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UNITED STATES PATENT AND TRADEMARK OFFICE
Commissionerfor Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www. uspto.gov

 
Danielle L. Herritt In Re: Patent Term Extension

McCarter & English LLP Application for “a265 Franklin Street U.S. Patent No. 5,532,241 MUL 3 0 2014
Boston, MA 02110

Dear Ms. Herritt:

A certificate under 35 U.S.C. § 156 is enclosed extending the term of U.S. Patent
No. 5,532,241 for a period of 5 years. While a courtesy copyofthis letter is being forwarded to
the Food and Drug Administration (FDA), you should directly correspond with the FDA
regarding any required changesto the patent expiration dates set forth in the Patent and
Exclusivity Data Appendix of the Orange Book (Approved Drug Products with Therapeutic
Equivalence Evaluations) or in the Patent Information set forth in the Green Book (FDA
Approved Animal Drug Products). Effective August 18, 2003, patent submissions for —
publication in the Orange Book and Docket *95S-0117 need to be submitted on form FDA-3542
which may be downloaded from FDA's Electronic Forms Download Website:
http://www.fda.gov/opacom/morechoices/fdaforms/default.html

" (http://www.fda.gov/opacom/morechoices/fdaforms/FDA-3542.pdf).

Inquiries regarding this communication should be directed to the undersigned by telephone at
(571) 272-7755, or by e-mail at mary.till@uspto.gov.

e

ary C.Till
Senior Legal Advisor
Office of Patent Legal Administration
Office of the Associate Commissioner

for Patent Examination Policy

ce: Office of Regulatory Policy RE: VIIBRYD® (vilozodone
Food and Drug Administration hydrochloride)
10903 New Hampshire Ave., Bldg. 51, Rm. 6284 Docket No.: FDA-2011-E-
Silver Spring, MD 20993-0002

Attention: Beverly Friedman
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UNITED STATES PATENT AND TRADEMARK OFFICE

(12) CERTIFICATE EXTENDING PATENT TERM
UNDER35 U.S.C. § 156

(68) PATENT NO. | : 5,532,241
* (45) ISSUED : July 2, 1996

(75) INVENTOR : Henning Bottcheretal.

(73) PATENT OWNER : Merck Patent Gesellschaft Mit Beschrankter
Haftung

(95) PRODUCT . : VIIBRYD®(vilozodone hydrochloride)

This is to certify that an application under 35 U.S.C. § 156 has been filed in the United

States Patent and Trademark Office, requesting extension ofthe term of U.S. Patent No.

5,532,241 based upon the regulatory review of the product VIBRYD®(vilozodone
hydrochloride) by the Food and Drug Administration. Since it appears that the
requirementsofthe law have been met, this certificate extends the term ofthe patent for
the period of

(94) | 5 years

from September 29, 2014,the original expiration date of the patent, subject to the payment
of maintenance fees as provided by law,with all rights pertaining thereto as provided by
35 U.S.C. § 156.

I have causedthe seal ofthe United States Patent and

Trademark Office to be affixed this 24th day of July 2014.

Michelle K. Lee ;

Deputy Under Secretary of Commercefor Intellectual Property and
Deputy Director of the United States Patent and Trademark Office  
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UNITED STATES PATENT AND TRADEMARKOFFICE
, Commissionerfor Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450www.uspto.gov

DanielleL. Herritt In Re: Patent Term Extension APR 29 2014
McCarter & English LLP Application for
265 Franklin Street U.S. Patent No. 5,532,241

Boston, MA 02110

NOTICE OF FINAL DETERMINATION

A determination has been madethat U.S. Patent No. 5,532,241, which claims the human drug
product VIIBRYD® (vilozodone hydrochloride), is eligible for patent term extension under35
U.S.C. § 156. The period of extension has been determined to be 5 years.

A single request for reconsideration ofthis final determination as to the length of extension of the
term of the patent may be madeif filed within one month ofthe date of this notice. Extensions
of time under 37 CFR § 1.136(a) are notapplicable to this time period. In the absence of such
request for reconsideration, the Directorwill issue a certificate of extension, underseal, for a
period of 5 years. :

The period of extension, if calculated using the Food and Drug Administration determination of
the length of the regulatory review period published in the Federal Register of April 6, 2012, (77
Fed. Reg. 20830), would be 2,542 days. Under 35 U.S.C. § 156(c):

RRP - PGRRP - DD - % (TP - PGTP)!
4,778 -0-0- '% (4472 - 0)
2,542 (7.0 years)

Period of Extension

Since the regulatory review period began December 24, 1997, after the patent issued (July 2,
1996), the entire regulatory review period has been considered in the above determination ofthe
length of the extension period 35 U.S.C. § 156(c). No determination ofa lack of due diligence
under 35 U.S.C. § 156(c)(1) was made.

The five year limitation of 35 U.S.C. § 156(g)(6)(A) applies in the present situation becausethe.
patent wasissued after the date of enactment of 35 U.S.C. § 156. Since the period of extension
calculated under 35 U.S.C. § 156(c) for the patent cannot exceed five years under 35 U.S.C.§ °
156(g)(6)(A), the period of extension will be for five years.

' Consistent with 35 U.S.C. § 156(c), “RRP”is the total numberofdaysin the regulatory
review period, “PGRRP”is the numberof days of the RRP which were on and before the date on
whichthe patent issued, “DD”is the numberof days of the RRP that the applicant did not act
with due diligence, “TP”is the testing phase period described in paragraphs (1)(B)(i), (2)(B)(i),
(3)(B)(i), (4)(B)(@), and (5)(B)(i) of subsection (g) of 35 U.S.C. § 156, and “PGTP”is the number
of days of the TP which were on and before the date on whichthe patent issued, wherein half
days are ignored for purposesof the subtraction of 2 (TP - PGTP).
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USS. Patent No. 5,532,241 Page 2

The 14 year limitation of 35 U.S.C. § 156(c)(3) does not operate to further reduce the period of
extension determinedabove.

Uponissuanceofthe certificate of extension, the following information will be published in the
Official Gazette:

U.S. Patent No.:

Granted:

Original Expiration Date’:

Applicant:

Ownerof Record:

Title:

Product Trade Name:

Term Extended:

Expiration Date of Extension:.

5,532,241

July 2, 1996

September29, 2014

Henning Béttcheretal.

Merck Patentgesellschaft Mit Beschrankter Haftung

. Piperidines and Piperazines

VIIBRYD®(vilozodone hydrochloride)

5 years

September29, 2019

*Subject to the provisions of 35 U.S.C. § 41(b).
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U.S. Patent No. 5,532,241 Page 3

Anycorrespondence from applicant with respect to this matter should be submitted via the
USPTO’s EFS Websystem and should.be addressed as follows:

By mail: Mail Stop Hatch-Waxman PTE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450.

Telephone inquiries related to this determination should be directed to the undersigned at(571)
272-7755. <

Mary C. Till
Senior Legal Advisor
Office of Patent Legal Administration
Office of the Deputy Commissioner
for Patent Examination Policy

cc: Office of Regulatory Policy RE: VIIBRYD® (vilozodone
Food and Drug Administration hydrochloride)
10903 New Hampshire Ave., Bldg. 51, Rm. 6284 Docket No.: FDA-2011-E-0380
Silver Spring, MD 20993-0002

Attention: Beverly Friedman
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pee ETC Department of Health and Human Services Public Health Service‘,

Z { | Food and Drug Administration
heman, Rockville, MD 20857

DEC 18 2012 Re: VIIBRYD
U.S. Patent Nos. 5,532,241 and 7,834,020

Docket Nos. FDA-2011-E-0380

FDA-2011-E-0389

The Honorable David J. Kappos
Under Secretary of Commerce for Intellectual Property
Director of the United States Patent and Trademark Office

Mail Stop Hatch-Waxman PTE
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Director Kappos:

This is in regard to the patent term extension applications for U.S. Patent Nos. 5,532,241 and
7,834,020 filed by Merck Patent GmbH under 35 U.S.C. § 156. The patents clam VIIBRYD,
which was assigned new drug application 22-567.

In the April 6, 2012, issue of the Federal Register (77 Fed. Reg. 20830), the Food and Drug
Administration published its determination ofthis product's regulatory review period, as required
under 35 U.S.C. § 156(d)(2)(A). The notice provided that on or before October 3, 2012, 180
daysafter the publication of the determination, any interested person couldfile a petition with
FDAunder 35 U.S.C. § 156(d)(2)(B)(i) for a determination of whether the patent term extension
applicant acted with due diligence during the regulatory review period.

The 180-dayperiod for filing a due diligence petition pursuantto this notice has expired and
FDAhas received no such petition. Therefore, FDA considers the regulatory review period
determinationto befinal.

Please let me know if we can provide further assistance.

Sincerely yours,

pon Olilud
Jane A. Axelrad

Associate Director for Policy
Center for Drug Evaluation and Research

cc: Danielle L. Herritt

McCarter & English LLP
265 Franklin Street

Boston, MA 02110
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AgTENTICATEDWs CovenantBecRMaTon
GPO,

20830 Federal Register/Vol. 77, No. 67/Friday, April 6, 2012/ Notices  

DATSCAN andis publishing this notice
of that determination as required by
law. FDA has madethe determination
because of the submission of an

application to the Director of Patents
and Trademarks, Departmentof
Commerce,for the extension of a patent
which claims that human drug product.
ADDRESSES:Submit electronic

commentsto http://
www.regulations.gov. Submit written
petitions along with three copies and
written comments to the Division of

Dockets Management (HFA-305), Food
and Drug Administration, 5630 Fishers
Lane, rm. 1061, Rockville, MD 20852.
FOR FURTHER INFORMATION CONTACT:

Beverly Friedman,Office of Regulatory
Policy, Food and Drug Administration,
10903 New Hampshire Ave. Bldg.51,
rm, 6222, Silver Spring, MD 20993-
0002, (301) 796-3602.

SUPPLEMENTARYINFORMATION: The Drug
Price Competition and Patent Term
Restoration Act of 1984 (Pub. L. 98-417)
and the Generic Animal Drug andPatent
Term Restoration Act (Pub. L. 100-670)
generally provide that a patent may be
extendedfor a period of up to 5 years
so long as the patented item (human
drug product, animal drug product,
medical device, food additive, or color
additive) was subject to regulatory
review by FDAbefore the item was
marketed. Undertheseacts, a product’s
regulatory review period formsthe basis
for determining the amountof extension
an applicant mayreceive.

A regulatory review period consists of
two periods oftime: A testing phase and
an approval phase. For human drug
products, the testing phase begins when
the exemption to permit theclinical
investigations of the drug becomes
effective and runs until the approval
phase begins. The approval phasestarts
with the initial submission of an

application to market the human drug
product and continues until FDA grants
permission to market the drug product.
Although only a portion of a regulatory
review period may count toward the
actual amountof extension that the

Director of Patents and Trademarks may
award (for example,half the testing
phase must be subtracted as well as any
time that may have occurred before the
patent was issued), FDA’s determination
of the length of a regulatory review
period for a humandrug productwill
includeall of the testing phase and
approval phaseas specified in 35 U.S.C.
156(g)(1)(B).

FDArecently approved for marketing
the human drug product DATSCAN
(Ioflupane I-123 injection). DATSCAN
is indicated for striatal dopamine
transporter visualization using single

photon emission computed tomography
brain imagingto assist in the evaluation
of adult patients with suspected
Parkinsonian syndromes. Subsequentto
this approval, the Patent and Trademark
Office received a patent term restoration
application for DATSCAN (U.S. Patent
No. 5,310,912) from GE Healthcare
Limited, and the Patent and Trademark
Office requested FDA’s assistance in
determiningthis patent’s eligibility for
patent term restoration. In a letter dated
June 22, 2011, FDA advised the Patent
and Trademark Office that this human

drug product had undergone a
regulatory review period and that the
approval of DATSCAN represented the
first permitted commercial marketing or
use of the product. Thereafter, the
Patent and Trademark Office requested
that FDA determine the product’s
regulatory review period.

FDA has determinedthat the

applicable regulatory review periodfor
DATSCANis 677 days, Of this time, 0
days occurred duringthe testing phase
of the regulatory review period, while
677 days occurred during the approval
phase. These periods of time were
derived from the following dates:

1. The date an exemption under
section 505(i) of the Federal Food, Drug,
and Cosmetic Act (the FFD&C Act) (21
U.S.C. 355(i)) becameeffective: not
applicable. The applicant claims June
19, 1997, as the date the investigational
new drug application (IND) became
effective. However, FDA records
indicate that no IND was submitted
under subsection 505(i) of the FFD&C
Actfor this human drug product.

2. The date the application was
initially submitted with respect to the
human drug product undersection
505(b) of the FFD&C Act: March 9, 2009.
The applicant claims March 6, 2009,as
the date the new drugapplication
(NDA) for DATSCAN (NDA 22-454) was
initially submitted. However, FDA
records indicate that NDA 22-454 was
submitted on March 9, 2009.

3. The date the application was
approved:January 14, 2011. FDA has
verified the applicant’s claim that NDA
22-454 was approvedon January 14,
2011.

This determination of the regulatory
review period establishes the maximum
potential length of a patent extension.
However, the U.S. Patent and
Trademark Office applies several
statutory limitations in its calculations
of the actual period for patent extension.
In its application for patent extension,
this applicant seeks 5 years of patent
term extension.

Anyonewith knowledgethat any of
the dates as published are incorrect may
submit to the Division of Dockets

_ Management(see ADDRESSES) either
electronic or written comments and ask

for a redetermination by June 5, 2012.
Furthermore, any interested person may
petition FDA for a determination
regarding whetherthe applicant for
extension acted with due diligence
during the regulatory review period by
October 3, 2012. To meetits burden, the
petition must contain sufficient facts to
merit an FDA investigation. (See H.
Rept. 857, part 1, 98th Cong., 2d sess.,
pp. 41-42, 1984.) Petitions should be in
the formatspecified in 21 CFR 10.30.

Interested persons may submit to the
Division of Dockets Management(see
ADDRESSES)electronic or written
comments and written petitions.It is
only necessary to send oneset of
comments. However,if you submit a
written petition, you must submit three
copiesofthe petition. Identify
comments with the docket number

found in brackets in the heading ofthis
document.

Comments andpetitions that have not
been madepublicly available on
regulations.gov may be viewedin the
Division of Dockets Management
between 9 a.m. and 4 p.m., Monday
through Friday.

Dated: March 19, 2012.

Jane A. Axelrad,

Associate Directorfor Policy, Centerfor Drug
Evaluation and Research.

{FR Doc. 2012-8340 Filed 4-5—12; 8:45 am]
BILLING CODE 4160-01-P

DEPARTMENT.OF HEALTH AND
HUMAN SERVICES

Food and Orug Administration

(Docket Nos. FDA-2011-E-0380 and FDA-
2011—E-0389)

Determination of Regulatory Review
Period for Purposes of Patent
Extension; VIIBRYD

AGENCY: Food and Drug Administration,
HHS.

ACTION: Notice.

SUMMARY:TheFood and Drug
Administration (FDA) has determined
the regulatory review period for
VIIBRYD andis publishing this notice
of that determination as required by
law. FDA has madethe determination
becauseof the submission of

applications to the Director of Patents
and Trademarks, Department of
Commerce,for the extension of patents
which claim that human drug product.
ADORESSES:Submit electronic

commentsto http://
www.regulations.gov. Submit written
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petitions along with three copies and
written comments to the Division of

Dockets Management (HFA-305), Food
and Drug Administration, 5630 Fishers
Lane, rm. 1061, Rockville, MD 20852.
FOR FURTHER INFORMATION CONTACT:

Beverly Friedman,Office of Regulatory
Policy, Food and Drug Administration,
10903 New Hampshire Ave. Bldg. 51,
rm. 6222, Silver Spring, MD 20993-
0002, 301-796-3602.

SUPPLEMENTARYINFORMATION: The Drug
Price Competition and Patent Term
Restoration Act of 1984 (Pub. L. 98-417)
and the Generic Animal Drug andPatent
Term Restoration Act (Pub. L. 100-670)
generally provide that a patent may be
extended for a period of up to 5 years
so long as the patented item (human
drug product, animal drug product,
medical device, food additive, or color
additive) was subject to regulatory
review by FDA before the item was
marketed. Undertheseacts, a product’s
regulatory review period formsthe basis
for determining the amountof extension
an applicant mayreceive.

A regulatory review period consists of
two periodsoftime: A testing phase and
an approval phase. For human drug
products, the testing phase begins when
the exemption to permit the clinical
investigations of the drug becomes
effective and runs until the approval
phase begins. The approval phasestarts
with the initial submission of an

application to market the human drug
product and continues until FDA grants
permission to market the drug product.
Althoughonly a portion of a regulatory
review period may count toward the
actual amountof extension that the

Director of Patents and Trademarks may
award (for example, half the testing
phase mustbe subtracted as well as any
time that may have occurred before the
patent was issued), FDA’s determination
of the length of a regulatory review
period for a human drug product will
includeall of the testing phase and
approvalphaseas specified in 35 U.S.C.
156(g)(1)(B).

FDA recently approved for marketing
the human drug product VIIBRYD
(vilazodone hydrochloride}. VIHBRYDis
indicated for the treatment of major
depressive disorder. Subsequentto this
approval, the Patent and Trademark
Office received a patent term restoration
application for VIIBRYD(U.S. Patent
Nos. 5,532,241 and 7,834,020) from
Merck Patent GmbH,and the Patent and
Trademark Office requested FDA’s
assistance in determiningthis patent’s
eligibility for patent term restoration. In
a letter dated June 22, 2011, FDA
advised the Patent and Trademark

Office that this human drug product had

undergonea regulatory review period
and that the approval of VIIBRYD
representedthefirst permitted
commercial marketing or use of the
product. Thereafter, the Patent and
Trademark Office requested that FDA
determine the product’s regulatory
review period.

FDAhas determinedthat the

applicable regulatory review period for
VIIBRYD is 4,778 days. Of this time,
4,472 days occurred duringthe testing
phaseof the regulatory review period,
while 306 days occurred during the
approval phase. Theseperiodsof time
were derived from the following dates:

1. The date an exemption under
section 505(i) of the Federal Food, Drug,
and Cosmetic Act (the FD&C Act) (21
U.S.C. 355(i)) becameeffective:
December 24, 1997. FDA hasverified
the applicant’s claim that the date the
investigational new drug application
becameeffective was on December24,
1997.

2. The date the application was
initially submitted with respect to the
human drug product undersection
505(b) of the FD&C Act: March 22, 2010.
FDAhasverified the applicant’s claim
that the new drug application (NDA)for
VIIBRYD (NDA 22-567) was submitted
on March 22, 2010.

3. The date the application was
approved:January 21, 2011. FDA has
verified the applicant’s claim that NDA
22-567 was approvedon January 21,
2011.

This determination of the regulatory
review period establishes the maximum
potential length of a patent extension.
However,the U.S. Patent and
TrademarkOffice applies several
statutory limitations in its calculations
of the actual period for patent extension.
In its applications for patent extension,
this applicant seeks either 67 days or 5
years of patent term extension.

Anyone with knowledgethat any of
the dates as published are incorrect may
submit to the Division of Dockets

Management(see ADORESSES)either
electronic or written comments and ask

for a redetermination by June 5, 2012.
Furthermore, any interested person may
petition FDA for a determination
regarding whetherthe applicant for
extension acted with duediligence
during the regulatory review period by
October 3, 2012. To meetits burden, the
petition must contain sufficient facts to
merit an FDA investigation. (See H.
Rept. 857, part 1, 98th Cong., 2d sess.,
pp. 41-42, 1984.) Petitions should be in
the format specified in 21 CFR 10.30.

Interested persons may submitto the
Division of Dockets Management(see
ADDRESSES)electronic or written
comments and written petitions.It is

only necessary to send oneset of
comments. However, if you submit a
written petition, you must submit three
copies of the petition. Identify
comments with the docket number

found in brackets in the headingofthis
document.

Comments andpetitions that have not
been made publicly available on
regulations.gov may be viewedin the
Division of Dockets Management
between 9 a.m. and 4 p.m., Monday
through Friday.

Dated: March 19, 2012.

Jane A. Axelrad,

Associate Directorfor Policy, Centerfor Drug
Evaluation and Research.

[FR Doc. 2012-8341 Filed 4-5-12; 8:45 am]
BILLING CODE 4160-01-P

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

National CancerInstitute; Notice of
Closed Meeting

Pursuantto section 10(d) of the
Federal Advisory Committee Act, as
amended(5 U.S.C. App.), noticeis
hereby given of the following meeting.

The meeting will be closed to the
public in accordance with the
provisionsset forth in sections
552b(c)(4) and 552b(c)(6), Title 5 U.S.C.,
as amended. Thegrant applications and
the discussions could disclose
confidential trade secrets or commercial

property such as patentable material,
and personal information concerning
individuals associated with the grant
applications, the disclosure of which
would constitute a clearly unwarranted
invasion of personalprivacy.

NameofCommittee: National Cancer
Institute Initial Review Group; SubcommitteeA—Cancer Centers.

Date: May 3, 2012
Time: 8 a.m. to 5:20 p.m.
Agenda: Toreview andevaluate grant

applications.
Place: Courtyard by Marriott, 5520

Wisconsin Avenue, Chevy Chase, MD 20815.
Contact Person: Gail J Bryant, MD, Medical

Officer, Resources and Training Review
Branch, Division of Extramural Activities,
National CancerInstitute, 6116 Executive
Blvd., Room 8107, MSC 8328, Bethesda, MD
20892-8328, (301) 402-0801, gb30t@nih.gov.

Informationis also available on the

Institute’s/Center’s home page: http://
deainfo.nci.nih.gov/advisory/irg/irg.htm,
where an agenda andanyadditional
information for the meeting will be posted
whenavailable.

(Catalogue of Federal Domestic Assistance
Program Nos. 93.392, Cancer Construction;
93.393, Cancer Cause and Prevention
Research; 93.394, Cancer Detection and
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ERVICE,3° S.S bal ‘Sy

€ DEPARTMENT OF HEALTH & HUMAN SERVICES
APR 3 2012

onHEALTHgSs%2)

Food and Drug Administration
Rockville MD 20857

Re: VIIBRYD

Patent Nos. 5,532,241 and 7,834,020
Docket Nos. FDA-2011-E-0380 and

FDA-2011-E-0389

The Honorable David J. Kappos
Undersecretary of Commercefor Intellectual Property
Director of the United States Patent and Trademark Office

Mail Stop Hatch-Waxman PTE
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Director Kapnos:

This is in regard to the applications for patent term extension for U.S. Patent Nos. 5,532,241 and
7,834,020, filed by Merck Patent GmbH,under 35 U.S.C.section 156 et seg. We have reviewed
the dates contained in the applications and have determined the regulatory review periodfor
VIIBRYD (vilazodone hydrochloride), the human drug product claimed bythe patents.

length of the regulattory reviewperiod for VIIBRYD (vilazodone hydrochloride) is&

4,778 days. Ofthis time, 4,472 days occurred during the testing phase and 306 days occurred
during the approval phase. These periods of time were derived from the following dates:

I. The date an exemption under subsection 505(i) of the Federal Food, Drug, and Cosmetic
Act involving this drug product becameeffective: December 24, 1997.

The total

FDA hasverified the applicant's claim that the date the investigational new drug
application becameeffective was on December 24, 1997

2. The date the application wasinitially submitted with respect to the human drug product
under section 505 of the Federal Food, Drug, and Cosmetic Act: March 22, 2010.

FDAhasverified the applicant's claim that the new drug application (NDA) for
VIIBRYD (NDA22-567) was submitted on March 22, 2010.

3. The date the application was approved: January 21, 2011.

FDAhasverified the applicant's claim that NDA 22-567 was approved on January 21,
2011.

This determination of the regulatory review period by FDA doesnottake into account the
effective date of the patent, nor doesit exclude one-half of the testing phase as required by 35
U.S.C. section 156(c)(2).
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Kappos - VIIBRYD
Patent No. 5,532,241 and 7,834,020
Page 2

Please let me know if we can be of further assistance.

Sincerely yours,

0 djlibu/)
Jane A. Axelrad

Associate Director for Policy
Center for Drug Evaluation and Research

cc: Danielle L. Herritt

McCarter & English LLP
265 Franklin Street

Boston, MA 02110
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Office of Regulatory Policy

Food and Drug Administration .
10903 New Hampshire Ave., Bldg. 51, Rm. 6222
Silver Spring, MD 20993-0002

Attention: Beverly Friedman

Dear Ms. Axelrad:

Transmitted herewith is a copy of the application for patent term extension of U.S. Patent No.
5,532,241. The application was filed on March 17, 2011, under 35 U.S.C. § 156. Please.note
that a patent term extension application for U.S. Patent No. 7,834,020 for NDA 22-567for the
human drug product VITIBRYD®(vilozodone hydrochloride) was filed concurrently, pursuant to
the provisions of 37 C.F.R. § 1.785.

The patent claims a product that was subject to regulatory review under the Federal Food, Drug
and Cosmetic Act. Subject to final review, the subject patent is consideredto be eligible for
patent term extension. Thus, a determination by your office of the applicable regulatory review
period is necessary. Accordingly, notice and a copy ofthe application are provided pursuant to
35 U.S.C. § 156(d)(2)(A).

Inquiries regarding this communication should be directed to the undersigned at (571) 272-7755
(telephone) or (571) 273-7755 (facsimile).

Mary C.Till
Senior Legal Advisor
Office of Patent Legal Administration
Office of the Associate Commissioner

for Patent Examination Policy

cc: Danielle L. Herritt

McCarter & English LLP
265 Franklin Street

Boston, MA 02110

RE: VIIBRYD® (vilozodone hydrochloride)
Docket No. FDA-2011-E-389

Pa

Commissioner for Patents

United States Patent and Trademark OfficeP.O. Box 1450
NOV 29 20)] Alexandria, VA 22313-1450

www.uspto.gov
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ERVIC,
aSERICES-¢

. € DEPARTMENT OF HEALTH & HUMAN SERVICESgtHEALTH4a%=
=%

Food and Drug Administration
Rockville MD 20857

JUN 22 201
Re: VIIBRYD

Patent Nos. 5,532,241 and 7,834,020
Docket Nos. FDA-2011-E-0389

FDA-2011-E-0380

The Honorable David J. Kappos
Under Secretary of CommerceforIntellectual Property
Director of the United States Patent and Trademark Office

Mail Stop Hatch-Waxman PTE
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Director Kappos:

This is in regardto the applications for patent term extension for U.S. Patent Nos.
5,532,241 and 7,834,020filed by Merck Patent GmbH, under 35 U.S.C. § 156. The
human drug product claimed by the patents is VIIBRYD (vilazodone hydrochloride),
which wasassigned new drug application (NDA) No. 22-567.

A reviewof the Food and Drug Administration's official records indicates that this
product was subject to a regulatory review period before its commercial marketing or use,
as required under 35 U.S.C. § 156(a)(4). Our records also indicate that it represents the
first permitted commercial marketing or use of the product, as defined under 35 U.S.C. §
156(f)(1).

The NDA wasapproved on January 21, 2011, which makes the submissionofthe patent
term extension applications on March 17, 2011, timely within the meaning of 35 U.S.C.§
156(d)(1).

Should you conclude that the subject patent is eligible for patent term extension, please
advise us accotdingly. As required by 35 U.S.C. § 156(d)(2)(A) we will then determine
the applicable regulatory review period, publish the determination in the Federal
Register, and notify you of our determination.

Please let me know if we can be offurther assistance.

Sincerely yours,

Jane A. Axelrad YlixA
Associate Director for Policy
Center for Drug Evaluation and Research
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Kappos- Viibryd
Patent Nos. 5,532,241 and 7,834,020
Page 2

~N . .
cc: Danielle L. Herritt

McCarter & English LLP
265 Franklin Street

Boston, MA 02110
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 450

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

08/314,734 09/29/1994 HENNING BOTTCHER MERCK1617

CONFIRMATION NO. 3429

MILLEN WHITE ZELANO AND BRANIGAN POWER OF ATTORNEYNOTICE

ARLINGTON COURTHOUSEPLAZA | SUITE 1400

2200 CLARENDON BOULEVARD IOC
ARLINGTON, VA 22201 0000004692566/

Date Mailed: 04/27/2011

NOTICE REGARDING CHANGE OF POWEROF ATTORNEY

This is in response to the Powerof Attorneyfiled 04/03/2011.

* The Powerof Attorney to you in this application has been revoked by the assignee who hasintervened as
provided by 37 CFR 3.71. Future correspondencewill be mailed to the new address of record(37 CFR 1.33).

/dolipscomb/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSPO. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
 
   

08/3 14,734 09/29/1994 HENNING BOTTCHER 120140-00201

CONFIRMATIONNO.3429

86736 POA ACCEPTANCE LETTER

VideoMining Corporation

403 South Allen Street, Suite 101 MOC000000047391030
State College, PA 16801

Date Mailed: 04/27/2011

NOTICE OF ACCEPTANCE OF POWEROF ATTORNEY

This is in response to the Powerof Attorneyfiled 03/21/2011.

The Powerof Attorney in this application is accepted. Correspondencein this application will be mailed to the
above address as provided by 37 CFR 1.33.

/dtvernon/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 450

Alexandria, Virginia 22313-1450
 

www.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

08/3 14,734 09/29/1994 HENNING BOTTCHER 120140-00201

CONFIRMATION NO.3429

86738 POA ACCEPTANCELETTER

MCCARTER & ENGLISH, LLP BOSTON

265 Franklin Street INOUEA000000047391125
Boston, MA 02110

Date Mailed: 04/27/2011

NOTICE OF ACCEPTANCE OF POWEROF ATTORNEY

This is in response to the Powerof Attorneyfiled 03/21/2011.

The Powerof Attorney in this application is accepted. Correspondencein this application will be mailed to the
above address as provided by 37 CFR 1.33.

/dtvernon/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE
Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

APR 18 2011 Alexandria, VA 22313-1450www.uspto.gov 
Office of Regulatory Policy
Food and Drug Administration
10903 New Hampshire Ave., Bldg. 51, Rm. 6222
Silver Spring, MD 20993-0002

Attention: Beverly Friedman

The attached application for patent term extension of U.S.Patent No. 5,532,241 was filed on
March 17, 2011, under 35 U.S.C. § 156. Please note that a patent term extension application for
US. Patent No. 7,834,020 for NDA 22-567 for the human drug product VIIBRYD™(vilozodone
hydrochloride) wasfiled concurrently, pursuant to the provisions of 37 C-F.R. § 1.785.

Theassistance of your Office is requested in confirming that the product identified in the
application, VIIBRYD™(vilozodone hydrochloride), has been subject to a regulatory review
period within the meaning of 35 U.S.C. § 156(g) beforeits first commercial marketing or use and
that the application for patent term extension wasfiled within the sixty-day period beginning on
the date the product was approved. Since a determination has not been made whether the patent
in question claimsa product whichhas been subject to the Federal Food, Drug and Cosmetic Act,
or a method of manufacturing or use of such a product, this communication is NOT to be
considered as notice which may be madein the future pursuant to 35 U.S.C.§ 156(d)(2)(A).

Our review of the application to date indicates that the subject patent would beeligible for
extensionofthe patent term under 35 U.S.C. § 156. .

Inquiries regarding this communication should be directed to the undersigned at (571) 272-7755
(telephone) or (571) 273-7755 (facsimile). .

Mary C. Til
Senior Legal Advisor
Office of Patent Legal Administration
Office of the Associate Commissioner

for Patent Examination Policy

cc: Danielle L. Herritt

McCarter & English LLP
— 265 Franklin Street

Boston, MA 02110

Page 17



Page 18

PTOISBIBYS. (TS.08)
Aporoved for use. tirawah PU30/203 1, OMS Ga5 T0085

LLS. Paterntand Trader ORI: U.S. DEPARTMENT OF COMMERCE

Unter the Paperwork Reduction Act of 1958, no persone are required té Taspond te a collection of intiemation unives it disolays a valid GME centrot number.

 

PATENT - POWER OF ATTORNEY PatentNumber SSeeee"
OR uy2,296

REVOCATION OF POWER OF ATTORNEY

WITH A NEW POWER OF ATTORNEY
AND

CHANGE OF CORRESPONDENCE ADDRESS

 

 
A Powerof Attomey is submitted herewith,

! heesby appaint Practitioner(s) associated willy the following Customer Number as my/our
atlomey(s) of agent{s} with resperctto the patent identiied above, and to transact al’ business in ige7ag
ihe United States Patent and Trademark Office connected therewith:

hereby appoint Fractitioner(s} named below as my/our attorney(s} or agents} with respect-to the palent identified

above, and to transact ali business in the United States Patent and Trademark Office connected theravdh:
 

ion Number seecedbecececenanan

Please tecagnize or change the correspondence adaress-for the ahove-identfied patentto:

The address associgted with the abovementioned Customer Number,

Finn: or :
individual Name!

 

Country :J snnevernetseLosereceeeetonneeseateneesa
Telephone

 

OR
( Patent owner,

Stetement under 37°GRR 3. P3{} fRorn PTOSEG! sudoniied &erewith or figo on

EyJeoeeepn: ux; TARY ke

"HOFLead Pip Lays
Sot Patent cwvnars ef the onginferast or their:if nenrasentativeds) Afe fequired. Sune ir

 
jiveitied, ~,

 

a “Total of ; forms are si
This collection of informationisrequired by 37 OFR 1.44, tS2 and 1.23. Tho iforrsation isrenueraid tu pbttin of eetarce Gonedt by the publie whiat ie 15 fle (andby the
USPTO. tw process} ap applicaian, Soatigentastyis gavernad oy SS LESS, 122 and 37 CFR LAT and 4.44, This: cadleatian is. as ed to lavas minutes to-nsrpiats,
inducing gathering, preparing, and submitting the completed appiivation formty the USPTO, Thue will vary depending upon bie individual case: Any comments Ga

the atiount of ime you requires to complete this for andar suggestions for redkecing this be . Shontd be: sent to the Chief infoomation Officer, U5. Patent andTradesnark Offoe, U.S. Daparment of Qommerce, P00 Sox 2450, Alexanidkiy, MA 22093-1480 OO NOT SENG FEES OR COMPLETED FORMS TO THIS
ADDRESS. BEND TQ: Conunissioner for Patents; P10. Box 14590, Alexandria, VA 22313-1889,

  

 
  

 

Fou need assistance if apmipleting the fon, call}§0Q.P7O-97 99 and selactastion 2
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PTOSSBS6 (07-09)
Approved fot use through GARIN 2. OME BeaOat

US. Fatentand Trademark OF 13. DEPARTMENT GF COMMERCS
SGiion of. infonviation unless Ndistlays a valid OMG costal sienber.

STATEMENT UNDER 37 CFR 3.73(b)

  

 
 

  Apolicant/Patent Owner: Henning Bottcheret al a
| Application Na/Patert Now 5832241 ceeitedIssueDate: duly 2,v2eG
b Tithedt: Coe . .

