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IN THE UNITED STATES PATENT

AND TRADEMARK OFFICE

Applicants: "EXPRESS MAIL" mailing label
No. EK6578176710S

WILLIAM E. PULLMAN ET AL.

Date of Deposit:
U.S. National Phase of October 19, 2001
PCT/US00/11129 filed April 26,
2000 I hereby certify that this

paper (or fee) is being
deposited with the United
States Postal Service "EXPRESS
MAIL POST OFFICE TO ADDRESSEE"
service under 37 CFR §1.10 on
the date indicated above and is
addressed to:
Assistant Commissioner for

Patents, Washington, D.C.
20231.

Filed: Herewith

For: UNIT DOSAGE FORM

Group Art Unit: Unassigned

Examiner: Unassigned

Attorney Docket No. 29342/36206A

  
eeeeeeeeeeeeeeeeSe

immermann

PRELIMINARY AMENDMENT

ACCOMPANYING APPLICATION TRANSMITTAL
 

Commissioner of Patents

Washington, D.C. 20231

Sir:

Please amend the above-identified application

as follows:

IN THE SPECIFICATION:

Page 1, after the title, please delete the 
CROSS-REFERENCE TO RELATED APPLICATION in its entirety

and insert therefor:

ATI 1009-0004
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--~CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S. national phase application of

International Application No. PCT/US00/11129, filed on

April 26, 2000, which claims the benefit of provisional

patent application Serial No. 60/132,036, filed April 30,
1999.--

IN THE CLAIMS:

Cancel claims 18 and 19 without prejudice.

Amend claims 7-9 as follows:

7. (Amended) The dosage form of claim 1, 2,

3, 4, 5, or 6 wherein the unit dose is in a form selected

from the group consisting of a liquid, a tablet, a cap-

sule, and a gelcap.

8. (Amended) The dosage form of claim 1, 2,

3, 4, 5, or 6 wherein the unit dose is in the form of a

tablet.

 
9. (Amended) (Amended) The dosage form of

claim 1, 2, 3, 4, 5, or 6 for use in treating a condition
 wherein inhibition of PDE5 is desirable.
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Claims 1-19 are pending in the application.

Claims 18 and 19 have been cancelled. Therefore, claims

1-17 are at issue in this application.

The amendments are described in more detail

below. Pursuant to 37 C.F.R. §1.121, a marked-up version

of the changes made to the claims by the present amend-

ment is attached hereto following the signature page of

this amendment. The first page of the marked-up version

of the changes is captioned "Version With Markings to

Show Changes Made."

This preliminary amendment adds no new matter.

The specification has been amended to insert a cross-

reference to a related application. Claims 7-9 have been

amended to improve the form of the claims.

It is submitted that the amendment should be

entered, and that the claims are of a proper form and
 scope for allowance. An early and favorable action on

‘the merits is respectfully requested.

Should the examiner wish to discuss the fore-

 
going, or any matter of form in an effort to advance this

application toward allowance, the examiner is urged to

telephone the undersigned at the indicated number.
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Respectfully submitted,

MARSHALL, GERSTEIN & BORUN

—_—_———

By Neues
James J. Napoli
{Registration No. 32,361)
Attorneys for Applicants
6300 Sears Tower

233 South Wacker Drive

Chicago, Illinois 60606
(312) 474-6300

  

Chicago, Illinois
October 19, 2001
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Version With Markings to Show Changes Made
(U.S. National Stage of PCT/US00/11129

filed October 19, 2001)

IN THE SPECIFICATION: 

The following cross-reference to related

 application has been inserted into the specification:

CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S. national phase application

of International Application No. PCT/US00/11129, filed

on April 26, 2000, which claims the benefit of

provisional patent application Serial No. 60/132,036,

filed April 30, 1999.

IN THE CLAIMS:

Claims 18 and 19 have been cancelled without

prejudice.

 
Claims 7-9 have been amended as follows: 

7. (Amended) The dosage form of [claims 1

through 6] claim 1, 2, 3, 4, 5, or 6 wherein the unit

dose is in a form selected from the group consisting of

a liquid, a tablet, a capsule, and a gelcap.

8. (Amended) The dosage form of [claims 1

through 6] claim 1, 2, 3, 4, 5, or 6 wherein the unit

dose is in the form of a tablet.
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9. (Amended) The dosage form of [claims i

through 6] claim 1, 2, 3, 4, 5, or 6 for use in treat-

ing a condition wherein inhibition of PDES5 is desir-

able.
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UNIT DOSAGE FORM

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of

provisional patent application Serial No.

60/132,036, filed April 30, 1999,

FIELD OF THE INVENTION

The present invention relates to a highly

selective phosphodiesterase (PDE) enzyme inhibitor

and to its use in a pharmaceutical unit dosage form.

In particular, the present invention relates to a

potent inhibitor of cyclic guanosine 3',5'-mono-

phosphate specific phosphodiesterase type 5 (PDES5)

that when incorporated into a pharmaceutical product

is useful for the treatment of sexual dysfunction.

The unit dosage form described herein is character-

ized by selective PDES inhibition, and accordingly,

provides a benefit in therapeutic areas where

inhibition of PDE5 is desired, with minimization or

elimination of adverse side effects resulting from

inhibition of other phosphodiesterase enzymes.

BACKGROUND OF THE INVENTION

The biochemical, physiological, and

clinical effects of cyclic guanosine 3',5'-mono-

phosphate specific phosphodiesterase (cGMP-specific

PDE) inhibitors suggest their utility in a variety

of disease states in which modulation of smooth

muscle, renal, hemostatic, inflammatory, and/or

ATI 1009-0010
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endocrine function is desired. Type 5 cGMP-specific

phosphodiesterase (PDE5) is the major cGMP hydro-

lyzing enzyme in vascular smooth muscle, and its

expression in penile corpus cavernosum has been

5 reported (Taher et al., J. Urol., 149, p. 285A

(1993)). Thus, PDE5 is an attractive target in the

treatment of sexual dysfunction (Murray, DN&P 6(3),

Pp- 150-56 (1993)).

A pharmaceutical product, which provides a

10 PDES inhibitor, is currently available and marketed

under the trademark VIAGRA. The active ingredient
in VIAGRA. is sildenafil. The product is sold as an
article of manufacture including 25, 50, and 100 mg

tablets of sildenafil and a package insert. The

15 package insert provides that sildenafil is a more

potent inhibitor of PDE5 than other known phospho-

diesterases (greater than 80 fold for PDE1 inhibi-

tion, greater than 1,000 fold for PDE2, PDE3, and

PDE4 inhibition). The Ic,, for sildenafil against

20 PDE5 has been reported as 3 nM (Drugs of the Future,

22(2), pp. 138-143 (1997)) and as 3.9 nM (Boolel et

 
al., Int. J. of Impotence, 8, pp. 47-52 (1996)).

Sildenafil is described as having a 4,000-fold

selectivity for PDE5 versus PDE3, and only a 10-fold

25 selectivity for PDE5 versus PDE6. Its relative lack

of selectivity for PDE6 is theorized to be the basis

for abnormalities related to color vision.

While sildenafil has obtained significant

commercial success, it has fallen short due to its

30 significant adverse side effects, including facial

flushing (10% incidence rate). Adverse side effects

limit the use of sildenafil in patients suffering

from vison abnormalities, hypertension, and, most

ATI 1009-0011
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significantly, by individuals who use organic

nitrates (Welds et al., Amer. J. of Cardiology,

83(5A), pp. 21(C)-28(C) (1999)).

The use of sildenafil in patients taking

organic nitrates causes a clinically significant

drop in blood pressure which could place the patient

in danger. Accordingly, the package label for

sildenafil provides strict contraindications against

its use in combination with organic nitrates (e.g.,

nitroglycerin, isosorbide mononitrate, isosorbide

nitrate, erythrityl tetranitrate) and other nitric

oxide donors in any form, either regularly or

intermittently, because sildenafil potentiates the

hypotensive effects of nitrates. See C.R. Conti et

al., Amer. J. of Cardiology, 83(5A), pp. 29C-34C

(1999). Thus, even with the availability of

Sildenafil, there remains a need to identify

improved pharmaceutical products that are useful in

treating sexual dysfunction.

Daugan U.S. Patent 5,859,006 discloses

certain tetracyclic derivatives that are potent

inhibitors of cGMP-specific PDE, or PDES5. The IC,,
ef the compounds disclosed in U.S. Patent No.

5,853,006 is reported in the range of 1 mM to 10 UM.

The oral dosage for such compounds is 0.58 mg daily

for an average adult patient (70 kg). Thus, unit

dosage forms (tablets or capsules) are reported as

0.2 to 400 mg of active compound. Significant

adverse side effects attributed to compounds

disclosed in U.S. Patent No. 5,859,006 are not

disclosed.

Applicants have discovered that one such

tetracyclic derivative, (6R,12aR)-2,3,6,7,12,l12a-

ATI 1009-0012
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hexahydro-2-methyl-6- (3,4-methylenedioxyphenyl1) -

pyrazino[2',1':6,1]pyrido[3,4-b]indole-1,4-dione,

alternatively named (6R-trans) -6-(1,3-benzodioxol -5-

yl)-2,3,6,7,12,12a-hexahydro-2-methylpyrazino-

[1',2':1,6]pyrido[3,4-b]indole-1,4-dione, and re-

ferred to herein as Compound (I), can be admin-

istered in a unit dose that provides an effective

treatment without the side effects associated with

the presently marketed PDE5 inhibitor, sildenafil.

Prior to the present invention such side effects

were considered inherent to the inhibition of PDES5.

Significantly, applicants! clinical

studies also reveal that an effective product having

a reduced tendency to cause flushing in susceptible

individuals can be provided. Most unexpectedly, the

product also can be administered with clinically

insignificant side effects associated with the com-

bined effects of a PDE5 inhibitor and an organic

nitrate. Thus, the contraindication once believed

necessary for a product containing a PDE5 inhibitor

is unnecessary when Compound (I) is administered as

a unit dose of about 1 to about 20 mg, as disclosed

herein. Thus, the present invention provides an

effective therapy for sexual dysfunction in indi-

viduals who previously were untreatable or suffered

from unacceptable side effects, including individ-

uals having cardiovascular disease, such as in

individuals requiring nitrate therapy, having

suffered a myocardial infarction more than three

months before the onset of sexual dysfunction

therapy, and suffering from class 1 congestive heart

failure, or individuals suffering from vision ab-
normalities.

ATI 1009-0013
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The present invention provides Compound

(I} in a unit dosage form. That is, the present

invention provides a pharmaceutical unit dosage form

Suitable for oral administration comprising about 1

5 to about 20 mg Compound (I).

SUMMARY OF THE INVENTION 

The present invention provides a pharma-

10 ceutical dosage form for human pharmaceutical use,

comprising about 1 to about 20 mg of (6R,12aR)-

2,3,6,7,12,12a-hexahydro-2-methyl-6- (3,4-methylene-

dioxyphenyl) pyrazino[2',1':6,1]pyrido[3,4-b]indole-

1,4-dione in a unit dosage form suitable for oral
15 administration.

The present invention further provides a

method of treating conditions where inhibition of

PDE5 is desired, which comprises administering to a

patient in need thereof an oral dosage form con-

20 taining about 1 to about 20 mg of a selective PDES

inhibitor, as needed, up to a total dose of 20 mq

 
per day. The invention further provides the use of

an oral dosage form comprising a selective PDES5

inhibitor at a dosage of about 1 to about 20 mg for
25 the treatment of sexual dysfunction.

Specific conditions that can be treated by

the present invention, include, but are not limited

to, male erectile dysfunction and female sexual

dysfunction, particularly female arousal disorder,

30 also known as female sexual arousal disorder.

In particular, the present invention is

directed to a pharmaceutical unit dosage composition

ATI 1009-0014
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comprising about 1 to about 20 mg of a compound

having the structural formula:

 
 

H Oo
° whces

N

N =
H H =

~ oO

10

oO

o—/

15 said unit dosage form suitable for oral administra-

tion, and method of treating sexual dysfunction

using the pharmaceutical unit dose composition.

DETAILED DESCRIPTION

20

For purposes of the present invention as

disclosed and described herein, the following terms

and abbreviations are defined as follows.

The term "container" means any receptacle

25 and closure therefor suitable for storing, shipping,

dispensing, and/or handling a pharmaceutical prod-
uct.

The term "Ic.," is the measure of potency

of a compound to inhibit a particular PDE enzyme

30 (e.g., PDElc, PDE5, or PDE6). The IC,, is the con-

centration of a compound that results in 50% enzyme

inhibition in a single dose-response experiment.

Determining the IC;, value for a compound is readily

ATI 1009-0015
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carried out by a known in vitro methodology

generally described in ¥. Cheng et al., Biochem.

Pharmacol., 22, pp. 3099-3108 (1973).

The term "package insert" means informa-

5 tion accompanying the product that provides a de-

scription of how to administer the product, along

with the safety and efficacy data required to allow

the physician, pharmacist, and patient to make an

informed decision regarding use of the product. The

10 package insert generally is regarded as the "label"

for a pharmaceutical product.

The term "oral dosage form" is used ina

general sense to reference pharmaceutical products

administered orally. Oral dosage forms are recog-

15 nized by those skilled in the art to include such

forms as liquid formulations, tablets, capsules, and

gelcaps.

The term "vision abnormalities" means ab-

normal vision characterized by blue-green vision

20 believed to be caused by PDE6 inhibition.

The term "flushing" means an episodic

 
redness of the face and neck attributed to vaso-

dilation caused by ingestion of a drug, usually

accompanied by a feeling of warmth over the face and

25 neck and sometimes accompanied by perspiration.

The term "free drug" means solid particles

of drug not intimately embedded in a polymeric

coprecipitate.

The presently claimed dosage form

30 preferably is packaged as an article of manufacture

for human pharmaceutical use, comprising a package

insert, a container, and a dosage form comprising

about 1 to about 20 mg of Compound (I)

ATI 1009-0016
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The package insert provides a description

of how to administer a pharmaceutical product, along

with the safety and efficacy data required to allow

the physician, pharmacist, and patient to make an

5 informed decision regarding the use of the product.

The package insert generally is regarded as the

label of the pharmaceutical product. The package

insert incorporated into the article of manufacture

indicates that Compound (I) is useful in the

10 treatment of conditions wherein inhibition of PDES

is desired. The package insert also provides

instructions to administer one or more about 1 to

about 20 mg unit dosage forms as needed, up to a

maximum total dose of 20 mg per day. Preferably,

i5 the dose administered is about 5 to about 20 mg/day,

more preferably about 5 to about 15 mg/day. Most

preferably, a 10 mg dosage form is administered once

per day.

Preferred conditions to be treated include

20 sexual dysfunction (including male erectile dysfunc-

tion; and female sexual dysfunction, and more

 
preferably female arousal disorder (FAD)). The

preferred condition to be treated is male erectile

dysfunction.

25 Significantly, the package insert supports

the use of the product to treat sexual dysfunction

in patients suffering from a retinal disease, for

example, diabetic retinopathy or retinitis pig-

mentosa, or in patients who are using organic

30 nitrates. Thus, the package insert preferably is

free of contraindications associated with these

conditions, and particularly the administration of

the dosage form with an organic nitrate. More

ATI 1009-0017
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preferably, the package insert also is free of any

cautions or warnings both associated with retinal

diseases, particularly retinitis pigmentosa, and

associated with individuals prone to vision ab-

5 normalities. Preferably, the package insert also

reports incidences of flushing below 2%, preferably

below 1%, and most preferably below 0.5%, of the

patients administered the dosage form. The inci-

dence rate of flushing demonstrates marked improve-

10 ment over prior pharmaceutical products containing a
PDE5 inhibitor.

The container used in the article of

manufacture is conventional in the pharmaceutical

arts. Generally, the container is a blister pack,

15 foil packet, glass or plastic bottle and accompany-

ing cap or closure, or other such article suitable

for use by the patient or pharmacist. Preferably,

the container is sized to accommodate 1-1000 solid

dosage forms, preferably 1 to 500 solid dosage

20 forms, and most preferably, 5 to 30 solid dosage
forms.

 
Oral dosage forms are recognized by those

skilled in the art to include, for example, such

forms as liquid formulations, tablets, capsules, and

25 gelcaps. Preferably the dosage forms are solid

dosage forms, particularly, tablets comprising about

1 to about 20 mg of Compound (I). Any pharmaceut-

ically acceptable excipients for oral use are suit-

able for preparation of such dosage forms. Suitable

30 pharmaceutical dosage forms include coprecipitate

forms described, for example, in Butler U.S. Patent

No. 5,985,326, incorporated herein by reference. In

preferred embodiments, the unit dosage form of the
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present invention is a solid free of a coprecipitate

form of Compound (I), but rather contains solid

Compound (I) as a free drug.

Preferably, the tablets comprise pharma-

ceutical excipients generally recognized as safe

such as lactose, microcrystalline cellulose, starch,

calcium carbonate, magnesium stearate, stearic acid,

talc, and colloidal silicon dioxide, and are pre-

pared by standard pharmaceutical manufacturing tech-

niques as described in Remington's Pharmaceutical

Sciences, 18th Ed., Mack Publishing Co., Easton, PA

(1990). Such techniques include, for example, wet

granulation followed by drying, milling, and com-

pression into tablets with or without film coating;

dry granulation followed by milling, compression

into tablets with or withouy film coating; dry
blending followed by compreSsion into tablets, with

or without film coating; molded tablets; wet gran-

ulation, dried and filled into gelatin capsules; dry

blend filled into gelatin capsules; or suspension

and solution filled into gelatin capsules. Gener-

ally, the solid dosage forms have identifying marks

which are debossed or imprinted on the surface.

The present invention is based on detailed

experiments and clinical trials, and the unexpected

observations that side effects previously believed

to be indicative of PDE5 inhibition can be reduced

to clinically insignificant levels by the selection

of a compound and unit dose. This unexpected obser-

vation enabled the development of a unit dosage form

that incorporates Compound (I) in about 1 to about

20 mg per unit dosage forms that, when orally admin-

istered, minimizes undesirable side effects previ-
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ously believed unavoidable. These side effects

include facial flushing, vision abnormalities, anda

significant decrease in blood pressure, when Com-

pound (I) is administered alone or in combination

5 with an organic nitrate. The minimal effect of

Compound (I), administered in about 1 to about 20 mg
unit dosage forms, on PDE6 also allows the adminis-

tration of a selective PDE5 inhibitor to patients

suffering from a retinal disease, like diabetic

10 retinopathy or retinitis pigmentosa.

Compound (I) has the following structural
formula:

Ho

we NTCH;15

iar He vt

is20
 

(I)

The compound of structural formula (I} was demon-

25 strated in human clinical studies to exert a minimal

impact on systolic blood pressure when administered

in conjunction with organic nitrates. By contrast,

Sildenafil demonstrates a four-fold greater decrease

in systolic blood pressure over a placebo, which

30 leads to the contraindications in the VIAGRA» in-

sert, and in warnings to certain patients.

The following illustrates the PDE5 and

PDE6 IC,, values for the compound of structural
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formula (I) determined by the procedures described
herein.

PDE5 IC,, (mM)|PDE6 IC,, (nM) PDE6 /PDE5  
  

 

 
 

The compound of structural formula (I) additionally

10 demonstrates an IC.,, against PDElc of 10,000, and a

ratio of PDE1c/PDES5 of 4,000.

PREPARATIONS

Human PDE5 Preparation

15

Recombinant production of human PDE5 was

carried out essentially as described in‘Example 7 of

U.S. Patent No. 5,702,936, incorporated herein by

reference, except that the yeast transformation

20 vector employed, which is derived from the basic

ADH2 plasmid described in V. Price et al., Methods

in Enzymology, 1985, pages 308-318 (1990), incorpor-

 
ated yeast ADH2 promoter and terminator sequences

rather than ADH1 promoter and terminator sequences

25 and the Saccharomyces cerevisiase host was the

protease-deficient strain BJ2-54 deposited on August

31, 1998 with the American Type Culture Collection,

Manassas, Virginia, under accession number ATCC

74465. Transformed host celis were grown in 2X SC-

30 leu medium, pH 6.2, with trace metals, and vitamins.

After 24 hours, YEP medium containing glycerol was

added to a final concentration of 2X YEP/3% glycer-

ol. Approximately 24 hours later, cells were

harvested, washed, and stored at -70°C.

ATI 1009-0021



ATI 1009-0022

WO 06/66099 PCT/US00/11129

- 13 -

Cell pellets (29 g) were thawed on ice

with an equal volume of lysis buffer (25 mM Tris-Cl,

PH 8, 5 mM MgCl,, 0.25 mM dithiothreitol, 1 mM

benzamidine, and 10 pM ZnSO,). Cells were lysed in

5 a microfluidizer with N, at 20,000 psi. The lysate

was centrifuged and filtered through 0.45 pm dis-

posable filters. The filtrate was applied to a 150

mL column of Q Sepharose Fast Flow (Pharmacia). The

column was washed with 1.5 volumes of Buffer A (20

10 mM Bis-Tris Propane, pH 6.8, 1 mM MgCl,, 0.25 m™

dithiothreitol, 10 pM ZnSO,) and eluted with a step

gradient of 125 mM NaCl in Buffer A followed by a
linear gradient of 125-1000 mM NaCl in Buffer A.

Active fractions from the linear gradient

15 were applied to a 180 mL ceramic hydroxyapatite

column in Buffer B (20 mM Bis-Tris Propane (pH 6.8),

1 mM MgCl,, 0.25 mM dithiothreitol, 10 BM ZnSO,, and

250 mM KCl). After loading, the column was washed

with 2 volumes of Buffer B and eluted with a linear

20 gradient of 0-125 mM potassium phosphate in Buffer

B. Active fractions were pooled, precipitated with

 
60% ammonium sulfate, and resuspended in Buffer Cc

(20 mM Bis-Tris Propane, pH 6.8, 125 mM NaCl, 0.5 mM

dithiothreitol, and 10 WM ZnSO,). The pool was

25 applied to a 140 mL column of Sephacryl S-300 HR and

eluted with Buffer C. Active fractions were diluted

to 50% glycerol and stored at -20°C. The resultant

preparations were about 85% pure by SDS-PAGE.

30 Assay for PDE Activity

Activity of PDE5 can be measured by

standard assays in the art. For example, specific
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activity of any PDE can be determined as follows.

PDE assays utilizing a charcoal separation technique

were performed essentially as described in Loughney

et al., (1996), The Journal of Biological Chemistry,

5 271:796-806. In this assay, PDES activity converts

[?P] cGMP to [32P]5'GMP in proportion to the amount of

PDES activity present. The [?*P]5'GMP then is

quantitatively converted to free [>?P] phosphate and

unlabeled adenosine by the action of snake venom 5'-

10 nucleotidase. Hence, the amount of [**P] phosphate

liberated is proportional to enzyme activity. The

assay is performed at 30 C in a 100 wL reaction

mixture containing (final concentrations) 40 m™

Tris-Cl (pH 8.0), 1 uM ZnSO,, 5 mM MgCl, and 0.1

15 mg/mL bovine serium albumin. PDE5 is present in

quantities that yield «<30% total hydrolysis of sub-

strate (linear assay conditions). The assay is

initiated by addition of substrate (1 mM [??P] cGMP),

and the mixture is incubated for 12 minutes.

20 Seventy-five (75) wg of Crotalus atrox venom then is

added, and the incubation is continued for 3 more

 
minutes (15 minutes total). The reaction is stopped

by addition of 200 mL of activated charcoal (25 mg/-

mL suspension in 0.1 M NaH,PO,, pH 4). After

25 centrifugation (750 x g for 3 minutes) to sediment

the charcoal, a sample of the supernatant is taken

for radioactivity determination in a scintillation

counter and the PDE5 activity is calculated. The

preparations had specific activities of about 3

30 umoles cGMP hydrolyzed per minute per milligram

protein.
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Bovine PDE6 Preparation

Bovine PDE6 was supplied by Dr. N.

Virmaux, INSERM U338, Strasbourg. Bovine retinas

5 were prepared as described by Virmaux et al., FEBS

Letters, 12(6), pp. 325-328 (1971) and see also, A.

Sitaramayya et al., Exp. Eye Res., 25, pp. 163-169

(1977). Briefly, unless stated otherwise, all

operations were done in the cold and in dim red

10 dight. Eyes were kept in the cold and in the dark

for up to four hours after slaughtering.

Preparation of bovine retinal outer seg-

ment (ROS) basically followed procedures described

by Schichi et al., J. Biol. Chem., 224:529 (1969).

15 In a typical experiment, 35 bovine retinas were

ground in a mortar with 35 mL 0.066 M phosphate

buffer, pH 7.0, made up to 40% with sucrose,

followed by homogenization in a Potter homogenizer

(20 up and down strokes}. The suspension was

20 centrifuged at 25,000 x g for 20 minutes. The

 
pellet was homogenized in 7.5 mL 0.006 M phosphate

buffer (40% in sucrose), and carefully layered under

7.5 mL of phosphate buffer (containing no sucrose).

Centrifugation was conducted in a swing-out rotor at

25 45,000 x g for 20 minutes, and produced a pellet

which is black at the bottom, and also a red band at

the interface 0.066 M. phosphate--40% sucrose/0.066

M phosphate (crude ROS). The red material at the

interface was removed, diluted with phosphate

30 buffer, spun down to a pellet, and redistributed in

buffered 40% sucrose as described above. This pro-

cedure was repeated 2 or 3 times until no pellet was

formed. The purified ROS was washed in phosphate
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buffer and finally spun down to a pellet at 25,000 x

g for 20 minutes. All materials were then kept
frozen until used.

Hypotonic extracts were prepared by sus-

5 pending isolated ROS in 10 mM Tris-Cl pH 7.5, 1 m™™

EDTA, and 1 mM dithioerythritol, followed by

centrifugation at 100,000 x g for 30 minutes.

The preparation was reported to have a

specific activity of about 35 nmoles cGMP hydrolyzed

10 per minute per milligram protein.

PDE1lc Preparation from Spodoptera
fugiperda Cells (S£9)

15

Cell pellets (5g) were thawed on ice with

20ml of Lysis Buffer (SO0mM MOPS pH 7.4, 10uM ZnSO,,

O.1mM CaCl,, 1mM DTT, 2mM benzamidine HCl, Spg/ml

each of pepstatin, leupeptin, and aprotenin). Cells

20 were lysed by passage through a French pressure cell

(SLM-Aminco) while temperatures were maintained

below 10°C. The resultant cell homogenate was

 
centrifuged at 36,000 rpm at 4°C for 45 minutes in a

Beckman ultracentrifuge using a Type TI45 rotor.

25 The supernatant was discarded and the resultant

pellet was resuspended with 40 ml of Solubilization

Buffer (Lysis Buffer containing 1M NaCl, 0.1M MgCl,,
imM CaCl,, 20nqg/ml calmodulin, and 1% Sulfobetaine

SB1l2 (Z3-12) by sonicating using a VibraCell tuner

30 with a microtip for 3 x 30 seconds. This was

performed in a crushed ice/salt mix for cooling.

Following sonication, the mixture was slowly mixed

for 30 minutes at 4°C to finish solubilizing mem-

brane bound proteins. This mixture was centrifuged
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in a Beckman ultracentrifuge using a type TI45 rotor

at 36,000 rpm for 45 minutes. The supernatant was

diluted with Lysis Buffer containing 10pg/ml calpain

inhibitor I and II. The precipitated protein was

centrifuged for 20 minutes at 9,000 rpm in a Beckman

JA-10 rotor. The recovered supernatant then was

subjected to Mimetic Blue AP Agarose Chromatography.
In order to run the Mimetic Blue AP

Agarose Column, the resin initially was shielded by

the application of 10 bed volumes of 1% polyvinyl-

pyrrolidine (i.e., MW of 40,000) to block nonspe-

cific binding sites. The loosely bound PVP-40 was

removed by washing with 10 bed volumes of 2M Nacl,

and 10 mM sodium citrate pH 3.4. Just prior to

addition of the solubilized PDE1c3 sample, the

column was equilibrated with 5 bed volumes of Column

Buffer A (50 mM MOPS pH 7.4, 10M ZnSO,, 5mM MgCl.,

O.1 mM CaCl,, 1 mM DTT, 2 mM benzamidine HCl).

The solubilized sample was applied to the

column at a flow rate of 2 ml/min with recycling

such that the total sample was applied 4 to 5 times

in 12 hours. After loading was completed, the

column was washed with 10 column volumes of Column

Buffer A, followed by 5 column volumes of Colum

Buffer B (Column Buffer A containing 20 mM 5'-AMP),

and followed by 5 column volumes of Column Buffer c

(50 mM MOPS pH 7.4, 10 pM 2nSO,, 0.1 mM CaCl., 1 m™M

dithiothreitol, and 2 mM benzamidine HCl). The

enzyme was eluted into three successive pools. The

first pool consisted of enzyme from a 5 bed volume

wash with Column Buffer C containing 1 mM cAMP. The

second pool consisted of enzyme from a 10 bed volume

wash with Column Buffer C containing 1M Nacl. The
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final pool of enzyme consisted of a 5 bed volume

wash with Column Buffer C containing 1M NaCl and 20

mM cAMP.

The active pools of enzyme were collected

5 and the cyclic nucleotide removed via conventional

gel filtration chromatography or chromatography on

hydroxy-apatite resins. Following removal of cyclic

nucleotides, the enzyme pools were dialyzed against

Dialysis Buffer containing 25 mM MOPS pH 7.4, 10 pM

10 zZznso,, 500 mM NaCl, 1 mM CaCl,, 1 mM dithiothreitol,

1 mM benzamidine HCl, followed by dialysis against

Dialysis buffer containing 50% glycerol. The enzyme

was quick frozen with the aid of dry ice and stored

at -70°C,

15 The resultant preparations were about >90%

pure by SDS-PAGE. These preparations had specific

activities of about 0.1 to 1.0 pmol cAMP hydrolyzed

per minute per milligram protein.

20 ic., Determinations

 
The parameter of interest in evaluating

the potency of a competitive enzyme inhibitor of

PDE5 and/or PDElc and PDE6 is the inhibition

25 constant, i.e., K This parameter can be approx-1.

imated by determining the IC.,,, which is the inhib-

itor concentration that results in 50% enzyme

inhibition, in a single dose-response experiment

under the following conditions.

30 The concentration of inhibitor is always

much greater than the concentration of enzyme, so

that free inhibitor concentration (which is unknown)
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is approximated by total inhibitor concentration

(which is known).

A suitable range of inhibitor concentra-

tions is chosen (i.e., inhibitor concentrations at

least several fold greater and several fold less

than the K, are present in the experiment). Typi-

cally, inhibitor concentrations ranged from 10 nM to

10 pM.

The concentrations of enzyme and substrate

are chosen such that less than 20% of the substrate

is consumed in the absence of inhibitor (providing,

e.g., maximum substrate hydrolysis of from 10 to

15%), so that enzyme activity is approximately

constant throughout the assay.

The concentration of substrate is less

than one-tenth the Michaelis constant (K,). Under

these conditions, the IC;, will closely approximate

the K,. This is because of the Cheng-Prusoff equa-

tion relating these two parameters: IC,.,=K,(1+S/K,),

with (1+S/K,) approximately 1 at low values of S/K,.

The IC,, value is estimated from the data

points by fitting the data to a suitable model of

the enzyme inhibitor interaction. When this inter-

action is known to involve simple competition of the

inhibitor with the substrate, a two-parameter model
can be used:

Y=A/ (1+x/B)

where the y is the enzyme activity measured at an

inhibitor concentration of x, A is the activity in

the absence of inhibitor and B is the IC,,. See Y.
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Cheng et al., Biochem. Pharmacol., 22:3099-3108

(1973).

Effects of inhibitors of the present

invention on enzymatic activity of PDE5 and PDE6

preparations as described above were assessed in

either of two assays which differed from each other

principally on the basis of scale and provided

essentially the same results in terms of IC,, values.

Both assays involved modification of the procedure

of Wells et al., Biochim. Biophys. Acta, 384:430

(1975). The first of the assays was performed ina

total volume of 200 pl containing 50 mM Tris pH 7.5,

3 mM Mg acetate, 1 mM EDTA, 50 pg/mL snake venom

nucleotidase and 50 nM [3H]-cGMP (Amersham). Com-

pounds of the invention were dissolved in DMSO

finally present at 2% in the assay. The assays were

incubated for 30 minutes at 30°C and stopped by

addition of 800 pl of 10 mM Tris pH 7.5, 10 mM EDTA,

10 mM theophylline, 0.1 mM adenosine, and 0.1 mM

guanosine. The mixtures were loaded on to 0.5 mL

QAE Sephadex columns, and eluted with 2 mL of 0.1™M

formate (pH 7.4). The eluted radicactivity was

measured by scintillation counting in Optiphase

Hisafe 3.

A second, microplate, PDE assay was

developed using Multiscreen plates and a vacuum

manifold. The assay (100 pl) contained 50 mM Tris

pH 7.5, 5 mM Mg acetate, 1 mM EDTA and 250 ug/mL

snake venom nucleotidase. The other components of

the reaction mixture were as described above. At

the end of the incubation, the total volume of the

assays were loaded on a QAE Sephadex microcolumn

plate by filtration. Free radioactivity was eluted
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with 200 ul of water from which 50 pl aliquots were

analyzed by scintillation counting as described

above.

The following examples are presented to

5 further illustrate the preparation of the claimed

invention. The scope of the present invention is

not to be construed as merely consisting of the

following examples.

10 Example 1

Compound (I) was prepared as described in

U.S. patent 5,859,006 and formulated in tablets

using wet granulation. Povidone was dissolved in

15 water to make a 10% solution. The active compound,

microcrystalline cellulose, croscarmellose sodium,

and sodium lauryl sulfate were added to a high shear

mixer and mixed for 2 minutes. The powders were wet

granulated with the povidone solution and extra

20 water as required to complete the granulation. The

resultant mixture was dried in a fluid bed drier

 
with inlet air at 70°C + 5°C until the loss on

drying was below 2.5%. The granules were passed

through a Comil with a suitable screen {or a sieve)

25 and added to a suitable mixer. The extragranular

croscarmellose sodium and sodium lauryl sulfate, and

the colloidal anhydrous silica were passed through a

suitable sieve (e.g., 500 micron) and added to the

mixer and blended 5 minutes. Magnesium stearate was

30 added and blended for 2 minutes. The blend was

compressed to a target compression/weight of 250 mg

using 9 mm round normal concave tooling.
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The core tablets were coated with an

aqueous suspension of Opadry OY-S-7322 using an

Accelacota (or similar coating pan) using inlet air

at 50°C to 70°C until the tablet weight was in-

5 creased by approximately 8 mg. Opadry OY-S-7322

contains methylhydroxypropylcellulose Ph.Eur.,

titanium dioxide Ph. Eur., Triacetin USP. Opadry

increases the weight of each tablet to about 258 mg.

The amount of film coat applied per tablet may be

10 less than that stated depending on the process effi-

ciency.

The tablets are filled into blister packs

and accompanied by package insert describing the

safety and efficacy of the compound.

   

  
 

15

—_|aComponent (mg per tablet)

ersores[Ts20 Phthalate

25 Purified Water, USP {water for eeeeirrigation)

(Film coat Opadry OY-S-7322)

» Compound (I).
35
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Example 2

The following formula is used in preparing

the finished dosage form containing 10 mg of Com-

5 pound (I).

Se

fivaronypropyleetioioseda
[croscemmeiiosesoaiunOdo

P80
jeusisebearesSCSCS~C—~iSSCSCSC*d

250 mg

 
 
  
  

  10

  
 

is

 
 
 

 

 

 
 
 

20 Magnesium Stearate (vegetable)

Pia|
Fiim coat (approximately) 11.25

 
 

25

Purified Water, USP is used in the manu-

facture of the tablets. The water is removed during

processing and minimal levels remain in the finished

30 product.

Tablets are manufactured using a wet gran-

ulation process. A step-by-step description of the

process is as follows. The drug and excipients to

be granulated are security sieved. The selective
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PDE5 inhibitor is dry blended with lactose mono-

hydrate (spray dried), hydroxypropylcellulose, cros-

carmellulose sodium, and lactose monohydrate. The

resulting powder blend is granulated with an aqueous

5 solution of hydroxypropylcellulose and sodium lauryl

sulfate using a Powrex or other suitable high shear

granulator. Additional water can be added to reach

the desired endpoint. A mill can be used to delump

the wet granulation and facilitate drying. The wet

10 granulation is dried using either a fluid bed dryer

or a drying oven. Once the material is dried, it

can be sized to eliminate any large agglomerates.

Microcrystalline cellulose, croscarmellose sodium,

and magnesium stearate are security sieved and added

15 to the dry sized granules. These excipients and the

ary granulation are mixed until uniform using a

tumble bin, ribbon mixer, or other suitable mixing

equipment. The mixing process can be separated into

two phases. The microcrystalline cellulose,

20 croscarmellose sodium, and the dried granulation are

added to the mixer and blended during the first

 
phase, followed by the addition of the magnesium

stearate to this granulation and a second mixing

phase.

25 The mixed granulation then is compressed

into tablets using a rotary compression machine.

The core tablets are film coated with an aqueous

suspension of the appropriate color mixture in a

coating pan (e.g., Accela Cota). The coated tablets

30 can be lightiy dusted with talc to improve tablet

handling characteristics.

The tablets are filled into plastic con-

tainers (30 tablets/container) and accompanied by
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package insert describing the safety and efficacy of

the compound.

Example 3

The following formula is used in preparing

a finished dosage form containing 5 mg of Compound

(I).

ferenmation——SSCSC—“~Ss*~sSSCSC‘“‘~*~*Y

[croscernsniosesoaiemSd
Hydroxypropylcelluliose (EF)

Sodium Lauryl Sulfate

a
[eussidepoudere—SSSSCSC~C~CS~iYS

a

  
  

   
  

 
 

 
 
 

 
 

  

  
  

The dosage form of Example 3 was prepared

in an identical manner to the dosage form of Example
2.

ATI 1009-0034



ATI 1009-0035

 
 

WO 00/66099 PCT/US00/11129

10

15

20

25

30

Example 4

a
[rinaweightsooo

  
  

   

The gelatin capsules are precisely filled

by pumping an accurate fill volume of pre-dissolved

drug formulation into the partially sealed cavity of

a capsule. Immediately following injection fill of

the drug solution formulation, the capsule is

completely heat sealed.

The capsules are filled into plastic con-

tainers and accompanied by a package insert.

Example 5

This study was a randomized, double-blind,

placebo-controlled, two-way crossover design clin-

ical pharmacology drug interaction study that evalu-

ated the hemodynamic effects of concomitant adminis-

tration of a selective PDE5 inhibitor (i.e., Com-

pound (I)) and short-acting nitrates on healthy male

volunteers. In this study, the subjects received

either Compound (I) at a dose of 10 mg or a placebo,

daily for seven days. On the sixth or seventh day,

the subjects received sublingual nitroglycerin (0.4

mg) while supine on a tilt table. The nitroglycerin

was administered 3 hours after Compound (I) dosing,

and all subjects kept the nitroglycerine tablet
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under their tongue until it completely dissolved.

The subjects were tilted to 70° head-up every 5

minutes for a total of 30 minutes with measurement

of blood pressure and heart rate. There were no

discontinuations among the twenty-two healthy male

subjects (ages 19 to 60 years old) that entered this

study.

In a preliminary analysis of this study,

Compound (I} was well tolerated and there were no

serious adverse events. There were no Compound (I)

changes in laboratory safety assessments or 12-lead

ECGs. The most common adverse events were headache,

dyspepsia, and back pain. Compound (I) demonstrated

minimal, if any, effect on mean systolic blood

pressure, and mean maximal nitroglycerin-induced

decrease in systolic blood pressure.

Example 6

In two randomized, double-blinded placebo

controlled studies, Compound (I) was administered to

patients in need thereof at a range of doses, in

both daily dosing and for on demand therapy, for

sexual encounters and intercourse in the home

setting. Doses from 5 to 20 mg of Compound (I) were

efficacious and demonstrated less than 1% flushing

and no reports of vision abnormalities. It was

found that a 10 mg dose of Compound (1) was fully

efficacious and demonstrated minimal side effects.

Enhanced erectile function was determined

by the International Index of Erectile Function

(IIEF) (Rosen et al., Urology, 49, pp. 822-830
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{1997)), diaries of sexual attempts, and a global

satisfaction question. Compound (I) significantly

improved the percentage of successful intercourse

attempts including the ability to attain and

maintain an erection in both "on demand” and daily

dosing regimens.

Example7

A third clinical study was a randomized,

double-blind, placebo-controlled study of Compound

(I) administered "on demand" to patients with male

erectile dysfunction. Compound (I) was administered

over a period of eight weeks in the treatment of

male erectile dysfunction (ED). Erectile dysfunc-

tion (ED) is defined as the persistent inability to

attain and/or maintain an erection adequate to

permit satisfactory sexual performance. "On demand"

dosing is defined as intermittent administration of

Compound (I) prior to expected sexual activity.

The study population consisted of 212 men,

at least 18 years of age, with mild to severe

erectile dysfunction. Compound (I) was orally

administered as tablets of coprecipitate made in

accordance with Butler U.S. Patent No. 5,985,326.

Compound (I) was administered in 2 mg, 5 mg, 10 mg,

and 25 mg doses, “on demand" and not more than once

every 24 hours. Treatment with all nitrates, azole

antifungals (e.g., ketoconazole or itraconazole),

warfarin, erythromycin, or antiandrogens was not

allowed at any time during the study. No other

approved or experimental medications, treatments, or
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devices used to treat ED were allowed. Forty-one

subjects were administered a placebo.

The two primary efficacy variables were

the ability of a subject to penetrate his partner

and his ability to maintain an erection during

intercourse, as measured by the International Index

of Erectile Function (IIEF). The IIEF Questionnaire

contains fifteen questions, and is a brief, reliable

measure of erectile function. See R.C. Rosen et

al., Urology, 49, pp. 822-830 (1997).

Secondary efficacy variables were IIEF

domain scores for erectile function, orgasmic

function, sexual desire, intercourse satisfaction,

and overall satisfaction; the patient's ability to

achieve an erection, ability to insert his penis

into his partner's vagina, completion of intercourse

with ejaculation, satisfaction with the hardness of

his erection, and overall satisfaction, all as

measured by the Sexual Encounter Profile (SEP)

diary; and a global assessment question asked at the

end of the treatment period. The SEP is a patient

diary instrument documenting each sexual encounter

during the course of the study.

The safety aspect of the study included

all enrolled subjects, and was assessed by

evaluating all reported adverse events, and changes

in clinical laboratory values, vital signs, physical

examination results, and electrocardiogram results.

At endpoint, patients who rated their

penetration ability (IIEF Question 3) as "almost

always or always" were as follows: 17.5% in the

placebo group, 38.1% in the 2 mg group, 48.8% in the

5 mg group, 51.2% in the 10 mg group, and 83.7% in
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the 25 mg group. Comparisons revealed statistically

significant differences in change in penetration

ability between placebo and all dose levels of

Compound (1).

At endpoint, patients who rated their

ability to maintain an erection (IIEF Question 4)

during intercourse as "almost always or always" are

as follows: 10.0% in the placebo group, 19.5% in

the 2 mg group, 32.6% in the 5 mg group, 39.0% in

the 10 mg group, and 69.0% in the 25 mg group.

Comparison revealed statistically significant

differences in change in penetration ability between

placebo and the three higher dose levels of Compound

{I).

This study also included a safety evalu-

ation. A treatment-emergent adverse event is de-

fined as a condition not present at baseline that

appeared postbaseline, or a condition present at

baseline that increased in severity postbaseline.

The most commonly reported treatment-emergent ad-

verse events were headache, dyspepsia, and back

pain. The incidence of treatment-emergent adverse

events appeared related to dose.

Overall, this study demonstrated that all

four doses of Compound (I), namely 2 mg, 5 mg, 10

mg, and 25 mg, taken "on demand" produced signifi-

cant improvement, relative to placebo, in the sexual

performance of men with erectile dysfunction as

assessed by the IIEF, by patient diaries assessing

frequency of successful intercourse and intercourse

satisfaction, and by a global assessment.
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The combined results from clinical studies

showed that administration of Compound (I) effec-

tively treats male erectile dysfunction, as

illustrated in the following table.

placebo 
n is number of subjects, SD is standard deviation.

However, it also was observed from the

combined clinical studies that the percent of

treatment-emergent adverse events increased with an

increasing unit dose of Compound (I), as illustrated

in the following table:
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Treatment-Emergent Adverse Events (%)

Unit Dose of Compound (I) (mg)
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at 25 mg through 100 mg unit doses. Accordingly,
even though efficacy in the treatment of ED was

20 observed at 25 mg to 100 mg doses, the adverse

events observed from 25 mg to 100 mg doses must be
considered.

 
In accordance with the present invention,

a unit dose of about 1 to about 20 mg, preferably
25 about 2 to about 20 mg, more preferably about 5 to

about 20 mg, and most preferably about 5 to about 15

mg, of Compound (I), administered up to a maximum of

20 mg per 24-hour period, both effectively treats ED
and minimizes or eliminates the occurrence of ad-

30 verse side effects. Importantly, no vision abnor-

malities were reported and flushing was essentially
eliminated. Surprisingly, in addition to treating
ED, with at about 1 to about 20 mg unit dose Com-

pound (I), with a minimum of adverse side effects,

35 individuals undergoing nitrate therapy also can be
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treated for ED by the method and composition of the

present invention.

The principles, preferred embodiments, and

modes of operation of the present invention have

5 been described in the foregoing specification. The

invention intended to be protected herein, however,

is not construed to be limited to the particular

forms disclosed, because they are to be regarded as

illustrative rather than restrictive. Variations

10 and changes may be made by those skilled in the art

without departing from the spirit of the invention.
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1. A pharmaceutical unit dosage composi-

tion comprising about 1 to about 20 mg of a compound

having the structural formula:

Oo

H lqwe noo?
N

said unit dosage form suitable for oral administra-

tion.

2. The dosage

about 2 to about 20 mg of

dosage form.

3. The dosage

about 5 to about 20 mg of

dosage form.

form of claim 1

the compound in

form of claim 1

the compound in

comprising
unit

comprising

unit

4. The dosage form of claim 2 comprising

about 2.5 mg of the compound in unit dosage form.

5. The dosage form of claim 3 comprising

about 5 mg of the compound in unit dosage form.
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6. The dosage form of claim 3 comprising
about 10 mg of the compound in unit dosage form.

7. The dosage form of claims 1 through 6

wherein the unit dose is in a form selected from the

group consisting of a liquid, a tablet, a capsule,

and a gelcap.

8. The dosage form of claims 1 through 6

wherein the unit dose is in the form of a tablet.

9. The dosage form of claims 1 through 6

for use in treating a condition where inhibition of

PDES is desirable.

10. The dosage form of claim 9 wherein

the condition is a sexual dysfunction.

11. The dosage form of claim 10 wherein

the sexual dysfunction is male erectile dysfunction.

 
12. The dosage form of claim 10 wherein

the sexual dysfunction is female arousal disorder.
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13. A method of treating sexual dysfunc-

tion in a patient in need thereof comprising ad-

ministering one or more unit dose containing about 1
to about 20 mg, up to a maximum total dose of 20 mg

per day, of a compound having the structure

14. The

unit dose contains

compound.

i5. The

unit dose contains

16. The

unit dose contains

method of claim 13 wherein the

about 2 to about 20 mg of the

method of claim 13 wherein the

about 5 mg of the compound.

method of claim 13 wherein the

about 10 mg of the compound and

is administered once per day.

17. The method of claim 13 wherein the

unit dose is in a form selected from the group con-

sisting of a liquid, a tablet, a capsule, anda
gelcap.
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18. The invention as hereinbefore de-

scribed,

19. Use of a unit dose containing about 1

to about 20 mg of a compound having the structure

oO

H UUwe NCH3

“r
Oo

me oo
mv

for the manufacture of a medicament for the treat-

ment of sexual dysfunction in a patient in need
thereof.
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ow x , Atty. Docket No. 29342/36206A

DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next

to my name, I believe that | am the original, first and sole inventor (if only one nameis listed below) or an original, first and joint
inventor (if plural namesare listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitled "UNIT DOSAGE FORM,"the specification of which (check one): 0 is attached hereto: O was filed on

as Application Serial No. and was amended on (if 

applicable); & wasfiled as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended underArticle

19 on (if applicable). I hereby state that I have reviewed and understand the contents of the above-

identified specification, including the claims, as amended by any amendment(s) referred to above. I acknowledge the duty to disclose
to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

I hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application(s) for patent or inventor's
certificate or of any PCT internationa! application(s) designating st least one country other than the United States of America listed

below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having
a fing date before that of the application(s) of which priority is claimed:

" Priority Claimed
PG#/US00/11129 PCT 26/04/00 ® oO
(Application Serial Number) (Country) (Day/Month/Year Filed) Yes No

 
(Application Serial Number) (Country) (Day/Month/Year Filed) Yes No

 

 
 

I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional application(s) listed below:

60/132,036 30/04/99
(Application Serial Number) (Day/Month/Year Filed)
  

 
(Application Serial Number) (Day/Month/Year Filed)

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application(s)
designating the United States of Americalisted below and, insofar as the subject matter ot eachofthe claimsof this applicationis
not disclosed in the prior application(s) in the manner provided bythefirst paragraph of 35 U.S.C. §112, I acknowledge the duty
to disclose to the Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred

betweenthe filing date of the prior application(s) and the national or PCT international filing date of this application:

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

Therebydeclarethatall statements made herein of my own knowledgeare irue andthatall statements made on information

and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and

the like so madeare punishable byfine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon.
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.7ss PQWER OF ATTORNEY: [hereby appoint as myattorneys, with full powers of substitution and revocation, to prosecute
this application and transactall business in the Patent and Trademark Office connected therewith:

 

John B. Lungmus(18,566) Richard H. Anderson (26,526)
Allen H. Gerstein (22,218) Patrick D. Ertel (26,877)
Nate F. Scarpelli (22,320) Richard B. Hoffman(26,910)
Michael F. Borun (25,447) James P. Zeller (28,491)
Trevor B. Joike (25,542) Kevin D. Hogg (31,839)
Carl E. Moore, Jr. (26,487) Jeffrey S. Sharp (31.879)

Send correspondence to: _James J. Napoli_

Martin J. Hirsch (32,237)
James J. Napoli (32,361)
Richard M. La Barge (32,254)
Douglass C. Hochstetler (33,710)
Robert M. Gerstein (34,824)
Anthony G. Sitko (36,278)

FIRM NAME PHONE NO. STREET CITY & STATE

Marshall, Gerstein & Borun 6300 Sears Tower
™ 312-474-6300 233 South Wacker Drive Chicago, Illinois

Full Nameof First or Sole Inventor

William ErnestPullman

ParHills (07931) oN
State or Country
iNew Jersey

 
 
 
 
 

 
 

 

City (Zip)

Date
fw

& .
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Citizenship

Residence Address - Street Post Office Address - Street
42 Annin Road 42 Annin Road
City (Zip) | City (Zip)

Far Hills (07931)
State or Country

New Jersey

Signature, {/

Citizenship

Post Office Address - Street

City (Zip)

State or Country

Signature

Citizenship

Post Office Address - Street

City (Zip)

 
Signature
a

Signature
i

 

State or Country

James A. Flight (37,622)
Roger A. Heppermann (37,641)
David A. Gass (38,153) ~
Gregory C. Mayer (38,238)
Michael R. Weiner (38,359)
William K. Merkel (40.725).

ZIP CODE

60606-6402
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APPLICABLE RULES AND STATUTES

37 CFR 1.56. DUTY OF DISCLOSURE - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

(a) A patent byits very nature is affected with a public interest. The public mterest is best served, and the most
effective patent examination occurs when,at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information knownto that individual to be material to patentability as definedin this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information whichis not material to the patentability of any existing claim. The duty to disclose all information
known to be material to patentability is deemedto besatisfied if all information knownto be material to patentability of any claim
issued in a patent wascited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

(1) prior art cited in search reports of a foreign patentoffice in a counterpart application, and
DQ) the closest information over whicn individuals associated with the filing or prosecution of a patent

application believe any pending claim patentability defines, to make surethat any material information
contained therein is disclosed to the Office.

Inférmation relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR
56(a).
  

 
 

35-&/.8.C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT

A person shall be entitled to a patent unless --
(a) the invention was knownorused by othersin this country, or patented or described in a printed publication

his or a foreign country, before the invention thereof by the applicant for patent, or
i (b) the invention was patented or described in a printed publication in this or a foreign country or in public use

#1 Sale in this country, more than one year priorto the date ofthe application for patent in the United States, or
(c) he has abandonedthe invention, or

(d) the invention wasfirst patented or caused to be patented, or was the subject of an inventor's certificate, by
the‘applicantor his legal representatives or assigns in a foreign country prior to the date of the application for patent in this country
0 application for patent or inventor's certificate filed more than twelve months before the filing of the application in the United

. States, or
 

(e) the invention was describedin a patent granted on an application for patent by another filed in the United States
before the invention thereof by the applicant for patent, or on an international application by another who hasfulfilled the
requirements of paragraph (1), (2), and (4) of section 371(c)ofthis title before the invention thereof by the applicantfor patent, or

(f) he did not himself invent the subject matter sought to be patented, or
(g) before the applicant's invention thereof the invention was made in this country by another who had not

abandoned, suppressed, or concealed it. In determining priority of inventionthere shall be considered not only the respective dates
of conception and reduction to practice of the invention, dut also the reasonable diligence of one whe was first to conceive andlast
to reduceto practice, from a time prior to conception by the other.

35 U.S.C. 103, CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER (Applicable Portion)

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section
102 ofthistitle, if the differences between the subject matter sought to be patented andthe prior art are such that the subject matter
as a whole would have been obviousat 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.

Subject matter developed by another person, which qualities as prior art only under subsection (f) or (g) of section
102 ofthis title, shall not preclude patentability under this section where the subject matter and the claimed invention were,at the
time the invention was made, owned by the same person or subject to an obligation of assignmentto the same person.

35 U.S.C. 112, SPECIFICATION (Applicable Portion)

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 carryingout his invention.
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DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next

to my name;I believe that I am the original, first and sole inventor (if only one nameis listed below) or an original, first and joint

inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention

entitled "UNIT DOSAGE FORM,"the specification of which (check one): (1 is attached hereto; O wasfiled on

as Application Serial No. and was amended on (if
 

applicable);&was filed as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended under Article

19 on (if applicable). I hereby state that I have reviewed and understand the contents of the above-

identified specification, including the claims, as amended by any amendment(s) referred to above. [acknowledgethe duty to disclose

to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

I hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application(s) for patent or inventor's

certificate or of any PCT international application(s) designating at least one country other than the United States of Americalisted

below and have also identified below any foreign application(s) for pztent or inventor's certificate or any PCT international

application(s) designating at least one country other than the United States of America filed by me on the same subject matter having

a filing date before that of the application(s) of which priority is claimed:

Pe Priority Claimed
=/US00/11129 PCT 26/04/00 X oO

lication Serial Number) (Country) (Day/Month/Year Filed) Yes No 

 
 
 

ation Serial Number) (Country) (Day/Month/Year Filed) Yes No

Thereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional application(s) listed below:

132,036 30/04/99
.pplication Serial Number) (Day/Month/Year Filed)

(Application Serial Number) (Day/Month/Year Filed)

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application(s)

designating the United States of America listed below and, insofar as the subject matter of each of the claims ofthis application is
not disclosed in the prior application(s) in the manner provided by the first paragraph of 35 U.S.C. §112, I acknowledge the duty

to disclose to the Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred

betweenthe filing date of the prior application(s) and the national or PCT international filing date of this application:

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

I hereby declare that all statements made herein of my own knowledge are true andthatall statements made on information

and belief are believed to be true; and further that these statements were made with the knowledgethat willful false statements and

the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may

jeopardize the validity of the application or any patent issued thereon.
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", » POWER OF ATTORNEY: Ihereby appoint as myattorneys, with full powers of substitution and revocation,to prosecute
* this application and transact all business in the Patent and Trademark Office connected therewith:

John B. Lungmus(18,566) Richard H. Anderson (26,526) Martin J. Hirsch (32,237) James A. Flight (37,622)
Allen H. Gerstein (22,218) Patrick D. Ertel (26,877) James J. Napoli (32,361) Roger A. Heppermann (37,641)
Nate F. Scarpelli (22,320) Richard B. Hoffman(26,910) Richard M. La Barge (32,254) David A. Gass (38,153)
Michael F. Borun (25,447) James P. Zeller (28,491) Douglass C. Hochstetler (33.710) Gregory C. Mayer (38,238)
Trevor B. Joike (25,542) Kevin D. Hogg (31,839) Robert M. Gerstein (34,824) Michael R. Weiner (38,359)
Carl E. Moore, Jr. (26,487) Jeffrey S. Sharp (31,879) Anthony G. Sitko (36,278) William K. Merkel (40,725)

Send correspondence to: James J. Napoli

FIRM NAME PHONE NO. STREET CITY & STATE ZIP CODE

Marshall, Gerstein & Borun 6300 Sears Tower
312-474-6300 233 South Wacker Drive Chicago, Hlinois 60606-6402

Full Nameof First or Sole Inventor Citizenship

William Ernest Pullman _ United States of AmericaResidence Address - Street

3004 Towne Drive 3004 Towne Drive
City (Zip) City (Zp)
Carmel (46032)

Siite or Country State or Country
i Indiana

Signature
x
 
 Second Joint Inventor,if any Citizenship

~ ceo Jahn Steven Whitaker United States of America
idence Address - Street Post Office Address - Street

19340 162nd Avenue 19342 162nd Avenue
City (Zip) ” City (Zip)
Woodinville (98072) vr A. Woodinville (98072)
Stéte or Country State or Country

Washington

 

 Third Joint Inventor, if any 

 
Citizenship

Residence Address - Street Post Office Address - Street

City (Zip) City (Zip)

Date Signature
a my

__mae " ~

Residence Address - Street Post Office Address - Street

  

 
 

 

 
 

 

State or Country

 

 

     
City (Zip) City (Zip)

Date Signature
& fw  
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APPLICABLE RULES AND STATUTES

37 CFR 1.56. DUTY OF DISCLOSURE - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most
effective patent examination occurs when,at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information knownto that individual to be material to patentability as defined in this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all information
known to be material to patentability is deemed to be satisfied if all information knownto be material to patentability of any claim
issued in a patent was cited by the Office or submitted to the Office in the mannerprescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and
@) the closest information over which individuals associated with the filing or prosecution of a patent

application believe any pending claim patentability defines, to make sure that any material information
contained therein is disclosed to the Office.

Information relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR

 
A person shall be entitled to a patent unless --
(a) the invention was knownor used by others in this country, or patented or described in a printed publication

i is or a foreign country, before the invention thereof by the applicant for patent, or
(b) the invention was patented or described in a printed publication in this or a foreign country or in public use

i sale in this country, more than one yearprior to the date of the application for patent in the United States, or
(c) he has abandoned the invention, or

(d) the invention wasfirst patented or caused to be patented, or was the subject of an inventor's certificate, by
thé‘applicantor his legal representatives or assigns in a foreign country prior to the date of the application for patent in this country
on.an application for patent or inventor's certificate filed more than twelve months beforethe filing of the application in the United
States, or

 
 

(e) the invention was described in a patent granted on an application for patent by anotherfiled in the United States
before the invention thereof by the applicant for patent, or on an international application by another who has fulfilled the
requirements of paragraph (1), (2), and (4) of section 371(c)ofthis title before the invention thereof by the applicantfor patent, or

(f) he did not himself invent the subject matter sought to be patented, or
(g) before the applicant's invention thereof the invention was made in this country by another who had not

abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates
of conception and reduction to practice of the invention, but also the reasonable diligence of one who was first to conceive and last
to reduce to practice, fom a time prior to conception by ihe other.

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER(Applicable Portion)

A patent maynot be obtained though the invention is not identically disclosed or described as set forth in section
102 ofthis 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 obviousat 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.

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of section
102 ofthis title, shall not preclude patentability under this section where the subject matter and the claimed invention were,at the
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person.

35 U.S.C. 112. SPECIFICATION(Applicable Portion)

The specification shall contain a written description of the invention, and of the manner and process of making
and usingit, in such full, clear, concise, and exact termsas to enable any person skilledin 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.
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This appl tion claims the benefit of

provisional patent application Serial No.

60/132,036, filed April 30, 199

FIELD OF THE INVENTION

The present invention relates to a highly

selective phosphodiesterase (PDE) enzyme inhibitor .

and to its use in a pharmaceutical unit dosage form.

In particular, the present invention relates toa

potent inhibitor of cyclic guanosine 3',5'-mono-

phosphate specific phosphodiesterase type 5 (PDES)

that when incorporated into a pharmaceutical product

is useful for the treatment of sexual dysfunction.

The unit dosage form described herein is character-
ized by selective PDES5 inhibition, and accordingly,

provides a benefit in therapeutic areas where

inhibition of PDES5 is desired, with minimization or

elimination of adverse side effects resulting from

inhibition of other phosphodiesterase enzymes.

BACKGROUND OF THE INVENTION

The biochemical, physiological, and

clinical effects of cyclic guanosine 3',5'-mono-

phosphate specific phosphodiesterase (cGMP-specific

PDE) inhibitors suggest their utility in a variety

of disease states in which modulation of smooth

muscle, renal, hemostatic, inflammatory, and/or
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endocrine function is desired. Type 5 cGMP-specific

phosphodiesterase (PDES) is the major cGMP hydro-

lyzing enzyme in vascular smooth muscle, and its

expression in penile corpus cavernosum has been

5 reported (Taher et al., J. Urol., 149, p. 285A

(1993)}). Thus, PDES is an attractive target in the

treatment of sexual dysfunction (Murray, DN&P 6(3),

pp. 150-56 (1993)}.

A pharmaceutical product, which provides a

10 PDES inhibitor, is currently available and marketed

under the trademark VIAGRA. The active ingredient
in VIAGRA» is sildenafil. The product is sold as an
article of manufacture including 25, 50, and 100 mg

tablets of sildenafil and a package insert. The

15 package insert provides that sildenafil is a more

potent inhibitor of PDES than other known phospho-

diesterases (greater than 80 fold for PDE1 inhibi-
 

tion, greater than 1,000 fold for PDE2, PDE3, and

PDE4 inhibition). The IC,, for sildenafil against

20 PDES has been reported as 3 nM (Drugs of the Future, 
22(2}), pp. 138-143 (1997)) and as 3.9 nM (Boolel et

al., Int. J. of Impotence, 8&8, pp. 47-52 (1996)).

Sildenafil is described as having a 4,000-fold

selectivity for PDES versus PDE3, and only a 10-fold

25 selectivity for PDES versus PDE6. Its relative lack

of selectivity for PDE6 is theorized to be the basis

for abnormalities related to color vision.

While sildenafil has obtained significant

commercial success, it has fallen short due to its

30 significant adverse side effects, including facial

flushing (10% incidence rate). Adverse side effects

limit the use of sildenafil in patients suffering

from vison abnormalities, hypertension, and, most
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significantly, by individuals who use organic

nitrates (Welds et al., Amer. J. of Cardiology,

83(5A), pp. 21(C}-28(C) (1999)).

The use of sildenafil in patients taking

organic nitrates causes a clinically significant

aGrop in blood pressure which could place the patient

in danger. Accordingly, the package label for

sildenafil provides strict contraindications against

its use in combination with organic nitrates (e.g.,

nitroglycerin, isosorbide mononitrate, isosorbide

nitrate, erythrityl tetranitrate) and other nitric

oxide donors in any form, either regularly or

intermittently, because sildenafil potentiates the

hypotensive effects of nitrates. See C.R. Conti et

al., Amer. J. of Cardiology, 83(5A), pp. 29C-34C

(1999). Thus, even with the availability of

sildenafil, there remains a need to identify

improved pharmaceutical products that are useful in

treating sexual dysfunction.

Daugan U.S. Patent 5,859,006 discloses

certain tetracyclic derivatives that are potent

inhibitors of cGMP-specific PDE, or PDES5. The IC.

of the compounds disclosed in U.S. Patent No.

5,859,006 is reported in the range of 1 nM to 10 uM.

The oral dosage for such compounds is 0.58 mg daily

for an average adult patient (70 kg). Thus, unit

dosage forms (tablets or capsules) are reported as

0.2 to 400 mg of active compound. Significant

adverse side effects attributed to compounds

disclosed in U.S. Patent No. 5,859,006 are not

disclosed.

Applicants have discovered that one such

tetracyclic derivative, (6R,12aR)-2,3,6,7,12,12a-
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hexahydro-2-methyl-6- (3,4-methylenedioxyphenyl1) -

pyrazino[2',1':6,1]pyrido[3,4-b] indole-1,4-dione,

alternatively named (6R-trans) -6-(1,3-benzodioxol -5-

yl)-2,3,6,7,12,12a-hexahydro-2-methylpyrazino-

5 [1',2':1,6])pyrido[3,4-b]indole-1,4-dione, and re-

ferred to herein as Compound (I), can be admin-

istered in a unit dose that provides an effective

treatment without the side effects associated with

+ the presently marketed PDE5 inhibitor, sildenafil.

10 Prior to the present invention such side effects

were considered inherent to the inhibition of PDE5.

Significantly, applicants' clinical

studies also reveal that an effective product having

a reduced tendency to cause flushing in susceptible

15 individuals can be provided. Most unexpectedly, the

product also can be administered with clinically

insignificant side effects associated with the com-

bined effects of a PDE5 inhibitor and an organic

nitrate. Thus, the contraindication once believed

20 necessary for a product containing a PDE5 inhibitor

 
is unnecessary when Compound (I) is administered as 

a unit dose of about 1 to about 20 mg, as disclosed

herein. Thus, the present invention provides an

effective therapy for sexual dysfunction in indi-

25 viduals who previously were untreatable or suffered

from unacceptable side effects, including individ-

uals having cardiovascular disease, such as in

individuals requiring nitrate therapy, having

suffered a myocardial infarction more than three

30 months before the onset of sexual dysfunction

therapy, and suffering from class 1 congestive heart

failure, or individuals suffering from vision ab-

normalities.
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The present invention provides Compound

(I) in a unit dosage form. That is, the present

invention provides a pharmaceutical unit dosage form

suitable for oral administration comprising about 1

5 to about 20 mg Compound (I).

SUMMARY OF THE INVENTION

The present invention provides a pharma-

10 ceutical dosage form for human pharmaceutical use,

comprising about 1 to about 20 mg of (6R,12aR) -

2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-methylene-

dioxyphenyl) pyrazino[2',1':6,1]pyrido[3,4-b] indole-

1,4-dione in a unit dosage form suitable for oral

15 administration.

The present invention further provides a

method of treating conditions where inhibition of

PDES is desired, which comprises administering toa

patient in need thereof an oral dosage form con-

20 taining about 1 to about 20 mg of a selective PDES

 
inhibitor, as needed, up to a total dose of 20 mg

per day. The invention further provides the use of

an oral dosage form comprising a selective PDES

inhibitor at a dosage of about 1 to about 20 mg for

25 the treatment of sexual dysfunction.

Specific conditions that can be treated by

the present invention, include, but are not limited

to, male erectile dysfunction and female sexual

dysfunction, particularly female arousal disorder,

30 also known as female sexual arousal disorder.

In particular, the present invention is

directed to a pharmaceutical unit dosage composition

ATI 1009-0063
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comprising about 1 to about 20 mg of a compound

having the structural formula:

°

H UL° weNy_-CH3
N

Ha q v4

10

15 said unit dosage form suitable for oral administra-

tion, and method of treating sexual dysfunction

using the pharmaceutical unit dose composition.

DETAILED DESCRIPTION  
 

20

be For purposes of the present invention as
disclosed and described herein, the following terms

and abbreviations are defined as follows.

The term "container" means any receptacle

25 and closure therefor suitable for storing, shipping,

dispensing, and/or handling a pharmaceutical prod-
uct.

The term "IC,,." is the measure of potency

of a compound to inhibit a particular PDE enzyme

30 (e.g., PDEic, PDE5, or PDE6). The IC., is the con-

centration of a compound that results in 50% enzyme

inhibition in a single dose-response experiment.

Determining the IC,, value for a compound is readily
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carried out by a known in vitro methodology

generally described in ¥. Cheng et al., Biochem.

Pharmacol., 22, pp. 3099-3108 (1973).

The term "package insert" means informa-

5 tion accompanying the product that provides a de-

scription of how to administer the product, along

with the safety and efficacy data required to allow

the physician, pharmacist, and patient to make an

informed decision regarding use of the product. The

10 package insert generally is regarded as the "label"

for a pharmaceutical product.

The term “oral dosage form" is used ina

general sense to reference pharmaceutical products

administered orally. Oral dosage forms are recog-

15 nized by those skilled in the art to include such

forms as liquid formulations, tablets, capsules, and

gelcaps.

The term "vision abnormalities" means ab-

normal vision characterized by blue-green vision

 
20 believed to be caused by PDE6 inhibition.

The term "flushing" means an episodic 
redness of the face and neck attributed to vaso-

dilation caused by ingestion of a drug, usually

accompanied by a feeling of warmth over the face and

25 neck and sometimes accompanied by perspiration.

The term "free drug" means solid particles

of drug not intimately embedded in a polymeric

coprecipitate.

The presently claimed dosage form
30 preferably is packaged as an article of manufacture

for human pharmaceutical use, comprising a package

insert, a container, and a dosage form comprising

about 1 to about 20 mg of Compound (I)

ATI 1009-0065
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The package insert provides a description

of how to administer a pharmaceutical product, along

with the safety and efficacy data required to allow

the physician, pharmacist, and patient to make an

5 informed decision regarding the use of the product.

The package insert generally is regarded as the

label of the pharmaceutical product. The package

insert incorporated into the article of manufacture

indicates that Compound (I) is useful in the

10 treatment of conditions wherein inhibition of PDES5

is desired. The package insert also provides

instructions to administer one or more about 1 to

about 20 mg unit dosage forms as needed, up toa

maximum total dose of 20 mg per day. Preferably,

15 the dose administered is about 5 to about 20 mg/day,

more preferably about 5 to about 15 mg/day. Most

preferably, a 10 mg dosage form is administered once

per day.

Preferred conditions to be treated include

20 sexual dysfunction (including male erectile dysfunc-
 

tion; and female sexual dysfunction, and more
 

preferably female arousal disorder (FAD)). The

preferred condition to be treated is male erectile

dysfunction.

25 Significantly, the package insert supports

the use of the product to treat sexual dysfunction

in patients suffering from a retinal disease, for

example, diabetic retinopathy or retinitis pig-

mMentosa, or in patients who are using organic

30 nitrates. Thus, the package insert preferably is

free of contraindications associated with these

conditions, and particulariy the administration of

the dosage form with an organic nitrate. More
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preferably, the package insert also is free of any

cautions or warnings both associated with retinal

diseases, particularly retinitis pigmentosa, and
associated with individuals prone to vision ab-

5 normalities. Preferably, the package insert also

reports incidences of flushing below 2%, preferably

below 1%, and most preferably below 0.5%, of the

patients administered the dosage form. The inci-

dence rate of flushing demonstrates marked improve-

10 ment over prior pharmaceutical products containing a

PDE5 inhibitor.

The container used in the article of

manufacture is conventional in the pharmaceutical

arts. Generally, the container is a blister pack,

15 foil packet, glass or plastic bottle and accompany-

ing cap or closure, or other such article suitable

for use by the patient or pharmacist. Preferably,

the container is sized to accommodate 1-1000 solid

dosage forms, preferably 1 to 500 solid dosage

20 forms, and most preferably, 5 to 30 solid dosage

forms.

 
Oral dosage forms are recognized by those

skilled in the art to include, for example, such

forms as liquid formulations, tablets, capsules, and

25 gelcaps. Preferably the dosage forms are solid

dosage forms, particularly, tablets comprising about

1 to about 20 mg of Compound (1). Any pharmaceut-

ically acceptable excipients for oral use are suit-

able for preparation of such dosage forms. Suitable

30 pharmaceutical dosage forms include coprecipitate

forms described, for example, in Butler U.S. Patent

No. 5,985,326, incorporated herein by reference. In

preferred embodiments, the unit dosage form of the
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present invention is a solid free of a coprecipitate

form of Compound (I), but rather contains solid

Compound (I) as a free drug.

Preferably, the tablets comprise pharma-

ceutical excipients generally recognized as safe

such as lactose, microcrystalline cellulose, starch,

calcium carbonate, magnesium stearate, stearic acid,

talc, and colloidal silicon dioxide, and are pre-

pared by standard pharmaceutical manufacturing tech-

niques as described in Remington's Pharmaceutical

Sciences, 18th Ed., Mack Publishing Co., Easton, PA

(1990). Such techniques include, for example, wet

granulation followed by drying, milling, and com-

pression into tablets with or without film coating;

dry granulation followed by milling, compression

into tablets with or withouy film coating; dry
blending followed by compreSsion into tablets, with

or without film coating; molded tablets; wet gran-

ulation, dried and filled into gelatin capsules; dry

blend filled into gelatin capsules; or suspension

and solution filled into gelatin capsules. Gener-

ally, the solid dosage forms have identifying marks

which are debossed or imprinted on the surface.

