin, Rolitracyclin, Nitro
furantoin, Nalidixinsaure, Gentamicin, Rifampicin, Amikacin, Netilmicin, Imipenem, Cilastatin, Chloramphenicol, Fu- 60 

razolidone, Nifuroxazide, Sulfadiazin, Sulfametoxazol, Wismutsubsalizylat, kolloidales Wismutsubcitrat, Gramicidin, 
Mecillinam, Cloxiquin, Chlorhexidin, DichlorobenzylalkohoL Methyl-2-pentylphenol, wobei Clarithromycin, Erythro
mycin, Roxithromycin, Azithromycin, Amoxicillin, Metronidazol, Tinidazol und Tretracylin bevorzugt sind. 

65 
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ErfindungsgemaB bevorzugt sind folgende Wirkstoffkombinationen: 

Omeprazol 
Clarithormycin 

5 Metronidazol 

20mg 
250 bzw. 500 mg 
400mg 

10 

In einer anderen Ausfiihrungsform der Erfindung ist eine Kombination von: 

Omeprazol 
Amoxicillin 
Clarithromycin 

20mg 
1000 mg 
500mg 

15 als Ftillmaterial2 bevorzugt. In einer weiteren Ausfiihrungsform der Erfindung wird folgende Kombination als Wirkstoff 
in die nahtlosen Kapseln eingefiillt: 

Omeprazol 
Clarithromycin 

20 Metronidazol 

20mg 
lOOOmg 
400mg 

Gema13 einer besonders bevorzugten Ausftihrungsform der Erfindung, konnen die nahtlosen Kapseln 1 in Hartgelati
nekapseln eingefiillt und konfektioniert werden. In einer anderen Fom1 kann die erfindungsgemal3e pharmazeutische Zu-

25 bereitung die Form einer Tablette aufweisen, die den Protonenpumpeninhibitor in Form von einzelnen, enterisch be
schichteten geftillten nahtlosen Kapseln enthalt, wobei die enterisch Beschichtungsschicht 3 die einzelnen nahtlosen 
Kapseln beschichtet, urn ihnen mechanische Festigkeit zu verleihen, so daB beim Tablettieren der gefiillten nahtlosen 
Kapseln 1 die Saurebestandigkeit der enterischbeschichteten gefiillten nahtlosen Kapseln 1 nicht beeintrachtigt wird. 

Die nahtlosen Kapseln mit den Protoneninhibitoren konnen aber auch als sole he oder zusammen mit weiteren Pulver-
30 granulaten, Pellets in Beuteln oder Dosen bzw. Sachets eingeftillt sein. 

Die Herstellung der erfindungsgemlillen Kapseln (vergleiche Fig. 1 bzw. Fig. 2) erfolgt tiber Zwei- bzw. Dreistoffdti
sen, wobei gleichzeitig eine Beschichtungs- oder Filmlosung ftir die nahtlosen Kapseln und die Losung und der Suspen
sion des Wirkstoffes in eine Ktihllosung aus einer konzentrisch angeordneten Mehrfachdtise extrudiert wird, wobei die 
innere Dtise einen kleineren Durchmesser als die der aul3eren Dtise aufweist. Die Ktihlfitissigkeit wird gegebenenfalls im 

35 Bereich des Strahleintritts in diese in umhtillende Schwingungen versetzt und der Strahlstrom wird unter Ausnutzung der 
Grenzfiachenspannung kontinuierlich in kleine spharische nahtlose Kapseltropfen 1 tiberftihrt. 

Fig. 1 ist eine schematische Darstellung der erfindungsgemaBen Mikrokapsel1 mit einer Htille 3. Omeprazol befindet 
sich in Losung oder Suspension als Kapselfilmmaterial. Fig. 2 zeigt eine Omeprazolmikrokapsel1 mit einer inerten oder 
magensaftresistenten Htille 1 (Schicht 3) oder sowie einer zweiten magensaftresitenten Htille 2 (Schicht 4). 

40 Die Herstellung der erfindungsgemaBen nahtlosen Kapsel erfolgt tiber eine spezielle Technologie. Dabei wird die Lo-
sung des Wirkstoffes 2 in den Dtisenteil einer Zwei- bzw. Dreistoffdtise geleitet und aus der inneren Dtise extrudiert und 
eine viskose Fltissigkeit 3 mit einer Htillsubstanz, die in Wasser unloslich ist, aus einer ringf6rmigen zweiten Dtise ex
trudiert. Gleichzeitig wird eine weitere Losung fiir die Htille 4 aus der auBeren dritten Dtise extrudiert und der Strahl in 
eine Ktihlfitissigkeit eingedtist, so daB die nahtlosen Kapseln 1 der Erfindung erhalten werden. 

45 Die nahtlosen Kapseln 1 konnen dann gegebenenfalls getrocknet und gewaschen werden. 

50 

Im allgemeinen konnen Gelatine und!oder Kombinationen von Gelatine mitPektin usw. als Htillsubstanzen verwendet 
werden. 

Beispiele 

Die folgenden Beispiele sollen die Erfindung naher erlautern, ohne sie einzuschranken. 

Beispiel1 

55 Im folgenden soH die Herstellung der Omeprazolmikrokapseln gemaB Fig. 1 beschrieben werden. Die Mikrokapsel 
hat folgende Zusammensetzung: 

60 

65 
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Zusammensetzung einer Mikrokapsel 

Ausfiihrungsbeispiel zu Fig. 1 

FOIIung: Omeprazol 0,40 mg Verhaltnis 
5 

(Losung (a)) 70% 

Natriumlaurylsulfat 0,001 mg 
10 

Paraffinol 8,00 mg 

HOlle: Gelatine 1,823 mg 20% 
15 

{Losung (b)) 

Gummiarab. 0,351 mg 
20 

Pektin 0,687 mg 

= 11,262 
mg 25 

50 dieser Mikrokapseln werden in konventionelle Hartgelatinekapseln abgefiillt. 
Unter Verwendung einer konzentrischen Doppeldiise wurde eine Omeprazollosung, die ParafinOl und Natriumlauryl

sulfat enthielt (Losung (a)), aus der inneren Dlise extrudiert und eine Gelatine/Gummi-Arabikum/PektinlOsung auf 80°C 
erhitzt (Losung (b)) und aus einer auBeren Dlise zur gleichen Zeit in einem Verhilltnis von 70% zu 20% ein Klihlmittel: in 30 

PflanzenOl extrudiert, das eine Temperatur von etwa l2°C aufwies und eine Stromungsgeschwindigkeit von 0,3 m/Se
kunde hatte. Die erhaltenen Kapseln wurden getrocknet. 

Beispiel2 

Im folgenden wird die Herstellung der in Fig. 2 beschriebenen gecoateten Mikrokapseln beschrieben. Die Mikrokap
seln batten folgende Zusammensetzung. 

5 
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Fullung: Omeprazol 0,44 mg Verh~Htnis 

{Losung (a)) 65% 

Cetiol HE 1,25 mg 

Paraffinol 7,00 mg 

Dinatriummonohydro- 0,05 mg 
genphosphat 

Natriumlaurylsulfat 0,002 mg 

= 8,742 mg 

HOlle 1: Gelatine 1,537 mg 
{Losung (b)) 20% 

Gummiarab. 0,374 mg 

Pectin 0,483 mg 

= 2,394 mg 

Hlille 2: Eudragit L 100 1,038 mg 
(Losung (c)) 15% 

Triethylcitrat 0,085 mg 

Talkum 0,256 mg 

Titandioxid 0,132 mg 

Die Mikrokapseln wurden in Hartgelatinekapseln oder Sachets abgeflillt. Im Unterschied zu Fig. 1 wurde hier eine 
Dreistoffdiise verwendet und LOsungen der Hiillen (LOsung (b)), Losung (c)) sowie Losungen mit den Wirkstoffen (Lo
sung (a)) in einem Verhaltnis von 65%: 20% :15% gleichzeitig in PfianzenOl mit einer Temperatur von l2°C extrudiert. 
Die Mikrogelatinekapseln wurden wie oben beschrieben getrocknet und in Hartgelatinekapseln oder Sachets abgeflillt. 

Beispiel3 

Es wurde eine gecoatete Mikrokapsel mit einer Dreistoffdiise, wie dies in Beispiel2 beschrieben ist, mit den folgenden 
Zusammensetzungen hergestellt. 

6 
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Zusammensetzung einer gecoateten Mikrokapsel 

FQ!Iung: Omeprazol 0,50 mg Verhaltnis 
(Losung {a)) 65% 5 

Mittelkettige Triglyce- 6,03 mg 
ride 

Natriumhydorgen- 0,0025 mg 
10 

phosphat 

Natriumlautylsu!fat 0,002 mg 
15 

= 6,5345 mg 

HOlle: Gelatine 
20 

1,625 mg 
(Losung (b)) 20% 

Gummiarab. 0,234 mg 
25 

Pectin 0,526 mg 

= 2,385 mg 30 

HOlle 2: HPMC phthalat 0,938 mg 
(Losung (c)) 15% 

35 

Diethyl phthalat 0,023 mg 

0,961 mg 40 

= 9,8805 mg 
45 

Die Mikrokapseln wurden dann weiter zu einer Tablette weiterverarbeitet mit der folgenden Tablettiermischung: 

Omeprazol 

Mikrokapseln 40 Stuck 395,22 mg 
50 

Maisstarke 225,00 mg 

Mikrokrista!line Cellulose 375,00 mg 55 

Aerosil 200 5,00 mg 

Magnesiumstearat 10,00 mg 60 

= 1010,22 mg 

65 
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Bezugszeichenliste 

1 nahtlose Kapsel 
2 Kapselfiillmaterial 

5 3 Hiille 1 (inert) und/oder magensaftresistent 
4 Hiille 2 magensaftresistent 

10 

* Omeprazol in Suspension oder Losung 

Patentanspriiche 

1. Pharmazeutische Zubereitung zur oralen Verabreichung, enthaltend als Wirkstoff wenigstens einen Protonen
pumpeninhibitor und gegebenenfalls pharmazeutisch akzeptable Tragerstoffe, sowie iibliche Zusatz- und Hilfssub
stanzen, dadurch gekennzeichnet, daB die Zubereitung eine gefiillte, nahtlose Kapsel (1) ist, enthaltend ein Kap
selftillmaterial (2) umfassend den min des tens einen Wirkstoff, der in einem Losungs- und/oder Suspendiermittel ge-

15 lOst bzw. suspendiert ist, und mindestens eine Schicht bzw. einen Film (3) zum Beschichten des Kapselfiillmaterials 
(2). 
2. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB Anspruch 1, dadurch gekennzeichnet, daB die 
Kapseln eine GroBe von 0,3 mm bis 10 mm im Durchmesser aufweisen. 
3. Pharmazeutische Zubereitung zur oralen Verabreichung nach Anspruch 1, dadurch gekennzeichnet, daB die Kap-

20 seln eine GroBe von 0,8 mm bis 3 mm im Durchmesser aufweisen. 
4. Pharmazeutische Zubereitung zur oralen Verabreichung nach einem der vorhergehenden Anspriiche 1 bis 3, da
durch gekennzeichnet, daB der Protonenpumpeninhibitor durch zwei Schichten (3, 4) geschlitzt ist, eine enterische 
Beschichtungsschicht (4) und einen Film bzw. eine Schicht (3), die die enterische Beschichtungsschicht (4) von 
dem Protonenpumpeninhibitor abtrennt. 

25 5. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 4, 
dadurch gekennzeichnet, daB der Protonenpumpeninhibitor Omeprazol, ein alkalisches Salz von Omeprazol, ein 
einzelnes Enantiomer von Omeprazol oder ein alkalisches Salz davon oder das Magnesiumsalz von S-Omeprazol 
ist. 
6. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der Anspriiche 1 bis 5, dadurch gekenn-

30 zeichnet, daB der Protonenpumpeninhibitor in einer Menge von 5 mg bis 80 mg, insbesondere in einer Menge von 
10 mg bis 50 mg in der Kapselfiillung (2) vorliegt. 
7. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 6, 
dadurch gekennzeichnet, daB das Losungs- und/oder Suspendiermittel eine alkalisch reagierende Verbindung zur 
Stabilisierung des Protonenpumpeninhibitors enthillt. 

35 8. Pharmazeutische Zubereitung einer oralen Verabreichung gemaB einem der vorhergehenden Ansprliche 1 bis 7, 
dadurch gekennzeichnet, daB sie neben den nahtlosen Kapseln mit dem Protonenpumpeninhibitor zusatzlich einen 
oder mehrere Wirkstoffe aus der Gruppe der NSAID wie Ibuprofen, Diclofenac, Piroxicam, Naproxen, Indometha
zin, Fenoprofen, Acemetacin, Flurbiprofen, Uetroprofen oder pharmazeutisches Salz oder ein Enantiomeres davon 
enthillt. 

40 9. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 8, 
daB sie die neben den nahtlosen Kapseln mit dem Protonenpumpeninhibitor zusatzlich ein oder mehrere Antibiotika 
enthillt. 
10. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 9, 
dadurch gekennzeichnet, daB sie in Form einer Hartgelatinekapsel vorliegt, in der die nahtlosen Kapseln (1) gemaB 

45 einem der vorhergehenden Ansprliche 1 bis 9 enthalten sind. 
11. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 9, 
dadurch gekennzeichnet, daB sie in Form einer Tablette vorliegt, die den Protonenpumpeninhibitor in Form von ein
zelnen, enterisch beschichteten, geftillten nahtlosen Kapseln (1) enthillt, wobei die enterische Beschichtungsschicht 
(3) die einzelnen nahtlosen Kapseln beschichtet, urn ihnen mechanische Festigkeit zu verleihen, so daB beim Tablet-

50 tieren der gefiillten nahtlosen Kapseln (1), die Saurebestandigkeit der enterisch beschichteten, geftillten nahtlosen 
Kapseln (1) nicht beeintrachtigt wird. 
12. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 8, 
dadurch gekennzeichnet daB die nathlosen Kapseln mit dem Protonenpumpeninhibitor als solche oder zusammen 
mit weiterem Pulvergranulat oder Pellets in Beuteln oder Dosen bzw. Sachets geftillt sind. 

55 13. Verfahren zum Herstellen der pharmazeutischen Zubereitung gemaB einem der vorhergehenden Anspriiche 1 
bis 9, dadurch gekennzeichnet, daB man gleichzeitig eine Beschichtungs- oder Filmlosung ftir die nahtlose(n) Kap
sel(n) (1) und die Losung und/oder Suspension des wenigstens einen Wirkstoffes in eine Kiihllosung aus einer kon
zentrisch angeordneten Mehrfachdiise, die aus wenigstens zwei Diisen besteht, extrudiert, wobei die innere Diise ei
nen kleineren Durchmesser als die auBere Diise aufweist, wobei insbesondere die Kiihlfliissigkeit im Bereich des 

60 Strahleintritts in diese in den Strahl umhiillende Schwingungen versetzt wird, und der Strahlstrom unter Ausnut
zung der Grenzflachenspannung kontinuierlich in kleine spharische nahtlose Kapseltropfen (1) iiberftihrt wird. 
14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, daB die zunachst einfach mikroverkapselte Wirkstofflo
sung bzw. -suspension im nachsten Schritt in einer Wirbelschicht mit einem weiteren magensaftresistenten Uberzug 
( 4) versehen wird. 

65 15. Verfahren nach Anspruch 13, dadurch gekennzeichnet, daB man eine Mehrfachdiise mit wenigstens drei Diisen 
einsetzt, bestehend aus einer AuBendlise und einer Innendiise und wenigstens einer Zwischendiise, die sich in der 
Mittelstellung zwischen der AuBen- und Innendlise befindet, wobei der Durchmesser der drei Diisen graduell in die
ser Reihenfolge ansteigt, und gleichzeitig eine Filml6sung flir die nahtlose Kapsel, die Losung bzw. die Suspension 

8 
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der Wirksubstanz und eine weitere Filmlosung in eine Kiihllosung extrudiert und der Strahlstrom der drei Fliissig
keiten unter Ausnutzung der GrenzfHichenspannung kontinuierlich in kleine spharische, nahtlose Kapseltropfen (1) 
iiberruhrt wird. 
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Besch rei bung 

[0001] Die vorliegende Erfindung betrifft eine neue pharmazeutische Zubereitung zur oralen Verabreichung. 
Sie enthalt als Wirkstoff wenigstens einen Protonenpumpeninhibitor als saurelabile heterozyklische Verbin
dung, wobei Omeprazol besonders bevorzugt ist. Die erfindungsgema~e pharmazeutische Zubereitung ist ins
besondere bestimmt zur Behandlung von Storungen oder Krankheiten des Gastrointestinaltrakts. Weiterhin 
betrifft die vorliegende Erfindung ein Verfahren zur Herstellung dieser neuen pharmazeutischen Zubereitung. 

Stand der Technik 

[0002] Protonenpumpeninhibitoren werden allgemein zur Hemmung der Magensauresekretion sowohl bei 
Saugetieren als auch bei Menschen eingesetzt. 

[0003] Allgemein werden sie zur Pravention und Behandlung von Storungen oder Krankheiten, die bei der 
Magensauresekretion auftreten, verwendet, einschlie~lich z. B. Osophagitis, Gastritis, Duodenitis, gastri
schem Ulkus und duodenalem Ulkus. Weiterhin konnen Protonenpumpeninhibitoren zur Behandlung von an
deren gastrointestinalen Storungen eingesetzt werden, bei denen erwunscht ist, da~ eine Sekretion der Ma
gensaure unterbleibt, z.B. bei Patienten, die sich einer Therapie mit nichtsteroidalen Antiphlogistika (NSAID) 
unterziehen. Weiterhin sind Protonenpumpeninhibitoren nutzlich bei der Behandlung von Helicobacter lnfekti
on und damit in Zusammenhang stehenden Krankheiten. 

[0004] Bekannte Protonenpumpeninhibitoren, die unter ihrem INN Namen bekannt sind, sind z.B. Omeprazol, 
Lansoprazol, Pantoprazol, Pariprazol, Leminoprazol. 

[0005] Geeignete Protonenpumpeninhibitoren sind z. B. in EP-0005129 A1, EP-174 726 A1, EP-166 287 A1, 
GB 2 163 747 A, W090/06925 A1, W091/19711 A1, W091/19712 A1 beschrieben. 

[0006] Die unter dem generischen Namen Omeprazol bekannte Substanz (5-Methoxy-2 [[(4-methoxy-3,5-di
methyl-2-pyridinyl)methyl]sulfinyl]-1 H-benzimidazol ist in EP-0005 129 A 1 beschrieben. Bestimmte Omepra
zolsalze einschlie~lich alkalischer Omeprazolsalze sind in EP-0 124 495 A2 und in W095/01977 A 1 beschrie
ben. Weiterhin sind Salze von einzelnen Omeprazolenantiomeren in W094/27988 A 1 beschrieben. 

[0007] Protonenpumpeninhibitoren und insbesondere Omeprazol sind jedoch unter Feuchtigkeits- und Sau
reeinflu~ extrem instabil. Z.B. liegt die Halbwertszeit des Abbaus von Omeprazol in wassrigen Losungen, die 
ph-Werte von weniger als drei aufweisen, bei weniger als zehn Minuten. Der Abbau von Omeprazol wird von 
Sauren katalysiert, wah rend alkalische Verbindungen zu einer Stabilisierung fUhren (siehe W096/24338 A 1 ). 
Die Stabilitat von Omeprazol wird ebenfalls durch Warme, organische Losungsmittel und in gewisser Weise 
durch Tageslicht beeinflu~t. 

[0008] Aufgrund der vorgenannten Stabilitatsprobleme mu~ der Protonenpumpeninhibitor und insbesondere 
Omeprazol in Form von magensaftresistenten Zubereitungen verabreicht werden. Aile bisherigen Ansatze zur 
oralen Verabreichung von Protonenpumpeninhibitoren 16sen dieses Problem uber Dareichungsformen, bei de
nen der Protonenpumpeninhibitor bzw. das Omeprazol mit Feststoffen zu festen Arzneiformen verarbeitet wird. 
Beispielsweise seien hier US-4,853,230 A sowie W096/24338 A1 genannt. Ebenso wie in US-4,786,50 A, 
EP-0 277 741 A1 und EP-0 342 522 A1 werden in der Patentliteratur Zubereitungen beschrieben, die im we
sentlichen aus einem festen Kern bestehen, in dem Omeprazol als stabilisiertes Alkalisalz formuliert ist. Dieser 
Omeprazoi-Kern kann von mehreren Schichten geschutzt werden. 

[0009] W096/01623 A1 beschreibt Omeprazoltabletten mit verzogerter Wirkstofffreisetzung, bestehend aus 
einem Omeprazoi-Kernmaterial und daruberliegenden Beschichtungsschichten. Diese HOlle kann aus ein oder 
mehreren Schichten bestehen, wobei insbesondere eine Methacrylsaurecopolymer (L30D-55)-Schicht ver
wendet wird. 

Aufgabenstellung 

[0010] Daher ist es Aufgabe der Erfindung, eine neue pharmazeutische Zubereitungsform zur oralen Verab
reichung, enthaltend als Wirkstoff wenigstens einen Protonenpumpeninhibitor und insbesondere Omeprazol, 
bereitzustellen, wobei der Protonenpumpeninhibitor bzw. Omeprazol nicht mehr mit Feststoffen zu festen Arn
zeimitteln verarbeitet werden mu~. Weiterhin soli ein Verfahren zur Herstellung dieser neuen pharmazeuti
schen Zubereitung angegeben werden. 

2/10 
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[0011] Diese Aufgabe wird durch die neue pharmazeutische Zubereitung zur oralen Verabreichung gem. An
spruch 1 gelost. Die erfindungsgemar..e Zubereitung besteht aus einer gefUIIten nahtlosen Kapsel, die ein Kap
selfUIImaterial d.h. einen lnhalt und einen Film zum Beschichten des lnhalts enthalt. Der lnhalt des KapselfUII
materials besteht aus dem wenigstens einen Wirkstoff, der in einem Losungs- und/oder Suspendiermittel ge
lost bzw. suspendiert ist und ggf. pharmazeutisch akzeptablen Tragerstoffen sowie Oblichen Zusatz- und Hilfs
substanzen. Die erfindungsgemar..e gefUIIte nahtlose Kapsel ist mit mindestens einem Film bzw. einer Schicht 
beschichtet, so dar.. die Kapseln die Magenpassage Oberstehen und erst im DOnndarm den Wirkstoff freiset
zen. 

[0012] Erfindungsgemar.. wurde festgestellt, dar.. Omeprazol erstmals in Form von Losungen bzw. Suspensi
onen ebenfalls zu stabilen oralen magensaftresistenten Arzneimitteln verarbeitet werden kann. 

[0013] Die erfindungsgemar..e Aufgabe wird weiterhin durch die Verfahren gemar.. AnsprOchen 6 und 7 gelost. 

[0014] Die Erfindung betrifft daher eine neue pharmazeutische Zubereitungsform zur oralen Verabreichung, 
enthaltend als Wirkstoff wenigstens einen Protonenpumpeninhibitor und gegebenenfalls pharmazeutische ak
zeptable Tragerstoffe, sowie Obliche Zusatz- und Hilfssubstanzen, wobei die erfindungsgemar..e Zubereitung 
in Form einer Tablette vorliegt, die einzelne, enterisch beschichtete nahtlose Kapseln (1) umfasst, in denene 
der mindestens eine Protonenpumpeninhibitor in eienm Losungs- und/oder Suspendiermittel gelost bzw. sus
pendiert enthalten ist. 