Piparidines and Piperazines

Merck Patent GmbH a Corporation
 iName oF Assignee} Oyge.of Assignes, 2.91, m » Harinershiy, uliversity, qovernmant agency, ete,

states that itis:

ihe assignee of the-antire right, tile, and interest im

an assignee of fess than the entire right, tithe, and interest in
(The extent (by percentage) ofits ownership interest is _ eh or

 

L 3. the assignee of an undivided interest in the entirety of (a complete assignment fro one of the joint inventors was made

| the patent agplication/patentidentified above, by virtue of either

JA. [df An assignment from the inventoris} of ihe patent apphcationpatent identifiad above ssignaient was recorded. in
the United States Patent and Trademark Office at Reel oorz4p rama OF _ or for which a
copy therefare is attached. ,

| oR

Achainof tive from the inventor(s}, af the patent appiication/patent identified above, to the current assignee as follows:

Toat Fran _ ceseteeecenenes ee

The document was recorded in the United States Patent.and Trademark Offies at

or for whicha copythereof is attached,Reel _ . Frame ‘

2. Front . : .
The docurnant was recorded in the United States Patent and Tradermark Offiee at

Reel ee) Frame we «6forwhicha copythereofis aitached.

  

The document was recorded in the United States Patent and Trademark Office at

Frame , Oorfor which a copy thereofis atlached.Ree oo
 

[3 Additional documents in the chain of tte are listed on a supplemental sheat(s),

Ty As required by 37 CFR 3.73/10,the documentary evidence of the chat. of tite fram the original owner to the assignee was,

oFreis being, submitted for recordation pursuant to 37 CFR 3:11,

Dr. Arno Hartmann
arr —Signature

Head of Patents Pharmaceuticals Authorized. Employee
Printed or Typed Name

Ths collection. of informationis required by ¥PER, 3.Fab). The intonation is poyuired te obtain of retain aS mak
Beocess) an application. Canidentiattyis govemer by 39 U.S.C. Te and oh CFR 1 tt gad 1.44. This solles seis estimated © inke t42 Snutea te gl‘sutniniata, incluiging
galhering, oseparing, and submitting the competed anniication fornvis the USPTG., “Teme wil vary depending upon 6 INGMduat y és on the amount of tires
yourequire £9 complete tis forandéor suggestions tof reducing thig burden, shouldbe sent {o the Chiet fisrmation Giver, U.S. Patint aod Tradamark Offies, :3,
Desarimentof Cammeans, P.O. Box 1850, Alexandria, Va 22512-4450, DO NOT SEND FEES OR OCMPETED FORME TO AGGRESS.. SEND TO: Cocimissioner
for Patents, P.O. Box 1450, Atexandria, WA. 22375-1450,

  
 
 

 

Ff ype need sesigtades in cammeting Ne Rem, call 1-800-.PTO-97 89. and satoct apian 2.
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Electronic AcknowledgementReceipt

ee

itn

Title of Invention: PIPERIDINES AND PIPERAZINES

First Named Inventor/Applicant Name: HENNING BOTTCHER

MILLEN WHITE ZELANO AND BRANIGAN

ARLINGTON COURTHOUSE PLAZA| SUITE 1400

2200 CLARENDON BOULEVARD

Correspondence Address: -

ARLINGTON

US

Filer Authorized By: Danielle L. Herritt

Attorney Docket Number: MERCK1617

Receipt Date: 21-MAR-2011

Filing Date: 29-SEP-1994

Application Type: Utility under 35 USC 111)

Paymentinformation:

 
Submitted with Payment no

File Listing: 
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Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

474676
120140_00201_Patent_POA.

Powerof Attorney pdf 978f5 35ecab95 9b7df4f04.a466b4347df1ff6
Abc

Information:

; ; ; 477881
Assignee showing of ownership per 37

CFR 3.73(b). 120140_00201_373_b.pdf 5a4cccbbd713ff49721d20e666fda14422a6|
819d

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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Attorney Docket No. 119027-00901
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re United States Patent of:

Bottcheref al.

Patent No.: 5,532,241

Issued: July 2, 1996
RECEIVED

For: PIPERIDINES AND PIPERAZINES : -
Oe MAR 1-7 2011

Mail Stop: Hatch-Waxman PTE PU.S. Patent and Trademark Office ATENTEXTENSION
Office of Patent Legal Administration
Room MDW7D55

600 Dulany Street (Madison Building)
Alexandria, VA 22314

INFORMATION DISCLOSURE STATEMENT

Dear Madam:

In accordance with the duty of disclosure as described in 37 C.F.R. §1.765 and

acknowledged under 37 C.F.R. §1.740(13), Marketing Applicant, Trovis Pharmaceuticals LLC,

as agent for Applicant, Merck Patent GmbH, wishesto formally inform the Office that two

patent term extensionapplications have been filed concurrently with respectto the regulatory
review period for VIIBRYD™(vilazodone hydrochloride) Tablets. Such patent term extension

applications are now pending before the Office and pertain to U.S. Patent Nos. 5,532,241 (ie.,

the present application) and 7,834,020. It is requested that the Office examine these applications

concurrently so that a meaningful election can be made uponthe receipt of a Notice of Final

Determination and RequirementofElection as to which patent to ultimately extend in

accordance with 37 C.F.R. §1.785. 04/18/2011 RLOGAN  @@aanea2 08314734
Bi FC:1457 1128.08 OP

It is believed that no fee is required forthe filing of this Information Disclosure

Statement. However, should a fee be required with thefiling of this paper (or with any paper

hereafter filed in this patent term extension application by this firm), the Director is hereby

MEL.11350584v.1

3725346
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U.S. Patent No. 5,532,241 Attorney Docket No. 119027-00901

authorized to charge our Deposit Account No. 50-4876, under Docket No. 119027-00901. A

duplicate copy of this paper is enclosed.

Dated: March 17, 2011

Respectfully submitted,

0),fpELAA
Scott A.M. Chambers, Ph.D.
Registration No.: 37,573
PATTON BOGGSLLP

8484 Westpark Drive, 9" Floor
McLean,Virginia 22102
(703) 744-8085
(703-744-8001 (Fax)

MEI 11350584v

3725346
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Attorney Docket No. 1 19027-00901
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re United States Patentof:

Bottcheret ai.

RECEIVED

Patent No.: 5,532,241 MAR 17 201
Issued: July 2, 1996 T EXTENSION~ PATE PLA
For: PIPERIDINES AND PIPERAZINES

Mail Stop: Hatch-Waxman PTE
U.S. Patent and Trademark Office

Office of Patent Legal Administration
Room MDW7D55

600 Dulany Street (Madison Building)
Alexandria, VA 22314

TRANSMITTAL LETTER

Dear Madam:

Enclosed are the following items forfiling in connection with the above-referenced
Patent:

l. Fee Transmittal;

2. Request for Extension of Patent Term under 35 U.S.C. §156 (original plus two

copies) together with Exhibits 1-11 (original plus two copies);

3. Information Disclosure Statement(original plus one copy);

4. Credit Card Payment Form; and

5. Return receipt postcard.

Paymentis submitted by Credit Card in the amount of $1,120.00 covering the fee set

forth in 37 CFR 1.20(j) (1). The Director is hereby authorized to charge any deficiency in the

3725344
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U.S. Patent No. 5,532,241 Attorney Docket No. 119027-00901

fees filed, asserted to be filed or which should have beenfiled herewith (or with any other paper

hereafterfiled in this application by this firm) to our Deposit Account No. 50-4876, under

Docket No. 119025-00901. A duplicate copy of this paper is enclosed.

It is not believed that extensionsof time or fees for net addition of claims are required

beyond those that may otherwise be provided for in documents accompanying this paper.

However,if additional extensions oftime are necessary to prevent abandonmentofthis

application, then such extensionsoftime are hereby petitioned under 37 C.F.R. §1.136(a), and

any fees required therefore (including fees for net addition of claims) are hereby authorized to be

charged to our Deposit Account No. 50-4876.

Dated: March 17, 2011

Respectfully submitted,

By
Scott A.M. Chambers, Ph.D.
Registration No.: 37,573
PATTON BOGGS LLP

8484 Westpark Drive, 9"" Floor
McLean, Virginia 22102
(703) 744-8085
(703-744-8001 (Fax)

3725344
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PTO/SB/17 (10-08)
Approvedfor use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no person are required to respondto a collection of information unlessit displays a valid OMB control number

112000|atomeydocetno,|119007-00007

METHOD OF PAYMENT(checkall that apply)

[]Check Credit Card [MoneyOrder [] None [_] Other(please identify):
Deposit Account—Deposit Account Number: 50-4876 Deposit Account Name: McCarter & English LLP

For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

[|Charge fee(s) indicated below [| Charge fee(s) indicated below, exceptforthe filing fee
Charge any additional fee(s) or underpayments of Credit tx x |Credit any overpayments[x fee(s) under 37 CFR 1.16 and 1.17 y “pay

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES

  
 
 
 

 
  

   
 
  

 
 

 
 

 

Effective on 12/08/2004,
Fees pursuantto the Consolidated Appropriations Act, 2005 (H.R. 4818).

FEE TRANSMITTAL
For FY 2009

 
 

  
 

 
  

  
  

  
 

  
  
  
  
  

  
  
  
  
  

  
 
  
  
  
  
  

 

 

 
 

  

 

FILING FEES SEARCH FEES EXAMINATION FEES
Smail Entity Smail Entity Small Entity

Application Type Fee ($) Fee ($) Fee Fee ($) FeeFee($) Fees Paid ($)

Utility 330 165 540 270 220 110

Design 220 110 100 50 140 70
Plant 220 110 330 165 170 85

Reissue 330 165 540 270 650 325

Provisional 220 110 0 0 0 0

2. EXCESS CLAIM FEES Small Entity

Fee DescriptionFee($)Fee($)
Each claim over 20 (including Reissues) 52 26
Each independent claim over 3 (including Reissues) 220 110

Multiple dependent claims 390 195

Total Claims Extra Claims Fee ($) Fee Paid ($) Multiple Dependent Claims
- 20 or HP x = Fee ($) Fee Paid ($)

HP = highest numberoftotal ctaims paid for, if greater than 20.

Indep. Claims Extra Claims Fee Paid ($)
-30rHP = x = 

HP = highest numberof independeni claimspaid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $270 ($135 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

 

Total Sheets Extra Sheets Numberof each additional 50 or fraction thereof Fee ($) Fee Paid ($)
- 100 = 150 = {round up to a whole number) x =

4. OTHER FEE(S) : Fees Paid ($)

Non-English Specification, $130 fee (no small entity discount)

Other(e.g., late filing surcharge): 1457 Extension of term patent
SUBMITTED BY

Sinaure|e.([ResietrationNo. 37.573 [Telephone (703) 744-8085

$1,120.00  

 |Name(PrinvTypey| Scott A.M. Chambers, Ph.D. Date March 17, 2011

RECEIVED
MAR 17 2011

T EXTENSIONPATENT EXT!3725343
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re United States Patentof:

Bottcheref al.

Patent No.: 5,532,241 RECEIVED

Issued: July 2, 1996 P MAR 17 201ATEFor:PIPERIDINES AND PIPERAZINES NTEXTENSION
Mail Stop: Hatch-Waxman PTE
Office of Patent Legal Administration
Room MDW7D55

600 Dulany Street (Madison Building)
Alexandria, VA 22314

REQUEST FOR EXTENSION OF PATENT TERM UNDER35 U.S.C. $156

Sir:

Pursuant to 35 U.S.C. §156 and 37 C.F.R. §§1.710-1.791, Applicant, Merck Patent

GmbH,the address of which is Frankfurter Strasse 250, 64293 Darmstadt, Germany, represents

that it is the ownerandassignee of the entire interest in and to Letters Patent of the United States

No. 5,532,241 (attached as Exhibit |, “the ‘241 patent’) granted to Henning Bottcher, Christoph

Seyfried, Gerd Bartoszyk and Hartmut Greiner on the 2™day of July, 1996, for “Piperidines and

Piperazines,” by virtue of an assignment from Henning Bottcher, Christoph Seyfried, Gerd

Bartoszyk and Hartmut Greiner to Merck Patent GmbH,recorded on November 14, 1994 at Reel

007210, Frame 0397 (attached as Exhibit 2). The ‘241 patent matured from United States Patent
Application No. 08/314,734 (hereinafter “the ‘734 application”), filed September 29, 1994.

The approved productthat is relevant to this application is VIIBRYD™(vilazodone
hydrochloride) Tablets, referred to herein as “VIIBRYD”or “Approved Product.”

The Marketing Applicant for VIIBRYD is Trovis Pharmaceuticals LLC,a subsidiary of

Clinical Data, Inc., of One Gateway Center, Suite 702, Newton, MA 02458.Aletter on behalf of

the Marketing Applicant authorizing the patent ownerto rely upon the activities of the Marketing

Applicant, its predecessors and affiliates, is attached as Exhibit 3.

3725345
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U.S. Patent No. 5,532,241 ATTORNEY DOCKETNO. 119027-00901

The following information is submitted by Trovis Pharmaceuticals LLC throughits duly

authorized attorney, on behalf of Applicant (Power of Attorney attached as Exhibit 4), in

accordance with 35 U.S.C. §156(d) andthe rules for extension of patent term issued by the

USPTOat 37 C.F.R. Subpart F, §$1.710 to 1.791 and follows the numerical format set forth in

37 C.F.R. §1.740.

(1) A COMPLETEIDENTIFICATION OF THE APPROVED PRODUCTAS BY

APPROPRIATE CHEMICAL AND GENERIC NAME, PHYSICAL STRUCTURE OR

CHARACTERISTICS:

The approved product is VIIBRYD Tablets, a formulation with 10, 20 or 40 mgofactive

ingredient polymorph Form IV vilazodone hydrochloride (HCI). VIIBRYD has been approved

for the treatmentof major depressive disorder (MDD)(Theinsert for the approved productis
attached as Exhibit 5).

The chemical nameof vilazodone hydrochloride is 2-benzofurancarboxamide, 5-[4-[4-(5-

cyano-| H-indol-3-yl)buty]]-1-piperazinyl]-, hydrochloride, with the chemical structure:

9

pou = NE,
iC: i 0

“Cor N x HClN
H

(2) A COMPLETE IDENTIFICATION OF THE FEDERAL STATUTE INCLUDING THE

APPLICABLE PROVISION OF LAW UNDER WHICH THE REGULATORY REVIEW

OCCURRED:

The regulatory review occurred under Section 505(b) of Federal Food, Drug, and

Cosmetic Act (“FFDCA”) (21 U.S.C. §355(b) and §355(i)). Section 505(b) provides for the

submission and approval of new drug applications (“NDAs”).

(3) AN IDENTIFICATION OF THE DATE ON WHICH THE PRODUCT RECEIVED

PERMISSION FOR COMMERCIAL MARKETING OR USE UNDER THE PROVISION OF

LAW UNDER WHICH THE APPLICABLE REGULATORY REVIEW PERIOD

OCCURRED:

3725345
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U.S. Patent No. 5,532,241 ATTORNEY DOCKETNO. 1 19027-00901

The Approved Product received permission for commercial marketing or use by the Food

and Drug Administration (“FDA”) pursuant to Section 505(b) of the FFDCAinaletter dated

January 21, 2011. A copyof the approvalletter is attached as Exhibit 6.

(4) IN THE CASE OF A DRUG PRODUCT, AN IDENTIFICATION OF EACH ACTIVE

INGREDIENT IN THE PRODUCT ANDAS TO EACH ACTIVE INGREDIENT,A

STATEMENTTHATIT HAS NOT BEEN PREVIOUSLY APPROVED FOR COMMERCIAL

MARKETING OR USE UNDER THE FFDCA, THE PUBLIC HEALTH SERVICE ACT, OR

THE VIRUS-SERUM-TOXIN ACT OR A STATEMENT OF WHEN THE ACTIVE

INGREDIENT WAS APPROVED FOR COMMERCIAL MARKETING OR USE (EITHER

ALONEORIN COMBINATION WITH OTHER ACTIVE INGREDIENTS), THE USE FOR

WHICH IT WAS APPROVED AND THE PROVISION OF LAW UNDER WHICH IT WAS

APPROVED:(37 C.F.R. §1.740(a)(4))

VIIBRYDhas been approved undersection 505(b) of the FFDCA fortreatment of major

depressive disorder (MDD). The active ingredient in VIIBRYDis vilazodone hydrochloride,
with the chemical structure:

6

A
rN py OMra Ne 0Mg XA sECII {

Neither vilazodone hydrochloride,nor anysalt or ester of that active ingredient, have been

previously approved for commercial marketing or use under the FFDCA,the Public Health

Service Act, or the Virus-Serum-Toxin Act, and the FDA has determined that VIIBRYDis a

New Molecular Entity.

(5) A STATEMENT THAT THE APPLICATION IS BEING SUBMITTED WITHIN THE

60 DAY PERIOD PERMITTED FOR SUBMISSION PURSUANTTOSECTION1.720(f)

ANDAN IDENTIFICATION OF THE DATE OF THE LAST DAY ON WHICH THE

APPLICATION COULD BE SUBMITTED.
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This Applicationis timely filed, pursuant to 35 U.S.C. §156(d)(1), within the permitted

sixty (60) day period that began on January 21, 2011 when the product received permission

under 21 U.S.C. §355(b) and that will expire on March 22, 2011. Applicant understandsthat,

pursuant to 37 C.F.R. §1.720(f), the USPTO may deem this period to expire one day earlier, on

March21, 2011.

(6) A COMPLETEIDENTIFICATION OF THE PATENT FOR WHICH AN EXTENSION

IS BEING SOUGHT BY THE NAME OF THE INVENTOR, THE PATENT NUMBER, THE

DATEOF ISSUE AND THE DATE OF EXPIRATION:

United States Patent No. 5,532,241

Inventors: Bottcheret al.

Date of Issue: . July 2, 1996

Expiration Date: September 29, 2014

The Expiration of the ‘241 patent is September 29, 2014 based on the following: The

patent application (the ‘734 application) that issued as the ‘241 patent was filed on September

29, 1994. Because the ‘734 application wasfiled prior to June 8, 1995, the expiration date of the

‘241 patentis the greater of either seventeen (17) years from the issue date ofthe ‘241 patent

(e.g., July 2, 2013) or twenty (20) years from the filing date of the ‘734 application (e.g.,

September 29, 2014). The term expiring twenty (20) years from thefiling date of the ‘734

application is the greater of the two terms. Therefore, the Expiration Date of the ‘241 patentis
September29, 2014.

(7) A COPY OF THE PATENT FOR WHICH AN EXTENSION IS BEING SOUGHT,

INCLUDING THE ENTIRE SPECIFICATION (INCLUDING CLAIMS) AND DRAWINGS:

A complete copy of U.S. Patent No. 5,532,241 is attached as Exhibit 1.

(8) A COPY OF ANY DISCLAIMER, CERTIFICATE OF CORRECTION, RECEIPT OF

MAINTENANCEFEE PAYMENT, OR RE-EXAMINATIONCERTIFICATE ISSUED IN

THE U.S. PATENT:

USS. Patent No. 5,532,241 is not subject to any disclaimer.
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US. Patent No. 5,532,241 has not been re-examined, and so no re-examinationcertificate

has been issued.

A Certificate of Correction for U.S. Patent No. 5,532,241 was signed and sealed on

November 10, 2009. A copy of the Certificate of Correction is attached as Exhibit7.

The fourth, eighth and twelve year maintenancefees for U.S. Patent No. 5,532,241 have

been paid, as shownbythe Patent Bibliographic Data Sheet dated February 8, 2011 (attached as

Exhibit 8). Accordingly, there are no unpaid maintenancefees for this patent.

(9) A STATEMENT THAT THE PATENT CLAIMS THE APPROVED PRODUCT,OR A

METHOD OF USING OR MANUFACTURING THE APPROVED PRODUCT, AND A

SHOWING WHICH LISTS EACH APPLICABLE PATENT CLAIM AND DEMONSTRATES

THE MANNERIN WHICH AT LEAST ONE SUCH PATENT CLAIM READS ON THE

APPROVED PRODUCTOR A METHOD OF USING OR MANUFACTURING THE

APPROVED PRODUCT:

U.S. Patent No. 5,532,241 claims the Approved Product. Specifically, claims 1-4, 7, 8,

10, 11, 16 and 17 read on the Approved Product. Pursuant to 37 C.F.R. §1.740(a)(9), a showing
which lists each applicable patent claim and demonstrates the manner in which atleast one such

patent claim reads on the approved productis set forth below.
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 CLAIMS ELEMENTS

1. Acompoundaccording to formula I The active ingredient in VIIBRYDis vilazodone
{ HCI whichhasthe structure:

ind-Q--N ZR} Oo

\_J R2

wherein Z

Ind is unsubstituted indol-3-yl, indol-3-y] \monosubstituted by OH, OA, CN,Hal, o CFCOR’or CH» R’, or indol-3-yl
polysubstituted by OH, OA, CN, Hal,C\ ANA

  
  
  
  
  
  
  
  
  
  
  

  
    
 
 

 
 
 
 

 
 

7

COR’. CH) R? or combinations Q R
thereof:R! is benzofuran-5-yl, chroman-
4-on-6-yl, 3-chromen-6-yl or chromen-4- Ind
on-6-yl, which in each caseis having
unsubstituted or monosubstituted by CN, = an indol-3-yl moiety monosubstituted
CH.OH, CH2OAor COR’; with a cyano moiety(i.e., Ind is indol-3-

Q is C,,Han; yl monosubstituted by CN)
ZisN; "an n-butyl chain (i.e., Q is C,,H>,,, m is
A is alkyl having 1-6 C atoms; 4)
Halis F, Cl, Br orT; "a piperazine moiety (i.e., Z is N)
R’ is OH, OA, NHp, NHA or NAo: and = a benzofuran-5-yl moiety that is
m is 2, 3, or 4; or monosubstituted with an amido moiety

 
(i.e., R'is benzofuran-5-yl
monosubstituted by COR’, R’is NH)).

An alternative chemical namefor vilazodoneis

| -[4-(5-cyanoindol-3-y]l)butyl]-4-(2-
carbamoylbenzofuran-5-yl)piperazine.

a physiologically acceptable salt thereof.

 
 
 
 

 
 
 

 

2. A compound accordingto claim 1,
wherein said compoundis:

(a) 1-[4-(S5-methoxyindol-3-yl)butyl]-4-(2-
hydroxymethylbenzofuran-5-yl)piperazine
or a physiologically acceptable salt thereof;
(b) 1-[4-(S-cyanoindol-3-yl)butyl]-4-(2-
ethoxycarbonyl-benzofuran-5-yl)piperazine
or a physiologically acceptable salt thereof;
or

(c) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoylbenzofuran-5-yl)piperazine or a
physiologically acceptablesalt thereof.

3. A compound accordingto claim 1,
wherein Ind is unsubstituted indol-3-yl,
indol-3-y] monosubstituted by OH, OA, CN,
Hal, COR? or CH2R’,orindol-3-yl
disubstituted by OH, OA, CN, Hal, COR’ or
CH)R’.
4. A compound accordingto claim 1,
wherein Ind is indol-3-yl monosubstituted in
the 5-position by OH, OA, CN,Hal, COR?
or CH>R?.

 
 

 
  

   
  
  

 
 
 
 

 
 
 
 
 

 
 
 

The indol-3-yl moiety of vilazodoneis
monosubstituted with a cyano moiety(i.e., Ind is
indol-3-yl monosubstituted by CN).

 
 
 

 
 
 

 

 
 
 

 
 
 
 

The indol-3-yl moiety of vilazodoneis
monosubstituted at the 5-position with a cyano
moiety (i.e., Ind is indol-3-yl monosubstituted in
the 5-position by CN).  
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 The benzofuran-5-yl moiety of vilazodoneis
monosubstituted with -CONH)(i.e., R! is
benzofuran-5-yl monosubstituted by -CONH)).

 
 

7. A compoundaccording to claim 1,
wherein R' is benzofuran-5-yl, or chroman-
4-on-6-y] which, in each case is
unsubstituted or monosubstituted by
-CH2OH, -CONHp, -CO2Aor -CO.NHA.

8. A compound accordingto claim 1,
wherein Q is -(CH2).-.

 
 
 

 
 

 
 

 
 
 
 
 

 
 

 
  

The alkyl linker between the indol-3-yl moiety
and the piperazine moiety of vilazodoneis an n-
butyl moiety (i.e., Q is -(CH2),-).
The indol-3-yl moiety of vilazodoneis
monosubstituted at the 5-position with a cyano
moiety (é.e., Ind is indol-3-yl substituted in the
5-position by CN).
The benzofuran-5-yl moiety of vilazodoneis
substituted with -COR’, wherein R? is NH)(i.e.,
R' is benzofuran-5-yl substituted by COR’).

 
 

  

 
 
 

  
 

 
 

10. A compound accordingto claim 1,
wherein Indis indol-3-yl substituted in the 5-
position by CONH; or CN.

 
 
 

 

 
 

 

 
11. A compound accordingto claim 1,
wherein R' is unsubstituted benzofuran-5-yl
or benzofuran-5-yl substituted by CN,
CH2OH, CH2OA or COR’.
16. A pharmaceutical composition
comprising a compoundaccordingto claim |
and a pharmaceutically acceptable carrier.

  
 
 
 
 
 
 
 

 
 
 

 
 

The Approved Product is a pharmaceutical
composition comprising vilazodone
hydrochloride and a pharmaceutically
acceptable carrier.
The Approved Product comprises 10, 20 or 40
mg of vilazodone hydrochloride.   
 

17. A composition according to claim 16,
wherein said compoundis presentin an
amount of 0.2-500 mg.
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(10) ASTATEMENT BEGINNING ON A NEW PAGEOF THE RELEVANT DATES AND

INFORMATION PURSUANTTO 35 U.S.C. §156(G) INORDER TO ENABLE THE

SECRETARY OF HEALTH AND HUMANSERVICES OR THE SECRETARY OF

AGRICULTURE, AS APPROPRIATE, TO DETERMINE THE APPLICABLE

REGULATORY REVIEW PERIOD AS FOLLOWS:

(i) FOR A PATENT CLAIMING A HUMANDRUG,ANTIBIOTIC OR HUMAN

BIOLOGICAL PRODUCT, THE EFFECTIVE DATE OF THE INVESTIGATIONAL NEW

DRUG APPLICATION (IND) AND THE IND NUMBER;THE DATE ON WHICH A NEW

DRUG APPLICATION (NDA) OR A PRODUCT LICENSE APPLICATION (PLA) WAS

INITIALLY SUBMITTED AND THE NDA OR PLA NUMBER;AND THE DATE ON

WHICH THE NDA WAS APPROVED OR THE PRODUCTLICENSEISSUED:

Anoriginal investigational new drug application (“IND”) was filed on November21,

1997 and assigned IND No. 54,613. A copy of the letter acknowledging receipt of the IND is

attached as Exhibit 9. The IND becameeffective December 24, 1997 (e.g., 30 days from receipt

of the IND).

A new drug application (“NDA”) was submitted on March 22, 2010 and acknowledged

as received on March 22, 2010,ina letter from the FDA dated March 24, 2010 (attached as

Exhibit 10). The NDA numberassigned to the application for vilazodone hydrochloride was 22-

567. Accordingly, the NDA wasinitially submitted on March 22, 2010. The NDA was
approved on January 21, 2011 (Approval Letter attached as Exhibit 6).
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(11) A BRIEF DESCRIPTION BEGINNING ON A NEW PAGEOF THE SIGNIFICANT

ACTIVITIES UNDERTAKEN BY THE MARKETING APPLICANT, DURING THE

APPLICABLE REGULATORY REVIEW PERIOD WITH RESPECT TO THE APPROVED

PRODUCT AND THE SIGNIFICANT DATES APPLICABLE TO SUCH ACTIVITIES:

In accordance with 37 C.F.R. §1.740(a)(1 1), a list of significant activities undertaken by

the Marketing Applicant, its predecessors, andaffiliates, in IND No. 54,613 and NDA No. 22-

567 during the applicable regulatory review period with respect to the Approved Productis

attached as Exhibit 11.
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(12) ASTATEMENT BEGINNING ON A NEW PAGETHATIN THE OPINION OF THE

APPLICANT THE PATENTIS ELIGIBLE FOR THE EXTENSION AND A STATEMENT

AS TO THE LENGTH OF THE EXTENSION CLAIMED, INCLUDING HOW THE LENGTH

OF EXTENSION WAS DETERMINED:

(a) Statementof the eligibility of U.S. Patent No. 5,532,241 for extension under 35

U.S.C. § 156(a):

Section 156(a) provides, in relevant part, that the term of a patent which claims a product,

a methodof using a product or a method of manufacturing a productshall be extendedif (1) the

term ofthe patent has not expired before an application for extension is submitted; (2) the term

of the patent has never been extended under 35 U.S.C. §156(e)(1); (3) the application for

extension is submitted by the ownerofrecord of the patentor its agent in accordance with 35

U.S.C. §156(d); (4) the product has been subject to a regulatory review period beforeits

commercial marketing or use; and (5) the permission for the commercial marketing or use of the

product after such regulatory review period is the first permitted commercial marketing or use of

the product using the provision of law under which such regulatory review period occurred.

Asdescribed below by corresponding number, each of these elementsis satisfied here:

(1) Pursuantto 35 U.S.C. §154, the term of U.S. Patent No. 5,532,241 is currently set

to expire on September 29, 2014, for reasons discussed above. This applicationis, therefore,

being submitted priorto the expiration of the term of U.S. Patent No. 5,532,241.

(2) The term of this patent has never been extended under 35 U.S.C. §156(e)(1).

(3) This application is being submitted by Trovis Pharmaceuticals LLC,as agent for

Applicant, Merck Patent GmbH,the ownersof record of U.S. Patent No. 5,532,241 (see Exhibit

3 and Exhibit 4). Merck Patent GmbHis this ownerof record by virtue of the duly recorded

assignments discussed above (see Exhibit 2). This application is submitted in accordance with

35 U.S.C. §$156(d)in thatit is submitted within the sixty (60) day period beginning on January

21, 2011, the date the product received permission for marketing under Section 505(b) of the

FFDCA(21 U.S.C. $355), and ending on March 22, 2011. Moreover,this application contains

the information required under 35 U.S.C. §156(d).

10
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(4) As evidenced by the January 21, 2011 letter from the FDA to Trovis

Pharmaceuticals LLC,attached as Exhibit 6, the Approved Product was subject to a regulatory

review period under Section 505(b) of the FFDCAbefore its commercial marketing or use.

(5) The permission for the commercial marketing of the VIIBRYD productis thefirst

permitted commercial marketing and use under Section 505 of the FFDCA(21 U.S.C. §355) of

the product, as defined in 35 U.S.C. §156(f) (see Section 4, above).

(b) Statementas to length of extension claimed.

The term of U.S. Patent No. 5,532,241, currently expiring September 29, 2014 should be

extended forfive (5) years, or to September 29, 2019, in accordance with 35 U.S.C. §156.

Asset forth in 35 U.S.C. §156(g)(1), the regulatory review period equals the sumofthe

numberof daysin the period beginning on the effective date of IND No. 54,613, which is

December 24, 1997, and ending on the date of submission of NDA No. 22-567, which is March

22, 2010 (e.g., the “Testing Phase’’), and the numberofdays in the period beginning onthe date

of submission of NDA No. 22-567, which is March 22, 2010, and ending on the date of NDA

approval, whichis January 21, 2011 (e.g., the “Approval Phase”). Including the starting and the

ending date, this Testing Phase is a period of four-thousand, four-hundred, seventy-two (4,472)

days as calculated athttp://www.timeanddate.com/date/duration.html. This is added to the 

Approval Phase, which--including the starting and the ending date--is a period of three-hundred,

six (306) days, as calculated at http://www.timeanddate.com/date/duration.html. The sum of

these two periodsis the regulatory review period which equals four-thousand, seven-hundred,

seventy-eight (4,778) days.

Pursuant to 37 C.F.R. §1.775(d), the term of the patent as extended is determined by

subtracting from the four-thousand, seven-hundred, seventy-eight (4,778) day regulatory review

period the following:

(i) zero (0) days, whichis the numberof days in the IND and NDAperiods on or

before the issuance of U.S. Patent No. 5,532,241 on July 2, 1996; and

(ii) two-thousand, two-hundred,thirty-six (2,236) dayswhich is one-half the number

of days in the Testing Phase, as provided by 37 C.F.R. 1.775(d)(1 (iii).
11
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From the foregoing calculation, an extension of two-thousand,five-hundred, forty-two

(2,542) days results (e.g., four-thousand, seven-hundred, seventy-eight(4,778) days minus the

two-thousand, two-hundred,thirty-six (2,236) days). This length of an extension would provide
a new expiration date for U.S. Patent No. 5,532,241 of September 14, 2021. However,this

extension period is subject to two further potential limitations under 35 U.S.C. §156.

First, under 35 U.S.C. §156(g)(6)(A), a maximum extensionoffive (5) yearsis

permitted. In this case, since the current expiry date of U.S. Patent No. 5,532,241 is September
29, 2014, no patent term extension may extend the term ofthis patent beyond September29,
2019. This provision thus limits the patent term extension available to the ‘241 patentto five (5)
years, or to September 29, 2019.

Second, under 35 U.S.C. §156(c)(3), if the calculated extension period would lead to a

patentterm that would result in a patent term exceeding fourteen (14) years after the approval
date (e.g., a patent term expiring after January 21, 2026), the period of extension would be

limited so that this period does not exceed fourteen (14) years. In this case, this provision does
not operate to limit the possible extension available to U.S. Patent No. 5,532,241.

Accordingly, U.S. Patent No. 5,532,241 is eligible for a patent term extension offive (5)
years,

(13) A STATEMENT THAT APPLICANT ACKNOWLEDGESA DUTY TO DISCLOSE

TO THE DIRECTOR OF THE UNITED STATES PATENTS AND TRADEMARKOFFICE

AND THE SECRETARY OF HEALTH AND HUMAN SERVICES ANY INFORMATION

WHICHIS MATERIAL TO THE DETERMINATION OF ENTITLEMENT TO THE

EXTENSION SOUGHT(SEE 37 C.F.R.§1.765):

Merck Patent GmbHand Trovis Pharmaceuticals LLC acknowledgea duty to disclose to
the Commissionerof Patents and Trademarks and the Secretary of Health and HumanServices

any information which is material to the determination of entitlementto the extension sought.

(14) THE PRESCRIBED FEE FOR RECEIVING AND ACTING UPON THE

APPLICATION FOR EXTENSION(SEE 37 C.F.R. §1.20()):
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Paymentis submitted by Credit Card in the amountof $1,120.00 covering the fee set

forth in 37 CFR 1.20(j) (1). The Directoris hereby authorized to charge our Deposit Account
No. 50-4876, under Docket No. 119027-00901, for any deficiency in the fees filed, asserted to be

filed or which should have beenfiled herewith (or with any paperhereafterfiled in this

application bythis firm), to prevent this application from being inadvertently abandoned.