The present invention is based on detailed

experiments and clinical trials, and the unexpected

observations that side effects previously believed

to be indicative of PDE5 inhibition can be reduced

to clinically insignificant levels by the selection

of a compound and unit dose. This unexpected obser-

vation enabled the development of a unit dosage form

that incorporates Compound (I) in about 1 to about

20 mg per unit dosage forms that, when orally admin-

istered, minimizes undesirable side effects previ-
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ously believed unavoidable. These side effects

include facial flushing, vision abnormalities, and a

Significant decrease in blood pressure, when Com-

pound (I) is administered alone or in combination

5 with an organic nitrate. The minimal effect of

Compound (I), administered in about 1 to about 20 mg

unit dosage forms, on PDE6 also allows the adminis-

tration of a selective PDES inhibitor to patients

suffering from a retinal disease, like diabetic

10 retinopathy or retinitis pigmentosa.

Compound (I) has the following structural

formula:

O

H Iqwa NTCH3
N

15 
mo rm wade

oO

20 o—/ 
(T)

The compound of structural formula (I) was demon-

25 strated in human clinical studies to exert a minimal

impact on systolic blood pressure when administered

in conjunction with organic nitrates. By contrast,

sildenafil demonstrates a four-fold greater decrease

in systolic blood pressure over a placebo, which

30 leads to the contraindications in the VIAGRA. in-

sert, and in warnings to certain patients.

The following illustrates the PDES and

PDE6 IC,, values for the compound of structural
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formula (I) determined by the procedures described

herein.

  PDES IC,o (mM) PDE6 IC,, (nM) PDE6 /PDES5  
The compound of structural formula (I) additionally

10 demonstrates an IC,, against PDE1c of 10,000, anda

ratio of PDE1lc/PDE5 of 4,000.

PREPARATIONS

Human PDE5 Preparation

15

Recombinant production of human PDE5 was

carried out essentially as described in‘Example 7 of 
U.S. Patent No. 5,702,936, incorporated herein by

wR reference, except that the yeast transformation
fe

20 vector employed, which is derived from the basic

ADH2 plasmid described in V. Price et al., Methods 
in Enzymology, 1985, pages 308-318 (1990), incorpor-

ated yeast ADH2 promoter and terminator sequences

rather than ADH1 promoter and terminator sequences

25 and the Saccharomyces cerevisiase host was the

protease-deficient strain BJ2-54 deposited on August

31, 1998 with the American Type Culture Collection,

Manassas, Virginia, under accession number ATCC

74465. Transformed host cells were grown in 2% SC-

30 leu medium, pH 6.2, with trace metals, and vitamins.

After 24 hours, YEP medium containing glycerol was

added to a final concentration of 2X YEP/3% glycer-

ol. Approximately 24 hours later, cells were

harvested, washed, and stored at -70°C.
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Cell pellets (29 g) were thawed on ice

with an equal volume of lysis buffer (25 mM Tris-Cl,

PH 8, 5 mM MgCl,, 0.25 mM dithiothreitol, 1 mM

benzamidine, and 10 uM ZnSso,). Cells were lysed in

5 a microfluidizer with N, at 20,000 psi. The lysate

was centrifuged and filtered through 0.45 um dis-

posable filters. The filtrate was applied to a 150

mL column of Q Sepharose Fast Flow (Pharmacia). The

column was washed with 1.5 volumes of Buffer A (20

10 mM Bis-Tris Propane, pH 6.8, 1 mM MgCl,, 0.25 mM

dithiothreitol, 10 WM 2nSO,) and eluted with a step

gradient of 125 mM NaCl in Buffer A followed by a

linear gradient of 125-1000 mM NaCl in Buffer A.

Active fractions from the linear gradient

15 were applied to a 180 mL ceramic hydroxyapatite

column in Buffer B (20 mM Bis-Tris Propane (pH 6.8),

1 mM MgCl,, 0.25 mM dithiothreitol, 10 HM ZnSO,, and

250 mM KCl). After loading, the column was washed

with 2 volumes of Buffer B and eluted with a linear

20 gradient of 0-125 mM potassium phosphate in Buffer

 
B. Active fractions were pooled, precipitated with

60% ammonium sulfate, and resuspended in Buffer C

(20 mM Bis-Tris Propane, pH 6.8, 125 mM NaCl, 0.5 mM

dithiothreitol, and 10 WM ZnSO,). The pool was

25 applied to a 140 mL column of Sephacryl S-300 HR and

eluted with Buffer C. Active fractions were diluted

to 50% glycerol and stored at -20°C. The resultant

preparations were about 85% pure by SDS-PAGE.

30 Assay for PDE Activity

Activity of PDE5 can be measured by

standard assays in the art. For example, specific
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activity of any PDE can be determined as follows.

PDE assays utilizing a charcoal separation technique

were performed essentially as described in Loughney

et al., (1996), The Journal of Biological Chemistry,

5 271:796-806. In this assay, PDES activity converts

[?*7P] cGMP to [37P]5'GMP in proportion to the amount of

PDES activity present. The [??P]5'GMP then is

quantitatively converted to free [?*P}] phosphate and

unlabeled adenosine by the action of snake venom 5'-

10 nucleoctidase. Hence, the amount of [?*P] phosphate

liberated is proportional to enzyme activity. The

assay is performed at 30 C in a 100 pL reaction

mixture containing (final concentrations) 40 mM

Tris-Cl (pH 8.0), 1 pM ZnSO,, 5 mM MgCl,, and 0.1

15 mg/mL bovine serium albumin. PDES is present in

quantities that yield <30% total hydrolysis of sub-

strate (linear assay conditions). The assay is

initiated by addition of substrate (1 mM [??P] cGMP),

and the mixture is incubated for 12 minutes.

20 Seventy-five (75) ug of Crotalus atrox venom then is

 
added, and the incubation is continued for 3 more

minutes (15 minutes total). The reaction is stopped

by addition of 200 mL of activated charcoal (25 mg/-

mL suspension in 0.1 M NaH,PO,, pH 4). After

25 centrifugation (750 x g for 3 minutes) to sediment

the charcoal, a sample of the supernatant is taken

for radioactivity determination in a scintillation

counter and the PDES activity is calculated. The

preparations had specific activities of about 3

30 umoles cGMP hydrolyzed per minute per milligram

protein.
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Bovine PDE6 Preparation 

Bovine PDE6 was supplied by Dr. N.

Virmaux, INSERM U338, Strasbourg. Bovine retinas

5 were prepared as described by Virmaux et al., FEBS

Letters, 12(6), pp. 325-328 (1971) and see also, A.

Sitaramayya et al., Exp. Eye Res., 25, pp. 163-169

(1977). Briefly, unless stated otherwise, all

operations were done in the cold and in dim red

10 light. Eyes were kept in the cold and in the dark

for up to four hours after slaughtering.

Preparation of bovine retinal outer seg-

ment (ROS) basicaliy followed procedures described

by Schichi et al., J. Biol. Chem., 224:529 (1969).

15 In a typical experiment, 35 bovine retinas were

ground in a mortar with 35 mL 0.066 M phosphate 
buffer, pH 7.0, made up to 40% with sucrose,

followed by homogenization in a Potter homogenizer

(20 up and down strokes). The suspension was

20 centrifuged at 25,000 x g for 20 minutes. The 
_ pellet was homogenized in 7.5 mL 0.006 M phosphate

buffer (40% in sucrose), and carefully layered under

7.5 mL of phosphate buffer (containing no sucrose).

Centrifugation was conducted in a swing-out rotor at

25 45,000 x g for 20 minutes, and produced a pellet

which is black at the bottom, and also a red band at

the interface 0.066 M. phosphate--40% sucrose/0.066

M phosphate (crude ROS). The red material at the

interface was removed, diluted with phosphate

30 buffer, spun down to a pellet, and redistributed in

buffered 40% sucrose as described above. This pro-

cedure was repeated 2 or 3 times until no pellet was

formed. The purified ROS was washed in phosphate
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buffer and finally spun down to a pellet at 25,000 x

g for 20 minutes. All materials were then kept

frozen until used.

Hypotonic extracts were prepared by sus-

5 pending isolated ROS in 10 mM Tris-Cl pH 7.5, 1 mM

EDTA, and 1 mM dithioerythritol, followed by

centrifugation at 100,000 x g for 30 minutes.

The preparation was reported to have a

specific activity of about 35 nmoles cGMP hydrolyzed

10 per minute per milligram protein.

PDE1lc Preparation from Spodoptera
fugiperda Cells (Sf9

»° Cell pellets (5g) were thawed on ice with
20ml of Lysis Buffer (SO0mM MOPS pH 7.4, 10M Z2nSO,,

O.1mM Cacl,, 1mM DTT, 2mM benzamidine HCl, Syg/ml

each of pepstatin, leupeptin, and aprotenin). Cells

20 were lysed by passage through a French pressure cell

(SLM-Aminco) while temperatures were maintained

 
below 10°C. The resultant cell homogenate was

 
centrifuged at 36,000 rpm at 4°C for 45 minutes ina

Beckman ultracentrifuge using a Type T1145 rotor.

25 The supernatant was discarded and the resultant

pellet was resuspended with 40 ml of Solubilization

Buffer (Lysis Buffer containing 1M NaCl, 0.1M MgCl,,

mM CaCl,, 20pg/ml calmcdulin, and 1% Sulfobetaine

SB12 (Z3-12) by sonicating using a VibraCell tuner

30 with a microtip for 3 x 30 seconds. This was

performed in a crushed ice/salt mix for cooling.

Following sonication, the mixture was slowly mixed

for 30 minutes at 4°C to finish solubilizing mem-

brane bound proteins. This mixture was centrifuged
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in a Beckman ultracentrifuge using a type TI45 rotor

at 36,000 rpm for 45 minutes. The supernatant was

diluted with Lysis Buffer containing 10pg/ml calpain

inhibitor I and II. The precipitated protein was

centrifuged for 20 minutes at 9,000 rpm in a Beckman

JA-10 rotor. The recovered supernatant then was

subjected to Mimetic Blue AP Agarose Chromatography.

In order to run the Mimetic Blue AP

Agarose Column, the resin initially was shielded by

the application of 10 bed volumes of 1% polyvinyl -

pyrrolidine (i.e., MW of 40,000) to block nonspe-

cific binding sites. The loosely bound PVP-40 was

removed by washing with 10 bed volumes of 2M Nacl,

and 10 mM sodium citrate pH 3.4. Just prior to

addition of the solubilized PDE1c3 sample, the

column was equilibrated with 5 bed volumes of Column

Buffer A (50 mM MOPS pH 7.4, 10pM ZnSO,, SmM MgCl,,

0.1 mM CaCl,, 1 mM DTT, 2 mM benzamidine HCl).

The solubilized sample was applied to the

column at a flow rate of 2 ml/min with recycling

such that the total sample was applied 4 to 5 times

in 12 hours. After loading was completed, the

column was washed with 10 column volumes of Column

Buffer A, followed by 5 column volumes of Column

Buffer B (Column Buffer A containing 20 mM S'-AMP),

and followed by 5 column volumes of Column Buffer C

(S50 mM MOPS pH 7.4, 10 PM ZnSO,, 0.1 mM CaCcl,, 1 m™

dithiothreitol, and 2 mM benzamidine HCl). The

enzyme was eluted into three successive pools. The

first pool consisted of enzyme from a 5 bed volume

wash with Column Buffer C containing 1 mM cAMP. The

second pool consisted of enzyme from a 10 bed volume

wash with Column Buffer C containing 1M NaCl. The
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final pool of enzyme consisted of a 5 bed volume

wash with Column Buffer C containing 1M NaCl and 20

mM cAMP.

The active pools of enzyme were collected

5 and the cyclic nucleotide removed via conventional

gel filtration chromatography or chromatography on

hydroxy-apatite resins. Following removal of cyclic

nucleotides, the enzyme pools were dialyzed against

'? Dialysis Buffer containing 25 mM MOPS pH 7.4, 10 uM
10 znsoO,, 500 mM NaCl, 1 mM CaCl,, 1 mM dithiothreitol,

1 mM benzamidine HCl, followed by dialysis against

pak Dialysis buffer containing 50% glycerol. The enzyme

was quick frozen with the aid of dry ice and stored
at -70°C.

15 The resultant preparations were about >90%

pure by SDS-PAGE. These preparations had specific

activities of about 0.1 to 1.0 umol cAMP hydrolyzed

per minute per milligram protein.

20 Ic,,_ Determinations

 
 

The parameter of interest in evaluating

the potency of a competitive enzyme inhibitor of

PDE5 and/or PDE1c and PDE6 is the inhibition

25 constant, i.e., K,. This parameter can be approx-

imated by determining the IC,,, which is the inhib-

itor concentration that results in 50% enzyme

inhibition, in a single dose-response experiment

under the following conditions.

30 The concentration of inhibitor is always

much greater than the concentration of enzyme, so

that free inhibitor concentration (which is unknown)
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is approximated by total inhibitor concentration

(which is known).

A suitable range of inhibitor concentra-

tions is chosen (i.e., inhibitor concentrations at

least several fold greater and several fold less

than the K, are present in the experiment). Typi-

cally, inhibitor concentrations ranged from 10 nM to

10 UM.

The concentrations of enzyme and substrate

are chosen such that less than 20% of the substrate

is consumed in the absence of inhibitor (providing,

e.g., maximum substrate hydrolysis of from 10 to

15%), so that enzyme activity is approximately

constant throughout the assay.

The concentration of substrate is less

than one-tenth the Michaelis constant (K,). Under

these conditions, the IC,, will closely approximate

the K,;. This is because of the Cheng-Prusoff equa-

tion relating these two parameters: IC,,=K,(1+S/K,),

with (1+S/K,) approximately 1 at low values of S/K,.

The IC;, value is estimated from the data

points by fitting the data to a suitable model of

the enzyme inhibitor interaction. When this inter-

action is known to involve simple competition of the

inhibitor with the substrate, a two-parameter model

can be used:

Y=A/ (1+x/B)

where the y is the enzyme activity measured at an

inhibitor concentration of x, A is the activity in

the absence of inhibitor and B is the IC,,. See Y.
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Cheng et al., Biochem. Pharmacol., 22:3099-3108

(1973).

Effects of inhibitors of the present

invention on enzymatic activity of PDES and PDE6

preparations as described above were assessed in

either of two assays which differed from each other

principally on the basis of scale and provided

essentially the same results in terms of IC,, values.

Both assays involved modification of the procedure

of Wells et al., Biochim. Biophys. Acta, 384:430

(1975). The first of the assays was performed in a

total volume of 200 pl containing 50 mM Tris pH 7.5,

3 mM Mg acetate, 1 mM EDTA, 50 ug/mL snake venom

nucleotidase and 50 nM [?H]-cGMP (Amersham). Com-

pounds of the invention were dissolved in DMSO

finally present at 2% in the assay. The assays were

incubated for 30 minutes at 30°C and stopped by

addition of 800 pl of 10 mM Tris pH 7.5, 10 mM EDTA,

10 mM theophylline, 0.1 mM adenosine, and 0.1 mM

guanosine. The mixtures were loaded on to 0.5 mL

QAE Sephadex columns, and eluted with 2 mL of 0.1M

formate (pH 7.4). The eluted radicactivity was

measured by scintillation counting in Optiphase

Hisafe 3.

A second, microplate, PDE assay was

developed using Multiscreen plates and a vacuum

manifold. The assay (100 yl) contained 50 mM Tris

pH 7.5, 5 mM Mg acetate, 1 mM EDTA and 250 pg/mL

snake venom nuclectidase. The other components of

the reaction mixture were as described above. At

the end of the incubation, the total volume of the

assays were loaded on a QAE Sephadex microcolumn

plate by filtration. Free radioactivity was eluted
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with 200 wl of water from which 50 yl aliquots were

analyzed by scintillation counting as described

above.

The following examples are presented to

further illustrate the preparation of the claimed

invention. The scope of the present invention is

not to be construed as merely consisting of the

following examples.

Example 1

Compound (I) was prepared as described in

U.S. patent 5,859,006 and formulated in tablets

using wet granulation. Povidone was dissolved in

water to make a 10% solution. The active compound,

microcrystalline cellulose, croscarmellose sodium,

and sodium lauryl sulfate were added to a high shear

mixer and mixed for 2 minutes. The powders were wet

granulated with the povidone solution and extra

water as required to complete the granulation. The

resultant mixture was dried ina fluid bed drier

with inlet air at 70°C + 5°C until the loss on

drying was below 2.5%. The granules were passed

through a Comil with a suitable screen (or a sieve)

and added to a suitable mixer. The extragranular

croscarmellose sodium and sodium lauryl sulfate, and

the colloidal anhydrous silica were passed through a

suitable sieve (e.g., 500 micron) and added to the

mixer and blended 5 minutes. Magnesium stearate was

added and blended for 2 minutes. The blend was

compressed to a target compression/weight of 250 mg

using 9 mm round normal concave tooling.
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The core tablets were coated with an

aqueous suspension of Opadry OY-S-7322 using an

Accelacota (or similar coating pan) using inlet air

at 50°C to 70°C until the tablet weight was in-

5 creased by approximately 8 mg. Opadry OY-S-7322

contains methylhydroxypropylcellulose Ph.Eur.,

titanium dioxide Ph. Eur., Triacetin USP. Opadry

increases the weight of each tablet to about 258 mq.

The amount of film coat applied per tablet may be

10 less than that stated depending on the process effi-

ciency.

The tablets are filled into blister packs

and accompanied by package insert describing the

safety and efficacy of the compound.   
  
  

 

15

Formulations

Component (mg per tablet)

Hydroxypropyl Methylcellulose 1 5
20 Phthalate

Microcrystalline Cellulose 221.87 213-87

25 Purified Water,
irrigation)

30

4) Compound (1).
35
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Example 2

The following formula is used in preparing

the finished dosage form containing 10 mg of Com-

pound ({I).

feramation—SCSCSCSC~C~—CSCi

fivaronypropyiceiiwioee80
[croscameiiosesodiumid|

Pe

  
  

  

  
a
jeuideeedeeSCSC“~Cs~‘“‘“SC‘“‘CSC*”

Pid
Film coat (approximately) 11.25

  

  
   

Purified Water, USP is used in the manu-

facture of the tablets. The water is removed during

processing and minimal levels remain in the finished

product.

Tablets are manufactured using a wet gran-

ulation process. A step-by-step description of the

process is as follows. The drug and excipients to

be granulated are security sieved. The selective
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PDES inhibitor is dry blended with lactose mono-

hydrate (spray dried), hydroxypropylcellulose, cros-

carmellulose sodium, and lactose monohydrate. The

resulting powder blend is granulated with an aqueous

5 solution of hydroxypropylcellulose and sodium lauryl

sulfate using a Powrex or other suitable high shear

granulator. Additional water can be added to reach

the desired endpoint. A mill can be used to delump

the wet granulation and facilitate drying. The wet

10 granulation is dried using either a fluid bed dryer

or a drying oven. Once the material is dried, it

can be sized to eliminate any large agglomerates.

Microcrystalline cellulose, croscarmellose sodium,

and magnesium stearate are security sieved and added

15 to the dry sized granules. These excipients and the

ary granulation are mixed until uniform using a

tumble bin, ribbon mixer, or other suitable mixing

equipment. The mixing process can be separated into

two phases. The microcrystalline cellulose,

20 croscarmellose sodium, and the dried granulation are

added to the mixer and blended during the first

 
phase, followed by the addition of the magnesium

stearate to this granulation and a second mixing

phase.

25 The mixed granulation then is compressed

into tablets using a rotary compression machine.

The core tablets are film coated with an aqueous

suspension of the appropriate color mixture ina

coating pan (e.g., Accela Cota). The coated tablets

30 can be lightly dusted with talc to improve tablet

handling characteristics.

The tablets are filled into plastic con-

tainers (30 tablets/container) and accompanied by
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package insert describing the safety and efficacy of

the compound.

Example 3

The following formula is used in preparing

a finished dosage form containing 5 mg of Compound

(I).

Ingredient Quantity (mg)

fesansiationSS
Selective PDE5 Inhibitor”

  
  

 
 

 
pT

[ousidepowders
Microcrystalline Cellulose (granular-102)

 
  

  
  
 

Magnesium Stearate (vegetable) 0.63

  Pilm coat (approximately} 

The dosage form of Example 3 was prepared

in an identical manner to the dosage form of Example
2.
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Example 4

 

 

a

 
  
   

The gelatin capsules are precisely filled

by pumping an accurate fill volume of pre-dissolved

@rug formulation into the partially sealed cavity of

a capsule. Immediately following injection fill of

the drug solution formulation, the capsule is

completely heat sealed.

The capsules are filled into plastic con-

tainers and accompanied by a package insert.

Example 5

This study was a randomized, double-blind,

placebo-controlled, two-way crossover design clin-

ical pharmacology drug interaction study that evalu-

ated the hemodynamic effects of concomitant adminis-

tration of a selective PDES inhibitor (i.e., Com-

pound {(I}) and short-acting nitrates on healthy male

volunteers. In this study, the subjects received

either Compound (1) at a dose of 10 mg or a placebo,

daily for seven days. On the sixth or seventh day,

the subjects received sublingual nitroglycerin (0.4

mg) while supine on a tilt table. The nitroglycerin

was administered 3 hours after Compound (I) dosing,

and all subjects kept the nitroglycerine tablet
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under their tongue until it completely dissolved.

The subjects were tilted to 70° head-up every 5

minutes for a total of 30 minutes with measurement

of blood pressure and heart rate. There were no

discontinuations among the twenty-two healthy male

subjects {ages 19 to 60 years old) that entered this

study.

In a preliminary analysis of this study,

Compound (I) was well tolerated and there were no

serious adverse events. There were no Compound (I)

changes in laboratory safety assessments or 12-lead

ECGs. The most common adverse events were headache,

dyspepsia, and back pain. Compound (I) demonstrated

minimal, if any, effect on mean systolic blood

pressure, and mean maximal nitroglycerin-induced

Gecrease in systolic blood pressure.

Example 6

In two randomized, double-blinded placebo

controlled studies, Compound (I) was administered to

patients in need thereof at a range of doses, in

both daily dosing and for on demand therapy, for

sexual encounters and intercourse in the home

setting. Doses from 5 to 20 mg of Compound (I) were

efficacious and demonstrated less than 1% flushing

and no reports of vision abnormalities. It was

found that a 10 mg dose of Compound (1) was fully

efficacious and demonstrated minimal side effects.

Enhanced erectile function was determined

by the International Index of Erectile Function

(IIEF) (Rosen et al., Urology, 49, pp. 822-830
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(1997)), diaries of sexual attempts, and a global

satisfaction question. Compound (I) significantly

improved the percentage of successful intercourse

attempts including the ability to attain and

maintain an erection in both "on demand" and daily

dosing regimens.

Example 7

A third clinical study was a randomized,

double-blind, placebo-controlled study of Compound

(I) administered "on demand" to patients with male

erectile dysfunction. Compound (I) was administered

over a period of eight weeks in the treatment of

male erectile dysfunction (ED). Erectile dysfunc-

tion (ED) is defined as the persistent inability to

attain and/or maintain an erection adequate to

permit satisfactory sexual performance. "On demand"

dosing is defined as intermittent administration of

Compound (I) prior to expected sexual activity.

The study population consisted of 212 men,

at least 18 years of age, with mild to severe

erectile dysfunction. Compound (I) was orally

administered as tablets of coprecipitate made in

accordance with Butler U.S. Patent No. 5,985,326.

Compound (I) was administered in 2 mg, 5 mg, 10 tg,

and 25 mg doses, "on demand" and not more than once

every 24 hours. Treatment with all nitrates, azole

antifungals (e.g., ketoconazole or itraconazole),

warfarin, erythromycin, or antiandrogens was not

allowed at any time during the study. No other

approved or experimental medications, treatments, or
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devices used to treat ED were allowed. Forty-one

subjects were administered a placebo.

The two primary efficacy variables were

the ability of a subject to penetrate his partner

and his ability to maintain an erection during

intercourse, as measured by the International Index

of Erectile Function (IIEF). The IIEF Questionnaire

contains fifteen questions, and is a brief, reliable

measure of erectile function. See R.C. Rosen et

al., Urology, 49, pp. 822-830 (1997).

Secondary efficacy variables were IIEF

domain scores for erectile function, orgasmic

function, sexual desire, intercourse satisfaction,

and overall satisfaction; the patient's ability to

achieve an erection, ability to insert his penis

into his partner's vagina, completion of intercourse

with ejaculation, satisfaction with the hardness of

his erection, and overall satisfaction, all as

measured by the Sexual Encounter Profile (SEP)

diary; and a global assessment question asked at the
end of the treatment period. The SEP is a patient

diary instrument documenting each sexual encounter

during the course of the study.

The safety aspect of the study included

all enrolled subjects, and was assessed by

evaluating all reported adverse events, and changes

in clinical laboratory values, vital signs, physical

examination results, and electrocardiogram results.

At endpoint, patients who rated their

penetration ability (IIEF Question 3) as "almost

always or always" were as follows: 17.5% in the

placebo group, 38.1% in the 2 mg group, 48.8% in the

5 mg group, 51.2% in the 10 mg group, and 83.7% in
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the 25 mg group. Comparisons revealed statistically

significant differences in change in penetration

ability between placebo and all dose levels of

Compound (I).

At endpoint, patients who rated their

ability to maintain an erection (IIEF Question 4}

Guring intercourse as "almost always or always" are

as follows: 10.0% in the placebo group, 19.5% in

the 2 mg group, 32.6% in the 5 mg group, 39.0% in

the 10 mg group, and 69.0% in the 25 mg group.

Comparison revealed statistically significant

differences in change in penetration ability between

placebo and the three higher dose levels of Compound

(I).

This study also included a safety evalu-

ation. A treatment-emergent adverse event is de-

fined as a condition not present at baseline that

appeared postbaseline, or a condition present at

baseline that increased in severity postbaseline.

The most commonly reported treatment-emergent ad-

verse events were headache, dyspepsia, and back

pain. The incidence of treatment-emergent adverse

events appeared related to dose.

Overall, this study demonstrated that all

four doses of Compound (I), namely 2 mg, 5 mg, 10

mg, and 25 mg, taken "on demand" produced signifi-

cant improvement, relative to placebo, in the sexual

performance of men with erectile dysfunction as

assessed by the IIEF, by patient diaries assessing

frequency of successful intercourse and intercourse

satisfaction, and by a global assessment.
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The combined results from clinical studies

showed that administration of Compound (I) effec-

tively treats male erectile dysfunction, as

illustrated in the following table.

IIEF ERECTILE FUNCTION DOMAIN

(Change from Baseline)

 
n is number of subjects, SD is standard deviation.

However, it also was observed from the

combined clinical studies that the percent of

treatment-emergent adverse events increased with an

increasing unit dose of Compound (TIT), as illustrated

in the following table:
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The above table shows an increase in adverse events

    
  

   
  10

 
  

   
15

at 25 mg through 100 mg unit doses. Accordingly,

even though efficacy in the treatment of ED was

20 observed at 25 mg to 100 mg doses, the adverse

events observed from 25 mg to 100 mg doses must be

considered.

 
= In accordance with the present invention,

a unit dose of about 1 to about 20 mg, preferably

25 about 2 to about 20 mg, more preferably about 5 to

about 20 mg, and most preferably about 5 to about 15

mg, of Compound (I), administered up to a maximum of
20 mg per 24-hour period, both effectively treats ED

and minimizes or eliminates the occurrence of ad-

30 verse side effects. Importantly, no vision abnor-

malities were reported and flushing was essentially

eliminated. Surprisingly, in addition to treating

ED, with at about 1 to about 20 mg unit dose Com-

pound (I), with a minimum of adverse side effects,

35 individuals undergoing nitrate therapy also can be
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treated for ED by the method and composition of the

present invention.

The principles, preferred embodiments, and

modes of operation of the present invention have

5 been described in the foregoing specification. The

invention intended to be protected herein, however,

is not construed to be limited to the particular

forms disclosed, because they are to be regarded as

illustrative rather than restrictive. Variations

10 and changes may be made by those skilled in the art

without departing from the spirit of the invention.

 

Nena

if
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WHAT IS CLAIMED IS:

1. A pharmaceutical unit dosage composi-

tion comprising about 1 to about 20 mg gf a compound

having the structural formula:

 
said unit dosage form/suitab for oral administra-

tion.

2. The/ dosage, formof claim 1 comprising

about 2 to about 20 mg of the compound in unit

 
dosage form.

3. The dosage form of claim 1 comprising

about 5 to about 20 mg of the compound in unit

dosage form.

A. The dosage form of claim 2 comprising

about 2.5/mgq of the compound in unit dosage form.

5. The dosage form of claim 3 comprising

about $ mq of the compound in unit dosage form.

Megcetirt
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6. The dosage form o laim 3 comprising.

about 10 mg of the compound in #fnit sosage form.

 
 

 
 

The dosage form of claims 1 through 6

wherein t unit dose is in a form selected from the

group consisting of a liquid, a tablet, a capsule,

and a gelcap.

@. sage form of claims 1 through 6

wherein the unit dose in the form of a tablet.

9. The dosage f of claims 1 through 6

for use in treating a condition, where inhibition of

PDES is desirable.

_

10. The dosagefAidem of clam 9 wherein

 
the condition is a sex sfunction.

po

 of claim 10 wherein ) 11. The dosage fo

the sexual dysfunction is le erectile dysfunction.
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13. A method off treating sexual dysfunc-

tion in a patient in need/thereof comprising ad-

ministering one or more upit dose containing about 1

to about 20 mg, up to a maximum total dose of 20 mg

per day, of a compound having the structure

 
 
 

 
 
 
 
 
 
 

 
 

 
14. The method of claim 14 wherein the

unit dose contains about 2 to abo 20 mg of the

 ( compound.
15. The method Claim 13 wherein the

unit dose contains about mg of the compound.

16. The thod of claim 13 wherein the

unit dose containg about 10 mg of the compound and

is administered/’once per day.

The method of claim 13 wherein the

is in a form selected from the group con-

sisting of a liquid, a tablet, a capsule, and a
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18. The invention as hereinbefore de-

scribe

1 Use of a unit dose containing about 1

 

to about 20 of a compound having the structure

 
for the manufacture of a medicament for\the treat-

ment of sexual dysfunction in a patient iye
thereof.

 zi
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ee aoe a Atty. Docket No. 29342/36206A
DECLARATION@BR PATENT APPLICATION AND POWERQBPATTORNEY

As a below named inventor, | hereby declare that my residence, post office address and citizenship are as stated below next

to my name; | believe that ] am the original, first and sole inventor (if only one nameis listed below) or an original, first and joint
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitled "UNIT DOSAGE FORM,"the specification of which (check one): O is attached hereto; O wasfiled on

as Application Serial No. and was amended on (if

applicable); & wasfiled as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended underArticle

19 on (if applicable). I hereby state that I have reviewed and understand the contents of the above-

identified specification, including the claims, as amended by any amendment(s) referred to above. I acknowledgethe duty to disclose

to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

. I hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application(s) for patent or inventor's

certificate or of any PCTinternational application(s) designating ut least one countryother than the United States of Americalisted
below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international

application(s) designating at least one country other than the United States of America filed by me on the same subject matter having
a fAng date before that of the application(s) of which priority is claimed:pe

ms Priority Claimed
PE@£/USO00/1 1129 PCT : 26/04/00 a Oo
(Afalication Serial Number) (Country) (Day/Month/Year Filed) Yes No

pplication Serial Number) (Country) (Day/Month/YearFiled) Yes No 
I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional application(s) listed below:

607132,036 30/04/99
(Application Seria! Number) (Day/Month/Year Filed)

 
(Application Serial Number) (Day/Month/Year Filed)

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application(s)

designating the United States of America listed below and, insofar as the subject matter ot each of the claims of this application is

not disclosed in the prior application(s) in the manner provided by the first paragraph of 35 U.S.C. §112, I acknowledge the duty

. to disclose to the Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred

between thefiling date of the prior application(s) and the national or PCT international filing date of this application:

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

I hereby declare that all statements made herein of my own knowledgeare true and thatall statements made on information

and belief are believed to be true; and further that these statements were made with the knowledgethat willful false statements and

the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may

jeopardize the validity of the application or any patent issued thereon.
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Lo PQWER OF ATTORNEY: I hereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute

this application and transaciaiiiPatent and Trademark Office connected pliesith:“I

 

John B. Lungmus(18,566) Richard H. Anderson (26,526) Martin J. Hirsch (32,237) James A. Flight (37,622)
Allen H. Gerstein (22,218) Patrick D. Ertel (26,877) James J. Napoli (32,361) Roger A. Heppermann (37,641)
Nate F. Scarpelli (22,320) Richard B. Hoffman(26,910) Richard M. La Barge (32,254) David A. Gass (38,153)
Michael F. Borun (25,447) James P. Zeller (28,491) Douglass C. Hochstetler (33,710) Gregory C. Mayer (38,238)
Trevor B. Joike (25,542) Kevin D. Hogg G1.839) Robert M. Gerstein (34,824) Michael R. Weiner (38,359)
Carl E. Moore, Jr. (26,487) Jeffrey S. Sharp (3.879) Anthony G. Sitko (36,278) William K. Merkel (40,725)
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FIRM NAME PHONE NO. STREET CITY & STATE ZIP CODE

Marshall, Gerstein & Borun 6300 Sears Tower
a 312-474-6300 233 South Wacker Drive Chicago,IHlinois 60606-6402.

Fuli Nameof First or Sole Inventor __ . Citizenship Al
- ce|]William Ernest Pullman Brited States-efAmerica—S TEA tA

Residence Address - Street Post Office Address - Street

“FarHilis (07931) Nit Far Hills (07931)
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esidence Address - Street Post Office Address - Street
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Woodinville (98072)
State or Country
Washington
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Residence Address - Street Post Office Address - Street
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37 CFR 1.56. DUTY OF DISCLOSURE - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

(a) A patentby its very nature is affected with a public interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information knowntothat individual to be material to patentability as defined in this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all information
known to be material to patentability is deemed to be satisfied if all information knownto be material to patentability of any claim
issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of _
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

) prior art cited in search reports of a foreign patent office in a counterpart application, and
QQ the clasest information over which individuals associated with the nling or prosecution of a patent* ~

application believe any pending ciaim patentability defines, to make sure that any material information
contained therein is disclosed to the Office.

Inférmation relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR
1.30(a).

S.C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT

A person shall be entitled to a patent unless --
(a) the invention was knownor used by othersin this country, or patented or described in a printed publication

inhis or a foreign country, before the invention thereof by the applicant for patent, or ,
(b) the invention was patented or described in a printed publication in this or a foreign country or in public use

orienn sale iin this country, more than one year priorto the date of the application for patent in the United States, or
5 (c) he has abandonedthe invention, or

Lb (d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by
the’applicant or his legal representatives or assigns in a foreign country prior to the date of the application for patent in this country
oman application for patent or inventor's certificate filed more than twelve months before the filing of the application in the United
States, or

FS (e) the invention was described in a patent granted on an applicationfor patent by anotherfiled in the United States
bef@re the invention thereof by the applicant for patent, or on an international application by another who has fulfilled the
requirements of paragraph (1), (2), and (4) of section 371(c) ofthis title before the invention thereof by the applicant for patent, or

(f) he did not himself invent the subject matter sought to be patented, or
(g) before the applicant's invention thereof the invention was made in this country by another who had not

abandoned,suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates
of conception and reduction to practice ofthe invention, out also the reasonable diligence of one who was firsi to conceive and last
to reduceto practice, from a time prior to conception by the other.

 
ig

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER(Applicable Portion}

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section
102 ofthis 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 obviousat 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.

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of section
102 ofthis title, shall not preclude patentability under this section where the subject matter and the claimed invention were, at the
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person.

35 U.S.C. 112. SPECIFICATION(Applicable Portion)

The specification shall contain a written description of the invention, and of the manner and process of making
and usingit, in such full, clear, concise, and exact terms as to enable any personskilled in the art to whichit 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.
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DECLARATION@ER PATENT APPLICATION AND POWERQS™ATTORNEY

As a below namedinventor, I hereby declare that my residence, post office address and citizenship are as stated below next

to my name; | believe that | am the original, first and sole inventor (if only one nameis listed below) or an original, first and joint

inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention

entitled "UNIT DOSAGE FORM,"the specification of which (check one): O is attached hereto; O wasfiled on

as Application Serial No. and was amended on Cif
applicable); & wasfiled as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended underArticle

19 on (if applicable). 1 hereby state that I have reviewed and understand the contents of the above-

identified specification, including the claims, as amended by any amendment(s) referred to above. I acknowledgethe duty to disclose

to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

I hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application(s) for patent or inventor's

certificate or of any PCT international application(s) designating at least one country other than the United States of America listed

below and have also identified below any foreignapplication(s) for patent or inventor's certificate or any PCT international

application(s) designating at least one country other than the United States of Americafiled by me on the same subject matter having

a filing date before that of the application(s) of which priority is claimed:“t

Priority Claimed 
PGT/USO0/11129 PCT 26/04/00 g O

(Application Serial Number) . (Country) (Day/Month/Year Filed) Yes No

 
(Application Serial Number) (Country) (Day/Month/Year Filed) Yes No

be?

I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional application(s) listed below: 
60/1 32,036 30/04/99
(Application Serial Number) (Day/Month/Year Filed)

 ko:
=

(Application Serial Number) (Day/Month/Year Filed)

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application(s)

designating the United States of Americalisted below and, insofar as the subject matter of each of the claimsof this application is
not disclosed in the prior application(s) in the manner provided by the first paragraph of 35 U.S.C. §112, I acknowledge the duty

to disclose to the Office all information known to meto be material to patentability as defined in 37 C.F.R. §1.56 which occurred

between the filing date of the prior application(s) and the national or PCT international filing date of this application:

{Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

{Application Serial Number) (Day/Month/Year Filed) (Stams-Patented, Pending or Abandoned)

I hereby declare thatall statements made herein of my own knowledgearetrue and thatall statements made on information

and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and

the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may

jeopardize the validity of the application or any patent issued thereon.
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oo +, POWER OF ATTORNEY: [hereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute
‘ this application and transactall busin he Patent and Trademark Office connected itn:

= od

John B. Lungmus(18,566) Richard H. Anderson (26,526) Martin J. Hirsch (32,237) James A. Flight (37,622)
Allen H. Gerstein (22,218) Patrick D. Ertel (26,877) James J. Napoti (32,361) Roger A. Heppermann (37.641)
NateF. Scarpelli (22,320) Richard B. Hoffman(26,910) Richard M. La Barge (32.254) David A. Gass (38,153)
Michaei F. Borun (25,447) James P. Zeller (28,491) Douglass C. Hochstetler (33,710) Gregory C. Mayer (38.238)
Trevor B. Joike (25,542) Kevin D. Hogg (31,839) Robert M. Gerstein (34,824) , Michael R. Weiner (38,359)
Carl E. Moore, Jr. (26,487) Jeffrey S. Sharp (31,879) Anthony G. Sitko (36,278) William K. Merkel (40,725)

Send correspondence to: James J. Napoli

FIRM NAME / PHONE NO. STREET CITY & STATE ZIP CODE

Marshall, Gerstein & Borun 6300 Sears Tower
312-474-6300 233 South Wacker Drive Chicago, Ilkinois 60606-6402

Full Nameof First or Sole Inventor Citizenship
William Ernest Pullman United States of America
Residence Address - Street Post Office Address - Steet
3004 Towne Drive 3004 Towne Drive

Carmel (46032) Carmel (46032)

Indiana Indiana
Bal SignaturefnJehn Steven Whitaker United States of America

£9340 162nd Avenue 19342 162nd Avenue
City (Zip)

e (98072) WA. Woodinville (98072)
Site or Country State or Country
Méashington Washington

er i/ Ohh ov?

cp (Zip) City (Zip)
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_ ae : MmoeiicaRLERRULES AND STATUTES

37 CFR 1.56. DUTY OF DISCLOSURE“! INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information knownto that individual to be material to patentability as defined in this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all information
knownto be material to patentability is deemed to be satisfied if all information knownto be material to patentability of any claim
issued in a patent wascited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

dd) prior art cited in search reports of a foreign patent office in a counterpart application, and
(2) the closest information over which individuals associated with the filing or prosecution of a patent

_application believe any pending claim patentability defines, to make sure that any material information
contained therein is disclosed to the Office.

Information relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR

1.56(a).

35-#.8.C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT
 A personshall be entitled to a patent unless --

(a) the invention was known or used by others in this country, or patented or described in a printed publication
inhis or a foreign country, before the invention thereof by the applicant for patent, or

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use
or6n sale in this country, more than one year prior to the date of the application for patent in the United States, or

= (c) he has abandoned the invention, or
ink (d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by

théapplicant or his legal representatives or assigns in a foreign country priorto the date of the application for patent in this country
orLan application for patent or inventor's certificate filed more than twelve months beforethe filing of the application in the United
States, or
= (e) the invention was described in a patent granted on an application for patent by anotherfiled in the United States

before the mvention thereof by the applicant for patent, or on an international application by another who has fulfilled the
requirements of paragraph (1), (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent, or

(f) he did not himself invent the subject matter sought to be patented, or
(g) before the applicant's invention thereof the invention was made in this country by another who had not

abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates
of conception and reduction to practice of the invention, but also the reasonable diligence of one who was first to conceive and last
to reduce to practice, from a iime prior to conception by the other.

 

 

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER(Applicable Portion)

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section
102 ofthis title, if the differences between the subject matter sought to be patented andthe prior art are such that the subject matter
as a whole would have been obviousat the time the invention was madeto a personhaving 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.

Subject matter developed by another person, which qualifies as prior art only under subsection (f or (g) of section
102 ofthis title, shall not preclude patentability under this section where the subject matter and the claimed invention were,at the
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person.

35 U.S.C. 112. SPECIFICATION (Applicable Portion)

The specification shall contain a written description of the invention, and of the manner and process of making
and usingit, in such full, clear, concise, and exact terms as to enable any personskilled 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.
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IN THE UNITED STATES PATENT

AND TRADEMARK OFFICE

Applicants: "EXPRESS MAIL" mailing label
No. EK657817671US

WILLIAM E. PULLMAN ET AL.

Date of Deposit:
U.S. National Phase of October 19, 2001
PCT/US00/11129 filed April 26,
2000 I hereby certify that this

paper (or fee) is being
deposited with the United
States Postal Service "EXPRESS
MATL POST OFFICE TO ADDRESSEE"
service under 37 CFR §1.10 on
the date indicated above and is
addressed to: :
Assistant Commissioner for

Patents, Washington, D.C.
20231. :

Filed: Herewith

For: UNIT DOSAGE FORM

Group Art Unit: Unassigned

Examiner: Unassigned

Attorney Docket No. 29342/36206A

  
Neeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Richard Zimmermann

PRELIMINARY AMENDMENT

ACCOMPANYING APPLICATION TRANSMITTAL

 
 

Commissioner of Patents

Washington, D.C. 20231

Sir:

Please amend the above-identified application

as follows:

IN THE SPECIFICATION:

Page 1, after the title, please delete the

wesncheecme TO RELATED APPLICATION in its entiretyand insért therefor:

ATI 1009-0106
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@ @ 031556
- O37 Rec'd19 {

--CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S. national phase application of

\ International Application No. PCT/US00/11129, filed on
April 26, 2000, which claims the benefit of provisional

patent application Serial No. 60/132,036, filed April 30,
1999.--
 

IN_THE CLAIMS:

/
Cancel claims 18 and 19 without prejudice.

Amend claims 7-9 as follows:
 

  
 
 

 

7. (Amended) The dosage/form of claim 1, 2,

3, 4, 5, or 6 wherein the unit dg6e is in a form selected

from the group consisting of liquid, a tablet, a cap-

sule, and a gelcap.

8. (Amende The dosage form of claim 1, 2,

3, 4, 5, or & where#n the unit dose is in the form of a

tablet.

 
 

9. (Amended hded) The dosage form of

claim 1, 2, 3, 4, For use in treating a condition

desirable.
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531 Recdectie: «19 OCT 2001

REMARKS

Claims 1-19 are pending in the application.
Claims 18 and 19 have been cancelled. Therefore, claims

1-17 are at issue in this application.

The amendments are described in more detail

below. Pursuant to 37 C.F.R. §1.121, a marked-up version

of the changes made to the claims by the present amend-

ment is attached hereto following the signature page of

this amendment. The first page of the marked-up version

of the changes is captioned "Version With Markings to
Show Changes Made."

This preliminary amendment adds no new matter.

The specification has been amended to insert a cross-

reference to a related application. Claims 7-9 have been

amended to improve the form of the claims.

It is submitted that the amendment should be

entered, and that the claims are of a proper form and

scope for allowance. An early and favorable action on

‘the merits is respectfully requested.

Should the examiner wish to discuss the fore-

going, or any matter of form in an effort to advance this

application toward allowance, the examiner is urged to

telephone the undersigned at the indicated number.

ATI 1009-0108
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Chicago, Illinois
October 19, 2001
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—_

By aus?

©

Respectfully submitted,

MARSHALL, GERSTEIN & BORUN

 
James J. Napoli
(Registration No. 32,361)
Attorneys for Applicants
6300 Sears Tower

233 South Wacker Drive

Chicago, Illinois 60606
(312) 474-6300  
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Version With Markings to Show Changes Made
(U.S. National Stage of PCT/US00/11129

filed October 19, 2001)

IN THE SPECIFICATION:

The following cross-reference to related

application has been inserted into the specification:

CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S. national phase application

of International Application No. PCT/US00/11129, filed

on April 26, 2000, which claims the benefit of

provisional patent application Serial No. 60/132,036,

filed April 30, 1999.

IN THE CLAIMS:

Claims 18 and 19 have been cancelled without

prejudice.

Claims 7-9 have been amended as follows:

7. (Amended) The dosage form of [claims 1

through 6] claim i, 2, 3, 4, 5, or 6 whereinthe unit

dose is in a form selected from the group consisting of

a liquid, a tablet, a capsule, and a gelcap.

8. (Amended) The dosage form of [claims 1

through 6] claim 1, 2,-.3, 4, 5, or 6 wherein the unit

dose is in the form of a tablet.

ATI 1009-0110
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9. (Amended) The dosage form of [claims 1

through 6] claim 1, 2, 3, 4, 5, or 6 for use in treat-

ing a condition wherein inhibition of PDE5 is desir-

able.
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a : . : PCT/US00/11129

P ATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT

Commissioner

NOTIFICATION OF ELECTION US Department of Commerce
United States Patent and Trademark

(PCT Rule 61.2) Office, PCT
2011 South Clark Place Room
CP2/5C24

Arlington, VA 22202
ETATS-UNIS D'AMERIQUE

in its capacity as elected Office
 Date of mailing (day/month/year)}

27 November2000 (27.11.00)

International application No. Applicant's or agent'sfile reference
PCT/US00/11129 29342/36206

Internationalfiling date (day/month/year) Priority date (day/month/year)

26 April 2000 (26.04.00) 30 Apri! 1999 (30.04.99)

Applicant

PULLMAN,William, Ernest et al

 
  

 
  

  
 

1. The designated Office is hereby notified of its election made:

in the demandfiled with the International Preliminary Examining Authority on:

02 November 2000 (02.11.00)

["] in a notice effecting later election filed with the International Bureau on:

2. The election was

C] was not
made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under
Rule 32.2(b)}.

. Authorized officer
The International Bureau of WIPO onze

34, chemin des Colombettes R. E. Stoffel
1211 Geneva 20, Switzerland

 
Facsimile No.: (41-22) 740.14.35 Tetephone No.: (41-22) 338.83.38

Form PCT/B/331 (July 1992) US0011129

ATI 1009-0112
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r PATENT COOPERATION@@EATY
PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)

Applicant's or agent's file reterence See Notification of Transmittal of Intemational
29342/36206 FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416)

Intemational application No. Internationalfiling date (day/month/year} Priority date (day/month/year)
PCT/US00/11129 26/04/2000 30/04/1999

International Patent Ciassification (IPC) or nationai classification and IPC
A61K31/00

Applicant

LILLY ICOS LLCetal.

This international preliminary examination report has been prepared bythis International Preliminary Examining Authority
and is transmitted to the applicant according to Article 36.

This REPORTconsists of a total of 7 sheets, including this cover sheet.

( This report is also accompanied by ANNEXES,i.e. sheets of the description, claims and/or drawings which have
been amendedandare the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexesconsist of a total of sheets.

This report contains indications relating to the following items:

Basis of the report

Priority

Non-establishmentof opinion with regard to novelty, inventive step and industrial applicability
Lackof unity of invention -

Reasonédstatement under Article 35(2) with regard to novelty, inventive step orindustrial applicability;
citations and explanations suporting such statement
Certain documents cited

Certain defects in the international application

Certain observations on the international application

Date of submission of the demand Date of compietion of this report

02/17/2000 25.09.2001

Nameand mailing addressof the international Authorized officer
preliminary examining authority:

European Patent Office

dS) D-80298 Munich Veronese, ATel. +49 89 2399 - 0 Tx: 523656 epmud

Fax: +49 89 2399 - 4465 Telephone No. +49 89 2399 7824

 
Form PCT/IPEA/409 {cover sheet) (January 1994)

ATI 1009-0113
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‘ 2

. INTERNATIONAL PRELIMINARY

EXAMINATION REPORT International application No. PCT/US00/11129 

|. Basis of the report

1. With regard to the elementsof the international application (Replacement sheets which have been furnished to
the receiving Office in responseto an invitation under Article 14 are referred to in this report as “originally filed”
and are not annexedto this report since they do not contain amendments (Rules 70.16 and 70.17)):
Description, pages:

1-32 as originallyfiled

Claims, No.:

1-19 / as originally filed

2. With regard to the language,all the elements marked above wereavailable or furnished to this Authority in the
languagein which the international application wasfiled, unless otherwise indicated underthis item.

These elements were available or furnished to this Authority in the following language: , whichis:

Othe languageofa translation furnished for the purposesof the international search (under Rule 23.1(b)).

Othe language of publication of the international application (under Rule 48.3(b)).

Othe languageof a translation furnished for the purposesof international preliminary examination (under Rule
55.2 and/or 55.3).

3. With regard to any nucleotide and/or amino acid sequencedisclosedin the international application, the
international preliminary examination wascarried out on the basis of the sequence listing:

C scontainedin the international application in written form.

Os tiled together with the international application in computer readable torm.

O turnished subsequentlyto this Authority in written form.
O_ furnished subsequently to this Authority in computer readable form.

(The statementthat the subsequently furnished written sequencelisting does not go beyond the disclosurein
the international application asfiled has been furnished.

Cl The statementthat the information recorded in computer readable form is identical to the written sequence
listing has been furnished.  

4. The amendments have resulted in the cancellation of:

Othe description, pages:

Othe claims, Nos.:

0 sthe drawings, sheets:

5. D This report has been established asif (some of} the amendments had not been made, since they have been
considered to go beyond the disclosure asfiled (Rule 70.2(c)):

Form PCT/IPEA/409 (Boxes !-VIlI, Sheet 1) (July 1998)

ATI 1009-0114
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INTERNATIONAL PRELIMINARY

EXAMINATION REPORT Internationa! application No. PCT/US00/11129 

(Any replacement sheet containing such amendments must be reterred to underitem 1 and annexedto this
report.)

6. Additional observations,if necessary:

Ili. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-
obvious), or to be industrially applicable have not been examined in respectof:

Os the entire international application.

B® claims Nos. 13-17 (IA).

because:

& the said international application, or the said claims Nos. 13-17 relate to the following subject matter which
doesnot require an international preliminary examination (specify):
see separate sheet

Othe description, claims or drawings(indicate particular elements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify):

DO the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

O_sonointernationai search report has been established for the said claims Nos. .

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide
and/or amino acid sequencelisting to comply with the standard provided for in Annex C of the Administrative
Instructions:

0 _sthe written form has not been furnished or does not comply with the standard.

OD the computer readable form has not been furnished or does not comply with the standard.

V. Reasoned statement underArticle 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Noveity (N) Yes: Claims 1-19
No: Claims

inventive step (IS) Yes: Claims
No: Claims 1-19

Industrial applicability (IA) Yes: Claims 1-12,18,19

Form PCT/IPEA/409 (Boxes I-Vitl, Sheet 2) (July 1998)
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INTERNATIONAL PRELIMINARY

EXAMINATION REPORT International application No. PCT/US0O0O/11129 

No: Claims

2. Citations and explanations
see separate sheet

Vi. Certain documentscited

1. Certain published documents (Rule 70.10)

and / or

2. Non-written disclosures (Rule 70.9)

see separate sheet

Vill. Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claimsare fully supported by the description, are made:
see separate sheet

Form PCT/IPEA/409 (BoxesI-Vill, Sheet 3) (July 1998)
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INTERNATIONAL PRELIMINARY International application No. PCT/US00/11129
EXAMINATION REPORT- SEPARATE SHEET

ReItemil

Non-establishment of opinion with regard to novelty, inventive step and industrial

applicability.

Claims 13-17 relate to subject-matter considered by this Authority to be covered by the

provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with respect

to the industrial applicability of the subject-matter of these claims (Article 34(4)(a)(i) PCT).

However, although not required under the provisions of the PCT, an opinion will be given

with respect to novelty and inventive step.

ReItemV

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

INVENTIVESTEP

Reference is madeto the following documents:

D1: WO 97 03675 A (GLAXO WELLCOME LAB SA ;DAUGAN ALAIN CLAUDE MARIE

(FR)) 6 February 1997 (1997-02-06) ”

D2: ISRAEL M: 'VIAGRA: THE FIRST ORAL TREATMENT FOR IMPOTENCE'

PHARMACEUTICAL JOURNAL,PHARMACEUTICAL SOCIETY, LONDON,GB,vol. 261,

1 August 1998 (1998-08-01), pages 164-165, XP000919343 ISSN: 0031-6873

D1, see page 5 lines 4-14, example 1 (compound A) at page 10, the pharmaceutical

formulationsat pages 12-16 and claim 2 disclose the use of pharmaceutical unit dosages
comprising the PDE5 inhibitor (6R,12aR)-2,3,6,7,12,12a- hexahydro-2-methyl- 6- (3,4-

methylenedioxyphenyl)-pyrazino [2',1':6,1] pyrido [3,4-b] indole-1,4-dione (Compound1)

for the treatment of erectile dysfunctions. Compositions comprising 50 mg of compound
| are shown and concentration ranges from 0.2 to 400 mgare indicated as suitable for oral

administration. Compositions in the claimed range of 1 to 20 mg are therefore also
considered to be implicitly disclosed.

Form PCT/Separate SheevV409 (Sheet 1) (EPO-April 1997)
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©
INTERNATIONAL PRELIMINARY International application No. PCT/US00/11129
EXAMINATION REPORT - SEPARATE SHEET

If a noveity objection could be overcome, the selection of pharmaceutical unit dosages
comprising 1 to 20 mg of Compound| asin the present invention can not however

considered to involve an inventive step.

The routine experimentation to optimise the required amounts of ingredients of known

compositions for a known usefalls within the normal capacity of the average skilled
person. Evenif the claimed compositions provide some benefits when compared to the
compositions of the prior art, the experimental data reported in the present application are
not characterized by any new or surprising effect. .
Furthermore,for the patient treatmentit is not the "unit dose" which is important to provide
a certain medicaleffect, but the dose whichis practically administered. For example two
tablets or half tablet could be administered to the patient to adjust the dosage and obtain
a certain effect.

The IPEAis therefore of the opinion that the subject-matter underlying claims 1-11, 13- 19
does not involvean inventive step in the sense of Art. 33(3) PCT.

Also claim 12 , claiming the use of the PDES5diesterase inhibitor |, for the treatment of

sexual disfunctions in womanis not considered to invoive an inventive step in view of
document D2, which disclose the use of PDESinhibitor VIAGRAforthe treatment of sexual

disfunctions in females, see page 165, column 2.

INDUSTRIALAPPLICATION

For the assessment of the present claims 13-17 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States. The
patentability can also be dependent upon the formulation of the claims. The EPO, for

example, does not recognize as industrially applicable the subject-matter of claims to the

use of a compaund in medical treatment, but may allow, however, claims to a known

compoundforfirst use in medical treatment and the use of such a compoundfor the
manufacture of a medicament for a new medical treatment.

Re Item VI

Certain documents cited (Rule 70.10)

W09959584, which has been disregarded in writing the present Report, could become

relevant for the assessment of novelty under some patent law systems. Priorities have not
been checked.

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997)
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INTERNATIONAL PRELIMINARY International application No. PCT/US00/11129

EXAMINATION REPORT - SEPARATE SHEET ;

Application No Publication date Filing date Priority date (valid claim)
Patent No (day/month/year)} (day/month/year) (day/month/year)

WO9959584 25 November 1999 17 May 1999 20 May 1998

Re Item VIII

Certain observations on the international application

Claim 9 defines the subject-matter to be protected by way of the biological mechanism

underlying the action of the disclosed compounds. This expression does not specify
specific diseases recognized in the art to which the invention pertains and is not
consideredto fulfill the requirements of Art 6 PCT. The claim has been therefore examined ©

under the assumption that the conditions indicated in claims 10-12 are intended.

The relative term "about" usedin claims 1-6, 13-19 is vague and unclear and leaves the

reader in doubt as to the meaning of the technical features to whichit refers, thereby
rendering the definition of the subject-matter of said claims unclear (Article 6 PCT).

Claim 18 does not seem to define any additional subject matter and therefore does not

comply with the requirements of conciseness of Art. 6 PCT.

Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997)
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_~ PATENT COOPERATION TREA

e Pct
INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference F see Notification of Transmittal of International Search ReportOR FURTHER (Form PCT/ASA/220) as well as, where applicable, item 5S betow.
29342/36206 ACTION
International application No. internationaltiling date (day/month/vyear) (Earliest) Priority Date (day/month/year)

PCT/US 00/ 11129 26/04/2000 30/04/1999
‘Applicant

LILLY ICOS LLC et al.

This International Search Report has been prepared bythis International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the tnternational Bureau.

This Internationat Search Report consistsof a total of 3 sheets.
tis also accompanied by a copy of each prior art documentcitedin this report.

1. Basis of the report

a. With regard to the language,the international search was carried out on the basis of the internationat application in the
language in whichit wasfiled, unless otherwise indicated underthis item.

the international search was Carried out on the basis of a translation of the internationa! application furnished to this
Authority (Rule 23.1(b)}.

With regard to any nucleotide and/or amino acid sequence disclosed in the international appiication, the international search
was carried out on the basis of the sequencelisting :

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 readbte form.

the statementthat the subsequently furnished written sequencelisting does not go beyond the disclosure in the
international apptication as filed has been furnished.

the statement that the information recorded in computer readable form is identical to the written sequence listing has beenfurnished :

Certain claims were found unsearchable (See Box|).

Unity of invention is lacking (see Box II).

With regard to the title,

[_] the text is approved as submitted bythe applicant.
[X]} the text has been established by this Authority to read asfollows:

COMPOSITIONS COMPRISING PHOSPHODIESTERASE INHABITORS FOR THE TREATMENT OF
SEXUAL DISFUNCTION

With regard to the abstract,

[X] the text is approved as submitted by the applicant.
LC) the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box It. The applicant may,within one month from the date of mailing of this international search report, submit commentsto this Authority.

Thefigure of the drawings to be published with the abstract is Figure No. '

LI as suggested by the applicant. , [X] Noneofthe figures.
LI because the applicantfailed to suggesta figure.
LJ becausethis figure better characterizes the invention.

 
Form PCT/ISA/210 (first sheet) (July 1998)
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INTERNATIONAL SEARCH REPORT International Application No

PCT/US 00/11129'

A. CLASSIFICATION OF SUBJEC TER

IPC 7 A61K31/4985 A61P15/10

Accordingto Internationa! Patent Classification (IPC) or to both nationalclassification and IPC
B. FIELOS SEARCHED

Minimum documentation searched (classification system followed by classification symbols}
IPC 7=A61K 
Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

 
  
 

Electronic data base consulted during the international search (name of data base and, where practical. search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category °|Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 97 03675 A (GLAXO WELLCOME LAB SA 1-19
;DAUGAN ALAIN CLAUDE MARIE (FR))
6 February 1997 (1997-02-06)
page 3, line 11,12
page 3, line 24,25
page 5, line 4-11
claims; examples 1,3

 

  
  

  WO 99 59584 A (ESTOK THOMAS MARK ;SCHERING
CORP (US)) 25 November 1999 (1999-11-25)
page 4, last paragraph
page 42, line 11,12
page 61, line 20,21
claim 20

1-19  
  
  

  [x] Further documentsare listed in the continuation of box C. x]Patent family members arelisted in annex. ° Special categories of cited documents: a . : a
*T* tater document published after the intemationalfiling date

or priority date and not in conflict with the application but
cited to understand the principle or theory undertying theinvention

 

 *A® document defining the general state of ihe art which is not
considered to be of particular relevance

*E* earlier documentbut published on or after the international *X" documentof particular relevance;the claimed invention
filing date cannot be considered novel or cannot be considered to

*L" document which may throw doubts onpriority claim(s) or invoive an inventive step when the documentis taken alone
which is ced to establish the publication date of another *¥" documentof js - i i inici t o particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

  
    
  
    

  
  

*O* documentreferring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled

*P* document publishedprior to the internationai filing date but in the art.
  later than the priority date claimed °&° document memberof the samepatent family 

  Date of the actual completion of the international search Date of mailing of the intemational search report

  28/11/2000
Authorized ofticer

  21 November 2000

Name and mailing address of the ISA
European Palent Office, P.B. 5818 Patentlaan 2
NL = 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (431-70) 340-3016

    
 

 
 

  
 

  Veronese, A

Ferm PCTASA/210 (second sheet} (July 1992)

page 1 of 2
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INFERNATIONAL SEARCH REPORT

 
international Application No

PCT/US 00/111292

C.(Continuation) DOCUMENTS COR RED TO BE RELEVANT

Category °|Citation of document,with indication, where appropriate, ot the relevant passages Relevant to claim No.

WO 95 19978 A (GLAXO LAB SA ;DAUGAN ALAIN
CLAUDE MARIE (FR))
27 July 1995 (1995-07-27)
cited in the application
page 8, line 5-15; example 78
page 80, line 21,22
page 80, last paragraph.
claims 10,12,14

DATABASE WPI

Section Ch, Week 200029
Derwent Publications Ltd., London, GB;
Class B02, AN 2000-339026
XP002152606

& WO 00 20033 A (EISAI CO LTD),
13 April 2000 (2000-04-13)
abstract

ISRAEL M: “VIAGRA: THE FIRST ORAL
TREATMENT FOR IMPOTENCE”

PHARMACEUTICAL JOURNAL ,PHARMACEUTICAL
SOCIETY, LONDON, GB,
vol. 261, 1 August 1998 (1998-08-01),
Pages 164-165, XP000919343
ISSN: 0031-6873

page 164, column 1-2

GOLDENBERG MM: "SAFETY AND EFFICACY OF
SILDENAFIL CITRATE IN THE TREATMENT OF
MALE ERECTILE DYSFUNCTION"

CLINICAL THERAPEUTICS,US,EXCERPTA MEDICA,
PRINCETON, NJ,
vol. 20, no. 6, 1998, pages 1033-1048,
XP000853855
ISSN: 0149-2918

page 1041, column 1 -page 1042, column 1

Form PCTASA/210 (continuation of second sheet) (July 1992)

page 2 of 2
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WO 95/19978 . PCT/EP95/00183

TETRACYCLIC DERIVATIVES, PROCESS OF PREPARATION AND USE

This invention relates to a series of tetracyclic derivatives, to processes for
. their preparation, pharmaceutical compositions containing them, and their use

5 as therapeutic agents. In particular, the invention relates to tetracyclic
derivatives which are potent and selective inhibitors of cyctic guanosine 3',5'-
monophosphate specific phosphodiesterase (cGMP specific PDE) having utility
in a variety of therapeutic areas where such inhibition is thought to be
beneficial, including the treatment of cardiovascular disorders.

10 Thus, according to a first aspect, the present invention provides compounds
of formula (!)

 
and salts and soivates (e.g. hydrates) thereof, in which:

R° represents hydrogen, halogen or C4.¢ alkyl:
15 R1 represents hydrogen, C4-galkyl, C2. alkenyl, C26 alkynyl, haloC 4.galkyl,

C3-gcyctoalkyl, C3_gcycloalkyIC4_3alkyl, aryiC4_3alky! or heteroarylC z.3alkyl;
R2 represents an optionally substituted monocyclic aromatic ring selected

from benzene,thiophene, furan and pyridine or an optionally substituted bicyclic

Aring OF attached to the rest of the moiecule via one of the benzene
20 ring carbon atoms and wherein the fused ring A is a S- or 6-membered ring

which may be saturated or partially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and ,

R” represents hydrogenor C:.s alkyl, or R' and R? together represent a 3- or
25 4- memberedalkyl or alkenyl chain.

There is further provided by the present invention a subgroup of compounds
of formula (I), the subgroup comprising compoundsof formula (la)

BNSDOCID: <WwO___951997B8A1_I_>
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and salts and solvates (e.g. hydrates) thereof, in which:

R° represents hydrogen, halogen or C4.¢ alkyl:
R1 represents hydrogen, Cy-galkyl, haloCygalkyl, C3gcycloatkyl,

C3.gcycloalkylC 4_3alkyl, arylC4_3alky! or heteroarylC4_3alkyl; and
R2 represents an optionally substituted monocyclic aromatic ring selected

from benzene, thiophene, furan and pyridine or an optionally substituted bicyclic

Co
ring attached to the rest of the molecule via one of the benzene

ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which may be saturated or partially or fully unsaturated and comprises carbon

atoms and optionally one or two heteroatoms selected from oxygen, sulphur and

nitrogen.

Within R1 above, the term "aryl" as part of an aryiCz_3alkyl group means
phenyl or phenyl substituted Dy one or more (e.g. 1, 2 or 3) substituents

selected from halogen, C4-gaikyl, C1.¢alkoxy and methylenedioxy. The term

"heteroaryl" as part of a heteroaryiC4_3alkyl group meansthienyl, furyl or pyridy!
each optionally substituted by one or more (e.g. 1, 2 or 3) substituents selected

from halogen, C46 alkyl and C1_galkoxy. The term "C3.gcycloalkyl" as a group
or part of a C3_gcycloaikylC4.3alkyl group means a monocyclic ring comprising
three to eight carbon atoms. Examples of suitable cycloalkyl rings include the

C3.6cycloalky! rings cyclopropyl, cyclobuty!, cyclopentyl and cyclohexyl.
Within R2 above, optional benzene ring substituents are selected from one or

more (e.g. 1, 2 or 3) atoms or groups comprising halogen, hydroxy, C4_galkyl,
C1.galkoxy, -CO2R", haloCy_galkyl, haloC4_galkoxy, cyano, nitro and NR@RD,
where R@ and RP are each hydrogen or C4-galkyl, or R@ may also represent
C2.7alkanoyl or C4-galkylsulphonyl. Optional substituents for the remaining

ring systems are selected from one or more (e.g. 1, 2 or 3) atoms or groups

comprising halogen, C4-salkyl, C1-gaikoxy and arylC,,aiky! as defined above.

BNSDOCID: <WO___951967BA1_I_>
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3

CI.
~The bicyclic ring may, for example, ‘represent naphthaien,a

heterocycle such as benzoxazole, benzothiazole, benzisoxazole,

benzimidazoie, quinoline, indole, benzothiophene or benzofuran- or

] (CH),
Y~

CHpo, O, S or NH).
in the above definitions, the term "alkyl" as a group or part of a group means

a straight chain or, where available, a branched chain alkyl moiety. For
example, it may represent a C4_4alkyl function as represented by methyl, ethyl,
n-propyl, i-propyl, n-butyl, s-buty! and t-butyl. The term ‘alkeny!’ as used herein

includes straight-chained and branched alkenyl groups, such as vinyl and allyl
groups. The term ‘alkynyl’ as used herein includes straight-chained and

branched aikyny! groups, suitably acetyiene. The term "halogen" herein means

a fluorine, chlorine, bromine or iodine atom. The term "haloC4_galkyi" means an
alkyl group as defined above comprising one to six carbon atoms substituted at

one or more carbon atoms by one or more (e.g. 1, 2 or 3} halogen atoms.

Similarly, a haloCygalkoxy group is a haloC7.¢alkyl group as defined abov

linked to the R2 benzenering via an oxygen atom. Examples of haloC4_gaikyl
groups include trifluoromethyl and 2,2,2-trifluoroethyl. An example of a

haloC4_galkoxy group is trifluoromethoxy. The term "C9.7alkanoyl" means a
C4-gaikylcarbonyl group where the C4.galkyl portion is as defined above. An

example of a suitable Cj_7alkanoyl group is the Coalkanoyl group acetyl.

it will be appreciated that when R®° is a halogen atom or a Cy galkyl group
this substituent may be sited at any available position on the phenyl portion of

the tetracyclic ring. However, a particular site of attachment is the ring 10-

position.

The compounds of formula (l} may contain two or more asymmetric centres

and thus can exist as enantiomers or diasterecisomers. in particular, in formula

(I} above two ring chiral centres are denoted with asterisks. It is to be
understood that. the invention includes both mixtures and separate individual

isomers of the compoundsof formula(1).

The compoundsof formula (I) may also exist in tautomeric forms and the

invention includes both mixtures and separateindividual tautomers thereof.

(where n is an integer 1 or 2 and X and Y may each represent
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The pharmaceutically acceptable salts of the compounds of formula (I) which

_ contain .a basic centre areacid addition salts formed with pharmaceutically __
acceptable acids. Examples include the hydrochloride, hydrobromide, sulphate

or bisulphate, phosphate or hydrogen phosphate, acetate, benzoate, succinate,

fumarate, maleate, lactate, citrate, tartrate, gluconate, methanesulphonate,.

benzenesulphonate and p-toluenesulphonate salts. Compounds of the formula

(1) can also provide pharmaceutically acceptable metal salts, in particular alkali
metal saits, with bases. Examples include the sodium and potassium salts.

A particular group of compounds of the invention are those compounds of

formula (I) in which R®° is hydrogen or halogen (e.g. fluorine), especially
hydrogen.

Anotherparticular group of compoundsof the invention are those compounds

of formula (1) in which R' represents hydrogen, C4-4alkyl, haloC4_salkyl,,
C3-6cycloalkyl, C3.¢cycloalkylmethyl, pyridylICy.3alky!, furyiC4_3alkyl or
optionally substituted benzyl. Within this particular group of compounds,

-exampies of C4_4alky!l groups are methyl, ethyl, n-propyl, i-propyl and n-butyl.
Examples of Ca.gcycloalkyimethy! groups are cyclopropyimethyl and

cyclohexylmethyl. Examples of optionally substituted, benzyl groups include
benzyl and halobenzy!](e.g. fluorobenzyl).

A further particular group of compounds of the invention are thos

compounds of formula (I) in which R* represents an optionally substituted
benzene, thiophene, furan, pyridine or naphthalene ring or an optionally

Xe
(CEH),

substituted bicyclic ring Y (where n is 1 or 2 and X and Y ar

each CH2 or O). Within this particular group of compounds, exampies of
substituted benzene groups are benzene substituted by one of halogen (e.g.
chlorine), hydroxy, C4.3alky! (e.g. methyl, ethyl or i-propy!), C4.3alkoxy (e.g.
methoxy or ethoxy), -CO.R°, halomethy! (e.g. trifluoromethy!), halomethoxy (e.g.
trifluoromethoxy), cyano, nitro or NR@RP where R@ and RP are each hydrogen
or methy! or R@ is acetyl; or benzene substituted by dihaio (e.g. dichloro) or by
C4_galkoxy (e.g. methoxy) and one of halogen (e.g. chlorine) and hydroxy. An-
example of a substituted thiophene ring is a halo (e.g. bromo) substituent
thiophenering.
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A still further particular group of compoundsofformula | are those wherein R?®
_fepresentshydrogenorR’andR®together represent a 3-memberedalkylchain.

A preferred group of compounds of the invention are the cis isomers of

formula (1) represented by formula (fb)

tL
R? —_ ] i = N-R' 3

N RNE yo (Ib)
Rr =O

and mixtures thereof with their cis optical enantiomers, including racemic

mixtures, and saits and solvates (e.g. hydrates) of these compoundsin which: 2

R° is hydrogen or halogen (e.g. fluorine), especially hydrogen and R', R’ and R®
are as defined previously.

The single isomers represented by formula (Ib), i.e. the GR, 12aR isomers,

are particularly preferred.

Within the above definitions R1 may preferably represent C4 4alkyl (e.g.
methyl, ethyl, i-propyl and n-butyl), C36cycloalkyl (e.g. cyclopentyl) or
C3.6cycloalkyimethy! (e.g. cyclopropylmethyl).