[0015] Weiterhin betrifft die vorliegende Erfindung ein Verfahren zur Herstellung der pharmazeutischen Zube
reitung, wobei man gleichzeitig eine Beschichtungsschicht oder Filmlosung fUr die nahtlose(n) Kapsel(n) und 
die Losung und/oder Suspension des wenigstens einen Wirkstoffes in eine KOhllosung aus einer konzentrisch 
angeordneten MehrfachdOse, die wenigstens aus zwei DOsen besteht, extrudiert, wobei die innere DOse einen 
kleineren Durchmesser als die aur..ere DOse aufweist, und wobei insbesondere die KOhlfiOssigkeit im Bereich 
des Strahleintritts in diese in den Strahl umhOIIende Schwingungen versetzt wird, und der Strahlstrom unter 
Anwendung der Grenzflachenspannung kontinuierlich in kleine spharische nahtlose Kapseltropfen 1 OberfOhrt 
wird. In einer besonderen AusfUhrungsform des erfindungsgemar..en Verfahrens kann man eine MehrfachdOse 
mit wenigstens zwei DOsen einsetzen, wobei die zunachst einfach mikroverkapselte Wirkstofflosung bzw. -sus
pension im nachsten Schritt in einer Wirbelschicht mit einem weiteren enterischen Oberzug versehen wird. In 
einer weiteren besonderen AusfUhrungsform des erfindungsgemar..en Verfahrens kann man eine MehrfachdO
se mit wenigstens drei DOsen einsetzen, bestehend aus einer Aul1end0se und einer lnnendOse und wenigs
tens einer ZwischendOse, die sich in der Mittelstellung zwischen der Aur..en- und lnnendOse befindet. Der 
Durchmesser der drei DOsen nimmt graduell in der vorgenannten Reihenfolge a b. Gemar.. dem erfindungsge
mar..en Verfahren wird gleichzeitig eine Filmlosung fUr die nahtlose Kapsel, die Losung bzw. die Suspension 
der Wirksubstanz und eine weitere Filmlosung in eine KOhllosung extrudiert und der Strahlstrom der drei FI0-
11igkeiten unter Ausnutzung der Grenzflachenspannung kontinuierlich in kleine spharische nahtlose Kap
seltropfen 1 OberfOhrt. 

[0016] Gemar.. der Erfindung konnen die nahtlosen Kapseln 1 eine Gror..e von 0,3 mm bis 10,0 mm im Durch
messer, insbesondere eine Gror..e von 0,8 bis 3,0 mm im Durchmesser aufweisen. 

[0017] Der Protonenpumpeninhibitor im lnneren der Kapsel1 ist in einer besonderen AusfUhrungsform durch 
zwei Schichten 3 und 4 geschOtzt, einer enterischen Beschichtungsschicht 4 und einer Schicht 3, die die en
terische Beschichtungsschicht 4 von dem Protonenpumpeninhibitor abtrennt. Erfindungsgemar.. kann die vor
genannte HOlle aus einer oder mehreren Schichten bestehen. Die HOllen sind so gestaltet, dar.. die Mikrokap
seln die Magenpassage Oberstehen und erst im DOnndarm den Wirkstoff freisetzen. Die so hergestellten Mi
krokapseln konnen unter Zusatz Oblicher pharmazeutischer Hilfsstoffe zu Tabletten verprer..t werden. 

[0018] Als Protonenpumpeninhibitor kommen Stoffe wie Omeprazol, Lansoprazol, Pantoprazol, Pariprazol, 
Lemiprazol in Betracht, wobei Omeprazol bevorzugt ist. Als Wirkstoff kann gemar.. einer besonderen AusfUh
rungsform der Erfindung Omeprazol, ein alkalisches Salz von Omeprazol, ein einzelnes Enantiomer von Ome
prazol oder ein alkalisches davon oder ein magnesiumsalz von S-Omeprazol eingesetzt werden. 

[0019] Bevor die erfindungsgemar..en nahtlosen Kapseln hergestellt werden, mur.. Omeprazol in einem geeig
neten Losungs- und/oder Suspendiermittel gelost bzw. suspendiert werden. Als geeignetes Losungs- und/oder 
Suspendiermittel kommen Paraffinol, mittelkettige Triglyceride, lsopropylmyristat, Pflanzenole, niedrigschmel
zende Wachse in Betracht. Diesen Losungs- bzw. Suspendiermitteln konnen gegebenenfalls alkalisch reagie
rende Verbindungen zur Stabilisierung des Omeprazols zugesetzt werden. Derartig alkalisch reagierende Ver-
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bindungen sind z.B. Aminosauren wie Lysin, Arginin, Ornitin, Histidin, puffernde Substanzen wie Trometamin, 
N-Aminozucker wie N-Methyi-D-glukamin (Meglumin), N-Ethyi-D-glukamin (Eglumin), Glukosamin, Dinatri
um-N-stearoylglutamat, heterocyclische Aminderivate wie Piperazin, N-Methyl-piperazin, Morpholin, Alkalisal
ze von Zitronensaure, Weinsaure etc., oder Alkalisalze von Fettsauren, oder Alkalimetallphosphate, Alkallsili
kate oder Alkalicarbonate oder etc .. Besonders bevorzugte alkalisch reagierende Verbindungen zur Stabilisie
rung sind Harnstoff, Natriumhydrogencarbonat, Natriumhydrogenphosphat und Natriumacetat. 

[0020] Die Menge der alkalischen Verbindung sollte etwa 0,1 mmol/g Wirkstoff bis zu 15 mmol/g Wirkstoff be
tragen. 

[0021] Die HOlle bzw. die HOllen der erfindungsgemaBen nahtlosen Kapseln konnen aus Gelatine, Agar 
und/oder Kombinationen von Gelatine und/oder Agar mit Pektin und/oder Hydroxypropylmethylcellulose 
und/oder Chitosan und/oder Polyacrylaten bestehen, wobei Methacrylsaurecopolymere (z.B. L30D-55) bevor
zugt sein konnen. Die Menge an verwendeter Gelatine und/oder Agar oder der vorbeschriebenen Gemische 
betragt normalerweise 60 bis 90 Gewichtsprozent des Gesamtgewichtes des Kapselfilms. Geeignetes niede
res Methoxypectin mit einem Molekulargewicht von nicht mehr als 200 000 und einem Methoxylierungsgrad 
von 1-6 % liegt vorzugsweise in einer Menge von 5-20 Gew.%, vorzugsweise in einer Menge von 10-15 
Gew. %, bezogen auf das Gesamtgewicht des Films, vor. 

[0022] Die Beschichtungsschichten konnen ebenfalls pharmazeutisch akzeptable Weichmacher wie z.B. 
Phtalsaureestercetylalkohol, Polyethylenglykole etc. enthalten. Die Menge an Weichmacher betragt Oblicher
weise 15-50 Gew.-%., bezogen auf das Gesamtgewicht der Beschichtung. Urn die saurelabilen Substanzen 
zu schOtzen, betragt die Schichtdicke der Beschichtung wenigstens 10 IJm, vorzugsweise 20 IJm. 

[0023] Das Kapseltollmaterial 2 kann neben dem Wirkstoff noch Bindemittel, oberflachenaktive Substanzen, 
FOIIstoffe und andere bekannte Zusatz- und Hilfsstoffe enthalten. Bindemittel sind zum Beispiel Cellulosen wie 
Hyd roxypropyl methylcell ulose, Hyd roxypropylcellulose u nd Carboxymethylcell ulose, Polyvinyl pyrroll idone, 
Starken und andere Substanzen. 

[0024] Der Protonenpumpeninhibitor kann in einer Menge von 5-80 mg, insbesondere in einer Menge von 
10-50 mg in der Kapseltollung 2 vorliegen. Als Protonenpumpeninhibitor wird Omeprazol besonders bevor
zugt. 

[0025] Die nahtlosen Kapseln konnen neben dem Protonenenpumpeninhibitor zusatzlich mindestens einen 
weiteren Wirkstoff aus der Gruppe der NSAID wie Ibuprofen, Diclofenac, Piroxicam, Naproxen, lndometacin, 
Fenoprofen, Acemetacin, Flurbiprofen, Ketoprofen oder ein pharmazeutisches Salz davon oder ein Enantio
meres davon enthalten. Vorzugsweise liegt der Wirkstoff aus der Gruppe NSAID in einer Dosierung von 
20-1 000 mg vor. 

[0026] In einer anderen Austohrungsform der Erfindung konnen die nahtlosen Kapseln neben dem Protonen
pumpeninhibitor zusatzlich eine oder mehrere antimikrobiell wirksame Substanzen enthalten. 

[0027] Geeignete antibakteriell wirksame Substanzen schlieBen z.B. Antibiotika, Tetracycline, Nitroimidazole, 
Penicilline, Cephalosporine, Carbopenemene, Aminoglykoside, makrolid-Antibiotika, Linkosamid-Antibiotika, 
4-Quinolone, Rifamycine, Nitrofurantoin ein. Beispiele sind: Ampicillin, Amoxicillin, Benzylpenicillin, Phenoxy
methylpenicillin, Bacampicillin, Pivampicillin, Carbenicillin, Cloxacillin, Clyclacillin, Dicloxacillin, Methicillin, 
Oxacillin, p-Peracillin, Ticarcillin, Flucloxacillin, Cefuroxim, Cefetamet, Cefetram, Cefixim, Cefoxitin, Ceftazi
dim, Ceftizoxim, Latamoxef, Cefoperazon, Ceftriaxon, Cefsulodin, Cefotaxim, Cephalexin, Cefaclor, Cefadro
xil, Cefalothin, Cefazolin, Cefpodoxim, Ceftibuten, Aztreonam, Tigemonam, Erythromycin, Dirithromycin, Rox
ithromycin, Azithromycin, Clarithromycin, Clindamycin, Paldimycin, Lincomycin, Vancomycin, Spectinomycin, 
Tobramycin, Paromomycin, Metronidazol, Tintidazol, Ornidazol, Amifloxacin, Cinoxacin, Ciprofloxacin, Difloxa
cin, Enoxacin, Fleroxacin, Norfloxacin, Ofloxacin, Temafloxacin, Doxycyclin, Minoclyclin, Tetracyclin, Chlorte
tracyclin, Oxytetracyclin, Methacyclin, Rolitracyclin, Nitrofurantoin, Nalidixinsaure, Gentamicin, Rifampicin, 
Amikacin, Netilmicin, lmipenem, Cilastatin, Chloramphenicol, Furazolidone, Nifuroxazide, Sulfadiazin, Sulfa
metoxazol, Wismutsubsalizylat, kolloidales Wismutsubcitrat, Gramicidin, Mecillinam, Cloxiquin, Chlorhexidin, 
Dichlorbenzylalkohol, Methyl-2-pentylphenol, wobei Clarithromycin, Erythromycin, Roxithromycin, Azithromy
cin, Amoxicillin, Metronidazol, Tinidazol und Tretracylin bevorzugt sind. 

[0028] In einer weiteren Austohrungsform der Erfindung kann die tablettierte nahtlose mikroverkapselte Wirk
stofflosung bzw. -suspension neben dem Protonenpumpeninhibitor eine oder mehrere antimikrobiell wirksame 
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Substanzen und einen oder mehrere Wirkstoffe aus der Gruppe der NSAID enthalten, wobei geeignete Antibi
otika und NSAID die bereits oben ausgefUhrten Wirkstoffklassen und Wirkstoffe umfassen konnen. 

[0029] Erfindungsgema~ bevorzugt sind folgende Wirkstoffkombinationen: 

Omeprazol 
Clarithromycin 
Metronidazol 

20 mg, 
250 bzw. 500 mg 

400 mg. 

[0030] In einer anderen AusfUhrungsform der Erfindung ist eine Kombination von: 

Omeprazol 
Amoxicillin 
Clarithromycin 

20 mg 
1000 mg 
500 mg 

als FOil material 2 bevorzugt. In einer weiteren AusfOhrungsform der Erfindung wird folgende Kombination als 
Wirkstoff in die nahtlosen Kapseln eingefUIIt: 

Omeprazol 
Clarithromycin 
Metronidazol 

20 mg 
1000 mg 
400 mg 

[0031] Gema~ der Erfindung, weist die erfindungsgema~e pharmazeutische Zubereitung die Form einer Ta
blette auf, die den Protonenpumpeninhibitor in Form von einzelnen, enterisch beschichteten gefUIIten nahtlo
sen Kapseln enthalt, wobei die enterische Beschichtungsschicht 4 die einzelnen nahtlosen Kapseln beschich
tet, um ihnen mechanische Festigkeit zu verleihen, so da~ beim Tablettieren der gefUIIten nahtlosen Kapseln 
1 die Saurebestandigkeit der enterisch beschichteten gefUIIten nahtlosen Kapseln 1 nicht beeintrachtigt wird. 

[0032] Die Herstellung der erfindungsgema~en Kapseln (vergleiche Fig. 1 bzw. Fig. 2) erfolgt Ober Zwei
bzw. DreistoffdOsen, wobei gleichzeitig eine Beschichtungs- oder Filmlosung fUr die nahtlosen Kapseln und die 
Losung und/oder die Suspension des Wirkstoffes in eine KOhllosung aus einer konzentrisch angeordneten 
MehrfachdOse extrudiert wird, wobei die innere DOse einen kleineren Durchmesser als die der au~eren DOse 
aufweist. Die KOhlfiOssigkeit wird gegebenenfalls im Bereich des Strahleintritts in diese in umhOIIende Schwin
gungen versetzt und der Strahlstrom wird unter Ausnutzung der Grenzflachenspannung kontinuierlich in kleine 
spharische nahtlose Kapseltropfen 1 OberfOhrt. 

[0033] Fig. 1 ist eine schematische Darstellung der erfindungsgema~en Mikrokapsel 1 mit einer HOlle 3. 
Omeprazol befindet sich in Losung oder Suspension als KapselfUIImaterial. Fig. 2 zeigt eine Omeprazolmik
rokapsel 1 mit einer inerten oder magensaftresistenten HOlle 1 (Schicht 3) sowie einer zweiten magensaftresi
tenten HOlle 2 (Schicht 4). 

[0034] Die Herstellung der erfindungsgema~en nahtlosen Kapsel erfolgt Ober eine spezielle Technologie. Da
bei wird die Losung des Wirkstoffes 2 in den DOsenteil einer Zwei- bzw. DreistoffdOse geleitet und aus der in
neren DOse extrudiert und eine viskose FIOssigkeit 3 mit einer HOIIsubstanz, die in Wasser unloslich ist, aus 
einer ringformigen zweiten DOse extrudiert. Gleichzeitig wird eine weitere Losung fUr die HOlle 4 aus der au~e
ren dritten DOse extrudiert und der Strahl in eine KOhlfiOssigkeit eingedOst, soda~ die nahtlosen Kapseln 1 der 
Erfindung erhalten werden. 

[0035] Die nahtlosen Kapseln 1 konnen dann gegebenenfalls getrocknet und gewaschen werden. 

[0036] lm allgemeinen konnen Gelatine und/oder Kombinationen von Gelatine mit Pektin usw. als HOIIsubs
tanzen verwendet werden. 

AusfUhrungsbeispiel 

[0037] Die folgenden Beispiele sollen die Erfindung naher erlautern, ohne sie einzuschranken. 

Beispiel1 

[0038] lm folgenden soli die Herstellung der Omeprazolmikrokapseln gema~ Fig. 1 beschrieben werden. Die 
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Mikrokapsel hat folgende Zusammensetzung: 

AusfUhrungsbeispiel zu Figur 1: 

Zusammensetzung einer Mikrokapsel: 

FOIIung: Omeprazol 0,40 mg Verhaltnis 
(l6sung (a)) 70% 

Natriumlaurylsulfat 0,001 mg 

Paraffinol 8,00 mg 

HOlle: Gelatine 1,823 mg 20 o/o 
(L6sung (b)) 

Gummiarab. 0,351 mg 

Pektin 0,687 mg 

= 11,262 
mg 

[0039] UnterVerwendung einer konzentrischen DoppeldOse wurde eine Omeprazollosung, die Paraffinol und 
Natriumlaurylsulfat enthielt (Losung (a)), aus der inneren DOse extrudiert und eine Gelatine/Gummi-Arabi
cum/Pektinlosung auf 80oC erhitzt (Losung (b)) und aus einer aul1eren DOse zur gleichen Zeit in einem Ver
haltnis von 70% zu 20% ein KOhlmittel: in Pflanzenol extrudiert, das eine Temperatur von etwa 12oc aufwies 
und eine Stromungsgeschwindigkeit von 0,3 m/Sekunde hatte. Die erhaltenen Kapseln wurden getrocknet, im 
Wirbelbett enterisch beschichtet und zu Tabletten weiterverarbeitet. 

Beispiel2 

[0040] lm folgenden wird die Herstellung der in Fig. 2 beschriebenen gecoateten Mikrokapseln beschrieben. 
Die Mikrokapseln hatten folgende Zusammensetzung. 

6/10 



DE 198 01 811 84 2004.12.23 

Fullung: Omeprazol 0,44 mg Verhaltnis 
{Losung (a)) 65% 

Cetiol HE 1,25 mg 

Paraffinol 7,00 mg 

Dinatriummonohydro- 0,05 mg 
genphosphat 

Natriumlaurylsulfat 0,002 mg 

= 8,742 mg 

Hulle 1: Gelatine 1,537 mg 
(Losung (b)) 20%) 

Gummiarab. 0,374 mg 

PeetiR r>~ fd.,·.., 0,483 mg 

= 2,394 mg 

Hulle 2: Eudragit L 1 00 1,038 mg 
(Losung (c)) 15% 

Triethylcitrat 0,085 mg 

Talkum 0,256 mg 

Titandioxid 0,132 mg 

[0041] lm Unterschied zu Fig. 1 wurde hier eine Dreistoffduse verwendet und Losungen der HOllen (Losung 
(b)), Losung (c)) sowie Losungen mit den Wirkstoffen (Losung (a)) in einem Verhaltnis von 65% : 20% : 15% 
gleichzeitig in Pflanzenol mit einer Temperatur von 12oc extrudiert. 

Beispiel3 

[0042] Es wurde eine gecoatete Mikrokapsel mit einer Dreistoffduse, wie dies in Beispiel 2 beschrieben ist, 
mit den folgenden Zusammensetzungen hergestellt. 
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Zusammensetzung einer gecoateten Mikrokapsel: 

FGIIung: Omeprazol 0,50 mg Verhaltnis 
(l6sung (a)) 65% 

Mittelkettige Triglyce- 6,03 mg 
ride 

Natriumhydgtgen- 0,0025 mg 
phosphat 

~ ..... ry, 
Natriumlet:ttplsulfat 0,002 mg 

= 6,5345 mg 

HOlle: Gelatine 1,625 mg 
(L6sung (b}} 20% 

Gummiarab. 0,234 mg 

PeetiR ? .c k ·l·il") 0,526 mg 

= 2,385 mg 

HOlle 2: HPMC phthalat 0,938 mg 
(l6sung (c)) 15% 

Diethyl phthalat 0,023 mg 

0,961 mg 

= 9,8805 mg 

[0043] Die Mikrokapseln wurden dann we iter zu einer Tablette weiterverarbeitet mit der folgenden Tablettier
mischung: 

Omeprazol 

Mikrokapseln 40 Stuck 395,22 mg 

Maisstarke 225,00 mg 

Mikrokristalline Cellulose 375,00 mg 

Aerosil 200 5,00 mg 

Magnesiumstearat 10,00 mg 

== 1010,22 mg 
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Bezugszeichenliste 

1 nahtlose Kapsel 
2 KapselfUIImaterial 
3 HOlle 1 (inert) und/oder magensaftresistent 
4 HOlle 2 magensaftresistent 

Omeprazol in Suspension oder Losung 

Patentansprfiche 

1. Pharmazeutische Zubereitung zur oralen Verabreichung, umfassend wenigstens einen Protonenpum
peninhibitor, dadurch gekennzeichnet, dass sie in Form einer Tablette vorliegt, die einzelne, enterisch be
schichtete, nahtlose Kapseln (1) umfasst, in denen der mindestens eine Protonenpumpeninhibitor in einem Lo
sungs- und/oder Suspendiermittel gelost bzw. suspendiert enthalten ist. 

2. Pharmazeutische Zubereitung gema(l, Anspruch 1, dadurch gekennzeichnet, dass der Protonenpum
peninhibitor Omeprazol, ein alkalisches Salz von Omeprazol, ein einzelnes Enantiomer von Omeprazol oder 
ein alkalisches Salz davon oder das Magnesiumsalz von S-Omeprazol ist. 

3. Pharmazeutische Zubereitung gema(l, einem der AnsprOche 1 bis 2, dadurch gekennzeichnet, dass das 
Losungs- und/oder Suspendiermittel eine alkalisch reagierende Verbindung zur Stabilisierung des Protonen
pumpeninhibitors enthalt. 

4. Pharmazeutische Zubereitung gema(l, einem der Ansprliche 1 bis 3, dadurch gekennzeichnet, dass die 
nahtlose Kapsel neben dem Protonenpumpeninhibitor zusatzlich einen oder mehrere Wirkstoffe aus der Grup
pe der NSAID wie Ibuprofen, Diclofenac, Piroxicam, Naproxen, lndometacin, Fenoprofen, Acemetacin, Flurbi
profen, Uetroprofen oder ein pharmazeutisches Salz oder ein Enantiomeres davon enthalt. 

5. Pharmazeutische Zubereitung gema(l, einem der Ansprliche 1 bis 4, dadurch gekennzeichnet, dass die 
nahtlose Kapsel neben dem Protonenpumpeninhibitor zusatzlich ein oder mehrere Antibiotika enthalt. 

6. Verfahren zum Herstellen der pharmazeutischen Zubereitung gema(l, einem der AnsprOche 1 bis 5, da
durch gekennzeichnet, dass man gleichzeitig eine magensaftresistente Filmlosung (4), eine Beschichtungs
oder Filmlosung (3) und die Losung und/oder Suspension des wenigstens eines Wirkstoffes (2) in eine KOhl
losung aus einer konzentrisch angeordneten MehrfachdOse, die aus wenigstens drei DOsen besteht, extrudiert, 
wobei die wenigstens drei DOsen aus einer Au(l,en- und einer lnnendOse und wenigstens einer ZwischendOse 
bestehen, die ZwischendOse sich in der Mittelstellung zwischen der Au(l,en- und lnnendOse befindet, der 
Durchmesser der drei DOsen graduell in dieser Reihenfolge abnimmt, wobei gegebenenfalls die KOhlfiOssigkeit 
im Bereich des Strahleintritts in diese in den Strahl umhOIIende Schwingungen versetzt wird, und der Strahl
stram unter Ausnutzung der Grenzflachenspannung kontinuierlich in kleine spharische enterische nahtlose 
Kapseltropfen (1) OberfOhrt wird, und die enterisch beschichteten nahtlosen Kapseln (1) zu Tabletten verpresst 
werden. 