(15) THE NAME, ADDRESS AND TELEPHONE NUMBER OF THE PERSON TO
WHOM INQUIRIES AND CORRESPONDENCE RELATING TO THE APPLICATION FOR
PATENT TERM EXTENSION ARE TO BE DIRECTED:

Danielle L. Herritt

McCarter & English LLP
265 Franklin Street

Boston, MA 02110
Telephone No. 617.449.6500
Direct Dial No. 617.449.6513
Facsimile No. 617.607.9200

Pursuant to 37 C.F.R. § 1.740(b), this Request for Extension of Patent Term under 35

U.S.C. § 156, including Exhibits 1-11, is accompanied by two additional copies, fora total
submission of three copies.

Dated: March 17, 2011

Respectfully submitted,

By
Scott A.M. Chambers, Ph.D.
Registration No.: 37,573
PATTON BOGGS LLP
8484 Westpark Drive, 9" Floor
McLean,Virginia 22102
(703) 744-8085

(703) 744-8001 (Fax)
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Exhibit 1: U.S. Patent No. 5,532,241

Exhibit 2: Executed Assignment

Exhibit 3: Letter on Behalf of the Marketing Applicant Authorizing the Patent Ownerto

Rely upon the Activities of the Marketing Applicant

Exhibit 4: Powerof Attorney

Exhibit 5: Approved Label

Exhibit 6: NDA ApprovalLetter

Exhibit7: Certificate of Correction

Exhibit 8: Patent Bibliographic Data

Exhibit 9: Letter Acknowledging Receipt of the IND

Exhibit 10: Letter Acknowledging Receipt of NDA

Exhibit 11: List of Significant Activities Undertaken during Regulatory Review Period
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(57] ABSTRACT

Piperidine and piperazine derivatives of the formula I

Ind-Q—N

LS

Z-R!

wherein

Ind is an indol-3-yl radical which is unsubstituted or
mono- or polysubstituted by OH, OA, CN, Hal, COR?
or CH,R?,

R’ is benzofuran-5-y] or 2,3-dihydrobenzofuran-5-yl,
chroman-6-yl, chroman-4-on-6-yl, 3-chromen-6-yl or
chromen-4-on-6-yl, which is unsubstituted or mono-
substituted by CN, CH,OH, CH,OA or COR?,

Q is C,,Ho
N or CR?,

A is alkyl having 1-6 C atoms,
Hal is F, Cl, Br or I,

R? is OH, OA, NH,, NHA or NA,,
R3is H, OH or OA and
m is 2, 3 or 4,

and their physiologically acceptable salts, are active on the
central nervous system.
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PIPERIDINES AND PIPERAZINES

SUMMARYOF THE INVENTION

The invention relates to novel piperidine and piperazine
derivatives of the formula I

f \ I
Ind-Q—N Z-R!

\S/
wherein

Ind is an indol-3-y] radical which is unsubstituted or
mono- or polysubstituted by OH, OA, CN, Hal, COR?
or CH,R?,

R! is benzofuran-5-yl or 2,3-dihydrobenzofuran-5-yl,
chroman-6-y], chroman-4-on-6-yl, 3-chromen-6-yl or
chromen-4-on-6-yl, which is unsubstituted or mono-
substituted by CN, CH,OH, CH,OA or COR?,

Qis C,,Ho
Z is N or CR3,

A is alkyl having 1-6 C atoms,
Hal is F, Cl, Br orI,

R? is OH, OA, NH,, NHA or NA,,
R? is H, OH or OA and
m 2, 3 or 4,

and to their physiologically acceptable salts.
Anobjectofthe invention is to provide novel compounds

capable of being used for the preparation of drugs.
Upon further study of the specification and appended

claims, further objects and advantages ofthis invention will
becomeapparentto those skilled in theart.

It has been foundthat the compoundsofthe formula I and
their physiologically acceptable acid addition salts possess
valuable pharmacological properties. Thus, in particular,
they are active on the central nervous system, especially in
terms of 5-HT,,-agonist and 5-HT-reuptake inhibition. The
compoundsare furthermore active as serotonin agonists and
antagonists. They inhibit the binding oftritiated serotonin
ligands to hippocampal receptors (Cossery et al., European
J. Pharmacol., 140:143-155 (1987)). They also modify the
accumulation of DOPA in the corpus striatum and the
accumulation of 5-HTP in the nuclei raphes (Seyfriedet al.,
European J. Pharmacol., 160:31-41 (1989)). They also have
analgesic and hypotensive effects; thus, in catheterized,
conscious, spontaneously hypertensive rats (strain; SHR/
Okamoto/NIH-MO-CHB-Kisslegg; method: g.v. Weeks and
Jones, Proc. Soc. Exptl. Biol. Med., 104:646-648 (1960)),
the directly measured blood pressure is lowered after oral
administration of the compounds. They are also useful for
prophylaxis and control of the sequelae of cerebral infarc-
tion (apoplexia cerebri) such as stroke and cerebral
ischaernia.

Compounds of the formula I and their physiologically
acceptable acid addition salts can, therefore, be used as
active ingredients for anxiolytics, antidepressants, antipsy-
chotics, neuroleptics, and/or antihypertensives, and also as

intermediates for the preparation of other pharmaceutical
active ingredients.

The invention relates to the piperidine and piperazine
derivatives of the formula I and to their physiologically
acceptable acid addition salts.

The radical A is alkyl having 1, 2, 3, 4, 5 or 6 C atoms,
especially 1 or 2 C atoms, preferably methy] and alsoethyl,
n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl. OA is
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preferably methoxy and also ethoxy, n-propoxy, isopropoxy,
n-butoxy, isobutoxy, sec-butoxy or tert-butoxy. NHA is
preferably methylamino and also ethylamino, isopropy-
lamino, n-butylamino, isobutylamino, sec-butylamino or
tert-butylamino: NA,is preferably dimethylamino and also
N-ethyl-N-methylamino, diethylamino, di-n-propylamino,
diisopropylamino or di-n-butylamino.

Analogously, CO—NHA is preferably N-methylcarbam-
oyl or N-ethylcarbamoyl; CO—NA, is preferably N,N-
dimethylcarbamoy] or N,N-diethylcarbamoyl.

The radical Ind is an indol-3-yl radical which is unsub-
stituted or mono- or, for example, disubstituted by the
radicals indicated. Preferably, it is substituted in the 5-po-
sition. Substitution in the 4-, 6- or 7-positionis also suitable.
Furthermore, substitution in the 1- or 2-position is possible.
Preferred substituents on the indol-3-yl radical are OH, OA,
CN, CONH,, CH,OH,but also CO,H,F, Cl, Br, I, CH,NH,,
CONHAor CONA,, where A preferably corresponds to
methyl or ethyl.

The radical R' is preferably benzofuran-5--yl, 2,3-dihy-
drobenzofuran-5--yl, chroman-6-yl or chromen-4-on-6-yl,
which is unsubstituted or monosubstituted by —CH,OH,
—CONH,,—CO,A or —CO,NHA.

Q is preferably —(CH,),—, but also —(CH,),— or
—(CH,);—, while Z is preferably —N—, —C (OH)— or
—CH—.

Accordingly, the invention relates particularly to those
compounds of the formula I in which at least one of said
radicals has one of the meanings indicated above, especially
one of the preferred meanings indicated above. Somepre-
ferred groups of compounds can be expressed by the fol-
lowing partial formulae Ia to Ig, which correspond to
formula I and in which the radicals and parameters not

described in greater detail are as defined for formula I, butin which:

in Ia, Ind is an indol-3-yl radical substituted in the
5-position by OH or OA;

in Ib, Ind is an indol-3-yl radical substituted in the
5-position by CONH,or by CN;

in Ic, Z is N and R' is substituted or unsubstituted
benzofuran-S-yl;

in Id, Z is —C(OH)— and R! is substituted or unsubsti-
tuted benzofuran-5-y];

in Ie, Z is N and R’ is 2,3-dihydrobenzofuran-5-yl;
in If, Z is N and R’ is chroman-6-yl;
in Ig, Z is N and R’ is chromen-4-on-6-yl.
Especially preferred compoundsare thoseofpartial for-

mulae Ih and Iah to Igh, which correspond to partial for-
mulae I and Ia to Ig, but in which additionally: Q is
—(CH,),—

The invention further relates to a process for the prepa-
ration of indole derivatives of the formula I and theirsalts,
characterized in that a compoundofthe formula II

Ind—Q—x' I

wherein

X' is X or NH,,
X is Cl, Br, I, OH or an OH group functionally modified

to form a reactive group, and
Ind andQare as defined, is reacted with a compoundof

the formula HI

X?—(CH,),—ZR'—(CH.))—X? il

wherein
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X? and X? canbeidentical or different and are eachXif
X'=NH,or are together NH in other cases, and

Z and R' areas defined,orin that to prepare a compound
of the formula I in which Z is N, a compound ofthe
formula IV

Ind—Q—N(CH,—CH,—X), IV

wherein

X, Q and Ind are as defined, is reacted with a compound
-of the formula V

R'—NH, Vv

wherein "

R! is as defined, or in that a compound which has formula
I except that one or more hydrogen atoms have been
replaced by one or more reducible groups and/or one or
more additional C—C and/or C—N bondsare treated

with a reducing agent,
or in that a compound which has formula I except that one
or more hydrogen atoms have been replaced by one or more
solvolyzable groups is treated with a solvolyzing agent,
and/or in that an OA groupis optionally cleaved to form an
OH group, and/or an Ind group and/or an Ar group is
converted into another Ind and/or Ar group, and/orin that a
resulting base or acid of the formula I is converted into one
of its salts by treatment with an acid or base.

The compounds of the formula I are otherwise prepared
by methods knownper se, such as those described in the
literature (e.g. in the standard works such as Houben-Wey],
Methoden der Organischen Chemie (Methods of Organic
Chemistry), Georg-Thieme-Verlag, Stuttgart; Organic Reac-
tions, John Wiley & Sons, Inc., New York; German Offen-
legungsschrift 41 01 686), namely underreaction conditions
such as those which are known and suitable for said reac-

tions. It is also possible to make use of variants known per
se, which are not mentioned in greater detail here.

If desired, the starting materials for the claimed process
can also be formed in situ in such a way that they are not
isolated from the reaction mixture but are immediately
reacted further to give the compoundsofthe formula I.

In the compoundsof the formula II, X’ is preferably X;
accordingly, in the compoundsofthe formulaIII, X? and X?
are together preferably NH. The radical X is preferably Cl or
Br, but it can also be I, OH or an OH group functionally
modified to form a reactive group, especially alkylsulfony-
loxy having 1-6 C atoms (e.g., methanesulfonyloxy) or
arylsulfonyloxy having 6-10 C atoms(e.g., benzenesulfo-
nyloxy, p-toluenesulfonyloxy, naphthalene-1- or -2-sulfony-
loxy).

Accordingly, the indole derivatives of the formula I can be
obtained especially by reacting compoundsof the formula
Ind—Q—C1 or Ind—Q—Br with piperidine/piperazine
derivatives of the formula II] in which X? and X? together
are an NH group (designated as IIIa hereafter).

Some of the compounds of the formulae II and, in
particular, III are known; the unknown compoundsof the
formulaeII andIII can easily be prepared analogously to the
known compounds.

Primary alcohols of the formula Ind—Q—OH can be
obtained, e.g., by reducing the appropriate carboxylic acids
or their esters. Treatment with thiony! chloride, hydrogen
bromide, phosphorus tribromide or similar halogen com-
pounds yields the corresponding halides of the formula
Ind—Q—Hal. The corresponding sulfonyloxy compounds
can be obtained from the alcohols Ind—Q—OHbyreaction
with the appropriate sulfonyl chlorides.

15

20
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The iodine compoundsofthe formula Ind—-Q—I can be
obtained,e.g., by reacting potassium iodide with the appro-
priate p-toluenesulfonic acid esters. The amines of the
formula Ind—Q—N,can beprepared, e.g., from the halides
with potassium phthalimide or by reducing the appropriate
nitriles.

Mostofthe piperazine derivatives Illa are known and can
be obtained, e¢.g., by reacting bis(2-chloroethyl)amine or
bis(2-chloroethyl)ammonium chloride with 5-aminobenzo-
furan, 2,3-dihydro-5-aminobenzofuran, 6-aminochroman or
6-aminochromen-4-one or an appropriately substituted
derivative of the compounds mentioned. Compoundsofthe
formula III (X? and X°=xXin each case) can be prepared.,
e.g., by reducing diesters of the formula alky 100C—CH,—
ZR'—CH,—COO—alkyl to give compounds of the for-
mula|HO—CH,—CH,—ZR'—CH,-CH,OH (II,
X?==X?==OH), this being followed,if desired, by reaction
with SOCI, or PBr3. .

The reaction of the compounds of formulae HI and II
proceeds according to methods such as those known from
the literature for the alkylation of amines. The components

- can be melted together in the absence of a solvent, in a
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sealed tube or an autoclave if necessary.It is also possible,
however, to react the compoundsin the presence of an inert
solvent. Examples of suitable solvents are hydrocarbons
such as benzene,toluene or xylene; ketones such as acetone
or butanone; alcohols such as methanol, ethanol, isopro-
panolor n-butanol; ethers such as tetrahydrofuran (THF) or
dioxane; amides such as dimethylformamide (DMF) or
N-methy!pyrrolidone;or nitriles such as acetonitrile,or else,
if desired, mixtures of these solvents with one another or
mixtures with water. It can be favorable to add an acid-

binding agent, for example an alkali metal or alkaline earth
meta] hydroxide, carbonate or bicarbonate or anotheralkali
metal or alkaline earth metal salt of a weak acid, preferably
a potassium, sodium or calcium salt, or to add an organic
base such as triethylamine, dimethylaniline, pyridine or
quinoline, or an excess of the amine component Ind—Q—
NH, or of the piperidine or piperazine derivative of the
formula Ifa. The reaction time is between about a few

minutes and 14 days, depending on the conditions used, and
the reaction temperature is preferably about 0°-150°, nor-
mally 20°-130°.

It is also possible to obtain a compoundofthe formula I
by reacting a compoundof the formula Ind—Q—N(CH,—
CH,—xX), (IV) with a compound ofthe formula R'—NH,
(V).

Most of the compoundsof the formula V are known; the
unknown compoundscan easily be prepared analogously to
the known compounds. For example, starting from the
appropriately substituted nitro compounds, they can be
converted into the amines of the formula V by reduction.
The compounds of the formula IV can be prepared by
reaction of Ind—Q—C], Ind—-Q—Bror Ind—Q—I with
secondary amines of the formula HN(CH,—CH,—X),.

The reaction of compounds IV and V proceeds according
to methods which are known from theliterature and were

given above for the alkylation of amines.
A compound ofthe formula I can also be obtained by

treating a precursor, in which hydrogen atoms have been
replaced by one or more reducible groups and/or one or
more additional C—C and/or C—Nbonds,with a reducing
agent, preferably at temperatures of about ~80 to 250°, in the
presence of at least one inert solvent.

Reducible groups (groups replaceable by hydrogen)are,
in particular, oxygen in a carbonyl group, hydroxyl, aryl-
sulfonyloxy (e.g. p-toluenesulfonyloxy), N-benzenesulfo-
nyl, N-benzy! or O-benzyl.
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In principle, compounds containing only one of the
above-mentioned groupsor additional bonds, or compounds
containing two or more of the above-mentioned groups or
additional bonds adjacent to one another, can be converted
into a compound of the formula I by reduction, it being
possible simultaneously to reduce substituents in the Ind
group which are present in the starting compound. This is
preferably carried out using nascent hydrogen or complex
metal hydrides or by means of a Wolff-Kishner reduction or
the reductions with hydrogen gas under transition metal
catalysis.

Preferred starting materials for the reduction have formula
VI

VI

Ind'—-L—N Z—R!

\_/
wherein

Ind’ is an Ind radical which can additionally be substituted
in the 1-position by an arylsulfony! group or an alky-
loxycarbonyl group,

L is Q or a chain which corresponds to the radical Q
except that one or more —CH,— groups have been
replaced by —-CO— and/or one or more hydrogen
atoms have been replaced by one or more OH groups
or a double bond, and

R' has the meaning given,
but wherein the following meanings cannot apply simulta-
neously: Ind‘=Ind and L=Q.

In the compounds of the formula VI, L is preferably
—CO—(CH),),,»—CO—,wherein n is 2, 3 or 4[specifically
—COCO—, —COCH,CO—, —CO—(CH,),—CO—,
—CO—(CH,),—CO—]J, —(CH,),,.,; —CO—, wherein n is
2, 3 or 4 [specifically —CH,—CO—, —CH,CH,—CO—,
—(CH,),—CO —or —(CH,),—CO—], further examples
being —CO—CH,CH,—, —CO—(CH,),—, -—-CH,—
CO—CH,CH,— or —CH,CH,—CO—CH,—.

Compounds of the formula VI can be prepared, e.g., by
reacting 4-R'-piperazine or 4-R!-piperidine with a com-
pound of the formula VII

Ind-—L—xX?! Vil

wherein

R' Ind’, L and X' are as defined above, under the
conditions indicated above for the reaction of II with
I.

If nascent hydrogenis used as the reducing agent,this can
be produced,e.g., by treating metals with weak acids or with
bases. Thus,it is possible, e.g., to use a mixture of zinc with
an alkali metal hydroxide solution or a mixture ofiron with
acetic acid. It is also appropriate to use sodium or another
alkali metal dissolved in an alcohol suchas ethanol, isopro-
panol, butanol, amy! or isoamyl! alcohol or phenol.It is also
possible to use an aluminum-nickel alloy in aqueous-alka-
line solution, ethanol being added if necessary. Sodium
amalgam or aluminum amalgam in aqueous-alcoholic or
aqueous solution is also suitable for producing the nascent
hydrogen. The reaction can also be carried out in the
heterogeneousphase, in whichcaseit is convenientto use an
aqueous phase and a benzene.or toluene phase.

Other reducing agents which can be used to particular
advantage are complex metal hydrides such as LiAIH,,
NaBH,, diisobutylaluminum hydride or
NaAl(OCH,CH,OCH;),H,, and diborane,catalysts such as
BF,, AICI, or LiBr being added if desired. Solvents which
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are suitable for this purpose are, in particular, ethers such as
diethyl ether, di-n-butyl ether, THF, dioxane, diglyme or
1,2-dimethoxyethane, and hydrocarbons such as benzene.
Solvents which are suitable for a reduction with NaBH, are
primarily alcohols such as methanol or ethanol, as well as
water and aqueousalcohols. Reduction by these methodsis
preferably carried out at temperatures of about —80 to +150°,
especially about 0°-100°.

The reduction of —CO— groups in acid amides (e.g.,
those of the formula VI in which L is a —(CH,),,.,—-CO—

. group) to CH, groups can be carried out to particular
advantage with LiAlH,in THF at temperaturesofpreferably
about 0°-66°. Arylsulfonyl protecting groups located in the
1-position of the indole ring can be simultaneously elimi-
nated by reduction. N-Benzyl groups can be eliminated by
reduction with sodium in liquid ammonia.

It is also possible to reduce one or more carbonyl groups
to CH, groups according to the Wolff-Kishner method,e.g.,
by treatment with anhydrous hydrazine in absolute ethanol,
under pressure, at temperatures of preferably about
1$0°-250°. A sodium alcoholate is advantageously used as
the catalyst. The reduction can also be varied according to
the Huang-Minlon method by carrying out the reaction with
hydrazine hydrate in a high-boiling water-miscible solvent
such as diethylene glycol or triethylene glycol, in the pres-
ence of an alkali such as sodium hydroxide. The reaction
mixture is normally boiled for about 3-4 hours. The wateris
then distilled off and the hydrazone formed is decomposed
at temperatures of up to about 200°. The Wolff-Kishner
reduction can also be carried out with hydrazine in dimethyl
sulfoxide at room temperature. ,

Moreover,it is possible to carry out certain reductions by
using H, gas underthe catalytic action of transition metals,
suchas, ¢é.g., Raney Ni or Pd. In this way, e.g., Cl, Br, I, SH
or, in certain cases, even OH groups can be replaced by
hydrogen. Nitro groups can also be converted into NH,
groups by catalytic hydrogenation with Pd/H, in methanol.

Compounds which have formula I except that one or more
H atomshave been replaced by one or more solvolyzable
groups can be solvolyzed, especially hydrolyzed,to give the
compoundsof the formulaI.

The starting materials for the solvolysis can be obtained
for example by reacting IIa with compounds which have
formula II (X?==X) except that one or more H atoms have
been replaced by one or more solvolyzable groups. Thus, in
particular, 1-acylindole derivatives (which have formula I
exceptthat, in the 1-position of the Ind radical, they contain
an acyl group, preferably an alkoxycarbonyl], alkanoy]l,
alky!sulfony] or arylsulfonyl group having up to 10 C atoms
in each case, such as methanesulfonyl, benzenesulfonyl or
p-toluenesulfonyl) can be hydrolyzed to give the corre-
sponding indole derivatives unsubstituted in the 1-position
of the indolering, e.g. in an acidic or, preferably, neutral or
alkaline medium at temperatures of preferably about
0°-200°. Sodium, potassium or calcium hydroxide, sodium
or potassium carbonate, or ammonia, is conveniently used as
the base. The chosen solvents are preferably water; lower
alcohols such as methanol or ethanol; ethers such as THF or
dioxane; sulfones such as tetramethylene sulfone; or mix-
tures thereof, especially mixtures containing water.
Hydrolysis can also be carried out simply by treatment with
water alone, especially at the boiling point.

A compound of the formula I can furthermore be con-
verted to another compound of the formula I by methods
known per se. .

Compoundsof the formulaI in whichIndis an indol- 3-y]
radical substituted by CO-R! can be obtained by derivatizing
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appropriate carboxyindol-3-yl compounds.It is possible,
e.g., to esterify the acids with appropriate alcohols or
alcoholates, using methods knownperse. It is also possible
to amidate acids or esters with primary or secondary amines.
Itis preferredto react the free carboxylic acid with the amine
under the conditions of a peptide synthesis. This reactionis
preferably carried outin the presence of a dehydrating agent,
€.g., a carbodiimide such as dicyclohexylcarbodiimide or
else N-(3-dimethylaminopropyl)-N-ethylcarbodiimide, or
propanephosphonic anhydride (q.v. Angew. Chem. 92, 129
(1980)), diphenylphosphoryl azide or 2-ethoxy-N-ethoxy-
carbonyl-1,2-dihydroquinoline, in an inert solvent, e.g., a
halogenated hydrocarbon such as methylene chloride, an
ether such as THF or dioxane, an amide such as DMF or
dimethylacetamide, or a nitrile such as acetonitrile, at tem-
peratures of preferably about —10 to 40, preferably about
0°-30°. Instead of the acid or amide,it is also possible to use
reactive derivatives of these substancesin the reaction, ¢.g.,
those in which reactive groups are blocked by protecting
groupsin an intermediate step. The acidscan also beused in
the form of their activated esters, which are conveniently
formed in situ, e.g., by the addition of 1-hydroxybenztria-
zole or N-hydroxysuccinimide.

Furthermore, cyano-substituted indol-3-yl radicals can be
hydrolyzed to give carboxy-indol-3-yl or carbamido-indo!-
3-yl radicals.

Conversely, however,it is particularly convenientto pre-
pare the nitriles by elimination of water, starting from the
amides, e.g., by means of trichloroacetyl chloride/Et,N
[Synthesis (2), 184, (1985)] or with POC], (J. Org. Chem.
26, 1003 (1961)).

A baseof the formula I can be converted with an acid into

the corresponding acid addition salt. Acids which produce
physiologically acceptable salts are suitable for this reaction.
Thus,it is possible to use inorganic acids, e.g., sulfuric acid,
hydrohalic acids such as hydrochloric acid or hydrobromic
acid, phosphoric acids such as orthophosphoricacid, nitric
acid and sulfamic acid, as well as organic acids, i.e., spe-
cifically aliphatic, alicyclic, araliphatic, aromatic or hetero-
cyclic monobasic or polybasic carboxylic, sulfonic or sul-
furic acids, such as formic acid, acetic acid, propionic acid,
pivalic acid, diethylacetic acid, malonic acid, succinic acid,
pimelic acid, fumaric acid, maleic acid, lactic acid, tartaric
acid, malic acid, benzoic acid, salicylic acid, 2-phenylpro-
pionic acid, citric acid, gluconic acid, ascorbic acid, nico-
tinic acid, isonicotinic acid, methanesulfonic or ethane-
sulfonic acid, ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, p-tolu-
enesulfonic acid, naphthalenemonosulfonic and naphtha-
lenedisulfonic acids and laurylsulfuric acid.

If desired, the free bases of the formula I can be liberated

from their salts by treatment with strong bases such as
sodium or potassium hydroxide or sodium or potassium
carbonate provided there are no other acid groups in the
molecule. In those cases where the compounds of the
formula I have free acid groups, salt formation can also be
achieved by treatment with bases. Suitable bases are alkali
metal hydroxides,alkaline earth metal hydroxidesor organic
bases in the form of primary, secondary ortertiary amines.

The invention furtherrelates to the use of the compounds
of the formulaI and their physiologically acceptable salts for
the manufacture of pharmaceutical preparations, especially
by a non-chemical route. For this purpose, they can be
convertedinto a suitable dosage form together with at least
one excipientor adjunct and,if appropriate, in combination
with one or more additional active ingredients.

The invention further relates to compositions, especially
pharmaceutical preparations, containing at least one com-
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pound of the formula I and/or one of their physiologically
acceptable salts. These preparations can be used as drugs in
human or veterinary medicine.. Possible excipients are
organic or inorganic substances which are suitable for
enteral (e.g.,oral), parenteral or topical administration and
which do not react with the novel compounds, examples of
such excipients being water, vegetableoils, benzyl alcohols,
polyethylene glycols, gelatin, carbohydrates such as lactose
or starch, magnesium stearate, talc and petroleum jelly.
Tablets, coated tablets, capsules, syrups, juices, drops or
suppositories are used in particular for enteral administra-
tion, solutions, preferably oily or aqueoussolutions, as well
as suspensions, emulsions or implants are used for
parenteral administration, and ointments, creams or powders
are used for topical administration. The novel compounds
can also be lyophilized and the resulting lyophilizates used,
e.g., to manufacture injectable preparations.

The preparations indicated can be sterilized and/or can
contain adjuncts such as lubricants, preservatives, stabilizers
and/or wetting agents, emulsifiers, salts for influencing the
osmotic pressure, buffer substances, colorants, taste correc-
tors and/orflavorings.If desired, they can also contain one
or more additional active ingredients, e.g. one or more
vitamins.

The compoundsofthe formula I and their physiologically
acceptable salts can be used for the therapeutic treatment of
the human or animal bodyand for controlling diseases. They
can be used for treating disorders of the central nervous
system, such as tension, depressions and/or psychoses, and
side-effects in the treatment of hypertension (e.g., with
a-methyldopa). The compoundscan also be used in endo-
crinology and gynecology, e.g., for the therapeutic treatment
of acromegaly, hypogonadism, secondary amenorrhea, pre-
menstrual syndrome and undesired puerperal lactation, and
also for the prophylaxis and therapy of cerebral disorders
(e.g., migraine), especially in geriatrics in a manner similar
to certain ergot alkaloids and for controlling the sequelae of
cerebral infarction (apoplexia cerebri), such as stroke and
cerebral ischemia. ;

In these treatments, the.substances of the invention are

normally administered analogously to known, commercially
available preparations (e.g., bromocriptine, dihydroergocor-
nine), preferably in dosages of about 0.2-500 mg,especially
0.2-50 mg per dosage unit. The daily dosage is preferably
about 0,001-10 mg/kg of body weight. The low dosages
(about 0.2-1 mg per dosage unit; about 0.001-0.005 mg/kg
of body weight) are particularly suitable for use as anti-
migraine preparations; dosages of about 10-50 mg per
dosageunit are preferred for the other indications. However,
the particular dose for each individual patient depends on a
very wide variety of factors, for example, the activity of the
particular compoundused, age, body weight, general state of
health, sex, diet, time and method of administration,rate of
excretion, dmg combination and severity of the particular
disease to which the therapy is applied. Oral administration
is preferred.

Without further elaboration,it is believed that one skilled
in the art can, using the preceding description,utilize the
present invention to its fullest extent. The following pre-
ferred specific embodiments are, therefore, to be construed
as merely illustrative, and not limitative of the remainder of
the disclosure in any way whatsoever.

In the foregoing and in the following examples, all
temperatures are set forth uncorrected in degrees Celsius and
unless otherwise indicated, all parts and percentages are by
weight.

The entire disclosure of all applications, patents and
publications, cited above and below, and of corresponding
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German application P 43 33 254.4, filed Sep. 30, 1993, are
hereby incorporated by reference.

In the following Examples, “working-up in conventional
manner” means: Water is added if necessary, extraction is
carried out with methylene chloride, the organic phase is
separated off, dried over sodium sulfate and filtered, the
filtrate is evaporated andthe residue is purified by chroma-
tography on silica gel and/or by crystallization. Tempera-
tures are given in ° C. Rf values were obtained by thin layer
chromatography onsilica gel. .

EXAMPLES

Example 1

1.8 g of 3-(4-chlorobutyl)-5-methoxyindole [obtainable
by diazotization of p-methoxyaniline, reaction with ethyl
cyclohexanone-2-carboxylate according to Japp-Klinge-
mann to give 4-(2-carbethoxyindol-3-yl)butyric acid, alka-
line hydrolysis, decarboxylation, reduction with LiAlH, and

- reaction with SOCI,] and 1.9 g of 1-(2-hydroxymethylben-
zofuran-5-yl)piperazine [obtainable by reaction of N,N-
bis(2-chloroethyl)amine with 2-hydroxymethy]-5-ami-
nobenzofuran] are dissolved in 200 ml ofacetonitrile and the
mixture is stirred at room temperature for 10 hours. Cus-
tomary working up gives 1-[4-(S-methoxyindol-3-yl)buty]]
-4-(2-hydroxymethylbenzofuran- 5-yl)piperazine, m.p.
159°.

The following are obtained analogously by reaction of
3-(4-chlorobutyl)-5-methoxyindole with 1-(2,3-dihydroben-
zofuran- 5-yl)piperazine:

1-[4-(5-methoxyindol-3-yl)buty]]-4-(2,3-dihydrobenzo-
furan- 5-yl)piperazine, m.p. 111°-112°;

of 3-(4-chlorobutyl)-5-hydroxyindole with 1-(chroman-6-
yl)piperazine:

1-[4-(5-hydroxyindol-3-yl)buty]]-4-(chroman-6-yl)pip-
erazine, m.p. 220°-222°;

of 3-(4-chlorobutyl)-5-methoxyindoie with 1-(chroman-6-
yl)piperazine:

1-[4-(S-methoxyindol-3-y])buty1]-4-(chroman-6-yl)pip-
erazine, m.p. 129°-130°;

of methyl 3-(4-chlorobutyl)-5-indolecarboxylate
1-(chroman-6-y])piperazine:

1-[4-(5-methoxycarbonylindol-3-yl)buty1l]-4-(chroman-
6-yl)piperazine;

of ethyl 3-(4-chiorobuty])-5-indolecarboxylate with 1-(ben-
zofuran-5-yl)piperazine:

1-(4-(5-ethoxycarbonylindol-3-yl)buty!}-4-(benzofuran-
5-yl)piperazine;

of 3-(4-chlorobutyl)-5-mcethoxyindole with 1-(benzofuran-
5-yl)piperazine:

1-[4-(5-methoxyindol-3-yl)butyl}-4-(benzofuran-5-
yl)piperazine;

of 3-(4-chlorobutyl)-5-methoxycarbonylindole
1-(chromen-4-on-6-yl)piperazine:

1-[4-(5-methoxycarbonylindol-3-yl)buty]]-4-(chromen-
4-on-6-yl)piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole with 1-(chromen-4-on-
6-yl)piperazine: ;

1-[4-(5-cyanoindol-3-yl)butyl]-4-(chromen-4-on
6-y])piperazine;

of 3-(4-chlorobutyl)-5-chloroindole
drobenzofuran- 5-yl)piperazine:

1-[4-(S-chloroindol-3-yl)butyl]-4-(2,3-dihydrobenzofu-
ran- 5-y])piperazine;

with

with

with=1-(2,3-dihy-
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of 3-(4-chlorobuty])-5-methoxycarbonylindole with 1-(2,3-
dihydrobenzofuran-5-yl)piperazine:

1-[4-(5-methoxycarbonylindol-3-yl)buty]]-4-(2,3-dihy-
drobenzofuran- 5-yl)piperazine;

of 3-(4-chlorobuty!)-5-methoxycarbonylindole with 4-(2,3-
dihydrobenzofuran-5-y]l)piperidine:

1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-(2,3-dihy-
drobenzofuran- 5-yl)piperidine;

of 3-(4-chlorobutyl)-5-methoxycarbonylindole with 4-(2,3-
dihydrobenzofuran-5-yl)-4-hydroxypiperidine:

]-[4-(5-methoxycarbonylindol-3-yl)buty]]-4-(2,3-dihy-
drobenzofuran- 5-yl)-4-hydroxypiperidine;

of 3-(4-chlorobuty])-5,6-dimethoxyindole with 1-(chroman-
6-yl)piperazine:

1-[4-(5,6-dimethoxyindol-3-y])butyl]-4-(chroman-6-
yl)piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole with 1-(2-carboxyben-
zofuran- 5-yl)piperazine:

1-[4-(5-cyanoindol-3-yl)buty]]-4-(2-carboxybenzofuran-
5-yl)piperazine;

of 3-(4-chlorobuty])-6-fluoroindole with 1-(2,3-dihydroben-
zofuran- 5-yl)piperazine:

1-[4-(6-fluoroindol-3-yl)butyl]-4-(2,3-dihydrobenzofu-
ran- 5-y])piperazine.

Example 2

1.8 g of 1-[4-(S-methoxycarbonylindol-3-yl)-butyl]-
4-(chroman-6-yl)piperazine [obtainable according to
Example 1] are boiled for 0.5 hours with 100 ml of 2N
ethanolic KOH, worked up in the customary manner and
give 1-[4-(5-carboxyindol-3-yl)butyl]-4-(chreman-6-yl)pip-
erazine.