R2 may preferably represent a substituted benzene ring such as benzene
substituted by C4.3aikoxy (e.g. methoxy) or by C4.3alkoxy (e.g. methoxy) and
halogen (e.g. chlorine), particularly 4-methoxypheny! or 3-chloro-4-

methoxyphenyl, or R2 may preferably represent 3,4-methylenedioxyphenyl.
It is to be understood that the present invention covers all appropriat

combinations of particular and preferred groupings hereinabove.

Particular individual compoundsof the invention include:

Cis-2,3,6,7,12,12a-nexahydro-2-(4-pyridyimethyl)-6-(3,4-

methylenedioxyphenyl)-pyrazino[2', 1' : 6, 1]pyrido[3,4-bJindole-1 ,4-dione;

Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzo|[b}furan-5-yl)-2-methyl- _
pyrazino[2', 1':6,1 ]pyrido[3,4-bJindole -1,4-dione: ,

Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-methyl-

pyrazino[2’, 1':6, 1 ]pyrido[3,4-bJindole -1,4-dione:

Cis-2,3,6,7,12, 12a-hexahydro-2-butyl-6-(4-methylphenyl)-

pyrazino[2’, 1':6, 1]pyrido[3,4-bjindole -1,4-dione:

(6R,12aR)-2,3,5,7,12,12a-Hexahydro-2-isopropyl-6-(3,4-

methylenedioxyphenyl)-pyrazino[2’, 1':6,1]pyrido[3,4-blindole -1 ,4-dione;
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(6R,12aR)-2,3,6,7,12,1 2a-Hexahydro-2-cyclopenty!-6-(3,4-
methylenedioxypheny!)-pyrazino[2’, 1':6, 1]pyrido[3,4-b]indole-1,4-dione;

 (6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopropyimethyl-6-(4-methoxyphenyl)-
pyrazino[2’,1':6, 1]pyrido[3,4-b]indole -1,4-dione;

§ (6R,12aR)-2,3,6,7,12, 12a-Hexahydro-6-(3-chloro-4-methoxypheny!)-2-methyl-
pyrazino[2',1':6, 1 ]pyrido[3,4-b]indole -1,4-dione:

(6R,12aR)-2,3,6,7,12, 12a-Hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2", 1°:6,1]pyrido[3,4-b]indole-1,4-dione:

(6R, 12aR)-2,3,6,7,12,1 2a-Hexahydro-6-(3,4-methylenedioxypheny!)-
10 pyrazino[2’, 1°: 6,1] pyrido [3,4-b} indole-1,4-dione;

(5aR, 12R, 14aS)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-
methylenedioxyphenyl)-pyrrofo[1",2": 4, S']pyrazino[2',1' : 6, 1]pyrido[3,4-
bjindole-5-1 ,4-dione;

and physiologically acceptable salts and solvates (e.g. hydrates) thereof.
15 A specific compound ofthe inventionis:

(GR,12aR)-2,3,6,712, 12a-hexahydro-2-methy|-6-(3,4-methylenedioxypheny!)-
pyrazino[2’,1':6, 1]pyrido[3,4-b]indole -1,4-dione:

and physiologically acceptable salts and solvates (e.g. hydrates) thereof.
It has been shown that compounds of the Present invention are potent and

20 selective inhibitors of cGMP specific PDE. Thus, compounds of formula (I} are
of interest for use in therapy, specifically for the treatment of a variety of
conditions where inhibition of cGMP specific PDEis thought to be beneficial.

As @ consequenceofthe selective PDE V inhibition exhibited by compounds
of the present invention, cGMP levels are elevated, which in turn can give rise

25 to beneficial anti-platelet, anti-neutrophil, anti-vasospastic, vasodilatory,
natriuretic and diuretic activities as well as potentiation of the effects of
endothelium-derived relaxing factor (EDRF), nitrovasodilators, atrial natriuretic
factor (ANF), brain natriuretic peptide (BNP), C-type natriuretic peptide (CNP)
and endothelium-dependent relaxing agents such as bradykinin, acetylcholine

30 and 5-HT,. The compoundsof formula (I) therefore have utility in the treatment
of a numberof disorders, including stable, unstable and variant (Prinzmetal)
angina, hypertension, pulmonary hypertension, congestive heart failure, renal
failure, atherosclerosis, conditions of reduced blood vessel patency (e.g. post-
percutaneous transluminal coronary angioplasty), peripheral vascular diseas ,

35 vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,
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bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma and

diseases characterisedby disordersofgutmotility(e.g. imitable bowel-
syndrome).

it will be appreciated that references herein to treatment extend to

prophylaxis as well as treatment of established conditions.

It will also be appreciated that 'a compoundofformula(I),' or a physiologically
acceptable salt or soivate thereof can be administered as the raw compound,or
as a pharmaceutical composition containing either entity.

There is thus provided as a further aspect of the invention a compound of

formula (I) for use in the treatment of stable, unstable and variant (Prinzmetal)
angina, hypertension, pulmonary hypertension, chronic obstructive pulmonary
disease, congestive heart failure, renal failure, atherosclerosis, conditions of

reduced blood vesse! patency, (e.g. post-PTCA), peripheral vascular disease,
vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or
diseases characterised by disorders of gut motility (e.g. IBS).

According to another aspect of the invention, there is provided the use of a
compoundof formula (I) for the manufacture of a medicament for the treatment

‘of stable, unstable and variant (Prinzmetal) angina, hypertension, puimonary
hypertension, chronic obstructive pulmonary disease, congestive heart failure,
renal failure, atherosclerosis, conditions of reduced biood vessel patency, (e.g.
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic
asthma,allergic rhinitis, glaucoma or diseases characterised by disorders of gut
motility (e.g. IBS).

In a further aspect, the invention provides a method of treating stable,
unstable and variant (Prinzmetal) angina, hypertension, pulmonary
hypertension, chronic obstructive pulmonary disease, congestive heart failure,
renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g.
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic
asthma,allergic rhinitis, glaucoma or diseases characterised by disorders of gut
motility (e.g. IBS) in a human or non-human animal body which comprises
administering to said body a therapeutically effective amount of a compound
with formula (1).
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Compoundsof the invention may be administered by any suitable route, for
_.... .... example byoral, buccal, sub-lingual,rectal,vaginal,nasal, topical or parenteral.

(including intravenous, intramuscular, subcutaneous and_intracoronary)
administration. Oral administration is generaily preferred.

5 For administration to man in the curative or prophylactic treatment of the

disorders identified above, oral dosages of a compound of formula (I) will

generally be in the range of from 0.5-800mg daily for an average adult patient
(70kg). Thus for a typical adult patient, individual tablets or capsules contain

from 0.2-400mg of active compound, in a suitable pharmaceutically acceptable
10 vehicle or carrier, for administration in single or multiple doses, once or several

times per day. Dosagesfor intravenous, buccal or sublingual administration will

typicatly be within the range of from 0.1-400 mg per single dose as required. In
practice the physician will determine the actual dosing regimen which will be
most suitable for an individual patient and it will vary with the age, weight and

15 response of the particular patient. The above dosages are exemplary of the

average case but there can be individual instances in which higher or lower

dosage ranges may be merited, and such are within the scopeofthis invention.
For human use, a compound of the formula (1) can be administered alone, but

will generally be administered in admixture with a pharmaceutical carri r

20 selected with regard to the intended route of administration and standard

pharmaceutical practice. For example, the compound may be administered

orally, buccally or sublingually, in the form of tablets containing excipients such
as starch or lactose, or in capsules or ovules either alone or in admixture with

excipients, or inthe form of elixirs or suspensions containing flavouring or

25 colouring agents. Such liquid preparations may be prepared with
pharmaceutically acceptable additives such as suspending agents (e.g.

methyicellulose, a semi-synthetic glyceride such as witepsol or mixtures of

giycerides such as a mixture of apricot kernel oil and PEG-6 esters or mixtures
of PEG-8 and caprylic/capric glycerides). A compound may also be injected

30 parenterally, for example intravenously, intramuscularly, subcutaneously or

intracoronarily. For parenteral administration, the compound is best used in the
form of a sterile aqueous solution which may contain other substances, for

example salts, or monosaccharides such as mannitol or glucose, to make the
solution isotonic with blood. 
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Thus, the invention provides in a further aspect a pharmaceutical composition

_ comprising a compound of the formula. (l).together with a pharmaceutically .

acceptable diluent or carrier therefor.

There ts further provided by the present invention a process of preparing a
pharmaceutical composition comprising a compound of formula (I), which

process comprises mixing a compound of formula (I) together with a

pharmaceutically acceptable diluent or carrier therefor.

A compound of formula (1) may also be used in combination with other

therapeutic agents which may be useful in the treatment of the above-mentioned

disease states. The invention thus provides, in another aspect, a combination

of a compoundof formula (1) together with another therapeutically active agent.

The combination referred to above may conveniently be presented for use in
the form of a pharmaceutical formulation and thus pharmaceutical compositions

comprising a combination as defined above together with a pharmaceutically

acceptable diluent or carrier comprise a further aspect of the invention.

The individual components of such a combination may also be administer d

either sequentially or simultaneously in separate pharmaceutical formulations.

Appropriate doses of known therapeutic agents for use in combination with a
compound offormula (I) will be readily appreciated by those skiiled in the art.

Compoundsof formula (1) may be prepared by any suitable method known in
the art or by the following processes which form part of the present invention. In
the methods below R°, R! and R2 are as defined in formula (I) above unless
otherwise indicated. .

Thus, a process (A) for preparing a compound of formuia (I) wherein R*

represents hydrogen comprises treating acompound of formula (Il)

() 
(in which Alk represents C4-galkyl, e.g. methyl or ethyl and Hal is a halogen
atom, e.g. chlorine) with a primary amine R1INH> in a suitable solvent such as
an aicohol (e.g. methanol or ethanol) or a mixture of solvents, conveniently at a
temperature of from 20°C to reflux (e.g. at about 50°C).

A compound of formula (I!) may conveniently be prepared by treating a
compoundof jormula(III)
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with a haloacety! halide (e.g. chloroacety! chloride) in a suitable soivent such as

a haiogenated hydrocarbon (e.g. trichloromethane or dichloromethane), or an
ether (€.9. tetrahydrofuran), preferably in the presence of a base such as an

organic amine (€.g. 2 trialkyiamine such as triethylamine) or an alkali metal

carbonate or bicarbonate (e.g. NaHCO3). The reaction may conveniently be
effected at a temperature of from -20°C to +20°C (e.g. at about O°C).

A compoundof formula (I) may also be prepared from a compoundof formula
(ill) in a two-step procedure via a compound of formula (IH) isolated without
purification.

Compoundsof formula (!) may be prepared as individual enantiomers in two

steps from the appropriate enantiomer of formula (Ill) or as mixtures (e.g.

racemates) of either pairs of cis or trans isomers from the correspondong
mixtures of either pairs of cis or trans isomers of formula (III).

individual enantiomers of the compounds of the invention may be prepar d
from racemates by resoijution using methods known in the art for the separation
of racemic mixtures into their constituent enantiomers, for example using HPLC
(high performance liquid chromatography) on a chiral column such as Hypersil
naphthylurea.

A compound of formula (ill) may conveniently be prepared from a tryptophan

alkyi ester of formula (IV) 6

Re OAIk av
ro |

(where Alk is as previously defined) or a salt thereof (e.g. the hydrochtoride salt)
accordingto either of the following procedures (a) and (b). Procedure (b) is only
suitable for preparing cis isomers of formula (Ill) and may be particularly
Suitable for preparing individual cis enantiomers of formula (Ill) from D- or L-
tryptophan alkyl est rs as appropriate.
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Procedure (a)

This comprises a Pictet-Spengjier cyclisation between a compound of formula__
(iV)andan aldehyde R2CHO.Thereactionmayconvenientlybe effected in a

suitabie solvent such as a halogenated hydrocarbon (e.g. dichloromethane) or

5 an aromatic hydrocarbon (e.g. toluene) in the presence of an acid such as

trifluoroacetic acid. The reaction may conveniently be carried out at a

temperature of from -20°C to reflux to provide a compoundofformula {ill) in one

step. The reaction may also be carried out in a solvent such as an aromatic

hydrocarbon (e.g. benzene or toluene) under reflux, optionaily using a Dean-

10 Stark apparatus to trap the water produced.

The reaction provides a mixture of cis and trans isomers which maybeeither

individual enantiomers or racemates of pairs of cis or trans isomers depending

upon whether racemic or enantiomerically pure tryptophan alkyl ester was used

as the starting material. Individual cis or trans enantiomers may conveniently be

15 separated from mixtures thereof by fractional crystallisation or by

chromatography (e.g. flash column chromatography) using appropriate solvents

and eluents. Similarly, pairs of cis and trans isomers may be separated by

chromatography (e.g. flash column chromatography) using appropriate eiuents.

An optically pure trans isomer may also be converted to an optically pure cis

20 isomer using suitable epimerisation procedures. One such procedure

comprises treating the trans isomer or a mixture (e.g. 1 : 1 mixture) of cis and
trans isomers with methanolic or aqueous hydrogen chloride at a temperature of

from O°C to the refluxing temperature of the solution. The mixture may then be
subjected to chromatography (e.g. flash column chromatography) to separat

25 the resulting diastereocisomers, or in the procedure utilising aqueous hydrogen
chloride the desired cis isomer precipitates out as the hydrochloride sait which
may then be isolated byfiltration.

Procedure (b}

30 This comprises a four-step procedure from a compoundof formula (IV) or a

salt thereof (e.g. the hydrochioride salt). The procedure is particulariy suitable

for preparing a 1R, 3R isomer of formula (Ill) from a D-tryptophanalkyl ester of

formula (IV) or a salt thereof (e.g. the hydrochloride salt). Thus, a first step (i)
compris s treating a compound of formula (JV) with an acid halide R2COHal

.35 (where Hal is as previously defined) in the presence of a base, e.g. an organic
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base suchas a trialkylamine (for example triethylamine), to provide a compound

_Of formuta (V) 
oo ve 6

° OAIk

R NHCOR’ ™)
H

The reaction may be conveniently carried out in a suitable solvent such as a

5 halogenated hydrocarbon (e.g. dichloromethane) or an ether (eg.
tetrahydrofuran) and at a temperature of from -20°C to +40°C.

Step (ii) comprises treating a compound of formula (V) with an agent to
convert the amide group to a thioamide group. Suitable sulfurating agents are

well-known in the art. Thus, for example, the reaction may conveniently be
10 effected by treating (V) with Lawesson's reagent. This reaction may

conveniently be carried out in a suitable solvent such as an ether (e.¢.
dimethoxyethane) or an aromatic hydrocarbon (e.g. toluene) at an elevated
temperature such as from 40°C to B0°C to provide a compound of formula (V1)

Oo

R OAIk
NHCSR? (vp

N
H

15 Step (iii) comprises treating a compoundof formula (Vi) with a suitable agent
to provide a compound of formula (Vil)

Oo

Re OAIk
2NH+ (WH)

N Hal-H
rR

(where Hal is a halogen atom, e.g. iodine). The reaction may conveniently be
effected by treating (Vi) with an alkylating agent such as a methyl halide (e.g.

20 methyl iodide) or an acylating agent such as an acetyl halide (e.g. acetyl
chloride) in a suitable solvent such as a halogenated hydrocarbon (e.g.
dichloromethane) at an elevated temperature (e.g. underreflux).

In step (iv) the resulting iminium halide of formula (Vil) may be treated with a
reducing agent such as boron hydride, e.g. sodium borohydride, to provide the

_ 25 desired compound of formuia (Ill). The reduction may conveniently b effected
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at a low temperature, e.g. within the range of -1009C to O9C, in a suitable

.. Solvent such as an alcohol (e.g.methanol).._....--. .-___-__. we
There is further provided by the present invention a process (B):for preparing

a compound of formula (1), wherein R' and R® together represent a 3- or 4-
membered alkyl or alkenyt chain, which process (B) comprises cyclisation of a

compoundof formula (VIII)

(vO) 
wherein Alk represents Cy.alkyl and R' and R* together represent a 3- or 4-

membered chain both as hereinbefore described. The cyclisation is suitably

carried out in an organic solvent or solvents, such as an alcoholic solvent (e.g.

methanol) and optionally an ether solvent such as tetrahydrofuran, and in the

presence of a reducing agent, aptly a palladium catalyst, such as palladium on
carbon.

Conveniently a compound of formula (Vill) is prepared by reaction of a

compoundof formula(Ill) as hereinbefore described with a compound of formula

(IX)

(IX)

Hae

wherein Hal represents a halogen atom as hereinbefore described, R'’ and R°®
together represent a 3- or 4-membered chain as hereinbefore described and R*
represents a protecting group, suitably a benzyloxycarbonyl group or the like.

Typically the reaction is carried out in a chlorinated organic solvent, such as
dichloromethane, and a tertiary amine, such as triethylamine orthelike.

According to a further aspect of the present invention, there is provided a

process (C) for pr paring a compound of formula (I) wherein R? represents C,.
salkyl, which process comprises cyclisation of a compound of formula (X)
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 (X)| N RS
NoN niaH

R? °

wherein Alk represents C,,alkyl as hereinbefore described and R® represents
C2salky!, substituted at C, by a halogen atom, the halogen atom being as

hereinbefore described. Suitably the cyclisation is achieved by refitux for many

hours, such as 22 to 26 hours, in the presence of an ether solvent, such as

tetrahydrofuran, and a suitable amine as hereinafter described in th

accompanying examples.

Aptiy a compound of formula (X) can be prepared from a compound of

formula (ill) by suitable acylation techniques, such as reaction with. a

Cyscarboxylic acid, substituted at C2. by a halogen atom in a halogenated

organic solvent, such as dichloromethane.

Compoundsof formula (1) may be converted to other compounds of formula

(I). Thus, for example, when R2 is a substituted benzene ring it may be
necessary or desirable to prepare the suitably substituted compound of formula
(f} subsequent to process (A), (B) or (C) as above. Examples of appropriate

interconversions include nitro to amino or aralkytoxy to hydroxy by suitable

reducing means (e.g. using a reducing agent such as SnClo or a palladium

catalyst, such as palladium-on-carbon), or amino to substituted amino such as

acylamino or sulphonyliamino using standard acylating or sulphonylating

conditions. In the case where R? represents a substituted bicyclic system,
suitable interconversion can involve removal of a substituent, such as by

treatment with a palladium catalyst (e.g. palladium-on-carbon) whereby, for

example, a benzy! substituent may be removedfrom a suitable bicyclic system.
The pharmaceutically acceptable acid addition salts of the compounds of

formula (1) which contain a basic centre may be prepared in a conventional

manner. For example, a solution of the free base may be treated with a suitable

acid, either neat or in a suitable solution, and the resulting salt isolated either by

filtration or by evaporation under vacuum of the reaction§solvent.

Pharmaceutically acceptable base addition salts may be obtained in an
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analogous mannerby treating a solution of a compound of formula (|) with a
suitable base. Both types of salt may be formed orinterconverted using ion-
exchange resintechniques” Wo eres

Compounds of the invention may be isolated in association with solv nt
5 molecules by crystallisation from or evaporation of an appropriate solvent. —

Thus, according to a further aspect of the invention, we provide a process for
preparing a compound of formula (I) or a salt or solvate (e.g. hydrate) thereof
which comprises process(A), (B) or (C) as hereinbefore described followed by

i) an interconversion step; and/or either
10 ii) salt formation; or

iti) solvate (e.g. hydrate) formation.
Thereis further provided by the present invention compoundsof formulae (Ii),

(VIII), (X) and further compounds of formulae (Hl), (V), (VI) and (VII), with the
exception for compounds(III), (V), (VI) and (VII) wherein R° is hydrogen, R?is

45 pheny! and Alk is methy!.

The synthesis of the compoundsof the invention and of the intermediates for
use therein are illustrated by the following, non-limiting Examples. In the

Examples section hereinafter the following abbreviations are used:

20 DMSO (dimethyisulphoxide), MeOH (methanol), EtOH (ethanol), DMF

(dimethylformamide), EtOAc (ethyl acetate) and THF (tetrahydrofuran).

intermediates 1 and 2

Methy! 1,2.3.4-tetrahydro-1-(3,4-methylenedioxyphenyl)-9H-pyridof3,4-

25 blindole-3-carboxylate. cis and trans isomers
To a stirred solution of racemic tryptophan methyl ester (13 g) and piperonal

(9.7 g) in anhydrous CH2Clo (300 mL) cooled at O°C was added dropwise
trifluoroacetic acid (9 mL) and the solution was allowed to react at ambient
temperature. After 4 days, the yellow solution was diluted with CH2Ci2 (100

30 mL), washed with a saturated aqueoussolution of NaHCOs,then with water and
dried over Na2SOq4. The organic layer was evaporated to dryness under
reduced pressure and the residue was purified by flash chromatographyeluting

with CH2Clo/MeOH(99/1) to give first Intermediate 1, the cis isomer (6.5 g) m.p.
: 90-93°C followed by Intermediate 2, the trans isomer(6.4 g) m.p. : 170°C.

35
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The following compoundswere obtained in a similar manner:

Intermeciates 3 and 4

 
carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 4-

methoxybenzaldehyde gave Intermediate 3, the cis isomer as white crystals

m.p.: 142°C and Intermediate 4, the trans isomer as white crystals m.p.: 209-
210°C.

intermediate 5

Methyl 1.2.3 4-tetrahydro-1-(3-methoxypheny!)-9H-pyrido[3 4-blindole-3-
carboxylate, cis isomer

The same method butstarting from racemic tryptophan methyi ester and 3-
methoxybenzaldehyde gavethetitle compound as white crystals m.p. : 146°C.

Intermediates 6 and 7 

Methy! 1,2.3.4-tetrahydro-1-(4-ethoxyphenyl)-9H-pyridof3,4-blindole-3-
carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 4-
ethoxybenzaidehyde gave Intermediate 6, the cis isomer as white crystals m.p.:
180°C and Intermediate 7, the trans isomer as white crystals m.p. : 196-198°C.

Intermediates 8 and 9
Methy! 1,2.3,4-tetrahydro-1-(2,3-dihydrobenzo[b}furan-5-y!)-SH-pyridol3.4-
blindole-3-carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 2,3-
dihydrobenzo[b}furan-5- carboxaldehyde gave Intermediate 8, the cis isomer as

white crystals m.p. : 106-109°C and Intermediate 9, the trans isomer as white

crystals m.p. : 219-222°C.

intermediates 10 and 11

M_thyl 1,.2,3.4-tetrahydro-1-(3 4-ethylenedioxyphenyl}-9H-

carboxyiate, cis and trans isomers

  

BNSDOCID: <WO___9519978A1_|_>

ATI 1009-0149



ATI 1009-0150

WO 95/19978 PCT/EP95/00183

17

The same method but starting from racemic tryptophan methy! ester and 1,4-

“crystals m.p. : 104-106°C and Intermediate 11, the trans isomer as white
crystals m.p. : 207-209°C.

5

Intermediate 12

Methyl! 1,2.3.4-tetrahydro-1-(2-chloropheny!)-9H-pyrido[3.4-blindole-3-
carboxylate. mixture of cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 2-
10 chlorobenzaldehyde gavethetitle compound as white crystals m.p. : 154°C.

Intermediates 13 and 14

Methyl 1.2.3.4-tetrahydro-1 -(4-chloropheny!)-9H-pyrido[3,4-b]indole-3-
carboxylate, cis and trans isomers

15 The same method but starting from racemic tryptophan methy! ester and 4-
chiorobenzaldehyde gave Intermediate 13, the cis isomer as white crystals m.p.
: 208-209°C and Intermediate 14, the trans isomer as white crystals m.p. : 108-
109°C.

20 Intermediates 15 and 16

Methy! 1.2.3.4-tetrahydro-1-(3 4-dichlorophenyl}-9H-pyrido[34-bjindole-3-
carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 3,4-
dichlorobenzaidehyde gave Intermediate 15, the cis isomer as a white solid 1H

25 NMR(CDCi3) 5 (ppm) : 7.8-7 (m, 8H, H aromatic) ; 5.15 (brs, 1H, H-1) ; 3.9- 3.8
(dd, 1H, H-3) 3.7 (s, 3H, CO2CH3) ; 3.2 - 3.1 (ddd, 1H, H-4) 2.9 (m, 1H, H-4);
2.4 (brs, 1H, NH) and Intermediate 16, the trans isomer as a white solid m.p.:
204°C.

30 Intermediate 17

Methyl 1,2,3.4-tetrahydro-1-(1 .2,3,4-tetrahydro-6-naphthyl)-9H-pyridof3 4-
blindole-3-carboxylate, cis isomer

The same method but starting from racemic tryptophan methyl ester and 1,2,3,4-
tetrahydronaphthyl-6- carboxaldehyde gave the title compound as a white solid

35 1H NMR (CDCI3) 5 (ppm): 7.7-7(m, 8H, H aromatic) ; 5.2 (s, 1H, H-1) ; 4.0 (dd,

BNSOOCID: <wO___9519978A1_!_>
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1H, H-3) ; 3.8 (s, 3H, COpCH3) ; 3.2 (m, 1H, H-4) ; 3.0 (m, 1H, H-4) ; 2.7 (m, 4H,

CHAr) ; 1.7 (s, 4H, CH2CH2Ar).

Intermediates 18 and 19

Methyl 1.2.3.4-tetrahydro-1-(2-naphthy!)-9H-pyrido[3 4-blindole-3-carboxylate
cis and trans isomers .

The same method but starting from racemic tryptophan methyi ester and 2-

naphthaldehyde gave intermediate 18, the cis isomer as a white solid 1H NMR
(CDCI) 5 (ppm) : 8-6.9 (m, 12H, H aromatic) ; 5.4 (s, 1H, H-1) ; 3.95 (dd, 1H, H-
3) ; 3.7 (s, 3H, COgCH3) 3.2 (ddd, 1H, H-4) ; 3 (m, 1H, H-4) ; 2.5 (brs, 1H, NH)
and intermediate 19, the trans isomer as a white solid (0.6 g) m.p. : 119°C.

Intermediates 20 and 21

Methyl 1.2.3, 4-tetranydro-1-(2-thienyl 
and trans isomers

The same method but starting from racemic tryptophan methyl ester and 2-

thiophenecarboxaidehyde gave Intermediate 20, the cis isomer as a pale yellow

solid m.p. : 134-137°C and Intermediate 21, the trans isomer as white crystals

m.p. :169°C.

Intermediates 22 and 23

Ethyl 1.2.3 4-tetranydro-1-(3-thieny| 
and trans isomers

The same method but starting from racemic tryptophan ethyl ester and 3-

thiophenecarboxaidehyde gave Intermediate 22, the cis isomer as white crystals

m.p. : 130°C and Intermediate 23, the trans isomer as white crystals m.p. :182-
184°C.

intermediates 24 and 25

Methyl 1,2,3,4-tetrahydro-1-(5-bromo-2-thienyl)-9H-pyrido[3,4-blindole-3-

carboxylate, cis and trans isomers ,

The same method but starting from racemic tryptophan methyl ester and 5-
bromo-2-thiophenecarboxaidehyde gave Intermediate 24, the cis isomer as a

cream solid m.p.: 130°C and intermediate 25, the trans isomer as a cream solid

m.p. : 205°C.
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Intermediates 26 and 27

Methyl 1.2.3.4-tetrahydro-1-

carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 4-

bromo-2-thiophenecarboxaldehyde gave Intermediate 26, the cis isomer as a
cream solid m.p.: 200°C and Intermediate 27, the trans isomer as a cream solid

m.p. : 120°C.

  

Intermediate 28

Methyl 1.2, 3.4-tetrahydro-1-(3-furyl)-9H-pyrido[3 4-blindole-3-carboxylate,
mixture of cis and trans isomers

The same method but starting from racemic tryptophan methy! ester and 3-

furaldehyde gavethe title compound as a yellow solid m.p. : 130°C.

intermediates 29 and 30

 
carboxylate, cis and trans isomers

- Fhe same method but starting from racemic tryptophan ethyl ester and 5-

methylfurfural gave Intermediate 29, the cis isomer as a oily compound 1H NMR
(CDCl3) 5 (ppm) : 7.7 (brs, 1H, NH indole); 7.5 (d, 1H, H aromatic); 7.25-6.9 (m, |

3H, H aromatic); 6.15 (d, 1H, H aromatic): 5.85 (m, 1H, H aromatic); 5.25 (brs,

1H, H-1); 4.2 (q, 2H, COpCH2CHa3); 3.8 (dd, 1H, H-3); 3.2 - 2.8 (m, 2H, H-4); 2.2

(s, 3H, CHa); 1.25 (t, 3H, COpCH2CH3) and Intermediate 30, the trans isomer
as acream solid m.p. : 152°C.

Intermediates 31 and 32

Ethyi 1.2.3.4-tetrahydro-1-(4-methyiphenyl)-SH-pyrido[3,4-bjindole-3-

carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan ethyl ester and  p-

tolualdehyde gave Intermediate 31, the cis isomer as white crystals m.p. : 148°C

and Intermediate 32, the trans isomer as white crystals m.p. : 180°C.

Intermediates 33 and 34
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The same method but starting from racemic tryptophan methyl ¢ester and m-
tolualdehyde gave intermediate 33, the cis isomer as white crystals 1H NMR
(CDCl3) 8(ppm) : 7.6-7 (m, 9H, H aromatic); 5.2 (brs, 1H, H-1) ; 4-3.9 (dd, 1H, H-
3) 3.8 (s, 3H, COgCH3) ; 3.2 - 3.1 (ddd, 1H, H-4) 3 (m, 1H, H-4) ; 2.35 (s, 3H,
CH3) ; 1.7 (brs, 1H, NH) and intermediate 34, the trans isomer as a white solid
m.p. : 175°C.

Intermediates 35 and 36

Methyl 1,2,3.4-tetranydro-1-(4-trifluoromethyiphenyl)-9H-pyrido[3.4-bjindole-3-

carboxylate. cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 4-

trifluoromethyibenzaldehyde gave Intermediate 35, the cis isomer as pale yellow

crystals m.p. : 190°C and Intermediate 36, the trans isomer as pale yellow

crystals m.p. : 203°C.

Intermediates 37_and 38

Ethyl 1.2.3.4-tetrahydro-1-(4-cyanophenyl)-39H-pyndo[3_4-blindole-3-

carboxylate. cis and trans isomers

The same method but starting from racemic tryptophan ethyl ester and 4-

cyanobenzaldehyde gave Intermediate 37, the cis isomer as white crystals m.p.

: 200°C and Intermediate 38, the trans isomer as white crystals m.p. : 156°C.

Intermediate 39

Methyl 1,2,3,4-tetranydro-1-(4-hydroxyphenyl)-9H-pyrido[3 4-blindole-3-

carboxylate, cis isomer

The same method but starting from racemic tryptophan ethyl ester and 4-

hydroxybenzaldehyde gavethetitle compound as pale yellow crystals 1H NMR
(DMSO) d(ppm) : 10.3 (s, 1H, NH-indole) 9.4 (s, 1H, OH) ; 7.8 - 7.5 (m, 8H, H
aromatic) ; 5.1 (brs, 1H, H-1) ; 3.9 (m, 1H, H-3) ; 3.75 (s, 3H, CO2CH3) 3.1 (m,

4H, H-4) ; 2.8 (m, 1H, H-4).

Intermediate 40

951997841_I_>
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Methy! 1.2,3.4-tetrahydro-1-(3-hydroxy-4-methoxyphenyl}-9H-pyrido[3.4-

_blindole-3-carboxylate, cisisomer ee
The same method but starting from racemic tryptophan methyl ester and 3-

hydroxy4-methoxybenzaldenyde gavethetitle compound as a yellow solid m.p.
: 140-148°C.

Intermediate 41

Methy! 1,2,3.4-tetrahydro-1-(4-hydroxy-3-methoxyphenyl)-9H-pyrido[3.4-
bjindole-3-carboxylate, cis isomer

The same method but starting from racemic tryptophan methyl ester and 4-

hydroxy-3-methoxybenzaldenyde gavethetitle compound as a cream solid m.p.
: 195°C.

Intermediate 42

Methyl 1,2,3.4-tetrahydro-1-(4-ethylphenyl)-9H-pyrido[3,4-blindole-3-

carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 4-

ethylbenzaidehyde gavethecis and trans isomerof the title compound.

Cis isomer : white solid 1H NMR (CDC!I3) (ppm) : 7.65-7.1 (m, 9H, H aromatic);
5.25 (brs, 1H, H-1) ; 4(dd, 1H, H-3) ; 3.9 (s, 3H, CO2CH3); 3.4 (ddd, 1H, H-4);
3.14 (m, 1H, H-4) ; 2.7 (q, 2H, CHoCH3) 1.4 (t, 3H, CH2CH3).
Trans isomer : white solid m.p. : 187°C.

Intermediates 43 and 44

Methyl _1,2.3.4-tetrahydro-1-(4-isopropyipheny!)-SH-pyrido[3, 4-blindole-3-
carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan ethy! ester and 4-
isopropylbenzaldehyde gave Intermediate 43, the cis isomer as a white solid 1H

NMR (DMSO) &(ppm) : 10.15 (s, 1H, NH indole) ; 7.3-6.7 (m, 8H, H aromatic) ; 5
(brs, 1H, H-1) ; 3.6 (m, 1H, H-3); 3.5 (s, 3H, CO2CH3) ; 2.95-2.5 (m, 3H, H-4 +

CH-(Me)9) 2.4 (brs, 1H, NH) ; 1(d, 6H, 2xCH3) and Intermediate 44, the trans
isomer as a white solid m.p. : 189°C.

Intermediates 45 and 46
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cis and trans isomers

~ The same method ‘but starting” fromracemictryptophanethyl ester and 4-—~~”

nitrobenzaldehyde gave Intermediate 45, the cis isomer as yellow crystals m.p.
5 : 168°C and Intermediate 46, the trans isomer as yellow crystals m.p. : 195°C.

Intermediate 47

Ethyl 1.2.3,.4-tetrahydro-1-(4-dimethylaminophenyl

carboxylate, mixture of cis and trans isomers

10 The same method but starting from racemic tryptophan ethyl ester and 4-

dimethylaminobenzaidehyde gave the_title compound as white crystals m.p. :
170°C.

   rido[3 4-b]indole-3-

Intermediates 48 and 49

15 Ethyl 1,2.3.4-tetrahydro-1-(3- 
and trans isomers

Tne same method but starting from racemic tryptophan ethyl! ester and 3-

pyridinecarboxaldehyde gave intermediate 48, the cis isomer as pale yellow

crystals m.p. : 230-232°C and Intermediate 49, the trans isomer as whit

20 crystals m.p. : 210-214°C.

Intermediates 50 and 51

Methyl 1.2.3.4 tetrahydro-6-fluoro-1-(3.4-methylenedioxypheny!)-9SH-pyrido[34-
bjindole-3-carboxylate, cis and trans isomers

25 The same method but starting from racemic 5-fluoro-tryptophan methyl ester

and piperonal gave Intermediate 50, the cis isomer as a cream solid m.p. :60°C

and Intermediate 51, the trans isomer as a cream solid m.p. : 213°C.

intermediates 52 and 53

30 Methyl 1.2,3.4-tetrahydro-6-fluoro-1-(4-methoxyphenyl)-SH-pyrido[3.4-blindole-
3-carboxylate, cis and trans isomers

The same method but starting from racemic 5-fluoro-tryptephan methyl ester

and 4-methoxybenzaldehyde gave Intermediate 52, the cis isomer as a solid 1H

NMR (CDCI3) 6 (ppm) : 7.4-6.8 (m, 8H, H aromatic) ; 5.15 (brs, 1H, H-1} ; 3.9
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(dd, 1H, H-3) 3.8 (s, 3H, CO2CH3) ; 3.2-2.9 (m, 2H, H-4) and Intermediate 53,
the trans isomer asasolidm.p.:197°C.

Intermediates 54 and 55

(1R.3R)-Methyl 1.2.3.4-tetrahydro-1-(3,4-methylenedioxyphenyl)-9H-pyrido[3.4-
blindole-3-carboxviate, cis isomer and

(1$,.3R)-methy! 1,2,3.4-tetrahydro-1-(3,4-methylenedioxyphenyl)-SH-pyrido[3.4-

blindole-3-carboxyiate trans isomer

To a stirred solution of D-tryptophan methy! ester (11 g) and piperonal (7.9 g) in

anhydrous CH9Clo (400 mL) cooled at 0°C was added dropwisetrifluoroacetic

acid (7.7 mL) and the solution was allowed to react at ambient temperature.

After 4 days, the yellow solution was diluted with CHaClo (200 mL) and washed

with a saturated aqueoussolution of NaHCO3, then with water (3x200 mL) and

dried over NagSO,. The organic layer was evaporated under reduced pressure

and the residue was purified by flash chromatography eljuting with

dichioromethane/ethyl acetate (97/3) to give first Intermediate 54, the cis isomer

(6.5 g) m.p. : 154°C followed by Intermediate 55, the trans isomer (8.4 g) m.p.:
188°C.

The following compounds were obtainedin a similar manner:

Intermediate 56

18. 3S) Methyl-1,2.3.4-tetranydro-1-(3,4-methylenedioxyphenyl)-9H-pyrido[3 4-

blindoie-3-carboxylate, cis isomer and

(1R, 3S) methyl-1,.2.3.4-tetrahydro-1-(3,4-methylenedioxyphenyl)-9H-pyrido[3.4-
bjindole-3-carboxyiate. trans isomer

The same method but starting from L-tryptophan methyl ester and piperonal

gave the cis and trans isomersofthe title compound.

Cis isomer : white crystals m.p. : 154°C.

Trans isomer: white crystals m.p. : 187-189°C.

intermegiates 57 and 58

 
3-carboxylate, cis isomer and
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ridof3 4-blindole- 

The same methed but starting from D-tryptophan methyl ester and 4-

methoxybenzaldenhyde gave Intermediate 57, the cis isomer as white crystals

m.p. : 124-125°C and Intermediate 58, trans isomer as white crystals m.p. : 219-
222°C.

Intermediates 59 and 60

1R. 3R)-Methy! 1.2.3.4-tetrahydro-1-(3-chloro-4-metho: henyl)-9H-pyridof[3 4-

blindole-3-carboxylate, cis isomer and
1S. 3R)-methyl 1.2.3.4-tetrahydro-1-(3-chloro-4-metho henyl) 9H-pyridof3 4-

blindole-3-carboxylate, trans isomer

The same method, but starting from D-tryptophan methyl ester and 3-chloro-4-

methoxybenzaldehyde gave Intermediate 59, the cis isomer isolated as the

hydrochloride salt as white crystals m.p. : 200°C and Intermediate 60, the trans

isomer as white crystals m.p. : 164°C.

intermediates 61 and 62

(1R.3R)-Methyl 1.2,3.4-tetranydro-1-(2.3-dinydrobenzofblifuran-5-yl)-SH-

pyrido[3 4-b]indole-3-carboxylate, cis isomer and

(18,3R)-methy! 1,2.3.4-tetrahydro-1-(5-(2.3-dinydrobenzo[b]furan))-9H-

pyrido[3 4-blindole-3-carboxylate, trans isomer

The same method but starting from D-tryptophan methyl ester and 2,3-

dihydrobenzo[b]furan-5-carboxaldehyde gave Intermediate 61, the cis isomer as

white crystals m.p. : 282°C and Intermediate 62, the trans isomer as white
crystals m.p. : 204°C.

intermediates 63 and 64

 
carboxylate trans isomer

The same method but starting from D-tryptophan methyl ester and indan-5-

carboxaldehyde gave Intermediate 63, the cis isom r as white crystals mp. :
130-131°C and Intermediate 64, the trans isomer as white crystals m.p. : 196°C.
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intermediate 65

yrido[3,4-blindole-3-  
carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan ethyl ester and 4-

trifluoromethoxybenzaldehyde gavecis and trans isomers of the title compound.
Cis isomer : white crystals m.p. : 88°C.

Trans isomer : white crystals m.p. : 152°C.

intermediate 66

Methyl 1.2.34-tetrahydro-1-{5-methyl-2-thienyl)-9H-

carboxylate, cis and trans isomers

The same method but starting from racemic tryptophan methyl ester and 5-

methyl-2-thiophenecarboxaldehyde gave the cis and trans isomers of the title
compound. .

Cis isomer: oily compound 1H NMR (CDCl3) 5 (ppm): 8.4 (brs, 1H, NH-indole);
7.7 - 6.6 (m, 6H, H aromatic); 5.5 (brs, 1H, H-1); 3.9 (dd, 1H, H-3); 3.85 (s, 3H,
CO2CH3); 3.3 - 2.9 (m, 2H, H-4); 2.5 (s, 3H, CH3).
Trans isomer: white crystals m.p. : 194°C.

  

intermediates 67 and 68 .

(1S.3R)-Methyl_1,2.3.4-tetrahydro-1-(3,4-methylenedioxypheny!t)-9H-pyrido[3,4-
blindole-3-carboxyiate and

1R.3R)-methyl 1.2.3 4-tetranydro-1-

blindole-3-carboxviate

To a stirred solution of D-tryptophan methyl ester (obtained bytreating th
corresponding hydrochloride salt in water with saturated aqueous NaHCO3
solution and extraction with CH2Cl2) (25.7g) and piperonal (19.49) in anhydrous
dichloromethane (700m!) cooled to 0°C was added dropwisetrifluoroacetic acid

(18.1ml) and the solution was allowed to react at 4°C. After 5 days, the yellow
solution was diluted with dichloromethane (500ml). The organic layer was

 

washed with a saturated aqueous solution of NaHCO3, then with water (3 x.

500ml) until the pH was neutral and dried over NagSO4. The organic layer was
evaporated under reduced pressure to a volume of about 500mi. The trans-

isomer, which crystallised, was filtered and the filtrate was reduced to 200mt.
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Another fraction of the trans-isomer crystallised. The fractions of trans-isomer

were combined to give the (1S,3R) isomer, intermediate 67, as white crystals

(11.49), a EEEEEE

mp: 188°C
. [alp° = +32.4° (c = 1.03, CHCI,).

Thefiltrate containing mainly the cis-isomer was reduced to 100mi and isopropyl

ether (200m!) was added. Upon cooling, the (1R,3R) isomer, Intermediate 68,

crystallised as a white solid (17.4g).

10 mp : 154-155°C

[a]e= + 24.4° (c = 1.03, CHCI

 

3):

intermediate 69

15 1R.3R)-Methyl 1.2.3.4-tetranydro-1-(3,.4-methyienedioxypheny!l)-9H-pyrido[3,4-

blindole-3-carboxylate
Method A

intermediate 67 (5.09) was dissoived in methanol (150ml). Hydrogen chloride

was bubbledinto the solution for several minutes at 0°C and the resulting yellow
20 solution was refluxed for 24 hours. The solvent was removed under reduced

pressure and the residue was basified with a saturated aqueous solution of

NaHCO3 and extracted with dichloromethane. The organic layer was washed

with water, dried over NagSO¥g and purified by flash chromatography eluting

with dichioromethane/methano! (99/1) to give the title compound (2.3g)
25 corresponding to an authentic sample of Intermediate 68.

Method B

Intermediate 67 (25g) was heated in 1N hydrochtoric acid (78.5ml) and water

(400ml) at 60°C for 36 hours. From theinitia! paie yellow solution, a white solid

30 precipitated. The mixture was then allowed to coal to 0°C andthesolid filtered.

The solid was then washedwith diisopropyl ether (3 x 200mi) and dried to give

the hydrochloride salt of the title compound (20g) as a white solid.

mp (dec.) : 209 - 212°C

35 Method C
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A 1: 1 mixture of the cis and trans isomers of Intermediates 54 and 55 (2g) was

_ heated in 1Nhydrochloric acid (6.8m!) andwater (15ml) at50°Cfor72 hours.A
similar work-up as described in Method B above gave the hydrochloride salt of
the title compound (1.7g) as a white solid.

intermediate 70

(R}-NG-(3,4-Methylenedioxyphenyicarbonyl)-tryptophan methyl ester

To a suspension of D-tryptophan methyl ester hydrochioride (10.2g) in

anhydrous CHsCl> (150ml) cooled at 0°C was added dropwise triethylamin
(12.3ml). To the resulting soiution solid piperonyloyl chioride (8.16g) was added

portionwise at the same temperature, and the mixture was stirred at room

temperature for 2 h. The mixture was washed successively with water, 0.5N

hydrochloric acid, water, a saturated aqueous solution of NaHCO3 and again

with water. After drying over NagSO,4 and evaporation of the solvent under
reduced presure, the resulting oil on trituration from hot cyclohexane afford d

the title compound as a white solid (14.7g).

mp : 123-124°C

[a]>= - 84.4° (c = 1.04, CHC).

. Intermediate 71

R)-N&-(3_4-Methylenedioxyphenylthiocarbonyl)-tryptophan methy! ester

A mixture of Intermediate 70 (14g) and Lawesson's reagent (9.289) in

dimethoxyethane (280m!) was heated at 60°C under No for 16 hours with

stirring. The reaction mixture was evaporated to dryness and the resulting oil

was dissolved in ethyl acetate, then washed successively with an aqueous

saturated solution of NaHCO3 and water and dried over NagSO4. The oily
residue obtained after evaporation under reduced pressure gave, ontrituration
from cyclohexane, a yellow powder which was filtered and washed with cooled

methanolto afford the title compound (8.749).

mp : 129-130°C

[a]5°'=- 186.8" (c = 1.14, CHCI,).

Intermediate 72
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blindole-3-carboxylate 

“A solutionof Intermediate 71 (9g) and methyl iodide (10mi)inanhydrous
dichloromethane (200ml) was heated at reflux under an argon atmosphere with
protection from light. After 24 hours, the solvent was removed under reduced

pressure to give an orange oil which on trituration from hexane gave a solid

which was washed with ether and used without further purification in the next

step. This compound (13.11g) was dissolved in methanol (250ml) and the

solution was cooled to -78°C. NaBHy (0.999) was then added by portions and
the mixture wasstirred at the same temperature for 1 hour. The reaction was

quenched by addition of acetone (10ml) and the solvent was removed under

reduced pressure. The residue was dissolved in CHoCl9, washed with water
and then with brine and dried over NapSOy. After evaporation of the solvent,

the orange oil gave ontrituration from a hot mixture of diethyl ether/cyclohexane
an orange powder which wasrecrystallised from diethy! ether/pentane to afford

the title compound as a pale yellow solid (5.159) corresponding to an authentic
sample of Intermediate 68.

intermediate 73

a R.3R)-Methyl 1.2.34-tetrahydro-2-chloroacetyl-(3,4-methyienedioxyphenyl)-
9H-pyrido!3 4-blindole-3-carboxylate

Method A

To a stirred solution of Intermediate 72 (9.7g) and NaHCO3 (2.79g) in
anhydrous CHCli3 (200m!) was added dropwise chioroacety! chloride (5.3ml) at
O0°C under Nz. The resulting mixture was stirred for 1 hour at the same

temperature and diluted with CHCi3 (100ml). Water (100m!) was then add d

dropwise with stirring to the mixture, followed by a saturated aqueoussotution of

NaHCO3. The organic layer was washed with water until neutrality and dried
over NagSO4. After evaporation of the solvent under reduced pressure,the oily
compound obtained wascrystallised from ether to give the title compound as a
pale yellow solid (9.959).

mp : 233°C

[a]p= - 125.4° (c = 1.17, CHC).

Method B
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Chioroacetyl chloride (4ml) was added dropwide to a solution of Intermediate 72

(16.19) and triethylamine (7ml) in anhydrous CHaCl>p (200ml) at O°C under No.

(300m!). The solution was washed with water (200mi), a saturated aqueous

solution of NaHCO3 (300ml) and brine (400ml). After drying over NagSOq4 and
evaporation under reduced pressure, the resulting solid was washed with ether |

(300ml) to give the title compound as a pale yellow solid (18.3q).

intermediate 74

Methy! 1.2.3.4-tetrahydro-6-methyl-1-(3.4-methylenedio

bjindole-3-carboxylate, cis and trans isomers

The cis and trans isomers of the title compound were prepared using the

method described in Intermediate 1 but starting from racemic 5-methyl-
tryptophan methyl ester and piperonal.

Cis isomer: yellow solid m.p. : 85°C.

Trans isomer: yellow solid m.p. : 185°C.

  

intermediates 75 and 76

4-methyl-3 4-dihydro-2H- 
benzol1 4loxaziryl))-9H-pyrido[3_4-blindole-3-carboxylate, cis isomer and (1S

3R)}-Methy! 1.2.3.4-tetrahydro-1-(7-(4-methy!-3.4-dihydro-2H-
benzol14]oxazinyl))-SH-pyrido[3.4-blindole-3-carboxylate. trans isomer

The same method, as described for intermediates 54 and 55, but starting from
D-tryptophan methyl ester and 4-methyl-3,4-dihydro-2H-benzo[1,4]oxazine-7-
carboxaldehyde gave intermediate 75 the cis isomer as an oily compound 1H

NMR (CDCl3) 6 (ppm) : 7.6-7.1 (m, 5H) ; 6.9-6.6 (m, 3H) ; 5.15 (brs, 1H) ; 4.3 (t,

2H) ; 4 (dd, 1H); 3.8 (s, 3H); 3.3 (t; 2H) ; 3.3-2.95 (m, 2H) ; 2.9 (s, 3H); 1.6 (br s)
and intermediate 76, the trans isomer as white crystals m.p. : 119-121°C.

Intermediate 77

 
carboxylate. mixture of (1R. 3R) and (1S, 3R) isomers

The same method, as described for intermediates 54 and 55, but starting from
D-tryptophan methyl ester and N-benzylindoline-5-carboxaldehyde gave

intermediate 77 as an oily compound.

BNSDOCID: <WO___9519978A1_I_>
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Intermediates 78 and 79 —_
(14R. 3R)-Methy! 1,2.3.4-tetrahydro-1-(4-carbomethoxyphenyl)-SH-pyrido[3.4-
blindole-3-carboxylate, cis isomer and (1S, 3R)-methy! 1,2,3.4-tetrahydro-1-(4-

5 carbomethoxypheny!l)-9H-pyrido[3.4-blindole-3-carboxylate, trans isomer

The same method, as described for intermediates 54 and 55, but starting from

D-tryptophan methy! ester and methyl 4-formylbenzoate gave Intermediate 78,
the cis isomer as white crystals m.p. : 157-160°C and Intermediate 79, the trans

10 isomer as pale yellow crystals m.p. : 124-126°C.

Intermediate 80

1R, 3R)-Methyl 1.2.3.4-tetrahydro-2-[2-

methylenedioxyphenyl)-9H-pyrido[3.4-blindole-3-carboxylate
15 A solution of N-(benzyloxycarbonyl)-D-proline acid chioride (0.64 g, 2.4 mmol) in

anhydrous dichloromethane (10 mL) was added dropwiseto a stirred solution of

intermediate 54 (0.7 g, 2 mmol) and triethylamine (0.33 mL, 2.4 mmol) in
dichloromethane (15 mL) at - 10°C. The mixture was stirred for 2 h at - 10°C
after which it was diluted with dichloromethane (50 mL), washed with

20 hydrochloric acid (1N), water, a saturated solution of NaHCO3, a saturated NaCl

solution and dried over NasSO,. Evaporation of the soivent.and recrystallisation
of the crude product from methanoi gave the title compound as pale yeliow

crystals (0.75 g) m.p. : 268-270°C.

   

25 intermediate 81

(1R, 3R)-Methy! 1.2.3.4-tetrahydro-2-[2-(benzyloxycarbonyl)-S-prolyl]-1-(3,4-
methylenedioxypheny!}-9H-pyrido[3 ,4-blindole-3-carboxylate

A solution of N-(benzyloxycarbony!)-L-proline acid chloride (0.86 g, 3.2 mmol) in

anhydrous dichloromethane (10 mL) was added dropwiseto a stirred solution of
30 intermediate 54 (0.91 g, 2.6 mmol) and triethylamine (0.44 mL, 3.2 mmol) in

dichloromethane (20 mL) at - 10°C. The mixture wasstirred for 2 hours at - 10°C
after which it was diluted with dichloromethane (60 mL), washed with:

hydrochioric acid (1N), water , a saturated solution of NaHCOs, a saturat d
NaC! solution and dried over NazSO,. Evaporation of the solvent and
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recrystallisation of the crude product from methanol/water gave the title

_ gompound aspale yellowcrystals(0.8.9)m.p.:115-120°C.

5 intermediate 82

(1R, 3R)-Methy! 1,2,3.4-tetrahydro-2-(2-chloropropionyl)-1-(3,4-
methvienedio heny!)-9H-pyrido[3,4-bJindole-3-carboxylate

To a solution of (S)-{-)-2-chloropropionic acid (87 ul, 1 mmol) in anhydrous
10 dichloromethane (15 mL), was added dicyclohexylcarbodiimide (0.23 g,

1.1 mmol). intermediate 54 (0,35 g, 1 mmol) was then added and the mixture

was stirred at room temperature for 20 hours. The formed precipitate of
dicyclohexylurea was removedbyfiltration, the filtrate was evaporated in vacuo
and the crude product was purified by flash chromatography eluting with

15 toluene/ethy! acetate : 95/5. The oily compound obtained was then crystaliis d
from ether/nexane to give the titte compound as pale yellow crystals (0.31 g)
m.p. : 125-127°C. ,

Intermediate 83

20 (1R, 3R)-Methyl 1 .2,3,4-tetrahydro-2-(2-chloropropiony1)-1-(3.4-
methylenedioxypheny! )-9H-pyridof34-blindole-3-carboxylate
To a solution of (R)-(+)-2-chloropropionic acid (191 pl, 2.2 mmol) in anhydrous
dichioromethane (30 mL), was added dicyciohexylcarbodiimide (0.45 Gg.
2.2. mol). Intermediate 54 (0,7 g, 2 mmol) was then added and the mixture was

25 Stirred at room temperature for 20 hours. The formed precipitate of
dicyclohexylurea was removedbyfiltration, the filtrate was evaporated in vacuo
and the crude product was purified by flash chromatography eluting with
toluene/ethyl acetate : 95/5. The oily compound obtained was then crystallised
from ether/hexane to give the title compound as pale yellow crystals (0.74 g)

30 m.p. : 126-128°C. .

Intermediates 84 and 85

(1R, 3R)}-Methvl 1.2.3.4-tetrahydro-1-(3 4-dibenzyloxyphenyl)-9H-pyridof[3. 4-
bjindole-3-carboxylate cis isomer and (1S, 3R)-methyl 1,2,3,.4-tetrahydro-1-(3,4-

- 35 dibenzyloxypheny!)-9H-pyrido [3,4-blindole-3-carboxylate trans isomer
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The same methodas described for intermediates 54 and 55 but starting from D-
tryptophan methy! ester and 3,4-dibenzyloxybenzaldehyde gaveintermediate

~~ 84,thecis isomer as an oily compound 1H NMR (CDCis) (ppm): 7.5 - 6.95 (m,
15H) ; 6.85 (s, 1H) ; 6.75 (s, 2H) ; 5.1 (s, 2H) ; 5 (brs, 1H) ; 4.95 (d, 2H) 3.85

5 (dd, 1H) ; 3.7 (s, 3H) ; 3.2-2.8 (m, 2H) ; 2.3 (br s, 1H) and intermediate 85, the
trans isomer as an oily compound 1HNMR (CDCI3) & (ppm) 7.6-7 (m, 15H) ; 6.9-
6.7 (m, 3H) ; 5.2 (br s, 1H) ; 5.1 (s, 2H) ; 5 (s, 2H) ; 3.8 (t, 1H) ; 3.65 (s, 3H);
3.3-3 (m, 2H) ; 2.25 (br s, 1H).

10 Intermediate86

6R,_12aR)-2,3,6,7, 12, 12a-Hexahydro-6-(3,4-dibenzyloxyoheny!)-2-methy!-
zinof[2’, 1' : 6,1)}pyridof[3,4-blindole-1 4-dione

The same two step procedure but starting from intermediate 84 and
methylamine gave, after recrystallisation from dichioromethane/ether, the title

15 compound as white crystals m.p. : 158-160°C, [af= + 11.7° (¢ = 1.23;
CHCls3).

Intermediate 87

Methyl! 1.2.3.4-tetrahydro-1-

carboxviate,mixtureof(1R.3R)and(1S.3R)isomers

The same method, as described for intermediates 54 and 55, but starting from
D-tryptophan methyl ester and N-methylisoindoline-5-carboxaldehyde gave
intermediate 87 as an oily compound.

20 

25

Example 1

Cis-2.3.6,7,12, 12a-hexahydro-2-methy!-6-(3 4-methylenedioxypheny!)-
pyrazinof2'1':6, 1}pyrido[3,4-blindole -1,4-dione

a) To a stirred solution of intermediate 1 (2 g) and NaHCO3 (0.6 g)in anhydrous
30 CHCI3 (40 mL) was added dropwise chloroacety! chloride (1.1 mL) at O°C.

The resulting mixture was stirred for 1 hour at the same temperature and
diluted with CHCI3. Water (20 mL) was then added dropwise with stirring to:
the mixture, followed by a saturated solution of NaHCO3. The organic layer
was washed with water until neutrality and dri d over Na2SOg. After

. 35 evaporation of th solvent under reduced pressur , cis-methyl_ 1.2.3.4-
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tetrahydro-2-chloroacetyl-1-(3 4-methylenedio henyl)-9H-pyrido[3 .4-

blindole-3-carboxviate was obtained asanoilwhich was crystallised from

next step.

b) To a stirred suspension of the chloroacetyl intermediate (0.34 g) in MeOH

(20 mL) was added at ambient temperature a solution of methylamine (33% in

EtOH) (0.37 mL) and the resulting mixture was heated at 50°C under No for
14 hours. The solvent was removed under reduced pressure and the residue

10 wasdissolved in CHoaClz (50 mL). After washing with water (3x30 mL), drying

over NagSOqg and evaporating to dryness, the residue was purified by flash

chromatography eluting with CH2Clo/MeOH (99/1) and recrystallised from

MeCHtogive the_titlecompound as white crystals (0.19 g) m.p. : 253-255°C.

15 Analysis for Co9H79N304-
Calcuiated:C,67.86:H,4.92;N,10.79:

Found:C,67.53;H,4.99;N,10.62%.

The following compounds were obtainedin a similar manner:
20

Example 2

Cis-2, 3, 6. 7, 12, 12a-hexahydro-2-butyl-10-fluoro-6-(4-methoxyphenyl)-
razino[2', 1' : 6. 1}pyrido [3.4-blindole-1,4-dione

The same two step procedure but starting from butyiamine and intermediate 52

25 gave, after recrystallisation from ethanol, the title compound as white crystals

m.p. : 182°C.

Analysis for CosHogFN303 (0.1 H2O):
Calculated : C, 68.67 ; H, 6.04; N, 9.61;

Found : C, 68.38 ; H, 6.11; .N, 9.53%.

30

Examole 3

Trans-2,3.6,7,12,12a-hexahydro-2-methy!-6-(3 4-methylenedioxyphenyl}-

pyrazinof[2’, 1:6. 1}pyrido[3 4-blindoje -1,4-dione

BNSDOCID: <WO__.9519978A1_I_>
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The same two step procedure but starting from methylamine and intermediate 2

_ gave,afterrecrystallisationfrom toluene,the_title compoundaswhitecrystals,
m.p. : 301-303°C.

Analysis for Co9H19N304-
Calculated: C,67.86;H,4.92:N,10.79:

Found:C,67.98;H,4.98:N,10.73%.

Example 4

Cis-2.3.6.7,12,12a-hexahydro-6-(3 4-methylenedioxyphenyl)-
pyrazinof2',1':6, 1}pyrido[3 4-blindole -1.4-dione

The same two step procedure but starting from ammonia and intermediate 4

gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 283-285°C.

Analysis for C24H47N304-
Caicuiated: C,67.19;H,4.56:N,11.19:

Found:C,67.04;H,4.49:N,11.10%.

Example 5

Cis-2.3,6.7,.12,12a-hexahydro-1 Q-fiuoro-6-(4-methoxyphenyl)-2-(2,2 2-
triflucroethyl)-pyrazino[2',1' : 6.1}pyrido [3.4-blindole-1,4-dione

The same two step procedure but starting from 2,2,2-trifluoroethylamine and
intermediate 52 gave, after recrystallisation from ethanol/ditsopropyl ether, the
title compound as white crystals m.p. : 190°C.

Analysis for Ca3H19F4N303:
Calculated : C, 59.87 ; H, 4.15; N, 9.11:

Found : C, 59.81; H, 4.18: N, 9.21%.

Example 6

Cis-2.3,6.7,1212a-hexahydro-1 0-fluoro-2-methy|-6-(3,4-methylenedioxyphenyl )-
razino[2',.1' : 6.1 }pyrido{3.4-b}jindole-1,4-dione

The same two step procedure butstarting from methylamine and intermediate

50 gave,after recrystallisation from ethanol, the_titte compound as white crystals
m.p. : 292°C.

Analysis for CopHysFN304-
Calculated : C, 64.86 ;H, 4.45: N, 10.31;
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Found: C, 64.66; H, 4.60; N, 10.21%.

Example7 _ :
(6R, 12aS)-2.3.6.7,12,12a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-

pyrazino[2'.1' : 6. 1]pyrido[3 .4-blindole-1,4-dione

The same two step procedure but starting from methylamine and the trans
isomer of intermediate 56 gave, after recrystallisation from toluene, the title

compoundas white crystals m.p. :287-289°C.

Analysis for Co9H19N304 (0.25 toluene):
Calculated : C, 69.16; H, 5.13; N, 10.19;

Found : C,69.09 ; H, 5.14; N, 10.19%.

20°

[lp = -293.4° (C=1.28; CHCi,).

Example 8

(6S, 12aR)-2,3.6.7,12,12a-hexahydro-2-methy!-6-(3.4-methylenedioxyphenyl)-
razino [2', 1' : 6. 1}pyrido[3 4-blindole-1 4-dione

The same two step procedure but starting from methylamine and intermediate

55 gave, after recrystallisation from toluene, the title compound as white crystals

m.p. : 287°C.

Analysis for Co9H19N30,4(0.3 toluene):
Calculated : C, 69.41 ; H, 5.17; N, 10.08;

Found: C, 69.56 ; H,5.24;N, 10.08%.

20°

[Ap = + 297.9° (C=1.21;.CHCI,).

Exampie 9

Cis-2, 3, 6, 7, 12, 12a-hexahydro-2-[2-(2-pyridyl)-ethyl}-6-(3 4-
methylenedio henyl)-pyrazino[2',1'-6, 1]pyrido[3.4-b]jindole-1 4-dione

The same two step procedure but starting from 2-(2-pyridyl}ethylamine and

intermediate 1 gave, after recrystallisation from 2-propanol, the title compound

as white crystals m.p. : 218-222°C.

Analysis for CogHog4gN404-
Calculated : C, 69.99: H, 5.03; N, 11.66;

Found: C, 69.92; H, 5.16; N, 11.48%.
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Example 10

oeCis-2.3,6,7,12,12a-hexahydro-2-(2-pyridyimethyl)-6-(3:42-- “== 9 ve

BNSD-"

methylenedioxypheny!)-pyrazino[2', 1': 6,.1]pyrido[3 .4-bJindole-1,4-dione

5 The same two step procedure but starting from 2-pyridyimethylamine and

intermediate 1 gave, after recrystallisation from DMF/water, the title compound

as cream crystals m.p : 285-286°C.

Analysis for Co7Ha2N40q (0.4 H20):
Calculated : C, 68.46 ; H,4.85; N, 11.83;

10 Found: C, 68.58 ; H, 4.88 ; N, 11.90%.

Example 11

 
15 The same two step procedure but starting from 3-pyridylmethylamine and

intermediate 1 gave, after recrystallisation from CH2Cig/MeOH, the title
compound as cream crystals m.p. : 292-293°C.

Analysis : Co7Ha2N404:
Caiculated : C, 69.52 ; H, 4.75; N, 12.01;

20 Found : C, 69.27 ; H, 4.74: N, 11.37%.

Example 12

Cis-2,3.6,7,12,12a-hexahydro-2-(4-pyridylmethyl)-6-(3.,4-
methylenedioxyphenyl)-pyrazinof2’, 1' : 6, 1ipyrido[3.4-blindole-1,4-dione

25 The same two step procedure but starting from 4-pyridyimethyiamine and

intermediate 1 gave, after recrystallisation from MeOH, the title compound as

pale yellow crystals m.p. : 273-274°C.

Analysis for Co7H22Nq404 (1.8 H20):
Calculated : C, 65.00 ; H, 5.17; N, 11.23;

30 Found : C, 65.11; H, 4.85; N, 11.07%.

  

Example 13

Cis-2,.3.6.7,12, 12a-hexahydro-2-ethyl6/(34-methylenedioxyphenyl)-

pyrazino[2', 1':6, 1ipyrido[3 4-blindole -1,4-dione

<WO___9519978A1_I_>
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The same two step procedure but starting from ethylamine and intermediate 1
gave, after recrystallisation from methanol, the title compound as white crystals
m.p.:272-274C.0
Analysis for Co3H24N304-
Calculated: C,68.47;H,5.25;N,10.42;

Found:C,68.52:H,5.35;N,10.53%.

Example 14

Cis-2,3,6.7,12,.12a-hexahydro-2-(2,2,2-trifluoroethyl)-6-(3,4-
methylenedioxypheny!)-pyrazinof[2’', 1':6, 1]pyridof3,4-blindole -1,4-dione

The same two step procedure but starting from 2,2,2-trifluoroethylamine and

intermediate 1 gave, after recrystallisation from EtOH, the title compound as

white crystals m.p. : 303°C.

Analysis for Co3H4sF3N304:
Calculated: C,60.40;H,3.97;N,9.19;

Found:C,60.43;H,4.15;N,9.16%.

Example 15
Cis-2,3,6,7, 12, 12a-hexahydro-6-(3.4-methylenedioxyphenyl)-2-propy!-

pyrazino[2',.1':6, 1ipyridof3 4-blindole -1,4-dione

The same two step procedure but starting from propyiamine and intermediate 1

gave, after recrystallisation from methanol, the title compound as white crystals

m.p. : 270-271°C.

Analysis for Co4H23N30.4:
Calculated: C,69.05;H,5.55;N, 10.07;

Found:C,69.22:H,5.50;N,9.80%.

Example16

Cis-2.3,.6,7,12,12a-hexahydro-2-isopropyi-6-(3,4-methylenedioxypheny!)-

pyrazino[2',1':6, 1 ]pyridof3.4-blindole -1 4-dione

The same two step procedure but starting from isopropylamine and intermediate

1 gave, after recrystallisation from methanol, the title compound as white

: crystals m.p. : 248-250°C.

Analysis for C24H23N304:
Calculated: C,69.05;H,5.55;N, 10.07;
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Found:C ,68.86;H,5.66;N,10.21%.

Example 17 .

Cis-2,3.6,7.12,1 2a-hexahydro-2-cyclopropyl-6-(3,4-methylenedioxyphenyl)-
5 pyrazino[2’,1':6, 1 pyrido[3.4-bjindoie -1,4-dione

The same two step procedure but starting from cyclopropylamine and

intermediate 1 gave, after recrystallisation from methanol, thetitle compound as
white crystals m.p. : 290-292°C.

Analysis for Ca4H24N304:
10 Calculated: C,69.39;H,5.10;N,10.11;

Found:C,69.11;H,5.20;N,9.94%.

Example 18

Cis-2,3.6.7,12,12a-hexahydro-2-butyl-6-(3,4-methylenedioxyphenyl)-

15 pyrazino[2'1':6.1}pvrido[34-blindole -1,4-dione
The same two step procedure but starting from butylamine and intermediate 1

gave, after recrystallisation from methanol/water, the title compound as white
crystals m.p. : 241-243°C.

Analysis for Co5H25N304:
20 Calculated: C,69.59°:H,5.84:N,9.74:

Found:C,69.77;H,5.82:N,9.81%.

Example19
Trans-2,3,6.7,12.12a-hexahydro-2-butyl-6-(3, 4-methylenedioxypheny!)-

25 pyrazino[2',1':6, 1loyridof3, 4-blindole -1,4-dione
The same two step procedure but starting from butylamine and intermediate 2

gave, after recrystallisation from toluene, the title compound as white crystals
m.p. : 243°C. .

Analysis for Co5H25N304:
30 Calculated: C,69.59;H,5.84;N,9.74;

Found:C,69.80;H,5.78:N,9.52%.

Example 20
Cis-2.3.6.7,.12 12a-hexahydro-2-cyclopropyimethyl-6-(3,4-

35 methylenedioxypheny!)-pyrazino[2’, 1:6, 1]pyrido{3,.4-blindole -1,4-dione
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The same two step procedure but starting from cyclopropylmethylamine and

intermediate 1 gave, after recrystallisation from methanol, the title compound as

Analysis for Ca5H23N304:
Calculated: C,69.92:H,5.40:N,9.78.

Found:C,70.02:H,5.47;N,9.84%.

Example 21

Cis-2,3,6,7,12,12a-hexahydro-2-cyclopenty!-6-(3.4-methylenedioxyphenyl)-
pyrazino[2’,1':6. 1ipyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from cyclopentylamine and
intermediate 1 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 270°C.

Analysis for CogHo5N304:
Calculated: C,70.41:H,5.68:N,9.47;

Found:C,70.58;H,5.63;N,9.38%.

Example 22

Cis-2,3,6,7,12,12a-hexahydro-2-cyclohexyl-6-(3,4-methylenedioxypheny!)-
pyrazino[2'1':6, 1 pyrido[3,4-blindole -1,4-dione

The same two step procedure but starting from cyclohexyiamine and
intermediate 1 gave, after recrystallisation from methanol/water, the title
compound as white crystals m.p. : 268-269°C.

Analysis for Co7H27N304:
Calculated: C,70.88;H,5.95:N,9.18;

Found:C,70.82:H,5.89;N,9.21%.

Example 23

Cis-2,3,6,7,12,12a-hexahydro-2-benzyl-6-(3,4-methylenedioxypheny!)-
pyrazino[2'1:6, 1pyrido[3.4-blindole -1,.4-dione

The same two step procedure but starting from benzylamine and intermediate1
gave, after recrystallisation from dichloromethane/hexane, the title compound
as white crystals m.p. : 285-287°C.

Analysis for CogHo3N304(1 H20):
Calculated: C,69.55:H,5.21:N,8.69;
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Found:C,69.30;H,5.06:N,8.48%.

Example24 _
Cis-2,3,6.7,12,12a-hexahydro-2-(4-fluorobenzy!)-6-(3,4-methylenedioxyphenyl)-

§ pyrazino[2'.1':6. 1jpvrido[34-blindole -1.4-dione

The same two step procedure but starting from 4-fluorobenzylamine and

intermediate 1 gave, after recrystallisation from acetone, the title compound as

white crystals m.p. : 281-283°C.

Analysis for CogHooFN304:
10 Calculated: C,69.56;H,4.59;F ,3.93;N,8.69;

Found:C69.54;H,4.58;F,3.82:N,8.63%.

Example 25

Cis-2,3.6.7,12,.12a-hexahydro-6-(4-methoxypheny!)-2-methy!-

15 pyrazino[2'1':6, 1lpvridol3.4-blindole -1 4-dione

Tine same two step procedure but starting from methylamine and intermediate 3

gave, after recrystallisation from  2-propanol, the title compound as white

crystals m.p. : 257-263°C.

Analysis for Co9H24N303:
20 Calculated: C,70.38;H,5.64:N,11.19;

Found:C,70.11:H,5.55:N,11.15%.

Example 26

Trans-2,.3,6,7,12,12a-hexahydro-6-(4-methoxyphenyl)-2-methy!-

25 pyrazino[2'1':6. 1]pyrido[3,4-blindole -1,4-dione

The same two step procedure but starting from methylamine and intermediate 4

gave, after recrystallisation from diisopropy! ether, the title compound as whit |

crystals m.p. : 225-228°C.

Analysis for Co9H24N303:
30 Calculated: C,70.38;H,5.64;N, 11.19;

Found:C,70.34;H,5.77:N,11.19%.

Example 27

Cis-2,3.6.7,12, 12a-hexahydro-2-ethyl-6-(4-methoxypheny))-

. 35 pyrazino[2'1':6.1 Ipyridol[3.4-blindole -1,4-dione
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The same two step procedure but starting from ethylamine and intermediate 3

gave, after recrystaliisation from methanol, the title compound as white crystals 

mp. : 245-255°C.

Analysis for Co3H23N303:
5 Calcuiated: C,70.93;H,5.95;N,10.79;

Found:C ,70.74:H,6.06;N,10.87%.

Exampie 28

Cis-2,3,6,7,12,12a-hexahydro-6-(4-methoxyphenyl)-2-(2,2.2-
10 trifluoroethy! azino[2',1':6, 1}pyrido[3. 4-blindole -1,4-dione

The same two step procedure but starting from 2,2,2-trifluoroethylamine and

intermediate 3 gave, after recrystailisation from ethanol , the title compound as

white crystals m.p. : 232°C.

Analysis for CogHo9F3N303:
15 Calculated: C,62.30;H,4.55;N,9.48;

Found: C,62.08;H,4.66:N,9.54%.