7. Verfahren zum Herstellen der pharmazeutischen Zubereitung gema(l, einem der AnsprOche 1 bis 5, da
durch gekennzeichnet, dass man gleichzeitig eine Beschichtungs- oder Filmlosung und die Losung und/oder 
Suspension des wenigsten einen Wirkstoffes in eine KOhllosung aus einer konzentrisch angeordneten Mehr
fachdOse, die aus wenigstens zwei DOsen besteht, extrudiert, wobei die innere DOse einen kleineren Durch
messer als die au(l,ere DOse aufweist, wobei gegebenenfalls die KOhlfiOssigkeit im Bereich des Strahleintritts 
in diese in den Strahl umhOIIende Schwingungen versetzt wird, und der Strahlstrom unter Ausnutzung der 
Grenzflachenspannung kontinuierlich in kleine spharische, nahtlose Kapseltropfen (1 ), flihrt wird, und die zu
nachst einfach mikroverkapselte Wirkstofflosunge bzw. -suspension im nachsten Schritt in einer Wirbelschicht 
mit einem weiteren, magensaftresistenten Film Oberzogen werden, und diese enterisch beschichteten nahtlo
sen Kapseln zu Tabletten gepresst werden. 

Es folgt ein Blatt Zeichnungen 
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Anhangende Zeichnungen 

3 
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Description 

[0001] The present invention relates to a novel pharmaceutical preparation for oral 
administration. It contains as active ingredient at least one proton pump inhibitor as 
acid-labile heterocyclic compound, wherein omeprazole is particularly preferred. The 
pharmaceutical preparation according to the invention is in particular intended for the 
treatment of disorders or diseases of the gastrointestinal tract. The present invention 
furthermore relates to a process for the production of this novel pharmaceutical 
preparation. 

Prior art 

[0002] Proton pump inhibitors are generally used for the inhibition of gastric juice 
secretion both in mammals and also in humans. · 

[0003] Generally they are used for the prevention and treatment of disorders or 
diseases which occur in gastric juice secretion, including e.g. oesophagitis, gastritis, 
duodenitis, gastric ulcer and duodenal ulcer. Proton pump inhibitors can furthermore 
be used for the treatment of other gastrointestinal disorders in which it is desirable 
that a secretion of the gastric juice ceases, e.g. in patients who are undergoing 
therapy with non-steroidal antiphlogistics (NSAID). Proton pump inhibitors are 
furthermore useful in the treatment of helicobacter infection and diseases connected 
therewith. 

[0004] Known proton pump inhibitors which are known under their INN names are 
e.g. omeprazole, lansoprazole, pantoprazole, pariprazole and leminoprazole. 

[005] Suitable proton pump inhibitors are described e.g. in EP-0005129 A1, EP-174 
726A1, EP-166 287 A1, GB 2163 747 A, W090/06925 A1, W091/19711 A1 and 
W091/19712 A1. . 

[0006] The substance known under the generic name omeprazole (5-methoxy-2 [[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1 H-benzimidazole is described in 
EP-0005 129 A 1. Certain omeprazole salts, including alkaline omeprazole salts, are 
described in EP-0 124 495 A2 and in W095/01977 A1. Furthermore, salts of 
individual omeprazole enantiomers are described in W094/27988 A 1 . 

[0007] Proton pump inhibitors and in particular omeprazole are, however, extremely 
unstable under the influence of moisture and acid. For example, the half-life of the 
degradation of omeprazole in aqueous solutions which have pH values of less than 
three, is less than ten minutes. The degradation of omeprazole is catalysed by acids, 
whilst alkaline compounds lead to stabilisation (see W096/24338 A 1 ). The stability 
of omeprazole is also influenced by heat, organic solvents and to a certain extent by 
daylight. 

[0008] Due to the above-mentioned stability problems, the proton pump inhibitor and 
in particular omeprazole must be administered in the form of gastric juice-resistant 
preparations. All previous formulations for oral administration of proton pump 
inhibitors resolve this problem by forms of administration in which the proton pump 
inhibitor or the omeprazole is processed with solids to solid pharmaceutical forms. 
US-4,853,230 A and W096/24338 A 1, for example~ can be named here. Just as in 
US-4.786,50 A, EP-0 277 741 A1 and EP-0 342 522 A1, preparations which consist 
substantially of a solid core in which omeprazole is formulated as stabilised alkali 
salt, are described in the patent literature. This omeprazole core can be protected by 
several layers. 
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[0009] W096/01623 A 1 describes omeprazole tablets with delayed active ingredient 
release, consisting of an omeprazole core material and overlying coating layers. This 
shell can consist of one or more layers, wherein in particular a methacrylic acid 
copolymer {L30D-55) layer is used. 

Problem 

[001 0] The problem of the invention is therefore to provide a novel pharmaceutical 
preparation form for oral administration containing as active ingredient at least one 
proton pump inhibitor and in particular omeprazole, wherein the proton pump inhibitor 
or omeprazole no longer has to be processed with solids to solid medicinal products. 
Furthermore, a process for the production of this novel pharmaceutical preparation 
will be given. 

[0011] This problem is resolved by the novel pharmaceutical preparation for oral 
administration according to claim 1. The preparation according to the invention 
consists of a filled, seamless capsule which contains a capsule filling material, i.e. a 
content and a film to coat the content. The content of the capsule filling material 
consists of at least one active ingredient which is dissolved or suspended in a solvent 
and/or suspending agent and optionally pharmaceutically acceptable carriers and 
conventional additives and excipients. The filled seamless capsule according to the 
invention is coated with at least one film or a layer so that the capsules survive the 
gastric passage and release the active ingredient only in the small intestine. 

[0012] According to the invention, it was established for the first time that 
omeprazole in the form of solutions or suspensions can also be processed to stable 
oral gastric juice-resistant medicinal products. 

[0013] The problem according to the invention is furthermore resolved by the 
processes according to claims 6 and 7. 

[0014] The invention therefore relates to a novel pharmaceutical preparation form for 
oral administration, containing as active ingredient at least one proton pump inhibitor 
and optionally pharmaceutically acceptable carriers and conventional additives and 
excipients, wherein the preparation according to the invention is present in the form 
of a tablet which comprises individual, enterically coated, seamless capsules (1) in 
which at least one proton pump inhibitor is contained dissolved or suspended in a 
solvent and/or suspending agent. 

[0015] The present invention furthermore relates to a process for the production of 
the pharmaceutical preparation, wherein at the same time a coating layer or film 
solution for the seamless cap~ule{s) and the solution and/or suspension of at least 
one active ingredient is extruded into a cooling solution from a concentrically 
arranged multi-jet nozzle which consists of at least two nozzles, wherein the inner 
nozzle has a smaller diameter than the outer nozzle, and wherein in particular the 
cooling liquid in the area of the jet inlet is passed into these oscillations enveloping 
the jet, and the jet stream is continuously converted into small spherical seamless 
capsule drops 1 using the interfacial tension. In a particular embodiment of the 
process according to the invention, a multi-jet nozzle with at least two nozzles can be 
used, wherein the in the first instance singly micro-encapsulated active ingredient 
solution or active ingredient suspension is provided in the next sep in a fluidised bed 
with a further enteric covering. In a further particular embodiment of the process 
according to the invention, a multi-jet nozzle with at least three nozzles consisting of 
an outer nozzle and an inner nozzle and at least one intermediate nozzle which is 
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located in the intermediate position between the outer nozzle and inner nozzle can 
be used. The diameter of the three nozzles decreases gradually in the above-named 
sequence. According to the process according to the invention, a film solution for the 
seamless capsule, the solution or the suspension of the active ingredient and a 
further film solution is at the same time extruded into a cooling solution and the jet 
stream of the three liquids continuously converted into small spherical seamless 
capsule drops 1 using the interfacial tension. 

[0016] According to the invention, the seamless capsules 1 can have a size of 0.3 
mm to 10.0 mm in diameter, in particular a size of 0.8 to 3.0 mm in diameter. 

[0017] The proton pump inhibitor inside the capsule 1 is protected in a particular 
embodiment by two layers 3 and 4, an enteric coating layer 4 and a layer 3 which 
separates the enteric coating layer 4 from the proton pump inhibitor. According to 
the invention, the above-mentioned shell can consist of one or more layers. The 
shells are designed such that the microcapsules survive the gastric passage and 
release the active ingredient only in the small intestine. The microcapsules produced 
in this way can be pressed to tablets with addition of conventional pharmaceutical 
excipients. 

[0018] Substances such as omeprazole, lansoprazole, pantoprazole, pariprazole 
and leminoprazole come into consideration as proton pump inhibitors, wherein 
omeprazole is preferred. According to a particular embodiment of the invention, 
omeprazole, an alkali salt of omeprazole, an individual enantiomer of omeprazole or 
an alkali salt thereof or a magnesium salt of S-omeprazole can be used as active 
ingredient. 

[0019] Before the seamless capsules according to the invention are produced, 
omeprazole must be dissolved or suspended in a suitable solvent and/or suspending 
agent. Paraffin oil, medium-chain triglycerides, isopropyl myristate, vegetable oils 
and low-melting waxes come into consideration as suitable solvents and/or 
suspending agents. Optionally, alkaline-reacting compounds can be added to these 
solvents or suspending agents to stabilise the omeprazole. Alkaline-reacting 
compounds of this type are e.g. amino acids such as lysine, arginine, ornithine, 
histidine, buffering substances such as tromethamine, N-amino sugars such as N
methyl-0-glucamine (meglumine ), N-ethyl-0-glucamine ( eglumine ), glucosamine, 
disodium-N-stearoyl glutamate, heterocyclic amine derivatives such as piperazine, N
methyl piperazine, morpholine, alkali salts of citric acid, tartaric acid etc or alkali salts 
of fatty acids, or alkali metal phosphates, alkali silicates or alkali carbonates etc. 
Particularly preferred alkaline-reacting compounds for stabilisation are urea, sodium 
hydrogen carbonate, sodium hydrogen phosphate and sodium acetate. 

[0020] The quantity of the alkaline compound should be approximately 0.1 mmol/g 
active ingredient to 15 mmollg active ingredient. 

[0021] The shell or shells of the seamless capsules according to the invention can 
consist of gelatine, agar and/or combinations of gelatine and/or agar with pectin 
and/or hydroxypropyl methylcellulose and/or chitosan and/or polyacrylates, wherein 
methacrylic acid copolymers (e.g. L300-55) can be preferred. The quantity of 
gelatine and/or agar used or of the above-described mixtures is normally 60 to 90 
percent by weight of the total weight of the capsule·film. Suitable lower 
methoxypectin with a molecular weight of not more than 200 000 and a degree of 
methoxylation of 1-6% is preferably in a quantity of 5-20 %w/w, preferably in a 
quantity of 10-15 %w/w, based on the total weight of the film. 
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[0022] The coating layers can likewise contain pharmaceutically acceptable 
plasticisers such as e.g. phthalic acid ester cetyl alcohol, polyethylene glycols, etc. 
The quantity of plasticiser is conventionally 15-50 %w/w, based on the total weight of 
the coating. In order to protect the acid-labile substances, the layer thickness of the 
coating is at least 10 1Jm, preferably 20 1Jm. 

[0023] The capsule filling material 2 can contain, apart from the active ingredient, 
also binders, surface-active substances, fillers and other known additives and 
excipients. Binders are for example celluloses such as hydroxypropyl 
methylcellulose, hydroxypropyl cellulose and carboxymethyl cellulose, 
polyvinylpyrrolidone, starches and other substances. 

[0024] The proton pump inhibitor can be present in the capsule filling 2 in a quantity 
of 5-80 mg, in particular in a quantity of 10-50 mg. Omeprazole is particularly 
preferred as proton pump inhibitor. 

[0025] The seamless capsules can contain, apart from the proton pump inhibitor, 
additionally at least one other active ingredient from the NSAID group such as 
ibuprofen, diclofenac, piroxicam, naproxen, indometacin, fenoprofen, acemetacin, 
fturbiprofen, ketoprofen or a pharmaceutical salt thereof or an enantiomer thereof. 
The active ingredient from the NSAID group is preferably present in a dosage of 20-
1000 mg. 

[0026] In a further embodiment of the invention, the seamless capsules can contain, 
apart from the proton pump inhibitor, additionally one or more antimicrobially active 
substances. 

[0027] Suitable antibacterially active substances include e.g. antibiotics, 
tetracyclines, nitroimidazoles, penicillins, cephalosporins, carbopenemens, 
aminoglycosides, macrolide antibiotics, lincosamide antibiotics, 4-quinolones, 
rifamycins and nitrofurantoin. Examples are: ampicillin, amoxicillin, benzyl penicillin, 
phenoxymethylpenicillin, bacampicillin, pivampicillin, carbenicillin, cloxacillin, 
cyc/acillin, dicloxacillin, methicillin, oxacillin, piperacillin, ticarcillin, flucloxacillin, 
cefuroxime, cefetamet, cefetram, cefixim, cefoxitin, ceftazidim, ceftizoxime, 
latamoxef, cefoperazone, ceftriaxone, cefsulodin, cefotaxime, cephalexin, cefaclor, 
cefadroxil, cefalothin, cefazolin, cefpodoxime, ceftibuten, aztreonam, tigemonam, 
ethythromycin, dirithromycin, roxithromycin, azithromycin, clarithromycin, 
clindamycin, paldimycin, lincomycin, vancomycin, spectinomycin, tobramycin, 
paromomycin, metronidazole, tinidazo/e, ornidazole, amiftoxacin, cinoxacin, 
ciproftoxacin, diftoxacin, enoxacin, fteroxacin, norfloxacin, oftoxacin, temafloxacin, 
doxycycline, minocycline, tetracycline, chlortetracycline, oxytetracycline, methacyclin, 
rolitracycline, nitrofurantoin, nalidixic acid, gentamicin, rifampicin, amikacin, 
netilmicin, imipenem, cilastatin, chloramphenicol, furazolidone, nifuroxazides, 
sulfadiazine, sulfamethoxazole, bismuth subsalicylate, colloidal bismuth subcitrate, 
gramicidin, mecillinam, cloxiquin, chlorhexidine, dichlorobenzyl alcohol, methyl-2-
pentylphenol, wherein clarithromycin, erythromycin, roxithromycin, azithromycin, 
amoxicillin, metronidazole, tinidazole and tetracycline are preferred. 

[0028] In a further embodiment of the invention, the tabletted, seamless, micro
encapsulated active ingredient solution or suspension can contain, apart from the 
proton pump inhibitor, one or more antimicrobially active substances and one or 
more active ingredients from the NSAID group, wherein suitable antibiotics and 
NSAID can comprise the active ingredient classes and active ingredients already 
listed above. 
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(0029] According to the invention, the following active ingredient combinations are 
preferred: 

omeprazole 
clarithromycin 
metronidazole 

20mg 
250or500 mg 
400 mg. 

(0030] In a further embodiment of the invention, a combination of: 

omeprazole 
amoxicillin 
clarithromycin 

20 mg 
1000 mg 
500mg 

is preferred as filler 2. in a further embodiment of the invention, the following 
combination is filled into the seamless capsules as active ingredient: 

omeprazole 
clarithromycin 
metronidazole 

20mg 
1000 mg 
400mg 

[0031] According to the invention, the pharmaceutical preparation according to the 
invention has the form of a tablet which contains the proton pump inhibitor in the form 
of individual, enterically coated, filled seamless capsules, wherein the enteric coating 
layer 4 coats the individual seamless capsules in order to give them mechanical 
strength, so that during tabletting of the filled seamless capsules 1, the acid 
resistance of the enterically coated filled seamless capsules 1 is not affected. 

(0032] The production of the capsules according to the invention (cf Fig. 1 and Fig. 
2) is carried out using two- or three-component nozzles, wherein at the same time a 
coating solution or film solution for the seamless capsules and the solution and/or 
suspension of the active ingredient is extruded into a cooling solution from a 
concentrically arranged multi-jet nozzle, wherein the inner nozzle has a smaller 
diameter than the outer nozzle. The cooling liquid is optionally passed in the area of 
the jet inlet into these enveloping oscillations and the jet stream is continuously 
converted into small spherical seamless capsule drops 1 using the interfacial tension. 

[0033] Fig. 1 is a schematic representation of the microcapsule 1 according to the 
invention with a shell 3. Omeprazole is in solution or suspension as capsule filling 

· material. Fig. 2 shows an omeprazole microcapsule 1 with an inert or gastric juice
resistant shell1 (layer 3) and a second gastric juice-resistant shell 2 (layer 4). 

[0034] The production of the seamless capsule according to the invention is carried 
out using a special technology. The solution of the active ingredient 2 is thereby led 
into the nozzle part of a two- or three-component nozzle and extruded from the inner 
nozzle and a viscous liquid 3 with a shell substance, which is insoluble in water, 
extruded from an annular second nozzle. At the same time, a further solution for the 
shell 4 is extruded from the outer third nozzle and the jet is fed into a cooling liquid so 
that the seamless capsules 1 of the invention are obtained. 

[0035] The seamless capsules 1 can then optionally be dried and washed. 

(0035] In general, gelatine and/or combinations of gelatine with pectin etc can be 
used as shell substances. 

Practical example 
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[0037] The following examples will explain the invention in more detail without 
restricting it. 

Example 1 

[0038] In the following, the production of the omeprazole microcapsules according to 
Fig. 1 will be described. The microcapsule has the following composition: 

Practical example for Figure 1: 

Composition of a microcapsule 

Filling: Omeprazole 0.40 mg Ratio 
(solution (a)) 70% 

Sodium laurvl sulphate 0.001 mQ 
Paraffin oil 8.00 rna 

Shell: Gelatine 1.823 mg 20% 
(solution (b)) 

Gum arabic 0.351 mQ 
Pectin 0.687 mQ 

= 11.262 rna 

[0039] Using a concentric double nozzle, an omeprazole solution which contains 
paraffin oil and sodium lauryl sulphate (solution (a)), was extruded from the inner 
nozzle and a gelatine/gum arabic/pectin solution heated to 80°C (solution (b)) and 
from an outer nozzle at the same time in a ratio of 70% to 20% a cooling liquid 
extruded in vegetable oil which had a temperature of approximately 12oc and a flow 
rate of 0.3 m/second. The capsules obtained were dried, enterically coated in the 
fluidised bed and further processed to tablets. 

Example 2 

[0040] In the following, the production of the coated microcapsules described in Fig. 
2 is described. The microcapsules had the following composition. 

Filling: Omeprazole 0.44 mg Ratio 
_{solution (a)} 65% 

Cetiol HE 1.25 ma 
Paraffin oil 7.00 mg 
Disodium monohydrogen 0.05 mg 
phosphate 
Sodium Iaury! sulphate 0.002 mg 

= 8.742 rna 
Shell1: Gelatine 1.537 mg 
_{solution {b)) 20% 

Gum arabic 0.374 rna 
Pectin 0.483 mg 

= 2.394 rna 

Shell2: Eudragit L 1 00 1.038 mg 
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_(solution c)) 15% 
Triethyl citrate 0.085 mg 
Talcum 0.256 mg 
Titanium dioxide 0.132 mg 

[0041] In contrast to Fig. 1, a three-component nozzle was used here and solutions 
of the shells (solution (b)), solution (c)) and solutions with the active ingredients 
(solution (a)) in a ratio of 65%: 20%: 15% extruded at the same time in vegetable oil 
with a temperature of 12°C. 

Example 3 

[0042] A coated microcapsule with a three-component nozzle, as described in 
Example 2, was produced with the following compositions. 

Composition of a coated microcapsule: 

Filling: Omeprazole 0.50mg Ratio 
(solution (a)) 65% 

Medium-chain triglycerides 6.03 mg 
Sodium hydrogen phosphate 0.0025 mg 
Sodium lauryl sulphate 0.002 mg 

= 6.5345 mg 

Shell: Gelatine 1.625 mg 
(solution (b)) 20% 

Gum arabic 0.234 mg 
Pectin 0.526 mg 

=2.385 mg 

Shell 2: HPMC phthalate 0.938 mg 
(solution c)) 15% 

Diethyl phthalate 0.023 mg 
0.961 mg 
= 9.8805 mg 

[0043] The microcapsules were then again further processed to a tablet with the 
following tabletting mixture: 

Omeprazole 
Microcapsules 40 pieces 395.22 mg 
Maize starch 225.00mg 
Microcrystalline cellulose 375.00 mg 
Aerosol200 5.00 mg 
Magnesium stearate 10.00 mg 

= 1010.22 mg 

List of reference numbers 

1 seamless capsule 
2 capsule filling material 
3 shell 1 (inert) and/or gastric juice-resistant 
4 shell 2 gastric juice-resistant 

omeprazole in suspension or solution 
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Claims 

1. Pharmaceutical preparation for oral administration, comprising at least one proton 
pump inhibitor, characterised in that it is present in the form of a tablet which 
comprises individual, enterically coated, seamless capsules {1) in which the at least 
one proton pump inhibitor is contained dissolved or suspended in a solvent and/or 
suspending agent. 

2. Pharmaceutical preparation according to claim 1, characterised in that the proton 
pump inhibitor is omeprazole, an alkali salt of omeprazole, an individual enantiomer 
of omeprazole or an alkali salt thereof or the magnesium salt of S-omeprazole. 

3. Pharmaceutical preparation according to one of claims 1 to 2, characterised in 
that the solvent and/or suspending agent contains an alkaline-reacting compound for 
the stabilisation of the proton pump inhibitor. 

4. Pharmaceutical preparation according to one of claims 1 to 3, characterised in 
that the seamless capsule contains, apart from the proton pump inhibitor, additionally 
one or more active ingredients from the NSAID group such as ibuprofen, diclofenac, 
piroxicam, naproxen, indometacin, fenoprofen, acemetacin, flurbiprofen, ketoprofen 
or a pharmaceutical salt or an enantiomer thereof. 

5. Pharmaceutical preparation according to one of claims 1 to 4, characterised in 
that the seamless capsule contains, apart from the proton pump inhibitor, additionally 
one or more antibiotics. 

6. Process for producing the pharmaceutical preparation according to one of claims 
1 to 5, characterised in that at the same time a gastric juice-resistant film solution (4), 
a coating solution or film solution (3) and the solution and/or suspension of at least 
one active ingredient {2) is extruded into a cooling solution from a concentrically 
arranged multi-jet nozzle which consists of at least three nozzles, wherein the at least 
three nozzles consist of an outer nozzle and an inner nozzle and at least one 
intermediate nozzle, the intermediate nozzle is located in the intermediate position 
between the outer nozzle and inner nozzle, the diameter of the three nozzles 
gradually decreases in this sequence, wherein optionally the cooling liquid in the area 
of the jet inlet is passed into these oscillations enveloping the jet, and the jet stream 
is continuously converted into small spherical, enteric, seamless capsule drops (1) 
using the interfacial tension, and the enterically coated seamless capsules (1) are 
pressed to tablets. 

7. Process for producing the pharmaceutical preparation according to one of claims 
1 to 5, characterised in that at the same time a coating solution or film solution and 
the solution and/or suspension of the at least one active ingredient is extruded into a 
cooling solution from a concentrically arranged multi-jet nozzle which consists of at 
least two nozzles, wherein the inner nozzle has a smaller diameter than the outer 
nozzle, wherein optionally the cooling liquid in the area of the jet inlet is passed into 
these oscillations enveloping the jet, and the jet stream is continuously passed into 
small spherical, seamless capsule drops {1) using the interfacial tension, and the in 
the first instance singly micro-encapsulated active ingredient solution or suspension 
is covered in the next step in a fluidised bed with a further gastric juice-resistant film, 
and these enterically coated seamless capsules are pressed to tablets. 