The following are obtained analogously by alkaline
hydrolysis of the corresponding esters starting from 1-[4-
(S-ethoxycarbonylindol-3-yl)butyl]-4-(benzofuran-
5-yl)piperazine: ,

1-[4-(5-carboxyindo!-3-yl)butyl]-4-(benzofuran-5-yl)pip-
erazine:

from 1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-
(chromen-4-on-6-yl)piperazine:

1-[4-(5-carboxyindol-3-yl)butyl]-4-(chromen-4-on-6-
yl)piperazine;

from 1-[4-(5-methoxycarbonylindol-3-y])butyl]-4-(2,3-di-
hydrobenzofuran- 5-yl)piperazine:

1-[4-(5-carboxyindol-3-yl)butyl]-4-(2,3-dihydrobenzofu-
ran- 5-yl)piperazine;

from 1-[4-(5-methoxycarbonylindol-3-yl)butyl)-4-(2,3-di-
hydrobenzofuran- 5-y!)-4-hydroxypiperidine;

1-[4-(5-carboxyindol-3-yl)buty]]-4-(2,3-dihydrobenzofu-
ran- 5-yl)-4-hydroxypiperidine.

Example 3

2.8 g of 1-{4-(5-carboxyindol-3-yl)butyl]-4-(2,3-dihy-
drobenzofuran-5-yl)piperazine are suspended in 100 ml of
N-methylpyrrolidine. 3.2 g of 2-chloro-1-methylpyridinium
methanesulfonate are then added and the mixtureis stirred

at room temperature for 12 hours. Dried NH, gas is then
passedinto the resulting solution until it is saturated and the
mixtureis stirred again for 10 hours. Customary working up
gives 1-[4-(5-carbamoylindol-3-yl)butyl]-4-(2,3-dihy-
drobenzofuran-5-y])-piperazine.
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The following are obtained analogously by amidation of
the following carboxylic acids with 2-chloro-1-methylpyri-
dinium methanesulfonate:

from 1-[4-(5-carboxyindol-3-yl)butyl}-4-(2,3-dihydrobinzo-
furan- 5-yl)piperidine

1-[4-(5-carbamoylindol-3-y]buty1]-4-(2,3-dihydroben-
zofuran- 5-yl)piperidine, m.p. 155-157°;

from  1-[4-(5-carboxyindol-3-yl)butyl]-4-(2,3-dihydroben-
zofuran- 5-yl)-4-hydroxypiperidine

1-[4-(5-carbamoylindol-3-yl)buty]]-4-(2,3-dihydroben-
zofuran- S-yl)-4-hydroxypiperidine, m.p. 69° (dec.);

from —_1-[4-(5-carboxyindol-3-y])buty]]-4-(chroman-6-y])-
piperazine :

1-[4-(5-carbamoylindo]-3-yl)buty]]-4-(chroman-6-yl)-
piperazine.

Example 4

Analogously to Example 3, starting from 1-[4-(5-cyanoin-
dol-3-y1)butyl]-4-(2-carboxybenzofuran-5-yl)piperazine
reaction with 2-chloro-l-methylpyridinium methane-
sulfonate gives 1-[4-(5-cyanoindol-3-yl)buty]]-4-(2-car-
bamoylbenzofuran-5-yl)piperazine, m.p. 269-272° (hydro-
chloride).

Example 5

A mixture of 2.6 g of 3-(2-aminoethyl)-5-cyanoindole
[obtainable by reaction of 5-cyanoindole with 2-chloro-
acetyl chloride to give 3-(2-chloroacetyl)-5-cyanoindole,
subsequent reduction with diborane, reaction with phthal-
imide and hydrolysis]jand one equivalent of 5-[N,N-bis(2-
chloroethyl)aminoJbenzofuran [obtainable by reaction of
2-chloroacetyl chloride with 5-aminobenzofuran and subse-
quent reduction with diborane] in 40 ml of acetone and 40
ml ofwater is boiled for 20 hours and then worked up in the
customary manner. 1-[2-(5-Cyanoindol-3-y])ethyl]-4-(ben-
zofuran-5-yl)piperazine is obtained.

The following are obtained analogously by reaction of
5-[N,N-bis(2-chloroethyl)amino]benzofuran with 3-(4-ami-
nobuty!)-5-methoxymethylindole:

1-[4-(5-methoxymethylindol-3-yl)buty!]-4-(benzofuran-
5-yl)piperazine; with 3-(3-aminopropyl) -5-hydroxyin-
dole:

1-[3-(5-hydroxyindol-3-yl)propy]
yl)piperazine;

with 3-(2-aminoethyl)-5-methoxyindole:
1-(2-(5-methoxyindol-3-y]ethy]

yl)piperazine;
with methy! 3-(3-aminopropy])-5-indolecarboxylate:

1-[3-(S-methoxycarbonylindol-3-yl)propyl]-4-(benzofu-
ran- 5-yl)piperazine;

with ethy] 3-(2-aminoethy])-5-indolecarboxylate:.
1-[2-(5-ethoxycarbonylindol-3-yl)ethy]]-4-(benzofuran-

5-yl)piperazine;
with 3-(4-aminobutyl)-5-fluoroindole:

1-[4-(5-fluoroindol-3-yl)butyl]-4-(benzofuran-5-yl)pip-
erazine;

with 3-(3-aminopropyl)-5-cyanoindole:

‘1-(3-(S-cyanoindol-3-yl)propyl]-4-(benzofuran- 5-yl)pip-erazine.

}-4-(benzofuran-5-

]-4-(benzofuran-5-

Example 6

Analogously to Example 5, reaction of 3.2 g of 3-(2-
aminoethy])-5-methoxyindole with 1.3 equivalents of 6-(N,
N-bis(2-chloroethy])amino]chroman [obtainable by reaction
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of 2-chloroacetyl chloride with 6-aminochroman and sub-
sequent reduction with diborane] gives 1-[2-(5-methoxyin-
dol-3-yl)ethyi]-4-(chroman-6-y])piperazine.

The following are obtained analogously by reaction of
6-[N,N-bis(2-chloroethyl)aminoJchroman with 3-(4-ami-
nobutyl)-5-methoxymethylindole:

1-[4-(5-methoxymethylindol-3-yl)buty]}-4-(chroman-6-
yl)piperazine;

with 3-(3-aminopropyl)-5-hydroxyindole:

1-[3-(S-hydroxyindol-3-yl)propyl]-4-(chroman-6-yl)-pip-
erazine;

with 3-(2-aminoethyl)-5-methoxyindole:

1-[2-(5-methoxyindol-3-yl)ethy!]-4-(chroman-6-y])pip-
erazine;

with methyl 3-(3-aminopropyl)-5-indolecarboxylate:

1-(3-(S-methoxycarbonylindol-3-yl)propyl]-4-(chroman-
6-yl)piperazine;

with ethyl 3-(2-aminoethy])-5-indolecarboxylate:
1-[2-(5-ethoxycarbonylindol-3-yl)ethy]]-4-(chroman-6-

yl)piperazine;
with 3-(4-aminobuty!)-5-fiuoroindole:

1-[4-(5-fluoroindol-3-yl)butyl]-4-(chroman-6-yl)-pipera-
zine;

with 3-(3-aminopropyl ) -5-cyanoindole:

1-[3-(5-cyanoindol-3-y]) propyl }-4-(chroman-6-yl )pip-
erazine.

Example 7

A solution of 3.9 g of 1-[4-(5-carboxyindol-3-yl)buty]]-
4-(2,3-dihydrobenzofuran-5-yl)piperazine in 250 ml of
DMFis treated with 1 g of N-methylmorpholine. A solution
of one equivalentof tert-butylamine in 5 ml of DMF, 1.3 g
of 1-hydroxybenzotriazole and a solution of 1.9 g of N-(3-
dimethylaminopropy])-N'-ethylcarbodiimide hydrochloride
in 20 ml of DMFare added with stirring. The mixture is
stirred at room temperature for 16 hours andthefiltrate is
evaporated. Customary working up gives 1-[4-(5-N-tert-
butylcarbamoylindol-3-yl)butyl]-4-(2,3-dihydrobenzofu-
ran-5-yl)piperazine.

The following are obtained analogously by reaction with
tert-butylamine starting
from 1-[4-(5-carboxyindol-3-ylbuty!]-4-(chroman-6-yl)-
Piperazine:

1-(4-(5-N-tert-butylcarbamoylindol-3-yl)buty]]-4-(chro-
man-6-yl)piperazine:

from 1-[4-(S-cyanoindol-3-yl)butyl]-4-(2-carboxybenzofu-
ran- 5-yl)piperazine:

1-[4-(5-cyanoindol-3-yl)buty]]-4-(2-N-tert-butyl-carbam-
oylbenzofuran- 5-yl)piperazine.

Example 8

A mixture of 2.1 g of 1-[4-(5-methoxyindol-3-yl)buty]]-
4-(chroman-6-y]l)piperazine [can be prepared according to
Example 1], 1.8 g of pyridine hydrochloride and 50 ml of
pyridine is boiled for 3 hours. It is cooled and evaporated,
and the residue is worked up in the customary manner and
gives 1-(4-(5-hydroxyindol-3-y1)-buty!]-4-(chroman-6-
yl)piperazine, m.p. 220°-222°.

The following are obtained analogously
from 1-[4-(S-methoxyindol-3-yl)buty]]-4-(2,3-dihydroben-
zofuran- 5-yl)piperazine:

1-[4-(5-hydroxyindol-3-yl)butyl}-4-(2,3-dihydrobenzofu-
ran- 5-yl)piperazine;
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from _—_1-[4-(5-methoxyindol-3-yl)buty!]-4-(benzofuran-5-
yl)piperazine:

1-(4-(5-hydroxyindol-3-yl)buty!]-4-(benzofuran-5-
yl)piperazine;

from 1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-
(chromen-4-on-6-y])piperazine: ,

1-[4-(S-hydroxycarbonylindol-3-yl) butyl ]-4-(chromen-
4-on-6-yl) piperazine;

from 1-[4-(5-methoxymethylindol-3-y!)buty]]-4-(benzofu-
tan- 5-y])piperazine:

1-[4-(5-hydroxymethylindol-3-yl)buty]}-4-(benzofuran-
5-yl)piperazine;

from _1-[2-(5-methoxyindol-3-y])ethyl]}-4-(benzofuran-5-
yl)piperazine:

1-[2-(5-hydroxyindo]-3-ylethy1)-4-(benzofuran-5-
yl)piperazine;

from _—_1-[2-(5-methoxyindol-3-ylethyl]-4-(benzofuran-5-
y})piperazine:

1-(2-(5-hydroxyindo!-3-ylethy]l]-4-(benzofuran-5-
y])piperazine.

Example 9

Analogously to Example 1, starting from 3-(4-chlorobu-
tyl)-5-cyanoindole [obtainable by reaction of 5-cyanoindole
with 4-chlorobutyryl chloride to give 3-(4-chlorobutyryl)-
5-methoxyindole and subsequent reduction with
NaAlH.(OQCH,CH,OCH;).] by reaction with 1-(2-ethoxy-
carbonylbenzofuran-5-yl)piperazine {obtainable by reaction
of N,N-bis(2-chloroethyl)amine with 2-ethoxy-carbonyl-
5-aminobenzofuran] gives, after customary working up,
1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-ethoxy-carbonylbenzo-
furan- 5-yl)piperazine, m.p. 221°-223° (dihydrochloride).

The following are obtained analogously by reaction
of 3-(4-chlorobuty!)-5-methoxyindole with 1-(2-cyano-ben-
zofuran- 5-y!)piperazine:

1-[4-(S-methoxyindol-3-yl)buty]]-4-(2-cyanobenzofuran-
5-yl)piperazine;

of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1-(chroman-
6-yl ) piperazine:

1-[4-(5,6-dimethoxyindol-3-y])butyl
yl)piperazine;

of 3-(4-chlorobutyl)-5,6-difluoroindole with 1-(chroman-6-
yl)piperazine:

1-[4-(5,6-difluoroindol-3-yl)buty!]-4-(chroman-6-yl)pip-
erazine;

of methyl 3-(4-chlorobutyl)-6-indolecarboxylate with
1-(chroman-6-y])piperazine:

1-[4-(6-methoycarbonylindol-3-yl)butyl]-4-(chroman-6-
y])piperazine;

of ethyl 3-(3-chloropropyl)-6-indolecarboxylate with 1-(2-
cyanobenzofuran-5-yl)piperazine:

1-[3-(6-ethoxycarbonylindol-3-yl)propy})-4-(2-cy-
anobenzofuran- 5-yl)piperazine;

of 3-(4-chlorobutyl)-5-methoxyindole with 1-(2-N-methyl-
carbamoylbenzofuran- 5-yl)piperazine:

1-[4-(S-methoxyindol-3-yl)butyl]-4-(2-N-methylcarbam-
oylbenzofuran- 5-yl)piperazine;

of 3-(4-chlorobuty!)-6-chlioroindole with 1-(chromen-4-on-
6-y])piperazine:

1-[{4-(6-chloroindol-3-yl)butyl]-4-(chromen-4-on-6-
y])piperazine;

of 3-(2-chloroethyl)-5-cyanoindole with 1-(chromen-4-on-
6-yl)piperazine:

]-4-(chroman-6-

10

14

1-[2-(S-cyanoindol-3-yl)ethy}]-4-(chromen-4-on-6-
yl)piperazine;

of 3-(2-chloroethy]l)-5,6-dichloroindole with 1-(2,3-dihy-
drobenzofuran- 5-yl)piperazine:

1-[2-(5,6-dichloroindol-3-yl)ethyl]-4-(2,3-dihydrobenzo-
furan- 5-yl)piperazine;

of 3-(4-chlorobutyl)-5-methoxycarbonylindole with 1-(2-
carboxybenzofuran-5-yl)piperazine:

1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-(2-carboxy-
benzofuran- 5-yl)piperazine; ,

_ of 3-(2-chloroethyl)-5-methoxycarbonylindole with 4-(2-
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carboxybenzofuran-5-yl)piperidine:
1-[2-(S-methoxycarbonylindol-3-yl)ethyl]-4-(2-carboxy-

benzofuran- 5-yl)piperazine;
of 3-(4-chlorobutyl)-6-methoxycarbonylindole with 4-(3-
carboxybenzofuran-5-y])-4-hydroxypiperidine:

1-(4-(6-methoxycarbonylindol-3-yl)butyl]-4-(3-carboxy-
benzofuran- 5-yl)-4-hydroxypiperidine;

of 3-(4-chlorobutyl)-7-methoxycarbonylindole with 4-@G-
carboxybenzofuran-5-yl)-4-hydroxypiperidine;

1-[4-(7-methoxycarbonylindol-3-y])buty]]-4-(3-carboxy-
benzofuran- 5-y!)-4-hydroxypiperidine;

of 3-(4-chlorobuty])-5,6-dimethoxyindole with 1-(2-car-
boxybenzofuran- 5-yl)piperazine:

1-[4-(5,6-dimethoxyindol-3-yl)buty]]-4-(2-carboxyben-
zofuran- 5-yl)piperazine.

Example 10

A solution of 3.6 g of 1-[4-(5-methoxycarbonylindol-
3-yl)butyl]-4-(chromen-4-on-6-yl)piperazine in 40 ml of
THF is added dropwise with stirring at room temperature to
a suspension of 0.6 g oflithium aluminum hyride in 20 ml
of THF. The mixture is then stirred for a further hour at 25°

C., 20 ml of dilute sodium hydroxide solution are added, the
mixture is filtered and the filtrate is worked up in the
customary manner. 1-[4-(5-Hydroxymethylindol-3-yl)buty]]
-4-(chromen-4-on-6-yl)piperazine is obtained.

The following are obtained analagously by reduction
of 1-[4-(5-methoxycarbonylindol-3-yl)buty!]-4-(chroman-
6-yl)piperazine

1-[4-(5-hydroxymethylindol-3-yl)buty!]-4-(chroman-
6-yl)piperazine;

of 1-[4-(5-methoxycarbonylindol-3-y])butyl]-4-benzofuran-
Syl)piperazine

1-[4-(S-hydroxymethylindol-3-yl)butyl]-4-(benzofuran-
5-yl)piperazine;

of 1-[3-(5-methoxycarbonylindol-3-yl)propy!]-4-(chroman-
6-yl) piperidine

1-[3-(5-hydroxymethylindol-3-y]lpropy]]-4-(chroman-6-
yl)piperidine

of 1-[2-(5-methoxycarbonylindol-3-yl)ethy!]-4-chroman-6-
y]) piperidine

1-[2-(5-hydroxymethylindol-3-y])ethy]]-4-(chroman-6-
yl)piperidine.

Example 11

HCI gas is passed into a boiling solution of 2.5 g of
1-[4-(S-carboxyindol-3-yl)butyl]-4-(2,3-dihydrobenzofu-
ran- 5-yl)piperazine in 50 ml of absolute methanol for 2
hours. The mixture is then boiled for a further hour, worked
up in the customary mannerand gives 1-[4-(5-methoxycar-
bonylindol-3-yl)butyl]-4-(2,3-dihydrobenzofuran- 5-yl)pip-
erazine.
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The following are obtained analagously byesterification
of 1-[4-(S-carboxyindol-3-yl)buty]]-4-(2,3-dihydrobenzofu-
ran- 5-yl)-4-hydroxypiperidine:

1-[4-(S-methoxycarbonylindol-3-yl)butyl]-4-(2,3-dihy-
drobenzofuran- 5-yl)-4-hydroxypiperidine,;

of 1-[4-(5-carboxyindol-3-yl)butyl]-4-(chroman-6-yl)-pip-
erazine:

]-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-(chroman-
6-yl)piperazine;

of 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carboxybenzofuran-
5-yl)piperazine:

1-[4-(5-cyanoindol-3-y])butyl]-4-(2-methoxycarbony]-
benzofuran- 5-yl)piperazine.

Example A

Injection vials
A solution of 100 g of an active ingredient of the formula

I and 5 g of disodium hydrogen phosphate in 3 1 of
double-distilled water is adjusted to pH 6.5 with 2N hydro-
chloric acid, sterile-filtered, filled into injection vials, lyo-
philized and sterile-sealed. Each injection vial contains 5 mg
of active ingredient.

Example B

Suppositories
A mixture of 20 mgof an active ingredient of the formula

Tis melted with 100 g of soya lecithin and 1,400 g of cocoa
butter, poured into moulds and allowed to cool. Each sup-
pository contains 20 mgofactive ingredient.

Example C

Solution

A solution of 1 g of an active ingredient of the formula I,
9.38 g of NaH,PO,x2H,0, 28.48 g Na,HPO, x12 HO and
0.1 g of benzalkonium chloride is prepared in 940 ml of
double-distilled water. The pH is adjusted to 6.8, and the
solution is made up to 1 | andsterilized by irradiation. This
solution can be used in the form of eyedrops.

Example D

Ointment

500 mg of an active ingredientof the formula I are mixed
with 99.5 g of petroleum jelly under aseptic conditions.

Example E

Tablets

A mixture of 1 kg of active ingredient of the formula I, 4
kg of lactose, 1.2 kg of potato starch, 0.2 kg of talc and 0.1
kg of magnesium stearate is compressed to tablets in con-
ventional mannersothat each tablet contains 10 mg ofactive
ingredient.

Example F

Coated tablets:

Tablets are formed by compression analogously to
Example E and then covered in conventional manner with a
coating of sucrose, potato starch, talc, tragacanth and colo-
rant.
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Example G

Capsules
2 kg of active ingredient of the formula I are filled into

hard gelatin capsules in conventional manner so that each
capsule contains 20 mg ofthe active ingredient.

Example H

Ampoules
A solution of 1 kg of active ingredient of the formula I in

60 | of double-distilled water is filled into ampoules and
lyophilized under aseptic conditions and the ampoules are
sealed understerile conditions. Each ampoule contains 10
mg of active ingredient.

The preceding examples can be repeated with similar
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

From the foregoing description, one skilled in the art can
easily ascertain the essential characteristics of this invention,
and without departing from the spirit and scope thereof, can
makevarious changes and modifications of the invention to
adaptit to various usages and conditions.

Whatis claimedis:

1. A compound according to formula I

/ \ ‘ I

Ind-Q—N Z-R}

LS
wherein

Ind is unsubstituted indol-3-yl, indol-3-y! monosubsti-
tuted by OH, OA, CN, Hal, COR? or CH,R?, or
indol-3-yl polysubstituted by OH, OA, CN, Hal, COR?,
CH,R? or combinations thereof;

R?is benzofuran-5-yl, chroman-4-on-6-yl, 3-chromen-6-
yl or chromen-4-on-6-yl, which in each case is unsub-
stituted or monosubstituted by CN, CH,OH, CH,OAor
COR?;

Q is C,,H,,,3
Z is N;

A is alkyl having 1-6 C atoms;
Hal is F, Cl, Br orI;

R? is OH, OA, NH, NHAor NA,;
R3is H, OH or OA; and
m is 2, 3 or 4; or

a physiologically acceptable salt thereof,
2. A compound according to claim 1, wherein said com-

poundis:

(a) 1-[4-(5-methoxyindol-3-yl)buty]]-4-(2-hydroxymeth-
ylbenzofuran- 5-yl)piperazine or a physiologically
acceptable salt thereof;

(b) 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-ethoxycarbonyl-
benzofuran- 5-yl ) piperazine or a physiologically
acceptable salt thereof; or

(c) 1-[4-(5-cyanoindol-3-yl)buty]}-4-(2-carbamoylbenzo-
furan- 5-yl) piperazine or a physiologically acceptable
salt thereof.

3. A compound according to claim 1, wherein Ind is
unsubstituted indol-3-yl, indol-3-y] monosubstituted by OH,

OA,CN,Hal, COR? or CH,R?, or indol-3-yl disubstituted
by OH, OA, CN, Hal, COR* or CH,R?.

4. A compound according to claim 1, wherein Ind is
indol-3-yl monosubstituted in the 5-paosition by OH, OA,
CN,Hal, COR? or CH,R?.
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5. A compound according to claim 1, wherein Ind is
indol-3-y] monosubstituted in the 4-, 6- or 7-position by OH,
OA, CN, Hal, COR? or CH,R?.

6. Acompoundaccording to claim 1, wherein A is methyl
or ethyl.

7. A compound according to claim 1, wherein R’ is
benzofuran-5-yl, or chroman-4-on-6-yl which, in each case
is unsubstituted or monosubstituted by -—CH,OH,
—CONH,, —-CO,A or —CO,NHA.

8. A compound according to claim 1, wherein Q is
—(CH,),—.

9. A compound according to claim 1, wherein Ind is
indol-3-yl substituted in the 5-position by OH or OA.

10. A compound according to claim 1, wherein Ind is
indol-3-yl substituted in the 5-position by CONH, or CN.

11. A compound according to claim 1, wherein R? is
unsubstituted benzofuran-S-yl or benzofuran-5-yl substi-
tuted by CN, CH,OH, CH,OAor COR?.

18

12. A compound according to claim 1, wherein R' is
chromen-4-on-6-y].

13. A compound according to claim 1, wherein R! is
unsubstituted 3-chromen-6-y] or 3-chromen-6-yl substituted
by CN, CH,OH, CH,OA or COR?.

14. A compound according to claim 1, wherein R’ is
unsubstituted chroman-4-on-6-yl or chroman-4-on-6-yl sub-
stituted by CN, CH,OH, CH,OA or COR?.

15. A compound according to claim 1, wherein R? is
unsubstituted chromen-4-on-6-yl or chromen-4-on-6-y] sub-
stituted by CN, CH,OH, CH,OAor COR?.

16. A pharmaceutical composition comprising a com-
pound according to claim 1 and a pharmaceutically accept-
ablecarrier.

17. A-composition according to claim 16, wherein said
compound is present in an amount of 0.2-500 mg.

* * *£ *£ &
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‘MERCK 1617

ASSIGNMENT

WHEREAS tne below namec inventor (if anly ane ewentar is Named below) OF mventors (if plural inventors aro named below} hereinalter referred
to as the ASSIGNORinvented a certain improvement relating (o.

PIPERIDINES AND PIPERAZINES

for which an application for Letters Patent to be fled in the United States Patent and Trademark Office was executed on even date.
tor which US. Apphcation Seria No. __08/314,734____tor Letters Patent was fited in the US.Patent and Trademark
Othce on

C1 for which an Intemational Apphcation was filed on
Gesignating the Unned States

ANDO WHEREAS

 

ecT? f 

MERCK PATENT GESELLSCHAFT MIT BESCHRANKTER HAFTUNG,
D-64271 Darmstadt, Fed. Rep. of Germany

hereinatter referred to as tne ASSIGNEE, is desirous of acquiring Ihe entire right, title, and interest in and to anid invention and application,
including any and ail divisions and continustions therso!, snd any nd all Letters Patent which may be granted thereon, including any and all
renewats, reissues, and prolongations thereof.

NOW, THIS WITNESSETH that for good and valuable consideration, the receipt wheracl is hereby acknowtedged, ASSIGNOR hereby
assigns, seits, and transfers 10 ASSIGNEE, its sssigns and legal representatives. the entire and exciusive right, titla, and interest in and to said
invention and application, including any and all divisions and continuations thereof, and any and ll Letters Patent which may be granted
therefor, including any and afl renewals, reissues, and prolongations thereof, ASSIGNEE, ts assigns and legal reprercatatives to have, hold,
exercise, and enjoy $2i0 invention and application. including any and ai! divisions and continuations thereof, and <,ty and al! Letters Patent
which may de granted therefor, including any and ail renewals, reissues. and prolongations thereof, with all the rights, powers, privileges and

had not Deen made.
AND ASSIGNOR hereby agrees to execute af! papers that may be necessary 40 file applications in the United States forsaid invention and to

assign the same to suid ASSIGNEE, its assigns and legal representatives end to execute any other papers thei may be needed in connection with
filing said application and securing a Letters Patent thereon.

AND ASSIGNOR authorizes and requests the Commissioner of Patents and Trademarks to issue a Letters Patent on said appiication, and on
any and all divisions and continuations thereol, to ASSIGNEE, its assigns end legal representatives, in accordance herewith.

Tha undersigned hereby grant(s) the law Girm"of Millen, White, Zalano & Branigan, P.C. the power to insert on this assignment any further
identification which may be necetsaty or desirable in order to comply with the rules of the United States Patent and Teademark Office for
recordation of this document.

IN TESTIMONY WHEREOF this assignment is exacuted by ASSIGNOR.

FULL NAME OF SOLE OF FIRST NAMED INVENTOR

Henning BOTTCHER
2m PULL NAME OF SECOND JOINT INVENTOR, IF ANY

Christoph SEYFRIED
203 FULL NAME OF THIRD JOINT INVENTOR, if ANY

Gerd BARTOSZYK
24 FULL NAME OF FOURTH JOINT INVENTOR, IF ANY

Hartmut GREINER

205 FULL NAME OF FieTH JOINT INVENTOR, IF ANY

  

  
  
 
   

   

2030 FULL NAME OF SIXTH JOINT INVENTOR, IF ANY INVENTORS SIGNATURE

i ==

207-0 FULL NAME OF SEVENT} JOINT INVENTOR. IF ANY me ORDEU 1 SIGNATURE OaTEwe TRRTEMARK OFFICE =
PATENT 3 =

208 FULL NAME OF EIGHTH JOINT INVENTOR. IF ANY HO iG ULgNVENTOR'S SIGNATURE OATE

po
10

z

2 FULL MAME OF TENTH JOINT BIVENTOR, F ANY (NVENTOR'S SIGNATUSE

|

- [212 FULL NAME OF TWELFTH JOINT INVENTOR, iF ANY ——| DATE
NI, Va Page
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EXHIBIT 3

Letter on Behalf of the Marketing Applicant Authorizing the Patent Ownerto Rely upon
the Activities of the Marketing Applicant
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One Gateway Center, Suite 702 TEL 617 527 9933

a Newton, MA 02458 FAX 617 965 0445
PHARMACEUTICALS

Uncovering the possibilities. WWW.TROVISPHARMA.COM

March 14, 2011

VIA HAND DELIVERY

MaryC.Till

Legal Advisor

Office of Patent Legal Administration

Office of the Deputy Commissioner

For Patent Examination Policy

United States Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

Re: Patent Term Extension for U.S. Patent No. 5,532,241

Dear Ms.Till:

On behalf of Trovis Pharmaceuticals LLC, Marketing Applicant for New Drug Application No. 22-567 for

VIIBRYD™(vilazodone hydrochloride), its predecessors andaffiliates,| hereby authorize the patent ownerof

record, Merck Patent GmbH, in connection with its application for extension of U.S. Patent No. 5,532,241 to

rely upon the activities of Trovis Pharmaceuticals LLC, its predecessors andaffiliates, undertaken in

connection with seeking approval by the Food and Drug Administration of NDA No. 22-567. Trovis

Pharmaceuticals LLCis a licensee of Merck KGaA, of which Merck Patent GmbHis the trustee with respect to

patent matters, underthis patent.
penanceerent

 rani Submifted,
Cheiton*

Caesar J. Belbel

EVP & Chief Legal Officer
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EXHIBIT4

Powerof Attorney
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SEB170509

'MERCK
Merck Patent GmbH - Germany - Frankfurter Str. 250 - 64293 Darmstadt

Mary C.Till Date March 16, 2011
Legal Advisor DivisionDep. Patents Pharmaceuticals
Office of Patent Legal Administration Care of Dr. Bauer .
Office of the Deputy Commissioner Phone + 49 6151 72-21 04

For Patent Examination Policy _ Fax + 49 6151 72-71 91
United States Patent and TrademarkOffice E-Mail patent@merck.de
P.O. Box 1450 “Your ener
Alexandria, VA 22313-1450
USA Your ref.

VIA_ HAND DELIVERY

Re: Patent Term Extension for U.S. Patent No. 5,532,241

Dear Ms.Till:

This is to advise you that, as authorized representatives of Merck Patent GmbH(“Merck’),
ownerof U.S. Patent No. 5,532,241(“the ‘241 patent”), we hereby authorize Trovis Pharma-

ceuticals LLC, a subsidiary of Clinical Data, Inc., of One Gateway Center, Suite 702, Newton,
MA("Trovis”) to file and prosecute the patentterm extension application pursuant to 35

U.S.C. §156 for the ‘241 patent(the Application”) on behalf of Merck,pursuantto 37 CFR
§1.730(c). We understand that counsel for McCarter & English, 265 Franklin Street, Boston,

MA, and Scott A.M. Chambers, counsel for Patton Boggs LLP, 8484 Westpark Drive, 9"

Floor, McLean,Virginia 22102will file and prosecute the Application as Trovis’ representa-

tive, pursuant to 37 CFR §1.730(c), and hereby grant McCarter & English and Patton Boggs
LLP any authorizations from Merck necessary for McCarter and English and Patton Boggs
LLPto actin this capacity.

Respectfully Submitted,

Merck Patent GmbH

iV, LV.

r. Bauer Dr. Wodopia

1

Merck Patent GmbH

Postfach - 64271 Darmstadt Bankkonto: | Geschaftsfihrer: Page 57
Frankfurter StraBe 250 - 64293 Darmstadt 103648 Deutsche Bank AG, Dr. Wolfgang Losert
Telefon 06151/72-0 Filiale Darmstadt (BLZ 508 700 05) Sitz der Gesellschaft: DarmstadtTalafay NERV. TION Dawlnenweneiahss
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EXHIBIT 5

Approved Label
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VIIBRYD™(vilazodone hydrochloride) Tablets

HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not includeall the information needed to use
VIIBRYD™safely andeffectively. See full prescribing information for
VIIBRYD.

VIIBRYD(vilazodone HC) Tablets for oral administration
Initial U.S. Approval: 2011

 
 

WARNING: SUICIDALITY AND ANTIDEPRESSANT DRUGS

 
  
  
  

Seefullprescribing informationfor complete boxed warning.
Increased risk of suicidal thinking and behaviorin children, adolescents,
and youngadults taking antidepressants for major depressive disorder

(MDD)andother psychiatric disorders (5.1).
VIIBRYDis not approved for use in pediatric patients (8.4).

 
 

———————— INDICATIONSAND USAGE

VIBRYDis indicated for the treatment of major depressive disorder (MDD).
The efficacy of VIIBRYD was established in two 8-week, placebo-controlled
trials in adult patients with MDD(1, 14).

DOSAGE AND ADMINISTRATION

e The recommended dose for VIIBRYDis 40 mg oncedaily (2).
e¢ VIIBRYDshould betitrated to the 40 mg dose, starting with aninitial

dose of 10 mg oncedaily for 7 days, followed by 20 mg oncedaily for an
additional 7 days, and then increased to 40 mg oncedaily (2).

e¢ VIIBRYD should be taken with food. Administration without food can

result in inadequate drug concentrations and may diminish effectiveness
(2, 12.3).

e Whendiscontinuing treatment, reduce the dose gradually (2.4).

DOSAGEFORMSAND STRENGTHS

VIIBRYDis available as 10 mg, 20 mg and 40 mgtablets (3).

CONTRAINDICATIONS

« Monoamine Oxidase Inhibitors: Do not use VIIBRYD concomitantly
with an MAOIor within 14 days of stopping orstarting an MAOI(4.1).

WARNINGS AND PRECAUTIONS

Clinical Worsening/Suicide Risk: Monitorpatients for clinical worsening
and suicidal thinking or behavior (5.1).
Serotonin Syndrome or Neuroleptic Malignant (NMS)-like Syndrome:
Can occur with treatment. Discontinue andinitiate supportive treatment (5.2).

Reference ID: 2894777

Seizures: Can occur with treatment. Use with caution in patients with a
seizure disorder (5.3).
AbnormalBleeding: Treatment can increase the risk of bleeding. Use with
caution in association with nonsteroidal anti-inflammatory drugs (NSAIDs),
aspirin, or other drugs that affect coagulation (5.4).
Activation of Mania/Hypomania: Can occur with treatment. Screen patients
for bipolar disorder (5.5).
Discontinuation of Treatment with VIIBRYD: A gradual reduction in dose
is recommendedrather than an abrupt cessation (5.6).
Hyponatremia: Can occur in association with the syndromeof inappropriate
antidiuretic hormonesecretion (SIADH)(5.7).

ADVERSE REACTIONS

The most commonadversereactions (incidence > 5% andat least twice the
rate of placebo)are: diarrhea, nausea, vomiting, and insomnia(6).
To report SUSPECTED ADVERSE REACTIONS,contact Trovis
Pharmaceuticals at 1-877-878-7200 or FDA at 1-800-FDA-1088 or

wufda. gov/medwatch.

—_——————_DRUG INTERACTIONS

MAOIs: Do not use VIIBRYD concomitantly with an MAOI orwithin 14
days of stopping or starting an MAOI(4.1, 7.1).
CYP3A4inhibitors: The VIIBRYD dose should be reduced to 20 mg when
co-administered with CYP3A4 strong inhibitors (7.3).
CYP3<A4inducers: Concomitant use of VIIBRYDwith inducers of CYP3A4

can result in inadequate drug concentrations and may diminish effectiveness.
Theeffect of CYP3A4inducers on systemic exposure of vilazodone has not
been evaluated (7.3).