Example29
Cis-2,3.6,7,12,12a-hexahydro-2-butyl-6-(4-methoxyphenyl)-

20 pyrazino[2’.1':6, ipyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from butylamine and intermediat 3
gave, after recrystallisation from methanol,the title compound as white crystals

m.p. : 157°C.

Analysis for Co5H97N303(0.5H20):
25 Calculated: C,70.40;H,6.62;N,9.85;

Found:C,70.25;H,6.60;N,9.83%.

Example 30
Trans-2.3,6,.7,12,12a-hexahydro-2-butyl-6-(4-methoxyphenyi)-

30  pyrazino[2' 1':6,1pyrido[3,4-blindole -1,4-dione
The same two step procedure but starting from butylamine and intermediate 4

gave, after recrystallisation from methanol, the title compound aswhite crystals
m.p. : 212-214°C.

Analysis for CosHo7N303:

35 Calculat d: C,71.92;H,6.52;N,10.06;
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Found:C,71.81;H,6.55:N, 10.03%.

Example31

Cis-2,3.6.7,.12,12a-hexahydro-5-(4-methoxyphenyl)-2-cyclopropyimethy!-

pyrazinof[2',1':6,1}pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from cyciopropylmethylamine and

intermediate 3 gave, after recrystallisation from methanol, the title compound as

white crystals m.p. : 180-185°C.

Analysis for Co5Ho5N303 (0.5H20):
Calculated: C,70.74;H,6.17;N,9.90;

Found:C, 70.91 : H, 6.16; N, 9.80%.

Example 32

_ Cis-2,3.6.7,12.12a-hexahydro-2-benzy!-6-(4-methoxyphenyl)-
pyrazino[2'.1':6, 1lovrido[3, 4-blindole -1,4-dione

The same two step procedure but starting from benzylamine and intermediate 3

gave, after recrystallisation from acetone, the title compound as white crystals

m.p. : 275-279°C. ,

Analysis for Cogh2s5N303:
Calculated: C,74.48:H,5.58;N,9.31;

Found:C,74.53;H,5.60;N,9.20%.

Example 33

Cis-2,3.6,.7,12,12a-hexahydro-6-(3-methoxyphenyl)-2-methyl-

pyrazino[2'.1':61]pyrido[3,4-blindole -1,4-dione

The sametwo step procedure but starting from methylamine and intermediate 5

gave, after recrystallisation from methanol, the title compound as white crystals

m.p. : 267-269°C.

Analysis for C29H24N303:
Calculated: C,70.38;H,5.64;N,11.19;

Found:C,70.32;H,5.59:N,11.25%.

Example 34
Cis-2.3,6,7,12,12a-hexahydro-6-(4-ethoxyphenyl)-2-methyl-

pyrazino[2',1':6, 1}pyrido[3.4-blindole -1,4-dione
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The same two step procedure but starting from methylamine and intermediate 6

_ gave,afterrecrystallisation from methanol,the title compound aswhitecrystals
m.p. : 247-248°C.

Analysis for C23H23N303:
Calculated: C,70.93.H,5.95;N, 10.79;

Found:C,71.23:H,5.95:N,10.63%.

Example 35

Cis-2.3.6.7.12.12a-hexahydro-6-(4-ethoxyphenyl)-2-cyciopropy!methyl-

pyrazino[2',1':61 }pyrido[3.4-blindole -1,.4-dione

The same two step procedure but starting from cyclopropyimethylamine and

intermediate 6 gave, after recrystallisation from 2-propanol, the title compound
as white crystals m.p. : 160-162°C.

Analysis for CogH27N303:
Calculated: C,72.71;H,6.34:N,9.78:

Found:C,72.28;H,6.39;N,9.71%.

Example 36

Cis-2,3.6.7,12,12a-hexahydro-6-(2,3-dihydrobenzo[b}furan-5-yl}-2-methy!-

pyrazino[2',1':6, 1]pyrido[3,.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and intermediate 8

gave, after recrystallisation from methanol, the title compound as white crystals

m.p. : 292-294°C.

Analysis for Co3H24N303:
Caiculated: C,71.30:H,5.46:N,10.85;

Found:C,71.15;H,5.56;N, 10.84%.

Example 37

Cis-2,.3,.6.7,12,12a-hexahydro-6-(2,3-dihydrobenzo[b}furan-5-yl)-2-

cyclopropyimethy!-pyrazino[2’,1°°6 1ipyrido[3_4-blindole -1,4-dione
The same two step procedure but starting from cyclopropyimethyiamine and
intermediate 8 gave, after recrystallisation from methanol, the title compound as

white crystals m.p. : 165-166°C.

Analysis for CogHo25N303:
Calculated: C,73.05;H,5.89:N,9.83,
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Example 38
Cis-2,3,6,7.12,12a-hexahydro-6-(3 4-ethylenedioxyoheny!)-2-methyi-
pyrazino[2’.1':6. 1]pyrido[34-blindoie -1,4-dione

The same two step procedure but starting from methylamine and

intermediate 10 gave, after recrystallisation from acetone,the title compound as
white crystals m.p. : 303-305°C.

Analysis for Co3H24N304:
Calculated: C,68.47:H,5.25:N,10.42:

Found:C,68.35;H,5.31:N,10.27%,

Example 39

Cis-2.3,6.7,12,12a-hexahydro-6-(3.4-ethylenedioxypheny! )-2-cyclopropylmethyl-
pyrazino[2'.1':6, 1}pyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from cyclopropyimethylamine and
intermediate 10 gave, after recrystallisation from dichloromethane/ether,thetitle
compound as white crystals m.p. : 2B8-290°C.

Analysis for CogH2s5N304:
Calculated: C,70.41;H,5.68;N,9.47,

Found:C,70.15;H,5.62:N,9.30%.

Example 40

Cis-2.3.6.7,12,1 Za-hexahydro-2-butyl-6-(2-chlorophenyl)-
pyrazino[2',1':6 1 jpyrido[3 4-blindole -1.4-dione

The same two step procedure but starting from butylamine and intermediate 12

gave, after recrystallisation from methanol/water, the title compound as white
crystals m.p. : 146°C.

Analysis for CogHo4CIN302(0.75 H20):
Calculated: C,66.20;H,5.90:N,9.65;

Found:C,66.15;H,5.95:N,9.69%.

Example 41

Cis-2,3.6.7,12,.12a-nexahydro-6-(4-chlorophenyl)-2-methyl-
pyrazinof[2' 1’:6. 11pyrido[3 4-blindole -1,4-dione
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ATI 1009-0177



ATI 1009-0178

WO 95/19978 ‘ PCT/EP95/00183

45

The same two step procedure but starting from methylamine and

intermediate 13 gave, after recrystallisationfrommethanol, thetitle compound—__
"as whitecrystalsm.p.:274°C.

Analysis for Co4H1gCIN3O2 (0.25 H20):
5 Calculated: C,65.63;H,4.85:N,10.93;

Found:C,65.39;H,4.84;N,10.85%.

Example 42

Cis-2,3.6,7,12,12a-hexahydro-2-butyl-6-(4-chloropheny!)-
10 pyrazino[2'.1':6. 1]pyrido[3,4-bjindole -1,.4-dione

The same two step procedure but starting from butylamine and intermediate 13

gave, after recrystallisation from ethanol/water, the title compound as white
crystals m.p. : 164-166°C.

Analysis for CogHo4CIN3gO9:
15 Calculated: C,68.32;H,5.73;Cl,8.40:N,9.96;

Found:C,68.48;H,5.64;Cl,8.37;N,9.99%.

Example 43

Cis-2.3,6,7,12, 12a-hexahydro-6-(3,4-dichloropheny!)-2-methy!-
20 pyrazino[2'.1':6, 11pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 15 gave, after recrystallisation from ethanol/DMF, the title
compound as white crystals m.p. : >260°C.

Analysis for C24H17ClaN302 (0.5 H20):
25 Calcuiated: C,59.39;H,4.29:N,9.93:

Found:C,59.32;H,4.16;N,9.99%.

Example 44

Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-phenyl-pyrazino[2",1 6. 1 pyrido[3.4-
30 biindole -1,4-dione

The same two step procedure but starting from butylamine and cis-methy!
1,2,3,4-tetrahydro-1 -phenyl-9H-pyrido[3,4-b]indole-3-carboxylate! gave, after
recrystaltisation from methanol/water, the title compound as white crystals m.p.:
243-245°C.

. 35 Analysis for Cog4Ho5N302:
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Caiculated: C,74.39;H,6.50;N,10.84;

1. D. Soerens etal., J. Org. Chem. 44, 535 - 545 (1979).

Example 45
Cis-2.3.6.7,12.12a-hexahydro-2-benzyl-6-

blindole -1,4-dione

The same two step procedure but starting from benzylamine and cis-methy!-

1,2,3,4-tetrahydro-1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate gave, after

recrystallisation from methanol, the title compound as white crystals m.p. : 193-

195°C.

Analysis for Co7H93N309:
Calculated: C,76.94:H,5.50:N,9.97;

Found:C,77.23;H,5.54;N,9.97%.

 

Example 46

 
blindoie -1,4-dione

The same two step procedure but starting from benzylamine and cis-methyl- _

1,2,3,4-tetrahydro-1-phenyl-9H-pyrido[3,4-bJjindole-3-carboxylate gave, after

recrystaliisation from methanol, the title compound as white crystals mp. :

284°C.

Analysis for Co7Ho3N309:
Catculated: C,76.94;H,5.50:N,9.97;

Found:C,76.88;H,5.45:N,9.89%.

Example 47

Cis-2,3,6.7,12,12a-hexahydro-2-methy!6-(1,2,3.4-tetrahydro-6-naphthyl)}-

pyrazino[2'.1':6, 1]pyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and
intermediate 17 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : >260°C.

Analysis for CosHo5N3092:
Caiculated: C,75.16;H,6.31;N,10.52;

Found:C,74.93:H,6.43;N,10.63%.
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Cis-2,3.6,7,12.12a-hexahydro-2-isopropyl-6-(1,2,3,4-tetrahydro-6-naphthy!)-
pyrazino[2’ 1':6, 1pyrido[3,4-blindole -1.4-dione

The same two step procedure but starting from isopropylamine and intermediate

17 gave, after recrystallisation from the title compound as_ off-white crystals

m.p. : 244-246°C.

Analysis for Co7HogN302 (0.25H20):
Calculated: C,75.06;H,6.88;N,9.73;

Found:C,75.00;H,6.83:N,9.69%.

Example 49

Cis-2,3.6.7,12 12a-hexahydro-2-cyclopropyimethyl-6-(1,2.3.4-tetrahydro-6-
naphthyl))-pyrazino[2’ 1':6,1]pyrido[3 4-blindole -1,4-dione

The same two step procedure but starting from cyclopropyimethylamine and

intermediate 17 gave, after recrystallisation from ethanol/pentane, the title
compound as white crystals m.p. : 125°C.

Analysis for CogHagN302 (0.25 H20):
Calculated: C,75.73;H,6.70;N,9.46;

Found:C,75.45;H,6.86;N,9.14%.

Example 50

Cis-2,3.6,7,12, 12a-hexahydro-2-methy!-6-(2-naphthy!)-
pyrazinof[2' 1':6, 1jpyridof[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and
intermediate 18 gave, after recrystallisation from dichloromethane/methanol, the
title compound as white crystals m.p. : >260°C.

Analysis for Co5H214N302 (0.25H20):
Caiculated: C,75.08;H,5.42:N,10.51;

Found:C,75.35;H,5.42:;N,10.49%.

Example 51
Cis-2.3.6,7,12,12a-hexahydro-2-butyl-6- 
blindole -1,4-dione
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The same two step procedure but starting from butylamine and intermediate 20

gave,afterrecrystallisation from_ethanol, thetitle compound as. white crystals .___..
m.p. : 226°C.

Analysis for CopHo3N302S:
5 Calculated: C,67.15:H,5.89:N, 10.68;

Found:C,67.39-H,5.88;N,10.77%.

Example 52

Cis-2,3.6.7,12,12a-hexahydro-6-(5-bromo-2-thieny|)-2-methyl-
10 pyrazino[2' 1':6, lipyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and

intermediate 24 gave, after recrystallisation from ethanol, the title compound as
a cream powder m.p. : 25B°C.

Analysis for C19H46BrN302S:
15 Caicutated: C,53.03:H,3.75:;N,9.76;

Found:C,53.01:H,3.78:N,9.69%.

Example 53

Cis-2.3.6,7,.12.12a-hexahydro-6-(4-bromo-2-thieny!)-2-methyl-
20 pyrazino[2',1':6. 1}pyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and
intermediate 26 gave, after recrystallisation from ethanol, the title compound as
white crystals mp. : 292°C.

Analysis for C19H16BrN302S (0.25H20):
25 Calculated: C,52.4B8;H,3.82:N,9.66;.

Found:C,52.46;H,3.81;:N,9.60%.

Example 54

Cis-2,3.6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-cyclopr: pyimethyl-
30 pyrazino[2',1':6i ]pvrido[3, 4-b]indole-1 4-dione

The same two step procedure but starting from cyclopropylmethylamine and
intermediate 24 gave, after recrystallisation from ethanol, the title compound as
white crystals m.p. : 190°C.

Analysis for CopHo9BrN3028:
- 35 Calculated: C,56.18:H,4.29:N,8.93;
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Found:C,55.92;H,4.28;N,8.74%.

Cis-2.3.6.7.12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-cyclopenty!-

pyrazino[2'.1':6. 11pyridof3 4-blindole -1,4-dione

The same two step procedure but starting from cyclopentyiamine and

intermediate 24 gave, after recrystailisation from ethanol, the title compound as
white crystals m.p. : 252°C.

Analysis for Co3H22BrN302S:
Calculated: C,57.03;H,4.58:N,8.67,

Found:C ,56.87:H,4.66:N,8.68%.

Example 56

Cis-2,.3,.6.7.12.12a-hexahydro-2-methyl-6-(5-methyi-2-thieny!}-

pyrazino[2',1':611pyrido[3_4-biindole -1,4-dione

The same two step procedure but starting from methylamine and the cis isomer

of intermediate 66 gave, after recrystallisation from ethanol, the title compound
as white crystals m.p. : 282°C.

Analysis for CogH19N309S (0.25H20):
Calculated: C,64.93;H,5.31;N, 11.36;

Found:C,64.84:H,5.28:N,10.81%.

Example 57

Cis-2,.3,.6,.7.12.12a-hexahydro-2-methyl-6-(3-thienyl)-
razino[2'.1':6. 11pyrido[3_4-blindole -1 4-dione

The same two step procedure but starting from methylamine and
intermediate 22 gave, after recrystallisation from acetone, the title compound as
white crystals m.p. : 290-295°C.

Analysis for C49H47N309S:
Calculated: C,64.94;H,4.88;N, 11.96;

Found: C, 64.81 ;H,4.95 : N,11.68%.

 

Cis-2.3.6. 7,12, 12a-hexahydro-2-butyl-6-

blindole -1.4-dione
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The same two step procedure but starting from butylamine and intermediate 22

__ gave, afterrecrystallisation from.methanol,.the title compound as white crystals —~--.-.-- -

m.p. : 236-239°C.

Analysis for CogHo3N302S:
Calculated: C,67.15;H,5.89:N,10.68;S,8.15;

Found:C ,67.42;H,5.76;N,10.57:S,8.01%.

Example 59
Cis-2.3,6.7,12,.12a-hexahydro-2-methyl-6-({3-fu

bjindole -1,4-dione

The same two step procedure but starting from methylamine and the cis isomer

of intermediate 28 gave, after recrystailisation from ether, the title compound as

a white solid m.p. : 250°C.

Analysis for C49H747N303 (0.5H20):
Calculated: C,66.27;H,5.27;N, 12.20;

Found:C,66.33;H,5.48:N,12.02%.

  

Example 60

Cis-2.3,6.7,.12,12a-hexahydro-2-methy!-6-(5-methy!-2-fury!)-

pyrazino[2',1°:6. 1 lpvrido[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and

intermediate 29 gave,after recrystallisation from ethanol, the title compound as
a cream powder m.p. : 303°C.

Analysis for Co9H49N303 (0.25H90):
Caiculated: C,67.88;H,5.55;N, 11.87;

Found:C,67.90;H,5.50:N,11.98%.

Example 61

Cis-2,3.6,7.12,12a-hexahydro-2-methyl-6-(4-methyiphenyl)-

pyrazinof2’,1':6, 1]pyrido[3,4-blindole -1,.4-dione

The same two step procedure but starting from methylamine and

intermediate 31 gave, after recrystallisation from ethanol, the title compound as

white crystals m.p. :>260°C.

Analysis for CopHo4N302 (0.25 H20):
Calculat d: C,72.61;H,5.95:.N,11.55:

BNSDOCID: <WO___951987B8A1_I_>

ATI 1009-0183



ATI 1009-0184

10

45

20

25

30

- Example 62

WO 95/19978 . PCT/LEP95/00183

51

Found:C,72.73;H,5.96;N,11.59%.

Cis-2.3,.6,7,12,12a-hexahydro-2-isopropyl-6-(4-methyiphenyl}-

pyrazinol2’,1':5, 1]pyrido[3 4-blindole -1.4-dione

The same two step procedure but starting from isopropylamine and intermediate

31 gave, after recrystallisation from the title compound as white crystals m.p.:
170°C.

Analysis for Co4H25N302 (0.5H20):
Calculated: C,72.70;H,6.61;N,10.60;

Found:C,73.06;H,6.43;N,9.66%.

Example 63

Cis-2.3,6,7,.12,12a-hexahydro-2-butyl-6-(4-methyIphenyl)-

pyrazino[2'1':6, 1]pyrido[3.4-blindole -1,.4-dione

The same two step procedure but starting from butylamine and intermediate 31

gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 194°C.

Analysis for Cos5H27N302 (0.5H20):
Calculated: C,73.15;H,6.87:N,10.24;

Found:C,73.01;H,6.84.N,10.26%.

Example 64

Cis-2,3.6 7 12,12a-hexahydro-2-cyclopropylmethyl-6-(4-methylpheny!)-
pyrazino[2'1':6. 1]pyrido[3.4-blindole -1,4-dione

The same two step. procedure but starting from cyclopropylmethylamine and
intermediate 31 gave, after recrystallisation from methanol/water, the: title
compound as white crystals m.p. : 194°C.

Analysis for CosHo5N30> (1.1H20):
Calculated: C,71.61;H,6.54;N, 10.02:

Found:C,71.42.H,6.07;N,9.95%.

Example 65
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Cis-2,3.6,7.12, 12a-hexahydro-2-methyl-6-(3-methyiphenyl)-

pyrazino{2’. 1:6, 1 Ipvridof3,4-blindole -1 .4-dione
The same two. step procedure but starting from ~methylamine and
intermediate 33 gave, after recrystallisation from ethanol , the title compound as

white crystals m.p. : >260°C.

Analysis for Co9H21N302-.
Calculated: C,73.52:H,5.89;N,11.69;

Found:C,73.60;H,5.97:N,11.66%.

Example66
Cis-2,3,6,7,12,12a-hexahydro-2-buty!-6-(4-trifluoromethyiphenyl)-

pyrazino[2' 1':6.1 Ipyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from butylamine and intermediate 35

gave, after recrystallisation from methanol/water, the title compound as white

crystals m.p. : 155°C.

Analysis for CosHa4F3N302 (0.5H20):
Calculated: C,64.65;H,5.43;N,9.05;

Found:C ,64.78;5H,5.40;N,9.01%.

Example 67

Cis-2.3.6.7,12.12a-hexahydro-2-methyl-6-(4-trifluoromethoxyphenyl)-

pyrazinol2’,1':6.1lpyridof3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and the cis isomer

of intermediate 65 gave, after recrystallisation from methanol, the title compound

as white crystals m.p. : 174-180°C.

Analysis for Co9H1gF3N303 (0.5H20):
Calculated: C,60.27;H,4.37;N,9.58;

Found:C,60.24;H,4.28;N,9.50%.

Example 68

Cis-2,3,.6.7,12,12a-hexahydro-2-methyl-6-(4-hydroxyphenyi)-

pyrazino[2', 1':6. 1 ]pyrido[3,4-blindole -1,.4-dione

The same two step procedure but starting from methylamine and

intermediate 39 gave, after r crystallisation from methanol, th title compound

as yellow crystals m.p. :179-180°C.
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Analysis for C24H149N303(1.25H20):

Caiculated: C,65.70;H,5.64;N,10.94;
Found:C, 65.46; H,5.45;N, 10.92%.

5 Example 69

Cis-2.3,6,.7,.12,12a-hexahydro-6-(3-hydroxy-4-methoxyphenyl)-2-methyl-
pyrazino[2',.1':6. i jpyridof[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and
intermediate 40 gave, after recrystallisation from ethanol, the title compound as

10 white crystals m.p. :320°C.

Analysis for CogH24N304(0.25H20):
Calculated: C,66.74;H,5.47;N,10.61;

Found: C,66.72;H,5.46:N,10.53%.

15 Exampie 70

Cis-2.3.6.7,12.1 2a-hexahydro-6-(4-hydroxy-3-methoxyphenyi }-2-methyl-
pyrazino[2' 1°:6. 1Ipyndo[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 41 gave, after recrystallisation from dichloromethane/ethanol, the

20 title compound as yellow crystals m.p. :264-265°C.

Analysis for Cp9H24N304:
Calculated: C,67.51;H,5.41;N,10.74;

Found:C,67.05;H,5.41:N,10.62%.

25 Example 71

Cis-2.3,.6.7,12,12a-hexahydro-2-butyl-6-(4-cyanophenyl)-
pyrazino[2",1°:6, 1]pvndol[3,4-blindole -1,4-dione

The same two step procedure but starting frorn butylamine and intermediate 37

gave, after recrystallisation from methanol/water, the title compound as white
30 crystals m.p. : 246°C.

Analysis for CosHa4N4QOo (1H20):
Calculated: C,69.75:H,6.09:N, 13.01:

Found:C,68.50;H,5.96:N,12.86%.

. 35 Example 72
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Cis-2,3.6.7,12, 12a-hexahydro-6-(4-ethvipneny!)-2-isopropyl-

. pyrazino[2',1':6. 1 }pyrido[3,4-blindole -1,4-dione.=. ee
The same two step procedure but starting from isopropylamine and the cis

isomer of intermediate 42 gave, after recrystallisation from n-pentane,the title

compoundas white crystals m.p. : 130°C.

Analysis for Cos5Ho7N302 (0.5H20):
Calculated: C,73.15;H,6.87;N,10.24:;

Found:C ,73.39;H,7.08;N,9.81%.

Example 73

Cis-2,3,6.7,12,12a-hexahydro-6-(4-ethylphenyl}-2-cyclopropyimethy!-

pyrazino[2’,1°:6,t}ovrido[3,4-blindole-1,4-dione

The same two step procedure but starting from cyciopropyimethylamine and the

cis isomer of intermediate 42 gave, after recrystallisation from ethanol, the title

compound as white crystals m.p. : 160°C.

Analysis for CogHo7N30>:
Calculated: C,75.52:H,6.58;N,10.16;

Found:C,75.54:H,6.62:N,10.08%.

Example 74

Cis-2.3,6.7,12,12a-hexahydro-6-(4-isopropylpheny!)-2-methyl-

pyrazino[2',1':6_ 1 lpyridof3.4-bjindole -1,4-dione

The same two. step procedure but starting from methylamine and

intermediate 43 gave, afier recrystallisation from ethanol, the title compound as

white crystals m.p. : 244°C.

Analysis for Co4H25N3092:
Calculated: C,74.39;H,6.50;N,10.84:

Found:C,74.27:;H,6.53:N,11.05%.

Example 75
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-nitrophenyl)-

pyrazinof[2',1':6,1]pyridoJ3 .4-blindole -1,4-dione

The same two step procedure but starting from butylamine and intermediate 45

gave, aft r recrystallisation from methanol, the title compound as white crystals

m.p. : 182°C.
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Analysis for CogHogN4O4 (0.25H90):

Found:C,65.92;H,5.62;N,12.96%.

Example 76

Cis-2,3.6,7,12, 12a-hexahydro-6-(4-dimethylaminopheny!l)}-2-methyl-

pyrazino[2'1°:6.1lpyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from methylamine and thecis isomer

of intermediate 47 gave after recrystallisation from methanol, the title compound

as white crystais m.p. : 266°C.

Anaiysis for Co3Ho4NqOo2:
Calculated: C,71.11;H,6.23;N,14.42;

Found:C, 71.19 ; H, 6.24; N, 14.34%.

Example 77

Cis-2,3,6,7,12, 12a-hexahydro-2-methyl-6-(3-pyridyl)-

pyrazino[2',1':61pyrido[3.4-b}indole -1,4-dione

The same two step procedure but starting from methylamine and

intermediate 48 gave after recrystallisation from chloroform, the title compound

as white crystals m.p. : 312°C.

Analysis for CogHygN402:
Caiculated: C,69.35;H,5.24;N,16.17;

Found:C,69.08;H,5.20;N,16.19%.

Exampie 78 ;
(6R,12aR)-2,3,6,7,12, 12a-Hexahydro-2-methy!-5-(3.4-methylenedioxyphenyl)-

pyrazino[2' 1':6, 11pyridof[3 4-blindole -1,4-dione

a) To a stirred solution of intermediate 54 (0.5 g) and NaHCO3 (0.14 g) in

anhydrous CHCl3 (20 mL) was added dropwise chloroacety| chloride (0.27

mL) at 0°C. The resulting mixture wasstirred for 1 hour at the same’

temperature and diluted with CHCi3 (20 mL). Water (10 mL) was then added
dropwise with stirring to the mixture, followed by a saturated solution of .
NaHCO3. The organic layer was washed with water until neutratity and dried

over Na2SOxu.After evaporation of the solvent under reduced pressure,

(6R,12aR)-methyl 1,.2,3,.4-tetrahydro-2-chloroacetyl-1-{3.4-
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methytenedioxyphenyl)-9H-pyrido[3 4-blindole-3-carboxylate was obtained as
an oil which was crystallised from ether to giveaSolid(0.38 g, m.p.:233°C) ©

- which was used without further purification in the next step.

5 b) To a stirred suspension of the chloroacetyl intermediate (0.37 g) in MeOH
(20 mL) was added at room temperature a solution of methylamine (33%in

EtOH) (0.4 mL) and the resulting mixture was heated at 50°C under No for
16 hours. The solvent was removed under reduced pressure and the residue

was dissolved in CH2Ci2 (50 mL). After washing with water (3x20 mL), drying
10 over NagSOg and evaporating to dryness, the residue was purified by flash

chromatography eluting with CH2Clo/MeOH (99/1) and recrystallised from 2-

propanol to give the title compound as white crystals (0.22 9) |m.p. : 302-
303°C.

15 Analysis for Co>H49N304:
Calculated:C,67.86;H,4.92;N,10.79;
Found:C,67.77;H,4.92:N,10.74%.

20°

[o}p = +71.0° (C=1.00; CHCI,).
20

The following compoundswere obtainedin a similar manner:

Example 793

(6R,12aR)-2,3.6,7,12.1 2Za-Hexahydro-2-isopropyi-6-(3,4-
25 methylenedioxypheny!l)-pyrazinof2',1':6.1 Jpyrido[34-blindole -1 4-dione

The same two step procedure but starting from isopropylamine and intermediate
54 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 290-293°C.

Analysis for Co4H23N304:
30 Calculated: C,69.05;H,5.55:N, 10.07;

Found:C,69.06;H,5.49:N,10.12%.
20°

lalp = +52.6° (C=1.14; CHCI,).

35 Example 80
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(6R.12aR)-2.36.7 12,12a-Hexahydro-2-buty!-6-(3,4-methylenedioxypheny!)-
 

The same two step procedure but starting from butylamine and intermediate 54
gave, after recrystallisation from toluene/hexane, the title compound as white

5 crystals m.p. : 209-210°C.

Analysis for CosHos5N304:
Calculated: C,69.59;H,5.84:N,9.74;

Found:C,69.70;H,5.93;N,9.74%.
20°

410 lal = +80.2° (C=0.53; CHCI).

Example 81

6R.12aR)-2,3.6.7,12,12a-Hexahydro-2-isobutyl-6-(3.4-methyienedioxyphenyl)-

pyrazino[2’1':6,1}pyrido[3.4-blindole -1 4-dione

15 The same two step procedure but starting from isObutylamine and intermediate
54 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 227-228°C.

Analysis for CosHos5N3Q0,4:
Calculated: C,69.59:H,5.84:N,9.74-

20 Found:C,69.52;H,5.87:N,9.74%.
20°

[eln = +45° (C=1.04; CHCI,).

Example 82

25 (6R,12aR)-2,3,6.7,12,1 2a-Hexahydro-2-cyclopentyl-6-(3 4-
methylenedioxyphenyl)-pyrazino[2' 1':6, 1}pyrido[3,.4-bjindole -1,4-dione

The same two step procedure but Starting from cyclopentylamine and
intermediate 54 gave, after recrystallisation from ether, the title compound as
white crystals m.p. : 237-239°C.

30 Analysis for CogH25N30,4:
Caiculated: C,70.41:H,5.68:N,9.47;
Found:C,70.13.H,5.67.N,9.42%.

20°

35 [elp = +36.6° (C=0.98; CHCI,).
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(6R.12aR)-2.3,6.7,12,12a-Hexahydro-6-(3,4-methyienedioxypheny!)-2-
cyctohexyimethyl-pyrazino[2’,1':6, 1 pyridof3,4-blindole -1,4-dione

The same two step procedure but starting from cyclohexyimethylamine and the

cis isomer of intermediate 56 gave, after recrystallisation from 2-propanol the

title compound as white crystals m.p. : 209°C.

Analysis for CogHo9N304:
Calcutated: C,71.32;H,6.20;N,8.91;

Found:C,71.30:H,6.29;N,8.74%.

20°

[Jp = +40.0° (C=0.99; CHCI,).

Example84

6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopropyimethyl-6-(4-methoxyphenyi)-

pyrazino[2'.1':6, t}pyrido[3.4-blindole -1,.4-dione

The same two step procedure but starting from cyclopropylmethylamine and

intermediate 57 gave, after recrystallisation from methanol, the title compound

as white crystals m.p. : 204-205°C.

Analysis for Co5H25N302(0.5H20):
Calculated: C,70.74;H,6.17;N,9.90;

Found:C,70.98;H,6.09:N,9.92%.

20°

[a]y = +54.1° (C=1.03; CHCI,).

' Example 85

(6R.12aR)-2.3.67,12, 12a-Hexahydro-2-buty!-6-(4-methoxypheny!)-

pyrazino[2'.1':6. 1ipyrido[3.4-blindole -1 4-dione

The same two step procedure but starting from buylamine and intermediate 57

gave, after recrystallisation from 2-propanol, the title compound as white
crystals m.p. : 183-184°C.

Analysis for Co5H27N303(0.5H20):
Calculated: C,70.40;H,6.62:N,9.85;

Found:C ,70.55:H,6.64;N,9.92%.
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20°

[aly =+45.4°(C=1.04; CHCls)

Example 86

6R,12aR)-2.3,6,7,.12,12a-Hexahydro-2-cyclopentyl-6-(4-methoxypheny!)-

pyrazino[2’.1':6.1|pyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from cyclopentylamine and

intermediate 57 gave, after recrystallisation from ether, the title compound as
white crystals m.p. : 210-211°C.

Analysis for CogH27N303-.
Caiculated: C,72.71:H,6.34:N,9.78;

Found:C,72.53;H,6.39:N,9.53%.
20°

[Ip = +29.8° (C=1.07; CHCl.).

Example87

(6R,12aR)-2.3,6,7.12, 12a-Hexahydro-6-(3-chloro-4-methoxypheny!)-2-
clopropyimethyl-pyrazino[2’, 1':6,1]pyridof3,.4-blindole -1,4-dione

The same two step procedure but starting from cyclopropyimethylamine and
intermediate 59 gave, after recrystallisation from methanol, the title compound_
as white crystals m.p. : 218-219°C.

Analysis for Co5H24CIN303 (0.25 H20):
Calculated: C,66.08;H,5.43:N,9.25 ; Cl, 7.80:

Found: C, 66.11 ;: H, 5.33: N, 9.03: Cl, 7.74%.
20°

[ely = +49.4° (C=1.03; CHCl).

Example 88

(6R,12aR)-2.3.6,7,12,12a-Hexahydro-2-cyclopenty!-6-(3-chloro-4-

methoxyphenyl)-pyrazino[2',1':6, 1 ]pyrido[3,4-blindole -1,4-dione

The same two step procedure but starting fromm cyclopentylamine and
intermediate 59 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 260-262°C.

Analysis for CogH26CIN303:
Calculated: C,67.31;H,5.65;Cl,7.64:N, 9.06;
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Found:C,66.98;H,5.67;C!,8.06:N,9.04%.

ogga

{o]}5 = +27.6° (C=1.05; CHCI,).

Example 89

(6R.12aR)-2,3,6.7,12,.12a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-methyl-
pyrazinof2" 1':6.1}pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and

intermediate 59 gave, after recrystallisation from methanol, the title compound
as white crystals m.p. : 283-284°C.

Analysis for CopH29CIN303:
Calculated: C,64.47;H,4.92:C1,8.65:N,10.25;

Found:C,64.49;H,4.92.C1i8.33.N,10.02%.
20°

[eIp = +61.3° (C=1.00; CHCI,).

Example 90

(6R.12aR)-2,3.6,7,12,1 2a-Hexahydro-2-isopropy!-6-(3-chloro-4-methoxypheny!l)-
pyrazino[2’,1':6. 1ipyridof3 4-blindole -1 4-dione

The same two step procedure but starting from isopropylamine and intermediate
59 gave, after recrystallisation from methanol, the title compound as white
crystals m.p. : 302-304°C.

Analysis for CogHo4CIN303:
Calculated: C,65.83;H,5.52:N,9.60;

Found:C,65.83;H,5.57.N,9.73%.

20°

faly = +39.8° (C=0.95; CHCI,).

Example 91

(6R,12aR)-2,3,6,7,12,12a-Hexahydro -(2,3-dihydrobenzo[b}furan-5-yi)-2-
methyl-pyrazinof2',1':6,1]pyrido[3.4-blindole -1.4-dione

The same two step procedure but starting from methylamine and
intermediate 61 gave, after recrystailisation from dichlioromethane/methano!, the

tit, compound as white crystals m.p. : 288-291°C.
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- Analysis for Co3Ho4N303:

Found:C,71.27;H,5.49:N, 10.96%.

20°

[alp = +65.6° (C=0.4; CHCI4).

Example 92

(6R.12aR)-2,3,6,7,12,12a-Hexahydro-6-(2,3-dihydrobenzofb}furan-5-yl)-2-
methyleyclopropyl-pyrazino[2',1':6, 1}pyrido[3.4-blindole -1,4-dione

The same two step procedure but starting from methylcyclopropyiamine and

intermediate 61 gave, after recrystallisation from methanol, the title compound

as white crystals m.p. : 242-244°C.

Analysis for CogHas5N303:
Calculated: C,73.05;H,5.89;N,9.83;

Found:C,72.90;H,5.93;N,9.98%.

20°

[2]p = +55.4° (C=0.99; CHCI.).

Example93

(6R.12aR)-2.3.6.7,12,12a-Hexahydro-6-(5-indanyl)-2-methyl-

pyrazino[2’,1':6.1}pyrido[3,4-bjindole -1,4-dione
The same two step procedure but starting from methylamine and

intermediate 63 gave, after recrystallisation from methanol, the title compound

as white crystals m.p. : 262°C.
Analysis for CogH23N302:
Caiculated: C,74.78:H,6.01:N,10.90;

Found:C,74.65;H,5.90;N, 10.67%.

20°

[ol5 = +68.6° (C=0.98; CHC1I,).

Example 94 .

(6R,12aR)-2,3.6,.7,12.12a-Hexahydro-6-(5-indanyl)-2-cyclopropyimethyi-
pyrazino[2', 1':6, 11pyrido[3.4-bjindoie -1 4-dione
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The same two step procedure but starting from cyclopropyimethyiamine and

-. intermediate 63 gave, after. recrystallisation from. methanol, the title compound ——-—--. --

as white crystals m.p. : 176°C.

Analysis for Co7H27N302 (0.25H90):
Calculated: C,75.41;H,6.45:N, 9.77:

Found:C, 75.25 : H, 6.51: N, 9.75%.

20°

[2]p = +57.9° (C=1.00; CHCI.).

Example 95

(6R.12aR)-2.3,.6.7,12.12a-Hexahydro-2-methyl-6-(3.4-methylenedioxyphenyl)-
pyrazino[2'.1':6. 11pyrido[3.4-bjindole-1,4-dione

To a stirred suspension of Intermediate 73 (12.5g) in MeOH (400ml) was add d

at room temperature a solution of methylamine (33% in EtOH) (13.7ml) and the

resulting mixture was heated at 50°C under No for 14 hours. The soivent was

removed under reduced pressure and the residue was dissolved in CH2Clp (1).
After washing with water (3 x 500ml), drying over NagSO,4 and evaporating to
dryness, the white solid obtained was recrystallised from 2-propanol to give the
title compound as white needles (7.5g).

mp : 298-300°C.

20°

[Jp = + 71.3° (c= 0.55, CHCl.).
Elemental analysis (Co2H49N304) calculated: C, 67.86; H, 4.92; N, 10.79:

found: C, 67.79; H, 4.95; N, 10.61%.

Example 96

Cis-2,3,6.7,12,.12a-hexahydro-2, 10-dimethyl-6-(3.4-methylenedioxypheny!)-
razino[2',1' | 6,1 )}pyrido[3.4-blindole-1 4-dione

The same two step procedure as used to prepare Example 1, but starting from

methylamine and the cis isomer of intermediate 74, gave after recrystallisation

from ethanol, the title compound as white crystals m.p. : 275°C.

Analysis for Co3H24N304 ( 0.4H20):
Caiculated : C, 67.27 ; H, 5.35: N, 10.23;

Found : C, 687.36 ;H, 5.21:-N, 10.31%.
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Example97en
7 (6R,1 2aR)-2,3.6,7, 12,12a-Hexahydro-2-(3 4-dimethoxybenzyl)-6-(3.4-

methyienedioxypheny!)-pyrazino[2’,1' : 6, 1{pyrido[3 4-blindole-1.4-dione

5 The same two step procedure as used to prepare Example 78, but starting trom

veratrylamine and intermediate 54 gave, after recrystallisation from methanol,

the title compound as white crystals m.p. : 224-226°C.

Anaiysis for C3q9H27N30¢:
Calculated : C,68.56 : H,5.18 ; N,8.00;

10 Found : C,68.80 ; H,5.11 ; N,8.06%.

20°

[aly = + 43.9° (C = 1.02; CHCI,).

Example 98

15 Cis-2,3,6.7,.12.12a-nhexahydro-6-(4-aminopheny!)-2-buty!-

pyrazino[2'1':6.1 Ipyrido[3,4-blindole-1,4-dione

To a solution of Example 75 (1.5 g) in methanol (100 mL) was added

SnCiz.H2O (3.06) and the resulting mixture was heated at reflux for 8 hours.

The mixture was cooled to ambient temperature, poured into ice and was

20 adjusted to PHS with 1N NaOH. The methanol was evaporated off and the.

residue was basified to pH11 with 1N NaOH and extracted with EtOAc (2 x 150

mL). After drying over NagSOq and evaporation of EtOAc, the resuiting yellow

powder was purified by radial chromatography eluting with CHoClio to give the

title compound as a white powder (550 mg) m.p. : 192°C.

25 Analysis for Cog4H2agN402 (1.3 H20):
Caticulated : C,67.68 ; H,6.77 ; N, 13.15;

Found: C,67.74 : H, 6.68 : N, 13.02%.

Example 99

30 Cis-2,3.6.7.12,12a-hexahydro-6-{4-acetamidophenyl)-2-butyt-

pyrazino[2' 1':6, 1ipyrido[3.4-blindole-1,4-dione

To a solution of Example 98 (0.2 g) in THF (15 mL) was addedtriethylamine (76

~L) and acetyl chloride (39 wL) and the resuiting solution was stirred at room
temperature for 2 hours. Aft r vaporation of THF, the resulting r sidue was

35 taken up in CH2Cloa (100 mL), washed with water (2 x 50 mL) and dried over
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Na2SOq. After evaporation of CH2Clio, the resulting solid was recrystaliised
from MeQH/H20 to give the titie compound as a cream powder (120 mg) mp.:

Analysis for CogH2gN403:
Caiculated : C,70.25 ; H,6.35 ; N,12.60;

Found : C,69.85 ; H, 6.38 ; N,12.56%.

Example 100

Cis-2,.3.6.7,12,12a-hexahydro-2-butyl-6-(4-methylsulfonamidopheny!)-
pyrazino[2', 1':6, 1]pyrido[3._4-blindole-1 4-dione

To a solution of Example 98 (0.2 g) in THF (5 mL) was addedtriethylamine (228
HL) and methanesulfonyl chloride (126 wL) and the solution was heated at refiux

for 6 hours. After evaporation of THF, the residue was taken up in CH2Cl,
washed with water and dried over NagSOq. After evaporation of CH2Clo, the
residue was purified by radial chromatography eluting with CH2Clo/MeOH
(95/5) to give the title compound as a brown powder (30 mg) m.p. : 188°C.
Analysis for CosHagN404S (0.75 H20):
Caiculated : C,60.77 ; H,6.02 ; N.11.34:

Found : C,60.61 ; H, 6.02 ; N,10.82%.

Example 101

(6R, 12aR)-2,3,6.7,12,12a-Hexahydro-6-(3,4-methylenedioxypheny!)-
pyrazino[2', 1' : 6.1] pyrido [3,4-b] indole-1, 4-dione

The same two step procedure but starting from ammonia and intermediate 54

gave, after recrystallisation from methanol, the title compound as white crystals
m.p. : 285-290°C.

Analysis for C24H17N30,:

Caiculated : C, 67.19; H, 4.56; N, 11.19;

Found: C, 67.30; H, 4.66; N, 11.11 %.

[aj2",, = + 88° (c = 0.48 ; pyridine).

Example 102

(6R,_ 12aR)-2.3.6.7.12. 12a-Hexahydro-6-(3 4-methylenedioxyphenyl)-2-(2-
ropynyl)-pyrazino [2', 1': 6.1 rido [3,4-b] indole-1 4-dione
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The same two step procedure but starting from propargylamine and intermediate
 

crystals m.p. : 271°C.

. Analysis for CogHy9N30q:
5 Caiculated: C, 69.72 ; H, 4.63; N, 10.16 ;

Found: C, 69.95; H, 4.66;N, 10.06 %.

faje, = + 51.7° (c = 0.49 ; CHCls).

Example 103

10 (GR, 12aR)-2.3.6.7.12,12a-Hexahydro-2-(3.4-methylendioxybenzy!}-6-(3,4-
methylenedioxypheny!)-pyrazinof2', 1': 6.1 tido [3.4-b] indole-1,4-dione

The same two step procedure but starting from piperonyiamine and intermediat

54 gave, after recrystallisation from methanol, the title compound as white

crystals m.p. : 204-206°C.

15 Analysis for CogHa3gN3Q0¢:
Calculated : C, 68.36 : H, 4.55; N, 8.25:

Found: C, 68.25; H, 4.49;N, 8.41.

[aj2p = + 43° (c = 1.01 ; CHCl).

20 Example 104

(6R, 12aR)-2,3.6.7,12, 12a-Hexahydro-2-(3,4-dimethoxyphenethy!)-6-(3,4-
methylenedioxyphenyl)-pyrazino [2', 1' : 6.1 rido [3,4-b] indole-1, 4-dione

The same two step procedure but starting from 3,4-dimethoxyphenethylamine

and intermediate 54 gave,after recrystallisation from dichloromethane/ether, the
25 title compound as white crystals m.p. : 265-266°C.

Analysis for C3;Ha9N3Q0¢-
Calculated : C, 69.00 ;: H, 5,42; N, 7.79;

Found: C, 68.68 ; H, 5.35; N, 7.78 %.

[aJ2°", = + 38.3° (c = 1.12 ; CHCls).
30

Example 105

(GR, 12aR)-2,3.6.7,12.12a-Hexahydro-2-furfury!-6-(3.4-methylenedioxypheny!)-
tazino [2’, 1°: 6.1 rido [3 4-b] indole-1,4-dione

BNSDOCID: <WO___951997BA1_I_>
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The same two step procedure but starting from furfurylamine and intermediate

54 gave, after recrystallisation from methanol, the titlecompound aswhite_
crystals m.p. : 219°C.

Analysis for CogHo;Na0s:
Calculated : C, 68.56; H, 4.65; N, 9.23;

Found: C, 68.16:H,4.63:N,9.15 %.

fa}2o",, = + 58.1° (C = 1.2 ; CHCl.)

Example 106

6R, 12aR)-2.3.6.7,12,12a-Hexahydro-6-(3,4-methylenedioxyphenyl)-2-{2-

thienyimethyl)-pyrazino [2', 1°: 6.1 rido [3.4-b] indole-1,4-dione

The same two step procedure but starting from 2-thiopnenemethylamine and

intermediate 54 gave, after recrystallisation from methanolAvater, the title

compound as white crystals m.p. : 155-157°C.

Analysis for CogH2,N30,85:
Calculated : C, 66.23 :H, 4.49:N,8.91:S,6.8;

Found: C, 66.13:H,4.54;N, 9.12; S,6.78%.

[a]2p = + 70.4° (c = 1.03 ; CHCl).

Example 107
6R_12aR)-2.3.6.7,.12,12a-Hexahydro-6-(4-methoxyphenyl)-2-methyl-pyrazino

2'.1': 61 ido [3.4-b] indole-1,4-dione

The same two step procedure but starting from methylamine and intermediate

57 gave, after recrystallisation from methanol, the title compound as white

crystals m.p. : 285-288°C.

Analysis for Co2Ho4 N30, :
Calculated : C, 70.38 : H, 5.64; N, 11.19;

Found: C, 70.31;H,5.69;N, 11.29 %.

fa}2"5 = + 59° (c= 1.19 ; CHCl).

Example 108

6R, 12aR)-2.3.6,7,.12,12a-Hexahydro-2-ethy!-6-(4-metho henyl)-pyrazino [2°

1': 6,1] pyrido [3.4-bj indole-1,4-dione
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The same two step procedure but starting from ethylamine and intermediate 57

_ gave, after recrystallisation from methanol,the title compound as white crystals.

m.p. : 277°C.

Analysis for C23H23N303:
Calculated : C, 70.93; H, 5.95:N, 10.79;

Found: C, 70.90;H,5.96;N, 10.54 %.

[aJ20°, = + 52° (c = 1.28 ; CHCls).

Example 109

(6R, 12aR)2,3,6,7,.12,12a-hexahvero-6-(7--(4-methy!--3.4-dihydro-2H-
 
The same two step procedure but starting from intermediate 75 and
methylamine gave, after recrystallisation from ethanoi, the title compound as

white crystals m.p. : 285-288°C.

Analysis for CogHogNgO3 (0.5 HzO) :
Catculated : C, 67.75; H, 5.92: N, 13.17;

Found: C, 68.02 ;H, 6.00; N, 13.18 %.

[a]20°,, = + 71.7° (c = 1, pyridine).

Example 110

(6R, 12aR)-2,.3,.6.7 12,12a-Hexahydro-6-(5-(N-benzylindolinyl))-2-methyl-
azino[2', 1' : 6, 1lpyrido[3_4-blindole-1,4-dione

The same two step procedure but starting from intermediate 77 and

methylamine gave, after recrystallisation from dichioromethane/methanol, the

title compound as white crystals m.p. : 223-225°C.

Analysis for C3gHogN402 :
Calculated : C, 75.61; H, 5.92;N, 11.76;

Found: cC, 75.2; H, 5.78; N, 11.67 %.

[cx]?,, = + 20.4° (c = 0.5, CHCls).

Example 111

 
6.1 )evrido[3,4-blindole-1.4-dione

A solution of Example 110 (1.05 g , 2.2 mmol) in methanol (100 mL) was

hydrogenated in the presence of 10 % Pd-C (100 mg) for 48 hours at room
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temperature. After removal of the catalyst, the solvent was evaporated in vacuo

_ to leave aresiduewhichwaspurifiedby flash chromatography eluting with
 

dichloromethane/methanol : 96/4. The solid obtained was recrystailised from
dichloromethane/methanol to give the title compound (300 mg) as white crystals

m.p. : 240°C.

Analysis for Co3H22N,402 (0.5 HzO):
Caicuiated : C, 69.86 :H, 5.86: N, 14.17;

Found: C, 70.13: H, 5.77;N, 14.06 %.

[a]2°", = + 55.9° (c = 1.18 ; pyridine).

Example 112

Cis-2,3,.6.7,12,12a-hexahydro-6-(4-ethylphenyl)}-2-methyl-pyrazino[2'1' :
6,1 rido[3.4-biindole-1 4-dione

The same two step procedure but starting from methyiamine and the cis isomer

of intermediate 42 gave, after recrystallisation from methanol, the title compound

as white crystals m.p. : 254°C.

Analysis for Co3Ha3N302 (0.25 H20) :
Calculated: C, 73.09; H, 6.27; N, 11.12;

Found: C, 73.03;H,6.18;N, 11.36 %.

Example 113
6R, 12aR)-2,3,6.7,12.12a-Hexahydro-6-(4-carbometho heny!)-2-methyl-

razinof[2’,1' | 6, 1ipyrido[3.4-bJindole-1,4-dione

The same two step procedure but starting from intermediate 78 (cis isomer) and

methylamine gave, after recrystallisation from methanol, the title compound as

white crystals m.p. : 308-312°C.

Analysis for Co3H24N304 :
Calculated : C, 68.47; H, 5.25; N, 10.42;

Found: C, 68.76; H, 5.18; N, 10.35 %.

[axJ2",, = + 97.7° (c = 1, pyridine).

Example 114

(5aR, 12R, 14AaR)-1,2,3,54a,.6.11,12, 14a-Octahydro-12-(3,4-
methylenedio

blindole-5-1,4-dione
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_A solutionof intermediate 80 (0.7 g,1.2mmol)in a mixture of methanol/THF_
(80/40 mL) was hydrogenated in the presence of 10 % Pd-C (75 mg) for 48
hours at 40°C. After removal of the catalyst, the solvent was evaporated in

vacuo to leave a residue, which was purified by flash chromatography eluting
with dichloromethane/methanol : 98/2. The white solid obtained was

recrystallised from methanol to give the title compound (180 mg) as white

crystals m.p. : 284-287°C.

Analysis for Co4H21N3Q0q :

Calculated : C, 69.39; H, 5.10; N, 10.11;

Found: C, 69.47;H,5.11;N, 9.97 %.

[a]}2°p = + 21.7° (c = 0.64, CHCl).

Exampie 115

(5aR, 12R, 14a8)-1.2,3,5,.6.11.12,14a--Octahydro-12--(3.4-
 
bjindole-5-1.4-dione

A solution of intermediate 81 (0.8 g, 1.37 mmol) in methanol (40 mL) was

hydrogenated in the presence of 10 % Pd-C (100 mg) for 5 hat 45°C. After
removoiof the catalyst the solvent was evaporated in vacuo to leave a residue,

which was purified by flash chromatography eluting with

dichioromethane/methanol : 98/2. The solid obtained was recrystallised from

methanol to give the tithe compound (300 mg) as white crystals m.p. : 302-
304°C.

Analysis for Co4H24N30q:
Calculated - C, 69.39 ;H, 5.10; N, 10.11;

Found: C, 69.35; H, 5.11; N, 10.10 %.

[aJ2°°, = + 106.8° (c = 1.08, CHCl).

Example 116

(3R. 6R, 12aR)-2,3.6,7,12,12a-hexahydro-2,3-dimethy!-6-(3.4-
methylenedioxyphenyl)-pyrazino[2',1' : 6, 1}pyrido[3,4-blindole-1,4-dione

To a stirred solution of intermediate 82 (0.15 g, 0.34 mmol) in THF (15 mL) was

added at room temperature a solution of methylamine (33 % in EtOH) (0.32 mL)
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and the resulting solution was heated at reflux under Nz for 24 hours. The

solventwas removed under reduced pressure andtheresidue was dissolved in
CH2Clo (25 mL). After washing with water (2 x 20 mL), drying over NaSO, and
evaporating to dryness, the crude product waspurified by flash chromatography

eluting with dichioromethane/methano! : 99/1. The white solid obtained was

recrystallised from methanolto give the title compound as white crystals (80 mg)
m.p. : 219-220°C.

Analysis for CogHoiN304:
Calculated : C, 68.47; H, 5.25; N, 10.42;

Found: C, 68.39; H, 5.21; N, 10.42%.
[aj2, = + 89.6° (c = 1; CHCl3).

Example 117

(3S, GR, 12aR)-2,3.6.7,12,12a-hexahydro-2,3-dimethyl-6-(34-
methylenedioxypheny!)-pyrazinof[2’.1' : 6. 1loyrido[3 4-b]indole-1 4-dione

To a stirred solution of intermediate 83 (0.3 g, 0.68 mmol) in THF (30 mL) was

added at room temperature a solution of methylamine (33 % in EtOH) (0.68 mL)

and the resulting solution was treated at reflux under No for 6 days. The solvent

was removed under reduced pressure andthe residue was dissolved in CH2Ci2

(50 mL). After washing with water (2,25 mL), drying over NagSO, and

evaporating to dryness, the crude product was purified by flash chromatography

eluting with dichioromethane/methanoil : 99/1. The oily residue obtained was

crystallised from methanol to give the title compound as white crystals (40 ma)

m.p. : 307-309°C.

Analysis for Co3H24N30,:
Calculated : C, 68.47 ; H, 5.25; N, 10.42 ;

Found: C, 68.35; H, 5.33: N, 10.42%.

[a]2°"_ = + 65.2° (c = 1.15 ; CHCls).

Example 118

(6R, 12aR)-2.3.6.7,12,12a-Hexahydro-§-(3.4-dihydroxypheny!l)-2-methyl-
razino[2’, 1' : 6,1}pyrido[3 .4-blindole-1.4-dione

A solution of intermediate 86 (0.75 g ; 1.34 mmol) in a mixture of ethanol/THF

(70/30 mL) was hydrogenat d in the presence of 10 % Pd-C (75 mg) for 24 h at
room temperature. After removal of the catalyst, the solvent was vaporated in
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vacuo to leave a white solid which was recrystaliisated from methanol to give

the title compound (0.35 g)aswhitecrystalsmp.| 224-226°C.

Calculated : C, 66.83 ; H, 5.07 :N, 11.13;

Found: C, 66.58:H, 5.01;N, 11.04 %.

[a}?op = + 58.4° (c = 1.04 ; pyridine).

Example 119

 
The same two steps procedure but starting from intermediate 87 and

methylamine gave a crude oil which was purified by flash chromatography
eluting with dichioromethane/methanol/triethylamine : 92/8/0.1 %. The solid

obtained wasrecrystallized from isopropanol/propy! ether/waterto give thetitle
compound (20 mg) asoff-white crystals m.p. : 236°C.

Analysis for CogHo4N4O> (2.68 HO)
Calculated : C, 64.23; H,6.59:N, 12.48:

Found: C, 64.21:H,6.43;N, 12.02%.

[a]?°"_, = + 61.1° (c = 0.5 ; CHO).

Example 120 .
Compoundsof formula (I) have been included in pharmacy formutations and
details of such formulations are given below.

TABLETS FOR ORAL ADMINISTRATION 

A. Direct Compression

a mg/tablet
Active ingredient

Crospovidone USNF

Magnesium Stearate Ph Eur

Anhydrous Lactose
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The active ingredient was sieved and biended with the excipients. The

resultant mix was compressedinto tablets. 

Crospovidone

Sodium Laury! Suiphate

Magnesium Stearate Ph Eur
Microcrystalline Celluiose USNF

 
5 The active ingredient was sieved and blended with the excipients. The

resultant mix was compressedinto tablets.

B. WET GRANULATION

ca mg/tablet
Active ingredient

Polyvinyl pyrollidone

Polyethylene glycol

Polysorbate 80

Magnesium Stearate Ph Eur

Croscarmellose Sodium

Colloidal Silicon Dioxide

Microcrystalline Cellulose USNF

 
10

The polyvinyl pyrollidone, polyethylene glycol and polysorbate 80 were

dissolved in water. The resultant solution was used to granulate the

active ingredient. After drying the granules were screened, then

extruded at elevated temperatures and pressures. The extrudate was

15 milled and/or screened then was blended with the microcrystalline
cellulose, croscarmellose sodium, colloidal silicon dioxide and

magnesium stearate. The resultant mix was compressedinto tablets.
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Bogitabict
Activeingredient
Polysorbate 80

Lactose Ph Eur

Starch BP

Pregelatinised Maize Starch BP

Magnesium Stearate BP

  
 

  

   
  

The active ingredient was sieved and blended with the lactose, starch

and pregelatinised maize starch. The polysorbate 80 was dissolved in

purified water. Suitable volumes of the polysorbate 80 solution were

added and the powders were granulated. After drying, the granules were

screened and blended with the magnesium stearate. The granules were
then compressedinto tablets.

Tabiets of other strengths may be prepared byaltering the ratio of active
ingredient to the other excipients.

FILM COATED TABLETS

The aforementioned tablet formulations were film coated.

Opadry whitet 13.2

Purified water Ph Eur to 400.0*

   
 

 
  
* The water did not appearin thefinal product. The maximum theoretical weight
of solids applied during coating was 20mo/tablet.

t Opadry white is a proprietary materia! obtainable from Colorcon Limited, UK
which contains hydroxypropyl methyicellulose, titanium dioxide and triacetin.

The tablets were film coated using the coating suspension in conventionalfilm
coating equipment.
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CAPSULES

a mg/eapsule
Active ingredient

Lactose

Potyvinyi pyrollidone
Maonesium Stearate

 
The active ingredient was sieved and blended with the excipients. The mix was

5 filled into size No. 1 hard gelatin capsules using suitable equipment.

20igicapsute
Active ingredient

Microcrystalline Celiulose

Sodium Lauryl Sulphate

Crospovidone
Magnesium Stearate

 
The active ingredient was sieved and blended with the excipients. The mix was

filled into size No. 1 hard gelatin capsules using suitable equipment. —

   

10

Other doses may be prepared by aitering the ratio of active ingredient to
excipient, the fill weight and if necessary changing the capsule size.

mgicapsute
Active ingredient 50.0
Labrafil M1944CS to 1.0 ml

15 The active ingredient was sieved and blended with the Labrafil, The suspension.

wasfilled into soft gelatin capsules using appropriate equipment.

Example 121

Inhibitory effect on cGMP-PDE

20 cGMP-PDEactivity of compounds of the present invention was measured using

a one-step assay adapted from W lis at al. (Wells, J. N., Baird, C. E., Wu, Y. J.
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and Hardman, J. G., Biochim. Biophys. Acta 384, 430 (1975)). The reaction

_medium_contained 50mM_Tris-HCI,pH 7.5, S5mM Mg-acetate, 250yg/m! S'-
 

Nucleotidase, 1mM EGTA and 0.15uM 8-[H*}-cGMP. The enzyme used was a
human recombinant PDE V (ICOS, Seattle USA).

Compoundsof the invention were dissolved in DMSOfinally present at 2% in
the assay. The incubation time was 30 minutes during which the total substrate
conversion did not exceed 30%.

The !ICco values for the compounds examined were determined from

concentration-response curves using typically concentrations ranging from

10nM to 10uM. Tests against other PDE enzymes using standard methodology
aiso showed that compoundsofthe invention are highly selective for the cGMP

specific PDE enzyme.

-cGMPlevel measurements
Rat aortic smooth muscle cells (RSMC) prepared according to Chamleyet al. in

Cell Tissue Res. 177, 503 - 522 (1977) were used between the 10th and 25th

passage at confluence in 24-well culture dishes. Culture media was aspirated

and replaced with PBS (0.5ml) containing the compound tested at the

appropriate concentration. After 30 minutes at 37°C, particulates guanylate

cyclase was stimulated by addition of ANF (100nM) for 10 minutes. At the end

of incubation, the medium was withdrawn and two extractions were performed

by addition of 65% ethanol (0.25ml}. The two ethanolic extracts were pool d

and evaporated until dryness, using a Speed-vac system. c-GMP was

measured after acetylation by scintillation proximity immunoassay

(AMERSHAM).

The compounds according to the present invention were typically found to

exhibit an ICs value of less than SOONM, and an ECs vaiue of less than 5. In

vitro test data for representative compoundsofthe invention is given in following
Table 1:
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Example 122

5 -Antinypertensive activity in rats

The hypotensive effects of compounds according to the invention as identified in

table 2 were studied in conscious spontaneously hypertensive rats (SHR). The
compounds were administered orally at a dose of 5mg/kg in a mixture of 5%
DMF and 95% olive oil. Blood pressure was measured from a catheter inserted

10 in the carotid artery and recorded for 5 hours after administration. The resuits

are expressed as Area Underthe Curve (AUC from 0 to 5 hours, mmHg.hour) of
the fall in blood pressure over time.

In Vivo Results -

pg

A
pt
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CLAIMS

A compound of formula (1)

(1). 
and salts and solvates thereof, in which:

R° represents hydrogen, halogen or C4.¢ alky!;

R1 represents hydrogen, C4.galkyl, C2. alkenyl, C25 alkynyl, haloC4.
galkyi, C3_gcycloaikyl, C3-gcycloalkylC;y.3alkyl, arylCy.3alkyl or
heteroarylC4_3alky!:
R2 represents an optionally substituted monocyclic aromatic ring
selected from benzene, thiophene, furan and pyridine or an optionally

Asubstituted bicyclic ring OF attached to the rest of the molecule
via one of the benzene ring carbon atoms and wherein the fused ring A is

a 5- or 6-membered ring which may be saturated or partially or fully

unsaturated and comprises carbon atoms and optionally one or two

heteroatoms selected from oxygen, sulphur and nitrogen; and

R® represents hydrogen or C,.3 alkyl, or R' and R® together represent a 3-
or 4- membered alkyl or alkenyl chain.

A-compound of formula (la)

(la) 
and salts and solvates thereof, in which:

R° represents hydrogen, halogen or C4-.¢ alkyl;
R1 represents hydrogen, Cy-galky!, haloC4y¢alky!, C3-gcycioalkyl,
C3_gcycloalkylC 4_3alkyi, arylC4_3alky! or heteroarylC4_galkyl; and
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R2 represents an optionally substituted ‘monocyclic aromatic ring
"72 sass === - —gelected frombenzene,thiophene, furan and pyridineor an optionally-- ~~~ ~

CID
substituted bicyclic ring attached to the rest of the molecule

via one of the benzenering carbon atoms and wherein the fused ring A is

5 a 5- or 6-membered ring which may be saturated or partially or fully

unsaturated and comprises carbon atoms and optionally one or two

heteroatoms selected from oxygen, sulphur and nitrogen.

3. A compound according to Claim 1 or 2, wherein R° represents hydrogen.
10

4. A compound according to any of Claims 1 to 3, wherein R17 represents
hydrogen, C4_4alkyl, naloC 4_4alkyl, C3.6cyctoalkyl,
C3.6cycloalkylmethyl, pyridylC4_3alkyl, furylC4.3alkyi or optionally
substituted benzyl.

15

5. A compound according to any of Ciaims 1 to 3, wherein R' and R*

together represent a 3-memberedalky/ chain.

6. A compound according to any of Claims 1 to 4, wherein R® represents
20 hydrogen.

7. A compound accordingto any of Claims 1 to 6, wherein R2 represents an
optionaily substituted benzene, thiophene, furan, pyridine or naphthalene

x

SDs
ring or an optionally substituted bicyclic ring Y where 'n is

25 1 or 2 and X and Y are each CH9 or O.

° 8. A cis isomerof formuta (I) represented by formula (Ib)

1
Re < LT 1" N-R’ 3

oo N7~Y NVR (ib)
H R? oO ;
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and mixtures thereof with its cis optical enantiomer, including racemic

~ 7 ns moomootresand Saltsand solvates of these compoundsin which R9 is---~ == —>"2

hydrogen or halogen and R*, R’ and R® are as defined in any preceding
claim.

9. Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridylmethyl)-6-(3,4-

methylenedioxypheny!)-pyrazino[2’, 1' : 6, 1]pyrido[3,4-b]indole-1 ,4-dione;
Cis-2,3,6,7, 12, 12a-hexahydro-6-(2,3-dihydrobenzo[b}furan-5-yl)-2-

methyl-pyrazino[2'1':6, 1 ]pyrido[3,4-b]indole -1,4-dione;
10 Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-methyI-

pyrazino[2’,1':6, 1]pyrido[3,4-b]indole -1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-methylphenyl)-

pyrazino[2', 1':6, 1]pyrido[3,4-b]indole -1,4-dione;

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6-(3,4-

15 methylenedioxyphenyl)-pyrazino[2', 1':6, 1]pyrido[3,4-b]indole -1,4-dione;

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopentyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2’', 1':6, 1 ]pyrido[3,4-b]indole -1,4-dione;

(6R,12aR)-2,3,6,7,12, 12a-Hexahydro-2-cyclopropyimethy!-6-(4-

methoxypheny!)-pyrazino[2’, 1':6, 1]pyrido[3,4-b]indole -1,4-dione:

20 (6R,12aR)-2,3,6,7,12, 12a-Hexahydro-6-(3-chloro—-4-methoxypheny!)-2-
methyl-pyrazino[2’, 1':6,1]pyrido[3,4-b]indole -1,4-dione;

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3,4-

methylenedioxyphenyl)-pyrazino[2’,1':6, 1]pyrido[3,4-b]indole-1 ,4-dione;

(6R, 12aR)-2,3,6,7,12, 12a-Hexahydro-6-(3,4-methylenedioxyphenyl)-

25 pyrazino[2', 1' : 6,1] pyrido [3,4-b] indole-1 ,4-dione;

(5aR, 12R, 14aS)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-

methylenedioxypheny!)-pyrrolo[1",2” : 4°,5"]pyrazino[2’,1° : 6, 1}pyrido[3,4-

bjindole-5-1 ,4-dione;

and physiologically acceptable salts and solvates thereof.
30

10. (6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methy!-6-(3,4-
methylenedioxypheny!)-pyrazino[2', 1':6, 1}pyrido[3,4-b]indole -1,4-dione;
and physiologically acceptable salts and solvates thereof.
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A compound according to any of Claims 1 to 10, for use in the treatment

‘of stable, unstable and variantangina, hypertension, puimonary~
hypertension, chronic obstructive pulmonary disease, congestive heart
failure, renal failure, atherosclerosis, conditions of reduced blood vessel

patency, peripheral vascular disease, vascular disorders inflammatory

diseases, stroke, bronchitis, chronic asthma, allergic asthma, allergic
rhinitis, glaucoma or diseases characterised by disorders of gut motility.

Use of a compound according to any of Claims 1 to 10, for the

manufacture of a medicament for the treatment of stable, unstable and

variant angina, hypertension, pulmonary hypertension, chronic
obstructive pulmonary disease, congestive heart failure, renal failure,

atherosclerosis, conditions of reduced blood vessel patency, peripheral
vascular disease, vascular disorders, inflammatory diseases, stroke,

bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or
diseases characterised by disorders of gut motility.

A methodof treating stable, unstable and variant angina, hypertension,
pulmonary hypertension, chronic obstructive pulmonary disease,
congestive heart failure, renal failure, atherosclerosis, conditions of ..
reduced biood vessel patency, peripheral vascular disease, vascular
disorders, inflammatory diseases, stroke, bronchitis, chronic asthma,
allergic asthma, allergic rhinitis, glaucoma or diseases characterised by
disorders of gut motility, in a human or non-human animal body, which
method comprises administering to said body a therapeutically effective
amount of a compoundaccordingto any of Claims 1 to 10.

A pharmaceutical composition comprising a compound of the according
to any of Claims 1 to 10, together with a pharmaceutically acceptable
diluent or carrier therefor.

A process of preparing a pharmaceutical composition comprising a
compound according to any of Claims 1 to 10, which process comprises
mixing said compound together with a pharmaceutically acceptable
diluent or carrier therefor.
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oe"160° “AUprocéssofpreparingacompoundofformula(i); which process”~~"

comprises:

5 a process (A) for preparing a compound of formula (I), wherein R?
represents hydrogen which process (A) comprises treating a compound

of formula (IB)

() 
in which Alk represents C4 galkyl and Hal is a halogen atom, with a

10 primary amine R1NH>; or

@ process (B) for preparing a compoundof formula (I), wherein R' and R®
together represent a 3- or 4-membered alkyl or alkenyl chain, which

process (B) comprises cyclisation of a compound of formula (VII)
15

(vO) 
wherein Alk represents C,.alky! and R' and R® together represent a 3- or
4-membered chain both as defined above; or

20 ,

a process (C) for preparing a compound of formula (I) wherein R?
represents C;.,alkyl, which process (C) comprises cyclisation of a.

compound of formula (X)
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wherein Alk represents C,.alky! and R® represents C>.salkyi, substituted
at C, by a halogen atom;or

process(A), (B) or (C) as hereinbefore described followed by

i) an interconversion step; and/or either

ii) salt formation; or

iit) solvate formation.

Compounds of formulae (Il), (iI), (V), (VI), (WED, (VII) and (X), with the

exception for compounds(ill), (V), (VI) and (VII) wherein R° is hydrogen,

R? is phenyl and Alk is methyl.



ATI 1009-0217

INTERNATIONAL SEARCH REPORT

  
 

 
Inter al Appiicanon No

PCT/EP 95/00183

A. CRoh OF SUBJECT MAIpc 6 C€07D471/14 A61K31/395 C07D471/04 co7p209/14
//(€07D471/14,241:00, 221:00, 209:00)

 
  

 
  
 

 

According to International Patent Classfieauon (f[PC) or to both natonal classficaton and IPC

Mimmurn docurnentanon searched (classification system followed by dastiiication symbois)
TPC 6 CO7D AG6I1K
 
 

 
 

  
Documentegon searched other than minimum documentaton to the extent that such documents are included in the fields searched

 
 

 

Electroruc dats base consulted during the mtemmavonal search (name of data base and, where pracocal, search terms used)

 
C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Ciusion of document, with mdicaton, where appropnate, of the relevant passages
US,A,3 917 599 (SAXENA ET AL.) 4 November
19975
see column 2, line 1-30 - column 9, line
1-40

  
  

  
 JOURNAL OF MEDICINAL CHEMISTRY,

vol. 16,no. 5, 1973
pages 560-564,
SAXENA ET AL. ‘Agents Acting on the
Central Nervous System.15. 2Substituted
1,2,3,4,6,7,12,12a-octahydropyrazino[2', 1!
:6,1]pyrido[3,4-bJindoles. A New Class of
Central Nervous System Depressants'
see page 561, column 1

 
  

  
  
  
 
 -/-- 

 
  Dd Further documents are listed in the conunuavon of box C.  [x] Patent family members arc listed in annex.
 * Special categores of cited documents :

pea ° wn "T° later document published afterherthe internazonal filing dateeae oT poon ec notin ict with the jecanon out
‘A* documentdefining the general state of the art which is not cuedto gerard the prinaple or theory uerivane the

 
   

  
  
    
  

considered to be of particular reicvance invenvan
°E’ carer document but published on or after the internauonal °X* document of particular relevance; the daimed invention
_— ig Gate cannot be conadered nove! or cannot be conudered to

L’ document which may throw doubts on priority claim(s) or involve an invenuve step when the document 1s taken alone
whichis cited to establish the publicanon date of another “Y° documentof parucular relevanee; the claimed invention

. atetion or other special reason (as specified) cannot be conadered to involve an inventve sep when the
bd O° documentreferring to an oral disclosure, use, exhibition or document 18 combined with one or more other such docu-

other means ments, Such commnabon being obvious to a person shailied
*P* document published pnor to the intermauonal filing date but in the art.

later than the pnonty date claimed *&° document member of the same patent family
 

  
 
  Date of the sctual completion of the internavonal search Date of mailing of the mternatonal search report

16. 06. 95  24 May 1995

Name and mauling address of the ISA
European Patent Office, P.B. $818 Patendaan 2
NL - 2280 HV Riswijk
Tel. (+ 31-70) 340-2040, Tx. 31 65! epo ni,
Fase ( + 31-70) 340.3016

   
 
 

Authorized officer

 
 
 

 

 Lauro, P
 

Foren PCT/ISA/210 (second sheet) (Juty 1992)

page 1 of 2BNSDOCID: <WO___9519978A1_I_>

ATI 1009-0217



ATI 1009-0218

    
 
 

INTERNATIONAL SEARCH REPORT Inver aal Applicanon No

a PCT/EP 95/00183
‘(Conanuanon) DOCUMENTS CONSIDEREDTO BE RELEVANT

Category” | Citation of document, with indicavon, where appropnate, of the reievant passages | Rejevant to claim No.
CHEM. PHARM. BULL., 17
vol. 33,no. 8, 1985
pages 3237-3249,
ISHIDA; NAKAMURA; IRIE; OHISHI 'A New

---Method for -the-preparation..of.3,4-Dihydro-_ |
and 1,2,3,4-Tetrahydro~beta-carbolines'
see page 3237

 

  
  

 
Form PCT/SA/210 (canunuauon of secnna sheet) (July 1992)

page 2 of 2
BNSDOCID: <WO___9519978A1_I_>

ATI 1009-0218



ATI 1009-0219

INTERNATIONAL SEARCH REPORT
~formatven on patent {amily members

 

 
  
  

Inurr=nal Appiicagon No

. PCT/EP 95/00183

member(s)
 

   
  
 

US-A-3917599 04-11-75 AU-A- 6164973 24-04-75
CH-A~ 596205 15-03-78
FR-A,B 2223013 25-10-74
NL-A-~ 7315803 02-10-74  
  SE-B- 408710 02-07-79

 
 

 
Form PCT/ISA/210 (parent famay annex) (July 1992)

BNSDOCID: <wWO___9519978A1>

ATI 1009-0219



ATI 1009-0220

This Page Is Inserted by IFW Operations
and is not a part of the Official Record _

BEST AVAILABLE IMAGES

Defective images within this documentare accurate representations of
the original documents submitted by the applicant.