There follows a sheet of drawings 
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Translator's notes 

There are a number of inconsistencies in the German text, as explained below. All 
references refer to the German text. 

1. Paragraph 0014- 'denene' (line 4) and 'eienm' (line 5) are assumed to be typing 
errors and have been corrected in the English translation. 

2. Paragraph 0014, line 2 -It has been assumed that 'pharmazeutisch!!' should 
read 'pharmazeutisch' in line with other places were the phrase occurs 
(paragraphs 0011 and 0022). 

3. Paragraph 0015, line 6; paragraph 0032, line 8; claim 6, line 8 -'in' (umhullende 
Schwingungen) appears to be superfluous and has been omitted in the English 
translation. 

4. Paragraph 0018, line 4 - 'Salz' appears to have been omitted in the German text. 
'Salt' has been included in the English translation (in italics). 

5. Paragraph 0019, line 5 - 'oder' appears to be superfluous and has been omitted 
in the English translation. 

6. There are several instances in paragraph 0027 where product names have been 
misspelled in German. These have been checked and corrected (identified in 
italics). 

7. Claim 4, line 4- No references to 'Uetroprofen' could be found on the internet 
and it was assumed that this should be 'ketoprofen' (cf the similar list in 
paragraph 0022). 

8. Claim 7, line 8 - It has been assumed that Wirkstofflosung!!' should be 
"Wirkstofflosung' 
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Beschreibung 

Die vorliegende Erfindung betrifft eine neue pharmazeutische Zubereitung zur oralen Verabreichung. Sie enthalt als 
Wirkstoff wenigstens eine saurelabile heterozyklische Verbindung, wie einen Protonenpumpeninhibitor, wobei Omepra
zol besonders bevorzugt ist. Die erfindungsgemaBe pharmazeutische Zubereitung ist insbesondere bestimmt zur Behand
lung von Storungen oder Krankheiten des Gastrointestinaltrakts. Weiterhin betrifft die vorliegende Erfindung ein Verfah
ren zur Herstellung dieser neuen pharmazeutischen Zubereitung. 

Protonenpumpeninhibitoren werden allgemein zur Hemmung der Magensauresekretion sowohl bei Saugetieren als 
auch bei Menschen eingesetzt. 

10 Allgemein werden sie zur Pravention und Behandlung von Storungen oder Krankheiten, die bei der Magensauresekre-
tion auftreten, verwendet, einschlieBlich z. B. Osophagitis, Gastritis, Duodenitis, gastrischem Ulkus undduodenalem Ul
kus. Wcitcrhin konncn Protoncnpumpeninhibitorcn zur Behandlung von andcren gastrointestinalcn Storungcn eingcsctzt 
werden, bei denen erwiinscht ist, daB eine Sekretion der Magensaure unterbleibt, z. B. bei Patienten, die sich einer The
rapie mit nichtsteroidalen Antiphlogistika (NSAID) unterziehen. Weiterhin sind Protonenpumpeninhibitoren niitzlich bei 

1~ der Behandlung von TTeliohakter-lnfektion und damit in Zusammenhang stehenden Krankheiten. 
Bekannte Protonenpumpeninhibitoren, die unter ihrem INN Namen bekannt sind, sind z. B. Omeprazol, Lansoprazol, 

Pantoprazol, Pariprazol, Leminoprazol. 
Geeignete Protonenpumpeninhibitoren sind z. B. in EP-A1-0005129, EP-A1-174 726, EP-A1-166 287, 

GB 2 163 747, WO 90/06925, W091/19711, WO 91/19712 beschrieben. 
20 Die untcr dcm gcncrisehcn Namcn Omeprazol bckannte Substanz (5-Methoxy-2-[[(4-mcthoxy-3,5-dimcthyl-2-pyridi-

nyl)melhyl]sulfinyl]-1H-benzimidazol isl in EP-A1-0 005 129 beschrieben. Beslinnnle Omeprazolsalze einschlieBlich 
alkaliseher Omeprazolsalze sind in EP-A-0 124 495 und in WO 95/01977 beschrieben. Weiterhin sind Salze von einzel
nen Omeprazolenantiomeren in WO 94/27988 beschrieben. 

Protonenpumpeninhibitoren und insbesondere Omeprazol sind jedoch unter Feuchtigkeits- und SaureeinfiuB extrem 
25 instabil. Z.B. licgt die Halbwcrtszcit des Abbaus von Omcprazol in wasscrigcn Losungen, die ph-Wcrte von we niger als 

drei aufweisen, bei weniger als zehn Minuten. Der Abbau von Omeprazol wird von Sauren katalysiert, wahrend alkali
sche Verbindungen zu einer Stabilisierung fi.ihren (siehe WO 96/24338). Die Stabilitat von Omeprazol wird ebenfalls 
durch Warme, organische Losungsmittel und in gewisser Weise durch Tageslicht beeinfiuBt. 

Aufgrund der vorgenannten Stabilitatsprobleme muB der Protonenpumpeninhibitor und insbesondere Omeprazol in 
30 Form von magensaftresistenten Zubereitungen verabreicht werden. Aile bisherigen Ansatze zur oralen Verabreichung 

von Protonenpumpeninhibitoren !Osen dieses Problem tiber Dareichungsfom1en, bei denen der Protonenpumpeninhibitor 
bzw. das Omeprazol mit Feststoffen zu festen Arzneiformen verarbeitet wird. Beispielsweise seien bier US-4,853,230 
sowie WO 96/24338 genannt. Ebenso wie in US-4,786,505, EP-0 277 741 und EP-A-0 342 522 werden in der Patentli
teratur Zubereitungen beschrieben, die im wesentlichen aus einem festen Kern bestehen, in dem Omeprazol als stabili-

35 siertes Alkalisalz formuliert ist. Dieser Omeprazo1-Kem kann von mehreren Schichten geschiitzt werden. 
WO 96/01623 heschreiht Omeprazoltahletten mit verziigerter Wirkstofffreisetzung, hestehend aus einem Omepraml

Kernmaterial und dariiberliegenden Beschichtungsschichten. Diese Hi.ille kann aus ein oder mehreren Schichten beste
hen, wobei insbesondere eine Methacry1saurecopolymer (L30D-55)-Schicht verwendet wird. 

Daher ist es Aufgabe der Erfindung, eine neue pharmazeutische Zubereitungsform zur oralen Verabreichung, enthal-
40 tend als Wirkstoff wenigstens einen Protoneninhibitor und insbesondere Omeprazol, bereitzustellen, wobei der Proto

nenpumpeninhihitor hzw. Omeprazol nicht mehr mit [<eststoffen zu testen Arzneimitteln verarheitet werden mull. Wei
lerhin soli ein Verfahren zur Herslellung dieser neuen pharmazeuLischen Zubereilung angegeben werden. 

Diese Aufgabe wird durch die neue pharmazeutische Zubereitung zur oralen Verabreichung gem. Anspruch 1 gelost. 
Die erfindungsgemaBe Zubereitung besteht aus einer geflillten nahtlosen Kapse1, die ein Kapselflillmaterial d. h. einen 

45 Inhalt und einen Film zum Beschichten des Inhalts enthalt. Der Inhalt des Kapse1fiillmaterials besteht aus dem wenig
stcns einen Wirkstoff, dcr in cincm Losungs- und!odcr Suspcndicrmittcl gclost bzw. suspendicrt ist und ggf. pharmazcu
lisch akzeplablen Tragersloffen sowie liblichen Zusalz- und Hilfssubslanzen. Die erfindungsgemaBe geflillle nahtlose 
Kapsel ist mit mindestens einem Film bzw. einer Schicht beschichtet, so daB die Kapseln die Magenpassage iiberstehen 
und erst im Dlinndarm den Wirkstoff freisetzen. 

50 ErfindungsgemaB wurde festgestellt, daB Omeprazo1 erstmals in Form von Losungen bzw. Suspensionen ebenfalls zu 
stabilcn oralcn magcnsaftresistcntcn Arzncimittcln vcrarbcitct wcrdcn konncn. 

Die erfindungsgemaBe Aufgabe wird weiterhin durch das Verfahren gemaB Anspmch 13 gelost. 
In den Unteranspriichen sind vorteilhafte Ausflihrungsformen der Erfindung enthalten. 
Die Erfindung betrifft daher eine neue pharmazeutische Zubereitungsform zur oralen Verabreichung, enilialtend als 

55 Wirkstoff wenigstens einen Protonenpumpeninhibitor und gegebenenfalls pharmazeutische akzeptable Tragerstoffe, so
wie iibliche Zusatz- und Hilfssubstanzen, wobei die erfindungsgemaBe Zubereitung eine gefiillte, nahtlose Kapsell ist, 
enthaltend ein Kapse1fiillamterial 2, umfassend den mindestens einen Wirkstoff, der in einem LOsungs- und!oder Sus
pendiermitte1 gelbst bzw. suspendiert ist, und mindestens eine Schicht bzw. einen Film 3 zum Beschichten des Kapsel
flillmaterials 2. 

60 Weiterhin betrifft die vorliegende Erfindung ein Verfahren zur Herstellung der pharmazeutischen Zubereitung wobei 
man g1eichzeitig eine Beschichtungsschicht oder Film!Osung fiir die naht1ose(n) Kapse1(n) und die Losung und!oder Sus
pension des wenigstens einen Wirkstotles in eine Kiihlliisung aus einer kon7.entrisch angeordneten Mehrfachdiise, die 
wenigstens aus zwei Diisen besteht, extrudiert, wobei die innere Di.ise einen kleineren Durchmesser als die auBere Diise 
aufweist, und wobei insbesondere die Kiih1fiiissigkeit im Bereich des Strahleintritts in diese in den Strahl umhiillende 

65 Schwingungen versetzt wird, und der Strahlstrom unter Anwendung der Grenzfiachenspannung kontinuierlich in kleine 
spharische nahtlose Kapse1tropfen liiberflihrt wird. In einer besonderen Ausflihrungsform des erfindungsgemaBen Ver
fahrens kann man eine Mehrfachdlise mit wenigstens drei Diisen einsetzen, bestehend aus einer AuBendlise und einer In
nendlise und wenigslens einer Zwischendiise, die sich in der Mitlelslellung zwischen der AuBen- und Innendlise befindel. 

2 
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Der Durchmesser der drei Diisen steigt graduell in der vorgenannten Reihenfolge an. Gemii/3 dem erfindungsgemaBen 
Verfahren wini gleichzeitig eine Filmliisung fiir die nahtlose Kapsel, dieT ,iisung hzw. die Suspension der Wirksuhstanz 
und eine weitere Filmlosung in eine Kiihllosung extrudiert und der Strahlstrom der drei Fliissigkeiten unter Ausnutzung 
der Grenzftachenspannung kontinuierlich in kleine sphiirische nahtlose Kapseltropfen 1 iiberfiihrt. 

GemaB der Erfindung konnen die nahtlosen Kapseln 1 eine GroBe von 0,3 mm bis 10,0 mm im Durchmesser, ins be- 5 

sondere eine GroBe von 0,8 bis 3,0 mm im Durchmesser aufweisen. 
Der Protonenpumpeninhibitor im Inneren der Kapsel1 ist in einer besonderen Ausfiihrungsform durch zwei Schichten 

3 und 4 geschiitzt, einer enterischen Beschichtungsschicht 3 und einer Schicht, die die enterische Besichtungsschicht 4 
von den Protonenpumpeninhibitor abtrennt. ErfindungsgemaB kann die vorgenannte Hiille aus einer oder mehreren 
Schichten bestehen. Die Hiillen sind so gestaltet, daB die Mikrokapseln die Magenpassage iiberstehen und erst im Diinn- 10 

darm den Wirkstoff freisetzen. Die so hergestellten Mikrokapseln konnen in Dosen/Sachets oder Kapseln abgefiillt und/ 
odcr untcr Zusatz iiblichcr pharmazcutischcr Hilfsstoffc zu Tablcttcn vcrprcBt wcrdcn. 

Als Protonenpumpeninhibitor kommen Stoffe wie Omeprazol, Lansoprazol, Pantoprazol, Pariprazol, Lemiprazol in 
Betracht, wobei Omeprazol bevorzugt ist. Als Wirkstoff kann gemaB einer besonderen Ausflihrungsform der Erfindung 
Omeprazol, ein alkalisches Salz von Omeprazol, ein ein7.elnes Enantiomer von Omeprazol oder ein alkalisches davon 15 

oder ein Magenesiumsalz von S-Omeprazol eingesetzt werden. 
Bevor die erfindungsgemaBen nahtlosen Kapseln hergestellt werden, muB Omeprazol in einem geeigneten Losungs

und/oder Suspendiermittel geliist bzw. suspendiert werden. Als geeignetes Liisungs- und/oder Suspendiermittel kommen 
Parafiniil, mittelkettige Triglyceride, Isopropylmyristat, PftanzenOle, niedrigschmelzende Wachse in Betracht. Diesen 
Liisungs- bzw. Suspcndicrmittcln kiinncn gcgcbcncnfalls alkalisch rcagicrcndc Vcrbindungcn zur Stabilisicrung des 20 

Omeprazols zugeselzl werden. Derarlig alkalisch reagierende Verbindungen sind z. B. Aminosauren wie Lysin, Arginin, 
Ornitin, Histidin, puffemde Substanzen wie Trometamin, N-Aminozucker wie N-Methyl-D-glukamin (Meglumin), N
Ethyl-D-glukamin (Eglumin), Glukosamin, Dinatrium-N-stearoylglutamat, heterocyclische Aminderivate wie Piperazin, 
N-Methyl-piperazin, Morpholin, Alkalisalze von Zitronensaure, Weinsaure etc., oder Alkalisalze von Fettsauren, oder 
Alkalimctallphosphatc, Alkalsilikatc odcr Alkalikarbonatc etc. Bcsondcrs bcvorzugtc alkalisch rcagicrcndc Vcrbindun- 25 

gen zur Stabilisienmg sind Harnstoff, Natriumhydrogencarbonat, Natriumhydorgenphosphat und Natriumacetat. 
Die Menge der alkalischen Verbindung sollte etwa OJ mmol/g Wirkstoff bis zu 15 mmol/g Wirkstoff betragen. 
Die Hiille bzw. die Hiillen der erfindungsgemiiflen nahtlosen Kapseln kiinnen aus Gelatine, Agar und/oder Kombina

tionen von Gelatine und/oder Agar mit Pektin und/oder Hydroxypropylmethylcellulose und/oder Chitosan und/oder Po
lyacrylaten bestehen, wobei Methacrylsaurecopolymere (z. B. L30D-55) bevorzugt sein kiinnen. Die Menge an verwen- 30 

deter Gelatine und/oder Agar oder der vorbeschriebenen Gemische betragt normalerweise 60 bis 90 Gewichtsprozent des 
Gesamtgewichtes des Kapselfilms. Geeignetes niederes Methoxypectin mit einem Molekulargewicht von nicht mehr als 
200 000 und einem Methoxylierungsgrad von 1-6% liegt vorzugsweise in einer Menge von 5-20 Gew.-%, vorzugsweise 
in einer Menge von 10-15 Gew.-%, bezogen auf das Gesamtgewicht des Films, vor. 

Die Beschichtungsschichten konnen ebenfalls pharmazeutisch akzeptable Weichmacher wie z. B. Phtalsaureesterce- 35 

tylalkohol, Polyethylenglykole etc. enthalten. Die Menge an Weichmacher hetragt iihlicherweise 15-50 Gew.-%, hezo-
gen auf das Gesamtgewicht der Beschichtung. Urn die saurelabilen Substanzen zu schiitzen, betragt die Schichtdicke der 
Beschichtung wenigstens 10 flill, vorzugsweise 20 flill. 

Das Kapselfiillmaterial2 kann neben dem Wirkstoff noch Bindemittel, oberftachenaktive Substanzen, Fiillstoffe und 
andere bekannte Zusatz- und Hilfsstoffe enthalten. Bindemittel sind zum Beispiel Cellulosen wie Hydroxypropylmethyl- 40 

cellulosen, Tlydroxypropylcellulose und Carhoxymethylcellulose, Polyvinylpyrolidon, Starken und andere Suhstanzen. 
Der Prolonenpumpeninhibilor kann in einer Menge von 5-80 mg, insbesondere in einer Menge von 10-50 mg in der 

Kapselfiillung 2 vorliegen. Als Protonenpumpeninhibitor wird Omeprazol besonders bevorzugt. 
Neben den nahtlosen Kapseln mit dem Protonenpumpeninhibitor kann zusatzlich mindestens ein weiterer Wirkstoff 

aus der Gruppe der NSAID wie Ibuprofen, Diclofenac, Piroxicam, Naproxen, Indomethazin, Fenoprofen, Acemetacin, 45 

Flurbiprofcn, Kctroprofcn odcr cin pharmazcutischcs Salz davon odcr cin Enantiomcrcs davon vorlicgcn. Vorzugswcisc 
liegl der WirksLolT aus der Gruppe NSAID in einer Dosierung von 20-1000 mg vor. 

In einer anderen Ausfiihrungsform der Erfindung kann neben den nahtlosen Kapseln mit dem Protonenpumpeninhibi
tor zusatzlich eine oder mehrere antimikrobiell wirksame Substanzen vorliegen. 

Geeignete antibakteriell wirksame Substanzen schlieBen z. B. Antibiotika, Tetracycline, Nitroimidazole, Penicilline, 50 

Ccphalosporinc, Carbopcncmcnc, Aminoglykosidc, Macrolid-Antibiotika, Linkosamid-Antibiotika, 4-Quinolonc, Rifar
nycine, Nitrofurnatoin ein. Beispiele sind: Ampicillin, Amoxicillin, Benzylpenicillin, Phenoxymethylpenicillin, Bacam
picillin, Pivampicillin, Carbenicillin, Cloxacillin, Clyclacillin, Dicloxacillin, Methicillin, Oxacillin, p-Peracillin, llcar
cilin, Flucloxacillin, Cefuroxime, Cefetamet, Cefetram, Cefixim, Cefoxitin, Ceftazidim, Ceftizoxim, Latamoxef, Cef
operazon, Ceftriaxon, Cefsulodin, Cefotaxim, Cephalexin, Cefaclor, Cefadroxil, Cefalothin, Cefazolin, Cefpodoxim, 55 

Ceftibuten, Aztreonam, Tigemonam, Erythromycin, Dirithromycin, Roxithromycin, Azithromycin, Clarithromycin, 
Clindamycin, Paldimycin, Lincomycin, Vancomycin, Spectinomycin, Tobramycin, Paromomycin, Metronidazol, Tinti
dazol, Omidazol, Amiftoxacin, Cinoxacin, Ciproftoxacin, Diftoxacin, Enoxacin, Fleroxadin, Norftoxacin, Oftoxacin, Te
maftoxacin, Doxycyclin, Minoclyclin, Tetracyclin, Chlortetracyclin, Oxytetracyclin, Methacyclin, Rolitracyclin, Nitro
furantoin, Nalidixinsaure, Gentamicin, Rifampicin, Amikacin, Netilmicin, Imipenem, Cilastatin, Chloramphenicol, Fu- 60 

razolidone, Nifuroxazide, Sulfadiazin, Sulfametoxazol, Wismutsubsalizylat, kolloidales Wismutsubcitrat, Gramicidin, 
Mecillinam, Cloxiquin, Chlorhexidin, Dichlorohenzylalkohol, Methyl-2-pentylphenol, wohei Clarithromycin, Erythro
mycin, Roxithromycin, Azithromycin, Amoxicillin, Metronidazol, Tinidazol und Tretracylin bevorzugt sind. 

65 
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ErfindungsgemaB bevorzugt sind folgende Wirkstoftkombinationen: 

Omeprazol 
Clarithormycin 
Metronidazol 

20mg 
250 bzw. 500 mg 
400mg 

In einer anderen Ausfiihrungsform der Erfindung ist eine Kombination von: 

Omeprazol 
Amoxicillin 
Clarithromycin 

20mg 
1000 mg 
500mg 

1 ~ als 1 <ullmaterial 2 hevorzugt. In einer weiteren Ausfiihrungsform der 1 <rfindung wird folgende Komhination als Wirkstoff 
in die nahtlosen Kapseln eingefiillt: 

Omeprazol 
Clarithromycin 

20 Metronidazol 

20mg 
lOOOmg 
400mg 

GemaB einer besonders bevorzugten Ausfiihrungsform der Erfindung, konnen die nahtlosen Kapseln 1 in Hartgelati
nekapseln eingefiillt und konfektioniert werden. In einer anderen Form kann die erfindungsgemaBe pharmazeutische Zu-

25 bcrcitung die Form cincr Tablcttc aufwciscn, die den Protoncnpumpcninhibitor in Form von cinzclncn, cntcrisch bc
schichteten gefiillten nahtlosen Kapseln enthalt, wobei die enterisch Beschichtungsschicht 3 die einzelnen nahtlosen 
Kapseln beschichtet, urn ihnen mechanische Festigkeit zu verleihen, so daB beim Tablettieren der gefiillten nahtlosen 
Kapseln 1 die Saurebestandigkeit der enterischbeschichteten gefiillten nahtlosen Kapseln 1 nicht beeintrachtigt wird. 

Die nahtlosen Kapseln mit den Protoneninhibitoren konnen aber auch als sole he oder zusammen mit weiteren Pulver-
30 granulaten, Pellets in Beuteln oder Dosen bzw. Sachets eingefiillt sein. 

Die Herstellung der erfindungsgemaBen Kapseln (vergleiche Fig. 1 bzw. Fig. 2) erfolgt tiber Zwei- bzw. Dreistoffdii
sen, wobei gleichzeitig eine Beschichtungs- oder FilmlOsung fiir die nahtlosen Kapseln und die Uisung und der Suspen
sion des Wirkstoffes in eine Kiihllosung aus einer konzentrisch angeordneten Mehrfachdiise extrudiert wird, wobei die 
innere Diise einen kleineren Durchmesser als die der auBeren Diise aufweist. Die Kiihlfliissigkeit wird gegebenenfalls im 

35 Bereich des Strahleintritts in diese in umhiillende Schwingungen versetzt und der Strahlstrom wird unter Ausnutzung der 
Crenzflachenspannung kontinuierlich in kleine spharische nahtlose Kapseltropfen 1 iiherfiihrt. 

Fig. 1 ist eine schematische Darstellung der erfindungsgemaBen Mikrokapsel1 mit einer Hiille 3. Omeprazol befindet 
sich in Losung oder Suspension als Kapselfilmmaterial. Fig. 2 zeigt eine Omeprazolmikrokapsel1 mit einer inerten oder 
magensaftresistenten Hiille 1 (Schicht 3) oder sowie einer zweiten magensaftresitenten Hiille 2 (Schicht 4). 

40 Die Herstellung der erfindungsgemaBen nahtlosen Kapsel erfolgt iiber eine spezielle Technologie. Dabei wird die Lo-
sung des Wirkstoffes 2 in den Diisenteil einer Zwei- hzw. Dreistoffdiise geleitet und aus der inneren Diise extrudiert. und 
eine viskose Fliissigkeil 3 mil einer Hiillsubslanz, die in Wasser unloslich isl, aus einer ringfOrmigen zweilen Diise ex
trudiert. Gleichzeitig wird eine weitere Losung fiir die Hiille 4 aus der auBeren dritten Diise extrudiert und der Strahl in 
eine Kiihlfliissigkeit eingediist, so daB die nahtlosen Kapseln 1 der Erfindung erhalten werden. 