USE IN SPECIFIC POPULATIONS

Pregnancy: There are no controlled human data regarding VIIBRYDuse
during pregnancy. Use only if the potential benefits outweigh the potential
risks (2.3, 8.1).
Nursing Mothers: There are no humandata regarding VIIBRYD
concentrationsin breast milk. Women should breast feed only if the potential
benefits outweigh the potential risks (8.3, 2.3).
Pediatric Use: The safety andefficacy of VIIBRYDin pediatric patients have
not been studied(8.4).
Geriatric Use: No dose adjustmentis recommendedon the basis of age (8.5).
Hepatic Impairment: No dose adjustment is recommended in patients with
mild or moderate hepatic impairment. VIIBRYDhas not beenstudied in
patients with severe hepatic impairment(8.6).
Renal Impairment: No dose adjustment is recommended in patients with mild,
moderate, or severe renal impairment. (8.7).

See 17 for PATIENT COUNSELING INFORMATIONand Medication
Guide.

Revised: January 2010
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FULL PRESCRIBING INFORMATION: CONTENTS*

Gt <<SUICIDALITY AND ANTIDEPRESSANT DRUGS>>
INDICATIONS AND USAGE

2 DOSAGE AND ADMINISTRATION

2.1—Initial Treatment of Major Depressive Disorder
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FULL PRESCRIBING INFORMATION

WARNING: SUICIDALITY AND ANTIDEPRESSANT DRUGS

Antidepressants increased the risk compared to placebo of suicidal thinking and behavior(suicidality) in children, adolescents,

and young adults in short-term studies of Major Depressive Disorder (MDD) and other psychiatric disorders. Anyone

considering the use of VIIBRYDorany other antidepressantin a child, adolescent, or young adult must balancethis risk
with the clinical need. Short-term studies did not show an increasein the risk of suicidality with antidepressants compared to

placebo in adults beyond age 24; there was a reduction in risk with antidepressants compared to placebo in adults aged 65 and

older. Depression and certain other psychiatric disorders are themselves associated with increases in the risk of suicide.

Patients of all ages who are started on antidepressant therapy should be monitored appropriately and observed closely for

clinical worsening, suicidality, or unusual changes in behavior. Families and caregivers should be advised of the need for close

observation and communication with the prescriber. VIIBRYDis not approved for use in pediatric patients (see Warnings
and Precautions (5.1), Use in Specific Populations (8.4), and Patient Counseling Information (17.1)|

 
1 INDICATIONS AND USAGE

VIIBRYDis indicatedfor the treatment of major depressive disorder (MDD). The efficacy of VIIBRYDwas established in two 8-week, randomized, double-blind,
placebo-controlledtrials in adult patients with a diagnosis of MDD [see Clinical Studies (14)].

Majordepressive disorder consists of one or more major depressive episodes. A major depressive episode (DSM-IV-TR)implies a prominent and relatively persistent
(nearly every day for at least 2 weeks) depressed or dysphoric moodthat usually interferes with daily functioning, and includesat least 5 of the following 9 symptoms:
depressed mood,loss ofinterest in usual activities, significant change in weight and/or appetite, insomnia or hypersomnia, psychomotoragitation or retardation,
increased fatigue, feelings of guilt or worthlessness, slowed thinking or impaired concentration, or a suicide attempt or suicidal ideation.

2 DOSAGE AND ADMINISTRATION

2.1 Initial Treatment of Major Depressive Disorder

The recommended dose for VIIBRYDis 40 mg once daily. VIIBRYD shouldbetitrated, starting with an initial dose of 10 mg once daily for 7 days, followed by 20 mg
oncedaily for an additional 7 days, and thenan increase to 40 mg once daily. VIIBRYD should be taken with food. VIIBRYDblood concentrations (AUC)in the fasted
state can be decreased by approximately 50% compared to the fed state, and mayresult in diminished effectiveness in some patients {see Pharmacokinetics (1 2.3)].

2.2 Maintenance/Continuation/Extended Treatment

Theefficacy of VIIBRYD has not been systematically studied beyond 8 weeks.It is generally agreed that acute episodes of major depressive disorder require several
months or longer of sustained pharmacologic therapy. Patients should be reassessed periodically to determine the need for maintenance treatment and the appropriate
dose for treatment.

2.3 Dosing in Special Populations

Pregnant Women: Neonates exposed to serotonergic antidepressants late in the third trimester have developed complications requiring prolonged hospitalization,
respiratory support, and tube feeding. When treating pregnant women with VIIBRYD,consider whetherthe potential benefits outweigh the potential risks of treatment
[see Pregnancy (8.1)].

Nursing Mothers: There are no clinical data regarding the effect of VIIBRYDonlactation and nursing {see Nursing Mothers (8.3)]. Breastfeeding in womentreated
with VIIBRY D should be considered only if the potential benefit outweighs the potential risk.

Pediatric Patients: The safety and efficacy of VIIBRYDhavenot beenstudied in pediatric patients fsee Pediatric Use (8.4)].

Geriatric Patients: No dose adjustment is recommended on the basis of age [see Geriatric Use (8.5)].

Hepatic Impairment: No dose adjustment is recommendedin patients with mild or moderate hepatic impairment. VIIBRYDhas not beenstudied in severe hepatic
impairment {see Hepatic Impairment(8.6)].

Renal Impairment: No dose adjustment is recommendedin patients with mild, moderate, or severe renal impairment. [see Renal Impairment (8.7)).

Gender: No dose adjustment is recommendedon thebasis of gender {see Gender Effect (8.8)].

2.4 Discontinuing Treatment

Discontinuation symptoms have beenreported with discontinuation of serotonergic drugs such as VIIBRYD.Gradual dose reduction is recommended,instead of abrupt
discontinuation, whenever possible. Monitor patients for these symptoms when discontinuing VIIBRYD.If intolerable symptoms occurfollowing a dose decrease or
upondiscontinuation oftreatment, consider resumingthe previously prescribed dose and decreasing the dose at a more gradual rate {see Warnings andPrecautions
(3.6)].

2.5 Monoamine Oxidase Inhibitors (MAOD

At least 14 days must elapse between discontinuation of an MAOIandinitiation of therapy with VIIBRYD.In addition, at least 14 days must be allowedafter stopping
VIIBRYDbeforestarting an MAOI[see Contraindications (4.1)].
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3 DOSAGE FORMS AND STRENGTHS

VIIBRYDTablets are available as 10 mg, 20 mg and 40 mg immediate-release, film-coatedtablets.
10 mg pink, oval tablet, debossed with 10 on one side
20 mg orange, oval tablet, debossed with 20 on one side
40 mg blue, oval tablet, debossed with 40 on one side

4 CONTRAINDICATIONS

4.1 Monoamine Oxidase Inhibitors

VIIBRYD mustnot be used concomitantly in patients taking MAOIs orin patients who have taken MAOIs within the preceding 14 days dueto the risk ofserious,
sometimesfatal, drug interactions with serotonergic drugs. These interactions have been associated with symptoms that include tremor, myoclonus,diaphoresis, nausea,
vomiting, flushing, dizziness, hyperthermia with features resembling neuroleptic malignant syndrome,seizures,rigidity, autonomic instability with possible rapid
fluctuationsofvital signs, and mental status changesthat include extreme agitation progressing to delirium and coma. Allow at least 14 days after stopping VIIBRYD
before starting an MAOI [see Drug Interactions (7.1)].

5 WARNINGS AND PRECAUTIONS

3.1 Clinical Worsening and Suicide Risk
Patients with major depressive disorder (MDD),both adult and pediatric, may experience worsening of their depression and/or the emergenceof suicidal ideation and
behavior(suicidality) or unusual changes in behavior, whether or not they are taking antidepressant medications, and this risk maypersist until significant remission
occurs. Suicide is a knownrisk of depression and certain other psychiatric disorders, and these disorders themselves are the strongest predictors of suicide. There has
been a long-standing concern, however,that antidepressants may have a role in inducing worsening of depression and the emergenceofsuicidality in certain patients
during the early phases of treatment. Pooled analyses of short-term placebo-controlled studies of antidepressant drugs(selective serotonin reuptake inhibitors [SSRIs]
and others) showedthat these drugs increase the risk of suicidal thinking and behavior (suicidality) in children, adolescents, and young adults (ages 18-24) with MDD
and other psychiatric disorders. Short-term studies did not show an increasein the risk of suicidality with antidepressants compared to placeboin adults beyond age 24,
there was a reduction with antidepressants compared to placebo in adults aged 65 and older.

The pooled analyses of placebo-controlled studies in children and adolescents with MDD, obsessive compulsive disorder (OCD), or other psychiatric disorders included
a total of 24 short-term studies of9 antidepressant drugs in over 4,400 patients. The pooled analysesofplacebo-controlled studies in adults with MDDor other
psychiatric disorders included a total of 295 short-term studies (median duration of 2 months) of 11 antidepressant drugs in over 77,000 patients. There was
considerable variation in risk of suicidality among drugs, but a tendency toward an increase in the younger patients for almost al! drugs studied. There were differences
in absoluterisk of suicidality across the different indications, with the highest incidence in MDD.Therisk differences (drug vs. placebo), however, were relatively
stable within age strata and across indications. These risk differences (drug-placebo difference in the numberofcases ofsuicidality per 1000 patients treated) are
provided in Table 1.

Table 1

a

a

6 fewer cases

No suicides occurred in any of the pediatric studies. There were suicides in the adult studies, but the numberwas notsufficient to reach any conclusion about drug effecton suicide.

 

 
 

 
  

  

  

It is unknown whether the suicidality risk extends to longer-term use,i.e., beyond several months. However,there is substantial evidence from placebo-controlled
maintenance studies in adults with depressionthat the use of antidepressants can delay the recurrence of depression.

All patients being treated with antidepressants for any indication should be monitored appropriately and observed closely for clinical worsening, suicidality,
and unusualchanges in behavior, especially during the initial few monthsof a course of drug therapy, or at times of dose changes,either increases ordecreases.

The following symptoms, anxiety, agitation, panic attacks, insomnia,irritability, hostility, aggressiveness, impulsivity, akathisia (psychomotorrestlessness), hypomania,
and mania, have beenreported in adult and pediatric patients being treated with antidepressants for major depressive disorder as well as for other indications, both
psychiatric and nonpsychiatric. Althougha causallink between the emergence of such symptomsandeither the worsening of depression and/or the emergence of
suicidal impulses has not been established, there is concern that such symptoms mayrepresent precursors to emergingsuicidality.

Consideration should be given to changing the therapeutic regimen, including possibly discontinuing the medication, in patients whose depression is persistently worse,
or whoare experiencing emergent suicidality or symptomsthat might be precursors to worsening depression or suicidality, especially if these symptomsare severe,
abruptin onset, or were notpart ofthe patient's presenting symptoms.

If the decision has been made to discontinue treatment, medication should be tapered, as rapidly as is feasible, but with recognition that abrupt discontinuation can be
associated with certain symptoms [see Warnings and Precautions (5.6) and Dosage andAdministration (2.4)].

Families and caregivers ofpatients being treated with antidepressants for major depressive disorder or other indications, both psychiatric and nonpsychiatric, should be
alerted about the need to monitorpatients for the emergenceofagitation,irritability, unusual changes in behavior, and the other symptoms described above, as well as
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the emergenceof suicidality, and to report such symptoms immediately to healthcare providers. Such monitoring should include daily observation by families and
caregivers. Prescriptions for VIIBRYD should be written for the smallest quantity of tablets consistent with good patient management,in order to reduce therisk of
overdose [see also Patient Counseling Information (17.1)].

Screening patients for bipolar disorder
A major depressive episode maybetheinitial presentation of bipolar disorder. It is generally believed (though not established in controlled studies) that treating such an
episode with an antidepressant alone may increasethe likelihoodof precipitation of a mixed/manicepisodein patients at risk for bipolar disorder. Whether any of the
symptomsdescribed above represent such a conversion is unknown. However,priorto initiating treatment with an antidepressant, patients with depressive symptoms
should be adequately screened to determine ifthey are at risk for bipolar disorder; such screening should includea detailed psychiatric history, including a family
history of suicide, bipolar disorder, and depression.It should be noted that VIIBRYDis not approvedforuse in treating bipolar depression.

§.2 Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions
The developmentofa potentially life-threatening serotonin syndrome or Neuroleptic Malignant Syndrome (NMS)-like reactions has beenreported with antidepressants
alone, but particularly with concomitant use of serotonergic drugs (includingtriptans) with drugs that impair metabolism ofserotonin (including MAOIs), or with
antipsychotics or other dopamine antagonists. Symptomsof serotonin syndrome werenoted in 0.1% of patients treated with VIIBRYD.Serotonin syndrome symptoms
mayinclude mental status changes(e.g., agitation, hallucinations, coma), autonomicinstability (e.g., tachycardia, labile blood pressure, hyperthermia), neuromuscular
aberrations(e.g., hyperreflexia, incoordination) and/orgastrointestinal symptoms (¢.g., nausea, vomiting, diarrhea). Serotonin syndrome,in its most severe form can
resemble NMS,whichincludes hyperthermia, muscle rigidity, autonomic instability with possible rapid fluctuation ofvital signs, and mental status changes. Patients
should be monitored for the emergence of serotonin syndrome or NMS-like signs and symptoms.

The concomitant use of VIIBRYD with MAOIsintendedto treat depression is contraindicated. [see Contraindications (4.1)].

If concomitant treatment of VIEBRYD with a 5-hydroxytryptaminereceptor agonist (triptan) is clinically warranted, careful observation ofthe patient is advised,
particularly during treatmentinitiation and dose increases {see Drug Interactions (7.1)].

The concomitant use of VIIBRYD with serotonin precursors (such as tryptophan)is not recommended [see Drug Interactions (7.1)].

Treatment with VIIBRYDand any concomitant serotonergic (SSRI, serotonin—-norepinephrine reuptake inhibitor [SNRI], triptan, buspirone, tramadol, etc.) or
antidopaminergic drugs, including antipsychotics, should be discontinued immediately if the above events occur and supportive symptomatic treatment should be
initiated.

5.3 Seizures

VIIBRYDhas not been systematically evaluated in patients with a seizure disorder. Patients with a history of seizures were excluded from clinical studies. Like other
antidepressants, VIIBRYD should be prescribed with caution in patients with a seizure disorder.

5.4 AbnormalBleeding
The useof drugsthat interfere with serotonin reuptake inhibition, including VIIBRYD,mayincreasetherisk of bleeding events. Concomitant useofaspirin,
nonsteroidalanti-inflammatory drugs (NSAIDS), warfarin, and other anticoagulants mayaddto this risk. Case reports and epidemiological studies (case-control and
cohort design) have demonstrated an association betweenuse of drugs that interfere with serotonin reuptake and the occurrence of gastrointestinal bleeding. Bleeding
events related to SSRIs have ranged from ecchymosis, hematoma, epistaxis, and petechiaeto life-threatening hemorrhages.

Patients should be cautioned abouttherisk of bleeding associated with the concomitant use of VIIBRYD and NSAIDs, aspirin, or other drugs that affect coagulation or
bleeding.

5.5 Activation of Mania/Hypomania
Symptoms of mania/hypomania were reported in 0.1% of patients treated with VIIBRYDin clinical studies. Activation of mania/hypomaniahas also been reported in a
small proportion of patients with major affective disorder who were treated with other antidepressants. As with all antidepressants, use VIIBRYD cautiously
in patients with a history or family history ofbipolar disorder, mania, or hypomania.

5.6 Discontinuation of Treatment with VIIBRYD

There have been reports of adverse events occurring upon discontinuation of serotonergic antidepressants, particularly when discontinuation is abrupt, including the
following: dysphoric mood,irritability, agitation, dizziness, sensory disturbances (e.g., paresthesia, such as electric shock sensations), anxiety, confusion, headache,
lethargy, emotionallability, insomnia, hypomania,tinnitus, and seizures. While these events are generally self-limiting, there have been reports of serious
discontinuation symptoms.

Monitorpatients for these symptoms when discontinuing VIIBRYD. Reduce the dose gradually whenever possible.If intolerable symptoms occur following a decrease
in the dose or upon discontinuationof treatment, consider resuming the previously prescribed dose. Subsequently, the dose may be decreased, but at a more gradual rate
[see Dosage and Administration, (2.4)].

5.7 Hyponatremia
Although no cases of hyponatremia resulting from VIIBRYDtreatment were reported in the clinical studies, hyponatremia has occurred as a result of treatment with
SSRIs and SNRIs. In many cases, hyponatremia appears to be the result of the syndromeof inappropriate antidiuretic hormonesecretion (SIADH). Cases with serum
sodiumlower than] 10 mmol/L have been reported. Elderly patients may beat greater risk of developing hyponatremia with SSRIs. Also, patients taking diuretics or
whoare otherwise volume depleted canbeat greater risk. Discontinuation of VIIBRYDin patients with symptomatic hyponatremia and appropriate medical
intervention should be instituted. Signs and symptoms of hyponatremia include headache,difficulty concentrating, memory impairment, confusion, weakness, and
unsteadiness, which canlead to falls. Signs and symptomsassociated with more severe and/or acute cases have included hallucination, syncope, seizure, coma,
respiratory arrest, and death.

6 ADVERSE REACTIONS

6.1 Clinical Studies Experience
The most commonly observed adverse reactions in VIBRYD-treated MDDpatients in placebo-controlled studies (incidence > 5% andat least twice the rate of placebo)
were: diarrhea, nausea, vomiting, and insomnia.

Patient Exposure
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The safety of VIIBRYD was evaluated in 2,177 patients (18-70 years of age) diagnosed with MDD whoparticipated in clinical studies, representing 552 patient-years
of exposure. In an open-label 52 week study at 40 mg daily, 599 patients were exposed to VIIBRYDforatotal of 348 patient-years.

The information presented in these sections was derived from studies of VIIBRYD 40 mgdaily in major depressive disorder including: 1) 2 placebo-controlled 8-week
studies in 861 patients, including 436 receiving vilazodone; and 2) an open-label 52-week study of 599 patients. These studies includedatitration period of 10 mg daily
for 7 days followed by 20 mg daily for 7 days. In theseclinicaltrials, VIIBRYD was administered with food.

Becauseclinical trials are conducted under widely varying conditions and varying lengths of time, adverse reaction rates observedin the clinical trials of a drug cannot
be directly compared to rates in the clinical studies of another drug and maynotreflect rates observed in practice.

Adverse reactions reported as reasonsfor discontinuation of treatment
In the placebo-controlled studies of MDD there was nosingle adverse reaction leading to discontinuation in > 1% of the patients. Overall, 7.1% of the patients who
received VIIBRYDdiscontinued treatment due to an adverse reaction, compared with 3.2% of placebo-treated patients in these studies.

Common adversereactions in placebo-controlled MDDstudies
Table 2 showsthe incidence of commonadverse reactionsthat occurred in 2 2% of VIIBRYD-treated MDDpatients (and greater than in placebo-treated patients) in the
placebo-controlled studies.

Table 2: Common Adverse Reactions Occurring in >2% of VIIBRYD-treated Patients and > Placebo-treated Patients 
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Reproductive system and breast disorders

Delayed ejaculation* **

Erectile dysfunction* **

Metabolism and nutrition disorders
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* Includes restlessness, akathisia, and restless legs syndrome

**Includes orgasm abnormal and anorgasmia

*** Male patients only (Placebo n=182; VIIBRYD n=170)

Table 3: Sexual Adverse Reactions: Percentage in the Placebo-Controlled Studies

Preferred Term VIIBRYD Placebo VIIBRYD Placebo

N= 170 N= 182 N=266 N=251
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Sexual dysfunction
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Laboratory Tests
VIIBRYD hasnot been associated with any clinically important changes in laboratory test parameters in serum chemistry (including liver functiontests), hematology
and urinalysis, as measured in placebo-controlled studies. These studies include analysis of (1) mean changefrom baseline and(2) the proportion of patients meeting
criteria for potentially clinically significant changes from baseline. Results from a 52-week open-label study were consistent with the findings from the placebo-
controlled studies.

ECG

VIIBRYDhas not been associated withanyclinically significant effect on ECG parameters, including QT, QTc, PR and QRSintervals, or with any arrhythmogenic
potential. ECGs were evaluated in a thorough QTc study at doses up to 80 mg daily with food andin the placebo-controlled studies {see Pharmacodynamics(12.2)].

Vital Signs
VIIBRYDhas not been associated with anyclinically significant effect on vital signs, including systolic and diastolic blood pressure and heart rate, as measured in
placebo-controlled studies. These studies included analyses of (1) change from baseline, and (2) the proportion ofpatients meetingcriteria for potentially clinically
significant changes from baseline. Results from a 52-week open-label study were consistent with the findings from the placebo-controlled studies.

Weight
VIIBRYD had no effect on body weight as measured by the mean change from baseline in the 8-week, placebo-controlled studies. The mean changes in weight were
+0.16 kg inthe VIIBRYD group and +0.18 kg in the placebo group. The proportions ofpatients with a weight gain > 7% were 0.9% in the VIIBRYDgroup and 1.2%
in the placebo group. The proportions ofpatients with a weight decrease > 7% were 1.4% in the VIIBRYDgroup and 1.4% in the placebogroup.

Otheradverse reactions observed in clinical studies

The following listing does not include reactions: 1) alreadylisted in previous tables or elsewhere in labeling, 2) for which a drug cause was remote, 3) which were so
general as to be uninformative, 4) which were not consideredto havesignificant clinical implications, or 5) which occurredat a rate equalto or less than placebo.

Reactionsare categorized by body systemaccordingto the following definitions: frequent adverse reactions are those occurring in at least 1/100 patients; infrequent
adverse reactions are those occurring in 1/100 to 1/1000 patients; rare reactions are those occurring in fewer than 1/1000 patients:

Cardiac disorders: infrequent: ventricular extrasystoles

Eye disorders: frequent: vision blurred, dry eye; infrequent: cataracts

General disorders: infrequent: feeling abnormal

Metabolismand nutrition disorders: frequent: decreased appetite

Nervous System: frequent: sedation, migraine; infrequent: dysgeusia

Psychiatric disorders: infrequent: panic attack, mania

Renal and Urinary disorder: infrequent: pollakiuria

Skin and subcutaneoustissue disorders: frequent: hyperhidrosis, night sweats

7 DRUG INTERACTIONS

71 Central Nervous System (CNS)-Active Agents
Therisk of using VIIBRYD in combination with other CNS-active drugs has not been systematically evaluated. Consequently, use caution when VIIBRYDis
prescribed in combination with other CNS-active drugs.
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Monoamine Oxidase Inhibitors (MAOD
Adverse reactions, some of whichare serious orfatal, can develop in patients who use MAOIs or whohaverecently been discontinued from a MAOIandstarted on
antidepressant(s) with pharmacological properties similar to VIIBRYD(e.g. SSRIs), or who have recently had SSRI therapy discontinued priorto initiation of an
MAOI. Donotprescribe VIIBRYD concomitantly with an MAOIor within 14 days of discontinuing or starting an MAOI [see Contraindications (4.1)].

Serotonergic Drugs
Based on the mechanism ofaction of VIIBRYDandthe potential for serotonin toxicity, also knownas serotonin syndrome, caution is advised when VIIBRYDis
coadministered with other drugs that mayaffect the serotonergic neurotransmitter systems(e.g., MAOI, SSRIs, SNRIs, triptans, buspirone, tramadol, and tryptophan
products etc.) {see Warnings and Precautions (5.2)].

72 Drugsthat Interfere with Hemostasis (e.g., NSAIDs, Aspirin, and Warfarin)
Serotoninrelease by platelets plays an important role in hemostasis. Epidemiological studies of case-control and cohort design have demonstrated an association
between use of psychotropic drugsthat interfere with serotonin reuptake and the occurrence of uppergastrointestinal bleeding. These studies have also shownthat
concurrent use of an NSAID oraspirin may potentiate this risk of bleeding. Altered anticoagulant effects, including increased bleeding, have been reported when SSRIs
and SNRIs are coadministered with warfarin. Patients receiving warfarin therapy should be carefully monitored when VIIBRYDisinitiated or discontinued {see
Abnormal Bleeding (5.4)].

7.3 Potential for Other Drugs to Affect Vilazodone

Figure 1. Impactofother drugs on Vilazodone PK

Change due to PK. Fold Change and 90%CI Reconmme ndation

Ethanok: Cmax Nodose adjustment
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Ketoconazole Cmax eH Maximum dose: 20 mg
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Proton Pump Inhibitors:
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AUC hal

0.50 100 1.50 2.00

Changerelative to reference

Inhibitors of CYP3A4

Metabolism by CY P3A4is a major elimination pathway for vilazodone. Concomitant use of VIIBRYDandstronginhibitors of CYP3A4(e.g., ketoconazole) can
increase vilazodone plasma concentrations by approximately 50% (see Figure 1). The VIIBRYD dose should be reduced to 20 mgif co-administered with a strong
inhibitor of CYP3A4. During co-administration with moderate inhibitors of CYP3A4(e.g., erythromycin), the VIIBRYD dose should be reduced to 20 mg for patients
withintolerable adverse events. No dose adjustment is recommended when VIIBRYDis co-administered with mild inhibitors of CYP3A4(e.g., cimetidine).

Inducers of CYP3A4

Concomitant use of VIIBRYD with inducers of CYP3A4has the potential to reduce vilazodone systemic exposure. However, the effect of CYP3A4 inducers on
vilazodone plasma concentrations has not been evaluated.

Inhibitors of other CYP enzymes
Concomitant administration of VIIBRYD with inhibitors of CYP2C19 and CYP2D6is not expected to alter plasma concentrations of vilazodone. These isoforms are
minor elimination pathways in the metabolism of vilazodone. Jn vitro studies have shown that CYP1A2, CYP2A6, CYP2C9 and CYP2E1 have minimalcontribution to
the metabolismof vilazodone.

7.4 Potential for Vilazodone to Affect Other Drugs

Drugs metabolized by CYP1A2, CYP2C9, CYP2D6, CYP3A4 or CYP2C19.
Coadministratton of VIIBRYD with substrates for CYP1A2, CYP2C9, CYP3A4, or CYP2D6is unlikely to result in clinically significant changes in the concentrations
of the CYP substrates. A study in healthy subjects found that VIIBRYD (20 mg/dayfor 8-10 days) had noeffect on the pharmacokinetics of caffeine, flurbiprofen,
nifedipine or debrisoquine, probes for CYP1A2, CYP2C9, CYP3A4, and CYP2D6,respectively. VIIBRYD coadministration with mephenytoin to healthy subjects
resulted in a small (11%) increase in mephenytoin biotransformation, suggestive of a minor induction of CYP2C19.Jn vitro studies have shown that VIIBRYDis a
moderate inhibitor of CYP2C19 and CYP2D6.

Drugs metabolized by CYP2C8 :
Coadministration of VIBRYD with a CYP2C8substrate may lead to an increase in concentration of the other drug. /n vitro studies suggest that VIIBRYD mayinhibit
the biotransformation of substrates of CYP2C8. Theeffect of VIIBRYD on CYP2C8activity has not been tested in vivo.

Induction of CYP isoforms

VIIBRYDdid not induce CYP1A1, 1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, 3A4 or 3A5in an in vitro study in cultured human hepatocytes. Chronic administration of
vilazodoneis unlikely to induce the metabolism of drugs metabolized by these major CYP isoforms.

75 Drugs Highly Boundto Plasma Protein
Theinteraction between vilazodone and other highly protein-bound drugs has not been evaluated. Because vilazodoncis highly bound to plasmaprotein, administration
of VIIBRYDto a patient taking another drug that is highly protein bound may cause increased free concentrations of the other drug.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Teratogenic Effects
Pregnancy Category C
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Vilazodone caused some developmentaltoxicity in rats, but was not teratogenic in rats or rabbits. There are no adequate and well-controlled studies of VIIBRYD in
pregnant women. Whentreating pregnant women with VIIBRYD, carefully consider whetherthe potential benefits outweigh the potential risks of treatment.

Noteratogenic effects were observed whenvilazodone was given to pregnant rats or rabbits during the period of organogenesis at oral doses up to 200 and 36
mg/kg/day, respectively. These doses are 48 and 17 times, in rats and rabbits, respectively, the maximum recommended human dose (MRHD)of 40 mg on a mg/m?
basis. Fetal body weight gain was reduced, and skeletal ossification was delayed in both rats and rabbits at these doses; these effects were not observed at doses up to 10
times the MRHDinrats or 4 times the MRHD inrabbits.

Whenvilazodone was administered to pregnant rats at an oral dose of 30 times the MRHDduring the period of organogenesis and throughout pregnancy andlactation,
the numberof live born pups was decreased. There was an increase in early postnatal pup mortality, and among surviving pups there was decreased body weight,
delayed maturation, and decreasedfertility in adulthood. There was some maternaltoxicity at this dose. These effects were not seen at 6 times the MRHD.

Nonteratogenic Effects
Neonates exposedto serotonergic antidepressants late in the third trimester have developed complications requiring prolonged hospitalization, respiratory support, and
tube feeding. Such complications can arise immediately upon delivery. Reported clinical findings have included respiratory distress, cyanosis, apnea, seizures,
temperature instability, feeding difficulty, vomiting, hypoglycemia, hypotonia, hypertonia, hyperreflexia, tremor,jitteriness, irritability, and constant crying. These
features are consistent with either a direct toxic effect of serotonergic antidepressants or, possibly, a drug discontinuation syndrome. It should be noted that, in some
cases, the clinical picture is consistent with serotonin syndrome [see Warnings and Precautions (5. 2)].

8.2 Labor and Delivery
The effect of VIIBRYDonlaborand delivery in humansis unknown. VIIBRYDshould be used during laboranddelivery only if the potential benefit outweighs the
potentialrisk.

8.3 Nursing Mothers
Vilazodoneis excreted into the milk oflactating rats. The effect of VIIBRYD onlactation and nursing in humans is unknown. Breast feeding in womentreated with
VIHBRYDshould be considered only if the potential benefit outweighs the potential risk to the child.

8.4 Pediatric Use

Clinical studies on the use of VIIBRYDinpediatric patients have not been conducted; therefore, the safety and effectiveness of VIIBRYDin the pediatric population
have not beenestablished. VIIBRYDis not approvedfor use in pediatric patients [see Box Warning and Warnings and Precautions (5.1)].

8.5 Geriatric Use

No dose adjustment is recommendedonthe basis of age (see Figure 2). Results from a single-dose (20 mg) pharmacokinetic study in elderly (> 65 years-old) vs. young
(24-55 years-old) subjects demonstrated that the pharmacokinetics were generally similar between the two age groups.

Ofthe 2177 patients in clinical studies with VIIBR YD, 37 (1.7%) were 65 years of age or older, and 272 (12.5%) were 55 to 64 years of age.

Greatersensitivity of some older individuals cannot be ruled out {see Dosage andAdministration (2.3)].

Serotonergic antidepressants have been associated with casesof clinically significant hyponatremia in elderly patients, who maybe at greater risk for this adverse event
[see Warnings and Precautions (5.7)].

8.6 Hepatic Impairment
Vilazodoneis eliminated primarily by hepatic metabolism. In mild and moderate hepatic impairment, no dose adjustment is necessary (see Figure 2). VIIBRYD has not
beenstudiedin patients with severe hepatic impairment [see Dosage and Administration(2.3)].

8.7 Renal Impairment
In mild, moderate, and severe renal impairment, no dose adjustment is necessary (see Figure 2 below) [see Dosage andAdministration (2.3)].

8.8 GenderEffect

After adjustment for body weight, the systemic exposures between males and femalesare similar (see Figure 2).
Figure 2. Impactof Intrinsic Factors on Vilazod one PK
Population Description PK Fold Change and 90%CI_ =.Recommendation
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>6S years Cmax No dose adjustmentAUC
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Females Crmax No dose adjustmentAUC
Renal Impairment:
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Hepatic Impairment:
Mid Crrax No dose adjustmentAUC
Moderate Cmax No dose adjustmentAUC
Severe Cmax Not studied
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9 DRUG ABUSE AND DEPENDENCE

91 Controlled Substance
VIIBRYDis not a controlled substance.

9.2 Abuse and Dependence
VIIBRYDhas been systematically studied in animals and did not demonstrate abuse or dependencepotential. While VIIBRYDhas not been systematically studied in
humansforits potential for abuse, there was no suggested evidence of drug-seeking behaviorin the clinical studies. However,it is not possible to predict on the basis of
clinical experience the extent to which a CNSactive drug will be misused, diverted, and/or abused once marketed. Consequently, physicians should carefully evaluate
patients for a history of drug abuse and follow such patients closely, observing them for signs of misuse or abuse of VIIBRYD(e.g., developmentoftolerance, drug-
seeking behavior, increases in dose).

10 OVERDOSAGE

10.1 Human Experience
There is limited clinical experience regarding human overdosage with VIIBRYD.Fourpatients and 1 patient’s child experienced an overdose of VIIBRYD,;all
recovered. The adverse reactions associated with overdose of VIIBRYDat doses of 200-280 mgas observedin clinical trials included serotonin syndrome,lethargy,
restlessness, hallucinations, and disorientation.

10.2 Management of Overdose

Consult a Certified Poison Control Center for up-to-date guidance and advice. Telephone numbers forcertified poison contro! centers are listed in the Physicians’ Desk
Reference® (PDR). Nospecific antidotes for vilazodone are known.In case of an overdose, provide supportive care, including close medical supervision and
monitoring. Treatment should consist of those general measures employed in the management of overdosage with any drug. Considerthe possibility of multiple drug
overdose. Ensure an adequate airway, oxygenation, and ventilation. Monitor cardiac rhythm andvital signs. General supportive and symptomatic measures are also
recommended. Gastric lavage with a large-bore orogastric tube with appropriate airway protection, if needed, may be considered. Removalof vilazodoneby dialysis has
not been studied; however, the high volumeofdistribution of vilazodone suggests that dialysis will not be effective in reducing vilazodone plasma concentrations.

11 DESCRIPTION

VIIBRYDTablets for oral administration contain polymorph Form IV vilazodone hydrochloride (HCI), a selective serotonin reuptake inhibitor and a 5HT,4 receptor
partial agonist.

Vilazodone HCIis 2-benzofurancarboxamide, 5-[4-[4-(5-cyano- LH-indol-3-yl)butyl]- 1-piperazinyl]-, hydrochloride (1:1). Its molecular weight is 477.99. The
structural formula is:

| ~

“QurmOGNel “

E

In additionto the active ingredient, VIIBRYD Tablets contain lactose monohydrate, microcrystalline cellulose, magnesium stearate, colloidal silicon dioxide, polyvinyl
alcohol, titanium dioxide, polyethylene glycol, talc, FD&C Blue #1 (40 mg only), FD&C Yellow #6 (20 mg only) and FD&C Red #40 (10 mg only).

 

12 CLINICAL PHARMACOLOGY

12.1 Mechanism ofaction

The mechanismofthe antidepressanteffect of vilazodoneis not fully understood but is thoughtto be related to its enhancement ofserotonergic activity in the CNS
through selective inhibition of serotonin reuptake. Vilazodoneis also a partial agonist at serotonergic 5-HT, receptors; however,the net result of this action on
serotonergic transmission andits role in vilazodone’s antidepressant effect are unknown.