Defects in the images may include (but are not limitedto):

* BLACK BORDERS

* TEXT CUT OFF AT TOP, BOTTOMORSIDES

* FADED TEXT

e ILLEGIBLE TEXT

° SKEWED/SLANTED IMAGES

* COLORED PHOTOS

* BLACK OR VERY BLACK AND WHITE DARK PHOTOS

e GRAY SCALE DOCUMENTS

IMAGESARE BEST AVAILABLE COPY.

As rescanning documents will not correct images,
please do not report the imagesto the

_ Image Problem Mailbox.

ATI 1009-0220



ATI 1009-0221

 PCT WORLD INTELLECTUAL PROPERTY ORGANIZATIONIntemational Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification§: (11) International Publication Number: WO 97/3675

AGLK 31/495 (43) International Publication Date: 6 February 1997 (06.02.97)

(21) International Application Number: . . . . PCT/EP96/03024

(22) International Filing Date: 11 July 1996 (11.07.96)

(30) Priority Data:
9514464.8 14 July 1995 (14.07.95) GB

patent (AT,"BE, CH.
LU, MC, NL, PT, 5S

(71) Applicant (for all designated States except US): LABORA- CM,GA, GN, ML,
TOIRE GLAXO WELLCOME S.A. [FR/FR], 43, me
Vineuse, F-75116 Paris (FR).

Published

(72) Inventor; and With international search report.
(75) Inventor/Applicant (for US only): DAUGAN,Alain, Ciaude-

Marie [FR/FR]; Laboratoire Glaxo Wellcome S.A., Centre
de Recherches, Z.A. de Courtaboeuf, 25, avenue de Quebec,
F-91940 Les Ulis (FR).

(74) Agents: FILLER, Wendy, Anneet al.; Glaxo Wellcome House,
Berkeley Avenue, Greenford, Middlesex UB6 ONN (GB).

(54) Title: USE OF CGMP-PHOSPHODIESTERASEINHIBITORS TO TREAT IMPOTENCE

(57) Abstract

The use of compounds of formula (I)
(6R, ]2aR)-2,3,6,7,12,12a-hexahydro-2-methy!-
6-(3,4-methylenedioxypheny]}-pyrazino[2’,1”:
6,1 ]pyrido[3,4-b}indole-1,4-dione, (38, 6R, R°
i2aR)}-2,3,6,7, 12, 12a-hexahydro-2,3-dimethyl-
6-(3,4-methylenedioxypheny!)-pyrazino[2’,1’:
6, 1)pyrido[3,4-b}indole-1,4-dione, and physiologically
acceptable salts and solvates thereof, in the treatment
of impotence. 

BNSDOCID: <WO___9703675A1_I_>

ATI 1009-0221



ATI 1009-0222

BNSDOCID: <WO___9703675A1_I_>

applications under the PCT.

AM
>
AU
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
cl
CM
CN
cs
cz
DE
DK
EE
ES
FI
FR
GA

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemationa!

Armenia
Auscia
Australia
Barbados
Belgrum
Burkina Faso
Bulgaria
Benin
Brazil
Belarus
Canada
Cenmal African Republic
Congo
Switzerland
Cite d'ivoire
Cameroon
China
Crechoslovakia
Czech Republic
Germany
Denmark
Estonia
Spain
Finland
France
Gabon

ATI 1009-0222

SEEREETESGRERSGRASS
United Kingdom
Georgia
Guinea
Greece
Hungary
Ireland
haly
Japan
Kenya
Kyrgystan
Democratic People's Republicof Korea
Republic of Korea
Kazakhstan
Liechtenstein
Sri Lanka
Liberiz
Lithuania
Laxembourg
Latvia
Monaco
Republic of Moldova
Madagatcar
Mali
Mongolia
Mauritania

Malawi
Mezico
Niger
Netherlands
Norway
New Zealand
Poland
Portugal
Romania
Russian Federation
Sudan
Sweden
Singapore
Slovenia
Slovakia
Senegal
Swaziland
Chad
Togo
Tajikistan
Trinidad and TobagoUlzaine
Uganda
United States of America
Uzbekistan
Viet Nem

 



ATI 1009-0223

10

15

20

25

30

WO 97/03675 PCT/EP96/03024

USE OF CGMP-PHOSPHODIESTERASE INHIBITORS TO TREAT IMPOTENCE

This invention relates to the use of tetracyclic derivatives which are potent
and selective inhibitors of cyclic guanosine 3',5'-monophosphate specific

phosphodiesterase (CGMPspecific PDE)in the treatment of impotence.

impotence can be defined as a lack of power, in the male, to copulate and
may involve an inability to achieve penile erection or ejaculation, or both. More
specifically, erectile impotence or dysfunction may be defined as an inability to
obtain or sustain an erection adequate for intercourse. {ts prevalence is claimed
to be between 2 and 7% of the human male population, increasing with age, up

to 50 years, and between 18 and 75% between 55 and 80 years of age.

Reports of well-controlled clinical trials in man are few and the efficacy of
orally administered drugs is low. Although many different drugs have been
shown to induce penile erection, they are only effective after direct injection into
the penis, e.g.intraurethrally or intracavernosally (i.c.), and are not approved for
erectile dysfunction. Current medical treatment is based on thei.c. injection of
vasoactive substances and good results have been claimed with
phenoxybenzamine, phentolamine, papaverine and prostaglandin E,, either
alone or in combination; however, pain, priapism and fibrosis of the penis are
associated with the i.c. administration of some of these agents. Potassium

channel openers (KCO) and vasoactive intestinal polypeptide (VIP) have also
been shown to be active i.c., but cost and stability issues could limit

developmentof the latter. An attemative to the i.c. route is the use of glycery! ©
trinitrate (GTN) patches applied to the penis, which has been shown to be
effective but produces side-effects in both patient and partner.

As a generai alternative to pharmacological! intervention, a variety of penile
prostheses has been usedto assist achievementof an erection. The short term
success rate is good, but problems with infection and ischaemia, especially in
diabetic men, make this type of treatment a final option rather than first-line
therapy.

The compoundsofthe invention are potentinhibitors of cyclic guanosine 3°,5'-
monophosphate phosphodi sterases (CGMP PDEs). GB 9514464.8, whichis
the priority documentfor the present application describes the syntheses of the
compoundsof the invention andtheir utility in impotence. W095/19978. which
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"was unpublishedat the prioritydateofthe presentapplication, alsodescribes =—™*”
the syntheses of the compoundsof the invention and theirutility in other

diseases associated with inhibition of cGMP PDEs. The compounds may be
represented by the following general formula {!):

() 
andsalts andsolvates (e.g. hydrates) thereof, in which:

’ RO represents hydrogen, halogen or C4_¢ alkyl:
10 R1 represents hydrogen, C4-galkyl, C2, alkenyl, C2, alkynyl, haloC 4_galiyl,

C3-gcycloalkyl, C3_gcycloalkylC4_3alkyl, aryiIC4_3alky! or heteroaryIC4_3alky!;
R2 represents an optionally substituted monocyclic aromatic ring selected

from benzene, thiophene, furan and pyridine or an optionally substituted bicyclic

SS
ring attachedto the rest of the molecule via one of the benzene

15 ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which maybe saturated orpartially orfully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and

R® represents hydrogen orC,.; alkyl, or R' and R® together represent a 3- or
20 4- memberedalkyl or alkenyl chain.

Suitable individual compounds of the invention for use in the treatment of

erectile dysfunction include:

Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridylmethy!)-6-(3,4-methylenedioxypheny!)-
pyrazino[2’, 1° : 6, 1}pyrido[3,4-b]indole-1,4-dione;

25 Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzo[b]furan-5-yl)-2-methyl-
pyrazino[2',1':6, 1 ]pyrido[3,4-b]indote -1,4-dione;

Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-methyl-
pyrazino[2',1':6, 1]pyrido[3,4-bJindole -1,4-dione;
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~ Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-methyiphenyl)=———— = ==ns
pyrazino[2', 1':6, 1]pyndo[3,4-blindole -1,4-dione;

(6R, 12aR)-2,3,6,712, 12a-Hexahydro-2-isopropy!-6-(3,4-methylenedioxyphenyl)-
pyrazino[2’, 1':6, 1]pyrido[3,4-bJindole -1,4-dione;

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopentyl-6-(3,4-

methylenedioxypheny!)-pyrazino[2', 1':6, 1]pyndo[3,4-b]indole -1,4-dione:

(6R, 12aR)-2,3,6,7,12, 12a-Hexahydro-2-cyclopropyimethy!-6-(4-methoxyphenyl)-
pyrazino[2’,1':6,1]pyrnido[3,4-blindole -1,4-dione;

(6R,12aR)-2,3,6,7,12, 12a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-methy!-
pyrazino[2',1':6, 1]jpyrido[3,4-b]indole -1 ,4-dione;

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2’, 1':6, 1]pyrido[3,4-b]indole-1,4-dione;

(6R, 12aR)-2,3,6,7,12, 12a-Hexahydro-6-(3,4-methylenedioxypheny)l)-
pyrazino[2’, 1': 6,1] pyrido [3,4-b] indole-1 ,4-dione;

(5aR, 12R, 14aS)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-

methylenedioxyphenyl)-pyrrolo[1",2" : 4',5"Jpyrazino[2’, 1’ : 6, 1}pyrido[3,4-
bJindole-5-1,4-dione;

Cis-2,3,6,7,12,1 2a-hexahydro-2-cyclopropyl-6-(3,4-methylenedioxypheny!)-
pyrazino[2', 1:6, 1]pyrido[3,4-b]indole -1,4-dione;

(3S, 6R,12aR)-2,3,6,7,12,12a-nexahydro-3-methyl-6-(3,4-

methyienedioxyphenyl)-pyrazino[2’, 1':6, 1]pyrido[3,4-b]indole -1,4-dione;

and physiologically acceptable saits and solvates (e.g. hydrates) thereof.

The specific compoundsofthe invention are:

(6R,12aR)-2,3,6,7,12, 12a-hexahydro-2-methyt-6-(3,4-methylenedioxypheny))-
pyrazino[2',1°:6, 1]pyrido[3,4-b]indole -1,4-dione (Compound A); and

(3S, 6R, 12aR)-2,3,6,7,1 2,12a-hexahydro-2,3-dimethyl-6-(3,4-
methylenedioxyphenyi)-pyrazino[2',1' : 6, 1Jpyrido[3 ,4-b]indole-1 ,4-dione
(Compound 8);

and physiologically acceptable salts and solvates (e.g. hydrates) thereof.

Unexpectedly, it has now been found that compounds of formula (I), and in
particular compounds A and 8, are useful in the treatment of erectile

dysfunction. Furthermore the compounds may be administered orally, thereby
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_.... » obviating the disadvantages -associated- with -i:c--administration:- ~-Thus “the ~~~-
present invention concems the use of compounds of formula (i), and in
particular compoundsA andB,or a pharmaceutically acceptable salt thereof, or
a pharmaceutical composition containing either entity, for the manufacture of a

5 medicamentfor the curative or prophylactic treatment of erectile dysfunction in a
male animal, including man.

The pharmaceutically acceptable salts of the compoundsof formula(1), and in
particular compounds A and B which contain a basic centre are acid addition
salts formed with pharmaceutically acceptabie acids. Examples include the

10 hydrochloride, hydrobromide, sulphate or bisulphate, phosphate or hydrogen
phosphate, acetate, benzoate, succinate, fumarate, maleate, lactate, citrate,
tartrate, gluconate, methanesulphonate, benzenesulphonate and
p-toluenesulphonate salts. Compounds of formula (I), and in particular
compounds A andB canalso provide pharmaceutically acceptable metal salts,

15 in particular alkali metal saits, with bases. Examples include the sodium and
potassium salts.

It has been shown that compoundsof the present invention are potent and
selective inhibitors of CGMP specific PDE. It has now been surprisingly found
that human corpus cavemosum contains three distinct PDE enzymes. Th

20 predominant PDE has further surprisingly been found to be cGMP PDE. Asa
consequence of the selective PDEVinhibition exhibited by compoundsof the
present invention, the subject compounds can elevate cGMP levets, which in
turn can mediate relaxation of the corpus cavernosum tissue and consequent
peniie erection.

25 Although the compounds of the invention are envisaged primarily for the
treatment of erectile dysfunction or male sexual dysfunction, they may also be
useful for the treatment of female sexual dysfunction including orgasmic
dysfunction relatedto clitoral disturbances.

Generally, in man, oral administration of the compounds of the invention is
30 the preferred route, being the most convenient and avoiding the disadvantages

associated with i.c. administration. in circumstances where the recipient suffers
from a swallowing disorder or from impairment of drug absorption after oral
administration, the drug may be administered parenterally, e.g. sublingually or
buccally.
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Soe onnee oneFOP administration-to man-in -the curative-or-prophylactic-treatment of the —~- °° ~~ ~~
disorders identified above, oral dosages of a compoundof formula (I), and in
Particular compounds A and8will generally be in the range of from 0.5-800mg
daily for an average adult patient (70kg). Thus for a typical adult patient,

5 individual tablets or capsules contain from 0.2-400mgof active compound,in a
suitable pharmaceutically acceptable vehicle or carrier, for administration in
single or multiple doses, once or several times per day. Dosages for buccal or

sublingual administration will typically be within the range of from 0.1-400 mg
per single dose as required. in practice the physician will determine the actual

10 dosing regimen which will be most suitable for an individual patient and it will
vary with the age, weight and response of the particular patient. The above
dosages are exemplary of the average case but there can be individual
instances in which higheror lower dosage ranges may be merited, and such are
within the scopeofthis invention.

15 For human use, compoundsofformula (1), and in particular cormpounds A and
B can be administered alone, but will! generally be administered in admixture
with a pharmaceutical carrier selected with regard to the intended route of

administration and standard pharmaceutical practice. For example, the
compound may be administered orally, buccally or sublingually, in the form of

20 tablets containing excipients such as starch or lactose, or in capsules or ovules
either alone or in admixture with excipients, or in the form of elixirs or

suspensions containing flavouring or colouring agents. Such liquid preparations
may be prepared with pharmaceutically acceptable additives such as
suspending agents (e.g. methylcellulose, a semi-synthetic glyceride such as

25 witepso! or mixtures of glycerides such as a mixture of apricot kernei oi! and
PEG-6 esters or mixtures of PEG-8 and caprylic/capric glycerides).

For veterinary use, a compound offormula (I), and in particular compound A
or B or a non-toxic salt thereof is administered as a suitably acceptable
formulation in accordance with normal veterinary practice and the veterinary

30 - surgeon will determine the dosing regimen and route of administration which will
be mostappropriate for a particular male animal.

Thus the invention includes a pharmaceutical composition for the curative or
prophylactic treatment of erectile dysfunction in a male animal, including man,
comprising a compound of formula (I), and in particular compound A or 8, ora

35 pharmaceutically acceptable salt thereof, together with a pharmaceutically
acceptable diluent or carrier.
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There.is.further. provided. a _process-for the preparation: of a -pharmaceutical~—~"- -~--
composition for the curative or prophylactic treatment of erectile dysfunction ina
male animal, including man, comprising formulating a compoundof formula (),
and in particular compound A or B, or a pharmaceutically acceptable salt

5 thereof, with a pharmaceutically acceptable diluent or carrier.

The invention also provides a method of treating a male animal, including
man, to cure or prevent erectile dysfunction which comprises treating said male
animalwith an effective amount of a compoundof formula (1), and in particular
compound A or B, or a pharmaceutically acceptable salt thereof, or a

10 pharmaceutical composition containing eitherentity.

Moreover, the invention inciudes the use of a compoundofformula (1), and in
particular compound A or B, or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition containing either entity, for the manufacture of a
medicamentfor the curative or prophylactic treatment of erectile dysfunction in a

1§ male animal, including man.

A compound of formula (1), and in particular compound A or B, mayalso b
used in combination with other therapeutic agents which may be useful in the
treatment of erectile dysfunction substantially as hereinbefore described. The
invention thus provides, in another aspect, a combination of a compound of

20 formula (1), and in particular compound A or B together with another
therapeutically active agent.

The combination referred to above may conveniently be presented for usein
the form of a pharmaceutical formulation and thus pharmaceutical compositions
comprising a combination as defined above together with a pharmaceutically

25 acceptable diluent or carrier comprise a further aspect of the invention.

The individual components of such a combination may also be administered
either sequentially or simultaneoustlyin separate pharmaceutical formulations.

Appropriate doses of known therapeutic agents for use in combination with a
compound of the invention will be readily appreciated by thoseskilled in the art.

30 The compounds of the invention may be prepared by any suitable method
known in the art or by the following process which forms part of the present
invention. The process has been previously substantially described in the
Priority documentof the present invention GB9514464.8, and in WO95/19978.
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~v- =e. --- “Thus, a process ~for preparing a compound of formula-(t)-comprises treatinga7~
compoundof formula(II)

 
(Il)

{in which Alk represents C4¢aikyl, e.g. methyl or ethyl and Hal is a halogen
5 atom, e.g. chlorine) with a primary amine R1NH> in a suitable solvent such as

an alcohol (e.g. methanol or ethanol) or a mixture of solvents, conveniently at a
temperature of from 20°Cto reflux (e.g. at about 50°C).

A compound of formula (Il) may conveniently be prepared by treating a
compoundof formula(III) with a compoundof formula (IV)

O

O

Re OAIk HalN NH HalOY a
H10 R2 (tl) (vy R

in a suitable solvent such as a halogenated hydrocarbon(e.g. trichioromethane
or dichloromethane), or an ether (e.g. tetrahydrofuran), preferably in the
presence of a base such as an organic amine (e.g. a trialkylamine such as
triethylamine) or an aikali metal carbonate or bicarbonate (e.g. NaHCO3). The

15 reaction may conveniently be effected at a temperature of from -20°C to +200C
(e.g. at about O°C).

A compoundofformula (!) may also be prepared from a compound of formula
(II!) in a two-step procedure via a compound of formula (I!) isolated without
purification.

20 Compounds of formula (1) may be prepared as individual enantiomers in two
steps from the appropriate enantiomer of formula (Ill) or as mixtures (e.g.
racemates) of either pairs of cis or trans isom rs from the correspondong
mixtures of either pairs of cis or trans isomers of formula (Ill).
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~ Individual enantiomersof the compoundsof theinvention maybeprepared ~~
from racematesby resolution using methods knownin the art for the separation
of racemic mixtures into their constituent enantiomers, for example using HPLC
(high performance liquid chromatography) on a chiral column such as Hypersil
naphthylurea.

A compound of formula (III) may conveniently be prepared from a tryptophan
alkyl ester of formuia (V)

O

OAIko

R ; fl NH,
H {V)

(where Alk is as previously defined) or a salt thereof (e.g. the hydrochioride sait)
with an aldehyde R2CHO. The reaction may conveniently be effected in a
suitable solvent such as a halogenated hydrocarbon (e.g. dichloromethane) or
an aromatic hydrocarbon (e.g. toluene) in the presence of an acid such as
trifluoroacetic acid. The reaction may conveniently be carried out at a
temperature of from -20°C to reflux to provide a compound of formula (Il!) in one
step. The reaction may also be carried out in a solvent such as an aromatic
hydrocarbon (e.g. benzene or toluene) under reflux, optionally using a Dean-
Stark apparatusto trap the water produced.

The reaction provides a mixture of cis and trans isomers which may be either
individual enantiomers or racemates of pairs of cis or trans isomers depending
upon whether racemic or enantiomerically pure tryptophan alkyl ester was used
as the starting material. Individual cis or trans enantiomers may conveniently be
Separated from mixtures thereof by fractional crystallisation or by
chromatography(e.g. flash column chromatography) using appropriate solvents
and eluents. Similarly, pairs of cis and- trans isomers may be separated by
chromatography(e.g. flash column chromatography) using appropriate eluents.
An optically pure trans isomer may also be converted to an optically pure cis
isomer using suitable epimerisation procedures. One such procedure comprises
treating the trans isomer or a mixture (e.g. 1: 1 mixture) of cis and trans isomers
with methanolic or aqueous hydrogen chiorid- at a temperature of from 0°C to
the refluxing temperature of the solution. The mixture may then be subjected to
chromatography (e.g. flash column chromatography) to separate the resulting
diasterecisomers, or in the procedure utilising aqueous hydrogen chloride the
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isolated byfiltration.

The pharmaceutically acceptable acid addition salts of a compound of
formula (I), and in particular compound A or B which contain a basic centre may
be prepared in a conventional manner. For example, a solution of the free base

may be treated with a suitable acid, either neat or in a suitable solution, and the
resulting salt isolated either by filtration or by evaporation under vacuum of the
reaction solvent. Pharmaceutically acceptable base addition salts may be
obtained in an analogous mannerbytreating a solution of compound A or B

with a suitable base. Both types of salt may be formed or interconverted using
ion-exchange resin techniques.

Compounds of the invention may be isolated in association with solvent
molecules by crystallisation from or evaporation of an appropnate solvent.

The syntheses of compounds A and B and of the intermediates for use

therein are illustrated by the following exampies. The examples have been
previousiy described in the priority document of the instant invention
GB9514464.8, and the corresponding Intermediate or Example numberstherein
are shownin parentheses next to the current Intermediate or Example number.

in the Examples section hereinafter the following abbreviations are used:

MeOH (methanoi) and EtOH (ethanol),

Intermediate1(54)

(4R.3R)-Methy! 1,2,3.4-tetrahydro-1-(3.4-methylenedioxyphenyl)-9H-pyrido[3.4-
blindole-3-carboxyl ws r

To a stirred solution of D-tryptophan methyl ester (11 g) and piperonal (7.9 g)in
anhydrous CH2Clz (400 mL) cooled at 0°C was added dropwisetrifluoroacetic
acid (7.7 mL) and the solution was allowed to react at ambient temperature.
After 4 days, the yeliow solution was diluted with CH2Clp5 (200 mL) and washed
with a saturated aqueous solution of NaHCO3, then with water (3x200 mL) and
dried over NagSO4. The organic layer was evaporated under reduced pressure
and the residue containing the two geometric isomers was purified by flash
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- chromatographyeluting with dichloromethane/ethyl acetate (97/3) to give as the~~~
firsr eluting productthetitlecompound (6.5 g)

m.p. : 154°C

 
To a solution of (R)-(+)-2-chloropropionic acid (191 pl, 2.2 mmol) in anhydrous
dichloromethane (30 mL), was added dicyclohexyicarbodiimide (0.45 4g,
2.2. mol). intermediate 1 (0,7 g, 2 mmol) was then added and the mixture was
stirred at room temperature for 20 hours. The formed precipitate of
dicyclohexylurea was removed byfiltration, the filtrate was evaporated in vacuo
and the crude product was purified by flash chromatography eluting with
toluene/ethyl acetate : 95/5. The oily compound obtained was then crystallised
from ether/hexaneto givethetitlecompound as pale yellow crystals (0.74 g)

m.p. : 126-128°C.

 
a) To a stirred solution of intermediate 1 (0.5 g) and NaHCO3 (0.14 g) in-
anhydrous CHCl3 (20 mL) was added dropwise chloroacetyl chloride (0.27 mt)
at 0°C. The resulting mixture was stirred for 1 hour at the same temperature
and diluted with CHClI3 (20 mL). Water (10 mL) was then added dropwise with
Stirring to the mixture, foflowed by a saturated solution of NaHCO3. The organic
layer was washed with water until neutrality and dried over NagSO4. After
evaporation of the solvent under reduced pressure, (6R,12aR)-methyl 1.2.3.4-

for -1-(3.4- | i )\-SH-pyri -bjindole-

3-carboxylate was obtained as an oil which was crystallised from etherto give a
solid (0.38 g, m.p. : 233°C) which was used without further purification in the
next step.

b) To a stirred suspension of the chloroacetyl intermediate (0.37 g) in MeOH
(20 mL) was added at room temperature a solution of methylamine (33%in
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mee a EtOH) (0.4 mL) and theresultingmixture washeated “at 50°C “Uifider N>for7
16 hours. The solvent was removed under reduced pressure and the residue

was dissolved in CH2Clig (50 mL). After washing with water (3x20 mL), drying
over NagSOg and evaporating to dryness, the residue was purified by fiash

5 chromatographyeluting with CHaClo/MeQH (99/1) and recrystallised from 2-
propanolto give thetitle compound as white crystals (0.22 g)

m.p. : 302-303°C.

Analysis for Co9H79N30.:

Caiculated:C,67.86:H,4.92;N,10.79;

10 Found:C,67.77;H,4.92:N,10.74%.

[aJ20", = +71.0° (C=1.00; CHC).

15 i i i wa ia i -bli -14-di

To a stirred solution of intermediate 2 (0.3 g, 0.68 mmol) in THF (30 mL) was
added at room temperature a solution of methylamine (33 % in EtOH) (0.68 mL)
and the resulting solution was treated at reflux under No» for 6 days. The solvent
was removed under reduced pressure and the residue was dissolved in CH9Clp

20 (50 mL). After washing with water (2,25 mL), drying over NagSO, and
evaporating to dryness, the crude product waspurified by flash chromatography
eluting with dichloromethane/methanol : 99/1. The oity residue obtained was
crystallised from methanol to give thetitle compound as white crystals (40 mg)
mp. : 307-309°C.

25 Analysis for C23H24N30,:

Calculated: C, 68.47 ; H, 5.25; N, 10.42 ;

Found: C, 68.35; H, 5.33; N, 10.42%.

[ax]20°, = + 65.2° (c= 1.15; CHCIs3).
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Example3

GS,6R.12aR)-2,3.6.7,12.12a-Hexahydro-3-methyl-6-(3.4-
i nyi)- i “1: i i e -14-di as white

5 Crystals using ammonia as the base.

m.p. : 319-321°C.

Analysis for Co9Hi9N30,:

Calculated : C, 67.86 ; H, 4.92 ; N, 10.79;

Found: C, 67.86: H, 5.17; N, 10.72%.

10 {a]2°,, = + 107° (c = 1 ; pyridine).

Compounds A and B have been included in pharmacy formulations and details
of such formulations are given below.

15 L
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mag/tablet   
Active ingredient 

 
 

Crospovidone USNF

Magnesium Stearate Ph Eur 
 Anhydrous Lactose

The active ingredient was sieved and blended with the excipients. The
resultant mix was compressedinto tablets.
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: mgitablet

Active ingredient

Colloidal Silicon Dioxide

Crospovidone

Sodium Laury!l Sulphate

Magnesium Stearate Ph Eur 
Microcrystalline Cellulose USNF

The active ingredient was sieved and blended with the excipients. The

resultant mix was compressedinto tablets.

B.WETGRANULATION

Active ingredient

Polyvinyl pyrollidone

Polyethylene glyco!

Polysorbate 80

Magnesium Stearate Ph Eur

Croscarmellose Sodium

Colloidal Silicon Dioxide

Microcrystalline Cellulose USNF
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sao) cs- = The polyvinyl pyrollidone, polyethylene giycol and polysorbate 80 were ~~~
dissolved in water. The resultant solution was used to granulate the
active ingredient. After drying the granuies were screened, then extruded
at elevated temperatures and pressures. The extrudate was milled

5 and/or screened then was blended with the microcrystalline cellulose,
croscarmellose sodium,colloidal silicon dioxide and magnesium stearate.
The resultant mix was compressedinto tablets.

mg/tablet  
 

Active ingredient

 
 

Polysorbate 80

 
 

Lactose Ph Eur

 

 

Starch BP

 
 

Pregelatinised Maize Starch BP

Magnesium Stearate BP 

The active ingredient was sieved and blended with the lactose, starch
10 and pregelatinised maize starch. The polysorbate 80 was dissolved in

purified water. Suitable volumes of the polysorbate 80 solution were
added and the powders were granulated. After drying, the granules were
screened and blended with the magnesium stearate. The granules were
then compressedinto tablets.

15 Tablets of other strengths may be prepared by altering the ratio of active
ingredient to the other excipients.

FILM COATED TABLETS

The aforementioned tablet formulations werefilm coated.
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Purified water Ph Eur to 100.0* 
* The water did not appearin the final product. The maximum theoretical weight
of solids applied during coating was 20mg/tablet.

+ Opadry white is a proprietary material obtainable from Colorcon Limited, UK
5 which contains hydroxypropyl methyiceliulose, titanium dioxide and triacetin.

The tablets were film coated using the coating suspension in conventional film
coating equipment.

10

Active ingredient 
 
 

Lactose

 
 

 
 
 

Polyvinyl pyrollidone

Magnesium Stearate 

The active ingredient was sieved and blended with the excipients. The mix was
filled into size No. 1 hard gelatin capsules using suitable equipment.

Active ingredient

Microcrystalline Cellulose

Sodium Laury! Sulphate

BNSDOCID: <wO___9703675A1_I_>

ATI 1009-0237



ATI 1009-0238

WO 97/03675 PCT/EP96/03024

16

neeee|~~ Crospovidone ------. ------ --------

Magnesium Stearate 
The active ingredient was sieved and biended with the excipients. The mix was
filled into size No. 1 hard gelatin capsules using suitable equipment.

Other doses may be prepared by altering the ratio of active ingredient to
5 excipient, the fill weight and if necessary changing the capsule size.

Active ingredient 50.0
 
 
  
 Labrafil M1944CS to 1.0 mi

Theactive ingredient was sieved and blended with the Labrafil. The suspension
wasfilled into soft gelatin capsules using appropriate equipment.

10 inhibitory effect on cGMP-PDE

cGMP-PDEactivity of compoundsof the present invention was measured using
a one-step assay adapted from Wells at al. (Wells, J. N., Baird, C. E., Wu, Y. J.
and Hardman, J. G., Biochim. Biophys. Acta 384, 430 (1975)). The reaction
medium contained 50mM Tris-HCl,pH 7.5, 5mM Mg-acetate, 250yg/ml 5’-

15 Nucleotidase, 1mM EGTA and 0.15pM 8-[H*]-cGMP. The enzyme used was a
human recombinant PDE V (ICOS, Seattle USA).

Compounds of the invention were dissolved in DMSO finally present at 2% in
the assay. The incubation time was 30 minutes during which the total substrate

20 conversion did not exceed 30%.

The ICgy values for the compounds examined were determined from

concentration-response curvesusingtypically concentrations ranging from 10nM
to 10uM. Tests against other PDE enzymes using standard methodology also
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showed that compounds of. the. invention are. highly..selective for the cGMP--—-—---
specific PDE enzyme.

-cGMPlevel measurements

5 Rat aortic smooth muscle cells (RSMC) prepared according to Chamleyetal. in
Ceil Tissue Res. 177, 503 - 522 (1977) were used between the 10th and 25th

passage at confluence in 24-well culture dishes. Culture media was aspirated
and replaced with PBS (0.5mi) containing the compound tested at the

appropriate concentration. After 30 minutes at 37°C, particulates guanylate
10 cyclase wasstimulated by addition of ANF (100nM) for 10 minutes. At the end

of incubation, the medium was withdrawn and two extractions were performed
by addition of 65% ethanol (0.25ml). The two ethanolic extracts were pooled
and evaporated until dryness, using a Speed-vac system. c-GMP was

measured after acetylation by scintillation proximity immunoassay
15 (AMERSHAM).

The compounds according to the present invention were typically found to
exhibit an IC.) value of less than 500nM, and an ECgp value of less than 5. In

vitro test data for representative compoundsofthe invention is given in following
20 Table 1:

Table 1

Example No.

pa
eeee  

25 The above data demonstrates the ability of the subject compounds of the
invention to inhibit cGMP PDE,and hence their utility in the treatment of erectile

> dysfunction substantially as hereinbefore described.
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CLAIMS

1. Use of a compound offormula(I):

(1) 
5 and satts and solvates (e.g. hydrates) thereof, in which:

R° represents hydrogen, halogen or C4_¢ alkyl:
R1 represents hydrogen, C4-galkyl, C2, alkenyl, C2, alkynyl, haloC 1 _galkyl,

C3-gcycloalkyl, C3_gcycloalkylC 4_3alkyl, aryiC4_3alkyl or heteroaryiC 1.3alkyl:
R2 represents an optionally substituted monocyclic aromatic ring selected

10 from benzene,thiophene, furan and pyridine or an optionally substituted bicyclic

CID
ring attachedto the rest of the molecule via one of the benzene

ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which maybe saturated orpartially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and

15 nitrogen; and

R® represents hydrogen or C,.3 alkyl, or R' and R® together represent a 3- or
4- memberedalkyl or alkenyl chain;

for the manufacture of a medicamentfor the curative or prophylactic treatment
of erectile dysfunction in a male animal, including man.

20

2. Use of a compoundselected from

(6R,12aR)-2,3,6,7,12,1 2a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino{2’, 1°:6, 1]pyrido[3,4-b)indole -1,4-dione; and

(3S, 6R, 12aR)-2,3,6,7,12, 12a-hexahydro-2,3-dimethyl-6-(3,4-
25 methylenedioxyphenyl)-pyrazino[2',1' : 6, 1]pyrido[3,4-b]indole-1 ,4-dione;

BNSDOCID: <WO___9703675A1_I_>
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and physiologically acceptable salts and solvates thereof for the manufacture of-----
a medicament for the curative or prophylactic treatment of erectile dysfunction in
a male animal, including man.

3. Method for the curative or prophylactic treatmentof erectile dysfunction in a
male animal, including man, comprising administration of a compoundof formula
():

() 
‘and salts and solvates (e.g. hydrates) thereof, in which:

R° represents hydrogen, halogen or C4_¢ alkyl;
Rtrepresents hydrogen, C4_galkyl, C2, alkeny!, C2, alkynyl, haloC4_galkyl,

C3-gcycloalkyl, C3_gcycloalkyiC4_3alkyl, aryiC4_3alkyl or heteroarylC 4_3alkyl;
R2 representsan optionaily substituted monocyclic aromatic ring selected

from benzene, thiophene,furan and pyridine or an optionally substituted bicyclic

wD
_ attached to the rest of the molecule via one of the benzene

ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ning
which maybesaturatedor partially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and

R? represents hydrogen or C,_3 alkyl, or R' and R* together represent a 3- or
4- memberedalkyl or alkenyl chain.

4. Method for the curative or prophylactic treatment of erectile dysfunction in a
male animal, including man, comprising administration of a compound selected
from

(6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyi)-
pyrazino[2’,1':6,1)pyrido[3,4-b]indole -1,4-dion ; and
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_ BS, _ _§R,Ss12aR)-2,3,6,7,12,12a-hexahydro-2,3-dimethyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2", 1°: 6, 1]pyndo[3,4-bJindole-1 ,4-dione

and physiologically acceptable salts and solvates thereof.

5. A pharmaceutical composition for the curative or prophylactic treatmentof

erectile dysfunction in a male animal, including man, comprising a compoundof
formuia (I):

(I) 
and salts and solvates (e.g. hydrates) thereof, in which:

R° represents hydrogen, halogen or C4_g alkyi:
R1 represents hydrogen, C4_galkyl, C2, alkenyl, C2.¢ alkynyl, haloC 4_galkyl,

C3-gcycloalkyl, C3_gcycloalkylC 1_3alkyl, aryiC4_3alkyl or heteroaryIC 4 _3alky!;
R2 represents an optionally substituted monocyclic aromatic ring selected

from benzene,thiophene, furan and pyridine or an optionally substituted bicyclic

CIA
ring attached to the rest of the molecule via one of the benzene

ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which may be saturated or partially or fully unsaturated and comprises carbon
atoms andoptionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and

R? represents hydrogen or C,.3 alkyl, or R' and R® together represent a 3- or
4- memberedalkyl or alkenyl chain;

together with a pharmaceutically acceptable diluent or carrier.

6. A pharmaceutical composition for the curative or prophylactic treatment of
erectile dysfunction in a male animal, including man, comprising a compound
s tected from

BNSDOCID: <WO__ 9703675A1_I_>
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_ (6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyI-6-(3,4-methylenedioxyphenyl)- __
Pyrazino[2',1':6, 1]pyrido[3,4-b]indole -1,4-dione; and

(35, 6R, 12aR)-2,3,6,7,12,12a-hexahydro-2,3-dimethyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1' : 6, 1]pyrido[3,4-bJindole-1 ,4-dione

and physiologically acceptable salts and solvates thereof, together with a
pharmaceutically acceptable diluent or carrier.

7. A process for the preparation of a pharmaceutical composition according to
Claim 5 for the curative or prophylactic treatment of erectile dysfunction in a
male animal, including man, comprising formulating a compound of formula (b,
and physiologically acceptable salts and solvates thereof, with a
pharmaceuticaily acceptable diluent or carrier.

8. A processfor the preparation of a pharmaceutical composition according to
Claim 6 for the curative or prophylactic treatment of erectile dysfunction in a
male animal, including man, comprising formulating a compound selected from

(6R, 12aR)-2,3,6,7,12, 12a-hexahydro-2-methy!-6-(3,4-methylenedioxyphenyl)-
pyrazino[2',1':6, 1 ]pyrido[3.4-b]indole -1,4-dione; and

(3S, 6R, 12aR)-2,3,6,7,12, 12a-hexahydro-2,3-dimethyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1' : 6, 1]pyrido[3,4-b]indole-1,4-dione

and physiologically acceptable salts and solvates thereof, with a
pharmaceutically acceptable diluent or carrier.

9. A method of treating a male animal, including man, to cure or prevent
erectile dysfunction which comprisestreating said male animal with an effective
amountof a pharmaceutical composition according to Claim 5 or 6.
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__.....10, Useofapharmaceuticalcomposition according to Claim 5 or 6, for the...
oO manufacture of a medicament for the curative or prophylactic treatment of

erectile dysfunction in a maie animal, including man.

5 11. A combination of a compound selected from

(6R, 12aR)-2,3,6,7,12,1 2a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2’, 1':6, 1Jpyrido[3,4-b]Jindole -1,4-dione: and

(3S, 6R, 12aR)-2,3,6,7,1 2, 12a-hexahydro-2,3-dimethyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2’,1' : 6,1 Jpyrido[3,4-b]indole-1,4-dione

10 and physiologically acceptable salts and solvates thereof, together with another
therapeutically active agent, for simultaneous, separate, or sequential use in the
treatment of erectile dysfunction in a male animal, including man.

12. A pharmaceutica! formulation comprising a combination according to Claim
15 11 together with a pharmaceutically acceptable diluent orcarrier.
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> >COMBINATION OF-PHENTOLAMINE~AND-CYCLIC GMP) ~*~~~~ 

PHOSPHODIESTERASE INHIBITORS FOR THE TREATMENT

OF SEXUAL DYSFUNCTION

 

 

BACKGROUND

“Tne presentinvention relates to pharmaceutical

compositions comprising a combination of phentolamine and cyclic

guanosine 3',5-monophosphate phosphodiesterase (cGMP PDE)
inhibitors and to methodsof treating sexual dysfunction, especially erectile
dysfunction, comprising administering an effective amountof a
combination of phentolamine and cGMP PDE inhibitors.

The use of the pharmaceutical compositions and methods of

this invention results in an unexpected potentiation of human sexual
response.

SUMMARY OF THE INVENTION 

Tne present invention is directed to the use of phentolamine

in combination with cyclic guanosine 3’,5'-monophosphate
phospnodiesterase (CGMP PDE) inhibitors for the treatment of human
sexual dysfunction. Preferably, the invention contemplates the useof

Type V cGMPPDEinhibitor in combination with phentolamine with
sildenafil being the preferred Type V cGMP PDEinhibitor.

More particularly, the present invention relates to a method
of treating sexual dysfunction, especially erectile dysfunction, comprising
administering to a humanin need of such treatment an effective amountof

@ combination of phentolamine, or a pharmaceutically acceptable salt,
Solvate or ester thereof, and a cGMP PDEinhibitor, or a pharmaceutically
acceptable salt or solvate thereof. Preferably, the invention contemplates
the use of Type V cGMP PDEinhibitor in combination with phentolamine,
with sildenafil being the preferred Type V cGMP PDE inhibitor,

BNSDOCID: <WO___9959584A1_I_>

ATI 1009-0252



ATI 1009-0253

WO 99/59584 PCT/US99/07046

-?-

Phentolamine mesylate and sildenafil citrate are the most preferred active
ingredients for use in the methodsofthis invention.

In a second aspect, the invention relates to a pharmaceutical
composition comprising an effective amount of phentolamine, ora

PDE inhibitor, or a pharmaceutically acceptable salt solvate thereof.
Preferably, the pharmaceutical compositions envisioned by the present
invention comprise phentolamine, or a pharmaceutically acceptablesalt,
solvate or ester thereof, and a Type V cGMP PDE inhibitor, ora
pharmaceutically acceptable salt solvate thereof, with sildenafil being the
preferred Type V cGMP PDEinhibitor. Phentolamine mesylate and
sildenafil citrate are the most preferred active ingredients of the
Pharmaceutical compositions of this invention.

In a third aspect, the invention relates to a kit comprising in
one container aneffective amount of phentolamine, or a pharmaceutically
acceptable salt, solvate or ester thereof in a pharmaceutically acceptable
Carrier, and in a separate container, an effective amount of a cGMP PDE
inhibitor, or a pharmaceutically acceptable salt, solvate thereof in a
pharmaceutically acceptable carrier, with sildenafil being the preferred
Type V cGMPPDEinhibitor. Phentotamine mesylate andsildenafil citrate
are the mostpreferred active ingredients for use in the kits of this
invention.

In a fourth aspect, the invention relates to a pharmaceutical
composition for the treatment of human sexual dysfunction comprising a
therapeutically effective amountof a first vasodilating agent ora
pharmaceutically acceptable salt or solvate or ester thereof, a
therapeutically effective amount of a second vasodilating agent or a
pharmaceutically acceptable salt or solvate thereof, and a
pharmaceutically acceptable carrier. Preferably, the first vasodilating
agent or a pharmaceutically acceptable salt or solvate or ester thereof is
an adrenergic blocker. More preferably, the adrenergic blocker is an
alpha-adrenergic blocker. Also preferred is that the alpha adrenergic
blockeris selected from the group consisting of an alphai-adrenergic
blocker, an alpha2-adrenergic blocker or both an alphat-adrenergic
blocker and an alpha2-adrenergic blocker. Preferably, the second
vasodilating agent or a pharmaceutically acceptable salt or solvate or
ester thereof is a cGMP PDEinhibitor. Also preferred is that the first
vasodilating agent or a pharmaceutically acceptable salt or solvate or
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ester thereof is an adrenergic blocker and the second vasodilating agent
or a pharmaceutically acceptablesalt or solvate or ester thereofis a cGMP
PDE inhibitor. The adrenergic blocker can be selected from the group
consisting of phentolamine, phentotamine mesylate, phentolamine

_ hydrochloride, phenoxybenazmine,_tolazoline, dibenamine, yohimbine,- ------
terazosin, doxazosin, prazosin and the like. The cGMP PDE inhibitor can

a cGMP PDEV inhibitor. Preferably, the cGMP PDEV inhibitoris selected
trom the group consisting of:

sildenafil,

(6R, 12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-

methylenedioxypheny!)-pyrizino[2’,1':6, 1]pyrido[3,4-b]Jindole-1,4-dione
(Compound A), and

(35,6R,12aR)-2,3,6,7,12, 12a-iiexahydro-2,3-dimethyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2’, 1':6, 1]pyrido[3,4-b]indole-1,4-dione
(CompoundB)or a pharmaceutically acceptable salt or solvate thereof.

In a fifth aspect, the invention relates to a methodof treating human
sexual dysfunction comprising the simultaneous or sequential
administration of a therapeutically effective amount of a therapeutically
effective amountof a first vasodilating agent or a pharmaceutically
acceptablesalt or solvate or ester thereof, a therapeutically effective
amount of a second vasodilating agent or a pharmaceutically acceptable
salt or solvate thereof, and a pharmaceutically acceptabie carrier. The >
classes and types of compoundswhich can be used in the method.are |
describedin the fourth aspect, above.

DETAILED DESCRIPTION

Humansinclude, of course, maies and females. Although the
pharmaceutical compositions of the present invention are envisaged
pnmarily for the treatment of erectile dysfunction or male sexual
dysfunction, they may also be useful for the treatment of female sexual

dysfunction. Such female sexual dysfunction may include orgasmic
dysfunction dueto clitoral irregularities or disturbances.

Phentolamine, 3-[[(4,5-dihydro-1 H-imidazol-2-yl)methyl](4-
methytphenyl)aminojphenol, and pharmaceutically acceptable salts,
solvates, hydrates, crystalline polymorph forms and the free base thereof,
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are useful in the treatment of sexual dysfunction. A rapidly disintegrating
tablet and method of useto treatsexual dysfunction is disclosed in United
States Patent No. 5,731,339, also incorporated herein by reference,
Representative formulations comprising phentolamine are disclosed in

_U.S..5,731,339._Phentolamine_can_exist.in-unsolvated as well as solvated———--- -
forms, including hydrated forms, e.g. hemi-hydrate. In general, the
solvated forms, with pharmaceutically acceptable solvents such as water,
ethanol and the like are equivalent to the unsolvated forms for Purposesof
the invention. Phentolamine can form pharmaceutically acceptable salts
with organic and inorganic acids. Examplesof suitable acids for salt
formation are hydrohalic acids such as hydrochloric and hydrobromic:; as
well as other acids such as sulfuric, phosphoric, acetic, citric, oxalic,
malonic, salicylic, malic, furnaric, succinic, ascorbic, maleic,
methanesulfonic, toluenesulfonic and other mineral and carboxylic «acids
knownto those skilled in the art. The salts are prepared by contacting the
free base form with a sufficient amountof the desired acid to produce a
salt in the conventional manner. The free base forms may be regenerated
by treating the salt with a Suitable dilute aqueous base solution such as
dilute aqueous sodium hydroxide, potassium carbonate, ammonia and
sodium bicarbonate. Thefree base formsdiffer from their respective salt
forms somewhatin certain physical properties, such as solubility in polar
solvents, but the salts are otherwise equivalent to their respective free
base form for purposesofthis invention. Phentolamine can also form
crystalline polymorph formsorcrystaliine forms thereof using suitable or
conventionalcrystallization procedures.

The present inventionis directed to the use of cyclic
guanosine 3’,5'-monophosphate phosphodiesterase (cGMP PDE)
inhibitors in combination with the salts or esters of phentolamine,

- preferably, with phentolamine mesylate for the treatment of human sexual
dysfunction, preferably erectial dysfunction Examples of cGMP PDE
inhibitors contemplated in this invention are as follows and are described
in the following documents, as indicated. The disclosure of each of the
below-referred to documentis incorporated herein by reference.
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European published application number 0201188, which
discloses compoundsof the formula

 Ar-(CH,) sn

and the pharmaceutically acceptable salts thereof,
in which: .

Ri, is a lower alkyl of from one to six carbon atoms,
a lower alkenyl of from one to six carbon atoms, a
lower hydroxyalkyl of from one to six carbon
atoms, a lower hydroxyalkenyl of from two to six

carbon atoms, e iower aminoalkyl of from one to
six carbon atoms, or a tower aminoalkenyl of from
two to six carbon atoms:

n is 0 or an integer of tram 1 to 4: and

Ar is a radicalof the following genera! formula (R,)

{R2) Z°

or 2, 3, or 4+-pyridyl, in which x, Y. and Z are.
independently, (1) hydrogen: (2) lower alky! of trom
ane to six carbon atoms:(3) halogen, (4) hydroxyl:
(5) lower alkoxy of from one to six carbon atoms: -
(6) nitro: (7) amino; (8) NR'R” wherein R’ and R°
are each, independently.(a) hydrogen or (b) lower -
alkyl! of from one to six carbon atoms optionaily
Substituted ‘by (i) amino, Gi) morpholino or (iii)
cycloalkyt of trom. five to seven carbon atoms; (9)sulfonyi: or

(10)-SO.NR'R” wherein R' and R™ are as definedabove;

with the proviso that not all ot X Y, and Z can be
nitro, amino, or NR'R®* at once.

(I)
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T-ethy!-3-m ethy!-S-phenylpyrazolo[4,3-d]-
Pyrimidine-?-one;

1.3-dimethy!-5-phenyipyrazolo[4,3-d]pyrimidine-7-2 ONE. —

1.2-dimethyi-5-(4-chioropheny!)pyrazolo[4.a-d}-
Pyrimidine-7-one-:

1 -3-dimethyi-5-(4-methyiphenyl)Pyrazolo[4,3-d}-
pyrimidine-7-one;

1.3-dimethy!-S-(4-nitrophenyljpyrazalo-[4.3~d}-
Pyrimidine-7-one;

1,3-dimethy-5-(4-trifl uoromethylphenyl)pyrazalo-
[4.3-d}-pyrimidine: ,

1,3-dimethyl-S-(-aminopheny)pyrazotof4,3-d}-
Pyrimidine-7-one;

1,3-dimeth¥I-5-(3-aminopheny!)pyrazoto[4,3-d}-
Pytimidine-7-one;

1 3-cimethy!-5-(3-nitrophenyl)pyrazolol4,3-d}-
Pytimidine-7-one-:

1.9-dimethy!-5~(2-methoxyphenyf)pyrazolo(4,3-d}
pyrimidine-7-one;

13-dimethyl'S-{3,4-dichloropheny!}pyrazoio[4.3-d}
Pyrimidine-7-one:

1.3-dimethyt-5-{3.4-dimethoxyphenyl)pyrazoto[4a
dtpyrimidine-7-one;

1 “3dimethy!S%2.4-dimethoxypheny!)pyrazolo[4.3-d}-pyrimidine-7-one: ,

1,3-dimethYES~{2-nitro~4~chiorophenyt)pyrazolo-
[4.3-d}-pyrimidine-7-one;

1,3-dimethyi-S-2-amino~4-chiorophenyl)pyrazolo-
[4.3-dEpyrimidine-7-one-

1,3-dimethy+-5-(4-sulfonic acid Phenylpyrazoio-[4.3-}pyrimidine-7-one:

13dimethyt5-[4-(N-2-(dimethyiamino)ethyt»
Benzonesulfonamide}pyrazolol4,3-dipyrimiding-7-one;

1 Sdimethy5:(3.5-dimethoxyphenyNpyrazoiot43-dFpyrimidine-7-one; or

1 3-dimethy!-5-{3-mathoxyphenylpyrazo10[4,3-d}-pytimidine-7-one, .
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European published application number 0214708, which
discloses compoundsof the formula

 
in which:

A represents a group of formula:

3? 0
Ntal mS (c}

pB~ Sq

NHo
ae iH

(b} l-H= \
Hol |

or {e)

R' and R’ are the same or Gitterent and each
represents a hydrogen atom, a halogen atom or
group of formula -OR* °

R' and R‘ ere the same or different and each
represents & carbamoyl group or a carboxy group:

R‘ and R* both represent hydrogen atoms or to-
gether they represent an extra Carbon-carbon bond
between the carbon atoms to which the are at
tached; . *

[ BNSDOCID: <wO___$959584A1_1_>
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R’ capresants a hydrogen atom, a halogen atom or
a group of formula -OR’, -NR"R"or -SR";

‘R' representsa halogenatom oragroupoffortriula
-OR’, -NR"A"or -SR’;

R’ represents a hydrogen atom. a CC. aliyl
group, an alkyisulphonyl group. a haloaikylsul-
phony! group, an arylsuiphonyl group or 2 hydroxy-
protecting group;

R" and R” are the same or different and each

represents a hydrogen atom, a hydroxy group. a
C.-C, alkyl group. a C.-C, hydraxyalky! group, a C.-
CS. aminoalkyl group, an aralkyl group, anary!
group. 2 C.-C. alkoxy group, an aralkyloxy group,
en amino group, a C.-C» aliphatic acyl group or an
aromatic acyl group; or R™ and A“ together repre-
sent a substituted methylene group, or A” and R™,
together with the nitrogen atom to which they are
attached, represent a heterocyclic group having 5
or 6 ring atoms, of which, in addition to the nitro-
gen atom shown, 0 or 1 are additional oxygen,
nitrogen or sufphur hetero-atoms, said heterocyclic
group being unsubstituted or having from 1 to 3 C.-
CG, alkyl and/or C.-C, alkoxy substituents;

R" represents a C.-C, alkyl group;

Z represents 2 hydrogen atom, a hydroxy group or
‘a substituted hydroxy group; and

W represents an alkoxy group or an aralkoxy
group:

provided that, when A represents said group of

formula (e), Ré end At both represent hydrogen
atoms;

and pharmaceutically acceptable salts and esters
thereat.

PCT/US99/07046
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2-Amino-6-desamino-6-hydroxygriseotc
‘acid and pharmaceutically acceptable salts and.es-
ters thereof.

2-Amino-6-desamino-6-hydroxygnseolc
acd 7+amide and pharmaceutically. acceptable  .

salts and esters thereof.

. 2-Aminagriseolic acid and pharmaceutically
acceptable salis and esters thereof.

Bis(pivaloytoxymethy') 2-amino-6-
desamino-6-hydroxygriseolate and pharmaceutical-
ly acceptable salts thereof.

2-Amino-N ‘-methoxygriseolic acid and
pharmaceutically acceptable salts and esters there-
of. .

2-Amino-N'-benzyloxygrisesiic acid and
pharmaceutically acceptable salts and esters there-
of.

2-Fluorogriseoliu acid and pharmaceutically
acceptable salts and esters thereof.

2-Chiorogriseolic acid and pharmaceutically
acceptable salts and esters thereol.

--, 2-Amino-8-desamino-6-hydroxy-7"-dasoxyg-
iseolic acid and pharmaceutically acceptable salts
and esters thereof.

. 2-Amino-7'-desoxygriseslic acid and phar-
maceuticafiy acceptable salts and esters thereof.

2-Chioro-T-desoxygrseolic acid and phar-
maceulically acceptable salts and esters thereof.

2-Amino-8-desamino-6-hydroxy-2"-chioro-
2'-desoxygriseolic acid and pharmaceutically ac-
ceptable satts and esters thereof.

“© 2-Amino-6-desamino-6-hydroxy-2'-desoxyg-
riseolic acid and pharmaceutically acceptable salts
and esters thereot.

2-Amino-2'-chioro-2"-desoxygrisealic acid
and pharmaceutically acceptable salts anc esters
thereof.

’, 2-Amino-2’-desoxygriseolic acid and phar-
macautically acceptable salts and esters thereof.

2-Chiore-2'-desoxygriseoic acid and phar-
maceutically acceptable salts and esters thereof.

Griseohe acid N-oxide and pharmacouti-
cally acceptable salts thereof.

2-Acetylamino-6-desamino-6-hydroxy-4'.5'-
Gihydragriseolic acid and pharmaceutically accept-
able salts and esters thereof.

2-Amino~6-desamino-5-hydroxy-4'.5"-
dihydrogrissolic acid and pharmaceutically accept-
able salts and esters thereof.

2-Acetyiamine-6-desamino-6-hydroxy-4'5"-
dihydro-7'-desoxygrisaolic acid and pharmaceuti-
cally acceptable salts and esters theracf. ‘.

2-Amino-6-desamino-G-tydroxy-4'.5"-
dihydro-7'-dasaxygriseolic acid and pharmaceuti-
cally acceptable salts and esters thereof.

2,5-Dichioro-6-desamino-4’5"-dihydrog-
fssolic acid and phannaceutically acceptable salts
and esters thereof.

2-Chiore-4' .S"-dihydrogrisesli¢ acid and
pharmaceutically acceptable salts and esters there-
of.

PCT/US99/07046
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European published application number 0319050, which
discloses compoundsof the formula

3 ;
R (1)

in which:

A represents a group of formula:

nHRl2

Ko”

Re
R! and RF? are the sameordifferant and each represents a hydrogen atom, a halogen atom ora group offormula ~ORS;

FR? and R° are the sameor different and eactr represents accarbarnoy!-groupor @ ‘carnoxy group;FS and R® both represent hydrogen atams:
R® represents a hydrogenatom, a C,-Ce alkyl group, an alkyisulphonyi group, a haloaikyisulphonyi group,an aryisulphony! group or a hydroxy-protecting group;
R*? represents a C1-Cy alkyi group;
and pharmaceutically acceptable salts and esters thereot.
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European published application number 0293063, which
discloses compounds ofthe formula

HN Ntw
Sy N

or?

or a pharmaceutically acceptable salt thereof, wherein
R' is Cygalkyl.or Czgalkenyt, and
R? is hydragen or hydroxy.

. 2-(2-propoxypheny!}-6-purinone,
Preferred compoundsinclude: 2-{2-ethoxyphenyl)-6-purinone,

. 2-(2-bytoxyphenyl)-6-purinone,
2-(2-isobutoxypheny!}-6-purinone,
2-(2-propoxypheny|)purine-6,8-dione,
2-{2-methoxypheny!)purine-6,3-dione,
2-{2-othoxyphenyl)purine-6,8-dione,
24{2-butoxyphenyi)purine-6.8-cione,
2-{2-isobutoxypheny)purine-6,8-dione, or
2+2-allyioxyphenyl)purine-6-A-~dione
or a pharmaceutically acceptable sait thereof.

European published application number 0347027, which
discloses compoundsof the formula

x

ALL
AN ,
a ~R°
4

oR?

Or a pharmaceutically acceptable salt thereof, wherein
x ts OorS;

R’ is C.—calkyi, C2~calkenyl, Cy-scycloalky!G, ~ealkyl, or C.-<alkyl substituted by 1 to 6 Huoro groups:Fe is hydrogen, ~-CN, -CONRS R®, -CO2R7, S-tatrazoly!, -NOz, -NH2 or -NHCOR® wherein AS, RS, R’ andR® are independently hydragen or C. -salkyi;
Fe is hydrogen or Ci-salkyl; and
RS is hydrogen or C.-~alicy!: .
with the proviso that R! Is not methy! when R2 is ~CO2H, -CO2CH2CHy er -CN, X Is 0, FR?is hydrogen andRY is hydrogen or methyl ,

BNSDOCID: <WO__9959584A1_I_>
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Preferred compoundsinclude:

3-cyano-6-(2-propoxypheny!)-2(1 H)-pyridinone,
6-(2-propoxypneny!t)-1 -2-dinydro-2-oxopyridine-3-carboxamide.
6-(2-propoxypneny!}-1 .2-dihydro-2-oxopyridine-3-carboxylic acid.
methyl 6-(2-propoxyphenyl)-1.2-dihydro-2-oxopyridine-3-carboxylate, oe

’ 6-(2-propoxyphenyl)-3-{1H-tetrazol-5-yl}-2(1H)}-pyridinone,
§-(2-propoxyphenyl}-2(1H)-pyridinone.
3-nitro-6-(2-propoxyphenyl}-2(1 H}-pyridinone.
3-cyano-6-(2-ethoxyphenyl}-211H}-pyridinane ,
3-amino-6-(2-propoxypheny!}-2(1H)-pyridinone,
3-cyano-4-methy!-6-(2-propoxyphenyl}-2(1 H)-pyridinone.
3-cyano-5-methyi-6-(2-propoxyphanyl}-2(1 H)-pyridinone.
3-cyano-6-{2-(1,1 2,3,3.3-hexafluoropropoxy}pheny!-2(1 H)}-pyridinone,
S-cyano-6-{2-propoxypneny!)-2(1 H)-pyridinetnione,
1 -2-dihydro-4-methyi-2-0x0-6-(2-propoxyphenyl)pyridine-3-carhoxylic acid,
methy! 1 .2-dihydro-4-methyl-2-ox0-6-(2-propoxyphenyl)-pyridine-3-carboxylate,
1 -2-dihyare~4-methy!-2-0x0-6-{2-propoxyphenyi)pyridine-3-carboxamide,
3-cyano-6-(2-cyciopropylmethoxyprenyl)-2(1H}-~pyndinone, .
6-(2-butoxypheny!}-3-cyano-2(1H)-pyridinens,
6-(2-allytoxyphenyl)-3-cyano-2(1 H)-pyridinons.
3-cyano-6-[2-(2-methyipropoxyjpheny!}-2(t H}pyridinone.
6-(2-ethoxypheny!} (.2-dihydrn-2-oxopyridine-3-carboxamide,
6-(2-cyclopropyimethoxypheny!)}-1 2-dihydro-2-oxopyridine-3-carboxamide.
6-{2-butoxyphenyl)- 1,2-dihydro-2-oxopyridine-3-carboxamido.
6~(2-allyioxyphenyl)-1 .2-dihydra-2-oxopyridine-3-carboxamide. or
6-{2-{2-methyipropoxypheny|)-1.2-dihydro-2-oxopyridine-3-carboxamide, :
or a pharmaceutically acceptable salt thereof.

European published application number 03471 46, which
discloses compounds of the formula

BNSDOCIO: <WO___9959584A1_I_>
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on?

cr a pharmaceutically acceptable satt thereof. wherein

DD
iS a ring of sub-formuta (a). (b). (¢), (d), (e), {f) or (g) :
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Gayyp engece

N N. N.

SL : yyGa WM
fe) (£) (g) c

R! is C.—galkyl, Cz2-calkenyl. Ca-scycioalky!C1 -<alky!, or C,-<alky! substituted by 1 to G fluoro groups;
R2 is Ci-salkylthio, C1 -<alkylsulphonyl, C1-salkoxy, hydroxy, hydrogen, hydrazino, Ci-<alkyl. phenyl,
-NHCOR? wherein A? is hydrogen or C:-calkyl. or ~NR*R® wherein R* and A® together with the nitrogen
atom to which they are altached form a pyrrolidino, piperidine, hexahydroazepino, morpholino or piperazine
ring. or R* and RS are independently hydrogen, Cs-scycloaikyl or C.—-caikyl which is optionally substituted
by -CF3, phenyl, -S(O),C:-<alky!l wherein n is 0, 1 or 2, -OR*, -CO2R’ or -NR®ER? whereln R* to R? are
independently hydrogen or C.1-<alkyl, provided that the carbon atom adjacent to the nitrogen atom is not
substituted by satd -S(Q),C.-< alkyl, -OR* or-NAPR® groups; and
Ris hydrogen and can also be hydroxy when R?is hydroxy.

Preferred compoundsinclude:

2-(2-propaxyphenyi)pyrido[2.3-d}pyrimid-4{3H)-one,
2-(2-propexyphenyi)pyridof3.4-dJpyrimid-4(3H)-one,
2-(2-propoxyphenayhpyrido[4,3-d}pyrimid-4{3H)-one,
2-(2-propoxyphenyl}pyrido[3,.2-d]pyrimid-4(3H)-one,
2-(2-propexyphenyNpteridin-4(3H)}-one,
2-+{2-propoxypheny|)pteridin-4,6(3H,.SH}dione,
2-(2-propoxyphanyl)pteridin-4.6.7(3H.5H,8H+-trione,
5,8-dihydro-3-methylthio-S-oxo-7-(2-propoxyphenyl)pyrimido[5,4-e] [1,2,4}tiazine,
3amino-5,6-dihydro-5-ox0-7-(2-propoxypheny])pyrimido[5,.4-e][1.2,4}triazine, &
3-methylamino-5,6-dihydro-5-0xo-7-(2-propoxyphenyi)pyrimido(5,4-0}{ 1 .2.4}triazine,
3-methoxy-5.6-dihydro-5-0x0-7-)2-propoxyphenyl)pydmido[5,4-e][1,2.4}iriazina,
3-methylthio-8-oxe-6+{(2-propoxyphenyl}-7,8-dihydropyrimido[4.5-e][1.2.4]triazine,
3-amino-8-0x0-6-(2-propoxypheny!)-7,&-dihydropyrimido[4.5-ef 1,2.4}triazine,
3-methylamino-8-cx0-6-(2-propoxyphenyl)7,8-dihydropyrimido[4.5-e][1 .2,4}riazine,
S-methoxy-8-ox0-8-(2-propoxypheny!}-7,8-dihydropyrimido[4,5-eT1 2,4}triazine,
3.8-diex0-8-(2-propaxypheny|}-3.4,7,8-tetrahydropyrimido[4,5-¢][1 2,4}trlazine,
&dimethyltamino-8-0x0-6-(2-propoxyphenyl)-7.8-dihydropyrimido[4.5-e]{1.2,4]}tnazine,
3-mathylthio-8-oxe-6-(2-allyloxyphenyl)-7,8-dihydropyrimido(4,5-e[1 ,2.4}uiazine,
3mothylthio-3-0x0-6-(2-isobutoxyphenyl}-7.8-dihydropyrimido[4,5-e][ 1.2,4]blazine,
3-methylihio-8-ox0-6-(2-cyclopropyimethoxypheny))-7,8dihydropyrmido[4,5-e][1 ,2.4}tlazine or
3-methytihio-8-0x0-6-(2-mathaxypheny))-7.8-dinycropyrimido[4.5-6][1 .2.4]}triazine
or a pharmaceutically acceptable salt thereof.

BNSDOCID: <WO___9959584A1_I_>
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European published application number 0349239, which
discloses compoundsof the formula

J--4> hy Ln 
or a pharmaceutically acceptabie salt thereof, wherein

is a cing of sub-formula (a), (b) or (c):

(a) (2) {c),

i en or sulphur, andRisCaney Cz~<alkeny!, Ca~scycloalkyiC: -salkyl, or Ci—~calky! substituted by 1 to 6 fluoro groups,

Preferred compoundsinclude:

&4{2-propoxypheny!)pyrazoio(3,4-dlpyrimidin-4(5H)-one,
242-propoxypheny)thieno[2,3-d]pyrimidin-4{3H)-one,
242-propoxyphenyl}{1.2.5]axadiazolo[3,4-dlpyrimidin-4(34}-one, or
2-(2-propoxyphenyi{1.2,6]thlaciazolo[3,4-d}pyrimidin-4(3H)-one,
or a pharmaceutically acceptable salt tharecf.
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European published application number 0351058, which
discloses compoundsof the formula

 
or 2 pharmaceutically ecceptable salt thereof, wharein

A’ is Ci alkyl, Go-salkeny!, Ca—scycloalkyiC, — alkyl, or C,-2lxyl substituted by 1 to 6 fluoro groups;
R? is Cy-calicylthio, C,-<¢alkylsulphonyl, Ci—<alkoxy, hydroxy, hydragen, hydrazino, C,-calky!, phenyi,
*NHCOR} wherein R? is hydrogen or C,-calkyl, or -NR‘RS, wherein R“ and AE together with the nitrogen
atom to which they ere attached farm a pyrrolidino. piperidino, hexahydroazepino, morpholine or piperazino
ring, or R* and A® are independently hydrogen, Cy-s5 cyctoalicy! or Ci -saiky! which is optionalty substituted
by -CF, phenyl, -S(O),C:—<alkyl wherein n is 0, 1 or 2, -OR®, -CO2R? or -NRE8R® wherein AS to R® are
independentiy hydrogen or CG, —salkyl, provided that the carbon atom adjacent to the nitrogen atom is not
substituted by sald -S(O),C1-calkyl, -OR® or -NASR groups; and

is a ring of sub-formula (a) or (b) :

JO O}
N

(a) (P).

Preferred compoundsinclude:

7-mathylthio~4-axo-2-(2-propoxyphanyl)-3,4-dihydrapyrimido[4, 5-dipyrimidine,
7-mathylthio-2-(2-ethoxyphenyl}-4-oxo-3,4-dihydropynmido[4,5-djpyrimidine,
7-methythio-2-(2-methoxyphenyl}-4-0x0-3,4-dihydropyrimido[4,5-dpyrimidine,
7-methyithio-2-(2-isobutoxypheny)-+-oxo-3,4-dihydropyrimikio[4,5-dIpyrimidins,
7-methylthio-2-(2-cyciopropylmethoxyphenyl}-4-0x0-3,4-dihydropyrimido[4,5-d]pyrimidine,
7-methyithio-2-{2-allyloxypheny[}-4-0xo-9,4-dihydropyrimido[4.5-d}pyrimidina,
T-amino~4-oxo-2-(2-propoxyphenyl>3,4-<dihydropyrimidol[4,5-d}pyrimidine,
7-mathylamino-4-axe-2-{2-propoxyphenyh-3,4-dihydropyrimide[4,5-d]pyrimidine,
7-dimethytamino-4-ax0-2-{2-prapaxyphenyl)-3,4-dihydrapyrimido[4,5-d]pyrimidine,
7-hydrazino-4-oxa-2-(2-propoxypheny!}-3.4-dihydropyrimido(4,5-d]pyrimidina,
4-0x0°2-(2-propoxyphenyl)-3,4-dihydropyrimido[4,5-d]pyrimidine,
7-ethylamino-4-ox0-2-{(2-propoxypheny|-3.4-dihydropyrimido[4 ,S-d]pyrimidine,
7-(2-hydroxyethytaming)-4-0x0-2-(2-propaxypheny|)-3,4-dihydropyrimido[4,5—d]pyrimidine,
7-ethyi-4-ox0-2-(2-propaxyphenyl)-3,4-dihydropyrimido[4.5-S)pyrimidine_ .
7-methylamino-2-(2-methoxyphanyl}-4-ox0-3,4-dihydropyrimido[4,S-d]pyrimidine,
7-phenyl-4-axo-2-(2-propaxyphenyl)-3,4-dihydropyrimida{4.5-dpyrimidine,
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7-morpholino-4:ox0-2-(2-propoxypheny!}-3.4-dihydropyrimido[4,5-dipyrimidine, -
Sitter ce nee tition oe “7-cyciopropylamino~4-oxo-2-(2-propoxyphenyl)-3.4-dihydrapyrimido[4.S-d |pyrimidine,

7-acetamido—-oxo-2-(2-propoxyphenyl)-3,4-dihydropyrimidof4.S-d]pyrimidine,

?-propylamino-4-cx0-2-(2-propoxyphenyl}-3,4-cinydropyrimido[4,5-dpyrimidine,
7-(3-hydroxypropylamino)-4-oxo-2-(2-propoxypheny!}-3.4-dihydropyrimidol4,5-dIpyrimicine,
7-(2-methoxyethyiamino)-4-oxo-2-(2-prapoxypheny!)-3,4-dihydropyrimide[4,5-dIpyrimidine, 7
7-(2-dimethylaminosthylamino)-4-oxo-2-(2-propoxyphenyl)-3,4-dihycropytimidos4,5-dipyrimidine,
7-(2hycroxypropylamino)-4-ox0-2-(2-propoxypheny!)-3.4-dihydropyrimidol4,5-dJp yrimidine,
7{3-methy|thiopropylamino)-4-oxo-2-{2-propoxyphany1)-3,4-dihydropyrimido[4,5-d]pyrimidine,
7{2-aminosthylammo)-4-0x0-2-(2-propoxyphenyl)-3,4-dihydropytimidof4,5-dpyrimidine hydrochloride.
7{3-methytsulphinyipropylamino}-4-oxo-2-{2-propoxyphenyl)3,4-dihydropyrimido[4,5-d]pycimidine,
7-(3-methylsulphony|propylamino)-4-oxa-2-(2-propoxyphenyl)-3,4-dihydropyrimido[4,5-d}pyrimidine,
4,7-dioxo-2-(2-propoxypheny!)-3.4,7,8-tetrahydropyrimidof4,5-dpyrimidine, _—
7-methy!sulphony!-<-oxc-2-(2-propoxypheny|)-3,4-cihydropyrimido[4,5-dIpyrimidine,
7-diethytamino-4-oxo-2{2-propoxyphenyl)-3,4-dihydropyrimido(4,5-dlpyrimidine, a
7{2-ethoxycarbonyiethylamino)-4-ox0-2-(2-propaxypheny|)-3.4-cihydropyrimido|4,5-d}pyrimidine,
7-{ethoxycarbonyimethylamino)-4-0x0-2{2-propoxyphenyl)-3.4-dihydropyrimido[4,5-d[pyrimidine,
7-(2carboxyethylamino)-4-oxo-2-(2-propaxyphenyl)-3,4-dihydrapyrimido[4,5-dpyrimidine,
7-{carboxymethylamino}-4-cxo-2-(2-propoxyphenyl)-3,4-dihydropyrimido[4,5-dpyrimidine,
7-ethaxy-4-oxo-2-{2-propoxyphenyl)-3,4-dinydropyrimido[4,5-d]pyrimidine,
F-methoxy~4-0x0-2-(2-propoxyphenyl)-3,4-dihydropyrimido[4,5-dlpyrimidine, ——
7-(2,2.2-trifluoroethy!amino)-4-oxo-2-(2-propoxyphenyl}-3,4-dihydropyrimido[4.5-dipyrimidine,
7-propoxy-4-0x0-2(2-propoxypheny!}-3,4-dihydrapyrimido[4,S-dlpyrimidine, ;
7-(NrethyF-N-hydraxyethylamino)-4-oxo-2-{2-propaxyphenyl)-3,4-cihydropyrimido[4,5-d}pyrimidine,
7-dipropytamino-4-oxc-2-(2-propoxypheny!)-3,4-dinydropyrimido[4.5-d]pyrimidine,
7-(2-phenethylamino}-4-0x0-2-{2-propoxyphenyl}-3,4-dihydropyrimide[4,S-d]pyrimidine, or
4-0x0-2-(2-propaxyphenyl)-3,4-dihydropyrimido[S,4-d}pyrimidina,
or a pharmaceutically acceptable salt thereof.