45 Die nahtlosen Kapseln 1 konnen dann gegebenenfalls getrocknet und gewaschen werden. 

50 

Im allgcmcincn konncn Gelatine und/odcr Kombinationcn von Gelatine mit Pcktin usw. als Hiillsubstanzcn vcrwcndct 
werden. 

Beispiele 

Die folgcndcn Bcispiclc sollcn die Erfindung nahcr crlautcrn, ohnc sic cinzuschrankcn. 

Beispiel1 

55 Im folgenden soll die Herstellung der Omeprazolmikrokapseln gemaB Fig. 1 beschrieben werden. Die Mikrokapsel 
hat folgende Zusammensetzung: 

60 

65 
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Zusammensetzung einer Mikrokapsel 

AusfLihrungsbeispiel zu Fig. 1 

Fullung: Omeprazol 0,40 mg Verhaltnis 
5 

(Losung (a)) 70% 

Natriumlaurylsulfat 0,001 mg 
10 

Paraffinol 8,00 mg 

Hulle: Gelatine 1,823 mg 20% 
15 

(Losung (b)) 

Gummiarab. 0,351 mg 
20 

Pektin 0,687 mg 

= 11,262 
mg 25 

50 dieser Mikrokapseln werden in konventionelle Hartgelatinekapseln abgefLillt. 
Unter Verwendung einer konzentrischen Doppeldiise wurde eine Omeprazollosung, die Parafinol und N atriumlauryl

sulfat enthielt (Losung (a)), aus derinneren Diise extrudiert und eine Gelatine/Gummi-Arabikum/Pektinlosung auf 80°C 
erhitzt (Losung (b)) und a us einer auBeren Diise zur gleichen Zeit in einem Verhiiltnis von 70% zu 20% ein Kiihlmittel: in 30 

PfianzenOl extmdiert, das eine Temperatur von etwa l2°C aufwies und eine Stromungsgeschwindigkeit von 0,3 m/Se
kunde hatte. Die erhaltenen Kapseln wurden getrocknet. 

Beispiel2 

Tm folgenden wird die TTerstellung der in Fig. 2 heschriehenen gecoateten Mikrokapseln heschriehen. Die Mikrokap
seln hatten folgende Zusammensetzung. 

5 
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Fullung: Omeprazol OA4mg Verhaltnis 
(Losung (a)) 65% 

Cetiol HE 1,25 mg 

Paraffinol 7,00 mg 

Dinatriummonohydro- 0,05 mg 
genphosphat 

Natriumlaurylsulfat 0,002 mg 

= 8,742 mg 

HOlle 1: Gelatine 1,537 mg 
(losung (b)) 20% 

Gummiarab. 0,374 mg 

Pectin OA83 mg 

= 2,394 mg 

Hulle 2: Eudragit L 100 1,038 mg 
(losung (c)) 15% 

Triethylcitrat 0,085 mg 

Talkum 0,256 mg 

Titandioxid 0,132 mg 

Die Mikrokapseln wurden in TTartgelatinekapseln oder Sachets ahgefiillt. lm Unterschied zu Fig. 1 wurde hier eine 
Dreisloffdilse verwendel und Losungen der Hilllen (Losung (b)), Losung (c)) sowie Losungen mil den Wirksloffen (Lo
sung (a)) in einem Verhaltnis von 65% : 20% :15% gleichzeitig in Pflanzenol mit einer Temperatur von l2°C extrudiert. 
Die Mikrogelatinekapseln wurden wie oben beschrieben getrocknet und in Hartgelatinekapseln oder Sachets abgefiillt. 

Bcispic13 

Es wurde eine gecoatete Mikrokapsel mit einer Dreistoffdiise, wie dies in Beispiel2 beschrieben ist, mit den folgenden 
Zusammensetzungen hergestellt. 

6 
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Zusammensetzung einer gecoateten Mikrokapsel 

Fullung: Omeprazol 0,50 mg Verhaltnis 
(L6sung (a)) 65% 5 

Mittelkettige Triglyce- 6,03 mg 
ride 

Natriumhydorgen- 0,0025 mg 
10 

phosphat 

Natriumlautylsulfat 0,002 mg 
15 

= 6,5345 mg 

Hulle: Gelatine 
20 

1,625 mg 
(L6sung (b)) 20% 

Gummiarab. 0,234 mg 
25 

Pectin 0,526 mg 

= 2,385 mg 30 

Hulle 2: HPMC phthalat 0,938 mg 
(L6sung (c)) 15% 

35 

Diethyl phthalat 0,023 mg 

0,961 mg 40 

= 9,8805 mg 
45 

Die Mikrokapscln wurdcn dann wcitcr zu cincr Tablcttc wcitcrvcrarbcitct mit dcr folgcndcn Tablctticrmischung: 

Omeprazol 

Mikrokapseln 40 Stlick 395,22 mg 
50 

Maisstarke 225,00 mg 

Mikrokristalline Cellulose 375,00 mg 55 

Aerosil 200 5,00 mg 

Magnesiumstearat 10,00 mg 60 

= 1010,22 mg 

65 

7 



10 

DE 198 01 811 A 1 

1 nahtlose Kapsel 
2 Kapselfiillmaterial 
3 Hiille 1 (inert) und!oder magensaftresistent 
4 Hiille 2 magensaftresistent 
:s$. Omeprazol in Suspension oder Losung 

Bezugszeichenliste 

Patentanspriiche 

1. Pharmazeutische Zubereitung zur oralen Verabreichung, enthaltend als Wirkstoff wenigstens einen Protonen
pumpcninhibitor und gcgcbcncnfalls pharmazcutisch akzcptablc Tragcrstoffc, sowic iiblichc Zusatz- und Hilfssub
stanzen, dadu1·ch gekennzeiclmet, daB die Zubereitung eine gefiillte, nahtlose Kapsel (1) ist, enthaltend ein Kap
selfiillmaterial (2) umfassend den mindestens einen Wirkstoff, der in einem Losungs- und!oder Suspendiermittel ge-

l~ lost hzw. suspendiert. ist, und mindestens eine Schicht hzw. einen I •'ilm (3) zum Beschichten des Kapselfiillmaterials 
(2). 
2. Pharmazeutische Zubereitung zur oralen Verabreichung gemiiB Anspruch 1, dadurch gekennzeichnet, daB die 
Kapseln eine GroBe von 0,3 mm bis 10 mm im Durchmesser aufweisen. 
3. Pharmazeutische Zubereitung zur oral en Verabreichung nach Anspruch 1, dadurch gekennzeichnet. daB die Kap-

20 scln cine GroBe von 0,8 mm bis 3 mm im Durchmcsscr aufwciscn. 
4. Pharmazeulische Zubereilung zur oralen Verabreichung nach einem der vorhergehenden Ansprilche 1 bis 3, da
durch gekennzeichnet, daB der Protonenpumpeninhibitor durch zwei Schichten (3, 4) geschiitzt ist, eine enterische 
Beschichtungsschicht (4) und einen Film bzw. eine Schicht (3), die die enterische Beschichtungsschicht (4) von 
dem Protonenpumpeninhibitor abtrennt. 

25 5. Pharmazcutischc Zubcrcitung zur oralcn Vcrabrcichung gcmaB cincm dcr vorhcrgchcndcn Anspriichc 1 bis 4, 
dadurch gekennzeichnet, daB der Protonenpumpeninhibitor Omeprazol, ein alkalisches Salz von Omeprazol, ein 
einzelnes Enantiomer von Omeprazol oder ein alkalisches Salz davon oder das Magnesiumsalz von S-Omeprazol 
ist. 
6. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der Anspriiche 1 bis 5, dadurch gekenn-

30 zeichnet, daB der Protonenpumpeninhibitor in einer Menge von 5 mg bis 80 mg, insbesondere in einer Menge von 
10 mg bis 50 mg in der Kapselfiillung (2) vorliegt. 
7. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 6, 
dadurch gekennzeichnet, daB das Losungs- und!oder Suspendiermittel eine alkalisch reagierende Verbindung zur 
Stabilisierung des Protonenpumpeninhibitors enthalt. 

35 8. Pharmazeutische Zubereitung einer oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 7, 
dadurch gekennzeichnet, daB sie nehen den nahtlosen Kapseln mit dem Protonenpumpeninhihitor zusatzlich einen 
oder mehrere Wirkstoffe aus der Gruppe der NSAID wie Ibuprofen, Diclofenac, Piroxicam, N aproxen, Indometha
zin, Fenoprofen, Acemetacin, Flurbiprofen, Uetroprofen oder pharmazeutisches Salz oder ein Enantiomeres davon 
enthalt. 

40 9. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 8, 
dal3 sie die nehen den nahtlosen Kapseln mit dem Protonenpumpeninhihitor zusatzlich ein oder mehrere Antihiotika 
enlhlill. 
10. Pharmazeutische Zubereitung zur oralen Verabreichung gemiiB einem der vorhergehenden Anspriiche 1 bis 9, 
dadurch gekennzeiclmet, daB sie in Form einer Hartgelatinekapsel vorliegt, in der die nahtlosen Kapseln (1) gemaB 

45 einem der vorhergehenden Anspriiche 1 bis 9 enthalten sind. 
11. Pharmazcutischc Zubcrcitung zur oralcn Vcrabrcichung gcmaB cincm dcr vorhcrgchcndcn Anspriichc 1 bis 9, 
dadurch gekennzeichnel, daB sie in Form einer Tablelle vorliegl, die den Prolonenpumpeninhibilor in Fonn von ein
zelnen, enterisch beschichteten, gefiillten nahtlosen Kapseln (1) enthalt, wobei die enterische Beschichtungsschicht 
(3) die einzelnen nahtlosen Kapseln beschichtet, um ilmen mechanische Festigkeit zu verleihen, so daB beim Tablet-

50 tieren der gefiillten nahtlosen Kapseln (1), die Saurebestandigkeit der enterisch beschichteten, gefiillten nahtlosen 
Kapscln (1) nicht bccintrachtigt wird. 
12. Pharmazeutische Zubereitung zur oralen Verabreichung gemaB einem der vorhergehenden Anspriiche 1 bis 8, 
dadurch gekennzeichnet daB die nathlosen Kapseln mit dem Protonenpumpeninhibitor als solche oder zusammen 
mit weiterem Pulvergranulat oder Pellets in Beuteln oder Dosen bzw. Sachets gefiillt sind. 

55 13. Verfahren zum Herstellen der pharmazeutischen Zubereitung gemaB einem der vorhergehenden Anspriiche 1 
bis 9, dadurch gekennzeichnet, daB man gleichzeitig eine Beschichtungs- oder Filmlosung fiir die nahtlose(n) Kap
sel(n) (1) und die Losung und!oder Suspension des wenigstens einen Wirkstoffes in eine Kiihllosung aus einer kon
zentrisch angeordneten Mehrfachdiise, die aus wenigstens zwei Diisen besteht, extrudiert, wobei die innere Diise ei
nen kleineren Durchmesser als die auBere Diise aufweist, wobei insbesondere die Kiihlfliissigkeit im Bereich des 

60 Strahleintritts in diese in den Strahl umhiillende Schwingungen versetzt wird, und der Strahlstrom unter Ausnut
zung der Grenzfiachenspannung kontinuierlich in kleine sphiirische nahtlose Kapseltropfen (1) iiberfiihrt wird. 
14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, dal3 die zuniichst einfach mikroverkapselte Wirkstofflii
sung bzw. -suspension im niichsten Schritt in einer Wirbelschicht mit einem weiteren magensaftresistenten Dberzug 
( 4) versehen wird. 

65 15. Verfahren nach Anspruch 13, dadurch gekennzeichnet, daB man eine Mehrfachdiise mit wenigstens drei Diisen 
einsetzt, bestehend aus einer AuBendiise und einer Innendiise und wenigstens einer Zwischendiise, die sich in der 
Mittelstellung zwischen der AuBen- und Innendiise befindet, wobei der Durchmesser der drei Diisen graduell in die
ser Reihenfolge ansleigl, und gleichzeilig eine Filmlosung filr die nahLlose Kapsel, die Losung bzw. die Suspension 

8 
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der Wirksubstanz und eine weitere Filmlosung in eine Kiihllosung extrudiert und der Strahlstrom der drei Fliissig
keiten unter Ausnutzung der Grenzfiachenspannung kontinuierlich in kleine spharische, nahtlose Kapseltropfen (1) 
iiberfiihrt wird. 

Hierzu 1 Seite(n) Zeichnungen 
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Beschreibung 

Anwendungsgebiet der Erfindung 

Die Erfindung betrifft ein Verfahren zur Auftrennung von chiralen Pyridylmethylsulfinyl-1 H -benzimidazolen 
in ihre Enantiomeren. Die Enantiomeren werden in der pharmazeutischen Industrie zur Herstellung von Medi
kamenten verwendet. 

10 Stand der Technik 

In einer Vielzahl von Patentanmeldungen und Patenten werden Pyridylmethylsulfinyi-1H-benzimidazole 
beschrieben, die magensauresekretionshemmende Eigenschaften besitzen. lm Zusammenhang mit der vorlie
genden Erfindung seien hier beispielsweise die folgenden Patentanmeldungen und Patente erwahnt: EP-B-5 129, 

15 EP-A-1 34 400 ( = USP 45 55 518), EP-A-1 27 763 ( = USP 45 60 693), EP-B-1 66-287 ( = USP 47 58 579), EP
A-I 74 726, EP-A-2 01 575 ( = USP 46 86 230), W089/05 299 und W089/11 479. - Es ist weiterhin bekannt, daB 
diese Pyridylmethylsulfinyl-1 H-benzimidazole ein Chiralitatszentrum besitzen und daB sie daher in ihre Enantio
meren trennbar sein sollten. Trotz der Vielzahl von Patentanmeldungen auf dem Gebiet der Pyridylmethylsulfi
nyi-1H-benzimidazole ist bisher jedoch noch kein Verfahren beschrieben worden, mit dessen Hilfe die Pyridyl-

20 methylsulfinyl-tH-benzimidazole in die optischen Antipoden getrennt werden konnten. Auch die Enantiomeren 
der Pyridylmethylsulfinyl-1 H-benzimidazole sind bisher (mangels eines geeigneten Trennverfahrens) noch nicht 
isoliert und charakterisiert worden. 

25 

30 

35 

Beschreibung der Erfindung 

Es wurde nun ein Verfahren gefunden, mit dessen Hilfe die nachstehend naher bezeichneten Pyridylmethylsul
finyl-1 H-benzimidazole in ihre optischen Antipoden gespalten werden konnen. 

Das Verfahren ist dadurch gekennzeichnet, daB man Verbindungen der Forme! I, 

H 

R 3 ~ 0 R4 R 5 

R2--0 >-J" MR6 (I) 

Rl N CH
2 

N H 

worin 
40 R 1 W asserstoff, 1-4C-Alkyl oder 1-4C-Alkoxy bedeutet, 

R2 Wasserstoff, Trifluormethyl, 1-4C-Alkyl, 1-4C-Aikoxy, ganz oder tiberwiegend durch Fluor substituiertes 
1-4C-Alkoxy. Chlordifluormethoxy, 2-Chlor-1,1,2-trifluormethoxy oder gemeinsam mit R3 gewtinschtenfalls 
ganz oder teilweise durch Fluor substituiertes 1-2C-Alkylendioxy oder Chlortrifluorethylendioxy bedeutet, 
R3 Wasserstoff, l-4C-Alkyl, l-4C-Alkoxy, ganz oder tiberwiegend durch Fluor substituiertes 1-4C-Alkoxy, 

45 Chlordifluormethoxy, 2-Chlor-1,1 ,2-trifluorethoxy oder gemeinsam mit R2 gewtinschtenfalls ganz oder teilweise 
durch Fluor substituiertes 1-2C-Aikylendioxy oder Chlortrifluorethylendioxy bedeutet, 
R4 Wasserstoff oder t -4C-Aikyl bedeutet, 
R5 W asserstoff, 1-4C-Alkyl oder l-4C-Aikoxy bedeutet und 
R6 1-4C-Aikoxy, ganz oder tiberwiegend durch Fluor substituiertes 1-4C-Aikoxy oder Benzyloxy bedeutet, 

so oder ihre Salze mit Basen mit konfigurativ einheitlich chiralen Verbindungen der Forme! II, 

Rchi-X (II) 

worin Rchi einen konfigurativ einheitlichen, chiralen Rest und X eine Abgangsgruppe darstellt, umsetzt, das 
55 erhaltene lsomeren- bzw. Diastereomerengemisch III, 

60 

65 

Rchi 

R3 ~ 0 R4 R5 

R2v >--~" AAR6 (Ill) 

Rl N CH2 N H 

worin Rt, R2, R3, R4, R5 und R6 die oben angegebenen Bedeutungen haben und Rchi einen konfigurativ 
einheitlichen, chiralen Rest darstellt, trennt und aus den optisch reinen Diastereomeren die konfigurativ einheit
lichen, optisch reinen Verbindungen I durch Solvolyse in stark saurem Medium freisetzt. 

2 
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1-4C-Alkyl steht fur geradkettige oder verzweigte Alkylreste; beispielsweise seien der Butyl-, i- Butyl-, sec.- Bu
tyl-, t· Butyl-, Propyl-, Isopropyl-, Ethyl- und insbesondere der Methylrest genannt. 

1-4C-Aikoxy steht fur geradkettige oder verzweigte Alkoxyreste; beispielsweise seien genannt der Butoxy-, 
i-Butoxy-, sec.-Butoxy-, t-Butoxy-, Propoxy-, Isopropoxy-, Ethoxy- und insbesondere der Methoxyrest. 

Als ganz oder uberwiegend durch Fluor substituiertes 1-4C-Aikoxy seien beispielsweise der 1,2,2,-Trifluoret- 5 

hoxy-, der 2,2,3,3,3-Pentafluorpropoxy-, der Perfluorethoxy- und insbesondere der 1,1,2,2-Tetrafluorethoxy-, der 
Trifluormethoxy-, der 2,2,2-Trifluorethoxy- und der Difluormethoxyrest genannt. 

Wenn R2 und R3 gemeinsam ganz oder teilweise durch Fluor substituiertes 1-2C-Aikylendioxy oder Chlortri
fluorethylendioxy bedeuten, so sind die Substituenten R2 oder R3 in Nachbarpositionen am Benzoteil des 
Benzimidazolringes gebunden. 10 

Als ganz oder teilweise durch Fluor substituiertes 1-2C-Aikylendioxy seien beispielsweise der 1 ,1-Difluorethy
lendioxy- ( -O-CF2-CH2-0-), der 1,1,2,2-Tetrafluorethylendioxy- ( -O-CF2-CF2-0-) und insbeson
dere der Difluormethylendioxy- ( -0-CF2-0-) und der 1,1,2-Trifluorethylendioxyrest ( -O-CF2-CHF-
0-) genannt. 

Als Verbindungen der Forme! II kommen prizipiell aile chiralen, konfigurativ einheitlichen Verbindungen in 15 

Frage, die mit der Verbindung I oder ihrem Anion unter Abspaltung der Abgangsgruppe X zu reagieren in der 
Lage sind und deren Rest Rchi nach der Diastereomerentrennung glatt und ohne unerwunschte Nebenreaktion 
wieder abgespalten werden kann. 

Als Abgangsgruppen X kommen insbesondere aile nucleophil ablosbaren A tome oder Gruppen, wie beispiels
weise Halogenatome (J, Br oder insbesondere Cl) oder durch Veresterung (z. B. mit Sulfonsauren) aktivierte 20 

Hydroxylgruppen(-O-S02-CH3, -O-S02-CF3 oder -O-S02-4H4-p-CH2) in Frage. 
Als Reste Rchi kommen aile konfigurativ einheitlichen Reste in Frage, die sich von naturlich vorkommenden 

oder synthetisch zuganglichen chiralen Verbindungen ableiten lassen und die solvolytisch unter sauren Bedin
gungen aus den Verbindungen III abgespalten werden konnen. Als Reste Rchi seien insbesondere genannt 

- Glycosylreste, die sich von Glycopyranosen, Glycofuranosen oder Oligosacchariden ableiten und die 
gewunschtenfalls mit in der Kohlenhydratchemie iiblichen Schutzgruppen teilweise oder vollstandig ge
schiitzt sind, oder 
- chirale, tiber das Sauerstoffatom verknupfte Terpenalkoholreste, oder 

25 

- andere chirale, tiber das Sauerstoffatom verknupfte Alkoholreste, 30 

die jeweils an dem als Verknupfungsglied fungierenden Sauerstoffatom eine Carbonylgruppe oder insbesondere 
eine Methylengruppe tragen. 

Bevorzuge Reste Rchi sind Reste der Forme! IV 

worin R' gemeinsam mit dem Sauerstoffatom, woran es gebunden ist, einen Glycosylrest, einen chiralen Terpe
nalkoholrest, oder einen sonstigen chiralen Alkoholrest darstellt. 

35 

Als Glycosylreste R'-0- seien beispielsweise die Reste genannt, die sich von natiirlich vorkommenden 40 

Mono- oder Disacchariden, wie Arabinose, Fructose, Galactose, Glucose, Lactose, Mannose, Ribose, Xylose. 
Maltose, Sorbose oder N -Acetyl- D-glucosamin herleiten. 

Als chirale Terpenalkoholreste R' -0- seien insbesondere solche Reste genannt, die sich von einem natilrlich 
vorkommenden oder synthetisch Ieicht zuganglichen Terpenalkohol herleiten. Als beispielhafte Terpenalkohole 
seien hierbei genannt: Isopulegol, Neomenthol, Isomenthol, Menthol, Carveol, Dihydrocarveol, Terpinen-4-ol, 45 

Mirtenol, Citronel!ol, Isoborneol, Borneol, Isopinocampheol und insbesondere Fenchol. 
Als sonstige chirale Alkoholreste R' -0- seien beispielsweise die Reste genannt, die sich von folgenden 

Alkoholen herleiten: Mandelsaureester, Cinchonidin, Cinchonin, Ephedrin, Serinmethylester, Sitosterol, 3-Hy
droxy-2-methyl-propionsauremethylester und Milchsaureethylester. 

Ein besonders bevorzugter Rest Rchi ist der Fenchyloxymethylrest. 50 

Die Umsetzung der Verbindung I mit der Verbindung II erfolgt auf eine dem Fachmann vertraute Weise. Zur 
Erhohung der Nucleophilie der Verbindungen I ist es zweckmaBig, diese zu deprotonieren, d. h. von den Salzen 
der Verbindungen I mit Basen auszugehen. Als Beispiele fur basische Salze seien Natrium-, Kalium-, Calcium-, 
Aluminium-, Magnesium-, Titan-, Ammonium- oder Guanidiniumsalze erwahnt, die beispielsweise durch Umset
zung der Verbindungen I mit den entsprechenden Hydroxiden (z. B. Natriumhydroxid oder Kaliumhydroxid) auf 55 

ubliche Weise erhalten werden konnen. 
Die Umsetzung der Verbindungen I mit Verbindungen II wird in inerten, protischen oder aprotischen Lo

sungsmitteln durchgefiihrt. Als solche eignen sich beispielsweise Methanol, Isopropanol, Dimethylsulfoxid, 
Aceton, Acetonitril, Dioxan, Dimethylformamid und vorzugsweise N-Methylpyrrolidon. 