12.2 Pharmacodynamics
Vilazodone binds with highaffinity to the serotonin reuptake site (Ki= 0.1 nM), but not to the norepinephrine (Ki=56 nM) or dopamine (Ki=37 nM) reuptakesites.
Vilazodone potently and selectively inhibits reuptake of serotonin (ICso= 1.6 nM). Vilazodonealso bindsselectively with high affinity to 5-HT),4 receptors (ICso=2.1
nM) andis a 5-HTj, receptorpartial agonist.

Thorough QT Study: Treatment with VIIBRYD did not prolong the QTcinterval. The effect of vilazodone (20, 40, 60, and 80 mg) on the QTc interval was evaluated in
a randomized, placebo-, and active-controlled (moxifloxacin 400 mg), parallel-group, thorough QTcstudy in 157 healthy subjects. The study demonstrated an ability to
detect small effects. The upper bound of the 90% confidence interval for the largest placebo-adjusted, baseline-corrected QTc interval was below 10 msec, based on the
individual correction method (QTcI). This is below the threshold for clinical concern. However,it is unknown whether 80 mgis adequate to representa high clinical
exposure condition.

12.3 Pharmacokinetics

Vilazodoneactivity is due primarily to the parent drug. The pharmacokinetics of vilazodone (5 mg — 80 mg)are dose-proportional. Accumulation of vilazodoneis
predictable fromsingle dose data, does not vary with dose, and steady-state is achieved in about 3 days. Elimination of vilazodone is primarily by hepatic metabolism
with a terminalhalf-life of approximately 25 hours. At steady-state, after daily dosing of VIIBRYD 40 mg underfed conditions, the mean C,,,, value is 156 ng/mL, and
the mean AUC (0.24 hous) Value is 1645 ng-h/mL.

Absorption
Vilazodone concentrations peak at a median of 4-5 hours (Tyax) after administration and decline with a terminalhalf-life of approximately 25 hours. The absolute
bioavailability of vilazodone is 72% with food. Administration of VIBRYD with food (high fat or light meal) increases oral bioavailability (Cmax increased by
approximately 147-160%, and AUCincreased by approximately 64-85%).
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Coadministration of VIIBRYD with ethanol or with a proton pumpinhibitor (pantoprazole) did not affect the rate or extent of vilazodone absorption [see Drug
Interactions (7.3, Figure 1)]. In addition, neither the Tmax nor terminal elimination rate of vilazodone was altered by coadministration with either pantoprazole or
ethanol.

Absorptionis decreased by approximately 25% if vomiting occurs within 7 hours of ingestion; no replacement dose is needed.

Distribution

Vilazodone is widely distributed and approximately 96-99% protein-bound

Metabolism and Elimination

VIIBRYDis extensively metabolized through CYP and non-CYP pathways (possibly by carboxylesterase), with only 1% of the dose recoveredin the urine and 2% of
the dose recovered in the feces as unchanged vilazodone. CYP3A4is primarily responsible for its metabolism among CYP pathways, with minorcontributions from
CYP2C19 and CYP2D6. in vitro studies with human microsomes and human hepatocytes indicate that vilazodone is unlikely to inhibit or induce the metabolism of
other CYP (except for CYP2C8) substrates; and an in vivo study with probe substrates for CYP2C19, 2D6 and 3A4 showedvilazodonedid notalter the
pharmacokinetics of the probe substrates. However, an in vivo study with probe substrate for CYP2C19 demonstrated a minor induction of CYP2C19. Stronginhibitors
of CYP3A4(e.g., ketoconazole) can reduce the metabolism of vilazodone in vivo and increase exposure. Conversely, inducers of CYP3A4 can decrease vilazodone
exposure [see Drug Interactions (7.3)].

The presence of mild or moderate renal impairment, or mild or moderate hepatic impairment did not affect the apparent clearance of vilazodone.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, ImpairmentofFertility

Carcinogenesis
Carcinogenicity studies were conducted in which B6C3F | mice and Wistar rats were given oral doses of vilazodone up to 135 and 150 mg/kg/day, respectively, for 2
years. These doses are approximately 16.5 and 36 times the maximum recommended human dose (MRHD)of40 mg,respectively, on a mg/m?basis.

In mice, the incidence ofhepatocellular carcinomas wasincreased in males at 16.5 times the MRHD,;this finding was not observed at 5.5 times the MRHD. The
incidence of malignant mammary gland tumors was numerically increased in females at 5.5 and 16.5 times the MRHD,with statistical significance at 16.5 the MHRD;
this finding was not observed at 1.8 times the MRHD.Elevated prolactin levels were observed in a 2-week study of vilazodone administered at 5.5 and 33 times the
MRHD.Increasesin prolactin levels are known to cause mammary tumors in rodents.

In the rat study, vilazodone was not carcinogenic in either sex at doses up to 36 times the MRHD.

Mutagenesis
Vilazodone was not mutagenic in the in vitro bacterial reverse mutation assay (Amestest). Vilazodone was negative in the in vitro V79/HGRPT mammalian cell
forward mutation assay. Vilazodone was clastogenic in two in vitro mammalian cell chromosomeaberration assays. However, vilazodone was negative for clastogenic
activity in both anin vivo rat bone marrow chromosomeaberration assay and a micronucleus test. Vilazodone was also negative in an in vivo/in vitro unscheduled DNA
synthesis assay inrats.

Impairmentof Fertility
Treatmentof rats with vilazodoneat a dose of 125 mg/kg, whichis 30 times the maximum recommended human dose (MRHD)of40 mg on a mg/m’basis, caused
impairmentof malefertility with no effect on female fertility. Impaired male fertility was not observed at 6 times the MRHD.

14 CLINICAL STUDIES :

The efficacy of VIIBRYDas atreatment for major depressive disorder was established in two 8-week, multicenter, randomized, double-blind, placebo-controlled
studies in adult (18-70 years of age) outpatients who metthe Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR)criteria for MDD.In these studies,
patients were titrated over 2 weeks to a dose of 40 mg of VIIBRYD with food (n=436) or placebo (n = 433) once daily. VIIBRYD wassuperiorto placeboin the
improvementof depressive symptoms as measured by the mean change from baseline to Week8 in the Montgomery-Asberg Depression Rating Scale (MADRS) total
score. Examination of population subgroups based on age (there were few patients over 65), gender, and race did not reveal any clear evidenceofdifferential
responsiveness.

Table 4. Summary of Results for the Primary Efficacy Endpoint

Study Number Primary Endpoint|LS Mean (95% CI)*
difference from placebo
in change from baseline

3.2 (5.2, -1.3

MADRS 2.5 (-4.4, -0.6)
“Least Squares Mean (95% ConfidenceInterval)

 
   

 
  

 
   

16 HOW SUPPLIED/STORAGE AND HANDLING

16.1 How Supplied
VIIBRY D (vilazodone HCI) Tablets are supplied in the following configurations:
10 mg,pink, oval tablet, debossed with 10 on one side

75838-1 10-30: 30-count bottles
75838-110-90: 90-count bottles
75838- 110-52: 500-count bottles

75838-110-12: 10 blisters cards each containing 10 tablets (HUD)

20 mg,orange, oval tablet, debossed with 20 on one side
75838-120-30: 30-count bottles
75838-120-90: 90-count bottles
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75838-120-52: 500-count bottles

75838-120-12: 10 blisters cards each containing 10 tablets (HUD)

40 mg,blue, oval tablet, debossed with 40 on oneside
75838- 140-30: 30-count bottles
75838-140-90: 90-countbottles
75838-140-52: 500-count bottles

75838- 140-12: 10 blisters cards each containing 10 tablets (HUD)

Patient Starter Kit

75838-179-30: blister card containing 30 tablets:
10 mg,pink, oval, debossed with 10 on oneside: 7 tablets
20 mg, orange, oval, debossed with 20 on oneside: 7 tablets
40 mg, blue, oval, debossed with 40 on oneside: 16 tablets

16.2 Storage
VIIBRYD(vilazodone HCI) Tablets should be stored at 25°C (77°F) with excursions permitted to 15°C - 30°C (59°F - 86°F) [see USP Controlled Room Temperature}.

17 PATIENT COUNSELING INFORMATION

See Medication Guide (17.2).

17.1 Information for Patients

Advise patients and their caregivers about the benefits and risks associated with treatment with VIIBRYD and counsel them in its appropriate use. Advise patients and
their caregivers to read the Medication Guide and assist them in understandingits contents. The complete text of the Medication Guide is reprinted at the end of this
document.

Suicide Risk

Advise patients and caregivers to look for the emergence ofsuicidality, especially early during treatment and when the dose is adjusted up or down[see Box Warning
and Warnings and Precautions (5.1)].

Dosing and Administration
Instruct patients to take VIIBRYDwith food. Wheninitiating treatment with VIIBRYDthe dose should betitrated, starting with a dose of 10 mg oncedaily for 7 days,
followed by 20 mg oncedaily for an additional 7 days, and then increased to 40 mg oncedaily.

Concomitant Medication

Instruct patients not to take VIIBRYD with an MAOIor within 14 days of stopping an MAOIandto allow 14 days after stopping VIIBRYDbefore starting an MAOI
[see Contraindications (4.1)].

Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions
Cautionpatients about the risk of serotonin syndrome or Neuroleptic Malignant Syndrome (NMS)-like reactions, particularly with the concomitant use of VIIBRYD
andtriptans, tramadol, tryptophan supplements, other serotonergic agents, or antipsychotic drugs [see Warnings and Precautions (5.2) and Drug Interactions (7.1)}.

Seizures

Cautionpatients about using VIIBRYDifthey haveahistory ofa seizure disorder [see Warnings and Precautions (5.3)]. Patients with a history of seizures were
excluded from clinical studies.

AbnormalBleeding
Cautionpatients about the concomitant use of VIIBRYD and NSAIDs,aspirin, warfarin, or other drugs that affect coagulation since combined use of psychotropic
drugsthat interfere with serotonin reuptake and these agents has been associated with an increased risk of abnormalbleeding [see Warnings and Precautions (5.4)].

Activation of Mania/Hypomania
Advise patients and their caregivers to observe for signs of activation of mania/hypomania [see Warnings and Precautions (5.5)}.

Discontinuation

Advise patients not to stop taking VIIBRYD without talkingfirst with their healthcare provider. Patients should be aware that discontinuation effects may occur when
suddenly stopping VIIBRYD [see Warnings and Precautions (5.6)].

Hyponatremia
Advisepatients that if they are treated with diuretics, or are otherwise volume depleted, or are elderly, they maybe at greater risk of developing hyponatremia while
taking VIIBRYD {see Warnings and Precautions (5.7)}.

Alcohol

Advise patients to avoid alcohol while taking VIIBRYD[see Drug Interactions (7.3)].

Allergic Reactions
Advise patients to notify their healthcare provider if they develop an allergic reaction such as rash, hives, swelling, or difficulty breathing.

Pregnancy
Advise patients to notify their healthcare providerif they become pregnantor intend to become pregnant during therapy with VIIBRYD[see Use in Specific
Populations (8.!)].

Nursing Mothers
Advisepatients to notify their healthcare provider if they are breastfeeding an infant and would like to continue or start VIIBRYD [see Use in Specific Populations
(8.3).

Interference with Cognitive and Motor Performance
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Cautionpatients about operating hazardous machinery, including automobiles, until they are reasonably certain that VIIBRYD therapy doesnot adversely affect their
ability to engage in such activities.

TROVIS

Distributed by
Trovis Pharmaceuticals LLC
New Haven, CT 06511

877-878-7200

viilbryd.com

Licensed from Merck KGaA,
Darmstadt, Germany

Product protected by U.S. Patent No. 5,532,241 and U.S. Patent No. 7,834,020.

VZS5S9P10000

Revised: January 2010

VIIBRYD"is a trademark of Trovis Pharmaceuticals LLC.
© 2011 Trovis Pharmaceuticals LLC.
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Wa DEPARTMENTOF HEALTH AND HUMANSERVICESotMEAT

Food and Drug Administration
Silver Spring MD 20993

NDA 022567

NDA APPROVAL

Trovis Pharmaceuticals LLC

Attention: Kimberly Fabrizio
Vice President, Regulatory Affairs
Five Science Park

New Haven, CT 06511 |

Dear Ms. Fabrizio:

Please refer to your New Drug Application (NDA)dated March 22, 2010, received March 22,
2010, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act (FDCA)for
Viibryd (vilazodone hydrochloride) 10 mg, 20 mg, and 40 mgtablets.

We acknowledgereceipt of your amendments dated May 4, 2010, May 7, 2010, May 18, 2010,
May 19, 2010, May 25, 2010, June 3, 2010, June 8, 2010, June 30, 2010, August 4, 2010, August
19, 2010, August 23, 2010, August 31, 2010, September 27, 2010, November4, 2010, November
18, 2010, November 30, 2010, December 3, 2010, December 13, 2010, December 15, 2010,
December 23, 2010, December 29, 2010, January 4, 2011, January 6, 2011, January 7, 2011,
January 11, 2011, and January 13, 2011.

This new drug application provides for the use of Viibryd (vilazodone hydrochloride) for the
treatment of Major Depressive Disorder.

Wehave completed our review of this application, as amended. It is approved, effective on the
date ofthis letter, for use as recommendedin the enclosed agreed-upon labeling text.

Werequest that the labeling approved today be available on your website within 10 days of
receipt ofthis letter.

CONTENT OF LABELING

As soon as possible, but no later than 14 days from the date ofthis letter, submit, via the FDA
automated drugregistration andlisting system (eLIST), the content of labeling
[21 CFR 314.50(1)] in structured product labeling (SPL) format, as described at
http://www.fda.gov/ForlIndustry/DataStandards/StructuredProductLabeling/default.htm, that is
identical to the enclosed labeling. Information on submitting SPL files using eLIST may be
found in the guidance for industry titled “SPL Standard for Content of Labeling Technical Qs
and As”at
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http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U

CM072392_ pdf.
The SPL will be accessible via publicly available labeling repositories.

  

CARTON AND IMMEDIATE CONTAINER LABELS

Submit final printed carton and container labels that are identical to the carton and immediate
container labels as agreed upon in our January 14, 2011 communication as soon asthey are
available, but no more than 30 daysafter they are printed. Please submit these labels
electronically according to the guidance forindustry titled “Providing Regulatory Submissionsin
Electronic Format — Human Pharmaceutical Product Applications and Related Submissions
Using the eCTD Specifications (June 2008).” Alternatively, you may submit 12 paper copies,
with 6 of the copies individually mounted on heavy-weight paperor similar material. For
administrative purposes, designate this submission “Final Printed Carton and Container
Labels for approved NDA 22567.” Approval of this submission by FDAis not required before
the labeling is used.

Marketing the product with FPL that is not identical to the approved labeling text may render the
product misbranded and an unapproved new drug.

ADVISORY COMMITTEE

Yourapplication for vilazodone wasnot referred to an FDA advisory committee becausethis
drug is not thefirst in its class, and the safety profile is similar to that of other drugs approved for
this indication.

PROPRIETARY NAME

The Division of Medication Error and Prevention and Analysis (DMEPA)and the Division of
Psychiatry Products do not object to the use of the proprietary name, Viibryd, for this product.

REQUIRED PEDIATRIC ASSESSMENTS

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of
administration are required to contain an assessmentof the safety and effectiveness of the
productfor the claimed indication(s) in pediatric patients unless this requirement ts waived,
deferred, or inapplicable.

Weare waiving the pediatric study requirement for ages 0 to 6 yearsold in the treatment of
major depressive disorder, because studies are highly impractical due to the low prevalence of
this disorderin this age range.

Reference ID: 2894777
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Weare deferring submission of your pediatric studies for ages 7 to 17 years old in the treatment
of major depressive disorder, because this product is ready for approval for use in adults andthe
pediatric studies have not been completed.

Yourdeferred pediatric studies required under section 505B(a) of the Federal Food, Drug, and
Cosmetic Act are required postmarketing studies. The status of these postmarketing studies must
be reported annually according to 21 CFR 314.81 and section 505B(a)(3)(B) of the FDCA. These
required studiesare listed below.

1723-1 Deferred pediatric study under PREA forthe treatment of major depressive
disorderin pediatric patients aged 7 to 17. Conduct a study to obtain
pharmacokinetic, safety, and tolerability data and provide information pertinent to
dosing of vilazodonein the relevant pediatric population.

Final Protocol Submission Date: January 31, 2012
Study Completion Date: February 28, 2013
Final Report Submission: January 31, 2016

1723-2 Deferred pediatric study under PREA forthe treatment of major depressive
disorder in pediatric patients aged 7 to 17. Conduct a study to obtain data on the
efficacy and safety of vilazodonein the relevant pediatric population. This must
be a placebo-controlled and active-controlled (fluoxetine) study. This study must
be a fixed-dose study.

Final Protocol Submission Date: May31, 2013
Study Completion Date: July 31, 2015
Final Report Submission: January 31, 2016

1723-3 Deferred pediatric study under PREAforthe treatment of major depressive
disorder in pediatric patients aged 7 to 17. Conduct a second study to obtain data
on theefficacy and safety of vilazpdonein the relevant pediatric population. This
must be a placebo-controlled and active-controlled (fluoxetine) study. This study
may be a fixed-dose study.

Final Protocol Submission Date: May31, 2013
Study Completion Date: July 31, 2015
Final Report Submission: January 31, 2016

1723-4 To support the use of vilazodone in children less than 13 years of age, you must
conduct a study to assess the safety of vilazodonein juvenile rats. This study must
include evaluation of neurological/behavioral development and reproductive
development. You should submit the protocol for our commentspriorto initiating
the study.

Final Protocol Submission Date: January 30, 2012
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Study Completion Date: January 30, 2014
Final Report Submission: January 30, 2015

Submitfinal reports to this NDA.For administrative purposes,all submissionsrelated to this
required pediatric postmarketing study must be clearly designated “Required Pediatric
Assessment(s).”

POSTMARKETING REQUIREMENTS UNDER505(0)

Section 505(0)(3) of the FDCA authorizes FDAto require holders of approved drug and
biological product applications to conduct postmarketing studies andclinical trials for certain
purposes, if FDA makescertain findings required by thestatute.

The major human metabolite of vilazodone, M17, was not demonstrated to be present in plasma
of either rats or rabbits. Therefore the embryo-fetal reproductive toxicity studies with vilazodone
did not adequately assess the potential reproductive toxicity of M17.

Wehavedeterminedthat an analysis of spontaneous postmarketing adverse events reported
under subsection 505(k)(1) of the FDCA will not be sufficient to assess the reproductive toxicity
of the major human metabolite M17.

Furthermore, the new pharmacovigilance system that FDA is required to establish undersection
505(k)(3) of the FDCAis not yet sufficient to assess this serious risk.

Therefore, based on appropriate scientific data, FDA has determined that you are required to
conduct the following:

1723-5 Assess the reproductive toxicity of metabolite M17 by conducting an embryo-
fetal study in either rats or rabbits in which M17 is administered by a route that
will produce systemic exposure equal to or greater than the exposure in humansat
the maximum recommended human dose (MRHD).

The timetable, as agreed upon on a January 19, 2011 communication, states that you will conduct
this study according to the following schedule:

Final Protocol Submission Date: Not applicable
Study Completion Date: November30, 2012
Final Report Submission: January 31, 2013

1723-6 Assess the reproductive toxicity of metabolite M17 by demonstrating that the
original rabbit study was adequate to assess the embryo-fetal toxicity of M17.
This will require data demonstrating that the systemic exposure to M17 in rabbits
in that study was equal to or greater than that in humansat the MRHD.

The timetable, as agreed upon on a January 19, 2011 communication, states that you will conduct
this study according to the following schedule:
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Final Protocol Submission Date: Not applicable
Study Completion Date: November30, 2012
Final Report Submission: January 31, 2013

If you are able to address postmarketing study 1723-6 adequately through analyses of existing
data, FDA mayrelease you from postmarketing study 1723-5.

Submit the protocol to your IND 54613, with a cross-referenceletter to this NDA. Submitall
final report(s) to your NDA. Prominently identify the submission with the following wording in
bold capital letters at the top of the first page of the submission, as appropriate: “Required
Postmarketing Protocol Under 505(0),” “Required Postmarketing Final Report Under
505(0),” “Required Postmarketing Correspondence Under 505(0).”

Section 505(0)(3)(E)(ii) of the FDCA requires youto report periodically on the status of any
study or clinical trial required underthis section. This section also requires you to periodically
report to FDA on thestatus of any study orclinical trial otherwise undertaken to investigate a
safety issue. Section 506B of the FDCA,as well as 21 CFR 314.81(b)(2)(vii), requires you to
report annually on thestatus of any postmarketing commitments or required studiesor clinical
trials.

FDAwill consider the submission of your annual report under section 506B and 21 CFR
314.81(b)(2)(vii) to satisfy the periodic reporting requirement under section 505(0)(3)(E)(ii)
provided that you include the elementslisted in S05(o) and 21 CFR 314.81(b)(2)(vii). We
remind you that to comply with 505(0), your annual report must also include a report on the
status of any study orclinical trial otherwise undertaken to investigate a safety issue. Failure to
submit an annualreport for studies or clinical trials required under 505(0) on the date required
will be considered a violation of FDCAsection 505(0)(3)(E)(4i) and could result in enforcement
action.

POSTMARKETING COMMITMENTS SUBJECT TO REPORTING REQUIREMENTS
UNDER SECTION 506B

Weremind you of your postmarketing commitments agreed upon in your communications dated
January 19, 2011:

1723-7 A controlled trial to evaluate the longer-term (i.e., maintenance)efficacy of
vilazodonein the treatment of adults with major depressive disorder. This tral
must be placebo-controlled, utilize a randomized withdrawal design, and include
an adequate period ofstabilization with open-label treatment of vilazodone prior
to double-blind randomization.

Final Protocol Submission: September 30, 2011
Trial Completion Date: January 31, 2015
Final Report Submission: January 31, 2016
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1723-8 It is not apparent from thetrials you have conducted in major depressive disorder
that the lowest effective dose of vilazodone has been identified, because only one
dose (40 mg/day) wasstudied. However,there are suggestions that 20 mg/day
maybeeffective at least in some subjects. In one of the trials, those who did not
tolerate 40 mg/day could continuein the tral on a dose of 20 mg/day, and some
may have hada significant treatment effect. In addition, data from the phase 2
fixed-dosetrials suggest that there may have beena signal of efficacy with the 20
mg/day dose, as measured by the secondary efficacy measure (MADRS).
Moreover, some important adverse reactions are dose-related. Thus, we request
that you further characterize the efficacy and safety of vilazodone in the treatment
of adults with MDDusing fixed doses of vilazodone (20 mg and 40 mg),an active
control (for assay sensitivity), and placebo in an adequate and well controlled
trial.

Final Protocol Submission: October 31, 2011
Trial Completion: ~ January 31, 2013
Final Report Submission: January 31, 2014

1723-9 Vilazodone is metabolized primarily by CYP3A4. You have not submitted
information on the potential effect of CYP3A4 induction on vilazodone exposure.
Werequest that you conduct a drug-druginteractiontrial of vilazodone using a
CYP3A4 inducer (carbamazepine) in healthy subjects.

Final Protocol Submission: July 31, 2011
Trial Completion: July 31, 2012
Final Report Submission: January 31, 2013

1723-10 Vilazodoneis extensively metabolized; however, the pharmacokinetics of
vilazodonein patients with severe hepatic impairment has not been assessed. We
request that you conduct a Phase1 trial to evaluate the pharmacokinetics of
vilazodone in patients with severe hepatic impairment.

Final Protocol Submission: July 31, 2011
Trial Completion: July 31, 2012
Final Report Submission: February 28, 2013

1723-11 Information on the effect of PgP on the pharmacokinetics of vilazodone and the
effect of vilazodone on PgP was not submitted. We request that you conduct an in
vitro study to evaluate whether vilazodoneis a substrate or inhibitor of PgP.

Final Protocol Submission: July 31, 2011
Study Completion: September30, 2011
Final Report Submission: December 31, 2011

Submit clinical protocols to your IND 54613 for this product. Submit nonclinical and chemistry,
manufacturing, and controls protocols and all study final reports to this NDA. In addition, under
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21 CFR 314.81(b)(2)(vii) and 314.81(b)(2)(viii) you should include a status summary of each
commitmentin your annual report to this NDA. The status summary should include expected
summary completion and final report submission dates, any changesin planssince the last
annual report, and,for clinical studies/trials, numberof patients entered into each study/trial. All
submissions, including supplements,relating to these postmarketing commitments should be
prominently labeled “Postmarketing CommitmentProtocol,” “Postmarketing Commitment
Final Report,” or “Postmarketing Commitment Correspondence.”

RISK EVALUATION AND MITIGATION STRATEGY REQUIREMENTS

Section 505-1 of the FDCAauthorizes FDAto require the submission ofa risk evaluation and
mitigation strategy (REMS), if FDA determinesthat such a strategy is necessary to ensurethat
the benefits of the drug outweigh therisks [section 505-1(a)]. The details of the REMS
requirement were outlined in our REMSnotification letter dated November 1, 2010.

Your proposed REMS,submitted on December15, 2010, and appendedto this letter, is
approved. The REMSconsists of a Medication Guide and a timetable for submission of
assessments of the REMS.

The REMSassessmentplan should include, but is not limited to, the following:

a. An evaluation of patients’ understanding of the serious risks of Viibryd (vilazodone
hydrochloride) Tablets.

b. A report on periodic assessments ofthe distribution and dispensing of the Medication
Guide in accordance with 21 CFR 208.24.

c. A report on failures to adhere to distribution and dispensing requirements, and
corrective actions taken to address noncompliance.

Assessments of an approved REMS mustalso include, under section 505-1(g)(3)(B) and (C),
information on the status of any postapproval studyorclinical trial required under section 505(0)
or otherwise undertaken to investigate a safety issue. With respect to any such postapproval
study, you must includethe status of such study, including whetherany difficulties completing
the study have been encountered. With respect to any such postapprovalclinical trial, you must
include the status of such clinical trial, including whether enrollment has begun, the number of
participants enrolled, the expected completion date, whether any difficulties completing the
clinical trial have been encountered, and registration information with respect to requirements
under subsections(i) and (j) of section 402 of the Public Health Service Act. You can satisfy
these requirements in your REMSassessmentsbyreferring to relevant information included in
the most recent annual report required under section 506B and 21 CFR 314.81(b)(2)(vii) and
including any material or significant updatesto the status information since the annual report was
prepared. Failure to comply with the REMSassessments provisions in section 505-1(g) could
result in enforcementaction.

Weremind youthat in addition to the assessments submitted according to the timetable included
in the approved REMS, you must submit a REMSassessment and may propose a modification to
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the approved REMS whenyou submit a supplemental! application for a new indication for use as
-described in section 505-1(g)(2)(A) of the FDCA.

Prominently identify the submission containing the REMS assessments or proposed
modifications with the following wording in bold capital letters at the top of the first page of the
submission:

NDA 22567 REMS ASSESSMENT

NEW SUPPLEMENTFORNDA22567

PROPOSED REMS MODIFICATION

REMS ASSESSMENT

NEW SUPPLEMENT(NEW INDICATION FOR USE) FOR NDA22567
REMS ASSESSMENT

PROPOSED REMS MODIFICATION(if included)

If you do not submit electronically, please send 5 copies of REMS-related submissions.

PROMOTIONAL MATERIALS

You may request advisory comments on proposed introductory advertising and promotional
labeling. To do so, submit, in triplicate, a coverletter requesting advisory comments, the
proposed materials in draft or mock-up form with annotated references, and the packageinsert
to:

Food and Drug Administration
Center for Drug Evaluation and Research
Division of Drug Marketing, Advertising, and Communications
5901-B Ammendale Road

Beltsville, MD 20705-1266

As required under 21 CFR 314.81(b)(3)(), you must submit final promotional materials, and the
packageinsert, at the time of initial dissemination or publication, accompanied by a Form FDA
2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For more
information about submission of promotional materials to the Division of Drug Marketing,
Advertising, and Communications (DDMAC),see
http://www.fda.gov/AboutFDA/CentersOffices/CDER/ucm090142.htm. 

Please submit one market package of the drug product whenit is available.

DISSOLUTION METHOD AND SPECIFICATIONS

The dissolution method test conditionsforall tablet strengths (10 mg, 20 mg, and 40 mg)are as
follows:
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USP Apparatus: 2 (Paddle) x 60 rpm
Medium: 0.1% Acetic Acid (pH 3.1), 1000 mL at 37°C
Specifications: Q=80% at 30 min

EXPIRY DATE

A 24 month expiry date is granted based on the available stability data.

LETTERS TO HEALTH CARE PROFESSIONALS

If you decide to issue a letter communicating important safety-related information aboutthis
drug product(i.e., a “Dear Health Care Professional”letter), we request that you submit, at least
24 hoursprior to issuing the letter, an electronic copyofthe letter to this NDAto the following
address:

MedWatch Program
Office of Special Health Issues
Food and Drug Administration
10903 New Hampshire Ave
Building 32, Mail Stop 5353
Silver Spring, MD 20993

REPORTING REQUIREMENTS

Weremind you that you must comply with reporting requirements for an approved NDA
(21 CFR 314.80 and 314.81).

MEDWA TCH-TO-MANUFACTURER PROGRAM

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse
event reports that are received directly by the FDA. New molecular entities and important new
biologics qualify for inclusion for three years after approval. Yourfirm is eligible to receive
copies of reports for this product. To participate in the program, please see the enrollment
instructions and program description details at
http://www.fda.gov/Safety/MedWatch/HowToReport/ucm166910.htm.
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POST-ACTION FEEDBACK MEETING

New molecular entities and new biologics qualify for a post-action feedback meeting. Such
meetings are used to discuss the quality of the application and to evaluate the communication
process during drug development and marketing application review. The purposeis to learn
from successful aspects of the review processandto identify areas that could benefit from
improvement. If you would like to have such a meeting with us, call the Regulatory Project
Managerforthis application.

If you have any questions, email CDR Bill Bender, Senior Regulatory Project Manager, at
william .bender@fda.hhs.gov.

Sincerely,

{See appendedelectronic signature page}

Ellis Unger, M.D.
Deputy Director
Office of Drug Evaluation I
Center for Drug Evaluation and Research

Enclosures:

Content of Labeling
REMS
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VIIBRYD™(vilazodone hydrochloride) Tablets

HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
VIIBRYD™safely andeffectively. See full prescribing information for
VIIBRYD.

VIIBRYD(vilazodone HCI) Tablets for oral administration
Initial U.S. Approval: 2011

WARNING: SUICIDALITY AND ANTIDEPRESSANT DRUGS 
  

   
   

Seefull prescribing informationfor complete boxed warning.
Increased risk of suicidal thinking and behaviorin children, adolescents,
and young adults taking antidepressants for major depressive disorder

(MDD)andother psychiatric disorders (5.1).
VIIBRYDis not approved for use in pediatric patients (8.4).  

INDICATIONS AND USAGE

VIIBRYDis indicatedfor the treatment of major depressive disorder (MDD).
The efficacy of VIIBRYD was established in two 8-week, placebo-controlled
trials in adult patients with MDD (1, 14).

DOSAGE AND ADMINISTRATION

e The recommended dose for VIIBRYDis 40 mg oncedaily (2).
e VIIBRYDshould betitrated to the 40 mg dose,starting with an initial

dose of 10 mg once daily for 7 days, followed by 20 mg once daily for an
additional 7 days, and then increased to 40 mg oncedaily (2).

¢ VIIBRYDshould be taken with food. Administration without food can

result in inadequate drug concentrations and may diminisheffectiveness
(2, 12.3).

e Whendiscontinuing treatment, reduce the dose gradually (2.4).

DOSAGE FORMS AND STRENGTHS

VIIBRYDis available as 10 mg, 20 mg and 40 mgtablets (3).

CONTRAINDICATIONS

¢ Monoamine Oxidase Inhibitors: Do not use VIIBRYD concomitantly
with an MAOIor within 14 days ofstopping or starting an MAOI(4.1).

WARNINGS AND PRECAUTIONS

Clinical Worsening/Suicide Risk: Monitorpatients for clinical worsening
and suicidal thinking or behavior(5.1).
Serotonin Syndrome or Neuroleptic Malignant (NMS)-like Syndrome:
Can occur with treatment. Discontinue and initiate supportive treatment(5.2).

Reference ID: 2894777

Seizures: Can occur with treatment. Use with caution in patients with a
seizure disorder(5.3).
AbnormalBleeding: Treatment can increasethe risk of bleeding. Use with
caution in association with nonsteroidal anti-inflammatory drugs (NSAIDs),
aspirin, or other drugs that affect coagulation (5.4).
Activation of Mania/Hypomania: Can occur with treatment. Screen patients
for bipolar disorder (5.5).
Discontinuation of Treatment with VIIBRYD: A gradual reduction in dose
is recommended rather than an abrupt cessation (5.6).
Hyponatremia: Can occur in association with the syndrome of inappropriate
antidiuretic hormonesecretion (SIADH)(5.7).

ADVERSE REACTIONS -
The most commonadversereactions (incidence > 5% andat least twice the
rate of placebo)are: diarrhea, nausea, vomiting, and insomnia(6).
To report SUSPECTED ADVERSE REACTIONS,contact Trovis
Pharmaceuticals at 1-877-878-7200 or FDA at 1-800-FDA-1088 or

ww.fda. gov/medwatch.

———_—————DRUGINTERACTIONS

MAOIs: Donot use VIIBRYD concomitantly with an MAOIor within 14
days of stopping or starting an MAOI(4.1, 7.1).
CYP3A4inhibitors: The VIIBRYD dose should be reduced to 20 mg when
co-administered with CYP3A4 strong inhibitors (7.3).
CYP3A4inducers: Concomitant use of VIIBRYDwith inducers of CYP3A4

can result in inadequate drug concentrations and may diminish effectiveness.
Theeffect of CYP3A4 inducers on systemic exposure of vilazodone has not
been evaluated (7.3).

USE IN SPECIFIC POPULATIONS

Pregnancy: There are no controlled humandata regarding VIIBRYD use
during pregnancy. Use only if the potential benefits outweigh the potential
risks (2.3, 8.1).
Nursing Mothers: There are no human data regarding VIIBRYD
concentrations in breast milk. Women should breast feed only if the potential
benefits outweigh the potential risks (8.3, 2.3).
Pediatric Use: The safety andefficacy of VIIBRYDin pediatric patients have
not been studied (8.4).
Geriatric Use: No dose adjustmentis recommendedonthe basis of age (8.5).
Hepatic Impairment: No dose adjustment is recommendedinpatients with
mild or moderate hepatic impairment. VIIBRYDhas not beenstudied in
patients with severe hepatic impairment(8.6).
Renal Impairment: No dose adjustmentis recommended in patients with mild,
moderate, or severe renal impairment. (8.7).