European published application number 0352960, which
discloses compounds of the formula

Oo 8
NHNew

N
R2

or?

or a pharmaceutically acceptabie salt thereof, wherein

R? is C1~calky!, Ca-calkenyl, Ca-scycloalkyiCy —+alkyl, phanyiC, alkyl or Ci—salkyi Substituted by t to 6fluoro groups:

Fe is hydrogen, hydraxy, C; ~salkyl, phenyl, mescapto, Ci-qalkylthio, CFs or amino:
FR? is hydrogen, atyo, amino, C1—salkanoylamino, C1—«-alkoxy, Cy -salkyl, halo, SOLNRA‘RS, CONR*RAS,cyano or Cy -alkyIS(O)n;
R* and AS are Indapendantly hydrogen or C:-salkyt: and
nis 0,1 or 2: ,

Provided that Fi is not hydrogen whan R? isCy ~salkyl or C2~¢ aikanyl-and FR Is bhydrogsn or hydroxy,

BNSDOCID: <wO___9959584A1_I_>
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Preferred compoundsinclude:

 
2+2-42.2.2-tifiuerosthoxyIpheny|purin-6-one,
2-(2-cycloprapyimethoxyphenyt)pucn-6-one,
2+(2-cyclopropyimethoxypheny!}purin-8.8-dione,
2-(2-benzyloxyphenyl)purin-6,8-diono,
2-(2-propoxypheny})-8-trifluoromethyipurin-8-one,
2+2-propoxyphenyl)-8-phenylpurin-B-one,
2-(2-prapoxyphenyl}-8-mathyipurin-6-one,
2{2-propaxyphenyl}-8-mercaptopurin-6-one,
2-(2-propoxyphenyl}-8-methytthiopurin-6-one,
2+{2-propoxyphanyl)-8-aminapurin-6-one,
2-(2-propoxy-S-nitrophenyl)purin-6-one,
2-+(2-propoxy-5-aminopheny}purin-6-one,
2-+{2-propoxy-5-acetamidophenyNpurin-6-one,
2-{2-propoxy-4-methoxyphenyNpurin-B-one,
2-(2-propoxy-5-methoxyphenyl)purin-8-one,
2-+{2-propaxy-5-chiorophenyNpusin-B-one,
2-(2-propaxy-4-methyiphenyNpurin-6-one,
2-{2-propaxy-S-fluorophenyl)purin-6-one,
2-(2-propoxy-5-dimethyisulphamoyiphenyljpurin-6-one,
2-(2-propoxy-S-methyisulphamoyipheny)Npurin-6-ono,
2+(2-propoxy-5-sulphamoyipheny)purin-8-one,
2+(2-propoxy-4-mathylthiophenyl)purin-6-ons,
2+{2-propoxy-5-cyanophanyl)purin-6-one, or
2-(2-propoxy-5-carbamoylpheny|jpurin-6-one,
or a pharmaceutically acceptable salt thereof.

European published application number 0371731, which
discloses compoundsof the formula

oO

2 (3)

ort

or & Phammaceutically ecceptable salt thereof, wherein
Rt ls Gy-<alkyl, Cz-salkanyt, Ca-scycloalkylC: -salkyl, phenyiC, -salkyt or C, -~salkyl substted by 1 to 6fluore groups;

F? is hydrogen, C, —saikyl, C1—calkytthio, G -catkoxy, nitro or ANFBRS: and
FR? and R* are independently hydrogen or Ci ~selikyl Optionally substituted by hydroxy provided that the
Carbon atom adjacent to the nitrogen atom ts not substituted by hydroxy;
with the proviso that A Is not methyl or ethyl when Rt is hydrogen:
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Preferred compoundsinclude:

2-(2-propoxypheny|quinazolin-4(3H}-one,
7-methytthio-2-(2-propoxyphenyliquinazotin-4{3H)-one,
7-nitte-2-(2-propoxyphany))-4(3H}-quinazolinone,
7-amino-2-(2-propoxypheny!)-4(3H)-quinazolinone, or oeeeSoo em neeneroeemathylamino-2-(2-propoxypheny!}-4(3H)}-quinazotinone "~~"a or a pharmaceutically acceptable salt thereot.

European published application number 0395328, which
discloses compoundsofthe formula

N

Uk | (1)DT R*

or a pharmaceutically acceptable salt thereof, wherein
R! is Ci~galkyt, C2--alkenyl, Ca —scyctloalkyIC, alkyl, PhenyiC; -calkyt or Gi-calkyl substituted by 1 to 6fluore groups; and

RF? is Ci-calkyl, Phenyl, hydroxy, C:~calkoxy, halo, -NHCOR}, -NHCONHAS, S-tetrazolyl, -CO2AS, cyano.-CONRSR’, or -NR®R? wherein R2 to RI are independently hydrogen or C.-csalky! and A® and R® are
independently hydrogen or C, ~satky! optionally substituted by hydroxy provided that ihe carbon atomadjacent to the nlirogen atom is not Substituted by hydroxy;

Preferred compounds include:

: 6-amino-2-(2-propaxyphenyl)pyrimidin~4{3H}-one,
6-acetamido-2-{2-propoxypheny})pyrimidin-4{3H}-one,
6-propionamide-2-{2-propoxyphenyl}pyrimidin-4{3H}-one,
§-butyramido-2-(2-propexyphenyl)pyrimidin-4{3H]-one,
6-N “methylureido-2-{2-propoxyphenylpyrimidin-4[3Hone,
4.6-dihydroxy-2-(2-propoxypheny!}pyrimidine,
4-chloro-6-hydroxy-2-(2-propaxypheny|pyrimidine,
6-ethytamino-2-(2-propoxyphenyl)pyrimidin-4{3H}-one,
8-propylamino-2-(2-propoxyphenyljpyrimidin-4{3H}one,
5-(2-hydroxyethyiamino}- -(2-propoxyphenyl)pyrimidin-4[3H]-one,
6-(3-hydroxypropylamino)-2-(2-propaxypheny!)pyrimidin-4{3Hone,
+hydroxy-6-methy!-2-(2-propoxyphenyl)pyrimidine,
S-hydroxy-2-{2-propoxyphenyi)pyrimidine-4-carboxylic acid,
ethy! S-hydroxy-2-(2-propoxyphenyl}pyrimidine-4-carboxylate,
G-hydroxy-2-{2-propoxyphenyNpyrimidine-4-carboxamide, .
4-cyano-6-tydroxy-2-(2-propoxyphenylyoyrimidina,
2-(2-propoxypheny|}-6-(1H+tetrazol-S-yijpyrimidin-4(3H)-one,
é-sthyt6-hydroxy-2-2-propaxyphenyljpyrimidine,
“hydroxy-6-phenyt-2-(2-propoxyphenylpyrimidine,
N-mathy! S-hydroxy-2-(2-propoxypheny!)oyrimidine-4-carboxemide,
N-ethy! S-hydroxy-2-(2-propaxyphany!)pyrimidine-4-carboxamide,
N-propy! E-hydraxy-2-(2-propoxyphenylpyrimidine-4-carboxamide,
S-ethoxy-2-{2-propaxyphenyl)pyrimidin-4(3H}-one, or
SNANbis-(2-hyctroxyethyfhamino-2-{2-propaxyphenylipyrimidin-4(3H)-one,
or a pharmaceutically acceptable salt thereof. ,

BNSDOCCID: <WwO___9959584A1_i_>
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European published application number 0400583, which
discloses compoundsof the formula

 
wherein -

Ais N or CH;
Bis N CRa;
Dis N or CR:

A, Ri, are the same or independently hydrogen, hydroxy, loweralkyl, lower alkoxy, phenyloxy, ReS(O},-, W-ALK-@-,

_ / oN
-NR7). . 7“N xX

Ry ~ Ra N \==d
Ry Rs

wna

-

Re is hydrogen, lower alkyl, pheny! which may be substituted by up to three methoxy groups, lower alkyl
substituted by phenyl which may be substituted by up to three methoxy groups,- lower alkyl! -Ni(Ra)e,

. loweralkyl—NJ,
rN Ry

-lower alkyl —=N X, -lower alkyl NN ’
Rs

Pytidinyl or tower-alkyl pyridiny|; .
Ra is hydrogen, lower alkyl, phenyl, lower alkyiphenyl, pyridinyl or loweralky! pyridiny!;
Fz, Rs are the same or independently hydrogen or lower alky!: :
Rig ts lower alkyt, phenyl, tower alkylphenyl or pyridiny!;
Fy are the same ar independently hydrogen, laweralkyl, phenyt, pyridiny!,

—N N-R,; or -"<),Ris @ N ’”
Ry

Re are the same or independently lower alkyl, phenyl or Pyridiny!;

BNSDOCID: <WO__99595e4A1_)>
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Q is O-, a —CH,0- or rN

 

R, Ry

Wis hydroxy, loweralkoxy, phenoxy, -NR,y),. —N —wN xX
> YY,

R, ,

ty (5aa~ » NY “7? oor (CHa) p;

ALK is a G1-C. straight or branched chain alkyt;
Rs is hydrogen. lower alky! or pheny!:
Fie are the same or independently hydrogen, toweraiky! or phenyt;
Ri: are the same or independently hydrogen or lawer alkyl;
X is -CHo-, -O-. S(O}a, -NRie: '
nis the Integer 0. 1 or 2 and
p is the Integer 0 or 1.

with the provisos that: .
4) one and only one of B or D must be N:

b) when A is CH, when D is N, when Bis GR where Ra is H, when R2 is hydrogen, lower alkyl or phenytthen R andor R, must be ~

Ra

~xSn —N x
=(.: LS

or W-ALK-@-:
and the pharmaceutically acceptable saits therect.

Preferred compoundsinclude:
1-ethy!-6-{1 H-imidazot-1-y1}-3-meth mid 15. i in-

one.t -othy-B+{1 Hamidazol-1-yljimidazol1 S-a)quinoxalin4(5H}one, 1 “ethylmethyroanoeidazo Tt, S-alquinoxalin-4(SH)-one; Tetnyt8(e-ethyl-4-methyl-1H4midazol-t-yi}-3-methylimidazoft 5a}Quinoxalin-4(5H}-one ; 1-methyF8-(2-mathyl-1Himidaznt-1-y)imidazof1 Salquinoxalin-4(GH)-one &OH-imidazol-t-yt)-1 “methytmidazolt.5-a}quinoxalin-4(SH)-one, 1-ethyl-3-methyi-8-(pyrrolidin-1-yyimidazolj 5alquinoxalin~4(SH)-ana, 1{(morpholin-4-yi)methy)yimidazol1,5-a}quinaxalin-4(5H)-one, or 6-ethoxy-1-ethyi-8-(2-ethy+-methyt-fH-imidazor1 -yl}-3-methylimidazof1 ‘S-a)quinaxalin-4{SH)-one,
___ &(1H-imidazol-1-y1}imidazolt 2a}quinoxalin-4(SH imidazo[1 2.quinoxalm-5-(4H)-one, or 2-nethylimidazo(1,2-ajquinaxalin-4(SH}-one, *auinoxale{SH ome i ‘23h

. 8-ethylimidazo{1,5-a] Pytidol3.2e]pyrazin-6{5H}-one, 9- F2(2-methyt1H-tmidazol-t-yl) Imidazo[1 S-alpyrido [3.2-e]pyrazin-5(6H)-one, O[(2-ethy!-1H- imidazol-1siymetintyimidazo(1 ,5-a}pyridof32-9]pyrazin-G{SH}-one, or t-ethylimidazofi ©-alpyridof4.3-e}pyrazin-4-(5H}-one
imidzzo]1.2-alpyrido[3,2-eloyrazin-6(5H}-one, 2-phenylimidarctPytido[2,3-alpyrazin-~{5H}-one, ofr 2-(1 H-imidazot-1-yDimidazeyt Aalpyridol3.2-eJpyrazin-6istiyonc 12ok

BNSDOCID: <WO__9959584A1_I_>
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European published application number 0400799, which
discloses compoundsofthe formula

 
or @ pharmaceutically acceptable sah thercof, wherein+;

F® is Cy—calcy], C2—calkenyl, Ca-scycioalkyic, ~valkyi, PhanyiC,—¢atky! or Cy -calkyl substituted by 1 tosfiuore groups: and

R? fs hydrogen, @émino, -NHCOR?, or -CONRtR, wherein R3 is"Ci—<alkyl, R° is C, ~salky! and R> ishydrogen or C1— alkyl.

Preferred compoundsinclude:

1,6-dihydro~6-ax0-2-{2-propoxypheny/)pyrimidine-5-carbmamide,
N-methyl {Foro0x02-(2-propaxyphenylipyrimicine-5-carboxamiceN.N-dimethy! romanGro6-ox0-242-propaxyphenyi}pyrimidine-S-cerbersicle&amino-2-12-propoxyphenylipyrimicin-4@Hy-one, .
onStamido-2(2-propoxypheny!\pyrimidin-4(3H).one, or
2-(2-propoxyphenyl)pyrimidin~4(3H)-one,
Or a pharmaceutically acceplable salt thereot.

BNSDOCID: <WO___9959584A1_I_>
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European published application number 0428268, which
discloses compoundsofthe formula

(2) 
or @ pharmaceutically acceptable salt thereat, wherein
x is Oor S; ,

R* is Cy -calkyl, Co-cakenyl, Ca-scyctoalkyiG, -salkyl, or C; ~salky! substituted by 1 (0 3 fluoro groups;
R? is hydrogen, -CN, -CONR® RS, ~CO2R’ Stetvrazoly!, -NOd, NH2 or -NHCOR® wherein RE to R® areindependently hydrogen or C; —aalkyt;
FP is hydrogen or C,~,alkyl;
R* is hydrogen or Ci-« alkyl;-and

R is hato, C1-<alkyl, C\—salkoxy, cyano, ~CONR®R'®, -CO2R", -S(0).C1 alkyl, -NOz. -NH2, -NHGCOR', of-SO2NRUR" wherein n is QO. 1 or 2 and R® to R"* are independently hydrogen or C1 -salkyl;with the proviso that R' is not methyl when R? is -CO2H, CO2CH2CHs or -CN, X is 0, R? is hydrogen, R* ishydrogen or methy/ and R is 6-methoxy.

Preferred compounds include:

S-cyano-6-(2-mathaxy-4-methytthiophenyly-2(1 H}-pycidinons,
S-cyano-6-(4-methylthio-2-propoxyphanyl)-2(1 H)-pyricinone,
1.2-dihydro-6-(4-methy! thio-2-propoxypheny!)-2-ox0-3-pyridine carboxamide,3-cyano-6-(2-metnoxy-4-methyisulphinyiphen¥l}-2(1H)-pyridinone,
3-cyano-6-(4-methyisulphiny!-2-propaxyphenyf)-2(1 H)-pyridinone,
3cyano-6-{4-methyisulphony!-2-propoxyphenyl)-2(1 H)-pyridinone,
3-cyano-6-(2-methoxy-4-methylsulphonyiphenyl)-2(4 H)-pyridinane,
S-cyano-6-{5-fluoro-2-propoxyphenyl)-2(1 H}-pyridinone,
1 2-dihydro-6-{(5-ftuore-2-propoxypheny)}-2-0x0-3-pyridine carboxamide,
S-cyano-6-(4-methaxy-2-propoxypheny!)-2/1 H}-pyridinono,
12-cihydro-6-(4-methoxy-2-propoxypheny/}-2-ox0-3-pyridine carboxamide,Scyano-6-(S-methaxy-2-propoxyphenyi)-2{1H}-pyridinone,
V2diltydro-6-(5-msthaxy-2-propoxyphenyl}-2-ox0-3-pyridine carboxarnide,S-cyano-6-{5-cyano-2-propoxyphonyl}-2(1 H)-pyridinone,
3-{3-carboxamide-1 2-dihydro-2-oxo-6-pyridiny!}-4-pfopoxybenzamide,
methyl 3-(3-cyano-1,2-dihydro-(2-ax0-€-pyridinyl}-4-propaxybenzoato,
3-{3-cyano-1 y2-dihydro*2-0x0-6-pyridiny!)-4-propoxybenzamide,
N-methy1-3-(3-eyano-1 2-dihydro-2-oxo-6-pyridinyl}-4-propaxybenzamide,
N-methyt 3-(3-carboxamido-1 2-dihych0-2-oxo-6-pyridiny!)-4-propoxybenzamide,N, N-dimethy}-3-(3-cyano-1 «2-dihyd '0-2-0x0-6-pyridiny!}-4-propoxybenzamide,
N,N-cimethyt 3-(3-carboxamido-1 -2-dihydro-2-oxo-6-pyridiny!)-4-propoxybenzamide.

itite,

BNSDCCID: <WO___9959584A1_1_>
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3-cyano-6-(5-methylthio-2-propoxypheny!)-2(1 H)pyridinone,
3-(3-cyano-| ,2-dinydro-2-ox0-6-pyridi nyi}-4-propoxy-N.N-dimethyfbenzenesulphonamide,
3-(3-carboxamido-1 .2-dihydro-2-ox0-6-pyridinyl)-4-propoxy-N, N-dimethyibenzenesulphonamide.
6-(2-cyclopropyimethoxy-5-flourophenyl)-1 .2-dihydro-2-oxopyridine-3-carboxamide,
§-(5-fluoro-2-(2-methylpropoxy)phenyl)}-t ,2-diihydro-2-oxopyridine-3-carboxamide,
3-cyano-6-(5-nitro-2-propoxypheny 1)-2(1H}-pyridinone,
1,2-dihydro-6-(5-nitro-2-propoxypheny!}-2-0xo-3-pyridinone carboxamide,
3-cyano-6-(5-amino-2-propoxypheny!)-2(1 H)}-pyridinone,
1,2-dihydro-6-(5-amino-2-propoxyphenyl)-2-oxo-3-pyridinone carboxamide,
3-cyano-6-(5-acetamidc-2-propoxyphenyl)-2(1 H)}-pyridinone or
T 2-dihydro-6-{$-acetamido-2-propoxyphenyl)-2-oxo-3-pyridine carboxamide,
or a pharmaceutically acceptable sait thereof.

European published application number 0442204, which
discloses compoundsof the formula

~~ (1)

or a pharmaceutically acceptable salt thereof, wherein

R'is Cyalkyl, C),alkenyl, Cyscycloalkyl C,_galkyl, or G,.4alkyl substituted by 1 to 6 fluoro groups;
R? is C,_galkylthio, Cy_galkyisutphonyt, C,alkoxy, hydroxy, hydrogen, hydrazino, C,_galkyl, phenyl,-
NHCOR? wherein R! is hydrogen or C\_. alkyl, ar -NRARS, wherein Ré end RS togetherwith the nitrogen
atom to which they are attached farm a pyrrolidine, piperidino, hexahydroazspino, morpholino or
Piperazinoring, or R¢ and Ré are Independently hydrogen,C3scycloatkyl orCy,alkyl which ts optionally
substituted by -CF5, phanyi, -S(O),;Cy_, alky! wherein
nis 0, 1 or 2, ORS, -CO-R’ or -NR®R9 wherein R® to R? ara independentty hydrogen or C,_,alkyl, pro-

vided thatthe carban atom adjacentto the nitrogen atom is not substituted by sakd -S(0),C+_2alkyl, -OR*
or -NR&R¥ groups ;

R Is halo, Cyyalkyt, Cyslkoxy, cyano, -CONR®R", CORI, C,_, alky(S(O),,, -NO,, -NH;, -NHCOR®
or SO,NR'4R'5 wherein nts 0, 1 or 2 and R'to Rare independently hydrogen or Cy, alkyl ; and

kB is a ring of sub-fornula (a} or {(b) +:

D JO}
(a) (b) -
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European published application number 0579496, which
discloses compoundsof the formula

' .

AAYA.

Ny

LK, — CyB—{R3}im
wherein — represents a single or double bond:
Rt is hydrogen or Cy, alkyt;
Y is a single bond or C,_, alkylene:
Als

fi) -CyA~(R),,

{ii) -O-R® or -S(O},-R® or
(ii) -NR*6R17; .

in which R° is hyerogen, C,, atkyt, hydroxy-C,_, alkyl or -CyA-(R2),;
R'8 and R"? independently are hydrogen or C,_, alkyl;
pis 0-2;
CyAis

(1) 4 3-7 membered, saturated or unsaturated carbocycie, -
(2) a 4-7 membered, unsaturated or Partialiy saturated heteracyde containing one nitrogen atom,
(3) a 4-7 mombered, unsaturated or Partially saturated heterocycle containing one nitrogen atom andone oxygen atom,

(4) 9 £7 membered, unsaturated or partially saturated heterocycie containing one nitrogen atom andtwo oxygen atoms,

(5) a 46-7 membered, unsaturated or Partially saturated heterocycle containing two nitrogen atoms andone axygen atom,

(6) a 4-7 membered, unsaturated ar partially saturated heterocycie containing one or two sulfur atoms,
{7} @ 4-7 membered, unsaturated, Partially saturated or fully saturated heterocycle containing one or
two oxygen atoms; :

R? is (1) hydrogen, (2) C14 alkyl, (3) Cy, alkoxy, (4) -COORS, in which R&is hydrogen or Cy. alkyl, (5)
-NRE&R’, in which R® and R7 independentlyare hydrogen orC,_, alkyl, (6) -SO,NR5R7, In which R¢ and R?
are as hereinbefore defined, (7} halogen,(8) trifluoromethyl, 9)nitro or (10) trifluoromethaxy;
2 is a single bond, methylene, ethylene, vinylene or ethynylene:
CyB is ‘

(1) a 4-7 membered, unsaturated or Partially saturated heterocyce containing one nitrogen atom,
{2) a 4-7 membered, unsaturated or partially saturated heterocyde cantaining two nitrogen atoms,
(3) e 4-7 membered, unsaturated or partially saturated heterocyde containing three nitrogen atoms,
(4) a7membered, unsaturated or Partially saturated heterocycle containing ona ortwo oxygen atoms,
(5) 24-7 membered, unsaturated or Partially saturated heterocycle con taining one or two sulfur atoms,

R* is hydrogen, Cy, alkyt, C,_, alkoxy, halogen or trifluoromethyt; ”
R¢ is (1) hydrogen, (2) Cy, alkyl, (3) C14 alkoxy, (4) -COORS, in which R°is hydrogen or C,, alkyl, (5)
-NRER", in which R® is hydrogen, C,. alkyl or phenyl(C,_, alky!) and R'9 Is hydrogen or C,_, alkyl, (6)
-NHCOR", tn which R" Is Cy, alkyi, (7) -NHSO.R", In which R" Is as hereinbefore defined, (8)
SO2NR®R* in which R® and R'° are as hereinbefore defined, (9}-OCOR", in which Ris as hereinbefore
defined, (10) halogen, (11) trifluoromethyt, (12) hydroxy, {13) altro, (14) cyano, (45) -SO,N=CHNRERI3
in which R® is hydrogen or C,, alkyl and R'is C1 alkyl, (16) ~CONR'4R'Sin which R'is hydrogen or
C,4 alkyl or phenyl(C,_, alkyl) and RI6 ig Cy, alkyl or (17) Cy, alkylthio, (18) Cy_, alkyisuffinyi, (19)
C1 alkytsulfonyl, (20) ethynyt, (21) hydroxymethyl, (22) t1(C)_, alkyl)silylethynyl or (23) acetyl;
and I, mand n Independently are 1 or2;
with the proviso that

(1) CyA-(R), does not represent cyclopentyl or tifluoromethytpheny! when Y Is a single bond,
(2) CyB does not bond to Z through a nitrogen atom when Z ts vinyiene or ethynyiene,
{3) CyB is not pyridine or thiophene when CyA is a 4-7 membered unsaturated, partially saturated or
fully saturated heterocycie containing one or two oxygen atoms, and
(4) Y 8 not a single bond whenAis (il) -O-R® or -S(O),-R® of (lil) NRIGR7-

ora pharmaceutically seceptable salt thereof, or a hydrate thereof.
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Preferred compoundsinclude:
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é-phenyimet hyiamino-2-(3-pyridyi)quinazoline,
4-(3-met hy phenylmet hyl)amino-2-(3-pyridy!quinazoline,
4-(3,4-dimet haxyphanyimethy! Jamino-2-(3-pyridyl)quinazot ine,
4-(4-carboxyphenylmethylyamino-2-(3-pyridyd }quinazaline,
4-(3-methoxycarbonyiphenyimethy!
4-(4-{N.N-dimethyiamino)phényimethyijamino-2-(3-pyridyl )quinazoline,
4-(4-sulttamoy phenyimethyl)amino-2-(3-pyridyijquinazoline .
4-(3-chlorophenyimet hy|)amino-2-(3-pyridyi)quin azoline,
4-(3-trifluoromethyiphenyimethyijamino-2-(3-pyridy)}quinazctine,
4-(3-nitrophenyimethytJamino-2-(3-pyridyl)quinazoline,
4-phenyimethylamino-2-46-methyl-3-pyridyl)quinazoline,
4-phenylmethylamino-2-46-mothoxy-3-pyridy!)quinazoline,
4-phenyimethyla mino-2-{6-chloro- 3-pyridyquinazoline,
4-phenyimet hylamino-246-bifluoromethy!-3-pyridyl)quinazoline,
4-phenyimethylamino-6-met hyl-2-(3-pyridyl)quinazoline,
4-phenylmethyiamino-6-met hoxy-2-(3-pyridyl)quinazoline .
4-phenyimethytamino-&,7-dimet hoxy-2-(3-pyridyi}quinazoline,
4-phenylmethylamino-6-carboxy-2-(3-pyridyl)quinazoline,
4-phenyimethylamino-6-met hoxycarbonyl-2-(3-pyridy)quinazoline,
4-phenyimet hylamino-6-amino-2-(3-pyridy!)quinazoline,
4-phenyimethylamino-6-{N,N-d imethylamino)}-2-(3-pyridyl)quin azoline,
4-phenyimethyla mino-6-acetylamino-2-(3-pyridyl)quinazoline,
4-phenyimet hylamino-6-méthanesuifonyiamino-2-(3-pyridyfquinazoline,
4-phenyimet hylamino-6-sulfamoyl-2-(3-pyridy!)quinazoline,
4-phenyimethylamino-6-acetoxy-2-(3-pyridyl)quinazoline,
4-phenyimethylamino-6-chior-2-(3-pyridyl)quinazaline,
4-phenyimethylamino-6-bromo-2-(3-Pyridyt)quinazoline,
4-phenyimethylamino-7-fluoro-2-(3-Pyridyl)quinazoline,
4-phenyimet hylamino-6-tritiuoramet hyt2-(3-pyridy!}quinazoline,
4-phenyimethnyiamino-6-trifluoromethoxy-2-(3-pyridyNquinazol ine,
4-phenyimethylamino-6-hydroxy-2-(3-pyridyl)quinazoline, .
4-phenyimethylamino-6-nitro-2- (3-pyridy)quinazoline,
4-phenyimet hylamino-6-cyano-2-(3-pyridyl)quinazoline,
4-phenylmethylamino-G-met hy!-2-(4-pyridy!)quinazoline,
4-phenyimethylamino-6-met hoxy-2-(4pyridyl)quinazoline,
4-phenyimethylamino-6,7-cimat hoxy-2-(4-pyridyl}quinazoline,
4-phenyimethylamino-6-carboxy-2-(4_pyridyl)quinazoline,
4-phenyimethy!amino-6-methoxycarbony!-2-{4-pyridyl}quinazoline,
4-phenyimethylamino-6-amino-2-(4pyridy))quinazoline, :
4-phenyimethylamino-6-(N,N-dimot hylamino}-2-(4-pyridyi}quinazoline,
4-phenyimethylamino-6-acelylamino-2-(4-pyridy¥)quinazoline,

; “-Phenyimethylamino-6-methanesuitonylamino-2-(4pyridyl)quinazoline,
4-phenyimethylamino-6-sulfamoyt-2-(4-pyridy!quinazoline,
4-phenyimethylamino-G-acetoxy-2-(4-pyridyt}quinazoline,
4-phenyimet hylamino-6-chloro-2-4-pyridyi}quinazoline,
4-phenyimethylamino-G-bromo-2-(4-pyridy!)quinazoline,
4-phenyimethyiamino-7-fluoro-2-(4-pyridy!)quinazotline,
4-phenyimethylamino-6-trifiuoramathyt-2-(4-pyridyl}quinazaline,
4-phenyimethylamino-6-trifluoromethoxy-2-(4-pyridy!}quinazoline,
4-phenyimethylamino-6-hydroxy-2-(4-pyridyl}quinazaline,
4-phenyimethylamino-6-nitro-2-(4-pyridy)quinazoline,
4-phenyimethytarnina-6-cyano-2-(4-pyridyl)quinazoline,
4-pheanylamino-2-(3-pyridyNquinazoline, .
4-(3-4methaxycarbonyiphenyl)amino-2-(3-pyridyi)quinazoline,
4-phenylethylamino-2-(3-pyridyfquinazofine,

amino-2-{3-pyridyi}quinazoline, coos
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é-phenyimet hytamino-2-(2-pyridyl)quinazoline,
4-phenylmethylamino-2-44-pyridy)quinazoline,
4-phenyimet hylamino-2-(2-(3-pyridyl)ethyi)quinazoline,
2phenylmethyiamino-2-(2-(3-pyridyl)vinyi)quinazoline,
6-iodo-4-phenyimethylamina-2-(3-pyridy!)quinazoline
4-(3-carboxypheny!)amino-2-(4-pyridyi)quinazoline,
6-fluoro~4-phenyimethylamino-2-(3-pyridy))quinazotine, ee. ee4(c¥clopropyimethy!)amino-2-(3-pyridyi)quinazaling, —
4-(cycohexyimethiamino-2-(3-pyridyiIquinazoline,
£-(2-azepinyimethyl)amino.2-(3-pyridyt}quinazofine,
4-(3-pyridyimethyl)amino-2-($-pyridyl)quinazoline,
4-( (remethy\-2-pyrroly)methy)jamino-2(3-pyridyl}quinazoline,
4-(3-isoxazoty!}amino-2-(3-pytidyl)quinazotine,
4-(3-saxazolyimethyl)amino-2-(3-pyridytauinazoline,
4-(2-thienyimethyiJamino-2-{3- pyridy)quinazotine.
4-(2-Turyimethylamino-2-(1 -lmidazoly!)quinazoline,
£-(2-4tetrahydrofuranyimethy|jamino-2-(1 -imidazolyiquinazoline,
4-(4-ltetrahdyra Pytanyimethy))amino-2-( 1 -imidazolyl)quinazaline,
6-methaxy-4-(4-te trahydropyranyimethyl)amino-2-(1-imidazolyt)quinazot ine,6-chloro-4- (4-tetrahydropyranyimethyNamino-2-(1-imidazoly))quinazoline,4-(2-phenoxyethyljaming-2-(1-imidazolyi)quingzolin e,
4-(2-thienylmethytamino-2-(1 -imidazoly!)quinazoline,
£-(2-methaxyethyljamino-2-(1-amidazoly!)qu inazoline,
4-(1 -1-dimethyl-2-methaxyethyjamino-2-(1 ~imidazoly!}quinazoline,
&-methaxy-4-(2-methoxyethyi)amino-2-(4-Imidazolyi)quinazotine,
6-chloro-4-(2-met hoxyethylamino-2-(1-imidazolyi)q uinazoline,
4-(SethoxyproPyl}amino-2-+44-imidazo!y)quinazoline,
8-nitro-4-(2-methoxyethyl)amino-21-imidazoly!)quin azoline,
6-chloro-4-(2-ethoxyethyl)amino-2-(3-pyridy))quinazoline,
6.7-dimethoxy-4-(2-methoxyethyl)amino-2-( 1-imidazolyi)quinazolin a,
6 Chloro-4-(2-{2-hydroxyethoxy)ethyljamino-2-(1 -Imidazoly))quinazoline,
6-chloro-4-(2-dimethylaminosthyljamino-2-(1-anidazolyt}quinazoline,
6-methoxy-4-(2-(2-hydroxyethaxy)et hylamino-2-(7simidazoty!quinazo! ine,4-(2-methoxyethyi)amino-6-todo-241-imidazotyt)g uinazoline,
4-(2-methaxyet hyNamino-6-methoxy-2-42-methyi-4 -imidazolyl)quinazoline,4-(2-hydroxyethy!jamino-6-methoxy-2-(4 -imidazolyi}quinazoline,
4-(2-methaxyethy)amino-6,8-diiodo-2-(4-imdazolyl)quinazotine,
4-(2{2-hydroxyathaxy}ethyljamino-6-lodo-2-( 1-tmidazolyi)quinazoline,
4-(2-methaxyethy!)amino-6-methy!thi0-2-(1-imidazolyl)quinazaline,
4-(2-methexyethyijamino-6-methyisulfinyl-2-(1 -imidazotyljqu inazoline,
4-(2-methaxyethyNamino-6-methyisuifonyt-2-(1-imidazoly!)quinazoline,
4-(2+42-hydroxyethoxyjethy))amino-6-methyisutfinyt 2+1-Iimidazolyi)-quinazotine,2-(1~knidazotyi)-4-(2-methoxyethyi)amino-6- (2-friet hyisitylethyny!)quinazoline,6-acetyl-4-(2-met hoxyethyNamino-2-{3-pyridyl)quinazoline,
6-ethynyl-4-(2-met hoxyathyi)amino-2-(3-pyridYquinazaline,
1[242-hydroxyethoxy)ethytjamino-6-acetyt-2-{ 4 -fmidazolyi)quinazoline,4-(2-methyithioethyNamino-6-methaxy-2-{1-imidazotyl)quin azoline,
4(2-methyisuttinytethy}}amino-6-methoxy-2-(1-Imidazotyt)quinazoltine,
4-(2-methyisutfonylethyi)amino-6-methoxy-2-( \-imidazely)quinazoline,
4-[2{2-hydroxyethoxy)athyllamino-6-methoxyearbony1-2-(- imidazolyt}-qulnazoline,1a2hydroxyethoxy)sthyf}jamino-6-hydroxymethyl-2-4 1-imidazolyl)-quinazotina,4-(2-methaxyet hyfamino-6-hydroxyethyt-2-(1 -imidazotyl)qu inazoline,
4methonyamno-G-mathoxycarbonyt2-{-tmidazaly!)quinacoting,

2-(annazoly!)-4-[2-(2-nydroxyethaxy}ethyiamino-6-(2-trisonreryt, Siytethynyl)-quinazoline,dohempneat)+[242-tyroxyethaxy)ethyfjamino-6-ethynyaquiecanee
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4-phenyimet hylamino-6-amino-2-{1-imidazolyl)quinazoline.
4-phanylmethyiamino- 6-{N,N-dimat hylamino}-2-(1-imidazolyi)quinazoline,
4-phenyimethylamino-6-acetylamino-2-(1-imidazolyl)quinazoline,
4-phenyimethylamino-6-met hanesulfonylamino-2-( 1-imidazalyjquinazaline,
4-phenylmethylamino-6-sulfamoyi-2-(1-imidazoly!)quinazoline,
4-phenyimethylamino-6-acetoxy-2-(1-imidazotyl)quinazoline, /
4-phenyimet hylamino-6-chloro-2-(1-imidazolyquinazoline,~~ ce
4-phenyimet hytamino-6-bromo-2-(1-imidazolyl)quinazoline,
4-phenyimethytamino-7-fluoro-2-(1-imidazolyl)quinazoline,
4-phenyimethylamino-6-trifluoromethy+2-(1 -imidazolyl)quinazaline,
4-phenyimethylamino-6-trifluoromet hoxy-2-(1-imidazolyi}quinazoline,
4-phenyimethyiamino-6-hydroxy-2-(1-imidazolyl)quinazaline,
4-phenyimethylamino-6-nitro-2-(1 -irnidazolyl)}quinazoline,
4-phenylmethylamino-6-cyano-2-(1-imidazolyi}quinazoline,
4-phenyimethylamino-2-(1-imidazoly)quinazaline,
4-phenyimethyiamino-2-((1-imidazolyl)methy)quinazoline,
4-phenylmethyiamince-2-(2-methyl-1 -imidazolyt)quinazoline,
6-bromo-4-phenyimet hylamino-2-(1-imidazoly!)quinazoline,
7-chloro-4-phenyimethylamino-2-{ 1-imidazolyi)quinazotine,
6-chtoro-4-pheny!amino-2-1-imidazolyl methyl}quinazoline,
6-nitro-4-phenyimet hylamino-2-(1-imidazolyl)quinazoline,
6-methoxy-4-phenyimethylamine-2-(1-imidazely!)quinazoline.
6-chloro-4-phenyimethylamina-2-(1-imidazolyimethyl)quinazoline,
6-chloro-4-(3-carboxyphenyljamino-2-(1 -imidazolylmet hyl)quinazoline,
6 -dimethylaminosulforyl-4-phenyimethylamino-2-{1-imidazolyl)quinazoline,
6,7-dimethoxy-4-phenylmet hylamino-2-(1-imidazoly!)quinazoline,
4-(3,4-dimethoxyphenyimethyi)amino-2-(1-imidazoly!)quinazoline,
6-dinathytaminomethylid enaaminosulfonyi-4-phenyimathylamino-2-(4-imidazoly!)quinazolina,
6-(phenytmethylaminosulfony!}-4-phenyimethylamino-2-(1-imidazolyNquinazoline,
4-(2-phenylethyl)amino-2-(1 -imidazoly!)quinazoline, |
4-cyclohexyimethylamino-2-(1 -imidazolyl}quinazoline,
6-carbaxy-4-phenyimethylamino-2-(4-imidazolyl)quinazoiine,
6-phenyimethylaminocarbenyt-4-phenyimethyiamine-2-(4-imidazolyBquinazoline,
6-iodo-4-phenylmethylamino-2-{1 -imidazolyl)quinazoline,
6-ethoxycarbonyl-4-phenyimethylamino-2-(1-imidazolyl)quinazoline,
6-hydraxy-4-phenyimethylamino-2-(1-imidazolyl}quinazoline,
4-(4-Uifuloromethoxyphenyimethyl)amino-2-(1-imidazolyt)quinazoline,
4-phenyimethylamino-2-2-azepinyt)quinazoline,
4-phenytmethylamino-2+1,5-diazepin-2-yl)quinazoline,
4-phenytmethylamino-2+2-pyrimidinyl)quinazoline,
4-phenytmethyiamino-2-(2-tiaziny))quinazoline,

4-phenytmethyiamino-2+2-pyrrolyi)quinazoline,
4-phenyimethylamino-2-(1-triazolyl)quinazoline,
6-hydroxy-4-phenylmethylamino-2-(1-Imidazalyi}quinazaline,
4-(3-trifluoromethoxyphenyimet tryi}amino-2-(1-imidazolyNquinazoline
4-phenyimethylamino-6,8-diiodo-2-(1-imidazolyl)quinazoline,
4-(2-phenoxyethy|)amino-6-methoxy-2-(1 -imidazolyi)quinazoline,
6-hydroxymethyi-4-phenyimethylamino-2-(3-pyridy|)quinazoline
6-methytthlo~4-phenylmethylamino-2-(3-pyridyi)quinazatine,
6-methylsulfinyl-4-phenyimethylamino-2-(3-pyridyl)qulnazoline,
6-methyisuifinyl-4-phenyimethylamino-2-(3-pyridyl)quinazatine,
4-phenylmethylamino-2-(2-thienyl)quinazcline,
4-phenyimathyiamino-2-(2-fury!}quinazoline,
4-phenylmethylamino-2-(1-imidazolyf)-5,6,7,8-tetrahydroquinazoline,
6-cerboxy-4-phenylmethylamino-2-(i-imidazolyl)-5,6,7,8-tetrahydroquinazoline,
6-ethoxycarbonyl-4-phenyimethyiamino-2-(4 -imidazoly!)}-5,6,7,8-tetrahydroquinazoline,
6-ethylaminocarbony!-4-phenyl methylamino-2-{1-Imidazolyl}-5,6,7,6-tetrahydroquinazoline,

. 4-(2-methaxyethyl}amino-2-(1-imidazoly!)-5,6,7.8-tetahydroquinazoline or

BNSDOCID: <wO___$959584A1_I_>

4-(2-{2-hydroxyethaxy)ethyl)amino-2-{1-Imidazoly!}-5,6,7,8-tetrahydroquinazoline.

ATI 1009-0278



ATI 1009-0279

WO 99/59584 PCT/US99/07046

-28-

European published application number 0636626, which
discloses compoundsof the formula

 
and saits and solvates (e.g. hydrates) thereof, in which:
R' represents aryimethy! or C,-, atky! optionally substituted by one or more ftlucrine atoms:R? represents methyl:
R? represents Cz -.alkyl:

R’ represents nitro, cyano, Gy -salkoxy, C(= X)NAPR?, NRERS, {(CH2 mNR'C(=Y)R" or a 5-membered
heterocyclic ring selected from thienyl, thiazoly! and 1,2,4-triazolyl each ring optionally substituted by a
Ci -aalkyi or aryl group; or when R! is aryimethyt or Cy-salky! substituted by one or more fluorineatoms then R‘ may also represent hydrogen;
R® represents hydragen-or Cy ~calkyt;
P® represents hydrogen or Cy —c alkyl:
RF’ represents hydrogen, amino, hydroxy}, GC, << aikyl, aryl or aryiC,— alkyl;
R® represents hydrogen or C1-< alky!;
R® represents hydrogen, C,-salkyl, SO2R'2, GO, R°2, C(=NCN)SR" or C(=NCN)NAR":R" represents hydrogen or C1 -c alkyl:

R™ represents C;-<alkyl optionally substituted by one Gr more halogen atoms, or R! represents ary},aryiC; -yalkyl, thienyl, NR'SR', CHeNRI RIE or R®™ and R!! together represent “A(CH2),-;R? represents C, -calkyl, aryt or aryiGy—-« alkyl;
R' represents hydrogen or Cy —calkyl:

R™ represents hydrogen, C:1—-«alkyt, aryl, aryiCi-«alky! or R? and R™ together with the nitrogen atom
to which they are attached form a morpholine, piperazine or N-C\-<alkyipiperazine ring:
R** represents hydrogen or C,—<alky! or A"? and R® together represent -A(CH> dn: :
R* represents hydrogen, C,—calkyt, aryl, aryiCy—alky!, CO2R', CreCO2R™ or Rr and F® together
with the nitrogen atom to which they aro attached form a morpholine, piperazine or N-Ci- catkyl-
piperazine ring:

R* represents hydrogen or C. ~<alkyt: .
RArepresents hydrogen, Cy—-salkyl, aryl, arylC,-salkyi, COR™ or A'7 ond Fe together with the
nitrogen atom to which they are attached form a morpholine, piperazine or N-Cy—,alkylpiperazine ring;
A represents CHa or C=O;
m represents zero or 1;
nN represents 1,2 or 3;

X represents S or NH, or when A’ represents amino then X may aiso represent O;
Y represents O or S; for use in therapy.

Preferred compoundsinclude:

1 3-Dimothy!-6-(2-propoxy-5-acatamidopheny?)-1 S-dihydrepyrazolo[3,¢-d]pyrimidin-4-ona:MegeeMetyi&-2-propaxy-5-(4-methy!2-thiazolyliphenyt}1 ‘S-dihydropyrazaio[3,4-d]pyrimidin-4-one:' eity!S-methy-6-12-propoxy-5-(2-methyl+-thiazalyljphenyl)-1 ‘S-dihydropyrazolo[3,4-dIpyrimidin-4-one:i"meen“Smethyi-6-[2-propoxy-5-(2-(3-pyridy)-4-thiazolyijpheny!}1 ,5-~dihydropyrazoto[3,4-d}pyrimidin-4-
1 Srdimethyl-6-[2-propaxy-S-(2-methyl-4-thlazoly))phenyi}-1 S-dih i

t « yoropyrazolo[3,4-dIpyrimidin~4-one;aeaimetvl-6-{2-propoxy-5-{8-phenyi-1 2,4-triazors-yliphenyl}1 Sdihydropyrazolo[3,4-4Ipyrimidin-4-
1 S-dimethy!-€-{2-propoxy-5-methanesuttonamidophenyl)-1 S-dih imidi: ydro-pyrazolof34d din-4and Physlologicatty acceptable salts and solvates {e.g. hydrates) thereof. tot PPyvienicin ones

BNSDOCID: <wG___995958441_1>
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European published application number 0640599, which
discloses compoundsof the formula

 

-Y-— R?HN B

a ~N iG) .
erRagsAye relmrne Bmcree anARs

wherein Ais a bond, C1-4 alkylene or C1-4 oxyalkylene:
y isa bond, C1-4 alkylene, Ci-4 alkyleneoxy, C14 alkoxyphenytene or phenyl{C1-d}alkylene;
2 is a bond o vinylene:

R1 Is 4-15 membered heterocyclic ring containing one or two nitrogen atoms optionaily substituted
by one or two groups chosen from Ci-~ alkyl, C1-4 alkoxy, halogen, trifluoromethyl and nitro:

R2 is (i) 4-15 membered heterocyclic ring containing one or two hetero atoms chosen from nitrogen,
oxygen, and sulphur, not more than one hetero atom being sulphur. optionally substituted by ons or two
groups chosen from C1-4 alkyl, C1-4 alkoxy, halogen, trifluoromethyl, nitro and groups of formula:-COOR10 :

wherein R10 ts hydrogen or C1-4 alky,
(it) C4-15 carbocyclic ring,
(iii) C1-4 alkoxy,
{iv} Hydroxy(C1-4 alkoxy} or
(v) hydroxy, :

R3 is (i) 4-15 membered heterocyclic ring containing one ortwo hetero atoms chosen from nitrogen,
oxygen and sulphur, not more than one hetero atom being oxgen or sulphur, optionally substituted by one
or two groups chosen from C1-4 alkyl, C1-4 alkoxy, halogen, trifluoromethyl, nitro, cyano, ethynyt and
groups of formula:

-SONR7RE

wherein R7 and R& are independently hydrogen or C1-4 alkyl.
Gil) C4-15 carbocyctic ring,
{i2) a group of formuta:

CH2=CH(X)-
wherein X ts halogen, or
(iv) hydrogen,
and lis 1 or 2,

provided that: R2 Is not hydroxy whenY [s a bond: R1 Is not bonded through its nitrogen atom.when 2 is
vinylene; and exduding compounds ofthe formula:

Ase
HN~

ce
R o~n

AA

Aro Sy Na R
a”

REE
wherein R™ ls methyl or n-propyt;

R58 is cyclopentyl, cyclohexyl, 2-hydraxyethyl, methoxyethyi, 2-(1 ~piperidinyljethy!, or phanyl or benzyl
which may be substituted by 1 or 2 of methyl, methaxy, chloro,nitro and trifluoromethy!:
RC is hydrogen or methyt;
R% Is methyl or n-prapyl, isopropyl or benzyl; and
RE is hydrogen or methyt;
and the compound of formuta:

OH
HN”~—

a ™~N
|ws

_ oN “Sy

aN
and its pharmaceutically ecceptable salts.
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Preferred compoundsinclude:

2-(4 -tridazolyl}4-[2-(2-hydroxyethoxy)ethylJamino-5-(3-methoxyphenyl}-methylpyrimidine,
2-(1-Imidazolyl}-4-phenyimethylaminopyrimidine,
2-(1-Imidazoly!}-4-(2-methoxyethyljaminopyrimidine,

2-(1-Imidazolyl}-5-phenyimethyl4-phenylmethylaminopyrimidine
2-(1-Imidazolyl}-5-methyt-4-phenylmethylaminopyrimidine,
2-(1-Imidazolyl}-5,6-dimethyi-~4-phenyimethylaminopyrimidine

2-(1-imidazolyi)}-5-(3-methoxyphenyt)methyl-+_(2-+methoxyethyl)amino-pyrimidine,
2-(1-tenidazolyl}-5-(4-methoxyphenyl)methy!-4-[2-(2-hydroxyethoxy)eth yl}- aminopyrimidine,
2-(1-Imidazolyl}-5-(4-methoxyphenyt)methyi-4-(2-methoxyethyl)amino-pyrimidine,
2-(1-Imidazolyl)}-5-(4-methoxyphenyl)methyl-4- phenylmethylamino- pyrimidine.
2-(1-Imidazolyl}- 5-phenoxymethyl~4-phenyimethylaminopyrimidine,
2-(1-fnidazotyl)-5-(1-imidazolyiymethyl4-phenylmethytaminopyrimidine,
2-(1-Imidazolyt}- 5-(4-chlorovinyl)-4- phenyimethylaminapyrimidine,
2-(1-imidazolyl}-5-(2-thienyl)-4-phenyimethylaminopyrimidine, ~
2-(4-Imidazolyl}-5-(2-thiazolyl)-4-phenylmethylaminapyrimidine,
2-(1-imidazolyl)}-5-(2-thienyl}-4-{1,3-dioxaindan-S-y1) methylarninopyrimidine,
2-(1-imidazolyl)}-$-(2-thienyl)-4-42-(2-hydroxyethoxy)ethyl] aminopyrimidine,
2-(1-Imidazoly}-5-(2-thienyl)-4-{1-naphthyl} methylaminopyrimidine,
2-(1-Imidazolyl}-5-(2-thienyl}-4(4-methoxyphenyl) methylaminopyrimidine,
2-(1-Imidazolyl)-5-(2-thienyl)-4-(34methoxyphenyt) methy!aminopyrimidine,
2-(1-tmidazolyl)-5-(2-thienyl}-4{(2-furyl) methylaminopyrimidine,
2-(1-Imidazolyl)-5-(2-thieny!)-4-{2-thieny!) methy!aminopyri midine,
2-(4-Imidazolyl}-5-(2-fhienyl}-44(3-pyridy!) methyl aminopyrimidine,
2-(1-tmidazolyl}-5-(2-thieny!}4-{2-methaxyethyl) aminopyrimidine,
2-(1-Imidazolyl)-5-(2-thieny! }-4-phenyimethaxyaminopyrimidine,
2-(1-Imidazaly!}-5-(2-thienyl)-4-(4-chlcrophenyl) methylaminopyri midine,
2-(1-tmidazolyl)-S-(2-thienyl )}-4-(3-chlorophenyl) methylaminopyrtimidine,
2-(1-Imidazolyl}5-(2-thienyl)-4~(1.3-dioxeindan-5-yf} methylaminapyrimidine, on
2-(1-Imidazolyl)-5-(4-me thylphenyt)-4-(1,3-dioxalndean-5-y1) methylamino-pyrimidine,
2-(1-lmidazolyl}5-(4-methoxypheny}-4-(1,3-dioxaindan-5-yl) methylamino-pyrimidine,
2-(1-lmidazolyl)-5-(S-methyl-2-thienyl}-4-(1,3-dioxaindan-5 -yl)methytamino-pyrimidine,
2-(4Amidazolyl}5-(2-thienyl}-4+44~(1-imidazolyphenyl] methylamino-pyrimidine,
2-(1-Imidazoly!)-5-(3-pyridyl)}-4-(1 ,3-dioxaindan-5-y1) methylaminopyrimidine,
2-(14midazolyl)-5-(3-furyi)}-4-(1,3-diaxaindan-5-yl) methylaminopyrimidine,
2-(1-Imidazoly!)-5-(3-pyridyl}-4-phenyimethylaminopyrimidine,
2-(1-lmidazoiyl)-5-(4-chlorophenyl)}-4-(1,3-dioxaindan-5-yi} methylamino- pyrimidine,
2-(Benzimidazol- 1-yl)}- §-(2-thienyf}-4+{1,3-dioxaindan-5-yl) methylamino-pyrimidine,
2-(1-Imidazolyl)-5-(2-thienyt}-4-(4-ethoxycarbonyip henyl) methytamino-pyrimidine,
2-(1-lmidazolyl)-5-(2-naphihyl}-4-(1,3-dioxaindan-5-yl) methylamino-pyrimidine,
2-(3-Pyridyl)-5-(2-thienyl)-4-{1,3-dioxaindan-5-yl) methylaminopyrimidine,
2-[2-+(3-PyridyNvinyl]-5-(2-thienyl)-4-(1,3-dioxaindan-5-yl) methylamino-pyrimidine,
2-(2-Methyl-1-imidazalyt)-S-(2-thienyi}-4-(1,3-dioxaindan-5-yl) methylamino-pyrimidine or
2-(1-Imidazoly!}-5-(2-thienyl)-4-(benzimidazol-5-yf) methyleminopyrimidine
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European published application number 0668280, which
discloses compoundsofthe formula
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RLLR?

“()- 
wherein R' and R? are the same or different ard represent hydrogen, lower alky! (which is optionally
substituted with one to three substituents which are the same or different and are cyciaatky!, hydroxy.
lower alkoxy, carboxy. lower alkoxycarbonyl, amino, monoalkyl-substituted amino, dialky!-substituted
amino, nitro, halogen, alicyclic heterocycle group (which is optionally substituted with one to three
Substituents which are the same ordifferent and are tower alkyl, aratkyt, ary( Optionally substituted with
One to three substituents which are the same or different and are tower alkoxy, or aromatic heterocycle
group)). cycloaikyl, bicycloatky!, berzecycloalkyl (which is optionally substituted with one to three
Substituents which are the sameor different and are lower alkyl, hydroxy, lower alkoxy, carboxy, lower
alkoxycarbonyi, amino, monoailkysubstituted amino, dialkyl-substituted amino, nivo, sutfonamice, nato-
gen, or trftuoromethyl), lower alkenyl, ary! (which is optionally substituted with one to threc substituents
which are the sarne or ditierent and ara lower alkyl, hydroxy, tower alkoxy, carboxy, tower atkoxycar-
bonyl, amino, monoalkyl-substituted amino, dialkyl-substituted amino, nitro, sulfonamide, halogen, or
trifuoromethy!), aromatic heterocycle group-supstituted aikyl (which is optionally substituted with ane to
three substituents which are the same or different and are tower alkyl, hydroxy, lower alkoxy, carboxy,
lower alkoxycarbonyl, amino, monoalky!-substituted amino, diaiky!-substituted amino, nitro, sulfonamide,
halogen or trifluoromethyl! and where said alkyl pari is optionally substituted with ary}, aromatic
heterocycle group {which is optionally substituted with One to three substituents which are the same or
different and are lower alkyl, hydroxy, lower alkoxy, carboxy, lower alkoxycarbonyl, amino, monoalkyl-
substituted amino, dialky+-substituted amino, nitro, sulfonamide, halogen, or trifluoromethy!), or aralkyl
(where the ary! part of said aratkyi is optionally substituled with one to three substituents which are the
Sama or differant and are lower alky]., lower alkoxy, dialkyl-substituted amino, halogen. or
trituoromethy!), or R’ and R? are taken together to represent heterocycle group Containing nitrogen
atom (which is optionally substituted with one to three substituents which are the same or different and
are loweraikyl, ary!, or aralkyl}, FR? represents hydrogen, fower alkyl (which is optionally substituted with
one to three substituents which are the same or ditferent and are cyctoaikyl, hydroxy, lower alkoxy,
carboxy, fower alkoxycarbony!, amino, monoalky'-substituted amino, dialkyi-substituted amino, nitro,
halogen, or alicyclic heterocycle group (which is optionally substituted with one to three substituents
which are the same or different and are toweralkyl, araiky!, ary! optionally substituted with one to three
substituents which are the same ordifferent and are lower alkoxy. or aromatic heterocycle group)).
cyCloalkyi, tower alkenyl, aryl (which is optionally substituted with one to three substituents which are
the sameordifferent and are lower alkyl, hydroxy, lower alkoxy, carboxy. lower alkoxycarbonyl, amino,
monoalky!-substituted amino, dialkyl-substituted amino, nitro, sulfonamide, halégen, or triuoromethy!),

Substituted with one to three substituents: which are the same or different and are fower aikyl, hydroxy,
lower alkoxy, carbaxy, lower atkoxycarbony{, amino, monoalkyl-substituted amino, dialky!-substituted
amino, nitro, sulfonamide, halogen or trifluoromethyl, and where the alkyl part is optionally substituted
with aryl), aromatic heterocycle group (where sald aromatic heterocycle group ts Optionatiy substituted
with one to three substituents which are the same or different and are lower alkyl, hydroxy, lower
alkoxy, carboxy, lower alkoxycarbonyl, amino, monoaikyl-substituted amine, dialkyl-substituted amino,
artro, sutfenamide, halogen, or trifluoromethy}), or aralkyl (where the aryi part of said aralley! is optionally
Substituted with one to three substituents which are the same or different and are tower alkyi, lower
alkoxy, dialky-substituted amino, halogen, or trilluoromethy), and X represents oxygen atom or sulfur
atom, or pharmacalogically acceptable salts therect.
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European published application number 0669324, which
discloses compounds of the formula

 
‘ 7

oe ce _. pyek oo
R?

SN (I)

R? N RS

Rk‘

(wherein R', A? R3, R* and RS may be the same or different from each other and each representsa hydrogen atom, a halogen atom, a lower alkyl group or a lower alkoxy group: and
RE and R? may be the sameordifferent from each other and each represents a hydrogen atom, a

fower alkyi group, a hydroxyalkyl group, a fower alkoxyatkys group, & Cyanoaiky! group, a heteroaryiaiky!
group, a cycloalkyl aroup, a cyCloalkylaiky! group or a carboxy! alkyl group which May be protected, orafternatively A* and R? may torm a ring together with the nitrogen atom to which they are bonded, thisring optionally having a substituent).

Of a pharmnacologicaily acceptable salt thereof:

W0O91/19717 discloses compoundsofthe formula.

at al F ; J
or RK ‘>RP d CL RSye N N a a N o~

q@) mr)Re ea RY ReRe Re
, é

wherein

J is oxygenorsulfur,

R1 is hydrogen, alky! or alkyi substituted with aryt or hydroxy:
R2 is hydrogen,aryl, heteroaryl, cycloalkyl, alkyl or alky!

Substituted with aryl, heteroaryl, hydroxy, alkoxy, amino, monoaikyi
amino or diakylamino, or ~(CH2)mTCOR20 wherein mis an integer from
1 to 6, Tis oxygen or -NH- and R20 is hydrogen,aryl, heteroaryl, alkyl or
alkyl substituted with ary! or heteroary!:
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R3 is hydrogen,hato, trifluoromethyf, alkoxy, alkylthio, alkyl,
cycloalkyl, aryl, aminosulfonyl, amino, monoalkyiamino, dialkylamino,
hydroxyalkylamino, aminoalkyiamino, carboxy, alkoxycarbonyl!or
aminocarbony! or alkyl substituted with ary!, hydroxy, alkoxy, amino,

- Monoatkylamino or dialkylamino; ----—--- .-~-- - oo

Ra, RP, R¢ and Rd independently represent hydrogen,alkyl,
cycloalkyl or aryl: or {R@ and R>)or (R° and R4) or (R° and Re) can
complete a saturated ring of 5- to 7- carbon atoms,or (R@ and A>) taken
together and (RP and Re) taken together, each complete a saturatedring
of 5- to 7-carbon atoms, wherein each ring optionally can contain a
sulfur or oxygen atom and whose carbon atoms may be optionally
substituted with one or mora or the following: alkenyl, alkynyl, hydroxy,
carboxy, alkoxycarbonyl, alkyl or alky! substituted with hydroxy, carboxy

or alkoxycarbonyl; or such saturated ring can have two adjacent carbon
atoms which are shared with an adjoining aryl ring; and

nis zero or one.

Preferred compoundsinclude:

cis-5,6a,7,8,9,9a-Hexahydro-5-methyl-3-(pheny!methyl)-
cyclopenta[4 ,5]imidazo[2, 1-b]purin-4-one:

7,8-Dihydro-5-methy!-3-¢phenylmethy!)-3H-imidazo[2,1 ~b]purin-4(5H)-
' one;

cis-6a,7,8,9,10,1 Oa-Hexahydro-5-methyl-3-(phenylmethy!)-3H-
benzimidazo[2,1~b] purin-4(54)-one;

5.7,8,9-Tetrahydro-5-methyl-3-(phenyimethyl)pyrimido[2,1 -bjpurin-
4(3H)-one;

7,8-Dihydro-8-phe nyl-5-methyi-3-(phe nylmethyl)-3H-imidazo[2,1-
bjpurin-4(54)-one;

5',7°-Dihydro-5'-methyt-3'-(ph enyimethyl)spiro[cyclohexane-1 ,8'-(8H)-
imidazo[2,1-b]purin]-4"(3'H)-one:

cis-5,6a,11,11a-Tetrahydro-5-methy-3- ;
(phenylmethyl)indeno[1’,2':4,5]imidazo[2,1 -bjJpurin-4(3H)-one;

5',7'-Dihydro-2',5' dimethyl-3'-(phenyimathy!)spiro{cyciohexane-
1.7°(8'H)-imidazo[2,1-bjpurin}-4'(3"H)-one;

7,8-Dihydro-2,5,7,.7,8(F,S)-pentamethyl-3H-imidazo[2,1-b]purin-4(5H)-
one;

cis-5,6a,7,1 1b-Tetrahydro-5-methyl-3-
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(phenylmethyl)indeno[2", 1 ‘4,5]imidazof2, i ~b]purin-4(3+y-one:
O15°5.62,7,8,8,9a-Hexahydro-2,5-dimethyl-3-(phenylmethyl.

cyclopent[4,5}imidazo[2, 1 ~b]purin-4-(34)-one:
5'-Methy!-3'-(phenyimethy!)-spiro[cyctope ntane-1 7"8'F1)-(3'H)-imidazo[2,1 -b]purin)-4°(5'H.)-one:—— rs 

” 716Dihydo-2,5,7,7-tetramothy!3-(ahenyimethy!)-duvimidazot2bjpurin-4(5'H)-one:

?,8-Dihydro-7{R)-phenyl!-2,5-dimethy!-3-(phenylmethy!)~3H-imidazo[2, 1-b}purin-4(5H)-one:

7,8-Dihydro-2,5-i methyl-3,7(R)-bis(phenyimethyl)-3H-imidazo[2,1 -b]purin-4(5H)-one-: .

SheDihyetro-2,5-cimethy!-7-sthyts-(phenylmethy)-Se-imidazole 1-bjpurin-4(5H)-one:

6a(S)-7,8,9,10,1 DaiR)Hexhydro-2,5-dimethy!-3-(phenylmethyl)-3H-
benzimidazo[2 .1-bjpurin-4 (5H)-one:

6a(R)-7,8,9,10,4 Oa(S)-hexahydro-2,5-dimethyl-3-(phenyimathyl)-3H-benzimidazoj[2,1 ~b]purin-4(5H)-one:
7,8-Dihydro-2,5-cim sthyt-7(R)-isopropyt-3-(phenyimethyl)-3H-

imidazo[2,1 ~b]purin-4(5H)-one;:
7,8-Dihydro-22,7( R)-trimethyi-3- (Phenylmethy!)-3H-imidazo[2, 1-b]purin-4(5H)-one;

CiS-7,78,8,9,10,1 Oa-Hexahydro-2,5-dimethyl-3-(phenyimethyl)-3H-
cyclopenta[5,6]pyrimido[2,1-b]purin-4(5H)-one:

7,8-Dihydro-2,5-djmethyl-7(S)-(1 ~methylpropy!)-3-(Phenylmethyl)-3y-imidazo[2,4 -b]purin-4(5H)-o ne;
7,8-Dihydro-2,5-dimethy!-7(F)-(2-methyipropy!)-3-(phenyimethyl)-3i-imidazoj2,1 -b]purin-4(5H)-one:
retne.25-cimethy!-7(R,S)-(methoxycarbony!}-3-(phenylmethy).3H-imidazo[2,1 ~b}purin-4(5H)-one:
7,8-Dihydro-2,5-dimethyl-7(R,S)-(1 “Propyl)-3-(phenyimethy!)-3H-

imidazo[2,1 -b]purin-4(5H)-one:
7,8-Dihydro-2,5-dimethyl-7(S)-(1-methylethy!)-3-(pheny!lmethy!)-3H-

imidazo[2,1 -bJpurin-4(5H)-one;
?7,8-Dihydro-2,5,7,7,8(A,S)-pentamethyl-3H-imidazo[2, 1-b]purin-4(5H)-

one; .
5,7,8,9-Tetrahydro-219,79R,S)-pentamethyl-3-(phenyimethy!)-

Pyrimido[2,1 -bJpurin-4(3H)-one:
5,6a(A).7,8,9,9a(S}-Hexahydro-2,6-dimethy!-3-

(phenylmethyi)cyclopent[4,5Jimidazo[2,1 -b]purin-4(3H)-one:
5,6a(S),7,8,9,9a(Ai)Hexahydro-2,5-dimethyl-3-

(phenyimethyi)cyclopent[4,5jimidazof2,1 -b]purin-4(34)-one:
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cis-6a,7,8,3,10,1 Ga-Hexahydro-2,5-dimethyl-3-(phenylmethyl)-3H -
benzimidazof2,1 -b]purin-4(54)-one;

3’,7'-Dihydro-2', '-dimethyl-3'-(phenylmethy!)spirofeyclohexane-1 ,8'-
(8A)-imidazof2,1 -b]purin]-4'(3'4)-one;

cis-5,6a,7,8,8,9a-Hexahydro-2,5-dimethy!-3-(pheny!methy!)- .
" cyctohept!6,7}imidazo[2,1-blpurin-4(34)-one:

cis-5,6a,7,8,9,92-Hexahydro-5-methyl-2-ethy!-3-(phenyim athyl)-
cyclopent[4,5jimidazo[2, 1-b)purin-4(34}-one;

cis-6a,7,8,9,1 0,10a-H exahydro-5-methyF2-ethy!-3-(phenyimethy!)-3H-
benzimidazo]2,1-b}purin-4-(54)-one;

cis-5,6a,7,8,9,9a-Hexahydro-5-methyl-2-ethyl-3-(phenylmethyl)-
cyclopent[4,5]imidazo{2,1-b]purin-4(3)-one;

cis-5,6a,7,8,9,9a-Hexahydro-5-methyl-2-phenyl-3-(phenyimethy!)-
cyclopent[(4,5}imidazo[2,1-bjpurin-4(34)-one:

cis-6a,7,8,9,10,1 Oa-Hexahydro-5-methyt-2-pheny!-3- (phe nyimethy!)-3H-
benzimidazo[2,1-b]purin-4(5H)-one:

cis-5,6a,7,8,9,9a-Hexahydro-5-methylcyclopenta[4,5]imidazo[2,1-
b}purin-4(34)-one;

Cis-5,62,7,8,9,9a-Hexahydro-2,5-dimethylcyclopental4,5]imidazol?, 1-b]-
purin-4(34)}-one; . .

cis-5,6a(RA),7,8,9 9a(S)-Hexahydro-2,5-di-methyl-
cyclopent[4,5]imidazo[2,1-b}purin-4(34)-one;

"-Methyt-3'-spiro{cyclopentane-1 »7"(8'H)-(3'H)-imidazof2, 1-b)purin}-
4"(5'H)-one:

7,8-Dihydro-2,5-di methyl-7(R)-(1 -methylathy!) -SH-imidazof2,i -b]purin-
4(8H)-one; :

7,8-Dihydro-2,5,7,7-tetramethy!-3H-tmidazo[2, 1-b]purin-4(5H)-one:
7,8-Dihydro-2,5-di methyl-7(S)-(4 ~methylethy!)-3H-imidazof2, 1-b)purin-

4(5H)-one; | ,
6a(R),7,8,9,10,1 0a(S)-Hexahydro-2,5-dimethy+3H-benzimidazo[2, 1-

b}purin-4(5H)-one;

5,7"Dihydro-2',5'-dimethylspirofeyclohexane-1 17(8'H)-imidazo{2,1-
b]purin}-4"(3'H)-one;

cis-5,6a,7,8,9,9a-Hexahydro-5-methyl-3-
(phenyimethy!)cyclopenta[4,5}imidazo[2,1 -b]purin-4(3)-thione:

5,6a(F},7,8,9,9a(S)-Hexahydro-2,5-dimethyl-3- .
{Phenyimethyi)cyclopent[4Alimidazo[2,1 -b]purin-4(34)-thione;

“5-5,68,7,8,9,9a-Hexahydro-5-methy!-3-(4-chlarophenyl-
methyl)cyclopenta[4,5jimidaza[2,1 ~b)purin-4(3H)-one;

cis-5,62a,7,8,9‘9a-Hexahydro-5-mathyt-3-(cyclohexyimethyl)-

BNSDOCID: <WO___995956441_1_>
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cyclopent[4,5]jimidazo[2,1-b]purin-4(3H)-one; .
cis-5,62,7,8,9 ,9a-Hexahydro-5-methy!-3-(2-naphthyimethy|}--

cyclopent[4 ,5jimidazo[2,1-b]purin-4(3)-one;

bromopheny!methyl)cyclopent[45}imidazo[2,1-b]purin-4(3H)-one;
5,6a(R)-7,8,9 8a(S)}-Hexahydrao-2,5-dimethyl-3-(4-

BO —— methoxyphenylmethyl}-cyclopent[4,Sjimidazo[2,4-b]purin-4(3H)-
one;

cis-5,6a,7,8,9,9a-Hexahydro-2,3,5-trimethyicyclopent[4Sjimidazo[2,1-

bjpurin-4(3H)-one;
cis-5,6a,7.8,9.9a-Hexahydro-2-(hydroxymethy!)-5-methy+3-

(phenylmethy!)cyclopent[4,5jimidazo[2,1-b)purin-4(3H)one;
cis-5,64a,7 ,8,9,9a-Hexahydro-2-methylihio-5-methyl-3-(phenylmethyl)-

cyclopent[4,5}imidazo[2,1-bjpurin-4(3H)-one;
cis-3,4,5,6a,7,8,9,9a-Octahydro-5-methyl-4-oxo-3-(phenyimethyl)-

cyclopent[4,5}imidazo[2,1-b}purin-2-carboxylic acid;
cis-3,4,5,6a,7,8,9,9a-Octahydro-5-methy!-4-0xo-3-(phenylmethy})-

cyciopent[4,5]imidazo[2,1-bJpurin-2-carboxylic acid, methy! ester;
cis-5,6a,7,8,9,9a-Hexahydro-2-bromo-5-methyl-3-(phenylmethy!)-

cyclopent/[4,5jimidazo[2,1-bjpurin-4(3H)one;
cis-5,6a,7,8,9,9a-Hexahydro-2-(methylaminosulfony!)-5-methyi-3-

(phenylmethyl)cyclopant[4,5]imidazo[2,1 -bjpurin-4(3H)one;
cis-1-Cyclopentyi-5,6a,7,8,9,9a-hexahydro-5-methyl-

cyclopent{4,5}imidazo[2,1-bjpurin-4-(1 Hyone;
cis-5,6a,7,8,9,9a-Hexahydro-3 ,o-bis-(phenylmethy])

cyclopent(4,5)imidazo(2,1-b)purin-4(3H)one:
cis-6a,7,8,9,10,1 Oa-Hexahydro-3,5-bis-(phenyimethy|)-3H-

benzimidazo[2,1-b]purin-4(5H)one;

cis-3-CyclopentyI-5,6a,7,8,9,9a-hexahydro-5-methyl-
cyclopent[4,S}imidazo(2,1-b)purin-4(3h)one;

5'-Methy!-3'-(phenylmethyl)spiro[cyclopentane-1 »7"(8'H)-(3'H)-
imidazo[2 ,1-b]purin]-4"(5'H)ane;

2’,5"-Dimethyl-3"-(phenyimethyl)-spiro[cyclopentane-1 7{8'H)--(3'H)-
imidazo[2,1-b}purin}-4'(5'H)one;

cis-5,6a,(R)7,8,9,9a(S)-Hexahydro-5-methyl-3-
(phenyimethyl)cyclopent{45}imidazo(2,1 -b)purin-4(3H)one;

cis-3-Cyclopenty-5,6a,7,8,9,9a-Hexahydro-2,5-
dimethyleyclopent[4,5]imidazof2,1 ~-b}purin-4(3/one;36

5'-Methyl-2'-trifluoromethyt-3-(phanylmethyl)sp!ro{cycia-pentane-
1,7°(8'H)-(3'Ajimidazo[2,1-b]purin}-4'(5"H)-one;

7,8-Dihydro-5,7,7-trimethyl-2-trifluoromethy!-3-(phenyimethyl)-3H-
tmidazo[2,1-b]purin-4(5H)-one;

BNSDOCID: <wO___9959584At_!>

ATI 1009-0287
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(+/-)-cis-5,6a,7,8,9,9a-Hexahydro-5-m thyl-2-trifluoromethy!-3-
(phenyimethyi)cyclopent[4S5}imidazo[2, 1-b]purin-4(3H)-one;

(+/-)-6a,7,8,9,9a,10,11,11a-Octahydro-2,5-dimethyl-3-( phenytmethyi)-
3H-pentaleno[ 6a',1':4,5) imidazo[2,1-b] purin-4(5H)-one;

(+)-6a,7,8,3,9a,10,11,11a-Octahydro-2,5-dimethyl-3-phenyimethyl-SH- © ~~
pentaleno[ 6a',1':4,5) imidazo[2,1-b] purin-4(5H)-one;

{-)-6a,7,8,9,9a,10,11,11 a-Octahydro-2,5-dimethy!-3-phenylmethyI-3H-
pentaleno[6a',1":4,5] Imidazo[2,1-b] purin-4(5H}-one:

(+/-) 68,7,8,9,92,10,11,11 a-Octahydro-2,5-dimethy!-3H-pe ntaleno[
6a',1°:4,5] imidazo[2,1 -b] purin-4(5H)-one:,

(+)-68,7,8,9,9a,10,11,1 1@-Octahydro-2,5-dimethy-3H-pentateno|
6a',1':4,5] imidazo[2,1 -b] purin-4(5H)-one;

(-)-68,7,8,9,9a,10,11,11 a-Octahydro-2,5-dimethyl-3H-
pentaleno[6a’,1':4,5} imidazo[2,1-b} puri n-4(5H)-one:

6a,7,8,9,10,10a,11,12,13,1 3a-Decahydro-2,5-dimethyl-(3-
phe nytmethyl)napth[1 8a-djimidazo[2 ,1 -b]purin-4(SH)one:

7(R)-Cyelohexyt-7,8-dihydro-2,5-dimethyl-3-(pheny!methyl)-3H-
imidazo[2,1 -b]purin-4(3H)-one:

7(R)-Cyciohexy!-7,8-cihydro-2,5-dimethy!-3H-imidazo[2, 1-b)purin-4(5H)-
one;

7{S)-Cyclo hexyl-7,8-dihydro-2,5-dimethy!-3-(phenytmethyl)-3 H-
imidazo[2,1-b]purin-4(3H}-one;

7(S)-Cyctohexyl-7,8~dihydro-2,5-dimethy!-3H-imidazo[2,1-b]purin-
4(5H)-one:

§,6a(R) .7,8,9,9a(S)-Hexahydro-2,5-dimethyl-3-f
(trimethylacetoxy)methyl]-cyclopent[4,Sjimidazo[2,1 -b}purin-4(3H)-
one;

5,6a(F),7,8,9,9a(S)-Hexahydro-2,5-dimethyl-3-(4-pyridyimethy!)-
cyctopent[4,5]imidazof[2,1 -b]purin-4(3H)-one:

5,6a(R),7,8,9,9a(S)-Hexahydro-2,5-cimethyl-3-[2-(1-
morpholiny!)ethyjcyclopent[4,5]imidazo[2,1 -bjpurin-4(3H)-one:

5,6a(R},7,8,9,9a(S}-Hexahydro-2,5-dimethyl-3-
lacetoxymethyijcyclopent{4)imidazo[2,1-b]purin-4 (3H)-one;

5,6a,7,8,9,9a-Hexahydro-2,5,6a-trimethy!-3-
(phenylmethy|}cyclopent[4 ,5jimidazo{2,1 -bJjpurin-4(3H)-one ;

5.6a(F),7(S),8,9,9a-Hexahydro-2,5,6a-trimethyl-3-
(phenylmethy!)cyciopent]4 ,5jimidazo[2,1 -b}]purin-4(3H)-one:

5,6a(S).7(A),8 9,9a-Hexahydro-2,5,6a-trimethyl-3-
(phenyimethyl)cyclopent[4,5jimidazo[2,1 -bjpurin-4(3H)-one);

Gis-6a,7,8,9,10,10a-Hexahydro-2,5?-trimethyl-3-(phenyimethy!)-3H-
benzimidazo[2,1 -b]purin-4(5H)-one];
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cis-5,6a,7,8,9,9a-Hexahydro-2,5,6a-trimethylcyclopent[4,jimidazol2,1 -
bjpurin-4(3H)-one}; or

cis-6a,7,8,3,10,10a-Hexahydro-2,5,7-trimethy!-3H-banzimidazo[2,1 -

WO 94/19351 discloses compounds of the formuta

Oo H R,
Hy CN NLake
y7 NT ON Rs

R* Rr
Rb

or a pharmaceutically acceptable salt thereof, wherein:

Ri, Ra and Rg are independently selected from the group
consisting of hydrogen, lower alkyl, lower alkoxy, halogeno, hydroxy, (di-
tower alkyljamino, 4-morpholinyl, 1-pyrrolidiny!, 1-pyrrolyl, -CF3, -OCFs,
phenyl and methoxyphenyl; or Ry and Re together are methyienedioxy;
or Ry and Re togetherwith the carbon atomsto which they are attached
form a benzene ring; and

R® is hydrogen and R®° and R¢, together with the carbon

atoms to which they areattached,.form a saturated ring of 5 carbons; or R@
is lower alkyl, R® is hydrogen or loweralkyl, and R° is hydrogen; or Ra, Rb
and the carbon atom to which they are attached form a saturatedring of 5-
7 carbons, and R¢ is hydrogen; or R@ is hydrogen, and R», Re and the

~ carbon atoms to which they are attached form a tetrahydrofuran ring; or Aa
and R>, together with the carbon atom to which they areattached, and Rb
and R°¢, together with the carbon atoms to which they are attached, each
form a saturated ring of 5-7 carbons.