Die Umsetzung wird- in Abhangigkeit von der Reaktivitat der Verbindung II- vorzugsweise bei Tempera- 60 

turen zwischen -30°C und + t00°C, insbesondere bei Temperaturen zwischen ooc und 50°C durchgefiihrt. 
Die Trennung des nach der Umsetzung von I mit II erhaltenen Diastereomerengemisches erfolgt in an sich 

bekannter Weise, beispielsweise durch Chromatographie an geeigneten Saulen oder vorzugsweise durch frak
tionierte Kristallisation. 

Aufgrund der Prototropie im Benzimidazolteil der Verbindungen I (die 5- und 6-Positionen einerseits bzw. die 65 

4- und 7-Positionen andererseits sind zueinander identisch) entstehen bei der Umsetzung mit den Verbindun-
gen II bei entsprechendem Substitutionsmuster im Benzimidazol lsomerengemische. Zweckmalligerweise wer-
den die Isomeren noch vor Trennung der Diastereomeren voneinander getrennt, beispielsweise durch Saulen-

3 
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chromatographie an geeignetem Trligermaterial (z. B. Kieselgel) und mit geeigneten Elutionsmitteln (z. B. Ethyl
acetat). 

Die Freisetzung der konformativ einheitlichen Verbindungen I aus den optisch reinen Diastereomeren III 
erfolgt durch Solvolyse unter stark sauren Bedingungen. Als fiir die Solvolyse geeignete Reagenzien seien 

5 beispielsweise starke hoherkonzentrierte Sliuren (z. B. 60-100%ige Schwefelsliure, konzentrierte Salzsaure, 
wasserfreie oder wasserhaltige Tetrafluorborsiiure, Methansulfonsliure, Trifluormethansulfonsiiure, Phosphor
sliure oder Perchlorsliure), bevorzugt ca. 90%ige Schwefelsliure genannt. Die Freisetzung erfolgt vorzugsweise 
bei Temperaturen zwischen oo und 40°C. Bei der auf die Freisetzung folgenden Aufarbeitung wird vorteilhafter
weise so verfahren, daB der pH-Wert moglichst rasch erhoht wird, beispielsweise durch Einbringen der stark 

10 sauren Losung in Puffer!Osung oder bevorzugt in Lauge. 
Die Verbindungen der Forme! II sind bekannt bzw. sie sind auf eine filr den Fachmann vertraute Weise aus 

bekannten Verbindungen auf analoge Weise zuglinglich. So konnen beispielsweise die Verbindungen II, in denen 
Rchi die Bedeutung der Forme! IV hat und X ein Chloratom darstellt, durch Chlormethylierung entsprechender 
Alkohole [ z. B. in Analogie zu R. C. Ronald et. al., j. Org. Chern. 45 (t 980) 2224] hergestellt werden. 

15 Die Verbindungen der Forme! III sind neu und ebenfalls Gegenstand der Erfindung. 
Die konfigurativ einheitlichen, optisch reinen Verbindungen der Forme! I sind ebenfalls neu und daher auch 

Gegenstand der Erfindung. 
Als beispielhafte, durch das erfindungsgema13e Verfahren herstellbare, optisch reine Verbindungen der For

mel I und als dazugehorige erfindungsgemal3e Zwischenprodukte III seien anhand der Substituentenbedeutun-
20 gen in den obenstehenden Formeln I bzw. III die folgenden Verbindungen der nachstehenden Tabelle 1 beson

ders erwiihnt: 
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Tabelle 1 

Rl R2, R3 R4 R5 R6 5 

H 5-CF3 H H H 4-0CH 3 

H 5-CF3 H 3-CH 3 H 4-0CH 3 

H 5-CF3 H 3-CH 3 5-CH 3 4-0CH 3 
lO 

H 5-0CH 3 H 3-CH 3 5-CH 3 4-0CH 3 

H 5,6-0-CH 2-0- H H 4-0CH 3 

H 5,6-0-CH 2-CH 2-0- H H 4-0CH 3 15 

H H 5-0CF3 H H 4-0CH 3 

H H 5-0CF3 3-CH 3 H 4-0CH 3 

H H 5-0CF3 H 5-CH 3 4-0CH 3 20 

H H 5-0CF2CF2H H H 4-0CH 3 

H H 5-0CF2CF2H 3-CH 3 H 4-0CHJ 

H H 5-0CF3 3-CH 3 5-CH 3 4-0CH 3 25 

H H 5-0CH2CF3 3-CH 3 H 4-0CH 3 

H H 5-0CF2 H 3-CH 3 H 4-0CH 3 

H 5-0CF2H 6-0ChH H H 4-0CH 3 30 
H 5-0CF2H 6-0CF2 H 3-CH 3 H 4-0C H 3 

H 5-0CH 3 6-0CF2H 3-CH 3 H 4-0CH 3 

H H 5-0CF2Cl H H 4-0CH 3 
35 

H 5,6-0-CF2-0- H H 4-0CH 3 

H 5,6-0-CF2-0- 3-CH 3 H 4-0CH 3 

H 5,6-0-CF2-CHF-O- H H 4-0CH 3 

H 5,6-0-CF2-CHF-O- 3-CH 3 H 4-0CH 3 
40 

H 5,6-0-CF2-0- H 5-CH 3 4-0CH 3 

H 5,6-0- C F2 - C H F-0- 3-CH 3 5-CH 3 4-0CH 3 

H 5,6-0-CF2-CFCJ-O- 3-CH 3 H 4-0CH 3 
45 

4-CH3 6-CH 3 5-0CF2 H 3-CH 3 H 4-0CH 3 

H 5-0CH 3 6-0CF2 H H H 4-0CH 3 

H H 5-0CF2CF2H H H 4-0CH 3 
50 

H 5,6-0-CF2-0- H H 4-0CH 3 

H H 5-0CF2CCIFH H H 4-0CH 3 

H H 5-0CF2CCIFH H H 4-0CH 3 55 

H H 5-0CF2CCIFH 3-CH 3 H 4-0CH 3 

4-CH 3 6-CH 3 5-0CF2H H 3-CH 3 4-0CH 3 

H H 5-0CF2H H 3-0C H 3 4-0CH 3 60 

H H 5-0CF2H 3-CH 3 5-0CH 3 4-0C H 3 

H H 5-0CF3 3-CH 3 5-0CH 3 4-0CH 3 

H H 5-0CF2CF2H H 3-0CH 3 4-0CH 3 65 

H H 5-0CH2CF3 H 3-0CH 3 4-0CHl 

H 5-0CH 3 6-0CF2H H 3-0C H 3 4-0CH 3 

5 
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R2, R3 

5,6-0-CF2-0-

5,6-0- C F2- C HF-0-

H 
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R4 

H 

H 

H 

H 5-0CF2CF2H H 

5,6-0-CF2-0- H 

H 

H 5-0CF2 H H 

H 5-0CF2H H 

H 5-0CF2H 3-CH3 

H 5-0CF2 H H 

H 5-0CF2H H 

H 5-0CH2CFl H 

5,6-0-CF2-0- H 

Al 

R5 R6 

3-0CH3 4-0C H3 

3-0CH, 4-0CH3 

5-0CH, 4-0CH, 

5-0CH, 4-0CH, 

5-0CH, 4-0CH 3 

4-0CH 3 5-0CHr--@ 

3-0CH3 4-0CHr---© 

4-0CH 3 3-0CH2-© 

4-0CH3 S-OCH2-© 

3-0CH3 4-0CH2CF3 

3-CH1 4-0C H2CF3 

3-CH 3 4-0C H2CF1 

3-CH3 4-0CH2CF3 

Besonders bevorzugte, durch das erfindungsgema13e Verfahren herstellbare Verbindungen sind die Verbin
dungen 

35 ( + )-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
(- )-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
( + )-5-Methoxy-2-{[( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H -benzimidazol, 
(- )-5-Methoxy-2-{[( 4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H -benzimidazol, 
( + )-2-{[(3-Methyl-4-(2,2,2-trifluorethoxy)-2-pyridinyl]methyl}sulfinyl-1 H-benzimidazol, und 

40 (- )-2-{[(3- Methyl-4-{2,2,2-trifluorethoxy)-2-pyridinyl]methyl}sulfinyl-1 H-benzimidazol, 

45 

50 

und ihre Salze mit Basen. 
Die folgenden Beispiele dienen der nliheren Erlauterung der Erfindung. Die Abkiirzung h steht fiir Stunde(n), 

Schmp. fur Schmelzpunkt. 

Beispiele 

1. ( + )-5-Difluormethoxy-2-{((3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl} 1-(( + )-fenchyloxymethyl}benzimida
zol 

Zu einer Losung von 50 g (0,123 Mol) ( ± )-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfi
nyl}-IH-benzimidazoi-Na-Salz in 125 ml N-Methylpyrrolidon tropft man bei einer Temperatur von 25-35°C 
innerhalb einer Stunde 27,5 g (0,136 Mol) ( + )-Fenchyl-chlormethylether zu. Nach 6 h wird mit 500 ml Wasser 
verdiinnt, der pH-Wert auf 9,0 gestellt und dreimal mit je 100 ml Dichlormethan extrahiert. Die vereinigten 

55 organischen Phasen werden mit Wasser gewaschen, getrocknet und im Vakuum vollstandig eingeengt. Der olige 
Rtickstand wird an Kieselgel chromatographiert (Laufmittel: Ethylacetat). Man isoliert 25,2 g (74%) eines 
Diastereomerengemisches aus ( + )- und (- )-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfi
nyl}-1-[( + )-fenchyloxymethyl}benzimidazol als blal3gelbes, allmahlich kristallisierendes 01 (Rf.-Wert in Ethyl
acetal ca. 0,85). Viermalige Umkristallisation aus Ethylacetat/Diisopropylether liefert die Titelverbindung (9.0 g 

60 71,4%) in Form farbloser Kristalle vom Schmp. 138-l39°C{[a] f? = + 155,2° (c= 1,Chloroform)}. 

2. ( + )-5- Difluormethoxy-2-{((3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H -benzimidazol 

1,0 g ( 1,8 mMol) ( + )-4-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl}sulfinyl}-1 -[( + )-fenchyloxyme-
65 thyl}benzimidazol werden portionsweise bei 5-10°C unter Riihren in 7 ml90%ige Schwefelsaure eingetragen. 

Nach vollsUlndiger Auflosung wird das Reaktionsgemisch unter Kiihlung in 8N Natronlauge eingetropft, der pH 
auf 7,5 gestellt und mehrmals mit Dichlormethan extrahiert. Die vereinigten Extrakte werden mit Wasser 
gewaschen, tiber Magnesiumsulfat getrocknet und im Vakuum vollstandig eingeengt. Der rote olige Riickstand 

6 
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wird i.iber Kieselgel chromatographiert (Dichlormethan/Methanol) und anschlieBend aus Diisopropylether kri
stallisiert. Man erhalt 0,3 g {44%) der Titelverbindung als farbloses Kristallisat vom Schmp. 147 -148°C (Zers.) 
{[a] ~2 = + 146,0° ( c = 0,5, Acetonitril!Methanol t : 1 )}. 

3. 5 

(-)-5- Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-t -[(- )-fenchyloxymethyl}benzimidazol 

Nach der in Beispiel 1 beschriebenen Arbeitsweise erhalt man durch Umsetzung von 28 g {0,069 Mol) 
( ± )-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl-methyl]sulfinyl)-1 H-benzimidazol-Na-Salz mit 16,5 g 
(0,084 Mol) (- )-Fenchylchlormethylether in 75 ml N-Methylpyrrolidon nach Chromatographie an Kieselgel 10 

(Dichlormethan/Methanol) 11,0 (58%) eines Diastereomerengemisches aus ( + )- und (- )-5-Difluormethoxy--
2-{[{3,4-dimethoxy-2-pyridinyl)-methyl]sulfinyl}-1-[(-}-fenchyloxymethyl}benzimidazol. Mehrmalige Umkristal
lisation aus Ethylacetat/Diisopropylether liefert die Titelverbindung in Form farbloser Kristalle (4,0 g, 72%) vom 
Schmp.138-139°C {[a] 'f1 = -152,8° (c= 1, Chloroform)}. 

4. (- )-5-Difluormethoxy-2-{[{3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol 
15 

Nach der in Beispiel2 beschriebenen Arbeitsweise erhalt man aus 1 g (1,8 mMol) (- )-5-Difluormethoxy--
2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1-[(- )-fenchyloxymethyl}benzimidazol in 7 ml 90%iger Schwe
felsaure 0,25 g (36%) der Titelverbindung vom Schmp. 144-145°C (Zers.) {[a] ~2 = -144,4° (c=0,5, Acetonitrill 20 

Methanol 1 : 1 }}. 

5. 
( + )-5-Methoxy-2-{[{4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1-[( + )-fenchyloxymethyl}benzimida-

zol 25 

Nach der in Beispiel 1 beschriebenen Arbeitsweise erhalt man aus ( ± )-5-Methoxy-2-{[{4-methoxy-3,5-dime
thyl-2-pyridinyl)methyl]sulfinyl}-lH-benzimidazol-Na-Salz (60 mMol) in 80 ml N-Methylpyrrolidon nach Chro
matographie an Kieselgel (Ethylacetat) nach mehrmaliger Umkristallisation aus Ethylacetat/Diisopropylether 
3,1 g (40%) der Titelverbindung in Form farbloser Kristalle vom Schmp. 161oC (Zers.) {[a] ~2 = + 103,0° (c= 1, 30 

Chloroform}}. 

6. ( + )-5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol 

Nach der in Beispiel 2 beschriebenen Arbeitsweise erhalt man aus 0,51 g (1 mMol) ( + )-5-Methoxy-2-{[(4-me- 35 

thoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H-[( + )-fenchyloxymethyl}benzimidzol in 4 ml 90%iger 
Schwefelsaure 0,15 g (43%) der Titelverbindung als amorphen Feststoff {[a] f} = + 165° (c=0,5, Chloroform)}. 

Gewerbliche Anwendbarkeit 

Nach dem erfindungsgemaBen Verfahren konnen Pyridylmethylsulfinyl-tH-benzimidazole erstmals in ihre 
optischen Antipoden aufgespalten werden. Als besonders i.iberraschend ist hierbei die Tatsache zu werten, daB 
die Freisetzung der optisch reinen Verbindungen aus den Diastereomeren mit Hilfe hochkonzentrierter Mine
ralsii.uren vorgenommen wird, obwohl bekannt ist, daB es sich bei den Pyridylmethylsulfinyl-1 H-benzimidazolen 

40 

urn sehr saurelabile Verbindungen handelt. 45 

Die erfindungsgemaB hergestellten Verbindungen werden als Wirkstoffe in Arzneimitteln fUr die Behandlung 
von Magen- und Darmerkrankungen eingesetzt. BezUglich der Anwendungsweise und Dosierung der Wirkstoffe 
wird z. B. auf das europaische Patent 1 66 287 verwiesen. 

Patentanspri.iche so 

1. Konfigurativ einheitliche, optisch reine Verbindungen der Forme! I 

H 55 

R3 ~ 0 R4 R5 

R2-(X >--~" MR6 (I) 

R 1 N CH2 N H 60 

worin 
R 1 Wasserstoff, 1-4C-Alkyl oder t -4C-Alkoxy bedeutet, 
R2 Wasserstoff, Trifluormethyl, 1-4C-Aikyl, 1-4C-Alkoxy, ganz oder i.iberwiegend durch Fluor substituiertes 65 

t -4C-Alkoxy. Chlordifluormethoxy, 2-Chlor-1,1,2-trifluormethoxy oder gemeinsam mit R3 gewtinschtenfalls 
ganz oder teilweise durch Fluor substituiertes t -2C-Alkylendioxy oder Chlortrifluorethylendioxy bedeutet, 
R3 Wasserstoff, t-4C-Alkyl, 1-4C-Alkoxy, ganz oder i.iberwiegend durch Fluor substituiertes 1-4C-Alkoxy, 

7 
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Chlordifluormethoxy, 2-Chlor-1,1,2-trifluorethoxy oder gemeinsam mit R2 gewiinschtenfalls ganz oder 
teilweise durch Fluor substituiertes 1-2C-Aikylendioxy oder Chlortrifluorethylendioxy bedeutet, 
R4 Wasserstoff oder 1-4C-Aikyl bedeutet, 
R5 Wasserstoff, 1-4C-Aikyl oder 1-4C-Alkoxy bedeutet und 

5 R6 1-4C-Alkoxy, ganz oder iiberwiegend durch Fluor substituiertes 1-4C-Aikoxy oder Benzyloxy bedeutet, 
und ihre Salze mit Basen. 
2. Verbindung nach Anspruch 1, ausgewahlt aus der Gruppe bestehend a us 
( + )-5-Difluormethoxy-2-{((3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
(- )-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 

to ( + )-5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
(- )-5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
( + )-2-{[(3-Methyl-4-(2,2,2-trifluorethoxy)-2-pyridinyl]methyl}sulfinyl-1 H-benzimidazol, und 
(- )-2-{[(3-Methyl-4-(2,2,2-trifluorethoxy)-2-pyridinyl]methyl}sulfinyl-1 H-benzimidazol, 
und ihren Salze mit Basen. 

t5 3. Verfahren zur Herstellung von konfigurativ einheitlichen, optisch reinen Vebindungen der Forme! I nach 
Anspruch 1 und ihren Salzen, dadurch gekennzeichnet, daB man Racemate von Verbindungen der Forme! I, 
worin Rl, R2, R3, R4, R5 und R6 die in Anspruch 1 angegebenen Bedeutungen haben, oder ihre Salze mit 
Basen, mit konfigurativ einheitlichen, chiralen Verbindungen der Forme! II, 

20 Rchi- X (II) 

25 

30 

worin Rchi einen konfigurativ einheitlichen, chiralen Rest und X eine Abgangsgruppe darstellt, umsetzt, das 
erhaltene Isomeren- bzw. Diastereomerengemisch III, 

Rchi 

R3 ~ 0 R4 R5 

R2-0 >-~" MR6 (Ill) 

RI N CH2 N H 

worin Rl, R2, R3, R4, R5 und R6 die in Anspruch 1 angegebenen Bedeutungen haben und Rchi einen 
35 konfigurativ einheitlichen, chiralen Rest darstellt, trennt und aus den optisch reinen Diastereomeren die 

konfigurativ einheitlichen, optisch reinen Verbindungen I durch Solvolyse in stark saurem Medium freisetzt 
und gewiinschtenfalls anschlieBend in die Salze mit Basen iiberfiihrt. 
4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB man eine Verbindung ausgewahlt aus der 
Gruppe bestehend aus 

40 ( + )-5-Difluormethoxy-2-{[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
(- )-5-Difluormethoxy-2-{((3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
( + )-5-Methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
(-)-5-Methoxy-2-{((4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1 H-benzimidazol, 
( + )-2-{((3-Methyl-4-(2,2,2-trifluorethoxy)-2-pyridinyl]methyl)sulfinyl-1 H-benzimidazol, und 

45 (- )-2-[(3-Methyl-4-(2,2,2-trifluorethoxy)-2-pyridinyl]methyl}sulfinyl-1 H-benzimidazol, 
oder ihr Salz mit Basen herstellt. 

50 

55 

5. Zwischenprodukte der Forme! III, 

Rchi 

R3 ~ 0 R4 R5 

R2-0 >-~" MR6 (II() 

R 1 N CH
2 

N H 

worin Rl, R2, R3, R4, R5 und R6 die in Anspruch 1 angegebenen Bedeutungen haben und Rchi einen 
konfigurativ einheitlichen, chiralen Rest darstellt. 

60 6. Zwischenprodukte nach Anspruch 5, worin Rchi einen Fenchyloxymethylrest darstellt. 

65 

8 
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wherein R1 and R2 are same or different and are each 
!::; hydrogen, alkyl, halogen, carbomethoxy, carbethoxy, alkoxy, 
...., or alkanoyl, R6 is hydrogen, methyl or ethyl, R3• ~and As are 
m same or different and are each hydrogen, methyl, methoxy, 
N ethoxy. methoxyethoxy or ethoxyethoxy whereby R3, R4 and 
P R5 are not all hydrogen, and whereby when two of R3, R" and 

As are hydrogen the third of R3
, R4 and R5 is not methyl. The 

10 compounds are potent gastric acid secretion inhibitors. 
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Substituted pyridylsu If.inylbenzimi dazo les ha'vi ng .gas t.ric 

acid secretion properties, oharmaceuti cal prJ3parati (;ms · 

containing same, and intermeoiates for their·preparation 

The present invention relates ·to ne.w compounds ~aving 

valuabl~ properties jn affectin~ gastric aciid sec~etion in 

mammals, including man, as well as the process for their 

preparation. method of affecting eastric acid secretion 

5 and oharmaceutical preparations containing said·novel 

compounds. 

The object of the pres8nt invention is to obtain compounds 

which affect gastric acid secretion, and which inhibit· 

10 exogenously or endogenously stimu~ated gast~ic acid secre

tion. These compounds can be used in the treatment of peptic 

ulcer disease. 

It is previously known that compounds· of the formulas I and 

II 
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(I) 

(II) 

wherein R1 and R2 are each selected from the group consist

ing of hydrogen, alkyl~ haloge~, cyano, carb?xy, carboxy

alkyl, carboalkoxy, carboalkoxyalkyl, carbamoyl. carbamoyl

oxy, hydroxy, alkoxy, hydroxyalkyl, trifluoromethyl and 

acyl in a~y ~sition, R3 is selected from the group con

sisting of hydrogen, alkyl, acyl, carboalkoxy, carbamoyl, 

alkylcarba_moyl, dialkylcarbamoyl, alkylcarbonylmethyl, 

alkoxy~arbonylmethyl, and alkylsulphonyl, and R4 is selected 

from the group consisting of straight and branched alkylene 

g~oups having 1 to 4 carbon atoms, whereby at most one 

methylene group is present between S and the pyridyl group, 

and whereby the pyridyl group may be further substituted 

with alkyl or halogen, possess inhibiting effect of gastric 

acid secretion. 

It has now, however, surprisingly been found that the 

compounds defined below possess a still greater inhibiting 

30 effect than those given above. 

Compounds of the invention are those of the general formula 

III 

35 
.!III) 



. j 

. , 

3 

wherein R1 and R2 are same ~r different and ar~Oe~~l feiect

ed from the group consisting of hydrogen, alkyl, halogen, . 

carbomethoxy, oarbethoxy, alkoxy, and alkanoyl, ~ 6 is selec~
ed from th~ group consisting of hydrogen, methyl, ~nd ethyl, 

5 and R3 , R4 and R5 are same or different and are each select

ed from the group consi&ting of.hydrogen~ methyl, methoxy, 

ethoxy, methoxyethoxy.and etho~yethoxy whereby R3 , R4 , and 

10 

5 . 3 4 
R are not all hydrogen, and whereby when two of R , R , 

and R5 are hydrogen, the third of R3 , R4 and R5 is not methyl. 

1 . 2 
Alkyl R and R of formula III are suitably alkyl having up 

to 7 carbon atoms, preferably up to 4 carbon atoms. Thus, 

alkyl ·R may be methyl, ethyl, n-propyl~ isopropyl~·n-butyl 

15 or isobutyl •. 

Halogen R1 and R2 is chloro, bromo, fluoro, or iodo. 