See 17 for PATIENT COUNSELING INFORMATIONand Medication
Guide.

Revised: January 2010
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FULL PRESCRIBING INFORMATION: CONTENTS*
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FULL PRESCRIBING INFORMATION

WARNING: SUICIDALITY AND ANTIDEPRESSANT DRUGS

Antidepressants increased the risk compared to placebo of suicidal thinking and behavior (suicidality) in children, adolescents,

and youngadults in short-term studies of Major Depressive Disorder (MDD)and other psychiatric disorders. Anyone
considering the use of VIEBRYDorany other antidepressantin a child, adolescent, or young adult must balancethis risk
with the clinical need. Short-term studies did not show anincreasein therisk of suicidality with antidepressants compared to

placebo in adults beyond age 24; there was a reduction in risk with antidepressants compared to placebo in adults aged 65 and
older. Depression and certain other psychiatric disorders are themselves associated with increases in the risk of suicide.
Patients of all ages who are started on antidepressant therapy should be monitored appropriately and observed closely for
clinical worsening,suicidality, or unusual changesin behavior. Families and caregivers should be advised of the need for close
observation and communication with the prescriber. VIIBRYDis not approvedfor use in pediatric patients [see Warnings

and Precautions (5.1), Use in Specific Populations (8.4), and Patient Counseling Information (17.1)|

 
1 INDICATIONS AND USAGE

VIIBRYDis indicated for the treatment of major depressive disorder (MDD). Theefficacy of VIIBRYDwas established in two 8-week, randomized, double-blind,
placebo-controlledtrials in adult patients with a diagnosis of MDD /see Clinical Studies (14)].

Major depressive disorder consists of one or more major depressive episodes. A major depressive episode (DSM-IV-TR) implies a prominent andrelatively persistent
(nearly every day for at least 2 weeks) depressed or dysphoric moodthat usually interferes with daily functioning, and includesat least 5 of the following 9 symptoms:
depressed mood,loss ofinterest in usual activities, significant change in weight and/or appetite, insomnia or hypersomnia, psychomotoragitation or retardation,
increased fatigue, feelings of guilt or worthlessness, slowed thinking or impaired concentration, or a suicide attempt or suicidal ideation.

2 DOSAGE AND ADMINISTRATION

2.1 Initial Treatment of Major Depressive Disorder

The recommendeddose for VIIBRYDis 40 mg once daily. VIIBRYD should betitrated, starting with an initial dose of 10 mg once daily for 7 days, followed by 20 mg
once daily for an additional 7 days, and then an increase to 40 mg oncedaily. VIIBRYD should be taken with food. VIIBRYD blood concentrations (AUC)in the fasted
state can be decreased by approximately 50% comparedto the fed state, and may result in diminished effectiveness in some patients {see Pharmacokinetics (12.3)].

2.2 Maintenance/Continuation/Extended Treatment

Theefficacy of VIIBRYD has not been systematically studied beyond 8 weeks. It is generally agreed that acute episodes of major depressive disorder require several
monthsorlongerof sustained pharmacologic therapy. Patients should be reassessed periodically to determine the need for maintenance treatment and the appropriate.
dose for treatment.

2.3 Dosing in Special Populations

Pregnant Women: Neonates exposed to serotonergic antidepressantslate in the third trimester have developed complications requiring prolonged hospitalization,
respiratory support, and tube feeding. Whentreating pregnant women with VIIBRYD,consider whether the potential benefits outweigh the potential risks of treatment
[see Pregnancy (8.1)].

Nursing Mothers: There are no clinical data regarding the effect of VIIBRYDonlactation and nursing {see Nursing Mothers (8.3)]. Breastfeeding in womentreated
with VIIBRYD should be considered only if the potential benefit outweighs the potential risk.

Pediatric Patients: The safety and efficacy of VIIBRYDhavenot beenstudied in pediatric patients {see Pediatric Use (8.4)].

Geriatric Patients: No dose adjustment is recommendedonthe basis of age [see Geriatric Use (8.5)].

Hepatic Impairment: No dose adjustment is recommendedin patients with mild or moderate hepatic impairment. VIIBRYD has not been studied in severe hepatic
impairment fsee Hepatic Impairment(8.6)].

Renal Impairment: No dose adjustment is recommendedin patients with mild, moderate, or severe renal impairment. {see Renal Impairment(8.7)}].

Gender: No dose adjustment is recommendedonthe basis of gender [see Gender Effect (8.8)].

2.4 Discontinuing Treatment

Discontinuation symptoms have been reported with discontinuation of serotonergic drugs such as VIIBRYD.Gradual dose reduction is recommended,instead of abrupt
discontinuation, whenever possible. Monitor patients for these symptoms when discontinuing VIIBRYD.If intolerable symptoms occur following a dose decrease or
upon discontinuationoftreatment, consider resuming the previously prescribed dose and decreasing the dose at a more gradual rate [see Warnings andPrecautions
(5.6)].

2.5 Monoamine Oxidase Inhibitors (MAOD

At least 14 days must elapse between discontinuation of an MAOandinitiation of therapy with VIIBRYD.In addition,at least 14 days must be allowed after stopping
VIIBRYDbefore starting an MAOI [see Contraindications (4. 1)].
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3 DOSAGE FORMSAND STRENGTHS

VIIBRYDTablets are available as 10 mg, 20 mg and 40 mg immediate-release, film-coatedtablets.
10 mg pink,oval tablet, debossed with 10 ononeside
20 mg orange, oval tablet, debossed with 20 on oneside
40 mg blue, oval tablet, debossed with 40 on oneside

4 CONTRAINDICATIONS

41 Monoamine Oxidase Inhibitors

VIIBRYD mustnot be used concomitantly in patients taking MAOIsorin patients who have taken MAOIs within the preceding 14 days due to the risk of serious,
sometimes fatal, drug interactions with serotonergic drugs. These interactions have been associated with symptoms that include tremor, myoclonus, diaphoresis, nausea,
vomiting, flushing, dizziness, hyperthermia with features resembling neuroleptic malignant syndrome,seizures,rigidity, autonomic instability with possible rapid
fluctuations ofvita! signs, and mental status changes that include extreme agitation progressing to delirium and coma. Allow at least 14 days after stopping VIIBRYD
before starting an MAOI [see Drug Interactions (7.1)}.

5 WARNINGS AND PRECAUTIONS

5.1 Clinical Worsening and Suicide Risk
Patients with major depressive disorder (MDD), both adult and pediatric, may experience worsening oftheir depression and/or the emergence ofsuicidalideation and
behavior(suicidality) or unusual changes in behavior, whether or not they are taking antidepressant medications, andthis risk may persist until significant remission
occurs. Suicide is a knownrisk of depression and certain other psychiatric disorders, and these disorders themselvesare the strongest predictors of suicide. There has
beena long-standing concern, however, that antidepressants may have a role in inducing worsening of depression and the emergenceof suicidality in certain patients
during the early phases of treatment. Pooled analyses of short-term placebo-controlled studies of antidepressant drugs (selective serotonin reuptakeinhibitors [SSRIs]
and others) showedthat these drugs increasethe risk of suicidal thinking and behavior (suicidality) in children, adolescents, and young adults (ages 18-24) with MDD
and other psychiatric disorders. Short-term studies did not show anincrease in the risk of suicidality with antidepressants compared to placebo in adults beyond age 24;
there was a reduction with antidepressants compared to placebo in adults aged 65 and older.

The pooled analyses of placebo-controlled studies in children and adolescents with MDD,obsessive compulsive disorder (OCD), or other psychiatric disorders included
a total of 24 short-termstudies of 9 antidepressant drugs in over 4,400 patients. The pooled analyses of placebo-controlled studies in adults with MDD orother
psychiatric disorders included atotal of 295 short-term studies (median duration of 2 months) of 11 antidepressant drugs in over 77,000 patients. There was
considerable variation in risk ofsuicidality among drugs, but a tendency toward an increase in the younger patients for almost all drugs studied. There were differences
in absolute risk of suicidality across the different indications, with the highest incidence in MDD.Therisk differences (drug vs. placebo), however, were relatively
stable within age strata and across indications. Theserisk differences (drug-placebo difference in the number ofcases of suicidality per 1000 patients treated) are
provided in Table 1.

Table 1

Age Range Drug-Placebo Difference in Number of Cases of Suicidality per 1000 Patients Treated

aCe

[seen aptteaie

Nosuicides occurred in anyof the pediatric studies. There were suicides in the adult studies, but the number was notsufficient to reach any conclusion about drug effect
onsuicide.

 

  
  

  

  

 

It is unknown whetherthe suicidality risk extends to longer-termuse, i.e., beyond several months. However,there is substantial evidence from placebo-controlled
maintenance studies in adults with depression that the use of antidepressants can delay the recurrence of depression.

All patients being treated with antidepressants for any indication should be monitored appropriately and observed closely for clinical worsening, suicidality,
and unusual changesin behavior, especially during the initial few months of a course of drug therapy,or at times of dose changes, either increases ordecreases.

The following symptoms, anxiety, agitation, panic attacks, insomnia,irritability, hostility, aggressiveness, impulsivity, akathisia (psychomotorrestlessness), hypomania,
and mania, have beenreported in adult and pediatric patients being treated with antidepressants for major depressive disorder as well as for other indications, both
psychiatric and nonpsychiatric. Although a causal link between the emergence of such symptomsand either the worsening of depression and/or the emergence of
suicidal impulses has not beenestablished, there is concern that such symptoms may represent precursors to emerging suicidality.

Consideration should be given to changingthe therapeutic regimen, including possibly discontinuing the medication, in patients whose depressionis persistently worse,
or who are experiencing emergentsuicidality or symptoms that might be precursors to worsening depression orsuicidality, especially if these symptomsare severe,
abrupt in onset, or were notpart of the patient's presenting symptoms.

If the decision has been made to discontinue treatment, medication shouldbe tapered, as rapidly as is feasible, but with recognition that abrupt discontinuation can be
associated with certain symptoms [see Warnings and Precautions (5.6) and Dosage andAdministration (2. 4)].

Families and caregivers of patients being treated with antidepressants for major depressive disorder or other indications, both psychiatric and nonpsychiatric, should be
alerted about the need to monitorpatients for the emergence ofagitation,irritability, unusual changesin behavior, and the other symptoms described above, as well as
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the emergenceofsuicidality, and to report such symptoms immediately to healthcare providers. Such monitoring should include daily observation by families and
caregivers. Prescriptions for VIIBRYD should be written for the smallest quantity of tablets consistent with good patient management, in orderto reducethe risk of
overdose [see also Patient Counseling Information (17.1)].

Screening patients for bipolar disorder
A major depressive episode may betheinitial presentation of bipolar disorder. It is generally believed (though not established in controlled studies) that treating such an
episode with an antidepressant alone mayincreasethe likelihood of precipitation of a mixed/manic episodein patients at risk for bipolar disorder. Whether any ofthe
symptomsdescribed above represent such a conversion is unknown. However,priorto initiating treatment with an antidepressant, patients with depressive symptoms
should be adequately screened to determineif they are at risk for bipolar disorder; such screening should includea detailed psychiatric history, including a family
history of suicide, bipolar disorder, and depression.It should be noted that VIIBRYDis not approved foruse in treating bipolar depression.

5.2 Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions
The developmentofa potentially life-threatening serotonin syndrome or Neuroleptic Malignant Syndrome (NMS)-like reactions has been reported with antidepressants
alone,but particularly with concomitant use ofserotonergic drugs (including triptans) with drugs that impair metabolism of serotonin (including MAOIs), or with
antipsychotics or other dopamine antagonists. Symptomsof serotonin syndrome were noted in 0.1% ofpatients treated with VIIBRYD. Serotonin syndrome symptoms
mayinclude mental status changes(e.g., agitation, hallucinations, coma), autonomic instability (e.g., tachycardia, labile blood pressure, hyperthermia), neuromuscular
aberrations(e.g., hyperreflexia, incoordination) and/or gastrointestinal symptoms (e.g., nausea, vomiting, diarrhea). Serotonin syndrome, in its most severe form can
resemble NMS, whichincludes hyperthermia, muscle rigidity, autonomicinstability with possible rapid fluctuation ofvital signs, and mental status changes. Patients
should be monitored for the emergence of serotonin syndrome or NMS-like signs and symptoms.

The concomitant use of VIIBRYD with MAOIsintendedto treat depression is contraindicated. [see Contraindications (4.1)].

If concomitant treatment of VIIBRYD with a 5-hydroxytryptaminereceptor agonist (triptan)is clinically warranted, careful observation ofthe patient is advised,
particularly during treatment initiation and dose increases [see Drug Interactions(7. 1)].

The concomitant use of VIIBRYDwith serotonin precursors (such as tryptophan)is not recommended /see Drug Interactions (7. 1)].

Treatment with VIIBRYD and any concomitant serotonergic (SSRI, serotonin-norepinephrine reuptake inhibitor [SNRI], triptan, buspirone, tramadol,etc.) or
antidopaminergic drugs,including antipsychotics, should be discontinued immediately if the above events occur and supportive symptomatic treatment should be
initiated.

5.3 Seizures

VIIBRYDhasnot beensystematically evaluated in patients with a seizure disorder. Patients with a history of seizures were excluded from clinical studies. Like other
antidepressants, VIIBRYD should be prescribed with caution in patients with a seizure disorder.

5.4 AbnormalBleeding
The use ofdrugsthat interfere with serotonin reuptake inhibition, including VIIBRYD,mayincreasethe risk of bleeding events. Concomitantuse ofaspirin,
nonsteroidal anti-inflammatory drugs (NSAIDS), warfarin, and other anticoagulants may addto this risk. Case reports and epidemiological studies (case-control and
cohort design) have demonstrated an association between use of drugs that interfere with serotonin reuptake and the occurrence ofgastrointestinal bleeding. Bleeding
events related to SSRIs have ranged from ecchymosis, hematoma, epistaxis, and petechiae to life-threatening hemorrhages.

Patients should be cautioned aboutthe risk of bleeding associated with the concomitant use of VIIBRYD and NSAIDs,aspirin, or other drugs that affect coagulation or
bleeding.

5.5 Activation of Mania/Hypomania
Symptoms of mania/hypomania were reported in 0.1% of patients treated with VIIBRYDin clinical studies. Activation of mania/hypomania has also been reportedin a
small proportion ofpatients with major affective disorder who weretreated with other antidepressants. As with all antidepressants, use VIIBRYDcautiously
in patients with a history or family history of bipolar disorder, mania, or hypomania.

5.6 Discontinuation of Treatment with VIIBRYD

There have been reports of adverse events occurring upon discontinuation of serotonergic antidepressants, particularly when discontinuation is abrupt, including the
following: dysphoric mood,irritability, agitation, dizziness, sensory disturbances(e.g., paresthesia, such as electric shock sensations), anxiety, confusion, headache,
lethargy, emotionallability, insomnia, hypomania, tinnitus, and seizures. While these events are generally self-limiting, there have been reports of serious
discontinuation symptoms.

Monitor patients for these symptoms when discontinuing VIIBRYD. Reduce the dose gradually whenever possible.If intolerable symptoms occur following a decrease
in the dose or upondiscontinuation of treatment, consider resuming the previously prescribed dose. Subsequently, the dose may be decreased,but at a more gradualrate
[see Dosage andAdministration, (2.4)]. .

5.7 Hyponatremia
Althoughno cases of hyponatremia resulting from VIIBRYDtreatment were reported in the clinical studies, hyponatremia has occurred as a result of treatment with
SSRIs and SNRIs. In many cases, hyponatremia appearsto be the result of the syndromeofinappropriate antidiuretic hormone secretion (SIADH). Cases with serum
sodium lower than] 10 mmol/L have been reported. Elderly patients may be at greater risk of developing hyponatremia with SSRIs. Also, patients taking diuretics or
whoare otherwise volume depleted can be at greater risk. Discontinuation of VIIBRYDin patients with symptomatic hyponatremia and appropriate medical
intervention shouldbe instituted. Signs and symptoms of hyponatremia include headache,difficulty concentrating, memory impairment, confusion, weakness, and
unsteadiness, which can leadto falls. Signs and symptomsassociated with more severe and/or acute cases have includedhallucination, syncope, seizure, coma,
respiratory arrest, and death.

6 ADVERSE REACTIONS

6.1 Clinical Studies Experience
The most commonly observed adverse reactions in VIIBRYD-treated MDDpatients in placebo-controlled studies (incidence > 5% andat least twice the rate of placebo)
were: diarrhea, nausea, vomiting, and insomnia.

Patient Exposure
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The safety of VIIBRYDwasevaluatedin 2,177 patients (18-70 years of age) diagnosed with MDD whoparticipatedin clinical studies, representing 552 patient-years
of exposure. In an open-label 52 week study at 40 mgdaily, 599 patients were exposed to VIIBRYDfora total of 348 patient-years.

The informationpresentedin these sections was derived from studies of VIIBRYD 40 mgdaily in major depressive disorder including: 1) 2 placebo-controlled 8-week
studies in 861 patients, including 436 receiving vilazodone; and 2) an open-label 52-weekstudy of 599 patients. These studies includeda titration period of 10 mg daily
for 7 days followed by 20 mg daily for 7 days. Intheseclinical trials, VIIBRYD was administered with food.

Because clinical trials are conducted under widely varying conditions and varying lengths of time, adverse reaction rates observed in the clinicaltrials of a drug cannot
be directly compared to ratesin the clinical studies of another drug and maynotreflect rates observed in practice.

Adverse reactions reported as reasons for discontinuation of treatment
In the placebo-controlled studies of MDDthere was nosingle adverse reaction leading to discontinuation in > 1% ofthe patients. Overall, 7.1% of the patients who
received VIIBRYDdiscontinued treatment due to an adverse reaction, compared with 3.2% of placebo-treated patients in these studies.

Commonadversereactions in placebo-controlled MDDstudies
Table 2 shows the incidence of commonadverse reactions that occurred in > 2% of VIIBRYD-treated MDDpatients (and greater than in placebo-treated patients) in the
placebo-controlled studies.

Table 2: CommonAdverse Reactions Occurring in >2% of VIIBRYD-treated Patients and > Placebo-treated Patients

System Organ Class VIIBRYD Placebo

Preferred Term 40 mg/day
N = 433

Gastrointestinal disorders

Dry mouth

 
 

Vomiting

Paresthesia 

Tremor

ftmsomnig
Abnormal dreams

Delayed ejaculation* **

Erectile dysfunction* **

Metabolism and nutrition disorders
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Increased appetite poz|
* Includesrestlessness, akathisia, and restless legs syndrome

**Includes orgasm abnonnal and anorgasmia

***Male patients only (Placebo n=182; VIIBRYD n=170)

Table 3: Sexual Adverse Reactions: Percentage in the Placebo-Controlled Studies

tein
VIIBRYD Placebo VIIBRYD Placebo

N= 170 N= 182 N=266 N=251

Abnormal orgasm*

ee
poe

Delayed ejaculationPFeT
pe
ae

 
 

 
 
  

Preferred Term

Decreased libido

 
 
 
 

Erectile dysfunction

Sexual dysfunction

— Not applicable
*Includes anorgasmia

Laboratory Tests
VIIBRYDhas not beenassociated with any clinically important changesin laboratory test parameters in serum chemistry (including liver function tests), hematology
andurinalysis, as measured in placebo-controlled studies. These studies include analysis of (1) mean change from baseline and (2) the proportion of patients meeting
criteria for potentially clinically significant changes frombaseline. Results from a 52-week open-label study were consistent with the findings from the placebo-
controlled studies.

ECG

VIIBRYDhasnot beenassociated with any clinically significant effect on ECG parameters, including QT, QTc, PR and QRSintervals, or with any arrhythmogenic
potential. ECGs were evaluated in a thorough QTc study at doses up to 80 mg daily with food and in the placebo-controlled studies {see Pharmacodynamics(1 2.2)].

Vital Signs
VIIBRYDhas not beenassociated with any clinically significant effect on vital signs, including systolic and diastolic blood pressure and heart rate, as measured in
placebo-controlled studies. These studies included analyses of (1) change from baseline, and (2) the proportion of patients meeting criteria for potentially clinically
significant changes frombaseline. Results from a 52-week open-label study were consistent with the findings from the placebo-controlled studies.

Weight
VIIBRYD hadnoeffect on body weight as measured by the mean change from baseline in the 8-week, placebo-controlled studies. The mean changes in weight were
+0.16 kg in the VIIBRYD group and +0.18 kg in the placebo group. The proportionsofpatients with a weight gain > 7% were 0.9% in the VIIBRYD group and 1.2%
in the placebo group. The proportionsof patients with a weight decrease > 7% were 1.4% in the VIIBRYD group and 1.4% in the placebo group.

Other adverse reactions observed inclinical studies

The following listing does not include reactions: 1) already listed in previous tables or elsewhere in labeling, 2) for which a drug cause was remote, 3) which were so
general as to be uninformative, 4) which were not considered to have significantclinical implications, or 5) which occurred at a rate equal to or less than placebo.

Reactions are categorized by body system according to the following definitions: frequent adverse reactions are those occurring in at least 1/100 patients; infrequent
adverse reactions are those occurring in 1/100 to 1/1000 patients; rare reactions are those occurring in fewer than 1/1000 patients:

Cardiac disorders: infrequent: ventricular extrasystoles

Eye disorders: frequent: vision blurred, dry eye; infrequent: cataracts

General disorders: infrequent: feeling abnormal

Metabolism and nutrition disorders: frequent: decreased appetite

Nervous System: frequent: sedation, migraine; infrequent: dysgeusia

Psychiatric disorders: infrequent: panic attack, mania

Renal and Urinary disorder: infrequent: pollakiuria

Skin and subcutaneoustissue disorders: frequent: hyperhidrosis, night sweats

7 DRUG INTERACTIONS

7A Central Nervous System (CNS)-Active Agents
Therisk of using VIIBRYD in combination with other CNS-active drugs has not been systematically evaluated. Consequently, use caution when VIIBRYDis
prescribed in combination with other CNS-active drugs.
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Monoamine Oxidase Inhibitors (MAOID)
Adversereactions, some of whichare serious or fatal, can develop in patients who use MAOIs or whohave recently been discontinued from a MAOIandstarted on
antidepressant(s) with pharmacological properties similar to VIIBRYD(e.g. SSRIs), or who have recently had SSRItherapy discontinued prior toinitiation of an
MAOL Donotprescribe VIIBRYD concomitantly with an MAOIor within 14 days of discontinuing or starting an MAOI[see Contraindications (4.1)].

Serotonergic Drugs
Based on the mechanismof action of VIIBRYDand the potential for serotonin toxicity, also known as serotonin syndrome, caution is advised when VIIBRYDis
coadministered with other drugs that may affect the serotonergic neurotransmitter systems (e.g., MAOI, SSRIs, SNRIs, triptans, buspirone, tramadol, and tryptophan
products etc.) {see Warnings and Precautions (5.2)].

72 Drugsthat Interfere with Hemostasis (e.g., NSAIDs, Aspirin, and Warfarin)
Serotoninrelease by platelets plays an importantrole in hemostasis. Epidemiological studies of case-control and cohort design have demonstrated an association
between use ofpsychotropic drugsthat interfere with serotonin reuptake and the occurrenceofuppergastrointestinal bleeding. These studies have also shownthat
concurrent use of an NSAIDoraspirin may potentiate this risk of bleeding. Altered anticoagulant effects, including increased bleeding, have been reported when SSRIs
and SNRIs are coadministered with warfarin. Patients receiving warfarin therapy should be carefully monitored when VHBRYDis initiated or discontinued /see
Abnormal Bleeding (5.4}].

7.3 Potential for Other Drugs to Affect Vilazodone

Figure 1. Impact of other drugs on Vilazodone PK

Change due to PK Fold Change and 90% Cl Recommendation

Ethanok Crmx No dose adjustrert
AUC

CYP3A4Inhibitors:

Ketocorazle Cimx eH Maximum dose: 20 mgAUC
Proton Pump Inhibitors:
Pantoprazole Crmx No dose adjustment

AUC i

0.50 1.00 1.50 2.00

Changerelative to reference

Inhibitors of CYP3A4

Metabolism by CY P3A4is a majorelimination pathway for vilazodone. Concomitant use of VIIBRYDandstronginhibitors of CYP3A4(e.g., ketoconazole) can
increase vilazodone plasma concentrations by approximately 50% (see Figure 1). The VIIBRYD dose should be reduced to 20 mg if co-administered with a strong
inhibitor of CYP3A4. During co-administration with moderate inhibitors of CYP3A4(e.g., erythromycin), the VIIBRYD dose should be reduced to 20 mgfor patients
with intolerable adverse events. No dose adjustment is recommended when VIIBRYDis co-administered with mild inhibitors of CYP3A4(e.g., cimetidine).

Inducers of CYP3A4

Concomitant use of VIIBRYD with inducers of CYP3A4hasthe potential to reduce vilazodone systemic exposure. However, the effect of CYP3A4 inducers on
vilazodone plasma concentrations has not been evaluated.

Inhibitors of other CYP enzymes
Concomitant administration of VIIBRYD withinhibitors of CYP2C19 and CY P2D6is not expected to alter plasma concentrations of vilazodone. These isoforms are
minorelimination pathwaysin the metabolism of vilazodone. Jn vitro studies have shown that CYP1A2, CYP2A6, CYP2C9 and CYP2E1 have minimalcontributionto
the metabolismofvilazodone.

74 Potential for Vilazodone to Affect Other Drugs

Drugs metabolized by CYP1A2, CYP2C9, CY P2D6, CYP3A4 or CYP2C19.
Coadministration of VIIBRYD with substrates for CYP1A2, CYP2C9, CYP3A4, or CYP2D6is unlikely to result in clinically significant changes in the concentrations
of the CYP substrates. A study in healthy subjects found that VIIBRYD (20 mg/day for 8-10 days) had no effect on the pharmacokinetics of caffeine, flurbiprofen,
nifedipine or debrisoquine, probes for CYP1A2, CYP2C9, CYP3A4, and CYP2D6,respectively. VIIBRYD coadministration with mephenytoin to healthy subjects
resulted in a small (11%) increase in mephenytoinbiotransformation, suggestive of a minor induction of CYP2C19. /n vitro studies have shown that VIIBRYDis a
moderate inhibitor of CYP2C19 and CYP2D6.

Drugs metabolized by CYP2C8
Coadministration of VIIBRYD with a CYP2C8 substrate may lead to an increase in concentration of the other drug. Jn vitro studies suggest that VIIBRYD mayinhibit
the biotransformation of substrates of CYP2C8. Theeffect of VIBRYD on CYP2C8activity has not been tested in vivo.

Induction of CYPisoforms

VIIBRYDdid not induce CYP1A1, 1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, 3A4 or 3AS5in an in vitro study in cultured human hepatocytes. Chronic administration of
vilazodoneis unlikely to induce the metabolism of drugs metabolized by these major CYP isoforms.

7.5 Drugs Highly Bound to PlasmaProtein
Theinteraction between vilazodone and otherhighly protein-bound drugshas not been evaluated. Because vilazodone is highly bound to plasmaprotein, administration
of VIIBRYDto a patient taking another drug that is highly protein bound may cause increased free concentrations of the other drug.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Teratogenic Effects
Pregnancy Category C
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Vilazodone caused some developmental toxicity in rats, but was not teratogenic in rats or rabbits. There are no adequate and well-controlled studies of VIIBRYD in
pregnant women. Whentreating pregnant women with VIIBRYD,carefully consider whether the potential benefits outweigh the potential risks of treatment.

Noteratogenic effects were observed whenvilazodone wasgiven to pregnant rats or rabbits during the period of organogenesis at oral doses up to 200 and 36
mg/kg/day, respectively. These doses are 48 and 17 times, in rats and rabbits, respectively, the maximum recommended human dose (MRHD)of 40 mg on a mg/m?
basis. Fetal body weight gain was reduced, and skeletal ossification was delayed in both rats and rabbits at these doses; these effects were not observed at doses up to 10
times the MRHDinrats or 4 times the MRHDin rabbits.

Whenvilazodone was administered to pregnantrats at an oral dose of 30 times the MRHDduring the period of organogenesis and throughout pregnancyandlactation,
the numberof live born pups was decreased. There was anincrease in early postnatal pup mortality, and among surviving pups there was decreased body weight,
delayed maturation, and decreasedfertility in adulthood. There was some maternaltoxicity at this dose. These effects were not seen at 6 times the MRHD.

Nonteratogenic Effects
Neonates exposedto serotonergic antidepressants late in the third trimester have developed complications requiring prolonged hospitalization, respiratory support, and
tube feeding. Such complications can arise immediately upon delivery. Reportedclinical findings have included respiratory distress, cyanosis, apnea, seizures,
temperatureinstability, feeding difficulty, vomiting, hypoglycemia, hypotonia, hypertonia, hyperreflexia, tremor,jitteriness, irritability, and constant crying. These
features are consistent with either a direct toxic effect of serotonergic antidepressants or, possibly, a drug discontinuation syndrome. It should be notedthat, in some
cases, the clinical picture is consistent with serotonin syndrome {see Warnings and Precautions(5.2)].

8.2 Laborand Delivery
The effect of VIIBRYD onlabor and delivery in humans is unknown. VIIBRYDshould be used during labor and delivery only if the potential benefit outweighs the
potential risk.

8.3 Nursing Mothers
Vilazodoneis excreted into the milk of lactating rats. The effect of VIIBRYDonlactation and nursing in humans is unknown. Breast feeding in womentreated with
VIIBRYD should be considered onlyif the potential benefit outweighs the potential risk to the child.

8.4 Pediatric Use

Clinical studies on the use of VIIBRYDinpediatric patients have not been conducted; therefore, the safety and effectiveness of VIIBRYDin the pediatric population
have not been established. VIIBRYDis not approved for use in pediatric patients {see Box Warning and Warnings and Precautions(5. 1)}.

8.5 Geriatric Use

No dose adjustment is recommended on the basis of age (see Figure 2). Results from a single-dose (20 mg) pharmacokinetic study in elderly (> 65 years-old) vs. young
(24-55 years-old) subjects demonstrated that the pharmacokinetics were generally similar between the two age groups.

Ofthe 2177 patients in clinical studies with VIIBRYD, 37 (1.7%) were 65 years ofage or older, and 272 (12.5%) were 55 to 64 years of age.

Greatersensitivity of some older individuals cannot be ruled out {see Dosage andAdministration (2.3)].

Serotonergic antidepressants have been associated with cases of clinically significant hyponatremia in elderly patients, who maybeat greater risk for this adverse event
[see Warnings and Precautions (5.7}].

8.6 Hepatic Impairment
Vilazodoneis eliminated primarily by hepatic metabolism. In mild and moderate hepatic impairment, no dose adjustment is necessary (see Figure 2). VIIBRYDhas not
beenstudied in patients with severe hepatic impairment {see Dosage andAdministration (2.3)].

8.7 Renal Impairment
In mild, moderate, and severe renal impairment, no dose adjustment is necessary (see Figure 2 below) [see Dosage and Administration(2.3)].

8.8 Gender Effect

Afier adjustment for body weight, the systemic exposures between males and females are similar (see Figure 2).
Figure 2. Impactof Intrinsic Factors on Vilazodone PK
Population Description PK Fold Change and 90%CI_=Recommendation

Age:
>65 years Cnmax No dose adjustrentAUC
Gender.
Ferales Cmax Nodose adjustmentAUC
Renal Impairment:
Mid Cmax Nodose adjustirertAUC
Moderate Cmax Nodose adjustrentAUC
Severe Cmax No dose adjustment

AUC
Hepatic Impairment:
Mid Cmax No dose adjustmentAUC
Moderate Cmax No dose adjustmentAUC
Severe Cmax Not studied

AUC

06 1.0 1.4 1.8

Changerelative to reference

The data shown for elderly subjects (>65 years)are relative to younger subjects (24-55 yr
The data shown for émale subjects are relative to male subjects.
The data shown frrenal and hepatic impairment are relative to subjects wih normal
tena] and hepatic fimction, respectively.
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9 DRUG ABUSE AND DEPENDENCE

91 Controlled Substance
VIIBRYDis not a controlled substance.

9.2 Abuse and Dependence
VIIBRYDhas beensystematically studied in animals and did not demonstrate abuse or dependencepotential. While VIIBRYDhas not been systematically studied in
humansforits potential for abuse, there was no suggested evidence of drug-seeking behaviorin the clinical studies. However,it is not possible to predict on the basis of
clinical experience the extent to which a CNSactive drugwill be misused, diverted, and/or abused once marketed. Consequently, physicians should carefully evaluate
patients for a history of drug abuse and follow such patients closely, observing them for signs of misuse or abuse of VIIBRYD (e.g., developmentoftolerance, drug-
seeking behavior, increases in dose).

10 OVERDOSAGE

10.1 Human Experience
‘There is limited clinical experience regarding human overdosage with VIIBRYD.Fourpatients and 1 patient’s child experienced an overdose of VIIBRYD,;all
recovered. The adverse reactions associated with overdose of VIIBRYDat doses of 200-280 mgas observedin clinicaltrials included serotonin syndrome,lethargy,
restlessness, hallucinations, and disorientation.

10.2 Management of Overdose

Consult a Certified Poison Control Center for up-to-date guidance and advice. Telephone numbers forcertified poison control centers are listed in the Physicians’ Desk
Reference® (PDR). No specific antidotes for vilazodone are known.In case of an overdose, provide supportive care, including close medical supervision and
monitoring. Treatment should consist of those general measures employed in the management of overdosage with any drug. Consider the possibility of multiple drug
overdose. Ensure an adequate airway, oxygenation, and ventilation. Monitor cardiac rhythm andvital signs. General supportive and symptomatic measures are also
recommended. Gastric lavage with a large-bore orogastric tube with appropriate airway protection, if needed, may be considered. Removalof vilazodonebydialysis has
not been studied; however, the high volume ofdistribution of vilazodone suggests that dialysis will not be effective in reducing vilazodone plasma concentrations.

11 DESCRIPTION

VIIBRYDTablets for oral administration contain polymorph Form IV vilazodone hydrochloride (HCI), a selective serotonin reuptake inhibitor and a 5SHT14 receptor
partial agonist.

Vilazodone HCIis 2-benzofurancarboxamide, 5-[4-[4-(5-cyano-1H-indol-3-yl)butyl]-1-piperazinyl]-, hydrochloride (1:1). Its molecular weight is 477.99. The
structural formula is:

 
In additionto the active ingredient, VIIBRYD Tablets contain lactose monohydrate, microcrystalline cellulose, magnesium stearate, colloidal silicon dioxide, polyvinyl
alcohol, titaniumdioxide, polyethylene glycol, talc, FD&C Blue #1 (40 mg only), FD&C Yellow #6 (20 mg only) and FD&C Red #40 (10 mgonly).