BNSDOCID: <WO___9959584A1_I_>
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Preferred compoundsinclude:

2'-benzyl-spiro[cyclopentane-1',7' (8'H)-[3'H]-imidazo[2,1-
b]purin-4'-(5'H)-one;

weremee wes eons o BUenzyi-5,7,7-trimethyl-3H-imidazo[2, 1-b]purin-4-(SH)-one:
{+)-2-benzyl-7, 8-dinydro-5-methyl-7-(1 -methyiethyl)-1H-

imidazo[2, 1-b)-purin-4(5H)-one;

(+,-)-6a, 7, 8, 9, 9a, 10, 11, 11a-octahydro-5-methyl-2-(3,4-
methyiene-dioxyphenylmethyl)-3H-pentalen[6a,1 :4,5]imidazo[2,1-b]purin-
4(5H)-one; and ;

(+)-cis-6a, 7, 9, 9a-tetrahydro-5-methyl-2-{4-(trifluoromethyl)-
phenyimethyl]-3H-furo[3", 4':4,5}imidazo[2. 1-b}purin-4(5H)-one.

WO 94/22855 discloses compoundsof the formula

1. A nitrogen-containing fused-heterocyclic compound

having the formula (1) or a pharmacoliogically

acceptable salt thereof:

R?2

R} (I)
RS

in which ring A represents a benzene, pyridine or

cyclohexane ring and B represents a pyridine,

imidazole or pyrimidine ring. with the proviso that

rings A and B are bonded to each other with two atoms

being shared by them, and the shared atoms may be any

of carbon-and nitrogen atoms;

R! represents a group represented by the formula:

-NR‘R® (wherein R! and RS may be the same or different

BNSOOCID: <WO___9959584A1_I_>

ATI 1009-0290
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from each other and each represent a hydrogen atom. a

lower alkyl or acyl group or a carboxyl group which

may be protected, or alternatively R4 and RS may form a
‘ringtogether with the nitrogen atomto which they are
bonded, provided that the ring may be Substituted), or

a heteroaryl group which has one or two nitrogen atoms
and may be substituted:

R? represents a hydrogen atom, a Broup represented
by the formula:

i
VARs

(wherein R& represents a carboxyl or tetrazolyl group
which may be protected),

or a halogen atom:

and

R’ represents a hydrogen atom or a group
represented by the formula:

—NHCH,—{_ ,
(wherein pRé and R? each represent a hydrogen or halogen
atom or a lower alkoxy group, or alternatively r® ena

R’ may together form a methylenedioxy or ethylenedioxy
eroup).

ATI 1009-0291
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WO 95/19978 discloses compounds of the formula

 
R?

and Salts and solvates thereof, in which:
R° represents hydrogen, halogen or C4.¢ alkyl:
R1 represents hydrogen, C4galkyl, Cr. alkenyl, Co. alkynyl, haloC4.
galkyl, C3.scycloatkyl, C3.gcycloalkylC4_3alkyl, aryiCy_g3alkyi or
heteroaryiC 4_galkyl:

R2 represents an optionally substituted monocyclic aromatic ring
selected from benzene, thiophene, furan and pyridine or an optionally

ASubstituted bicyclic ring Oo attached to the rest of the molecule
via one of the benzene ring carbon atams and wherein the fusedring A is
a 5- or 6&membered ring which may be Saturated or Partially or fully
unsaturated and comprises carbon atoms and optionally one or two
heteroatoms selected fromoxygen, sulphur and nitrogen; and
R° represents hydrogen or Cs. alkyl, or R’ and R® together represent a 3-
or 4- membered alkyt or alkenyl chain.

Preferred compoundsinclude:

BNSDOCID: <WO__9959584A1_I_>

ATI 1009-0292

Cis-2,3,6,7,12,12a-nexanydro-2-(4-pyridylmethyi}-6-(3,4- .
methylenedioxypheny!}-pyrazino[2', 1‘: 6,1}pyridof[3,4—bJindole-1 .4-dione:
Cis-2,3,6,7,12,1 2a-hexahydro-6~2,3-dihydrobenzo[b}furan-5-yl}-2--
methy-pyrazino[2',1°:6,1]pyrido[3,4-b]indole -1,4-diane:
Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)}-2-methyl-
pyrazino|2",1':6, 1 Ipyrido[3,4-bJindole -1,4-dione;
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Cis-2,3,6,7,12,12a-hexahydro-2-buty-6-(4-methyipheny!)-
pyrazino[2‘,1':6, 1]pyrido[3,4-bjindole -1,4-dione:
(6R,12aR}-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2'1:6, 1]pyrido[3,4-blindole -1,4-dione;

meee mrss = (GR/12aR)-2,3,6,7,12,12a-Hexahydro-2-cyelopentyl6-(3,4- =
methylenedioxyphanyl)-pyrazino[2',16, 1)pyrido[3,4—b]indoia -1 ,4-dione;
(GR, 12aR)-2,3,6,7,12,1 2a-Hexahydro-2-cyclopropyimethyl-6-(4-
methoxyphenyl)-pyrazinof2',1':6, 1 Ipyrido[3,4-blindole -4 .4-dione:
(6R, 12aR)-2,3,6,7,12,1 2a-Hexahydro-6{3-chloro-4-methoxyphenyl)-2-
methyl-pyrazino[2’, 1':6, 1 ]pyrido[3,4-bjindole -1 .4-dione;
(6R, 12aR)-2,3,6,7,12,1 2a-Hexahydro-2-methyl-6-(3 ,4-
methylenedioxypheny!)-pyrazino{2', 16,4 Jpyridof3,4-blindole-1 ,4-dione;
(6R, 12aR)-2,3,6,7,12,1 2a-Hexahydro-6-(3,4-methylenedioxyphenyl)-
Pyrazinof2', 1’: 6,1} pyrido [3,4-b] indole-1 A4-dione:
(SaR, 12R, 14aS)-1 .2,3,5,6,11,12,14a-Octahydro-12-(3,4-
methylenedioxypheny!}-pyrroto[1",2": 4'°.5'}pyrazino[2', 1° : 6,1 ]pyrido[3,4-
bjindole-5-1,4-dione;

and physiologically acceptable salts and solvates thereof.

. U.S. Patent No. 5,294,612 discloses compoundsof the
formula

co

i 9?

HNpows ee ye™
bs

wherein:

R!is hydrogen, alkyl, Cy to Cz cycloalkyl, Cy to Cy
cycloalkyl! substituted by C) to Cig alky!t or hy:
droxyl, 2- or 3-tetrahydrofuranyl, +-teuahydrothie-
ny! 1,1, dioxide, Cy to Cz cycloalkyl-C, to Cho
alkyl, carboxy-C; to Cig alkyl, carbo-C) to Cy low-
er-alkoxy-C; to Cig alkyl, dialkylamino Ci to Cig
alkyl, pheny}-+C; to C, fower-alky], phenyl-C;to Cs
bower-alky! in which the phenyl ring is substituted
in the 2, 3, or4position by one or two substituerss,
the same or different, selected from the group con-
sisting of amino, halogen, C; to Croalkyt, carboxyl,
carbo-C; to Cy lower-alkoxy, carbamayl, NHSO»>
(quinoliny!), nitro and cyano:

R3 is, Cy to Ca lower-alky!, phenyl-C; to C4 lower-
alkyl, Jower-alkoryphenyl-C; to Cy lower-alkyi,
diC; to Ce lower-alkoxy-phenyl-C; to Cy lower-
alkyl, pyridyC; to Ci lower-alkyl, Cy to Cz cy-
cloalkyl-C) to Cylower-alkyl, phenylamino, diC; to
Cio alkylamino, halogen, trifluoromethyl, Cy to Cy
lower-alkylthio, cyano or nitro; and

R¢ is a nine of ten membered bicyclic sing having
carbon and from ane to two nitrogen atoms, and

BNSDOCID: <WO___9959584A1_i_>

ATI 1009-0293
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the heterocycle is made up of fused 5 or 6 mem-
bered rings or such ring substituted at any available
carbon atom by one or two substituents, the same
or different, selected from the group consisting of
Ci to Cy lower-alkyl, halogen, Cr to Ca lower-
alkoxy, Cyto C7 cycloalkyloxy, +morpholinyl, C;

PCT/US99/07046

- 20 lower-alkoxy-Cy ‘to’ C4 lower-alkoxy, by.
drazy, imidazolyl, oxo and 4morpholiny!-C; to Cy
lower-alkoxy, or at any available nitrogen stom by
Cito Cy lower-alkyl, Cz to Cy lower-alkanoyl, or
tiflucroacetyl; or a pharmaceutically acceptable
acid-addition salt thereof.

Q
!==
1! 2N

2 soeRr-¥ aloO

wo

where the benzo ring can also contain a nitrogen atom
unstead of a CH group cither in position 6, 7, § or 9 and
the radicals R1, R2, R3 and Ry have the following mesn-ings:

Ry: C2-Cealkenyl, C3-Cs-alkyny!, hydroxy, C:—C¢-
alkoxy, C3~Cs-alkenylozy, Cs-Ce-nlirynylory,
Cr-Ce-alkanoylaxy, benzoytoxy, morpholinocar-
bonyioxy, Ci-C¢-alkyloxycarbonyiory, Ci-Ce-
alkylaminocarbonylory, Ci~C¢-dialkylaminocar-
bonyloxy or the group
~AlK-A

where Alk: is C1-Ce-alkyl, C2-Ce-hydroxyalkyi or
Cs-Ce-cycloalky! and the symbol A Tepresents:

1) Hydrogen, halogen, hydroxy, C1-Cralkory,
Cz-Ce-sikanoyloxy, phenyl; oo .

2) —NHRs, —NRsRe, NRsRsRi, pyridylamino, im-
idazolyl, pyrrolidinyl N—C-Ce¢-alkyipyrrolidi-

a iperidyiaminn, N-(phenyl-C)—Cy-alkyl-Piperidyen where Rs and Rg may be the same
or different and represent hydrogen, -C;—Ce-alkyi,
C3-Creycloaikyl, C;~Crhydroxycycloalkyl, mor-
pholino-C;-Ce-alkyl, phenyl, phenyl-C1-Ce¢alky]
orphenyl-C2-Ce-oxyalkyl, it also being possible for
the pheny] radicals in Rs and Res to be substituted
by halogen and R7 is hydrogen or Cj~Ce-alkyl;

3) The group:
<0-D

where D is phenyl, C)—-Ce-alkyl, C3-Gr-cycloalkyl,
hydroxy, €)-Ce-alkoxy, C3-Crcycloatkyloxy, -
morpholi "_ pytrolidino, piperidino,
bhomoniperidino, piperazine, —NHRs or —NRsRe
and Rs and Rs have the meanings given herein-
above;

U.S. Patent-No. 5,405,847 discloses compoundsof the
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4) The group:

(Cina
7 \

—N =
\ a(CHD,

~~ where ucan bétheintegers1-3andBrepreseats
sulfur, NH, CHOH, CH—C1-C,-CH2, oxygen,

alkylozy, CH—C;Ce-alkanoyloxy, CHCsHs,
CHCOD, CH CsHs, N—C)-Cealkyt,N--C1-C¢-bydrozyalkyl, N—CoHSs

‘N—CH2CeHs, N—CH(CsHs), N—-(CH>)>—-OH,N—(CH2);—OH or NCOD and the Phenyl radi-
cals (Ce6Hs) msy also be substimted by halogen,Cr-Ceralkaxy, tiflucromethyl, Ci-Ce-alkyl, meth.
ylenedioxy or cyan and D has the meanings given .hereinabove;

R2 and R3, which may be the same or different: ay-drogea, halogen, hydroxy, L
methyl, —CN, C1-C¢-alko.
C3-Ce-alkynyloxy, —NHARs, —NRsRg “NRsR6Rz(meanings Rs, Rg, Ry as given hereinabove) or the
soup -G-Alk-A, where Alc and A have the mean-
ings given. hereinabove and G is oxygen. sulfur,NH or NRs and Ro can also be

iN
Rs--N

VS

Ry: hydrogen or halogen, where Ri can also be hy-drogen, when R3is the gtoup

NOCH~CECHO—OH

N~CHr—CH—cH,—p—

methyl,

U.S. Patent No. 5,436,233 discloses compoundsof the

Rl Ly—a g)N

N

. Or
, N Z—cyB—@Rh),,

wherein R! is hydrogen or C14 alkyl;
Y is single bond oy C1-6 alkylene;Ais

€) —CyA—(R2,
Gi) —O—R% or ~-S(O),—R°

in which R9 is RW 6 Ros;
RM is —CyA—(RI}.-
R°8 is hydrogen or C1-4 alkyl;pis 0-2,
CYA is

(1) 3-7 membered, saturated or unsaturated, mono-
cycle carbocyclic ring,
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(2) 7-membered, unsaturated or partially saturated,
monocyclic hetero ring containing as hetero
atoms, one nitrogen atom, one nitrogen and onc
oxygen atoms, two nitrogen und one oxygen
atoms, or one nitrogen and two oxygen atoms,

(3) 6membered, unsaturated or Dartially sawurated,
monocyclic hetero rng comtaining as hetero
atoms, one nitrogen and one oxygen aioms, twa
nitrogen and one oxygen atoms, orone nitrogen
and two oxygen atoms,

(4) 6-membered, unsaturated or partially saturated,
monocyclic hetero ring containing as a hetero
atom, one nitrogen atom,

(5) + or 5-membened, unsaturated or partially sarn-
Tated, monocyclic hetero ring containing as het-
ero atoms, one nitrogen atom, one nitrogen and
one oxygen atonis, two nitrogen and one oxygen
atoms, or one nitrogen and two oxygen atoms,

(6) 4-7 membered, unsaturated or partially sarn-
rated, monocyclic hetero ring containing as het-
ero atoms, ane or two sulfur atoms or

(7) 4-7 membered, unsaturated or pattially or fully
Saturated, monocyclic hetero ring containing as
hetero atoms, one or two oxygen atom,

R2is R24 or R2B; :
R* js (1) —NRSARMA, in which RM and R74 inde-

pendently are hydrogen or C1-—4 alkyl (with the
Proviso that R“4 and R74 are not hydrogen at same
time), (2) —SO2NR6R7, in which R6and R? inde-
pendently are hydrogen or Clad alkyl, (3) trifluo-
romethyl or (4) aiflucromethoxy;

R25 is (1) hydrogen, (2) Ci-4 alkyl, (3) C1~+ alkoxy,
(4) —COORS, in which R5 is hydrogen or C1—4
alky!, (5) halogen, (6) nitro ar (7) -NRGBR 78,in
which Rand R7? are hydrogen:

Z is Z4 or ZB.

Z4 is methylene, ethylenc, vinylene or ethyn lene;Z¥ is single boud; yay
CyB is

(1) 7-membered, unsaturated or partially sanirated,
monocyclic hetero ring containing as hetero
atoms, onc, two or three nitrogen atoms,

atoms, two or threc nitrogen atoms,
(3) 6-membered, mmsaturated Orpartially saturated,

monocyclic hetero ring containing as a hetero
atom, one nitrogen atom,

()+or 5-membered, unsaturated or partially ssto-
rated, monocyclic hetero ting containing as het-
ero atoms, one, two or three nitrogen atoms, or

(5) 47 membered, unsaturated or partialiy satu-
rated, monocyclic hetero Ting containing as het-
cro stoms, one or two oxygen atoms, or ane or
two sulfur atams:

Ris hydrogen, C14 alkyl, C1-4 alkaxy, halogen or
triffuoromethy}.

R4is RM or R42 :

Rt is (1) —NHSOIRN, in which R14i Cl-4 alkyl,
(2) SOINR®R!9, in which

R°is hydrogen, C]-4 atkyl or phenyK(C1-4 alkyl) and
R'is hydrogen or Ci—4 alkyl, (3) —-OCOR", in
which R!1 is 2¢ hereinbefore defined, (4) hydroxy,
(5) —SO.N=CHNRR13 in which R!2 is hydro-
gen or Ci-4 alkyl. and RU is C14 alkyl, (6)
—CONRHRI in which RM is hydrogen or Cl-4
alkyl and Riis C1_4 alkyl or phenyl(Ci—4 alkyl,
(7) ethynyl, (8) ei(C14 alkyDsilylethynyl or (9)

PCT/US99/07046
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R45 is (1) hydrogen, (2) Ci-4 alkyl, (3) Cl-4 alkoxy,
(4) —COORE, in which R* is hydrogen or C1-4
alkyl, (5) —NR°RIO, in which R9 and R!° are as
heretmbefore defined, (©) —NHCOR!), in which
R!1 is as hereinbefore defined, (7) halogen, (8) tri-
Duoromethy!, (9) nitro, (10) cyano, (11) Cl—4 alky]-
thio, (12) Cl-4alkyisulfinyl,(13)Cl-4 alkyisulfo8

oe eee EIEEEnyt, (14) hydroxymethyl, and Lm and n indepen-
dently are § or 2; with the proviso that
(1) the group of the formula: —CyA—(R2); does

not represent a cyclopenty! and trifluoromethyl-
phenyl group when Y is a single bond, that

(2) a CyB ring does not bond to Z through a nitro- ,
gen atom‘in the CyB ring when Z is vinylenc or
ethynylene, that

(3) a CyB ting is not pyridine or thiophene when
CyA wa ring of CyA—(7) that

(4) ¥ is not a single bond, when A is (ji) —-O—R?
_ or —~S(O),—R5 and that
(5) A is not —CyA—{R2B)I and —OR°S, when Z

is ZF and Rtis R45; or pharmaceutically accept-
able acid addition salts thereof, pharmaceutically
acceptable salts thereof, or hydrates thereof.

Preferred compoundsinclude:

quinazolin,=__ .
4phenylmethylamino-2-((1-imidazolylmethy])-quinazoline,

¢-chloro-4-phenylmethylamino-2-(1-imidazolylme-
thyNquinazoline,

6-chloro-4_phenylamino-2-(I-imidazolyimethyD)-quinazoline,

6-chloro-4{3-carboryphenyi)amino-2-(1-imidaralyl-
methy!)quinazolineor

“phenylmethylamino-2-(-(3-pyridyl)vinyquinazo-ing,

and pharmaceutically acceptable acid addition salts
thereof, pharmaceutically acceptable salts thereof, or
hydrates thereof.

6-dimethylamioosulfonyl-4-phenylmethylamino-2-(1-
imidazoly]quinazaline,

€-dimethylaminomethylideneaminosulfony-4-
phenylimethylamino-2-¢ limidazolyl)quinazoline,

6-(phenylmethylammosulfony!)-4-phenylme-
thylamino-2-(] -imidazoly]l)quinazoline,

6-phenylmethylaminocarbony!-4-pheovime-
thylamino-2-(]-imidazolyl)quinazolinc,

6ethylaminocarbonyl-4-phenyimethylamino-2-(1 -
imidazolyl)-5,6,7,8-tetrahydroquinazoline, :

é-hydraxy-4-phenyimethylamino-2-{ l-imidazaty!-quinazoline,

6{1-i midazolyl)-4(2-methoryethyl)amino-6-(2-trie-
thylsitylethynyNquinazoline, .

Gcthyny!4(2-methoxyethyfamino-2(1-imidazoly!)-quinazoline,

6(1-nnidezolyl+-phenylmethylamino-6-ethyny!-quinazoline o;ir

6-acetyl~4-(2-metharyethyl)amino-2- l<imidazoly1)-
: line,

and pharmaceutically” acceptable acid addition salzs
thereof, pharmaceutically acceptable salts thercof, orhydrates thereof.

“phenyimethylamino-2-((1-imidazolyl)methyl)-

BNSDOCID: <WO___9959584A1_1>
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4-(2-methylthioethyljamino-6-methoxy-2-(1-
imidazolyl)quinazoline,

4(2-meth ybulfinylethylyamino-6-methaxy-2-(1-
imidazoly])quinazoline,

4(2-metbylsulfonylethylamino-6-methoxy--2-(1-
imidazolyNquinazoline;—"—~ 0 re Ce

4-(3-trifiuoromethylphenyimethy}amino-2-(3-
pyrtidyl)quinazoline,

4-(4-(N.N-dimethylamino)phenylmethyHamine-23-
pyridyl)quinazoline,

4-(4-sulfamoylphenylmethylamino-2-(3-pyridyl)-
quinazoline,

44(4trifuloromethoxsyphenyimethyl)amino-2-{1-
imidazalyNqninazoline,

4-(3-triflucromethoxyphenylmethyl)ammo-2-(1-
imidazolyl)quinazoline,

4-(2-phenoxyethyfamino-6-methoxy-2-(1-
itmidazolyl)quinazoline or

4-(2-phenoxycthyl)amino-2-(1-imidazoly]}quinazo-line,
and pharmaceutically acceptable acid addition salts

U.S. Patent No.. 5,576,322 discloses compoundsof the
R! Re a

RI Sy
a

R? N Anns
Re

whercin RL, R3, and R4, each of which may be the same or
different front each other, may each represent a bydrogen
atom, a halogen atom or a tower alky] group or 4 lower
alkoxy hydrogea atom, R2 is a halogen or cyan group RSis
a group represented by the formula:

ot—N—(CHY,—R" or ~Ra
whereio u is 3 of 4 and R61 represents a carboxy] group : A
which may be protected or u hetermaryl group; or RS is a
group represcnted-by the fomnula:

and R6 is a grouprepresented by the formouia
x

“=OLoc),

whercin X is hydiugen atom or a halogen atom or

=O
or the pharmucologically acceptable salt
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Preferred compounds include:

2-(4-carboxypiperidino)-4-(3,4-methylene-dioxyben-
zyl) amino-6-chloroquinazoline- or a ‘pharmaceutically
acceptable salt thercof.

_._ Sodium_2-(4-carboxypiperidino)-4-(3,4-methylene:aee
~~" “dioxybenzy!) amino-6-chloroguinavoline.

WO 94/29277discloses compoundsof the formula

0 Oo

Ar.OLE.
“NH R

Formula (1)

or a pharmacentically acceptable salt thereof, wherein

Ar is an optionally substituted aryl or heteroaryl ring selected from phenyl, naphthyl,
pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, imidazolyl, thienyl, oxazolyl,
benzimidazolyl, benzoxazolyl, indolyl or thianaphthenyl,

X is CH or N;

RO is NR1R2 or hydrogen; and
R! and R? are independently bydrogen or Cy _¢alkyL

Preferred compoundsinclude:

BNSDOCID: <wO__9959584A1_I_>

ATI 1009-0299

3-amino-4-_[4-(3-pyridylJanilino-3-cyclobutenc-1 .2-dione,
3-amino-4_[3-(4-imidazolylanilino]-3-cyclobutene- 1,2-dione,
3-methylamino-4-[3-(5-methyl-4-imidazolyDanilino)-3-cyclobutene-1 -2-dione,
3-dimethylamino-4-[3-(5~methyl-4-imidazolyl)anilino]-3-cyclobutene-] .2-dione,
3-amino-4[3-(3-methy!-4-pyridyl)anilino}-3-cyclobutene-1 ,2-dione,
2-amino-4-[3-(2-oxazolyl)anitino)-3-cyclobutene-1,2-dione,
3-amine-4-[3-(4-pyridyl)anilino]-3-cyclobutene-1,2-dione,
3-amino-4-[3-(3-pyridy]anilino]-3-cyclobutene-1,2-dione,
3-amino-4-[3-(2-pyridy]anilino)-3-cyclobutene-1»2-dione,
3-amino~4_[3-(2-thienyl)anilino]-3-cyclobutene-1,2-dione,
3-amino-~4-[3-(3-thienyl)anilin ]-3-cyelobutene-1,2-dione,
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3-amino-4-[3-(2-thianaphtheny])anilino]-3-cyclobutene- 1,2-dione,
3-amino-4-[3-(5-pyrimidy])anilino}-3-cyclobutene- 1,2-dione,
3-amino~4-[3-(2-benzoxazoylanilino]-~3-cyclobutene-1,2-dione,

|3-amino-4-[3-(2-benzimidazoly})anilino}-3-cyclobutene-1,2-dione,
3-amino-4-[3-(2-indolyl)anilino]-3-cyclobuiene-1,2-dione,
3-amino-4-(3-phenylanilino-3-cyclobutene-1,2-dione,
3-amino-4-[3-(2-hydroxypheny!)anilino}-3-cyclobutene-1,2-dione,
3-amino-4-[3-(2-methoxypheny!)anilino}-3-cyclobutene-1,2-dione,
3-amino-4-[3-(3-hydroxy-2-pyridyl)anilino]-3-cyclobutene-1,2-dione,
3-amino-4-[3-(2-imidazoly)anilino}-3-cyclobutene-1,2-dione,
3-amino-4-[6-(4-pyridy!)-2-pyridylamino}-3-cyclobutene-1,2-dione, or
3-[3-+(4-pyridyl)anilino}-3-cyclobutenc-1,2-dione,

or a pharmaceutically acceptable salt thereof.

WO 95/19978 discloses compoundsofthe formula

a) 
and salts and solvates thereof, in which:

R° represents hydrogen, halogen or C4.g alkyt;
R1 represents hydrogen, C1.galkyl, Cz alkenyt, C2. alkynyl, haloC4.
galkyl, C3geyctoatkyl, C3gcycloalkylC;galkyl, aryiCy3alky! or
heteroarylC4 aalkyi;

R2 represents an optionally substituted monocyclic aromatic ring
selected from benzene, thiophene, furan and pyridine or an optionally

Co
substituted bicyclic ring attached to the rest of the molecule

via one of the benzene ring carbon atoms and whereinthe fused ring A is
a 5 or 6&membered ring which may be saturated or partially or fully
unsaturated and comprises carbon atoms and optionally one or two
heteroatoms selected fr _m oxygen, sulphur and nitreg n; and
R® represents hydrogen or C1 alkyl, or R' and R® togetherrepresenta 3-
or 4- membered alkyl or alkenyi chain.
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Preferred compoundsinclude:

Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridyimethyl)-6-(3,4-
methyienedioxypheny!)-pyrazino[2’, 1°: 6,1 jpyrido[3,4-b]indole-1 4-dione:
Cis-2,3,6,7, 12, 12a-hexahydro-6-(2,3-dihydrobenzo[b}furan-5-yl)-2-

" methy-pyrazino[2',1':6, 1 lpyrido[3,4-b]indole -1,4-dione;
Cis-2,3,6,7,12, 12a-hexahydro-6-(5-bromoe-2-thienyl)-2-methyl-
pyrazino[2’, 1°:6, 1]pyrido[3,4-bjindole -1,4-dione;

Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6{4-methyiphenyl}
pyrazino[2",4 6, 1]pyrido[3,4-b]indole -1,4-dione:
(6R,12aR}-2,3,6,7,12,12a-Hexahydro-2-iscpropyl-6-(3,4-
methylenedioxyphenyl}-pyrazino[2',1':6,1 |pytido[3,4-b]indole -1,4-dione;
(6R, 12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopentyi-6-(3,4-
methyienedioxypheny!)-pyrazino{2", 1:6, 1 }pyridof[3,4-b}indole -1,4-dione;
(GR, 12aR)-2,3,6,7,12,12a-Hexahydro-2-cycl oprepyimethyi-6-(4-
methoxyphenyl)-pyrazino[2', 1:6, 1]pyrido[3,4~b]indole -4 ,4-dione:;
(6R, 12aR)-2,3,6,7,12,1 2a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-
methyl-pyrazino[2’, 1':6, 1 }pyrido[3,4-blindote -1,4~dione;
(6R,12aR)-2,3,6,7,12, 12a-Hexahydro-2-methyl-6-(3,4-
methylenedioxypheny!}-pyrazino[2", 1°:6,1 Ipyrido[3,4-b)indole-1,4-dione:
(5R, 12aR)-2,3,6,7, 12, 12a-Hexahydro-6-(3,4-methylenedioxyphenyl)-
Pyrazino[2’, 1° : 6,1] pyrido [3,4-b] indole-1,4-dione:
(SaR, 12R, 14aS)-1,2,3,5,6,11,12,14a-Octahydro-1243,4-
methylenedioxyphenyi)-pyrroto[1",2": 4,S'Jpyrazino[2’, 1° : 6, 1]pyrido[3,4-
bjincoie-5-1 ,4-dione;

and physiologically acceptable salts and solvates thereof.

WO 96/28429 discloses compoundsofthe. formula

 
wherein:

Ri is tert-butyl, or cyclopentyl;
R3 is methyl, ethyl, or pPhenylmethy1];

_X is -CH2-, -O-, or -NH-: and

R® is phenyl (or pheny] substituted by from one to three,
the same or different, substituents selected from the group

BNSDOCID: <WO__9959584A1_|_>
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consisting of lower-alkoxy. hydraxy, halogen, carboxylower-~alkoxy,
4-morpholinyl-~-lower-alkoxy, 5-~-Cetrazolyl-lower-~alkoxy,° dilower=~
alkylamino, trifluoromethyl, nitro, amino, lower-
alkylsulfonylamino. dilower- alkylamino- lower--~alkylphenyl
carbonyloxy, and 1-imidazolyl); or when X is -CHo- R6 is
additionally 2-,3-, or 4-pyridinyl, 1-pyrrolyl, 1-benzimidazolyl,
1,2,3,4-~tetrahydro-2- isoguinolinyl, 1,2,3,4-tetrahydro-i-
quinolinyl, hydroxy, l-imidazolyl, l-lower-alkyl-2,.3,4, or 5-
Pyrrolyl, 1-pyrazolyl, 3-,4-, or 5- isoxazolyl( er 3,4, or 5-
isoxazolyl substituted on any available carbon atom thereof by
lower-alkyl}, 2- thienyl., or 3-thienyl: or a Pharmaceutically
acceptable acid-addition salt and/or hydrate thereof.

Preferred compoundsinclude:

*~cyclopenty1-3~ethy1-6~ (4-methoxyphenylmethy!) pyrazolo
(3.4-d)] pyrimindin-4-one,

+ ~cyclopentyl-3-ethy1-6- (4-hydroxyphenylmethy1) pyrazolo
i3,4-d) pyrimindin-4-one,

*"eyelopenty1-3-ethy1-6- (phenylmethy] }pyrazolo[3, 4-4}
Pyrimindin-4-one, and

?~cyelopenty1-3-ethy1~-6- (4~aminophenylmethy1) pyrazolo
(3.4-@)pyrimindin-¢-one.

WO 96/28448 discloses compounds of the formula
oO

HN

ReA,
R?

bs
wherein:

Ri is tert-butyl, or cyclopentyl;
R3 is lower-alkyl. or pheny]-lower-alkyl; ana
R& is phenyl, or phenyl] substituted by from one to three,

the same or different, substituents selected from the group
consisting of lower-alkoxy, lower--alkyl, hydroxy, 1- imidazolyl,

BNSDOCID: <WO__9959584A1_1_>

ATI 1009-0302



ATI 1009-0303

WO 99/59584 PCT/US99/07046

-5?—

lower--alkenyvloxy, dilower-~alkylamino-lower- alkoxy. 4-morpholinyl -
lower -~alkoxy, lower-alkoxycarbonyl -lower-c-alkoxy’, carboxylower-

alkoxy,__crifluoromethy1.,-— 1-~piperidinyl-lower-alkéxy>1-
Ppyrrolidinyl- lower-alkoxy, nitro, halo, amino, -{CH2)20-., lower-
alkyisulfonyiamino, lower -alkoxy-lower-alkoxy, Lower-alkenyl,
dilower-alkylamino, ~OCH(CH3Z}CH2-, 4--morpholinyvicarbonyl- lower -
alkoxy, 4-~thiomorpholinyl-lower- alkoxy, Pyridiny}-lower-alkoxy, 1-
lower-alky1-3--hexahydroazepinyloxy, ana i-lower-alkyl-4d-
Piperidinyl Oxy; or a ‘pharmaceutically acceptable acid-addirion
salt and/or hydrate thereof.

Preferred compoundsinclude:

1- cyclopentyl-3~ethyl-6- (2-propoxypheny}| pyrazolo[3, 4-d]
Pyrimindin-d-one,

1-cyclopenty}-3-ethy1-6- [4~(1-imidazoly1) phenyl) pyrazolo
{3,4-d)pyrimindin-4-one, .

1-cyclopenty1-3-ethy1-6-[3~(2-(4-morpholinyl} ethoxy)
Phenyl) pyrazolo{3,4-d] pyrimindin-4-one.

i-cyslopenty1-3-ethyl-6~-{2-ethoxy~4- (1-imidazoly1)pheny1!]
Pyrazolo[3,4-d)pyrimindin-d-one, and

i-cyclopenty1-3-ethy1-6- (2 (CH2=CHCH20) pheny! | pyrazolo
(3.4-d} pyrimindin-4-one.

BNSDOCIO: <wO___9959584A1_I_>
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WO 96/32003 discloses compoundsof the formula

 
and salts and sotvates thereof, in which:

R° represents hydrogen, halogen or C4.5 alkyl;
R' is selected from the gtoup consisting of:
(a)

(b)

(c)

(d)

(e)

hydragen;

C,,alkyl optionally substituted by one or more substituents selected
from phenyl, halogen, -CO,R* and -NR'R°:
Cy,cyctoalkyl:

phenyl; and

a 5- of G-membered heterocyclic ring containing at ieast one
heteroatom selected from oxygen, nitrogen and sulphur, and being.
optionally substituted by one or more C,,alkyl, and opticnally linked to
the nitrogenatom to which R'is attached via C,,alkyt: .

R? is selected from the group consisting of:
(f)

(g)

(h)

(i)

C3,cycloalkyl;

phenyl optionally substituted by one or more substituents selected

from -OR’, -NR’R’, halogen, hydroxy,trifluoromethyl, cyano andnitro:
a 5- of 6-membered heterocyclic ring containing at least one
heteroatom selected from oxygen, nitrogen and sulphur: and

CI
a bicyclic ting attached to the rest of the molecule via

one of the benzene ring carbon atoms and A is a 5- or 6-membered
heterocyclic ring as defined in point (h); and

R® and R? independently represent hydrogen or C, ,alkyl.

BNSDOCID: <WO___9959584A1_I_>
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Preferred compoundsinclude:

Cis-2-benzyl-5-(3,4-methylenedioxyphenyl)-5,6, 11,1 1a-tetrahydro-1 H-imidazo
[1°,5‘:1,6]pyrido[3,4-blindote-1 -3(2H)-dione:
Trans-2-benzyl-5-(3,4-methylenedioxyphenyl)-5,6,11,1 1a-tetrahydro-1H-imidazo |
[1°,5':1,6]pyrido[3,4-b]indole-1,3(2H)-dione:

Cis-5-(4-methoxypheny!)-2-methyl-5,6, 11,11a-tetrahydro-1 H-imidazo [1'.5':4 6]
Pyrido[3,4-blindole-1 .3(2H)-dione;

Cis-2-ethyl-5-(4-methoxyphenyl)-5,6,1 1,11a-tetrahydro-1 H-imidazo[1',5":4 6]
Pyrido[3.4-b]indole-1,3(2H)-dione;

Trans-2-ethyl-5(4-methoxyphenyl)-5,6,1 1,11a-tetrahydro-1H-imidazo[1'.5':4 6}
Pyrido[3,4-bJindole-1,3(2H)-dione;

Trans-2-ethy!-5-(3,4-methylenedioxyphenyl)-5,8.1 1,1 1a-tetrahydro-1H-imidazo
{1°,5%:1 ‘S]pyrido[3,4-bJindole-1 3(2H)}-dione;
Trans-2-ethyl-5-(2-thienyi)-5,6, 11,11a-tetrahydro-1 H-imidazof1',5'-4 6] pytido
[3,4-bjindols- 1,3(2H)-dione:;

Trans-5-(4-dimethylaminophenyl)-2-ethy-5,6, 11,11a-tetrahydro-1H-imidazo
[1',5*: 1,6] pyrido[3,4-bjindole-1 3(2H)-dione:
Trans-2-butyl-9-methyl-5-pheny!-5,6, 11,11a-tetrahydro-1 H-imidazof1',5":1 6]
Pytido[3,4-bJindole-1 »3(2H)-dione:

Trans-9-bromo-2-buty-5-pheny!-5,6, 11,11a-tetrahydro-1 H-imidazo[1',5":1 6}
Pyrido[3,4-bjindole-1 -3(2H)-dione:

Cis-2-butyl-5-(4-methoxyphenyl)-5,6,11,11a-tetra hydro-1H-imidazo [1',5'1,6}
pynido[3,4-bjindole-1 -3(2H)-dione;

Trans-2-butyl-5-(4-methoxyphenyl)-5,6,1 1,11a-tetrahydro-1H-imidazo (1°,5":1,6]
pyridof3,4-b}indole-1 .3(2H)}dione: ,

Cis-2-buty9-fluoro-5-(4-methoxyphenyl)-5,6, 11,41a-tetrahydro-4 H-imidazo
[1',5': 1,6} Pyrido[3,4-bJindole-1 ,3(2H)-dione: .
Trans-2-buty!-9-fluoro-5-(4-methoxyphenyl)-5,6, 11,11 a-tetrahydro-1 H-imidazo
{1°,5':1,6] Pyridof3 ,4-b]indole-4 +3(2H)-dione:
Trans-2-butyl-5-(3,4-methylenedioxyphenyl)-5,6, 11,1 ta-tetrahydro-1 H-midazo
11°,5':1 6] pyrido[3,4-bjindole-1 +3(2H)-dione;
Cis-2-butyl-5-(3-chlorophenyl)-5,6,1 1,11a-tetrahydro-1 H-imidazo[1',5':1 »S]pyrido
{3,4-b]indole-1 :3(2H)}-dione;

Trans-2-butyl-S-(3-chlorophenyl)-5,6,1 1,11a-tetrahydro-1 H-imidazo[1'"5'-4 6]
Pytido (3,4-blindole-1 -3{2H}-dione;

Cis-2-butyl-5-(4-chtorophenyl)-5,6,1 1,11@tetrahydro-1H-imidazo [1°,5':1,6}
Pyrido [(3,4-b]indole-4 .3(2H)-dione;

Trans-2-butyi-5-(4-chloropheny/)-5,6,1 1,11a-tetrahydro-1H-4midazo [1',5':4,6)
Pyridoj3,4-bjmdole-1 :4(2H)-dione:

‘Trans-2-butyl-5-(4-fluorophenyt)-56,11,11a-tetrahydro-1 H-imidazo[1'.5":48]
Pyrtido [3,4-b]indole-1 »3(2H)}-dione:

ATI 1009-0305
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Trans-2-butyl-5-(4-hydroxyphenyl)-5,6.1 1,114a-tetrahydro-1 H-imidazo[1'.5':1 5]
pyrido [3,¢-bjindole-1,3(2H)dione:

Cis-2-butyi-5-(4-trifluoromethy!pheny!)-5,6, 11,11a-tetrahydro-1H-imidazo
[1°,5':1,6]pyrido[3,4—bjindole-1 -3(2H)}-dione;
Cis-2-butyl5-(4-cyanophenyl)-5,6,11 ,11a-tetrahydro-1 H-imidazof1',5':1,6] pyrido ~ --

~ [3,4-b]indole-1,3(2H)-dione:

Trans-2-butyl!-5-(4-cyanophenyl)-5,6, 11,1 1a-tetrahydro-1 H-imidazo[1'.5':1,6]
pyrido[3 ,4-bJindole-4 :3(2H}dione;

Cis-2-butyl-5-(4-nitrophenyl)-5,6,11,11atetrahydro-1H-imidazo[1'.5':4 S]pyrido
[3.4-blindole-1,3(2H)-dione;

Trans-2-butyi-5-(4-nitrophenyl}-5,6,11,11 a-tetrahydro-1H-imidazof1',5':1,6}
pyrido[3,4-b]indole- 1,3(2H)}-dione;:

Cis-2-buty}-5-(3-pyridyf)-5,6,14,11 a-tetrahydro-1H-imidazo[1",5°1 E]pyrido [3,4-b]
indole-1 ,3(2H)-dione;

Cis-2-butyl-5-(3-thieny!)-5,6,11,11 a-tetrahydro-1H-imidazo[1'5'-1 ‘S)pyrido [(3,4-
bkindole-1,3(2H)}dione:

Trans-2-butyl-5-(3-thienyl)-5,6,11,118-tetrahydro-1Hmidazo[1',5":1 6]
Pyrido[3,4-bJindole-1 3(2H}4dione;
Cis-2-butyl-5-(3-furyl)-5,6,11,14 a-tetrahydro-1H-imidazo[1'.5°:4 SJpyrido [3,4-
djindole-1 ,3(2H)-dione:

Trans-2-butyl-5-(3-furyl)-5,6,11,11 a-tetrahydro-1 H-imidazo[1',5":1,6} pyrido[3,4-
bjindole-1 ,3(2H)}-dione; :

Cts-2-cyctohexyl-5-(4-methoxyphenyl)-5,6, 11,11a-tetrahydro-4H-imidazo
[1'.5':4,6} pyrido[3,4-bjindole-1 .3(2H}-dione;
Trans-2-cyclohexyl-5-(4-methoxyphenyl)-5,611,4 1a-tetrahydro-1 H-imidazo
[1'.5°:1,6} pyrido[3,4—b}indole-1 .3(2H)-dione;
Cis-2-cycichexyl-0-fluoro-5-(4-methoxyphenyl)-5.6, 11,1 1a-tetrahydro-4H-
imidazo[1 "551 6} pyrido[3,4-bJindole-1 +3(2H)-dione;
Trans-2-cyclohexy!-9-fiuoro-5-(4methoxypheny))-5,6, 11,1 1a-tetranydro-1H-
imidazo[1",5':1,6] pyrido[3,4-bJindoie-1+3(2H)}-dione;
Trans-2-benzyl-5-pheny!-5,6,1 1,11a-tetrahydro-1 H-imidazo[1',5':4 :S]pyrido [3,4-
bjindole-1,3(2H}-dione;

Cis-2-benzyl-5{4-methoxypheny)-5,6, 11,11a-+tetrahydro-1 H-imidazo[1".5':1,6)
Pyrido [3,4-b]indote-1 -3(2H)}-dione;

Trans-2-benzyl-5-(4-methoxypheny)-5,6, 11,11a-tetrahydro-1 H-imidazo[1',5"1 8]
Pyrido [3,4-b]indole-1 »3(2H}-dione;

(5R,1 taR)-2-benzyl-5-(3,4-methylenedioxyphenyl}-5.6, 114 ,11a-tetrahydro-4H-
imidazo [1°,5"1 ‘8)pyridof3,4-bJindole-1 .3(2H)-dione:
Trans-2-benzyl-5-(4-hydroxyphany))-5,6,1 1,1 1a-tetrahydro-1H-imidazo [1°,5°:1,6]
Pytido [3,4-bJindote-4 13(2H)-dione;

ATI 1009-0306
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Trans-2-(2-chloroethyl)-5-(4-methoxyphenyl)-5,6, 11,1 ta-tetrahydro-1H-imidazo
[1°,5°:1,6) pyridof3,4-bJindole-14 »3(2H)-dione;
Cis-2-benzyt-S-cyclohexyi-5,6,11,11a-tetrahydro-1 H-imidazo[1',5': 4,6]
pytido[3,4-b]indole-1 ,3{2H)-dione;

Trans-2-benzy!-5-cyclohexy!-5,611-11a-tetrahydro-1H-imidazo[1',5":1 6] |
~ pyrido[3,4-bjindcte-1,3(2H)-dione:

Trans-2-butyi-5-phenyt-5,6, 11,11a-tetrahydro-1 H-imidazo[1',5':1 6}pyrido[3,4-
bjindole-1 ,3(2H)-dione;

Trans-2-cyclohexyl-5-pheny!-5,6,11 /11a-tetrahydro-1 H-imidazo[1'.5':1 6] pyrido
[3,4-b)indole-1,3(2H)-dione;

Cis-2-cyclohexy-5-phenyl-5,6,11,1 ta-tetrahydro-1H-imidazof1'.5':1 .§] pyrido
[3.4-b]Jindole-1 .3(2H)-dione;

Trans-2-ethoxycarbonyimethy!-5-(4-methoxyphenyl)-5,6,11,11a-tetrahydro-1H-
imidazo[1",5':1,6) pyrido [3,4-bjindole-1,3(2H)-dione:
Trans-5-(4-methoxyphenyl}-2-[2-(2-pyridyi) -ethyi]-5,6,11,411a-tetrahydro-1H-
imidazo]1',5':1,6)}pyrido[3,4-b]Jindole-1 .3(2H)-dione:

Trans-2-cyclopropy!-5-phenyl-5,6,11,114 a-tetrahydro-1H-imidazo[1',5':1,6}
pyndo[3,4-bjindofe-1,3(2H)-dione:

Trans -2-phenethyl-5-phenyl-5,6, 11,1 ta-tetrahydro-1 H-imidazo[1',5":1,6]
pyrido[3 ,4-b]indole-1,3(2H)-dione;

Trans-5-pheny+2-(2-pyridytmethyf-5,6,11, Ja-tetrahydro-1 H-imidazo
(7°.5°:1 ‘S]pyridof3,4-bjindole-1,3(2H)-dione,;
Trans-5-phenyl-2-(4-pyridyimethyl)-5,6,11,11 a-tetrahydro-1H-imidazo
[1',5':1 6)pyrido[3,4-bJindole-1,3(2H)-dione;

Trans-5-(4-methoxypheny!)-2-(3-pyridyimethyl)-5,6,11,1 1a-tetrahydro-1 H-
imidazo[1',5':1,6]pyrido[3,4-bJindole-1,3(2H)-cione:
Trans-2-(2-dimethylamino-ethy)N--5-(4-methoxypheny)-5,6,11,1 1a-tetrahydro-
1H-imidazo[1’,5":1 ,6]pyrido [3,4-bJindole-1,3(2H)-dione:
Trans-2-(3-dimethyiamino-propy!)-5-(4-methoxyphenyl)- 5,6,11,11a-tetrahydro -
1H-imidazof1',5':1.6] pyrido [3,4-b]indole-1 .3{2H}-dione;
Trans-2-(2-morpholin-4-y-ethy|)-5-phenyt-5,6,11,11 a-tetrahydro-t H-
imidazo[1',5':1,6] pyrido [3,4-b]indole-1,3(2H)-dione;
Trans-5-(4-methaxyphenyl)-2-[3-(4-mathytpiperazin-1-yl)-propyl]- §,6.11,11a-
tetrahydro-1H-4midazo{1*,5": 1,6] pyrido [3,4-b]indote-1,3(2H)-dione:
Trans-5+4-methoxyphenyl}-2-(2-pyrrolidin-1-y-ethyl)-5.6, 11, 11a-tetrahydro-1H-
imidazo[1',5°:1,6] pyrido [(3,4-bJindole-1,3(2H)-dion;
Trans-5-(4-methoxyphenyl)-2-{2-(1-methy!-pyrrofidin-2-yl)-ethyl]-5,6,11,1 1a-
tetrahydro -1H-imidazo[1',5':1,6] pyrido [3,4-bJindole-1 »3(2H)-dione;
Trans-5-(4-methoxyphenyl)-5,6,11,11a-tetrahydro-1H-midazof1',5':1,6] pyrido
{3,4-b]indole-1,3 (2H)-dione;

Cis-5—(4-methoxyphenyl)-5,6,11,1 1a-tetrahydro-1 H-imidazo[1’,S*:1,8] pyrido [3,4-
bjindote-1,3 (2H)-dione;

and pharmaceutically acceptable saits and solvates thereof.
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WO 96/32379 discloses compoundsof the formuta

 
wherein .

Ri is hydrogen, halogen, nitro, carboxy, protected
carboxy, acyl, cyano, hydroxyimino (lower) alkyl,
lower alkenyl optionally substituted with Oxo, or
lower alkyl optionally substituted with protected
carboxy, carboxy or hydroxy;

R* is hydregen, halogen, lower alkenyl, acyl, or lower
alkyl optionally substituted with protected
carboxy, carboxy, lower alkoxy or hydroxy;

R> is lower alkenyl or lower alkyl, both of which are
optionally substituted with one or more
substituent{s) selected from the group consisting
of

(2) Oxo,

(2) aryl optionally substituted with one .or more
substituent(s) selected from the group
consisting of halogen, aryl, lower alkoxy,
lower alkylenedioxy, cyano, nitro, carboxy,
protected carboxy, acyl, and amino optionally
substituted with acyl or Protected carboxy,
and

(3) a heterocyclic group optionally substituted

with halogen: and

R4 is carboxy, protected carboxy, acyl, cyano, halogen,
2 heterocyclic group, amino optionally substituted

with acyl or protected carboxy, or lower alkyl

BNSDOCID: <WO__9959584A1_1>
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optionally substituted with protected carboxy,
carboxy or acyl;

in addition to their significances above,
Rt and R2

they
, togetherwiththe carbon atoms to which” ~
are attached, represent a. 4- to 7-

membered carbocyclic ring optionaily
substituted with Oxo,

or its pharmaceutically acceptable salt.

WO 97/03070 discloses compounds of the formula
0

Sy N I
S f } 3CL “F ‘ on

R? R?

wherein R'is a hydrogen atom or a halogen atom;
R? is a phenyl-lower alkyl group;
R? is a heterocyclic group selected from the

group consisting of an indolyl group, indolinyl group,
lH-indazolyl group, 2(1H)-quinolinony1l group, 3,4-

dihydro-2(1H)-quinolinony]l group and 3,4-dihydro-

1,4(2H)-benzoxazinyl group, said heterocyclic group may
have 1 to 3 substituents selected from the group
consisting

a group of

of:

the formula -B-R‘, (B is a lower alkylene
group; R* is a 5= to 1l-membered saturated or unsatu-

rated heterocyclic qroup of single ring or binary ring,
having 1 to 4 hetero atoms selected from the group

_ consisting of a nitrogen atom, oxygen atom and sulfur

atom, (said heterocyclic group may have 2 to 3 substi-

tuents selected from the group consisting of a halogen
atom, a lower alkyl group, a lower alkoxy group and

BNSDOCID: <WO___9959584A1_I_>
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Oxo group) or a group of the formule -—NR*Ré (R° and Ré®

are each the same or different, and a hydrogen atom, a
lower alkyl group, a cycloalkyl group, a pyridyi-

~Garbonylgroup, an isoxazolylcarbony1 group which may
have 1 to 3 lower alkyl groups as the Substituents, a
pyrrolyicarbonyl group or an amino-substitutead lower
alkyl group which may have a lower alkyl group as the
substituent; further R® and R¢é may form 5- to 6-

membered Saturated heterocyclic group by combining to
each other, together with the adjacent nitrogen atom
being bonded thereto, further with or without other

nitrogen atom or oxygen atom; said heterocyclic group
may have 1 to 3 substituents selected from the group
consisting of a hydroxy group and a phenyl group));
@ lower alkenyl group; a lower alkoxycarbonyl] group;
@ phenoxy-lower alkyl group which may have cyano group
as the substituents; a halogen-substituted lower alkyl
group; and a lower alkoxycarbonyl-substituted lower
alkyl group;

A is a lower alkylene group; and
nis 0 orl,

Preferred compoundsinclude:

1-Benzy1l-6-chloro-2-{1-[3-+(imidazol-1-—

¥1)propyl}indol-5~ylaminocarbonyl }benzimidazole.

i-Benzyl-6-chloro-2-{1-(3-(N-cyclohexyl-n-
methylamino)propy} ] indol-5-ylaminocarbony1}—
benzimidazole.
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i~Benzyl-—6-chloro-2-(i-[3-(pyrazol-l-

yl) propyl Jindol-~S-ylaminocarbony?}benzimidazole.

yl )propy] Jindol-~5-ylaminocarbonyl}benzimidazole.

1-Benzyl-6-chloro-2-{1-[3-(3,5-

dimethylisoxazol—4~ylcarbonylamino) propyl jindol-5-

y laminocarbonyl}benzimidazole.

1-Benzyl~6~chloro~2-{1-[3-(4-phenyl-4-

hydroxypiperidin-1~yl )propyl}indol-5-ylaminocarbony1}-
benzimidazole.

1-Benzyl1-6-chloro-2-(4-[3-(pyxridin-2-

ylcarbonylamino ) propyl ]-3,4-dihydro-1,4(2H)-benzoxazin-

7-ylaminocarbony1}benzimidazole.

WO 97/03675 discloses compoundsof the formula

 
and saits and solvates (e.g. hydrates) thereof, in which:

R° represents hydrogen, halogen or C4. alkyl;
R1 represents hydrogen, C4.galkyl, Co. alkenyl, Co. alkynyl, haloC j.gaikyl,

C3-.gcycloalkyi, C3_gcycloalkyiC4_3alkyl, aryiCy.3alkyl or heteroaryiC 1_3alkyt;
R2 represents an optionally substituted monocyclic aromatic ring selected

from benzene,thiophene,furan and pyridine or an optionally substituted bicyclic

fA)ring Ss attached to the rest of the molecule via one of the benzene
ting carbon atoms and wherein the fused ring Ais a 5- or 6-memberedring
which may be saturated or Partially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and

R® represents hydrogen or C,., aikyl, or R' and R® together represent a-3- or
4—- membered alkyi_r alkenyl chain;

BNSDOCID: <WO___9959584A1_I_>
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for the manufacture of a medicament for the curative or prophylactic treatment
of erectile dysfunction in a male animal, including man.

Preferred compoundsinclude: Co ce

BNSOOCID: <WO___9959584A1_i_>

Cis-2,3,6,7,12,12a-hexahydro-2-(4pyridyimethyl)-6-(34-methytenedioxypheny))-
pyrazinof2', 1°: 6, 1}pyrido[3,4-b]indole-1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzofb}furan-5-yl)-2-methyl-
pyrazino[2", 1':6, 1 Jpyrido[3,4-b]indole -1 dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2-methy-
pyrazino[2',1°:6,1 Ipytido[3,4-b}indole -1,4-dione;

Cis-2,3,6,7,12,12a-hexahydro-2-buty!-6-(4-methyiphenyl}-
pyrazino[2‘,1°:6,1]pyridof3,4-b]indole -1 4-dione;
(6R, 12aR)-2,3,6,7,12,12a-Hexahydro-2-Isopropyi-6-(3,4-methylenedioxyphenyl)-
pyrazino[2’, 7':6,1]pyrido[3,4-bJindole -1 »4dione; ,
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-cyclopentyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1‘6,1]pyrido[3,4~blindole -1 -4-dione:
(6R,12aR)-2,3,6.7,12, 12a-Hexahydro-2-cyclopropyimethyl-6-(4-methoxyphenyl)-
Pyrazino[2’,1°:6, Tpyrido[3,4-bJindote -1 ,4-dione; .
(GR, 12aR)-2,3,6,7, 12, 12a-Hexahydro-6-(3-chloro-4-methoxyphenyl)-2-methyl-
pyrazino[2', 16, 1]pyrido[3,4-bJindole -1 4-dione;
(GR, 12aR}-2.3.6,7,12, 12aHexahydro-2-methyl-6-(3,4-methylenedioxyplieny!)-
Pyrazino[2’, 1':6, 1]pyrido[3,4-bindole-1 ,4-dione;
(6R, 12aR}-2,3.6,7,12,12a-Hexahydro-6-(3,4-methylenedioxypheny))-
pyrazino[2", 1°: 6,1] pyrido [3,4-b] indole-1,4-dione:
(SaR, 12R, 14aS)-1,2,3,5,6,1 1,12,14a-Octahydro-12-(3,4-
methylenedioxyphenyl)-pyrroio[1",2" : 4°.SJpyrazino[2‘,1' : 6,1 Jpyridof3,4-
bjindole-5-1 ,4-dione:

Cis-2,3,6,7,12,4 2a-hexahydro-2-cyclopropyt-6-(3,4-methylenedioxyphenyl)-
Pyrazino[2",1':6,1]pyrido[3,4-b]indole -1 4A-dione;
(3S, 6R,12aR)-2,3,6,7,12,12a-hexahydro-3-methy!-6-(3,4-
methylenedioxyphenyf)-pyrazinof?’,16, I}pyrido[3,4-bJindole -1 .4-dione;
and physiologically acceptabie salts and scivates (e.g. hydrates) thereof.

ATI 1009-0312
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WO 97/03985 discloses compoundsof the formula

q) 
and solvates thereof, in which:

R° represents hydrogen, hatogen or C4.6 alky!:
R1 represents hydrogen or C4_galkyl: .
R? represents the bieyelic ring

64

which may be optionally substituted by one cr more groupsselected from
halogen and C,_3alkyl!:
and

R® represents hydrogen or Cy .galkyl.

Preferred compoundsinclude:

- (6R,12aR)}-2,3,6,7,12,1 2a-Hexahydro-6-(5-benzofurany!)-2-methyl-pyrazino
[2’,1°:6, 1]pyrido[3,4-bJindole-1 ;4-dione;

(6R,12aR)-2,3,6,7,12,1 2a-Hexahydro-6-{5-benzofuranyl)-pyrazino[2 "1°:6,1]
Pytido [3,4-b]indole-1 ,4-dione;

(3S, -6R. 12aR)-2,3,6,7,12, 12a-Hexahydro-6-(5-benzofuranyl)-3-methyl-
pyrazino[2',1':6,1] pyrido [3,4-bJindole-1 4-dione;

(3S,  6R, 12aR)-2.3,6,7,12,12a-Hexahydro-6-(5-benzofuranyl)-2,3-dimethyl-
Pyrazino[2', 1':6, 1] pyrido [3,4-bJindole-1 ,4-dione;
(6R,12aR)-2,3,6,7,1 2, 12a-Hexahydro-6-(5-benzofurany!)-2-isopropyl-pyrazino
[2’,1°:6,1] pyrido [3,4-b]indole-1 ,4-dione;
and physiologically acceptable solvates thereof.

BNSDOCID: <wWO___9959584A1_I>
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WO 97/43287 discloses compounds of the formula

i 
wherein

R® represents -hydrogenor -halogen:
R'is selected from thegroup consisting of:
-hydrogen,

-NO,,-

-trifluoromethyl,

-triflucromeinoxy,
-hatogen,
-Cyeno,

a 5- or 6- membered heterocyclic group containing at least one heteroatom
selecied from oxygen, nitrogen and sulphur(optionatly
substituted by - C(=0)OR" or C,Jalky!),
-C,.alkyl optionally substituted by -OR’*,
-C,.3alkoxy,
-C(=0)R’,

-0-C(=0)R"*,
~C(=0)OR*,

-C.ualkylene C(=0}OR*, ©

-O-C,u4aikylene -C(=0)OR",

-C,~alkylene -0-C,alkylene-C(=0)GR’,
-C(=O0)NR®SO,R',

-C(=0)C.alkylene Het, wherein Het represents 5- or 6-membered heterocyclic
croup as defined above, :

-C,~alkylene NR'R®,
-CzsalkenyieneNR'R’,
-C(=0)NFER?,
~C{=0)NR'R’,

-C(=0)NR"Cysaiky! ne OR?
-C(=0)NR"C,~alkylene Het, wher in Het represents a 5S- or 6-membered

BNSDCCID: <wO__9959584a1_1_>
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heterocyclic grous as defined above,
-OR®

-OCz~4alkylene NR?R?,
-OC 4alkylene-CH(OR*)CH, NRPR®,

-0-C,ualkylene Het,whereinHetrepresents.a5-or6-. membered heterocyclic> ~~~ssSfaupas defined above,
-O-C,Walkyiene-OR’',

-O-C24alkylene-NR'-C(=0)-OR?,
-NR'R’,

-NR°C,.4alkyleneNR'R®,
-NR®C(=0)R®,
-NR"C(=0)NR'R?,
-N(SO2Calkyl},
-NR“(SO2Calkyl),
-SO2NR'R?. and

-OSOztrifluoromethyt:
R? is selacted from the group consisting of:
-hydrogen,

-halogen,

-OR",

Cis alkyl,
-NOsz, and

-NR'R?,

or R' ang R?, together form a 3- or 4- membered alkylene or alkenytene chain,
optionally containing at least one heteratom :
R” is selected from the group consisting of:
-hydrogen,
-halogen,

-NO,,

-triftuoramethoxy,
-Cy.ealkyl, and

-C(=0)OR":
R* is hydrogen,

or R® and R‘ together form a 3- or 4- membered alkylene ar alkenylene chain,
optionalty containing at laast one heteratom:
R® and R®, which may be the sameordifferent, are independently selected from
hydrogen and Cysalky!;

R* repres nts Phenyl or Cxscycloaikyl, which phenyt or Crecycloalky! can be
optionally substituted by one or more halogen atoms, one or more -C{=Q)OR* or
one or more -OR* .

BNSGOCIO: <wO___9959564A1_I_>
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nis an integer selected from 1, 2 and 3;

mis an integer setected from 1 and 2;

and pharmaceutically acceptable salts and solvates thereof.

formula

BNSDOCID: <wO___9959584A1_I>
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U.S. Patent No. 5,393,755 discloses compoundsof the

i R2
RI i f

1Rn?

aN N
se

Rr (CHD.
bo

R Re Re
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tgi
~ “nN NI}

N N \
ap, ©R er

Rr’ “
R° R¢

wherein
J is oxygen or sulfur,
Rlis hydrogen, alkyl or alkyl substituted with ary! or

hydroxy;

Riis hydrogen, aryl, heteroaryl, cycloztkyl, alkyl oralkyl substituted with aryl, heteroaryl, hydrazy,
alkoxy, amino, monoalky! amino or dialkylamino,
or —(CH2),,TCOR® wherein m is an integer from
1 to 6, T is oxygen ar —NH— and Rishydrogen,
aryl heteroaryl, alkyl or alkyl sabstituted with ary]
or heteroaryl;

R} is hydrogen, halo, trifluoromethyl, alkoxy. alkyl
thio, alkyl, cycloalkyl, aryl, amincsolfonyl, amino,
monoalkylamino, dialkylamino, hydroxyalk-
ylamino, aminoalkylamino, carboxy, alkoxycar-
bonyl or aminocarbonyl or alkyl substituted with
aryl, hydroxy, alkoxy, amino, mozoalkylamino oro;

Rs, RS, Re and R¢independently represent hydrogen,
alkyl, cycloalkyl or aryl; or (R°and R4) or (Reand
R®) or (R¢and R49 can complete e saturated ring of
5- to 7-carbon ators, or (R4 and R* taken together
amd (R5 and R¢ taken together, each complete a
satocated ring of 5- t 7-carbon atoms, wherein
each ring optionally can contain a sulfur or oxygen

-atam and whose carbon atoms may be optionally
substiorted with one or more or the following:
alkenyl, alkynyl, hydroxy, cacbozy, alkoxycar-

‘boayl, alkyl or alkyl substitmted with hydroxy,
carboxy or alkoxycarbony); or such saturated ring
can have two adjecent carbon atoms which arc
shared with an adjoining aryl ring; andn is zero or one. .