Alkoxy R1 and R2 are suitably alkoxy groups havirg up to 5 

20 carbon atoms, preferably up to 3 carbon atoms, ·as ~ethoxy, 

ethoxy, n-propoxy,.or isopropoxy • 

25 

30 

. 35 

1 . 2 . .· 
Alkanoyl R and R have preferably up to 4 carqon qtoms and 

are e.g. formyl, acetyl, or propionyl, preferably acetyl. 

A preferred group of compounds of the general formula III 

are those wherein R1 and R2 are the same or differe~t and 

are each selected fnom the group consisting of hydrogen, 

alkyl, carbomethoxy, alkoxy. and alkanoyl, whereby·~! and R2 

6 . 3 4 . 5 
are not both hyprogen, R 1s hydrogen, and R • R , and R 

qre the same or different anq are each selected from· the 

group consisting of hydrogen, methyl, methoxy, and ethoxy. 

whereby R3 ~ R 4 ~ and R5 are not all hydrogen~ and whereby 
3 4 5 3 4 when two of R , R • and R are hydrogen the third of R , R , 

and R5 is not methyl • 
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A second preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

and are each selected from the group consisting of hydrogen, 

alkyl, halogen, carbomethoxy. carbethoxy, alkoxy. and alkanoyl, 
6 . 

R is selected from the group consisting of hydrogen, methyl, 

and ethyl, R3 is methyl, R4 is methoxy .. and R5 is methyl. 

A third preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

10 and are each selected from the grou~ consisting of hyd~ogen .. 

alkyl .. halogen, carbomethoxy, carbethoxy, alkoxy and alkanoyl, 
6 ·. 

15 

R is selected from the ~roup consisting of hydrogen, methyl 

and ethyl, and R3 is hydr~gen, R4 is-methoxy and R5 is methyl 

or R3 is methyl, R4 is methoxy and R5 is hydrogen. 

A fourth preferred group of compounds of the general formula 

III are those wherein -R 1 and R2 are the same or different 

and are each selected from the group consisting of hydrogen, 

alkyl .. h·alogeri, carbomethoxy ... carbethoxy, alkoxy, and alkanoyl, 

20 R6 is selected from th~ group consisting of hydrogen, methyl 
3 5· 4 and ethyl, R and R are hydrogen and R is methoxy. 

A fifth preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

25 and are each salected from the group corisisting of hydrogen, 

alkyl, halogen, carbomethoxy, carbethoxy, alkoxy, and alkanoyl, 

R6 is selected from the group consisting of hydrogen, methyl 

and ethyl, and R3 and R
5 

are methyl and R4 is hydrogen. 

30 A sixth preferred group of compounds of the general formula 

III are those wherein R1 and R2 are the same or different 

and are each selected from the group consisting of hydrogen, 

alkyl, halogen, carbomethoxy, carbethoxy, alkoxy, and alkanoyl, 

R6. is selected from the group consisting of hydrogen .. me-thyl 

35 and ethyl, R3 and R5 are hydrogen and R4 is ethoxy, methoxy

ethoxy or ethoxyethoxy. 
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A seventh preferred group of compounds of the genera1 
formula III are those whepe~n R1 and R2 are the same or 

different and are each selected from the group consisting 

of hydrogen~ alkyl~ halogen, carbomethoxy, alkoxy, and 

5 alkanoyl, R6 is s~l~cted from the group consisting of 

hydrogen, methyl~ and ethyl, R3 , R4 , and R5 ~re all methyl. 

10 

15 

Compounds of formula III above may be prepared according to 

the following methods; 

a) oxidizing a compound of formula IV 
R4 

2 N R~R5 
R '-s-CH~.JJ N/ . k6 N 

A 

(IV) 

wherein R1 ~ R2, R6 , R3 , R4 , and R5 have the mean~nRs given, 

20 to the formation of a compound- of formula III. · 

. 25 

30 

35 

b) reacting a compound of the ~ormula V 
R2 

Rl. ~. I N>-~~CH-M 
~N ·k6 

~ 

\·Jherein Rl, R2 • and R6 have the :neanings given 

M is a metal selected from the group consisting 

and Li, with a compound of formula. VI. 

(V) 

above and 

of K, Na 

(VII) 
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3 4 5 wherein R , R , and R have the same meanings as give-n 

above. Z is a reactive esterified hydroxy group, to the 

formation of a compound of formula ~II.; 

c) reacting a compound of the formula VII 

(VII) 

wherein R1 , and R2 -have the same meanings as given above 

and z1 is SH or a reactive esterified hydroxy group; with 

a compound of the formula VIII 

R4 

R~R5 

z2-CH~ •. Jl 
16 N 
R 

(VIII) 

h . R6 R3 R4 d R. 5 h th . . w ere1n , , , an ave e same mean1ngs as g1ven 

above, and z2 is a reactive esterified hydroxy group or SH, 

to the formation of an intermediate of formula IV above, 

25 which then is oxidized to give a compound of formula III; 

30 

35 

d) reacting a compound of the formula IX 

(IX) 

wherein R1 and R2 have the same meanings as given above 

with a compound of the formula X 
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0005129 
(X) 

wherein R
6

# R3 , R4 , and R5 ~ave the same meanings as given 

above, to the formation of an intermediate of formula IV 

above, which then is oxidized to give a compound of formula 

III~ which compound may be converted to its therapeuticalLy 

acceptable salts, if so desired. 

In the reactio~s abqve, Z, i 1 ,·~nd z2 may be a reactive, 

esterified hydroxy group which is a hydroxy group esterified 

15 with strong, inorganic or orgahic acid, preferably a hydro

halogen acid, such as hydrochloric· acid, hyd.robromic acid, 

or hydroiodic acid! ~lso sulfuri~~cid or a strong organic 

sulfonic aci~ as a strong ~romati~ acid, e.g. benzene~ 

sulfonic atid~·4-bromobe~zen~sulfqn~c acid or 4~toluene-
20 sulfonic acid. 

The oxidation of the ·-sulfur atom in the chain-s above to· 

sulfinyl (S-70) takes place·in the presence of an oxidizing 

agent sele·c.ted fr_om the group ·co·ns·;isting of nitric acid, 

25 hydrogen p~roxide, peracids, peresters, ozone, dinitrogen-

1 tetraoxide, iodosoiJenzene, N-halosuccinimide, 1-chlorobenzo-

triazole, t~tiutylhypochlorite, diazobicyclo-[2,2,2]-octane 

bromine complex, sodium metaperiodate, selenium dioxide, 

manganese dioxide, chromic acid, cericammonium nitrate, 

30 bromine, chlorine, and sulfuryl chloride. The. oxidation 

usually takes place in a solvent wherein the oxidizing agent 

is present in some excess in relation to the product to be 

oxidized. 

35 Depending on the process conditions and the starting mater

ials, the ~nd product is obtained either as the free base 

or in the acid addition salt, both of which are iricluded 

within the ~cope of the invention. Thus, basic, neutral or 

or mixed sa 1 ts may be obtai ned as we 11 as hemi ,. mono, sesqui 
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or polyhydrates. The acid addition salts of the new 

compounds may in a manner known per ~ be transformed into . . 

free base using basic agents such as alkali or by ion 

exchange. On the other hand, tne free bases obtai~ed may 

5 form salt~ with organic or inorganic: acids •. In the prepara

tion of acid addition salts prefera.bly such acids are used 

which form suitable therapeutically acceptable salts. Such 

acids include hydrohalogen acids, sulfonic, phosp~oric~ 

nitric, and perchloric acids; aliphatic, alicyclic, armmati~ 

10 heterocyclic carboxy or sulfonic acids, such as formic, . 
acetic, propionic, succinic, glycolic, lactic, malic, 

tartaric, citric, ascorbic, maleic, hydrcixymaleic, pyruvic, 

phenylacetic, benzoic, p-aminobenzoic, antranilic, 

p-hydroxybenzoic, salicylic or p-aminosalicylic acid, 

15 embonic,_- methanesulfonic, ethanesulfoni~,- hydr.oxyethane

sulfonic, ethylenesulfonic, halogenbenz~nesulfonic, toluene~ 

sulfonic, naphtylsulfonic or sulfanilic acids; methionine, 

tryptophane, lysine or arginine. 

20 These or other salts of the new compounds, as e.g. pi crates;· 

rna~ serve as purifying agents of the free bases obtained • 

Salts of the bases may be formed, separated from solution, 

and then the free base can be recovered from a new salt 

solution in a purer state. Because of the relationship 

25 between the new compounds in free base form and their salts, 

it will be understood that the corresponding salts are 

included within the scope of the invention. 

Some of the new compounds may, depending on the choice of 

30 starting materials and pr~cess, be present as optical isG!Brs 

or racemate, or if they contai~ at least two asymmetric 

carbon atoms, be present as an isomer mixture (racemate 

mixture). 

35 The isomer mixtures (racemate mixtures) obtained-may. be 

separated into two stereoisomeric ~diastereomericl pure 

racemates by means of chromatography or fractional crystal-
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lization. 

The racemates obtained can be separated according to known 

methods~ e.g. recrystallization from an optically active 

·~ 5 solvent~ use of microorganisms, reactions wit~ optically 

- . , 

-' 
" 

. -.; 

active acids forming salts which can be separated, separa

tion based on different solubilities of the diaste~eomers. 

Suitable optically active acids are the L- and D-forms of 

tartaric acid, di-o-tolyl-tartaric acid, malic acid, 

10 mandelic acid, camphorsulfonic acid or quinic acid, Prefsr

ably the more active part of the t~o antipodes is isolated. 

15 

The starting materials are known or may~ if they should be 

new, be obtained according to processes known per se. 

In clinical use the compounds of the invention are administ

ered orally, rectally or by injection in the form .of a 

pharmaceutical preparation which· contains an active component 

either as a free base _or as a pharmaceutically acceptable, 

20 non-toxic acid addition salt, such as hydruchloride, lactate, 

acetate, sulfamate, in combination with a pharmaceutically 

acceptable carrier. The carrier may be in the form of a 

solid, semisolid or liquid ~iluent~ or a capsule. These 

pharmaceutical p~eparations are a further object of the 

25 invention. Usually the amount of active compound is between 

0.1 to 95 % by weight of the preparation, between 0.5 to 20 

% by weight in preparations for injection and between 2 and 

50 % by weight in preparations for oral administration. 

30 In the preparation of pharmaceutical preparations containing 

a compound of the present inv.ention in the form of dosage 

units for oral administration the compound selected may be 

mixed with a solid, pulverulent carrier, such as lactose, 

saccharose, sorbitol, mannitol, starch, amylopectin, 

~1 cellulose derivatives or gelatin, as well as with an anti

friction agent such as magnesium stearate, calcium stearate, 

and polyethyleneglycol waxes. The mixture is then pressed 
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into tablets. If coated tablets are desired, the above 

prepared core may be coated with a concentrated solution 

of sugar, which may contain gum arabic, gelatin, talc, 

titanium dioxide or with a lacquer dissolved in volatile 

5 organic solvent or mixture of solvents. To this coating 

various dyes·may be added in order to distinguish among 

tablets with different active compounds or with different 

amounts of the active compound present. 

10 Soft gelatin capsules may be prepared which capsules contain 

a mixture of the active compound or qompounds of the 

invention and vegetable oil. Hard gelatin capsules may 

contain granules of the active compound in combination with 

a solid, pulverulent carrier as lactose, saccharose, sorbi-

15 tal, mannitol, potato starch, corn starch, amylopectin, 

20 

25 

cellulose derivatives or gelatin. 

Dosage ·units for rectal administration may be prepared in 

the form of suppositories which contain the active substance 

in a mixture with a neu~ral fat base, or they may be prepared 

in the form of gelatin-rectal capsules which contain the 

active substance in a mixture with a vegetable oil or par~fin 

oil. 

liquid preparations for oral administration may be prepared 

in the form of syrups or suspensions, e.g. solutions contain

ing from 0.2 % to 20 % by weight of the active ingredient 

and the remainder consisting of sugar and a_mixture of 

ethanol, water, glycerol and propylene glycol. If desired, 

30 such liquid preparations may contain colouring agents, 

flavouring agents, saccharin and carboxymethylcellulose as 

a thickening agent. 

·Solutions for parenteral administration by injection may be 

35 prepared as an aqueous solution of a watersoluble pharma

ceutically acceptable sa~t of the active compound, prefer

ably in a concentration from 0.5 % to 10 % by weight. These 

solutions may also contain stabilizing agents and/or 
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buffering agents a~d may be manufactured in different 

dosage unit ampoules. 

Pharmaceutical tablets for oral use are prepdred in the 

5 following manner: The solid substances are gr~und or sieved 

to a certain particle size, and the binding agent is homo

genized and suspended in a suitable solvent. The therapeut

ically active compounds and auxiliary agents are mixed with 

the binding agent solution. The resulting mixture is 

10 moistened to form a uniform suspension having the consist

ency of wet snow. The moistening causes the particles to 

aggregate_ slightly, and the resulting mass is pressed through 

a stainless steel sieve having a mesh size of approximately 

1 mm. The layers of the mixture are dried in carefully 

15 controlled drying cabinets for approximately ten hours to 

obtain the desired particle size and consistency. The 

granules of the dried mixture a~e sieved to remove any 

powder. -To this mixtures disintegrating, antifriction and 

antiadhesive agents are added .. Finally, the mix~ure is 

20 pressed into tablets using ~ Machine with the appropriate 

punches and dies to obtain the desired tablet size. The 

pressure applied affects the size of the tablet, its strength 

2nd its ability to dissolve in water. The compression 

pressure used should be in the range 0.5 to 5 tons. Tab1ets 

25 are manufactured at the rate of 20.000 to 200.000 per hour. 

The tablets, especially those which are rough or bitter, 

m~y be coated with a layer of sugar or some other palatable 

s~bstance. They are then packaged by machines having elect

ronic counting devices. The different types of packages 

30 ccnsist of glass or plastic gallipots. boxes, tubes and 

sp~cific dosage adapted packages. 

Th~ typical daily dose of the active substance varies 

acLording to the. individual needs and the manner of adminis-

35 tration. In general, oral dosages range from 100 to 400 

mg/dly of active substance and intravenous dosages range 

fran 5 to 20 mg/day. 
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The following illustrates a preferred embodiment of the 

invention without being limited thereto. Temperature is 

given in degrees Centigrade. 

5 The starting materials in the examples faun~ below were 

prepared in accordance with the following methods: 

10 

15 

20 

25 

(1) a 1$2-diamino compound, such as a-phenylenediamine was 

reacted with potassium ethylxanthate (according to Org. 

Synth. Vol. 30, p. 56) to form a 2-mercaptobenzimidazole; 

(2) the compound 2-chloromethylpyridine was prepared bY 

reacting 2-hydroxymethylpyridine with thionylchloride 

(according to Arch. Pharm. Vol. 26, pp. 448-451 (1956)); 

(3) the compound 2-chloromethylbenzimidazole was prepared 

by condensing a-phenylenediamine with chloroacetic acid. 

Example 1 

28.9 g of 2-[2-(4,5-dimethyl)pyridylmethylthio]-(5-acetyl

-6-methyl)-benzimidazole were dissolved in 160 ml of CHC1 3 , 

24.4 g of m-chloroperbenzoic acid were added in portions 

while stirring and cooling to 5°C. After io minutes, the 

precipitated m-chlorobenzoic acid was filtered off. The 

filtrate was diluted with CH2c12 , washed with Na2 co
3 

solu

tion, dried over Na 2so4 and evaporated in vacuo. The residue 

crystallized when di_luted with CH3 CN, and 2-[2-(4,5-di-

methyl)pyridylmethylsulfinyl]-(5-acetyl-6-methyl)benzimid

azole was recrystallized from CH3 CN. Yield 22.3 g; m.p. 

158°C. 

30 Examples 2-30 

The preparation of compounds of formula III labelled 2-26 

was carried out in accordance with Example 1 above. The 

compounds prepared are listed in Table i which ideAtifies 

35 the substituents for these compounds. 
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Example _31 (method c) 

0.1 moles of 4-6-dimethyl-2-mercaptobenzimidazole were 

dissolved in 20 ml of water and 200 ml of ethanol contain-

S ing 0.2 moles of sodium hydroxide. 0.1 mole~ of 2-chloro

methyl-(3,5-dimethyl)pyridine hydrochloride were added and 

the mixture was refluxed for two hours. The sodium chloride 

formed was filtered off and the solution was evaporated in 

vacuo. The residue was dissolved in acetone and was treated 

10 

15 

20 

with active carbon. An equivalent amount of concentrated 

hydrochloric acid was added, whereupon the mono-hydro

chloride of 2-[2-(3,5-dimethyl)pyridylmethylthio]-(4,·6-di

methyl)benzimidazole was isolated. Yield 0.05 .moles . 

This compound was then oxidized in accordance with Example 1 

above to give the correspon~ing sulfinyl compound, melting 

point S0-55°C. 

Example -32 (method b) 

0.1 moles of 2-[li-methylsulf~~yl](S-acetyl-6-~~thyl)

benzimidazole were dissolved in- 150 mls of ben~ene~ 0.1 moles 

2-thloro-(3,5-dimethyl)py~idine were added and the mixture 

was refluxed for two hours. The lithiumchloride formed was 

25 filtered off, an·d the solution was evaporated in v·acuo. 

30 

The residue was crystallized from CH 3 CN, and r~crystallized 

from the same solvent. Yield 0.82 moles of 2-[2-(3,5-di

methyl)pyridylmethylsulfinyl]-(5-acetyl-6-methyl)benzimid-
- 0 

azole melting at 171 C. 

Example 33 (method d) 

23.4 g of.2- [2-(3,4,5-trimethyl)pyridylmGthylthioJ .formic acid 

and 16.6 ~ of o-(5-acetyl-6-methyl]phenylenediamine werg 

35 boiled for 40 minutes in 100 ml of 4N HCl. The mixture was 

cooled and neutralized with ammonia. The neutral solution 

was then extracted with ethyl acetate. The organic phase was 
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treated with active carbon and evaporated in vacuo. The 

residue was dissolved in acetone whereupon an equivalent 

of concentrated HCl was added. The precipitated hydro

chloride was filtered off after cooling and the salt was 

5 recrystallized from absolute ethanol and some ether. Yie.ld 

of 2-[2-{3 .. 4,5-trimethylpyridyl)methylthio}-(5-acetyl-6-

methyl)benzimidazole was 6.5 g .. 

This compound was then oxidized in accordance with Example 1 

10 above, to give the corresponding sulfinyl derivative. 

15 

0 M.p. 190 C. 

Example 34 (method c) 

22.0 g o-f 2-mercapto-(5-acetyl-6-methyl)benzimidazole and 

19.5 g of chlriromethyl(4,5-dimethyl}pyridine hydrochloride 

were dissolved in 200 ml of 95 % ethanol. 8 g of sodium 

hydroxide in 20 ml of water were added, whereupon the solu

tion was refluxed for two hours. The sodium chloride formed 

20 was filtered off and the solution was evaporated in vacuo. 

The residue, 2-[2-(4,5-dimethyrlpyridylmethylthio]-(5-acetyl-

6-methyl)benzimidazole6 was recrystallized from 70% ethanol. 

Yield 10.6 g. 

25 This compound was then oxidized in accordance with Example 1 

above, to give the corresponding sulfinyl derivative. 
0 M.p. 158 C .. 

30 
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Ex. 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 
16 
17 
18 

19 

20 

21 
22 

23 

24 
25 
26 
27 
28 

29 

30 

Rl R2 

5-COCH3 6-CH 3 
5-GODCH

3 6-CH 3 
5-CODCH3 H 
5-COCH

3 6-CH 3 
5--COOCH 

3 6""C~3 
·4-CH 

3 6-CH ;3 
5 ... CQCH

3 
6-CH 

3 
5-COCH

3 6-CH 3 
5-COCH

3 
s.:.cH 

3 
4-CH 3 5-CH 

3 
5-COCH3 6-CH . 3 
5-COOCH

3 6-CH 3 
5-CODCH

3 5-CH 
3-

5-COOCH
3 6-CH 3 

5-COOCH
3

_ 6-CH 
3 

5-COOCH
3 6-CH 3 

5-COOCH
3 6-CH 3 

5-CODCH
3 6-CH 

~ 
5-:-COOCH

3 H 
5-COOCH

3 H 

5-CDCH3 H 
5-0CH3 H 

5-.0CH3 H 
-5-CH .3. H 

H H 

5-Cl H 

5-CH3 
.H 

5-COOC2H5 H 

5-COOCH3 H 
5-CH 

~-----
H 

0005129 

R6 R3 R4 R5 f1. p. 
·oc 

H H CH3 CH3 .158 . 
H H CH3 CH

3 163 

H H CH3 . CH3 141 
H cH· 

3 c.H3 . H. 160 
H CH3 

CH
3 

~· H 163 
H cH3 H CH3 50-55 
H CH 3 H CH

3 171 
H CH3 CH3 CH

3 
190 

H H DCH
3 

H 165 
H H OCH3 H 122 

H CH
3 _OCH3 CH

3 156 
H CH

3 
H CH3 144 

H CH3 CH3 CH
3 185 

H H OCH3 H 169 

H H OC 2H5 H 148 

H CH
3 OCH 3 H 175 

H CH3 OCH3 CH
3 155 

H H OCH
3

. CH
3 158 

H CH3 H CH3 141 

H CH3 OCH
3 CH

3 142 

H CH 3 OCH3 CH
3 162 

H H OCH
3 

CH3 178 

H CH3 OCH
3 CH3 156 

H CH 3 OCH3 CH 3 181 

H CH3 OCH3 CH
3 

165 
H CH3 OCJ13 CH3 185 
H H OC2 ti4 DCH3 H 119 
H CH3 OCH

3 CH3 
150-5 

CH 
3 

CH3 H CH
3 

130 

CH:1 CH3 H CH::J 152 
·-
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Biological effect 

The compounds of the invention possess worthwhile thera

peutic properties. as gastric acid secretion inhibitors as 

5 demonstrated by the.following_ tests .. To determine the 

gastric acid secretion inhibitory properties, experiments 

have been performed an conscious dogs provided with gastric 

fistulas of conventional type and duodenal fistulas, the 

latter ones used -for direct intraduadenal administration 

10 o.f the test compounds_. A-fter 16 hours starvation and depriv

ation of water the- dogs were given a subcutaneous infusion 

of pentagastrin (1-4 nmol/kg, h) lasting for 6-7 hours. 

G~stric juice was co!lect~d in consecutive 30 minutes 

samples. An aliRuot of each sample was·titrated with 0.1 N 
. . 

15 NaOH to pH 7.0 for tftrable acid concentration using an 

automatic titrate~ and pH-meter (Radiometer, Copenhagen, 

Denmark). Acid out~ut was calculated as mmol H+/60 minutes. 
. . , 

The pe~cent inhibition compared to control experiments was 

cal4uJ:a:ted for ea.ch compound and th-e peak i_nhibi tory e-ffect 

20 is give~ in Table 2 below. ·The·test compounds,-suspended in 

0.5 % Met:hocele (methyl cellulose), were given_intraduoden

ally in doses from 4-20 pmol/kg when the secretory response 

to pentagastrin has reached a steady level. 

25 In the test prior known compounds were compared with the 

compounds of the present invention as will be evident from 

the Table 2 below. 