ATI 1009-0317

WO 99/59584

-66-

Preferred compoundsinclude:

BNSDOGID: <wO__9959584A1_I_>
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cis-5,6a,7,8,9,9a-Hexahydro-5-methyl-3-(phenylme-
thyl)cyclopenta[4,5]imidazo[2, )-b]purin4one;

7,8-Dihydro-5-methyl-3(phenylmethyl-3H-
imidazo[2,1-b]purin-4(5H)-one;

cis-60,7,8,9,10, 10a-Hexrabydro-5-methyl-3-(phenyime-
thyl)-3H-benzimidazo]2, |-b)purin-4(5H)-one; -- . --. -

5,7,8,9-Tetrahydro-5-methy]-3-(phenylmeth y1)-
pynmido[2,1-btpurin-4(3H)-ons;

7,8-Dibydro-8-phenyl-5-methyl-3-(phenylmethyl)-3H-
midazo[2,1-b]purin-4(5H}-one,

5’ 7'-Dihydro-5‘-methy!-3'-(phenylmethyl)spirofcy-
clobexane-1,8’-(8H)imidazo[2, 1-b]purin)-4’(3"H)-one;

cis-5,6a, 11,1 la-Tetrehydro-5-methyl-3-(phenylmethyl-
Jindeno[1‘,2':4,5}irmidazo([2, 1-bjpurin-4(3H)-ane;

5’,7'-Dihydro-2’,5'dimethy]-3’{phenyimethy])spire (cy-
clohexane- 1,7°(8’H)-imidazo[2,1-b]purin}-4’-
G'H)-one;

1,8-Dibydro-2,5,7,7,8(R,S)-peatamethy]-3H-
imidazo[2,1-b]purm-: 7

cis-5,6a,7,1 1b-Tetrahydro-5-methy!-3-(phenylmethy]-
Jindeno[2", I',:4,5}imidazo[2, I-b]purin-4(3H}one;

cis-5,6a,7,8,9,9a-Hexabydro-2,5-dimethyl]-3-(phenylme-
thyl)cyclopent[4,SJimidazo[2, l-b}purin-4-(3H)-one;

4’-Methy1-3’-(phenylmethyl)}-spiro[cyclopentane-1,7’-
(8'H)(3’)imidazof?, i-b)purinj-+-(5"H)-one,

7,8-Dihydro-2,5,7,7+etramethyl-3-(phenylmethyl)-3H-
imidazof2,1-b}purin-4(5"H)-one;

7,8-Dihydro-7(R)-phenyl-2,5-dimethyl-3-(phenylme-
thyf)-3H-imidazof2,1-bjpurin~4(5H)-one;

7,8-Dihydro-2,5-dimethyl-3,7(R)-bis(phenylmethy])-
3H-imidazo[2,1-b)purin-4(5H)-one;

(+)-7,8-Dibydro-2,S-dimethy}-7-ethyl-3-(phenylme-
thyl)-3H-imidazo[?, |-b]purin-4(5H)-one;

6a(S)}-7,8,9,10,10a(R)-Hexhydro-2,5-dimethyl-3-
(phenyhnethyl)-3H-benzimidazof2,!-bjpurin-
4(5H)-one;

6a(R)-7,8,9,10,102(S)-hexahydro-2,5-dimethyl-3-
(phenylmethyl)-3H-benzimidazo[2,1-b}purin-
4(SH)-onc,

7,8-Dihydro-2,5-dimethyl-7(R}-isopropy}-3+phenylae-
tbyl)-3H-imidazof2,!-b]purin-4(5H)-one,

7,8-Dihydro-2,5,7(R)-trumethyl-3-(phenylmethyl)-3H-
imidazo[2,1-b]puri-4(5H)-one;

cis-7,72,8,9, 10,10e-Hexahydro-2,5-dimethyl-3-{phenyl-
methyl)-3H-cyclopesta[56]pyrimido[2, t-bjpurin-
4(SH)-one;

7,8-Dibydro-2,5-dimethyl-7(S}(1-methylpropyl)-3 -
(phenylmethyl)-3H-imidazo[?, 1-b}parin-4(5H)-one,

7,8-Dihydro-2,5-dimethyl-7(R)-(2-methyipropyl>-3-
(phenylmethy1)-3Himidazof?2, | -b]purin-4(5H)-one;

7,8-Dibydro-2,5-dimethyl-7(R,S}-(methoxycarbonyl)-3-
(phenyimethyl)-3H-imidazo[2, 1b]purin-4(SH)-one;

7,8-Dihydro-2,5-dimethy!-7(R.S)-(1-propyf)-3{phenyl-
methyl)-3H-imidazo/2, [-b]purin-4(5)-one;

7,8-Dihydro-2,5-dimethyl-7(S}{1-methylethy!)-3-

(phenylmethyl)-3H-amidazo[2,1-bjpuri(SH}onc;7,8-Dihydro-2,5,7,7,&(R,S)-pentamethyl-3H-
imidazo]2, |-b]purin-4(5F-one;

5,7,8,9-Tetrahydro-2,5,7,HR,S)-pentametbyl-3-(phenyl-
methy]l)-pyrimido[2,1-b]parin-4GH)-one;

5,6a(R),7,8,9,9a(S)-Hexabydro-2,5-dimethyl-3-(pheny}-
methyi)cyclopent([4,5}imidazo[2,1-b]porin-4GH)-onc;

5,6a(S),7,8,9,9e(R)-Hexshydro-2,5-dimethyi-3-(phenyl-
methyNcyclopent[4,5fimidaro|2,1-b]purin-4(3H)-one,

cis-6a,7,8,9, 10,102-Hexahydro-2,5-dimethyl-3-(phenyi-
methy!)-3H -benzimidazo[2,1-b]purm-4(SE}-one; ©

PCT/US99/07046



ATI 1009-0318

WO 99/59584 PCT/US99/07046

-67—-

5’,7'-Dihydro-2",5“-dimethyl-3’-(pheny!methyl)spiro[cy-
clohexane-1 »8-(8H)-imidaz0j2,1 -b)purin}4-(3'H)-one;

ci5-5,6a,7,8,9,9a-Hexahydro-2,5-dimethyl-3-(phenylme-
thyl)cyclohepi[6,7Jimidazo[2, 1-b]purin-4(3H)-one;

cis-5,6a,7,8,9,9a-H:exahydro-5-methy!-2-cthyl-3-
(phenyimethyl)cyciopent{4,SJimidazo(2, 1-b]purin-
4(3H)-one; _-

Srnemnn =~ GiS~6ia,7,8,9,10,10a-Hexahydro-S-methyt-2-ethyl-3o°° ~~
(phenyimethyl)-3H-benzimidazo[2, |-b]purin-+-
(SH)-one;

cis-5,6a,7,8,9,9a-Hexahydro-5-methyl-2-ethy1-3-
(phenylmethyl)cyclopent [4,5}imidazo[2,1~b]purin-
4(3H)-one;

cis-5,6a,7,8,9,9a-Hexahydro-5-methyI-2-pheny]l-3-
(phepylmethyl)cyclopent[4,5]imidazo[2, i-bJpurin-
4(3H)-one;

cis~-6a,7,8,9,10,10a-Hexahydro-5-methy!-2-phenyl-3-
(phenylmethy])-3H-benzimidazo[?2, 1]povrin-

SH)-one; :

cis-5,6a,7,8.9,9a-Hexahydro-5-methylcyclopenta[4,-
S)imidazo[2,1-b}purin-43H)-one;

cis-5,6a,7,8,9,9a-Hexahydro-2,5-dimethyicyclopenta[4,-
-_ S]imidazo[2, 1b]purin-4@H)-one;

cis-5,6a(R), 7,8,9,9a(S)-Hexahydro-2,$-di-methyley-
clopeat[45)imidazo[?, 1-b]purin-4(3H)-one,;

2',5’-dimethyl-spiro{cyclopentane-1,7'-(8 'H}-+G'H)-
imidazo[2, !-b]purin}-4'(5°

7,8-Dihydro-2,5-dimethyl-7(R)-{I-methylethyi)-3H.-
imidaro]2, [-b}purin-4(5H)-onc;

7,8-Dihydro-2,5,»7,7tetramethyl-3H-imidazo[?,1 ~b]pu-
tin-4(5H)-one;

7,8-Dihydro-2,5-di methyl-7(S}({-methylethy])-3H-
imidazof2, 1-5}purin-4(5H)-one;

€a(R),7,8,9,10,10a(S)-Hexahydro-2,5-dimethy!-3F-be
azimidazof2, |-b}purin-4(5H)}-oas,

5',7'-Dihydro-2',S‘~dimethylspiro{cyclohexane-1,7-
(8°H)}-imidazo/2, !-bJpurin}-4(3" ie:

cis-5,6a,7,8,9,9a-Hexahydro-5«methy!-3-(phenylme-
thy]cyclopenta[4¢,S}imidzzof.2,1-bjparin-4G@H)-one;

5,6a(R),7,8,9,9a(S)-Hexahydro-2,5-dimethyl-3-(phenyi-
methylcyclopent{[4,Sjimidazo/2,1-]purin4GH}thione;

cis-5,6a,7,8,9,9a-Herahydro-5-methy1-3-(4-chloro-
phenylmethyDcyclopenta[4,Sjimidazo]?,1]jperin-
4GH)-one;

cis-5,6a,7,8,9,9a-Hexahydro-S-methyl-3-(cyclohaxylme-
thyDcyclopent[4,5Jimidazo[2,1 -b]purin-4GAl)-one;

cis-5,6a,7,8,9,9a-Hexabydro-5-methyl-3-(2-naphthyime-
thy]cyclopent(4,5Jimidazof2, 1-b]purin-4(3H)-one;

5,6a(R),7,8,9,9a(S)-Hexahydro-2,5-dimethyl-3-(4-
bromophenyimethyIcyclopent[4,Sjimidazo[2,1-b]pv-
rin-4(3H)-one;

5,6a{R)-7,8,9,9a(S)-Hexahydro-2,5-dimethy}3(4-
metbaxyphenyimethyl)-cyclopent[4,5}imidazo[?, 1-
b]purin-43H)-one;

cis-5,62,7,8,9,9a-Hexahydro-2,3,S-trimethyley-
clopent[4,5Jimidazo[2,1-b]parin-4(3H)-one;

ois-5,6a,7,8,9,9a-Hexahydro-2-(hydroxymethyI}-5-
methy!l-3-(phenylmethyicyclopent[4,Shimidazof?2, t-
bjparin-4(3H)-one, . .

cis-5,6a,7,8,9,9a-Hexzshydro-2-methylthio-S-methyi-3-
(Phenyimethyi)cyclopent[4,5}imidazo[2,1-b)purin-
4G c;

Gis-3,4,5,6a,7,8,9,92-Octahydro-S-methyl-4-ox0-3-
(pbenyimethae)opeatlsSfimidazoli 2,1-]pnrin-2-acid:

Cis-3,4,5,6a,7,8,9,9a-Octahydro-5-methyi-4-ox0-3-
(phenylmethyNcyclopeat(4,5Jimidazof2,1-b]parin-2-
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carboxylic acid, methyl ester;
cis-5,6a,7,8,9,9a~Hexahydro-2-bromo-5-methyl-3-

(phenyknethy)cyclopentf4,$imidazo[2,1-b]purin-
4(3H)one;

cise5,6a,7,8,9,9a-Hexahydro-2-(methylaminosulfonyl)-
5-methyl-3-(phenylmethylcyclopent{4,-
S)imidazo[2, 1-b)purin-4(3#Done,

cts-1-Cyclopenty}-5,6a,7,8,9,9a-hexabydro-5-“methyicy-

cis-5,6a,7,8,9,9a-Hexehydro-3,5-bis-(phenylmethylcy-
clopent(4,5)imidazoc2, 1-b)puria-4{(3Hjane;

cis-62,7,8,9, 10,10a-Hexahydro-3,5-bis(phenyimethy!)-
3H-benzimidazo[2, I-b]purin-4(5H)one;

¢is-3-Cyclopentyl-S,6a,7,8,9,9a-hexahydro-5-methyley-
clopent[4,S}imidazo(2, 1-bypurin-4(3H)one;

5’-Methy!-3'(phenylmethyl)spiro[cyclopentanc-1,7-
(8°H)(3'Hyanidazo[2, i-b}purin)-4-(SH)one;

2',$’-Dimcthy]-3’-(phenylmethyl)-spiro[cyclopentane-
,7+8'H)-GH)imidazof2,1-b]purin)-4-(S'Hjone;

cis-5,6a,(R}7,8,9,9a(S)-Hexahydro-5-methyl-3(phenyl-
* methyDcyclopent[4S)imidazo(2, 1-b)purin-4(3H)one;
cis-3-Cyclopentyi-5,6a,7,8,9,9a-Hexabydro-2,5-dime-

thyleyclopent[4,SJimidazo[2, i-b]purin-4(3H)one;
5'-Methy]-2’-trifluoromethyl-3'{phenylmcthyl)spiro{

cyclo-pentane-1,7°(8'H)-(3’Fimidazo[2, |-b]purin}-4-
("Hyone;

7,8-Dihydro-§,7,7-trimethyl-2-trifluoromethy1-3-
(phenylmethyl)-3H-imidazo[2, 1-b}purin-4(5H)-one;

(+/—)}cis-5,6a,7,8,9,9a-Hexahydro-5-methyl-2-tri-
fluoromethy]-3-(phenylmethyl)cyclopent[4,-
S}imidazof?2, 1-b}purin-4(3H)-one;

(+/—)}-6a,7,8,9,98,10,11,11 a-Octahydro-2,5-dimethyl-
3+phenylmethy!)}-3H-pentaleno{[6a’,1:4,-
S]imidazo[2, 1 -b]puria-4(5H)-one;

(-+-}-6,7,8,9,9a, 10,11,1 1a-Octahydro-2,5-dimethyl-3-
phenyimethy}-3H-pentaleno[6a’, 1'4,5}imidazo[?, I-
b]perin-4(SH)-one;

(—}-4a,7,8,9,9a, 10,11, lla-Octahydro-2,5-dimetby)-3-
phenylmcthy!-3H-pentatevo[6a’,1':4,5)Imidazo[2, 1-
b]purin-4(SH)-onc,

(+/—) 6a,7,8,9,9a,10,11,1laOctahydro-2,5-dimethyl-
3H-pentaleno[6a‘, 124,5himidazo[2, l-b]purm-
4(SEf}-one;

(+}-6a.7,8,9,92, 10, 11,21a-Octahydro-2,5-dimethy-3H-
pentaleno[6a’,4,Sjemidazo]2, 1-o]purin-4(5H)-one;

{—)}4a,7,8,9,9a, 10,11,Lle-Octahydro-2,5-dimethy]-3H-
pentateno[6a’, 1°34,S}imidazof2, I-b}purin-4(5H)-one;

6a,7,8,9,10,108,11,12,13,13a-Decabydro-2,5-dimethyl-
@phenylmethyfmapth{!,8s-dJimidazo[2,l-b)purin-
4(5H)one,

WR)-Cyclohcry!-7,8-dihydro-2,5-dimethyl-3-(phenyl--
methy])}-3H-nmidaro[?2,1-b]purin-4(3)-onc;

7R)-Cyclohexyi-7,8-dihydro-2,5-dimethyl-3H-
imidazo[?, 1-b}purin-4(SH)-one;

1(S)-Cyclohexy!-7,8-dihydzo-2,5-dimethyl-3-(phenyt-
methyl)3H-4midazo[2,1-b]purin-4(3H)-one;

7(S}-Cyclohexy)7,3-dihydro-2,$-dimethyl-3H-
imidazo[2, l-b}jpurin-4(SH}-one;

$,62{R),7,8,9,9a(S)-Hexahydro-2,5-dimethyi-3-(trime-
thylacetoxy)mcthy]}-cyclopent{4,5}imidazof2,1-bjpu-
rin-4G eS

3,6a(R),7,3,9,9a(S)}-Hezahydro-2,5-dimethyl-3-(4-
pyridyimethyNcyclopent{4,S}imidaza[2,1-b}purin-

. 43H)oae;
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5,6a(R),7,8,9,9a(S)-Hexehydro-2,5-dimethyl-3-[2-(1-
morpholinyNethyf]cyclopent[4,5]imidazof[2,1-b}pu-
rin-4(3H}-one;

5,62(R),7,8,9,9a(S)-Hexahydro-2,5-dimethyl-3-{acetox-
ymethylJjcyclopent{4,5jimidazo[2. 1-b] purin-
4(3H)-ong;

5,6a,7,8,9,9a-Hexabydro-2,5,6a-trimethyl-3-(phenyime-
thy)cyclopent{4,5}jimidazo[2,1-bjpurmn-4(3H)-one; __ ok vee eee cece ete

ee~~5,6a(R),7(S),8,9,9a-Hexabydro-2,5,6a-trimethyl-3-_
(phenylmethylcyclopent[4,5]imidazo[2, [-b] puria-
4QH)-one; :

5,6a(S),7(R),8,9,9a-Hexabydro-2,5,6a-trimethyl-3~
(phenylimethylcyclopent{4,S}imidazof2, |-b]purin-

4(3H)-one, .
cis-62,7,8,9, 10,10a-Hexahydro-2,5,7-trimethy]-3-

(phenylmethyl)-3H-benzimjdszo[2, 1-b]purm-
4(5H)-ons,

cis-5,6a,7,8,9,9a-Fiexahydro-2,5,6a-trimethylcy-
* -clopent[4,5]imldazof2,1-b]purmn-4(3H); or
cis-6a,7,8,9,10, 10a-Hex2hydro-2,5,7-trimethyl-3H-den-

zimidazo(2, '-b)purin-4(5H)-one}.

U.S. Patent No. 5,439,895 discloses compoundsof the

formula ; a
Rsy )

N

mE IOAN,p-@n~ N

wherein R!is hydrogen ar C1-4 alkyl;
¥ is Cl-6 alkylene;
A is —O—R® or —S(O}p—RO,
in which R®°is C1—4 alkyl-hydroxy;
Pp is 0-2; .

~ is single bond, methylene, ethylene, vinyiene or
ethyziylene;

CyB is -

(1)7-membered, unsaturated or partially saturated,
monocyclic hetero ring containing as hetero
atoms, One, two or three nitrogen atoms,

(2) 6-membered, unsaturated or partially saturated,
monocyclic hetero ring containing as hetero
atoms, two or three nitrogen atoms,

(3) 6-membered, unsaturated or partially saturated,
monocyclic hetero ring containing as betero
stom, one nitrogen atom, .

(4) + or 5-membered, unsaturated or partially catp-
rated, monocyclic hetero ring containiag as het-
€ro atoms, one, two or three nitrogen atoms, or

(5) 4-7 membered, unsaturated or partially satu-
rated, monocyclic hetero ring containing as het-
ero atoms, one or two oxygen atoms, or ane or
two sulfur atoms;

R3 is hydrogen, Cl-4 alkyl, Cl-4 alkoxy, halogen or
trifluoromethy};

Rt is (1) hydrogen, (2) Cl-4 alkyl, (3) C14 alkoxy,
(4) —COOR!, in which R®is hydrogen or C1-4
alkyl, (5) —NR°RIO, in which R? is hydrogen,
Ci-4 alky? or phenyi(Cl—4 alkyl) and Riis hydro-
gen orCi-4 alkyl, (6) -NHCOR, in which RNis
Ci—4 alky!, (7) —NHSO2R", in which RUis os
hereinbefore defined, (8) SO:NRIR!6, in which R?
and Rare as hereinbefore defined, (9) —OCOR! a
ia which R!! is as hereinbefore defined, (10) halo-
gen, (11) trifluoromethyl, (12) bydrory, (13) nitro,

ATI 1009-0320
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(14) cyano, (15) —SO2N=CHNR?!2R3i3 in which
R12 is hydrogen or Cl-4 alkyl and R™ is C14
alkyl, (16) —CONRMR15in which R'is hydrogen
or Clalkyi and R'is C)-4 alky} or phenyl(C1-4
alkyl}, (17) C}-4 alkylthio, (18) Ci—4 alkylsulGnyl,
(19) CI-4 alkylsulfony!, (20) ethynyl, (21) hy-
droxymethyl, (22) ti(CI-4 alkylsilylethyny} or

“~ ~o~~ (23) acetyl; and m and o independently are‘1 or 2: ~
with the proviso that

(1) a CyB ring does not bond to Z through a nitro-
gen atom in the CyB ring when Z is vinylene or
cthynylene;

or pharmaccutically acceptable acid addition salts
thereof, pharmaceutically acceptable salts thereof, or
hydrates thereof.

Preferred compoundsinclude:

4{2-(2-hydroxycthoxy)ethyiJamino~¢-acetyl-2-(1-
imidazolyDquinazolinc,

2-(1-imidazoly])-4-[2-(2-hydroxyethaxy)ethylemino-
6-cthynylquinazoline,

2-(1-imidazolyl)-4-[2-(2-hydroxyethoxy)ethylJamino-
6-(2-triisopropylsilylethynyDqumazoline,

4-(24(2-hydroxyethory)ethytjamino-6-hydroxymeth-
yl-2-(1-imidazolyNquinazoli:

4(2-(2-hydroxyethoxy}ethyfamino-6-methy{sulfiny!-
241-imidazoly!)quinazoline,

€-chloro-4-(2-(2-hydroxyethoxy)ethyl)amino-2-{1-
imidazolyDquinazoline,

4-(2-2-hydroxyethoxy)ethyljamino-6-meth6 —_xycar-
bonyl-2-(i-imidazolyDquinazolinc,

4(2-(-hydroxycthoxy)ethyl)amino-6-methy!chio-2-
(i-imidazolylquinazoline,

4-(-(2-hydroxyethoxy)ethylNamino~-6-iodo-2-41-
imidazolyl)quinazoline,

44(2-(-hydroxyethoxy)ethyl)amino-2(1-imidazolyl)-
5,6,7,8-tetrahydroquinazoline or

6-melboxy-4(2-(2-hydroxyethoryjethyNamino-2-(1-
imidazolyl)quinazoline, . .

and pharmaceutically acceptable acid addition salts
thereof, pharmaceutically acceptable salts thereof, or
hydrates thereof.
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U.S. Patent No. 5,488,055 discloses compoundsof the
formula

 
wherein:

R? is lower-alky), phenyl-lower-alkyl, or cycloalky?:
R?is hydrogen, or lower-alky);
R? is hydrogen, lower-alkyl, ar hydroxylower-alky!;
R* is cycloalkyl or cylcoalky! substituted by from one to

two, the same or differeni, substituents selected from
the group consisting of lowcr-alkoxycarbonyl, carboxy,
lowcr-alkcylthio-lcwer-atkoxycarbony), hydroxylower-
alkyl, bydroxy, oxo, lower-alkoxy, lowcr-alkyl, andhalogen; and

R?is from oncto three, the sameor differcnt, substitucnrs
sclecied from the group consisting ofhydrogen, lower-
alkoxy, hydroxy, dilower-alkylamino-lower-alkoxy,
carboxylower-alkoxy, icwer-alkoxycarbonyl-lower-
alkoxy, nitro, polyhydroxylower-alkory, amino, epoxy-
lowet-alkoxy, carboxy, lower-alkanoylamino, lower-
alkoxycarbonyl, pyridinyt, 4-morpbolinyl-lower-
alkoxy, lowcs-alkylsulforyl, cyano, * 1-imidazolyl,
halogen, dilower-alkylaminosolfonyl, oxadiazoly! (or
axadiazoly] substituted on any available carbon atom
thereof by tower-alky!), fowez-alkylaulfiny], 1-pyra-
zolyl (or 1-pyrazolyl substinsied on any ovailable car-
bon atom thereof by lower-alky]), tifluoromethylsul-
fonyl. lower-sikenyl, lowcr-alkyl, and lower-alkyayl;
or 2 phammaceutically acceptable acid-addition salt-
and/or bydrate and/or solvate thereof, or, where appli-
cable, a sterenisomer or u racemic mixiore thereaf,

Preferred compounds include

1-ethyl-6-nitro-N-{S(+)}-1~(cyclohexyl) * ethyl]- 1 H-pyra-
Zolo (3,4-biquizalin-4-aminc,

Lethyl  -6-nitm-N-[cyclohexylmethyl]- 1H-pyrazolo
[3,4-bjquinolin-4-ueming,

1-ethy!-6-cyano-N-[S(+)-1-(cyel obexy]}cthyl]-] H-pyra-
zolo [3,4-b]quinolin-4-amine,

l-<thyl-6-bromo-N-{S(+}-] -(cyclabexy!)ethy]}- !H-pyra-
zolo [3,4-b]quinolin-4-aminc, and

1-ethyl-6-(1-pyrazolyl)-N-{S(+}-1-(cyclohexy!ethyl}-
1H-pyrazolo (3.¢-b)quinolin-4-amine.

BNSDOCID: <WO___9959584A1_I_>
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R? is

-~72-

gy

wherein A is a bond, C,_, alkylene or C,_, oxyalkylenc;
Y is a bond, C,_, alkylono, C,_, alkylencoxy, C,_, alkox-

yphenylene or phenyl(C,,,)alkylcuc;

“is a bond or vinylene; sai i the group canaist-R!is a heterocyclic ring sclected from t
ing of pyrolc, pyridine, axcpinc, imidazole, pyrazolo,
pydmidine, pyrovinc, pyridazinc, benzimidavole,
quinoliac, isoquinoline and partially or fully gutorated
rings thercol;

R’is

@) a betcrocyclic ting selected from the &TOUP cansist-
ing of pyrrole, pyridine, azepinc, imidazoic, Pyra-
Zole, pyrimidine, Pyrazinc, pyridazine, benzimida-
zole, quinoline, isoquinaline, furan, Pyran, dioxolc,
dioxina, . an, benzopyran, benzodioxole,
benzodioxinc, thiophene, thioine, benzothiophens,
benzathione and Partially or fully saturated ringsthereof,

Gi) Cy15 carbocyclic ting,
Gii) CFL, alkoxy,
(iv) bydsxy(C,_, alknxy), ar
(v) hydroxy; ,
with the proviso thai

when R?is pyridine orpyridine substituted by one ar
two of C,_, allyl,

CW, alkoxy, halagen, triflunromethyl ornit then R2
is a member sctccted only frum the froup con-
sisting of benzodioxole or benzodioxolc substi.
tuted by one or two of Cy.4 alkyl, C1, alkoxy,
halogen, viftnoromethyl, nitro of 2 Rroup of theformula:

—COORY

wherein R'" is Lydrogen or Cy_, alkyl, and
hydroxy(C,_, alkoxy);

@) a heterocyclic ting selected from the group cansist-
ing of pyrrole, pyridine, azepine, imidazole, pyra-
2ole, pyrimidine, pyrazine, Pyridazinc, benzimida-
zale, quinoline, isoquinoline, furan, Pyran,
benzofnran, benzopyran, thiophene, thicinc, ben-
zothiophene, benzuthione, Ukicaule, isothiazole, On-
azine, benzothiazoie, benzoisothiazole, benzothiaz-
ine and partially or folly saturated rings thereof,

Gi) Ch. carbocyclic rinp,
Gii) a group of formula
CH=CH)

wherein X is halogen, or
(iv) bydrogca,

lis 1 or 2,
. with the proviso that:

the ring represented by R! may be substituted by one or
two of C,_, alkyl, C,, alkoxy, halogen, triflucrom-
cthyl or citre;

the ring represented by R?may be enbstitutcd by onc or
two of C._, alkyl, C,_, alkoxy, kalogen, wifluorom-
ethyl, nitro or a eroup cf the forcuula:

PCT/US99/07046
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wherein R*° is hydmgen or C,_, alkyl, und the ring
represented by R* may be substituted by one or two
of Cy, alkyl, C,_, alkoxy, halogen, tifuvrymethyl],

- nitro, cyano, ethynyl or a group of the formuta: ~-
'"—SONR?R®

wherein R’ and R" are independently hydrogen or C,_,
alkyl, and with the proviso thar

R? is not hydroxy when Y is a bond; and
R! is not bonded through its nitrogen atom when Z is

vinylens,

or pharmaceutically acceptable acid addition salts thereof
or phanmaceutically acceptable salts thereof.

Preferred compoundsinclude

2-(1-Imidazolyl)-4 -(2-(2-hydroxyethoxyethyl {nmino-5-(3
~methoxyphenyl)methytpyrimidine,

2-(1-Imidazolyl)-4-phenylmctbylamioopyrimidinc,
2-(1-lmidazoly1}-4<2-methoxyethylaminopyrinidine,
2-(1-Imidazoly!)-5-othyl-4-phenylmethylaminopynimidine,
2-{1-Imidazolyl)-5-phenylmethyl-4-phonylmethylaminopy-

rimidinc,
2-(1-Imidavalyl)-5-methyl-4-phenylmethylaminopynimi-

diine,

2-(i-imiduvoly1)-5,6-dimethyl-4-phenyimethylaminupyri-
taidine,

2-(1-Imidazolyl)-5-(3-methoxyphenyl)methyi-4-(2-meth-
oxyethyNaminopyrimidine,

2-(1-imidazolyl)-5-(4-methoxyphenyijmethy]-4-[2-(2-hy-
droxyethoxy)cthyljaminopyrimidinc,

2-(1-Imidazolyl}-5-(4-mcthoxyphenytmethy]-4-(2-meth-
oxycethyl)amtnopyrimidine or

2-(1 imidazolyl)-5-(4-methoxyphenyl)methyl-4-phenyim-
cthylaminopyrimidine,

2-(1-imidaxoly1)}-5-phenoxymethyl-4-pheaylincthyiami-
nopyrimidine,

241 -Imidazoly!)-5-(1-Imidazoly!)methy}-4-phenylmethy-
ltaminopyrimidine, :

2-(1-Imidavoly!)}-5-(1-chioroviny))-4-phenylmethylarai-
oopyrimidince,

2-(1-imidazolyl)-5-(2thicnyl}-4-phenylmethylaminopyri-
midioc,

2.(1 -Imidazolyl)}-5-(2thiszoly!)-4-pheaylmethylaminupyri-
midinc,

2(1-Imidazoly1)-5-(2-thieny])-4-(] ,3-dioxaindan-5-yl)m-
ethylaminopyrimdidine,

2-(1-imidazoly!)-5-(2-thieny})-4-[2-(2-hydroxycthoxy-
ethyl}aminopyrimidine,

2-(1-Imidazolyl)-5-(2-thienyD-4-(1-naphthyl)methylami-
nopytimidinc,

2-()-Inudacoly!)-5-(2-Ubleny])-4-(4-methoxypheayl)methy-
laminopyrinddiac,

PCT/US99/07046
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2-(1-Imidazolyl)-5-(2-thienyl)-4-(3-methoxypheny))metliy-
laminopyrimidine,

2-(1-Imidazolyl)-5-(2-thicny!)-4-(2-furyl}methylaminopyri-
midine,

2-(1-Imidavaly!)-5-(2-thienyl)}-4-(2-thicnylmethylami-
nopyrimidiuc,

2-(1 -Imidazoly1)-5-@-thicnyl)-4 -(3-pyridylmictby lumi-
ropyrimiding,

2-(1-tmidazolyi)-S-(2-thicayl)-4-(2-mcthoxycethyDami-
hopyrimidine,

2-(1-Imidavolyi)-5-(2-thienyl)-4-phenylincthnxyaminopysi-
tidinc,

2-()-Imidazolyl)-5-(2-thienyl)-4-(4-chloraphenyi)methy-
laminepyrimidine,

2-1 -Imidazoly!)-5-(2-thlenyl-4-(3-chiorophenay)methy-
laminopyrimidine,

2-(1-Imidazolyl)-5-(2-thienyl)-4-(1 3 -dioxaindan-S-yl)m-
ethylaminopyri midine,

2-(i-linidazolyl-$-(4-methylpheayl)-4-(1,3-dioxaindan-
5-yUmothytaminopyrimidine,

2-(1 -lunidazolyl)-5-(4-mcthoxyphcuyl)-4-(1,3-dioxaindan-
5-yt}mothylaminopyrimidine,

2-Cl-Imidazotyl)-5-(Sancthyl-24hicnyl)-4-( —1,3-dioxain-
dan-5-y})mothylaminopycimldine,

2-(1-Imidazolyl)-5-(2-thicnyl)-4-[4-( 1-imidazvlyl)phenyl]
methylaminopyrimldine,

2-(1-Imidazolyl)-5-(3-pyridyl)-4-(1,3-dioxnindan- 5-y!}m-
ethylaminopyrimidine,

2-{1-Imidazolyl)-5-@G-fucyl)-4-(1,3-diexaindan-5-yl)metty -
laininupyrimidine,

2-(1-Initdazelyl)-5-G-pyridy!)-4-phenyimethylaminopyri-
midinc,

2-(1 -Innidazoly!)-5-(4-chlorophenyl)}4-(t,3-dioxaindan-5-
yDnicthylaminopysimidine,

2-(Henzimidazal- 1 -yl}-S-(@-thicnyl)-4-C1 ,3-dioxaindan-5-
yl)methylaminopyrimidine,

2-1 -lmidazaly!-5-(24hianyl)-4-(4-cihaxycarhony!pheny!-
Jncthylominopyrimidinc,

2-(i-Imidazolyl)-5-(2-naptubyl)-4-(1,3-clioxcindan-5-yl)m-
cthylaminopyrimidine,

2-(3-Pyridyl)-5-(2-thicnyl)-4~(1,3-dioxuinilan-5-yl)methy-
laminopyrimidine,

2-[2-(3-Pyridylvinyl} -5-(2-thicnyl}-4-(1 ,3-dioxaindan-5-
yl)methylaminopyriraidinc,

2-(2-Methyl-I -Imidarvlyl)-5-(2-thicnyl}-4 -(1,3-dioxain-
dan-5-yl)mcthylaminopyrimidins or

2-(1-Imidavolyl}-5-(2-thicnyl)-4-(henzimidazol-5-yIm-
ethylaminopyrimidine.

BNSDOCID: <WO___9959584A1_I_>
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European published paten t application No. 0728759
discloses compoundsofthe formula

ceeeORNL YEE -
R*.

(I)

Z~Cye—R?

wherein

is a heterocycie selected from

N e

nA VN,2 s vw?
(CO),
S$ tS ~~

N N

nis 0, lor2:
Y is single bond or C16 alkylene:
Z is single bond, C1-2 alkylene or vinyiene:Eis

(i) 4-15 membered, unsaturated, partialy saturated or fully saturated, mono or bicyclic hetero ring containingoneor two hetero atoms, chosen from nitrogen, oxygen and Suffur, not more than one hetero atom being sulfur,(i) 4-15 membered, unsaturated o partially saturated, mono or bicyclic carbocyclic ting, or(iil) -OR4; in which R4 is hydrogen atom, C1~4 alkyl or C14 alkyl suostituted by a hydroxy group;
Cyc is 5-7 membered, unsaturated, Partially saturated or fully saturated, Monocyclic hetero ring containing one ortwo nitrogen atoms or 5-7 membered, unsaturated or Partially saturated, monocyclic carbocyclic ring:R’ is hydrogen atom or C1-4 alkyl;
F? is hydrogen atom, C1-4 alkyl, C1~4 alkoxy or halogen atom;
F? is hydrogen atom, C14 alkyl C1-4 alkoxy or -COORS: in which RSis hydrogen atom or 61-4 ali;with the proviso that

BNSDOCID: <WO__99s9sa4a1_|_>
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U.S. Patent No. 5,541,187 discloses compoundsof theo
formula

 
wherein:

R? is hydrogen, alky, cycloalkyi, cycloalky! substicured
by alkyl or hydroxyl, 2- of 3-tetrahydrofuranyl, 3-tcr-
rahydrothieiry! 1,1,-dioxide, cycloalkyl-alkyl, carboxy-
alkyl, carbo-lower-alkoxy-alkyl, dialkylaminoalkyl,

phenyl-lowcr-alkyl, Pheny!-lower-alky] in which the
phenyl! ring is substituted in the 2. 3, of 4-position by
ane ot two substituents, the same or differcot, selected
Trom the group consisting of amino, halogen, alkyl,
carboxyl, carbo-lawer-alkoxy, carbamoyl, NHSO,-
(quinolinyl), nitro and cyano: /

R* is hydrogen, lower-alkyl, phenyl-lower-alkyl, lower-
alkoxypheny]-lower-alkcyl, dilower-alkoxy-pheny!-
lower-alky], pynody)-lower-alky], cycloalkyl-lower-
alkyl,  phenylamino, dialkylamino, halogen,
tifiucromethy), Jower-alkylthio, cyanoor nitro: and

R°is a five or six membered hetcrocyclic ring containing
from one to two nitrogen atoms, substituted—or unsub-
stilated—at any available carbon atom by one or two
substituents, the same ar different, selected from the
Sroup consisting oflower-alkyl, halogen, lowcr-alkaxy,
cycloaikyloxy, 4-morpkolipy),. lewer-alkoxy-lower-
alkoxy, hydroxy, imidazolyi, oxo and 4-morpholiny!-
lowes-alkoxy; or at any available citrogen stom by
lower-alkyl, lower-ulkanoyl, ar tifluorozcety]; or a
pharmaceutically acceptable acid-additian salt thercof.

Preferred compounds include: :

1-Cyclopentyl-3-methyl-6-(4-pyridyl)pyrazolo[3,4-d}
pyvinnidin-4-one, .

: 1-Cyclopenty]-3-<thyi-6-(3-cthoxy-4-pyridyl}pyra-
2o0lo[3,4-d]pyrimidia-d_one,

1-Cyclopenty!-3-exby} ~6-(3-methoxy-4-pytidyNpyra-
zwlo[3 ,4-d)pycimidin—-one,

1-Cyclopcatyl-3-trifluoromethyl-6-(3-ethoxy-4-py-idin-d
ridyl)pyrarolo[3d}pyri

1-Cyclopenty1-3-cthyl-6-(2-(1-imidazolyl)4-py-
tidy!)pyrazolo[3,4-d]pymmidin-4-one,

BNSDOCID: <WO___9s5958441_|_>
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U.S. Patent No. 5,721,238 discloses compoundsof the
formula

ce a ©. ponee

7 E—o

D

in which

A Tepreseats oxiranyl, which is optionally substinaed by
saaight-chain or branched alky! having up to 8 carbon
ators, which in tum can be substituted by phenyl, or
represcats a radical of the furrouls

een woLet on bay—es
whercin

R? denotes hydrogen or straight-chain or tranched alkyl
having up to 6 carbon stoma,

R?denotes straight-chain or branched aly! having up to
8 carbon atoms, which is Optionally substionted byphenyl,

R? denotes sersigh(-chain or branched alkyl having up to .
5 carbon atoms or a group of the formula —OR®,wherein

R° denotes hydrogea, a bydroxyl-protecting group or
ii in or trenched alkyl having up to 5carboo atoms,

R‘ denotes straight-chain or branched alkyt having 210 10
carbon atoms, which is optionally substituted bypaeayl,

L denotes a radical of the formula —CO—, —CH(O),
3 —CH(N,) or —CH(OSO,R?),wherein

R7 denotes straight-chain or branchod alkyl having up
to 4 carbon atoms or phenyl,

R* denotes straight-chain or branched alky] having 3 to 8
carbon stoms which is substitoted by phcoyl. of
denotes beazyl or 2-phenyiethyt,

D represents hydrogen, or represenis a group of the formula
—SO,—NR°R®,
wherein

R® and R® are identical or different and denote
Phenylor straight-chain or branched alkyl having up to
6 carbon atoms, which is optionally substinsted by
hydroxyl, of, together with theaimogen etom, fon a 5-
to G-membered saturated heterocyclic radical which .
has up to 2 further hetero atoms from the series
consisting of S. N and/or O nad is optionally

which in tam can be substinited by hydroxyl, and
E represents stralght-chain ar branched atkyl having up to 8

carbon atoms, and tautomers and alts thereof, .

BNSDOCID: «WO___9959584A1_I_>
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Preferred compoundsinclude:
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PCT/US99/07046

U.S. Patent No. 5,294,612 discloses compoundsof the

wherein:

 
R! is hydrogen,ulkyl, Cs to C? cycloalkyl, Ca to Cy

cycloalkyl substituted by Cj to Cio alky? or hy-
droxyl, 2- or 3-tetrahydrofuranyl, 3tetrahydrothie-
ny! 1,1, -dioxide, Cy to Cy cysloalkyl-Cy to Cin
alkyl, carboxy-C) to Cio alky!, carbo-C; to Cy low-
er-alkoxy-C; to Cyp alkyl, dialkylamino C; to Cio
alkyl, phenyl-C, to Cy lower-alkyl, phenyl-C; to Cy
fower-alkyl in which the pheny] ring is substituted
in the 2, 3, or 4-position by one or two substituents,
the same ordifferent, selected from the group con-
sisting of amino, halogen, C; to Cigalkyl, carboxyl,
carbo-C) to C4 lower-alkory, carbemayl, NHSO>-
(quinolinyl), nitro and cyano:

R3is, Cr to Cy lower-alkyl, phenyl-C, to Cy lower-
alkyl, lower-alkoxyphenyl-C; to Cy lower-alkyl,
diC; to lower-alkory-phenyl-C; to Cy lower-
alkyl, pyridyl-C; to Cy lower-alkyl, Ca to Cz cy-
cloaikyl-Cy to Cylower-alkyl, Phenylemino, diC; to
Cioalkyiamino, halogen, trifluoromethyl, Cy to Cy
lowcr-alkylthio,cyano or nitro; and

R§ is a nine or ten membered bicyclic ring having
carbon and from one to two nitrogen atoms, and
the heterocycle is made up of fused 5 or 6 men-
bered rings or such ring sabstituced at any available
carbon atom by one or two substituents, the same
or different, selected from the group consisting of
Ci to Cs lower-alkyl, halogen, C; to C4 lower-
alkoxy, Cyto C7 cycloakkyloxy, 4-morpholiny!, C;
to C4 lower-alkoxy-Cy to Cy lower-alkoxy, hy-
droxy, imidazoly], oxo and 4morpholinyl-C; to Cy
tower-alkoxy, or at any available nitrogen atam by
C1 to Cy Jower-alkyl, Cz to Cy lower-alkanoyl, or
trifluoroacetyl; or a pharmaceutically acceptable
acid-addition salt thereof.

Preferred compoundsinclude:

BNSDOCID: <WO___9959584A1_I_>
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WO 93/12095 discloses compoundsofthe formula

= ()

Rt

ora pharmaceutically acceptable salt thereof,
wherein R!

R?

RB

R*

is

is

is

is

H, C-C, alkyl, C.-C, alkoxy or CoNR‘RS;

H or C,-C, alkyl;

G-C, alkyl;

H, &-C, alkanoyl optionally substituted

with NR’R’, (hydroxy)G-c, alkyl optionally
substituted with NR’R', CH=CHCO,R’,

CH=CHCONR’R', CH,CH,CO,R’, CH,CH,CONR’R', so,NR’R,
SO,NH (CE) NR’R? or imidazolyl;

R’ and R* are each independently H or ¢,-C,
alkyl;

R’ ana R' are each independently H or c,-C,
alkyl, or tegether with the nitrogen atom to
which they are attached form a pyrrolidino,
piperidino, morpholine or 4-(NR!)-1-

piperazinyl group wherein any of said groups
is optionally substituted with conr'rR‘;
R° is H or C.-C, alkyl;

R® is H, G-C, alkyl or (hydroxy)¢,-c, alkyl;
and nis 2, 3 or 4;

with the proviso that R‘ is not H when R' is H, C,-C,
alkyl or ¢C,-C, alkoxy.
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Preferred compoundsinclude:

2-{2-ethoxy~5~[ 4-(2—-hydroxyethy1l) ~1—-piperaz inyl-
sulphonyl}phenyl}~-38~methylquinazolin-4—(3H)-one;;

2-{5-(4—(2-hydroxyethyl1)—-—l-piperaz inylsulphony1} ~
2-n~propoxyphenyl}—8-nethylquinazolin=4 (3H)—one; —————

8-methy1—-2~-{5-[(2-( 4-methyl-1i-piperazinylcarbony1)—
etheny1)-2-n-propoxypheny1}quinazolin-4 (3H)-one;

8-carbamoyl]-2-{2-ethoxy—5-[4—(2 ~hydroxyethy1)-1-
piperazinylsulphony]l}pheny1}quinazolin—4 €3H) -one;
and §-ethylcarbamoy1—2-(2-n-propoxypheny1) quinazolin- ;
4(3H)-one;

and pharmaceutically acceptable salts thereof.’

WO 93/07149 discloses compoundsof the formula

Jl Re

R4

or a pharmaceutically acceptable salt thereof,
wherein R' is C.-C; alkyl;

R is H, methyl or ethyl;
R is Oc, alkyl;

R‘ is. G-c, alkyl optionally substituted
with NRUIR®, CN, CONR'R® or CO,R7; ¢-C, alkenyl
optionally substituted with CN, CoNR® or
CO.R’; C.-C, alkanoyl optionally substituted
with NRYR’; so.NRR'; CONR'R'; CO,R’; or halo;
Ri and R° are each independently H or ¢,-<c,
alkyl, or together with the nitrogen atom to
which they are attached form a pyrrolidino,
Piperidino, morpholino, 4-(NR‘) ~i-piperazinyl
or 2-imidazolyl group wherein said group is
optionally substituted by one or two C.-C,
aikyl groups;

R’ is H or C,-G alkyl;
and R’ is H, C,-C, alkyl or hydroxy ©,-C, alkyl.

ATI 1009-0332
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Preferred compoundsinclude:

6~ (5~bromo~2-n-propoxypheny1) -3~methy]-1-n-propy1-
1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one; |

OO 3-methy1—-6~ (S-morpholinosulphonyl—2-—n-
propoxypheny1)-1-n-propyl1-1,5-dihydre-4H-pyrazolo[3,4-
d)pyrimidin—-4-one;

6-[5-(2-carboxyviny1) -2-n-propoxypheny2] -3-methy1-
i-n~-propyl-1, 5-dihydro-4H-pyrazolo[3,4-djpyrimidin~4-
one; .

6—[5~-(2—t~butoxycarbonyivinyl) -2-n-propoxypheny]l}-
3-methy1~1-n-propy1-1, 5-dihydro-4H-pyrazolo[3,4-
dj)pyrimidin-4-one;

3-methy1-6—[5-(2-merpholinocarbenylvinyl) —-2—<n-

propoxyphenylj~1-n-propy1-1, 5-dihydro-4H-pyrazolo[3,4-
djpoyrimidin-4-one;

and 3-methy1-6—[5- (2-merpholinocarbonylethyl) -2-n-
propoxypheny1]~1—-n~-prepyl-1, 5-dihydro-4H-pyrazolo[3,4-
dj)pyrimidin-4-one; _ .
and pharmaceutically acceptable salts thereof.

European published patent application No. 0607439
discloses compoundsof the formula

R!
R?

Re
(1)

RS
Ré

fin formula {1), ring A represents a benzene ring, a pyridine ring or a cyclohexane ring; ring B
represents a pyridine ring. a pyrimidine ning, or an imidazole ring.

Provided thatthe ring A and the ring B are combined sharing two atoms and the atoms shared may
be either a carbon atom or a nitrogen atom. .

- In the case where the ring A is a pyridine ring and that except the Case where the ring’B shares the
nitrogen atom of this pyridine ring to combine therewith, the ring Ais represented by

BNSDOCID: <wO___9959584A1_1_>
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R!

R7_

R77 N ceceetn

R’, R?, R32 and R*, each of which may be the same ordifferent from one another, represent each a
hydrogen atom, 2 halogen alom, a lower alkyl group which may be substituted with a halogen atom, a
cycloalkyl group which may be substituted, a lower alkoxy group, a hydroxyalkyl! group, a nitro group, a
cyano group, an acylamino group, a carboxyl group which may be protected, a group represented bythe formuia

(0)
t nl

-S-R?

(wherein R’ represents a lower alkyl group, and n represents 0 or an integer of 1 to 2), or a grouprepresented by the formula

(wherein R45 and R*5, each of which may be the same or different from each other, represent each a
hydrogen atom or a lower alkyl group; or RYS and Rt can form a ring which may contain another
nitrogen atom or oxygen atom together with the nitrogen atom to which they are bonded with the
Proviso that this ring may be substituted); or, two of R', R?2, R® ang Re may together form
methylenedioxy, ethylenedioxy or a phenyl ring.

R® represents a hydrogen atorn, a halogen atom, a hydroxy! group, a hydrazino group, a tower
alkyi group, a cycioatky! group which may be substituted, a tower alkoxy group, a tower aikeny{ group,
a carboxyalky! group which may be: protected, a carboxyalkeny! group which May be protected, a
hydroxyatky! group, a carboxy! group which may be protected, a group represented by the formula

(0),
~S-R8

(wherein R® represents a tower alkyf group, and m represents O or an integer of 1 to 2), a group
fepresented by the formuia -O-R? (wherein R? represents a hydroxyalkyl group which may be
Protected, a carboxyatky! group which may be protected or a benzyl group which may be substituted),@ group represented by the formula

p23

(wherein A= represents a hydroxy! group, a lower alkyl group, a lower alkoxy group, a bydroxyaikyl
group Or a hydroxyalkytoxy group), a heteroary! group which may be substituted, a 1.3-benzdioxoty!
group which may be substituted, a 1,4-benzdioxy! group which may be Subsfituted, a 1,3-benzdiox-
alylaikyl group which may be substituted, a 1,4-benzdioxyiatky! group which may be substituted, oa
group represented by the formula -C(R™*) =X {wherein X represents an Oxygen atom, a sulfur atom or a
group represented by the formufa =N-R™ (wherein A" represents a hydroxy! group, a cyano group or
8 carboxyalkyloxy group which may be protected); and A* represents a hydrogen atom or a lower
alkyl group}. or @ group represented by the formula -NA"'R” @wherain R" end RY, each of which may

~

BNSDOCID: <wO__9959584A1_I_>
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be the same or different {rom each other, represent each a hydrogen atom. a lower alkyl! group, a
hydroxyalkyl group, an aminoaiky! group, a Carboxyalky! group which May be protected. an alkylcar-
bamoy! group. a Carboxyalkyicarbamoyi group which may bs protected, a heteroarylalky! group which
May be substituted, z 1,3-benzoxolytalky! group or a 1,4-ben2dioxylaikyl group; or, further, R'* and R'?
can form a ring which may contain another nitrogen atom or oxygen atom together with a nitrogen atom
to which they are bonged with the proviso that this ring may be substituted),

R® represents a hydragen atom, a halogen atom, 2 hydroxy! group, an amino group, a tqweralkyl. .
group, a lower alkoxy group, a lower alkenyl groiip” a1 3-benzdioxolyialkyloxy group, 2 1,4-benzdiox-
ylaikyioxy group, a phenylatkyloxy group which may be substituted, a group represented by theformula

_— R 13

Rit

(wherein R' and R", each of which may be the same or different trom each oiher, represent each a
hydrogen atom, alower alky! group or a Jower alkoxy group; or, further, R'3 and R** maytogether form
methylenedioxy or ethylenedioxy). a group ropresented by the formuia

0 pis
a

_ x
0 Ris

R's

4 group represented by the tormuta

eX
R!*

group represented by the formula

a group represented by the formula

BNSDCCID: <WO___99595a4A1_I>

0 Ris

_ exRie
0

{in these formulas, R'® and R', each of which may be the sameor different trom each other, represent
each a hydrogen atom, a lower alky! group or a lower alkoxy group; or, further, R's and R* may
together form methylenedioxy or ethylenedioxy), a piperidne-4-spiro-2'-dioxan-t-yl group, a group
represented by the formula
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(wherein R‘® anc R*3, each of which maybe the sameordifferent from each other, represent each a
hydrogen atom, 2 lower alkyl group or a lower alkoxy group; or, further, R‘® and R‘* may together torm

. methylenedioxy cr ethylenedioxy; and Z represents a sulfur atom or an oxygen atom), a group
represented by tha formula

=

“HD Rte

(wherein R°° rep-esenis a hydroxyl group. a halogen atom, a jower alkyl group, a fower alkoxy group, a
carboxyl group which may be protected, a cyano group, a hydroxyalkyl group or a carboxyalky! group),
a group represented by the formula

RI
|

-N-Y-R#8

(wherein Rrepresents a hydrogen atom, a lower alky! group, an acyl group, a lower atkoxyaikyl
group, a carboxyatkyl group which may be protected or a hydroxyalkyl group: Y represents a group
represented by the tormuta -(CHz),- (wherein q is O or an integer of 1 to 8), or a group represented by

the formula

oO
l

-C-;

further, in the group represented by the formula -(CHz2},-, when q is an integer of 1 to 8, each carbon
atom may have 1 to 2 substituemt(s); and RR? represents a hydrogen atom, a hydroxy! group, a
carboxyl group which may be protected, a cyano group, an acyl group, a heteroaryl group which may
be substituted or a cycloalky! group which may be substtuted]. or a group represented by the tormula

Ris . 74
|

-hecter. {¥Rt!
Ret

(wherein A'S represents a hydrogen atom, a tower alkyl group, a lower alkoxyalkyl group, an acyl
" group, a carboxyatkyi group which may be protected or a hydroxyaiky! group; A’, A? and R”, each of
which may be the same or different from one another, represent each a hydrogen atom, 4 halogen
atom, a hydroxy! group, an amino group, a nitro group, a lower alkyl group, a lower alkoxy group, 2
lower alkoxyatkyl group, 2 lower alkenyl group, an acyl group, an acylamino group, an alkytsut
fonylamino group, a trydroxyiminealkyl group, an aikyloxycarbonylamino group, an alkyloxycarbonyloxy
group or a heteroaryl group which may be substituted: or, further, two of A”, RZ’ and RZ may together
torm a saturated or unsaturated ring which may contain a nitrogen atom, a sutfur atom or an oxygen
atom: and r represents O or an tntager of | to 8).
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WO 93/06104 discloses compoundsof the formula

 
or a pharmaceutically acceptable salt thereof,
Wherein R' is methyl or ethyi;

R? is ethyl or n-propyl;

and R’ and R‘ are each indepdendently H, or ¢,-c,
alkyl optionally substituted with C.-C,
cycloalkyl ar with morpholino.

Preferred compounds include:

BNSDOCID: <WO___9959584A1_I_>

ATI 1009-0337

5-[2-ethoxy-5~ (3 ~morpholinopropylsulphamoyl) ~
phenyl1}-1,3-dimethy1-1 , 6-dihydro-7H-pyrazolo[4,3-d)-~-

| pyrimidin—7-one;

i-ethy1-5-[5-(n-hexylsulphamoy1) 2“N-propoxy-
phenyl)—3-methyl-1, 6+"dihydre-7H-pyrazolo (4,3-
a}pyrimidin-7-one;

i-ethy1-S- (5-diethylsulphamoy1-2 “n—propoxy-
phenyl)~-3-methyl-1, 6-dihydro-7H=pyrazolo [4,3-d]-
pyrimidin-7-one;

and 5-[5- (N-cyclohexylmethy1-N-methy1sulphamoy1) -2-n-
’ propexypheny]}-1l-ethy1-3“methyl-1,6~—dihydro-7H-
pyrazolo[4 ,3-d]pyrimidin-7-one;

and pharmaceutically acceptable salts thereor,
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U.S. Patent No. 5,346,901 discloses compounds of the

  
formula o

“ps
wherein R

R! is H, Ci~-Cy alkyl, C3-Cs cycloalkyl or C1-C3
perfluoroalky1; :

R2 is H. Cy-Cg alkyl optionally substitnted by OH,
C1-C3 alkoxy or C3-Cg cycloalkyl, or Ci-C; per-
fluoroalkyl;

R3 is Ci-Cg alkyl, C3-Ce alkenyl, C3-C¢ alkynyl,
C3-C7 cycloalkyl, C)-Cy Perfluoroalkyl or (Ca-Ce
cycloalkyNC)-C¢ alkyl:

R‘ taken togetber with the nitrogen atom to which it
is attached completes a Ppyrrolidiny], piperidino, or
morpholino gronp;

RS is H, Cr-Cy alkyl, C1-C; alkoxy, NR?R8,- or
CONR/?RE:

R! and R® are each independently H, C)-Cy alkyl,
(Ci-Cy alkoxy)C2-Cy alkyl or hydroxy C2-Cy al-
kyk and pharmaccatically acceptable salts thereof.

European published patent application No. 0442204
discloses compoundsofthe formula

Rr. (1)

or a pharmaceutically acceptable salt thereof, wherein .
R's C,_,alky!, Ca,alkenyl, C3_scycloalky! Cyealkyl, or C,,alkyt substituted by 1 to 6 fluoro groups;
R? is C,,aikyithio, Cysalkyisulphonyt, C,,alkoxy, hydroxy, hydrogen, hydrazina, C,alkyl, phenyl,-
NHCOR!wherein R3 is hydrogen or C,.g alkyl, or -NR¢RS, wherein Ré and R& togetherwith the nitrogen
atom to which they ere attached form a pyrrolidino, piperidino, hexahydroazepine, morpholino or
piperazinoring, or Ré and R? ere independently hydrogen,C3xcycloalkyi or Gy,alkyi whichis optionally
substituted by -CF,, phenyl, -S(O},Cy_ alkyl wherein
nis 0, 4 ar 2, -ORS, -CO.R’ or -NR9R® wherain Rf to R® are independently hydrogen or C,_sxiky!, pro-

vided thatthe carbon atom adjacentto the nitragen atom is not substituted by said ~S{O)},C+_ealkyi, -OR®
or -NRERS groups; -

R Is halo, Cyatkyt, C_alkoxy, cyano, -CONR™R", COLR!2, C,_, alky{S(O),, “NO, -NH3, ~NHCOR'3
or SO.NR'‘R'5 wherein nis 0, 1 or 2 and R'to RIS are Independently hydrogen or Cy, alkyt ; and

BNSDOCID: <WO__9959584A1_I_>
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Bw is a ring of sub-formula (a) or (bd) :

 

Preferred compoundsinclude:

2-{S-cyano-2-propoxypheny)-7-methylthiopyrimido-{4,5-d)pyrimidin-4(3H}-one,
2-(S-carboxamido-2-propoxypheny))-7-methyithiopyrimido{4,5-d]pyrimido-4(3H)-one, or
2-(5-carboxamide-2-propoxyphenyl)-7-cyclopropylamino[4,5-d}pyrimido-4(3H)-one,

ora pharmaceutically acceptable salt thereof.

U.S. Patent No. 5,010,086 discloses compoundsof the
formula .

 
wherein

R, sod Ry are hydrogen or lower-alkyl;
Rsis tower-alky! or fluorinated fower-alkyl; and the

pyridine-N-oxideis attached at the 4 or 3-pesition;
or a pharmaceutically acceptable acid-addition salt
thereof.

Preferred compoundsinclude:

1,3-Dthydro-6-(4-pyridiny!)-5-trifluoromethyl-2H-
imidarn[4,5-b)pyridin-2-one N4py}-oxide

ATI 1009-0339
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U.S. Patent No. 5,290,933 discloses compoundsof the
formula

cr a pharmacentically acceptable salt thereof, whercin
R! ie Cisalky], Co-sgaikenyl, CyscycloaikylC) alkyl,

phenylC;alkyl or Cy.eslkyl substituted by 1 to 6
fluoro groups; .

R? is hydrogen, —NHCOR3, or —CONR‘R5, wherein
R} is Cyealkyl, Reis .

Cisalkyl and RS is bydrogen or C)-¢alkyl.

Preferred compounds include:

N-methyl | 6-dihydro-6-0x0-2-+ 4-propox e. =Pytimidine-5-carboxamide, ‘<ePropoxypneny!)
N,N-dimethyl 1,6-dihydro-6-oxo-2-(2-propoxyphenyl)-

pY-imidine-5-carboxamide,
5-acetamido-2-(2-propoxyphenyi)pyrimidin-4(3H}-one,or

2-(2-propoxyphenyl!)pyrimidin-4(3H)-onc,
‘Or & pharmaceutically acceptable salt thereof.

 

U.S. Patent No. 5,073,559 discloses compoundsof the
formula

ay

RS
or!

or pharmaccutically acceptable salt thereof, wherein
R! is Cy. galkyl, Crgalkenyl, Cy.scycloalkyiC)salkyl,

phenylCysalky!l or Cysalky] substituted by 1 to 6
fluoro groups;

R? is hydrogen. hydroxy, Cy4alky!, phenyl, mer-
capto, Cy4alkylthio, CFs or amino

R3 is hydrogen, nitro, amino, Cs4elkanoylamino,
Crsalkoxy, Craalkyl, halo, SO,;NR‘4RS5,
CONRSR, cyano or CysalkylS(O),;

Rand RJ are independently hydrogen or Cyaalkyl;aod
nis 0, Lor 2;

provided that Ris not hydrogen when R! is Cyalkyl!
or Cz4a)kenyl and R2 is hydrogen or hydrosy.

ATI 1009-0340
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Preferred compoundsinclude:

2-{2 2-[2,2,2-triNuoroethory}phenyi)purin-6-one,
2-2 2-cyclopropylmethoryphenyl)purin-6-one,
2-(2 2-benzylozyphenyl)purin-6,8-dione,

wee eee ee - 29 2-proporyphenyl}8-erifluoromethytpurin-6-one, Fteeennn ee:
woe meee . ws nO 242 2-propoxypheny]}-8-phenylpurin-4-onc,

2-2 2-propoxypheny!l)-8-methytpurin-6-one,
2-(2-propoxyphenyl)-8-merceptopurin-6-onc,
2-(2 2-propoxyphenyl}-8-methylthiopurin-6-one,
2-(2 2-propoxyphenyl)-8-aminopurin-6-one,
2-2 2-proposy-5-nitraphenyl)purin-6-one,
2-(2 2-propoxy-5S-aminopheny!)purin-6-one,
2+(2-(2-propoxy-S-acetamidophenyl)purin-6-one,
2-(2 2-propory--methoryphenyl)parin-6-one,

-2-(2 2-propoxy-5-methoxypheny!)purin-6-one,
2-(2 2-prepoxy—4-methy]pheny]purin-6-one,
2-2 2-propoxy-5-fluoropheny!)purin-6-one,
2-2 2-propoxy-5-dimethylsulphamoylphenyl)punin-6-one, .

2-(2 2-propaxy-5-metbylsuiphamoyipheny!)purin-Gane,

2-(2 2-propoxy-5-sulphamoyiphenyl)purin-6-one,
2-(2 2-propary-4-methylithlopheny!)purin-6-one,
242 2-propozy-S-cyanophenyl)puria-6-one, and
2-(2-(2-propoxy-5-carbamoylphenyl)pu cin-G-one,
or a pharmacestically acceptable salt thereof.

Intemational Patent Publication PCT/EP96/03024 (WO97/03675)
discloses compoundsofthe formula:

@) 
and satts and solvates (e.g. hydrates) thereof, in which:

R° represents hydrogen, halogen or Ci5 alkyt;
R17 represents hydrogen, C4_galkyl, C26 alkenyl, C2, alkynyl, haloC4galkyl,

C3-gcycloalkyl, Cz_gcyclaalkyiC ;_3alkyi, aryiC 4.3alkyl or heteroaryiC4_3aikyt:
R2 represents an optionally substituted monocyciic aromatic ning selected

from benzene, thiophene, furan and pyridine or an cptionally substituted bicyclic

CIT}
fing - attached to the rest of the molecule via one of the benzene
ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which may be saturated orpartially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen: and

R® represents hydrogenor C,.5 alky!, or R' and R® together represent a 3 or
4- membered alkyl or alkenyl chain.

BNSDOCID: <wO__9959584A1_1_>
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Preferred compoundsinclude:

Cis-2,3,6,7,12.12a-hexahydro-2-butyi-6{4-methyipheny!)-
pyrazino[2’, 1:6, 1]pyndof3,4-b]indole -1Adione;ee

: (6R, 12aR)-2,3.6.7, 12,12a-Hexahydro-2isopropyl-6{3,4-methylenedioxyp heny!l)-
Pyrazino[2’,1'-6, 1]pyrido[3,4-b]indole -1 ,4-dione:
(6R,12aR)-2,3,6,7,.12., 12a-Hexahydro-2-cyclopentyL-6(3,4-
methylenedioxyphenyi)-pyrazino[2‘, 1:6,1]pyrido[3,4-blindole -1,4-dione:
(GR, 12aR)-2,3,6.7.12, 12a-Hexahydro-2-cyclopropyimethyl-6{4-methaxyphenyl)-
Pyrazinof[2’, 1°26, 1pyrido[3,4-bJindole -1 dione:

(6R.12aR)-2,3,6,7,12,1 2a-Hexahydro-6-(3-chioro~4_methoxypheny!)-2-methyl-
Pyrazino[2',1°:6, 1]pyrido[3,4—b]indole -1 »4-dione:

(6R.12aR)-2,3,6,7,12, 12a-Hexahydro-2-methy+-6-(3,4-methyienedioxypheny))-
pyrazino[2',1':6, 1]pyrido[3,4-b]indale-1,4-dione:
(6R, 12aR)-2,3,6,7,12,12a-Hexahydro-6-(3.4-methyienedioxyphenyi)-
Pyrazino[2’, 1°: 6,1] pyrido [3,4-b} indole-1,4-dione-
(SaR, 12R, 14aS)-1,2,3,5,6,11 .12,14a-Octahydro-12-(3,.4-
methylenedioxyphenyl)-pyrrolo[1",2" 24S'Jpyrazino[2',1' : 6, i]pyrido[3,4-
bjindole-5-1 .4~dione;

Cis-2,3.6.7, 12, 12a-hexahydro-2-cyclopropyt-6-(3,4-methyienedioxyphenyl)-
pyTazinog[2',1':6, ‘Tpyridof[3.4-bjindole -1,4-dione:
(3S. GR,12aR)-2,3,6,7,12,1 2a-hexahydro-3-methyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2",1':6,1]pyrido[3,4-b]indote -1,4-dione;
and physiologically acceptable salts and solvates (e.g. hydrates) thereof.
The specific compoundsof the invention are:

(OR, 12aR)-2.3,6,7,12,12a-hexahydro-2-methyl6-{3,4-methyienedioxyphenyl)-
PytTazino[2",1°:6, 1]pyrido[3,4-b]indole -1,4-dione (Compound A): and
(3S, 6R, 12aR)-2,3,6.7,12,12a-hexahydro-2,3-dimethy!-6-(3,4-
methylenedioxyphenyl)-pyrazino[2',1' : 6, 1pyrido[3 ,4-bJindole-1,4-dione
(Compound B):

and physiologically acceptable salts and solvates (e.g. hydrates) thereof.

BNSDOCIO: <WO___9959584A1_I_>
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Examples of cGMP PDEinhibitors contemplatedin this
invention are also described in United States Patent No. 5,346,901 and
published Intemational Patent Publication WO 94/28902, both of which
documents are incorporated herein by reference.

Sildenafil, 1-[[3-(4,7-dihydro-1 -methyl-7-0xo0-3-propyl-1H-
pyrazolo[4,3-d]pyrimidin-5-yl)-4-ethoxyphenyl]sulfony!]-4-methy!-
piperazine, and salts thereof are disclosed in WO 94/28902.

Phentolamine, 3-[[(4,5-dihydro-1 H-imidazol-2-yl)methyl](4-
methylphenyl)aminojphenol, and salts and esters thereof, and the use of
phentolaminein the treatment of sexual dysfunction is disclosed in United

States Patent No. 5,731,339, also incorporated herein by reference.
Sildenafil and phentolamine are each knownto treat sexual

dysfunction. The effectiveness of phentolamine for treatment of sexual
dysfunction is demonstrated by test procedures described in U.S
5,731,339. Similar procedures can be used to determine the

effectiveness of sildenafil and combinations of phentolamine and
sildenafil.

Since the present invention relates to a method of treatment

comprising the administration of a combination of two components, the
components can be co-administered simultaneously or sequentially.
Altematively, a single pharmaceutical composition comprising sildenafil,
or a pharmaceutically acceptable salt thereof, and phentolamine, or a

ATI 1009-0343
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pharmaceutically acceptable salt or ester thereof, in a pharmaceutically
acceptable carrier can be administered. The components of the
combination can be administered individually or together in any
conventional oral dosage form such as a capsule, tablet, chewable

aan __ tablets, powder, cachet, Suspensionor solution. Theformulations can be
prepared using conventional pharmaceutical excipients and additives
using conventional techniques. Such pharmaceutically acceptable
excipients and additives include non-toxic compatible fillers, binders,
disintegrants, buffers, preservatives, anti-oxidants, lubricants, flavorings,
thickeners, coloring agents, emulsifiers and the like.

Information on formulations comprising sildenafil are
disclosed in WO 94/28902. Representative formulations comprising
phentolamine are disclosed in U.S. 5,731,339. It is contemplated that
where the twoactive ingredients are administered as a single
composition, thedosage forms asdisclosed in the aforementioned patent
or application may readily be modified using the knowledgeof one skille

~ in the art.

A typical formulation for sildenafil comprises 25, 50 or 100
mg of active and asinactive ingredients, microcrystalline cellulose,
anhydrousdibasic calcium phosphate, croscarmellose sodium,
magnesium stearate, hydroxypropylmethylcellulose, titanium dioxide,
lactose, triacetin, and FD&C Blue #2 aluminum lake.

Atypical formulation for phentolamineis as follows:

Component mg/Tablet (w/w%
phentolamine mesylate, USP 40. (10)
Microcrystalline Cellulose, NF 341.6 (85.4)
Croscarmellose Sodium, NF 16 (4.0)
Colloidal Silicon Dioxide, NF 0.4 (0.1)

Magnesium Stearate, NF 2 (0.5)
Total 400 (100)

The following are exemplary formulations for the phentolamine
mesylate/sildenafil citrate combination:

BNSDOCIO: <WO___9959584A1_I_>
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Direct Compression Formulation

Component mg/Tablet

PhentolamineMesylate==B80.
Sildenafil Citrate 100
Microcrystalline Cellulose 207.5-209.0
Croscarmellose Sodium 10

Silicon Dioxide 0.5

Magnesium Stearate 0.5-2
Total 400

The direct -compression formulation is manufactured by
blending the active ingredients and excipients and compressing the
mixture into tablets.

Wet-Granulation Formulation 

Component mg/Tablet
Phentolamine. Mesylate 80

Sildenafil Citrate 100

Microcrystalline Cellulose 80

Lactose 114-115.5
Sodium Starch Glycolate 12

Povidone 12

Water (evaporates)
Magnesium Stearate 0.5-2

Total 400

The wet-granulation formulation is manufactured using the
following steps:

1. the active ingredients are combined with
microcrystalline cellulose, lactose and sodium starch glycolate ina
mixer/granulator;

2. povidoneis added to water to forma solution;
3. the granulating solution (from step 2) is added to the

powderblend (from step 1) with agitation to form a granulation, and the
resulting granulation is dried;

4. the dry granulation is blended with magnesium
stearate; and

BNSDOCID: <WO__9959584A1_I_>
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5. the mixture is compressed into tabiets.

Fast-Dissolving Formulations
A

Componentsa mg/Tabllet
Phentolamine Mesylate 40

Sildenafil Citrate 50
Gelatin 30

Mannitol 29

‘Flavor 1

Water (evaporates)
Total Dry Tablet Weight 150

The abovetablet form is manufactured by:
1. forming a uniform dispersion achieved by adding the

active ingredients and excipients to water with agitation;
2. filling aliquots of the dispersion into molds; and
3. lyophilizing to form drytablets.

B

Component mg/Tablet
Phentolamine Mesylate 40

Sildenafil Citrate 50

Microcrystalline Cellulose 95

Crospovidone 10

Sodium Bicarbonate 2

Citric Acid 2

Flavor 1

Total 200

The tablets are made by blending the combination of the
actives and excipients and compressing the mixture into tablets.

The compoundsin the combination of this invention for
tr ating sexual dysfunction are administered in accordance with the
treatment regimens described in each of the abovelisted publications.
For example, for a combination of a Type V cGMP PDEinhibitors such as

BNSDOCID: <WO___9959584A1_I_>
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Sildenafil in combination with phentolamine, the typical dosage is 5 to 100
mg of Sildenafil and $ to 75 mg of phentolamine Per dose, usually
administered approximately one hour prior to intercourse.It is expected
that the dosage of the individual components in the combination willbe
less than the dosage required whentheindividualcomponents are
administered alone. The exact doseof either componentof the
combination to be administered and the timing thereof is determined by
the attending clinician and is dependent on the potency of the compound
administered, the age, weight, condition and responseof the patient.
Where the components of a combination are administered separately, the
separate dosage forms need not be administered simultaneously.

Since the presentinvention relates to treatment with a

combination of active ingredients wherein said active ingredients may be
administered separately, the invention also relates to combining separate
pharmaceutical compositions in kit form. Thatis, a kit is contemplated
wherein two separate units are combined: for example, a sildenafil
pharmaceutical composition and a phentolamine pharmaceutical
composition. The kit will preferably include directions for the
administration of the separate components. The kit form is particularly
advantageous when the separate components must be administered in
different dosage forms(e.g. tablet and capsule) or are administered at
different dosage intervals.

ATI 1009-0347
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Whatis claimedis:

1. A pharmaceutical composition for the treatment of human
~ sexual dysfunction comprising a therapeutically effective amount of

phentolamine or a pharmaceutically acceptable salt or solvate or ester
thereof, a therapeutically effective amount of a cGMP PDE V inhibitor or a
pharmaceuticaily acceptable salt or solvate thereof, anda
pharmaceutically acceptable carrier.

2. A composition of claim 1 wherein the cGMP PDE V inhibitor
is sildenafil or a pharmaceutically acceptable salt or solvate thereof.

3. The composition of claim 1 wherein the phentolamineis
phentolamine mesylate.

4, The composition of claim 1 wherein the sildenafil is sildenafil
citrate.

5. The composition of claim 1 wherein the phentolamineis
phentolamine mesylate and the cGMP PDE V inhibitoris sildenafil citrate.

6. A methodof treating human sexual dysfunction comprising
the simultaneous or sequential administration of a therapeutically effective
amount of phentolamine or a pharmaceutically acceptable salt, solvate or
ester thereof, and a therapeutically effective amount of a cGMP PDE V
inhibitor or a pharmaceutically acceptable salt thereof.

7. The method of claim 6 wherein the cGMP PDE V inhibitoris
sildenafil or a pharmaceutically acceptable salt or solvate thereof.

&. The method of claim 6 wherein the phentolamineis
phentolamine mesylate.

9. The method of claim 6 wherein the c@MP PDE v inhibitor is
sildenafil citrate.

ATI 1009-0348
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10. The methodof claim 6 wherein the phentolamine is
phentolamine mesylate and the cGMP PDE inhibitor V is sildenafil citrate.

11. A kit comprising in separatecontainersin a single Package,.....- .
pharmaceutical compositionsforuse in combination to treat sexual
dysfunction which comprises in one container a therapeutically effective
amount phentolamine or a pharmaceutically acceptable salt, solvate or
ester thereof ina pharmaceutically acceptable carrier andin a second
container a therapeutically effective amount of a CGMPPDE V inhibitor or
a pharmaceutically acceptable salt of solvate thereof ina
pharmaceutically acceptable carrier.

12. A pharmaceutical composition for the treatment of human
sexual dysfunction comprising a therapeutically effective amount ofa first
vasodilating agent or a pharmaceutically acceptable salt or solvate or
ester thereof, a therapeutically effective amount of a second vasodilating
agent or a pharmaceutically acceptable salt or solvate thereof, anda
pharmaceutically acceptable carrier.

13. The pharmaceutical composition of claim 12 wherein said
first vasodilating agent or a pharmaceutically acceptable salt or solvate or
ester thereof is an adrenergic blocker.

14. The pharmaceutical composition of claim 13 wherein said
adrenergic blockeris an alpha-adrenergic blocker.

15. The pharmaceutical composition of claim 14 wherein alpha
adrenergic bitockeris selected from the group consistingof an alphat-
adrenergic blocker, an alpha2-adrenergic blocker or both an alphat-
adrenergic blocker and an alpha2-adrenergic blocker.

16. The pharmaceutical composition of claim 12 wherein said
second vasodilating agent or a pharmaceutically acceptable salt or
solvate or ester thereof is a cC@MP PDE inhibitor.

17. The pharmaceutical composition of claim 12 wherein said
first vasodilating agent or a pharmaceutically acceptable salt or solvate or
ester thereof is an adrenergic blocker and said second vasodilating agent

ATI 1009-0349
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or a pharmaceutically acceptable salt or solvate or ester thereof is a cGMP
PDE inhibitor.

18. The pharmaceutical composition of claim 17 wherein the
adrenergic blocker is selected from the group consisting of phentolamine,
phentolamine mesylate, phentolamine hydrochloride,
phenoxybenazmine, tolazoline, dibenamine, yohimbine, terazosin,
doxazosin and prazosin.

19. The pharmaceutical composition of claim 17 wherein the
CGMP PDEinhibitor is a CAMP PDE V inhibitor.

20. The pharmaceutical composition of claim 17 wherein the
cGMP PDE V inhibitor is selected from the group consisting of:
sildenafil,

(6R, 12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-
methylenedioxyphenyl)-pyrizino[2’, 1’:6, 1 Ipyrido[3,4-b]indole-1,4-dione
(Compound A), and

(3S,6R,12aR)-2,3,6,7,12,1 2a-hexahydro-2,3-dimethyl-6-(3,4-
methylenedioxyphenyl)-pyrazino[2’,1':6,1 ]pyrido[3,4-b]indole-1 ,4-dione
(Compound B) ora pharmaceutically acceptable salt or solvate thereof.

21. Amethodof treating human sexual dysfunction comprising
the simultaneous or sequential administration of a therapeutically effective
amountof a therapeutically effective amountofa first vasodilating agent or
a pharmaceutically acceptable salt or solvate or ester thereof, a
therapeutically effective amount of a second vasodilating agent ora
pharmaceutically acceptable salt or solvate thereof, and a
pharmaceutically acceptable carrier.
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