30 The following gastric acid inhibiting effect data were 

obtained for a number of" compounds tested according to the 

method described. 
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Ex. Rl R2 R6 R3 R4_ R5 Dose Effect 

10 Hmol/kg % inhibition 
-

1 5-COCH3 6-CH
3 

H H CH3 CH 3 2 90 
~-~ 

; 
4 5-COCH3 6-CH H CH 3 CH3 H 1 60 3 
7 5-COCH3 6-CH 

3 
H CH3 H CH3 2 100 

' 
8 5-COCH3 6-CH 3 H CH3 CH

3 
CH3 4 100 

; 15 9 5-COCH 3 6-CH 3 H H OCH3 H 2 95 

11 5-COCH3 6-CH 3 H CH 3 OCH 3 CH
3 

0.5 70 

~ 5-COCH 3 
6-.CH H H CH 3 H 20 30 3 I 

X 5-COCH
3 

6-CH H H H CH 3 8 80 3 

20 2 5-COOCH3 6-CH 3 H H CH3 CH3 2 60 

5 5-COOCH3 6-CH 3 H CH3 CH3 H 2 90 

12 5-CDOCH3 6-CH 
3 

H CH
3 

H CH3 2 70 

13 5-COOCH3 6-CH H CH
3 CH

3 
CH

3 
4 80 

3 . 
14 5-COOCH

3 
6-CH 

3 
H H OCH3 H .2 100 

25 15 S-COOCH3 
6-CH 

3 H H DC 2H5 H 4 75 

16 S-COOCH 3 6-CH 
3 H CH 3 OCH3 H 0.5 65 

17 S-COOCH3 
6-CH 

3 
H CH3 OCH 3 CH 3 

0_. 5 90 

18 5-COOCH
3 

6-CH 
3 H H OCH3 CH

3 
X S-COOCH

3 
6-CH 

3 
H H H CH

3 
4 50 

30 X 5-COOCH 3 6-CH 3 H Br H 1-f 4 a 

6 4-CH 3 6-CH 3 H CH3 H CH 3 4 40 

10 4-CH 3 
6-CH

3
. H H QCH

3 
_H 2 40 

X 4-CH 3 6-CH 
3 

H H H H 4 30 

X 4-CH 6-CH H H H CH3 12 50 
3 -3 I 

35 

. 
cont. 
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Ex Rl R·2 R6 R3 R4 Rs Dose Effect · I 
pmol/kg % inhibition 

13 -5-COOCH3 H H H CH3 CH3 4 100 
!19 5-COOCH3 H H CH3 H CH3 2 60 
bo 5-COOCH3 H H CH3 OCH3 CH3 0.5- 55 
i . 
'x 5-COOCH · H- H H H CH3 20 90 I . 3 
X s~coocH 

3 H H H ·H H 20 50 

21 5-COCH3 H H CH3 OCH3 CH3 0.5 60 

X 5-COCH3 H H H H C2H5 20 40 , 

22 5-0CH · · 
.3. 

H H ·H _ OCH3 CH3 
23 5-0CH3 H H. CH3 OCH3 CH3 0.5 65 

X 5-0CH3 H f.{ H CH3 ti 20 10 

24 5-CH . 3. H ·H CH-3 OCH3 CH3 
0.5 50 

X 5-CH 3 H H H H CH3 4 so 

25 H H H CH3 OCH3 CH3 0.5 60 

X H H H H H H 4 50 

28 s..-cooczHs H H CH3 OCH3 cH
1 

o.s so 
.. 

26 5-Cl H H CH3_ OCH3 CH3 o.s 25 

27 5-CH 3 H H H oc2H40CH3 H 0.5 30 
29 5-COOCH3 H CH3 CH3 H CH 3 

. o .. s 40 
. 

x denotes a prev1ously known compound 

Example 35 

A syrup contqining 2 % (weight per volume) of active 

substance was prepared from the following ingredient~: 

2-[2-(4~5-dimethyl]pyridylmethylsulfinyl]

-(5-acetyl-6-me~hyl)~enzimidazole • HCl 

Saccharin 

Sugar 

Glycerin 

Flavouring agent 

Ethanol 96 % 

Distilled water (sufficient to obtain a final 

volume of 100 ml) 

2.0 g 

0.6 g 

30.0 g 

5-.0 g 

0.1 g 

10.0 ml 
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Sugar, saccharin and the acid addition salt were dissolved 

in 60 g of warm water. After cooling. glycerin and a solu

tion of flavouring agents dissolved in ethanol were added. 

To the mixture water was added to obtain a final volume of 

100 ml. 

The above given active substance may be replaced with other 

pharmaceutically acceptable acid addition salts. 

10 Example 36 

2-[2-(3,4-dimethyl)pyridylmethylsulfinyl]-(5-acetyl-6-

-methyl)benzimidazole • HCl (250 g) was mixed with lactase 

(175.8 g), potato starch (169.7 g) and colloidal silicic 

15 acid (32 g). The mixture was moistened with 10% solution 

of gelatin and was ground through a 12-mesh sieve. After 

drying, potato starch (160 g). talc (50 g) and magnesium 

stearate (5 g) were added and the mixture thus obtained was 

pressed into tablets (10.000). with each tablet containing 

I 20 25 mg of active substance. T~blets can be prepared that 

contain any desired amount of the active ingredient. 

Example 37 

25 Granules were prepared from 2-[2-(3,5-dimethyl)pyridyl

methylsulfiny1~6-acetyl-~-methyl)benzimidazole-p-hydroxy

benzoate (25P g), lactose (175.9 g) and an alcoholic solu

tion of polyvinylpyrrolidone (25 g). After drying. the 

granules were mixed with talc (25 g), potato starch (40 g), 

30 and mQgnesium stearate (2.50 g) and were pressed into 10.000 

tablets. These tablets are first coated with a 10 % alcoholic 

solution of shellac and thereupon with an aqueous solution 

containing saccharose (45 %).. gum arabic (5 %), gelatin (4%), 

and dyestuff (0.2 %)~ Talc and powdered sugar were used for 

35 powdering after the first five coatings. The coating was then 

covered with a 66 % sugar syrup and polished with a solution 

of 10 % carnauba wax in carbon tetrachloride. 
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Example 38 

2-[2-(3,5-dimathyl1pyridylmethylsulfinyl]-(5-acetyl-6-

-methyl )banzimid~zo.le hydrochloride (1 gl, sodium chloride 

5 (0.6 g) and ascorbic-acid (0.1 g) were dissolved in 

sufficient amount o~ distilled water to give 100 ml of 

solution. This solution, which contains 10 mg a~ active 

substance for each ml, was used in filli~g ampoules, which 

were sterilized by heating at 120°C far 20 minutes. 

10 

• i 
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1. A compound of formula III 

(III) 

5 a 

Rl N~- T 
S-CH 

./· ~~6 N 
I 
H 

10 

or a therapeutically acceptable salt thereof in whiGh 

R1 and R2 are the same or differeht and are selected 

15 from the group consisting of hydrogen .. -alkyL halogen .. 

carbomethoxy .. car,bethoxy .. alkoxy .. and· alkanoyl in any 

position, R6 is s~lect~d from the group consisting of 
. . . 3 4 . 5 

hydrogen, methyl and ethyl, R , R , and R are the 

same or different and are each selected from the group 

?.U consisting of. hydrogen, methyl .. methoxy .. ethoxy .. · 

25 

30 

35 

3 4 5 methoxy-ethoxy and ~thoxy-ethoxy whereby R , R , and R 

are nat all hydrogen, ?nd whereby when two of R3 , R4 , 

and R5 are hydrogen .. the third of R3 , R
4

, and R5 is 

not methyl. 

2. A compound according to claim 1, wherein R1 .and R2 

are same or different and are each selected from the 

group consisting of hydr~gen, alkyl, carbomethoxy .. 

alkoxy, and alkanoyl in any position, whereby R1 and 

R2 a~e not both hydrogen, R6 ~s hydrcgen .. and R 3 ~ R4 , 

and R5 are the same or different and are each selected 

from the group consisting of hydrogen .. methyl, methoxy, 
3 4 5 and ethoxy, whereby R , R , and R are not all hydrogen 

and whereby when two of R3 .. R4 , and R5 are hydrogen, 
3 4 5 the third of R , R , aod R are not methyl. 
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3. A compound according to claim !~wherein R1

p R 2 ~ and 

R6 hpve the meanings given and R~ and R5 are methyl and 

R
4 is methoxy • 
• 

5 4. A compound according to claim 1, wherein R~ .. R2 , and 

R6 have the"meanings given, R4 is methoxy, and R3 is 

hydrogen and R
5 is methyl. or R

5 is hydrogen and R3 is 

methyl. 

10 5. A compound according to claim 1 or a t~erapeutically 
acceptable salt thereo~ in which R1• R2 , and R6 have the 

meaning~ given, R3 and R5 are hydrogen, and R4 is methoxy, 

ethoxy ,. meth~xyethoxy or ethoxy-ethoxy. 

15 6. A compound acdording to claim 1 or a th~rapeutically 

acceptable salt thereof in which. R1 • ·R2 , and R6 have the_.· 
. • • R3 d RS . . 4 

20 

mean1ngs g~ven, and , an are methyl_~nd R is 

hydrogen." 

. 
7. A c~mpound according to claim 1 and selected from the 

group confdsting of. 

2- [2- (3. 4-dimethyll- "pyridy_lmethylsulfi nyl]- ( s~_acetyl-_5.:- . 

-methvl)-benzimjdazole, 

2-[2-(3,5-dimethyl)-~yridylmethylsulfinyl]-(4,6-dimethyl)-

- i 25 -ben7imidazole, 

2- [ 2- ( 4. 5-dimethyl) -pyridy lmethylsul finyl J -{ 5-.carbomethg?<yl-

-benzimidazole, 

2-[2-(4,5-dimethyl)-pyridylmethylsulf'inylJ-(5-acetyl-6-

-methyl)-benzimi~azole, 

30 2-[2-(4,5-dimethyl)-pyridylmethylsulfinyl]-(5-carbomethoxy-

6-methyl)-benzimidazole, 

2-[2-(3,4-dime~hyl)-pyridylmethylsulfinyl]-(5-carbomethoxy

-6-methyl)-benzimfdazole. 

3'5 

. . 
2-[2-[3,5-di~ethyl)~py~idylmethylsulfinylJ-15-acetyl-5-

met~yl)-benzimidazole, 

2-[2-(3,4,5-trimethyl)-pyridylmethylsulfinyl}-(5-acetyl-6-

-methyl)-benzimidazole, 
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5 2-[2-~-methoxy)-pyridylmethyls~l~inyl]-(5-acetyl-6-methyl)
-benzimidazole 

2-[2-(4-methoxy)-pyridylmethylsulfinyl]-(4,6-dim~tnyl) 

-benzimidazole 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

10 .=3cety 1-6 -me thy 1) :..beniimi dazo 1 e, 

2-[2-(3,5-dimethyl)-pyridylmethylsulfinyl}-(5-carbomethoxy

-6-methyl)-benzimidazole, 

2-[2-(3,4~5-trirnethyl)-py~idylmethylsulfinyl]-{5-carbomethoxy

-6-methyl)-benzimidazqle, 

15 2-[2-(4-methoxy)-pyridylmethylsulfinyl]-(5-carbomethoxy-6-

methyl)-benzimidazole, 

2-[2-(4-ethoxy)-pyridyl~ethylsulfinyl],-(5-carbomethoxy-6-

methyl)-benzimidazole. 

2-[2-(3-methyl-4-methoxy)-pyridylmethylsulfinyl}-(5-carbo-

20 ~ethoxy-6-methyl}-benzimidazole~ 

2-[2-(3,5-dimeth~l~4-methoxy)-pyridylmethyl~ulfinyl]-(5-carbo

methoxy-6-methyl)-benzimidazole, 

2-[2-(4-methoxy-5-methyl)-pyridylmethylsulfinyl]-(5-carbo-
" . 

methoxy-6-methyl)-benzimidazole. 

25 2-{2-(3~~-dimethyl]-pyridylmethylsulfinyl]-C~-carbomethoxy)

-benzimidazole, 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinylJ~ts~arbo-. 

methoxy}-benzimidazole. 

30 

35 

2-[2-(3,5-dimethyl-~-methoxy)-pyridylmethylsulfinyl]-(5-

acF:tyl) -benzimidazole .. 

2-[2-(4-methoxy-5-methyl)-pyridylmethylsulfinyl]-(S~methoxy)

-benzimidazo)e, 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

-methoxy)-benzimidazole, 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

me thy 1 ) -benz i mid a z o 1 e , : 

2-[2-(3,5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-benzi

·midazole. 

2-{2-(3~5-dimethyl-4-methoxy)-pyridylmethylsulfinyl]-(5-

40 chloral-benzimidazole 
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8. A pharmaceutical preparation for inhibiting gastric 

acid secretion, characterized in that it contains as 

active agent a compound of formula Ill 

0 
N . . T 
·~ . • s~cH ------~ 
-~Is 
N R 

(III) 

I 
H 

or a pharmaceutically acceptable non-toxic acid addition 

salt.thereof in a therapeutically effective amount in 

which R1 and R2 are the ~arne or different and are selected 

15 ¥rom the group consisting of hydrogen, alkyl, halogen, 

carbomethoxy» c~rbethoxy, alko~y, and alkanoyl in any 

position, R6 is selected from.the group consisting of 
3 . 4 5 

hydrogen, methyl, and ethyl R , R , and R are the same 

or diffarent and are each selected t'rorn the group con-

20 sisting of by.drogen, me·thyl, methoxy, etho>.<y, methoxy-
. 3 4 5 

ethoxy, and ethoxy-ethoxy whereby R , R ,and R are not 
. 3 4 5 

all hydrogen, and whereby when two of R , R , and R 
- 3 4 5 

are hydrogen, the third of R , R , and R is not methy~. 

·25 9. A pharmaceutical preparation according to claim 8· 

wherein the active 1ngredien~ is selected from the group 

consisting of 

• • # 
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2-[2-(3,4-dimethyll-pyridylmethylsulffoyl]-(Sracetyl-6-
-methyl)-benzimidazole, 

2- [ 2- { 3, 5,.. dimethyl) -pyridylmethyl~ulfinyl)- ( 4. 6-dimethyl)

-benz imi daza 1 e .. 

2-[2-(4,5-dimethyl)-pyridylm~t,hylsulfioylJ-(5-carbomethoxy)-

-benz imi daz ole, . 

2-[2,.(.4,5-dimathyl)-pyl"'idylmethylsulfinyl] .. (S-acetyl-6-

-methyl}-benzimi~azole~ 

2-[2-{4,5-dimethyl)-pyridylmethylsulfinylJ-(5-carbomethoxy~ 

6-methyll-benzimidazole. 

2-[2-(3,4-dimethyl)-pyridylmethylsulfinyl]·(S-carbomethoxy
-6-methyl)-benzimidazol&, 

2-[2-(3~5-dimethyl)-pyridylme~hylsulfinylJ~Cs~acetyl-6-

methyl)- bon;. i mid a/. ole·~. 

15 2- [ 2- ( 3, 4, 5·- tri methyll- pyridylmethylsul fi nylJ -( 5-acetyl-6-

-methyl) -benzimidazole. 

2- [2-.(4-methoxy) -pyridylmethylsulfinyl]- (5-acetyl-6-methyl)

-benzimidazole, 

2-[2•(4-methoxy)-pyridylmethylsulfinyl]-(A~~~dimethyl)-benzi-

20 midazole, 

2- {2- (3, 5-dimathy 1_-4 -methoxy) -pyridylmethylsulfi nYl}-...(5:

acetyl-6-methyl)-benzimidazole, 

2-[2-(3,5-dimethyl)-p¥ridylmethylsuifinyll-(5..-carbomethoxy
-6-methylJ-benzimidqzole, 

25 2-[2-(3,4#5-trimethyl)-pyridylmethylsulfinyl]~(S-carbomethoxy

-6-methyl)-benzimidazole, 

2-[2-(4-methoxyl-pyridylmethylsulfinyl].~(S-carbomethexy-6-

-methyl)-benzimidazolel 
2~[2-(4-cthoxy)-pyridylmethylsulfinyl}-(5-carbomethoxy-6-

3 0 -met h y 1 ) -ben ..l i m i d a z o 1 e. 

2- [ 2- ( 3-methy 1-4 -rnethoxy} -pyridylmethylsu 1 fi nyl J- ( 5- carbo

methoxy-6-mathyl)-benzi~idazole, 

2-[2-(3,5-dimsthyl-4-methoxy)-pyridylmethylaulfinyl]-(5-carbo

methoxy-6-methyl)-benzimida2a1e, 

35 2- [2- (4-methoxy-5-methyl) -pyridylmethylsulfinylJ -(5-carbo

me tho xy- 6- met h y U -benz i mi da z o 1 e .. 
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2-[2-(3 6 5-dirnethyl)~pyridylmathyl~ul~inyl]-(5-carbometho~y) 
-benzimidazole, 
2--[2- ( 3, 5-dimethyl-4-methoxy) -pyridylmethylsulfi nyl]- ( s...
carbomethoxyl-benzimidazole, 

5 2-[2-(3,5-dimethyl-4-methoxyl-pyridylmethylsulfinyl]-(5-

acetyl)-benzimidazole, 

2-[2-(4-mathoxy-5-methyl)-pyridylmeth~lsulfinyl]-(5-mathoxy) 

-benzimidazole, 
2- [2- ( 3,5-dimethy-1-4-methoxy) ..-pyridylmethylsulf"inyl]- ( 5-

10 methoxy)-benzimidazole, 

2- [2~ ( 3, 5-dimethyl-4-methoxy l-pyridy_lmethyl.sul fi nyl]- ( 5-
methyl)-benzimidazole, 

2- [2- ( 3,5-dimeth_yl-4-methoxy) -pyridylmethylsulfinyl] -benzi

midazole,-
15 2-[2-(3,5-di~et~yl-4-methoxy}-pyridylmethylsulf"inyl]-(5-

chloro)~benzimidazole, 

20 

25 

or a pharmaceutic.ally acceptable nan-toxic addition salt 

ther~of~ 

10 .. Intermediates o-f the formulp 

30 whereir R1 ~nd R2
# preferably in 3 to 5 position, are the 

same or dif.ferent and are seiected from the group con

sisting of hydrogen. alkyl, halogen, carbomethoxy, carb
ethoxy, alkoxy and· alkanoyl, R

6 is selected from the group 

35 
consisting of hydrogen, methyl~ and ethyl, and R3 , R4 , 

5 . . 
and R are the same or different and are selected from 
the group consisting of hydrogen, methyl, methoxy, athoxy~ 

3 4 5 
methoxy-ethoxy~ and ethoxy-ethoxy whereby R ~ R • and R 



' ' . 
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3 4 5 are not all hydrog~n when two of R • R • and R ·are 
hydrogen, the third of R3 , R4 , and R5 is not me~hyl • 

.. 
-.:t 

·.' 
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TITLE ~110DIFIED 
see front page 

1 

Novel compounds 

Field of the invention 

The invention relates to novel salts of the known compound omeprazole. 

5 Background of the invention 

10 

15 

20 

The compound known under the generic name omeprazole, having the 
structural formula 

( i) 

which is described i.a. in European patent specification 0005129, is 
being extensively investigated clinically as a gastric acid secretion 
inhibiting agent. 

Omeprazol is useful for inhibiting gastric acid secretion as well as for 
providing gastrointestinal cytoprotective effects in mammals and man. 
In a more general sense, omeprazole may be used for prevention and 
treatment of gastrointestinal inflammatory diseases in mammals and man, 

25 including e.g. gastritis, gastric ulcer, and duodenal ulcer. Furthermore, 
omeprazole may be used for prevention and treatment of other gastroin
testinal disorders where cytoprotective and/or gastric antisecretory 
effect is desirable, e.g. in patients with gastrinomas, in patients 
with acute upper gastrointestinal bleeding, and in patients with a 

30 history of chronic and excessive alcohol consumption. 

The tenn "omeprazole" as used in this spec1fication designates tne 

neutral form of the compound of the formula (i}, that is the form as 
given in the formula {i) without salt forming components present. 
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2 

A problem with omeprazole is its stability characteristics. Upon storage 
without any special precautions being taken, it is degraded at a rate 
which is higher than desired. At storage during accelerated conditions, 
that is at +37°C and at a relative humidity of 80% for a period of 6 

5 months, about 6% of the subst~nce is converted to degradation products. 
While the rate of decomposition of omeprazole at normal storage con
ditions is lower, it is nevertheless desirable to obtain physical 
forms of omeprazole which exhibit improved stability. This 
need for more stable forms of omeprazole is apparent when con-

10 sidering the often considerable time periods involved from the synthesis 
of the active substance through its incorporation in pharmaceutical 

preparations, distribution of the finished oroduct to pharmacies etc •. up 
to the consumption of the preparation by the patient. The present in
vention provides such new forms of omeprazole which exhibit improved 

15 storage stability. 

The invention 

It has been found that the novel alkaline ~alts of omeprazole with the 
20 structural formula 

25 

I 

n 

. VNH? 1 
.N+(R1)4 or H2n-C~ ~,wherein R is an alkyl qroup containinQ 

NH2 
1-4 carbon atoms are more stable durinQ storaqe than the corresoondinQ 

35 neutral form of orneprazole. The salts of the formula I are also easier 

to handle than the neutral form in th€ manufacture of pharmaceutical 
dosage units. 
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3 

A preferred group of omeprazole salts of the formula I are those where
. An+ . N + K+ M 2+ d C 2+ 1 n 1 s a , , g an a . 

Further preferred salts are those wherein An+ is Na+, Mg2+ and ca2+. 

5 The Na+-salt is especially preferred for the preparation of liquid 
pharmaceutical formulations, e.g. solutions for intravenous administra
tion. The Mg 2+and ca2+salts are especially preferred for the prepara
tion of tablets. The Mg2+ salt is particularly preferred. 

10 Illustrative examples of the alkyl group R1 are CH3, c2H5, n-C 3H7, and 
n-C4H9 . 

15 

The novel salts I of the invention are prepared by reacting omeprazole 
of the formula 



5 

10 

15 

20 

25 

4 

CH OOCH3 0 
3 ~ CH3 t_ # 

l CH -S_/ 
~ 2 ' 

with a base capable of releasing the cation 

where-in An+ is as defined above, 
to give a salt of the formula 

which salt is tt.ereafter isolated. 

00124495 

(i) 

(ii) 

I 

n 

Examples of bases capable of releasing tile cation An+, and examples of 
reaction conditions are given ~low. 

a) Salts of the formula I wherein A is li, Na or K are prepared by 
treating omeprazole with liOH, NaOH or KOH in an aqueous or nonaqueous 
medium or with liOR, liNH2, LiNR2, NaOR, NaNH2, NaNR2, KOR, KNH2 or 
KNR2, wherein R is an alkyl group containing 1-4 carbon atoms, in a 

30 nonaqueous medium. 

b) Salts of the formula I wherein A is Mg, Ca, or Ti are prepared by 
treating omeprazole with Mg(OR) 2, Ca(OR) 2, CaH2, Ti{OR} 4 
or TiH4, wherein R is an alkyl group containing 1-4 carbon atoms, in a 

35 nonaqueous solvent such as an alcohol (only for the alcoholates}, e.g. 
ROH, or in an ether such as tetrahydrofuran. 