12 CLINICAL PHARMACOLOGY

12.1 Mechanismofaction

The mechanism ofthe antidepressanteffect of vilazodoneis not fully understood butis thought to be related to its enhancement of serotonergic activity in the CNS
throughselective inhibition of serotonin reuptake. Vilazodoneis also a partial agonist at serotonergic 5-HT,, receptors; however, the net result of this action on
serotonergic transmission andits role in vilazodone’s antidepressant effect are unknown.

12.2 Pharmacodynamics
Vilazodone binds with highaffinityto the serotonin reuptake site (Ki= 0.1 nM), but not to the norepinephrine (Ki=56 nM) or dopamine (Ki=37 nM) reuptakesites.
Vilazodonepotently and selectively inhibits reuptake of serotonin (ICso= 1.6 nM). Vilazodonealso bindsselectively with highaffinity to 5-HT, receptors (ICso=2.1
nM) andis a 5-HTi, receptorpartial agonist.

Thorough QTStudy: Treatment with VIIBRYDdid not prolong the QTcinterval. Theeffect of vilazodone (20, 40, 60, and 80 mg) on the QTcinterval was evaluatedin
a randomized, placebo-, and active-controlled (moxifloxacin 400 mg), parallel-group, thorough QTcstudy in 157 healthy subjects. The study demonstrated an ability to
detect small effects. The upper bound of the 90% confidenceinterval for the largest placebo-adjusted,baseline-corrected QTc interval was below 10 msec, based on the
individual correction method (QTcl). This is below the threshold for clinical concern. However, it is unknown whether 80 mg is adequate to represent a highclinical
exposure condition.

12.3 Pharmacokinetics

Vilazodoneactivity is due primarily to the parent drug. The pharmacokinetics of vilazodone (5 mg — 80 mg) are dose-proportional. Accumulation of vilazodoneis
predictable from single dose data, does not vary with dose, and steady-state is achieved in about 3 days. Elimination of vilazodoneis primarily by hepatic metabolism
with a terminal half-life of approximately 25 hours. At steady-state, after daily dosing of VIIBRYD 40 mg underfed conditions, the mean C,,,x value is 156 ng/mL, and
the mean AUC(0-24 hours) Value is 1645 ng-h/mL.

Absorption
Vilazodone concentrations peak at a median of 4-5 hours (Tmax) after administration and decline with a terminal half-life of approximately 25 hours. The absolute
bioavailability of vilazodone is 72% with food. Administration of VIIBRYD with food (high fat or light meal) increases oral bioavailability (Cm increased by
approximately 147-160%, and AUCincreased by approximately 64-85%).
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Coadministration of VIIBRYD with ethanol or with a proton pumpinhibitor (pantoprazole) did notaffect the rate or extent of vilazodone absorption [see Drug
Interactions (7.3, Figure 1)]. In addition,neither the Tiax nor terminalelimination rate of vilazodone was altered by coadministration with either pantoprazole or
ethanol.

Absorption is decreased by approximately 25% if vomiting occurs within 7 hours of ingestion; no replacement doseis needed.

Distribution

Vilazodone is widely distributed and approximately 96-99% protein-bound

Metabolism and Elimination

VIIBRYDis extensively metabolized through CYP and non-CYP pathways(possibly by carboxylesterase), with only 1% ofthe dose recoveredin the urine and 2% of
the dose recovered in the feces as unchanged vilazodone. CYP3A4is primarily responsible for its metabolism among CYP pathways, with minor contributions from
CYP2C19 and CYP2D6. Jn vitro studies with human microsomes and human hepatocytes indicate that vilazodoneis unlikely to inhibit or induce the metabolism of
other CYP (except for CYP2C8) substrates; and an in vivo study with probe substrates for CY P2C19, 2D6 and 3A4 showedvilazodonedidnotalter the
pharmacokinetics of the probe substrates. However, an in vivo study with probe substrate for CYP2C19 demonstrated a minor induction of CYP2C19. Strong inhibitors
of CYP3A4 (e.g., ketoconazole) can reduce the metabolism of vilazodone in vivo and increase exposure. Conversely, inducers of CYP3A4 can decrease vilazodone
exposure {see Drug Interactions (7.3)].

The presence of mild or moderate renal impairment, or mild or moderate hepatic impairmentdid not affect the apparent clearance ofvilazodone.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, ImpairmentofFertility

Carcinogenesis
Carcinogenicity studies were conducted in which B6C3F Imice and Wistar rats were given oral doses of vilazodone up to 135 and 150 mg/kg/day, respectively, for 2
years. These doses are approximately 16.5 and 36 times the maximum recommended human dose (MRHD)of40 mg,respectively, on a mg/m‘* basis.

In mice, the incidence ofhepatocellular carcinomas was increased in males at 16.5 times the MRHD,;this finding was not observed at 5.5 times the MRHD. The
incidence of malignant mammary gland tumors was numerically increased in females at 5.5 and 16.5 times the MRHD,with statistical significance at 16.5 the MHRD,;
this finding was not observedat 1.8 times the MRHD.Elevated prolactin levels were observed in a 2-weekstudy of vilazodone administered at 5.5 and 33 times the
MRHD.Increasesin prolactin levels are known to cause mammary tumors in rodents.

In the rat study, vilazodone was not carcinogenicin either sex at doses up to 36 times the MRHD.

Mutagenesis
Vilazodone was not mutagenic in the in vitro bacterial reverse mutation assay (Amestest). Vilazodone was negative in the in vitro V79/HGRPT mammaliancell
forward mutation assay. Vilazodone was clastogenic in two in vitro mammalian cell chromosomeaberration assays. However, vilazodone was negative for clastogenic
activity in both anin vivo rat bone marrow chromosomeaberration assay and a micronucleus test. Vilazodone was also negative in an in vivo/in vitro unscheduled DNA
synthesis assay inrats.

ImpairmentofFertility
Treatment ofrats with vilazodone at a dose of 125 mg/kg, whichis 30 times the maximum recommended human dose (MRHD)of 40 mg on a mg/m’basis, caused
impairment of male fertility with no effect on female fertility. Impaired malefertility was not observed at 6 times the MRHD.

14 CLINICAL STUDIES

The efficacy of VIBRYDas a treatmentfor major depressive disorder was established in two 8-week, multicenter, randomized, double-blind, placebo-controlled
studies in adult (18-70 years ofage) outpatients who met the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR)criteria for MDD.Inthese studies,
patients were titrated over 2 weeks to a dose of 40 mg of VIIBRYDwith food (n=436) or placebo (n = 433)once daily. VIIBRYD wassuperiorto placebo in the
improvementof depressive symptoms as measured by the mean change from baseline to Week 8 in the Montgomery-Asberg Depression Rating Scale (MADRS) total
score. Examination of population subgroups based on age (there were few patients over 65), gender, and race did not reveal any clear evidenceof differential
responsiveness.

Table 4. Summaryof Results for the Primary Efficacy Endpoint

Study Number Primary Endpoint|LS Mean (95% CD*
difference from placebo
in change from baseline

MADRS 73.2 (-5.2,-13 
MADRS -2.5(-4.4, -0.6

* Least Squares Mean (95% ConfidenceInterval)

16 HOW SUPPLIED/STORAGE AND HANDLING

16.1 How Supplied
VIIBRYD (vilazodone HCl) Tablets are supplied in the following configurations:
10 mg,pink, oval tablet, debossed with 10 on one side

75838-110-30: 30-count bottles
75838-110-90: 90-countbottles
75838-110-52: 500-count bottles

75838-110-12: 10 blisters cards each containing 10 tablets (HUD)

20 mg, orange,oval tablet, debossed with 20 on one side
75838- 120-30: 30-count bottles
75838- 120-90: 90-count bottles
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75838- 120-52: 500-countbottles

75838-120-12: 10 blisters cards each containing 10 tablets (WUD)

40 mg,blue, oval tablet, debossed with 40 on one side
75838- 140-30: 30-count bottles
75838-140-90: 90-count bottles
75838- 140-52: 500-count bottles

75838-140-12: 10 blisters cards each containing 10 tablets (HUD)

Patient Starter Kit

75838-179-30: blister card containing 30 tablets:
10 mg,pink, oval, debossed with 10 on one side: 7 tablets
20 mg, orange, oval, debossed with 20 on oneside: 7 tablets
40 mg, blue, oval, debossed with 40 on oneside: 16 tablets

16.2 Storage
VIIBRYD(vilazodone HCI) Tablets should be stored at 25°C (77°F) with excursions permitted to 15°C - 30°C (59°F - 86°F) [see USP Controlled Room Temperature].

17 PATIENT COUNSELING INFORMATION

See Medication Guide (17.2).

17.1 Information for Patients

Advisepatients and their caregivers about the benefits and risks associated with treatment with VIIBRYDand counsel them in its appropriate use. Advise patients and
their caregivers to read the Medication Guide and assist them in understanding its contents. The complete text of the Medication Guide is reprinted at the end ofthis
document.

Suicide Risk

Advise patients and caregivers to look for the emergenceofsuicidality, especially early during treatment and when the dose is adjusted up or down [see Box Warning
and Warnings and Precautions (5.1)].

Dosing,and Administration
Instruct patients to take VIIBRYDwith food. Wheninitiating treatment with VIIBRYDthe dose shouldbetitrated, starting with a dose of 10 mg once daily for 7 days,
followed by 20 mg once daily for an additional 7 days, and then increased to 40 mg oncedaily.

Concomitant Medication

Instruct patients not to take VIIBRYD with an MAOIor within 14 days of stopping an MAOIandto allow 14 daysafter stopping VIIBRYDbefore starting an MAOI
{see Contraindications (4.1)).

Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions
Cautionpatients about the risk of serotonin syndrome or Neuroleptic Malignant Syndrome (NMS)-like reactions, particularly with the concomitant use of VIIBRYD
and triptans, tramadol, tryptophan supplements, other serotonergic agents, or antipsychotic drugs [see Warnings and Precautions (5.2) and Drug Interactions (7.1)].

Seizures

Cautionpatients about using VIIBRYDif they have a history of a seizure disorder [see Warnings and Precautions (5.3)]. Patients with a history of seizures were
excluded fromclinical studies.

AbnormalBleeding
Cautionpatients about the concomitant use of VIEBRYD and NSAIDs,aspirin, warfarin, or other drugs that affect coagulation since combined use of psychotropic
drugs that interfere with serotonin reuptake and these agents has been associated with an increased risk of abnormal bleeding [see Warnings and Precautions(3.4)].

Activation of Mania/Hypomania
Advise patients and their caregivers to observe for signs of activation of mania/hypomania [see Warnings and Precautions (5.5)].

Discontinuation .

Advisepatients not to stop taking VIIBRYD without talkingfirst with their healthcare provider. Patients should be aware that discontinuation effects may occur when
suddenly stopping VIIBRYD [see Warnings and Precautions (5.6)].

Hyponatremia
Advise patients that if they are treated with diuretics, or are otherwise volume depleted,or are elderly, they maybeat greater risk of developing hyponatremia while
taking VIBRYD [see Warnings and Precautions (5.7)].

Alcohol

Advise patients to avoid alcohol while taking VIIBRYD [see Drug Interactions (7.3)].

Allergic Reactions
Advise patients to notify their healthcare providerif they develop anallergic reaction such as rash, hives, swelling, or difficulty breathing.

Pregnancy
Advisepatients to notify their healthcare provider if they become pregnant orintend to become pregnant during therapy with VIIBRYD[see Use in Specific
Populations (8.1)].

Nursing Mothers
Advisepatients to notify their healthcare provider if they are breastfeeding an infant and wouldlike to continue or start VIIBRYD [see Use in Specific Populations
(8.3).

Interference with Cognitive and Motor Performance
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Caution patients about operating hazardous machinery, including automobiles, until they are reasonably certain that VIIBRYD therapy does not adversely affect their
ability to engage in suchactivities.

TROVISPsaRMar toes

Distributed by
Trovis Pharmaceuticals LLC

New Haven, CT 06511

877-878-7200

vubryd.com

Licensed from Merck KGaA,
Darmstadt, Germany

Product protected by U.S. Patent No. 5,532,241 and U.S. Patent No. 7,834,020.

VZS9P10000

Revised: January 2010

VHBRYD™is a trademark of Trovis Pharmaceuticals LLC.
© 2011 Trovis Pharmaceuticals LLC.
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17.2 Medication Guide

MEDICATION GUIDE

VIIBRYD [vi-brid]
(vilazodone hydrochloride)

Read this Medication Guide carefully before you start taking VIIBRYD and each time you get a
refill. There may be new information. This information does not take the place of talking to your
healthcare provider about your medical condition or your treatment.

Whatis the most important information
I should know about VIIBRYD?

VIIBRYDand other antidepressant
medicines may cause serious side
effects.

Call your healthcare provider right away
if you have any of the following
symptoms, or call 911 if there is an
emergency:

1. Suicidal thoughts or actions:
e VIIBRYD and other antidepressant

medicines may increase suicidal
thoughts or actions in somechildren,
teenagers, or young adults within the
first few months of treatment or

whenthe doseis changed.
e Depression or other serious mental

illnesses are the most important causes
of suicidal thoughts or actions.

e Watch for these changes and call your
healthcare provider right away if you
notice:

e New or sudden changes in mood,
behavior, actions, thoughts, or feelings,
especially if severe.

e Pay particular attention to such changes
when VIIBRYDis started or when the

dose is changed.

Keep all follow-up visits with your
healthcare provider and call between
visits if you are worried about symptoms.

Call your healthcare provider right
awayif you have anyof the following
symptoms, especially if they are new,
worse, Or worry you:

e attempts to commit suicide
e acting on dangerous impulses
e acting aggressive or violent

Reference ID: 2894777

e thoughts about suicide or dying
e new or worse depression
e new or worse anxiety or panic

attacks

e feeling agitated, restless, angry or
irritable

e trouble sleeping
an increase in activity or talking
more than what is normal for you
(mania)

e other unusual changes in behavior
or mood

. Serotonin Syndromeor Neuroleptic
Malignant Syndrome-like reactions:
e agitation, hallucinations, coma or

other changes in mental status
e coordination problems or muscle

twitching (overactive reflexes)
e fast heartbeat, high or low blood

pressure

e sweating or fever
e nausea, vomiting, or diarrhea
e muscle stiffness or tightness

. Abnormal bleeding: VIIBRYD and other
antidepressant medicines may increase
your risk of bleeding or bruising,
especially if you take the blood thinner
warfarin (Coumadin, Jantoven), a non-
steroidal anti-inflammatory drug
(NSAID), or aspirin.

. Seizures or convulsions.

. Manic episodes:
greatly increased energy
severe trouble sleeping
racing thoughts
reckless behavior

unusually grand ideas
excessive happinessorirritability
talking more or faster than usual

. Low salt (sodium) levels in the blood.

14
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Elderly people may be at greater risk for
this. Symptoms mayinclude:
e headache

e weaknessor feeling unsteady
e confusion, problems concentrating or

thinking or memory problems

Do not stop VIIBRYD withoutfirst
talking to your healthcare provider.
Stopping VIIBRYD suddenly may cause
serious symptoms including:
e anxiety, irritability, high or low mood,

feeling restless or sleepy
e headache, sweating, nausea, dizziness
e electric shock-like sensations, tremor,

confusion

Whatis VIIBRYD?

VIIBRYD is a prescription medicine used to
treat a certain type of depression called
Major Depressive Disorder (MDD). It is
important to talk with your healthcare
provider about the risks of treating
depression and also therisk of not treating
it. You should discussall treatment choices

with your healthcare provider.

Talk to your healthcare provider if you do
not think that your condition is getting better
with VIIBRYD treatment.

It is not knownif VIIBRYD is safe and

effective in children.

Who should not take VIIBRYD?

Do not take VIIBRYDif you:
e Take an Monoamine Oxidase Inhibitor

(MAOI). Ask your healthcare provider or
pharmacist if you are not sure if you take
an MAOI.

e Do not take an MAOI within 14 days of
stopping VIIBRYD.

e Do not start VIIBRYD if you stopped
taking an MAOIin the last 14 days.

People who take VIIBRYDclose in
time to taking an MAOI may have
serious or even life-threatening side
effects. Get medical help right away
if you have any of these symptoms:

high fever
uncontrolled muscle spasms
stiff muscles

rapid changesin heart rate or
blood pressure
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e confusion

e loss of consciousness (pass out)

Whatshould I tell my healthcare
provider before taking VIIBRYD?

Before starting VIIBRYD,tell your
healthcare provider if you:

e haveliver problems
e have kidney problems
e have or had seizures or convulsions

e have bipolar disorder (manic
depression) or mania

e have low sodium levels in your blood
e have or had bleeding problems

e drink alcohol

e have any other medical conditions
e Are pregnant or plan to become

pregnant. It is not knownif VIIBRYD will
harm your unborn baby. Talk to your
healthcare provider about the benefits
and risks of treating depression during
pregnancy.

e Are breastfeeding or plan to breastfeed.
It is not knownif VIIBRYD passesinto
breast milk. You and your healthcare
provider should decide if you should take
VIIBRYD while breastfeeding.

Tell your healthcare provider aboutall
the medicines that you take, including
prescription and non-prescription medicines,
vitamins, and herbal supplements. VIIBRYD
and some medicines may interact with each
other, may not work as well, or may cause
serious side effects when taken together.

Especially tell your healthcare provider
if you take:

e triptans used to treat migraine
headache

e medicines used to treat mood,
anxiety, psychotic or thought
disorders, including tricyclics,
lithium, SSRIs, SNRIs, buspirone,
or antipsychotics
tramadol

e over-the-counter supplements such
as tryptophan orSt. John’s Wort

e nonsteroidal anti-inflammatory _
drugs (NSAIDS)

e aspirin
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e warfarin (Coumadin, Jantoven)
e mephenytoin (Mesantoin)
e diuretics

Your healthcare provider or pharmacist can
tell you if it is safe to take VIIBRYD with your
other medicines. Do not start or stop any
medicine while taking VIIBRYD without
talking to your healthcare provider first.

How should I take VIIBRYD?

e Take VIIBRYD exactly as prescribed. Your
healthcare provider may need to change
the dose of VIIBRYD until it is the right
dose for you.

e Take VIIBRYD with food. VIIBRYD may
not work as well if you take it on an
empty stomach.

e If you miss a dose of VIIBRYD, take the
missed dose as soon as you remember.If
it is almost time for the next dose, skip
the missed dose and take your next dose
at the regular time. Do not take two
doses of VIIBRYD at the same.

e If you take too much VIIBRYD,call your
healthcare provider or poison control
center right away, or get emergency
treatment.

What should I avoid while taking
VIIBRYD?

e VIIBRYD can cause sleepiness or may
affect your ability to make decisions,
think clearly, or react quickly. You should
not drive, operate heavy machinery, or
do other dangerousactivities until you
know how VIIBRYDaffects you.

e You should avoid drinking alcohol while
taking VIIBRYD. See “What should I tell
my healthcare provider before taking
VIIBRYD?”

Whatare the possible side effects of
VIIBRYD?

VIIBRYD may cause seriousside effects,
including:
e See “Whatis the most important

information I should know about

VIIBRYD?”
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Commonside effects in people who take
VIIBRYD include:

e diarrhea

e nausea or vomiting
e trouble sleeping

Tell your healthcare provider if you have any
side effect that bothers you or that does not
go away. These are notall the possible side
effects of VIIBRYD. For more information,
ask your healthcare provider or pharmacist.

Call your doctor for medical advice
about side effects. You may report side
effects to FDA at 1-800-FDA-1088.

How should I store VIIBRYD?

Store VIIBRYD at room temperature (59°F to
86°F or 15°C to 30°C).

Keep VIIBRYDand all medicines out of
the reach of children.

General information about VIIBRYD.

Medicines are sometimes prescribed for
purposes other than thoselisted in a
Medication Guide. Do not use VIIBRYDfor a

condition for which it was not prescribed. Do
not give VIIBRYD to other people, evenif
they have the same condition. It may harm
them.

This Medication Guide summarizes the most
important information about VIIBRYD. If you
would like more information, talk with your
healthcare provider. You may ask your
healthcare provider or pharmacist for
information about VIIBRYD that is written for

healthcare professionals.

For more information about VIIBRYDcall 1-

877-878-7200 or go to www. VIIBRYD.com.

Whatarethe ingredients in VIIBRYD?
Active ingredient: vilazodone hydrochloride
Inactive ingredients: lactose monohydrate,
microcrystalline cellulose, magnesium
stearate, colloidal silicon dioxide, polyviny|
alcohol, titanium dioxide, polyethylene
glycol, talc, and FD&C Blue #1 (40 mg only),
FD&C Yellow #6 (20 mg only) and FD&C Red
#40 (10 mg only).
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This Medication Guide has been approved by the U.S. Food and Drug Administration.

TROVIS..

Trovis Pharmaceuticals LLC

5 Science Park

New Haven, CT 06511

Licensed from Merck KGaA, Darmstadt, Germany

Product protected by U.S. Patent No. 5,532,241 and U.S. Patent No. 7,834

VIIBRYD™is a trademark of Trovis Pharmaceuticals LLC.

© 2011 Trovis Pharmaceuticals LLC.

Revised January2011
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Appendix A: Proposed REMS Revised: 10 December 2010

NDA 22-567 vilazodone HCI Tablets

Viibryd™

(vilazodone hydrochloride)

Class of Product: Antidepressant

PGxHealth, LLC

5 Science Park

New Haven, CT 06511

?

Contact Information: PGxHealth, LLC (1-877-878-7200)

RISK EVALUATION AND MITIGATION STRATEGY

(REMS)

RefereReéerencedoy287 1971
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Appendix A: Proposed REMS Revised: 10 December 2010

I. GOAL

The goal of thisREMSis to inform patients aboutthe serious risks associated with the use of
vilazodone HCI Tablets.

RefereReétenced$42371971
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Appendix A: Proposed REMS Revised: 10 December 2010

Il. REMS ELEMENTS:

A. Medication Guide

PGxHealth, LLC, will ensure that a currently approved Medication Guide will be
dispensed with each vilazodoneprescription in accordance with 21 CFR 208.24.

B. Timetable for Submission of Assessments

PGxHealth, LLC, will submit REMS Assessments to FDA at 18 months, 3 years, and 7
years from the date of the approval of the REMS. Tofacilitate inclusion of as much
information as possible while allowing reasonable time to prepare the submission, the
reporting interval covered by each assessment should conclude no earlier than 60 days
before the submission date for that assessment. PGxHealth, LLC will submit each
assessmentso thatit will be received by the FDA onorbefore the due date.

RefereReéeenceduy2371971
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This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

ELLIS F UNGER

01/21/2011
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EXHIBIT 7

Certificate of Correction
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO..: : 5,532,241 Page | of 1
APPLICATION NO. : 08/314734

DATED :July2, 1996
INVENTOR(S) : Henning Bottcher etal.

It is certified that error appears in the above-identified patent and that said Letters Patentis
hereby corrected as shown below:

Column 16, Line 46, please delete “R3is H, OH or OA;”

Signed and Sealed this

Tenth Day ofNovember, 2009

[ued SKapes
David J. Kappos

Director ofthe United States Patent and Trademark Office
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Commissioner for Patents
United States Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov 

ISTMT DATE PRINTEDCustomer No 197
02/08/2011

CPA GLOBL LIMITED
2318 Mill Road 12th Floor
ALEXANDRIA VA 22314

MAINTENANCEFEE STATEMENT

According to the records of the U.S.Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge
have been timely paid for the patentlisted below. The "PYMT DATE"columnindicates the paymentdate(i.¢., the date the
paymentwas filed).

The payment shownbelowis subject to actual collection. If the paymentis refused or charged back bya financial institution, the
paymentwill be void and the maintenance fee and any necessary surcharge unpaid.

 

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.O.Box 1450, Alexandria,
VA 22313-1450.

US. PATENT APPL.
PATENT SUR PYMT APPLICATION ISSUE FILING PAYMENT SMALL ATTY DKT
NUMBER _FEEAMT_CHARGE DATE NUMBER DATE DATE YEAR ENTITY? NUMBER

5,532,241 $830.00 $0.00 12/29/99 08/314,734 07/02/96 09/29/94 04 NO MERCK1617

PTOL-439 (Rev. 09/2006)
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Commissioner for Patents
United States Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov 

Customer No 197 ISTMT DATE PRINTED
02/08/2011

CPA GLOBL LIMITED
2318 Mill Road 12th Floor
ALEXANDRIA VA 22314

MAINTENANCE FEE STATEMENT

Accordingto the records of the U.S.Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge
have been timely paid for the patent listed below. The "PYMT DATE"columnindicates the paymentdate (i.c., the date the
paymentwas filed).

The payment shownbelowis subjectto actual collection. If the paymentis refused or charged back by a financial institution, the
paymentwill be void and the maintenance fee and any necessary surcharge unpaid.

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.O.Box 1450, Alexandria,
VA 22313-1450.

US. PATENT APPL.
PATENT SUR PYMT APPLICATION ISSUE FILING PAYMENT SMALL ATTY DKT
NUMBER _FEEAMT_CHARGE DATE NUMBER DATE DATE YEAR ENTITY? NUMBER

5,532,241 $2,090.00 $0.00 12/09/03 08/314,734 07/02/96 09/29/94 08 NO MERCK1617

PTOL-439 (Rev.09/2006)
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Commissionerfor Patents
United States Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov 

Customer No 197 ISTMT DATE PRINTED
02/08/2011

CPA GLOBL LIMITED
2318 Mill Road 12th Floor
ALEXANDRIA VA 22314

MAINTENANCEFEE STATEMENT

Accordingto the records of the U.S.Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge
have been timely paid for the patentlisted below. The "PYMT DATE"columnindicates the payment date (i.¢e., the date the
paymentwas filed).

The payment shown below is subject to actual collection. If the paymentis refused or charged back bya financial institution, the
paymentwill be void and the maintenance fee and any necessary surcharge unpaid.

Direct any questions aboutthis statement to: Mail Stop M Correspondence, Director of the USPTO, P.O.Box 1450, Alexandria,
VA 22313-1450.

US. PATENT APPL.
PATENT SUR PYMT APPLICATION ISSUE FILING PAYMENT SMALL ATTY DKT

NUMBER FEE AMT CHARGE DATE NUMBER DATE DATE YEAR ENTITY? NUMBER

$,532,241 $3,910.00 $0.00 12/11/07 08/314,734 07/02/96 09/29/94 12 NO MERCK1617

PTOL-439 (Rev. 09/2006)
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EXHIBIT 9

Letter Acknowledging Receipt of the IND
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SENT BY: 12- 5-97-; 2:49PM sLIPHA PHARMACEUTICAL +49 6151 723140;#2/ :

 @ DEPARTMENT OFHEALTH & HUMAN SERVICES Public Heatth Service
mae” . Food and Drug Administration

Rockville MD 20857

IND 54,613 Date DEC =| (OST

Lipha Pharmacueticals, Inc.
ATTN: Aaita M. Goodman, M.D.
9 Weat 57th Street, Suite 3825
New York, NY 10019-2701

_ Dear Sit or Madam:

We acknowledge receipt of your Investigational New Drug Application (ING) submitted
pursuant to Section S0S(i) of the Federal Food, Drug, and Cosmetic Act. Please note the
following identifying data:

IND Number Assigned: 54,613

Sponsor: Lipha Pharmaceuticals, Inc.

NameofDrug: EMD 68 843

Oate of Submission: November 21, 1997

Date of Receipt: November 24, 1997

Studies in humans may not be imiliated until 30 days after ihe date of receipt shawn above. If,
within the 30-day waiting period, we idenufy deficiencies in the IND that require correction
before human studies begin or that require restriction of human studies until correction, we
will noufy you immediately that (he study may not be initiated (“clinical hald") or that certain
restrictions must be placed oni in the event of such noufication, you must continue to
withhold, or to restrict, sucn studies until you have submitted material ta correct the
deficiencies, and we have notified you that the material you submitted 1 satisfactory.

It has not been our policy to object to a sponsor, UPON reacerpt of this acknowledgementletter,
either obtaining supplies of Ihe investigational drug or shipping 1( Lo investigators listed in the
IND. However, 1f drug is stipped lo investigators, [hey should be reminded thal studies mriay

not beain under the IND unul 30 days after the IND receipt date or jater if tne IND Is placed onclinical hald

US REGULATORY ARCHIVES

MAR 19 2001

FORM FDA 32282 (9/89) PREVIOUS EDITION 1S OBSOLETE. Page 113
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IND 54,613. Page 2

You are responsible for compliance with the Federal Food, Orug, and Cosmetic Act and the reguiations
implementing thet Act (Tite 21 of the Code of Federal Regulations). Those responsibilities inclucia reporting
any adverse axpatience associated with use of the drug that is bath serious and unexpected to the FDA
8s soon as possible end in no event later than 10 working days after initial. receipt of the information
and reporting any unexpected fatal or life-threatening experience to the FDA by telephone no later than
3 working days stter receipt of the information (21 CFR.312.32), and submission of annual progress

reports (21 CFR 312.33).

Pisaseforward ali future communications conceming this IND in viplicete, identified by the above INO
number, and addressed as follows:

Food and Drug Administration
Center for Orug Evaluation and Research (HFD-120)
Attention: Document Control Room
6600 Fishers Lane

Rockville, Maryland 20857

Should you have any questions conceming this IND, plesse contect: Mr. Paul David
Project Manager
(301) 594-2777

Conter for Drug Evaluation and Resserch

t; Original IND - pink
HFD-120 - yellow

HFD-120/C80 - green

INO ACKNOWLEDGEMENT

FORM FDA S2zid (11/98)
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EXHIBIT 10

Letter Acknowledging Receiptof NDA
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i SC DEPARTMENT OF HEALTH AND HUMANSERVICES%

" Food and Drug Administration
Silver Spring MD 20993

NDA 22-567 NDA ACKNOWLEDGMENT

PgxHealth, LLC
Attention: Kimberly Fabrizio
Vice President, Regulatory Affairs
Five Science Park

New Haven, CT 06511

Dear Ms. Fabrizio:

Wehavereceived your New Drug Application (NDA) submitted under section 505(b) of the
Federal Food, Drug, and Cosmetic Act (FDCA)for the following:

Name of Drug Product: Vilazodone HCLtablets, 10 mg, 20 mg, and 40 mg

Date of Application: March 22, 2010

Date of Receipt: March 22, 2010

Our Reference Number: NDA 22-567

Unless we notify you within 60 daysof the receipt date that the application is not sufficiently
complete to permit a substantive review, we will file the application on May 21, 2010 in
accordance with 21 CFR 314.101(a).

If you have not already done so, promptly submit the content of labeling [21 CFR
314.50(1)(1)(i)] in structured product labeling (SPL) format as described at
http://www.fda.gov/ForIndustry/DataStandards/StructuredProductLabeling/default.htm. Failure

to submit the content of labeling in SPL format mayresult in a refusal-to-file action under 21
CFR 314.101(d)(3). The content of labeling must conform to the content and format
requirements of revised 21 CFR 201.56-57.

  

The NDA numberprovided above should becited at the topofthefirst page of all submissions
to this application. Sendall submissions, electronic or paper, including those sent by overnight
mail or courier, to the following address:

Food and Drug Administration
Center for Drug Evaluation and Research
Division of Psychiatry Products
5901-B Ammendale Road

Beltsville, MD 20705-1266
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NDA 22-567

Page 2

All regulatory documents submitted in paper should be three-hole punchedontheleft side of the
page and bound. The left margin should beat least three-fourths of an inch to assuretext is not
obscured in the fastened area. Standard paper size (8-1/2 by 11 inches) should be used; however,
it may occasionally be necessary to use individual pages larger than standard papersize.
Non-standard, large pages should be folded and mountedto allow the page to be openedfor
review without disassembling the jacket and refolded without damage when the volumeis
shelved. Shipping unbound documents mayresult in the loss of portions of the submission or an
unnecessary delay in processing which could have an adverse impact on the review of the
submission. For additional information, please see
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequirements/DrugMasterFil
esDMFs/ucm073080.htm

 

If you have any questions, call me at (301) 796-2145.

Sincerely,

{See appendedelectronicsignature page}

CDRBill Bender, R.Ph., MS HCA
Regulatory Project Manager
Division of Psychiatry Products
Office of Drug Evaluation I
Center for Drug Evaluation and Research
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Application Submission
Type/Number Type/Number Submitter Name Product Name

NDA-22567 ORIG-1 PGX HEALTHLLC VILAZODONE HCL

This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

WILLIAM H BENDER

03/24/2010
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EXHIBIT11

List of Significant Activities Undertaken during Regulatory Review Period
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LIST OF SIGNIFICANT ACTIVITIES UNDERTAKEN DURING THE

REGULATORY REVIEW PERIOD

DATE NUMBER ee ue & : S

idlMallalee1997) a
]

ce

2/27/1998 004 Draft Rat and Mouse Carcinogenicity Study Rrotdco s for
CACreview ya ‘QJ
Transfer of IND Ownership from Lipha Pharmaceuticals
to Merck KGaA Oho
Study Protocol - 15-Day Safety Report.
Study Protocol - 15-Day Safety’Report\”
Annual Report 1998 (12 volumes) |)”

 

 
 
 

 
 

 
 
 

 
 

 
 

  _ DESCRIPTION

 
  8/26/1998 007

12/1/1998

12/31/1998

3/5/1999 013

6/16/1999 014

2/8/2001

1/5/2001 Transfer ofINDOwnership
/5/15/2001_||FDA Correspin

Protocol’Aimendment
12/21/2001 ProtecolsAmendment

3/1/2002|~—037_—,Protécol Amendment
4/30/2002 039 _,-Protocol Amendment
7/24/2002 044  \\} Protocol Amendment

  
 
 

 

 
 
 

 

 

 
 

  
 
 

 
 
 
 
 

  
 
 
 
 
 
 

  
 
 

  

    
    

  
  

  

  
  

 
 
 
 
 
 

 
 
 

 
  

10/23/2002 047“FGeneralCorrespondence(Protocol)

|1/5/2005|=|GeneralTeleconference(FDA)-OutstandingReports_|
/5/12/2005_|=|FDACorrespondence(Pharm/Tox))
|10/10/2005_|~~|FDATypeBMeetingRequest(End-of-Phase2meeting)|
}11/19/2005|060s|FDAMeetingRequestBriefingDocuments

Page 1 of 2
3725342
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SUBMISSION|SERIAL ~
DATE NUMBER

1/17/2007|.069|AnnuAnnual Report 2006

071

8/3/2007|=~SSSSs«d|GeneralCorrespondence(DrugSubstance)

IND Safety Report Qo

Se

Megat Sepecaoy Bans :

. . .

 

    8/1/2008

|12/8/2008=|~—«:116~—_—|Clinical Study Report
Annual Report (2008)

|8/19/2009| |
1/14/2010|—s|FDA Contact Report’
1/24/2010 142 Annual Repoft (2009)
3/22/0010. |. %

    
 
 

 

 

  
 
   

 
  

  NDA No. 22.567Submission

 

Page 2 of 2
3725342
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UNITED STATES PATENT AND TRADEMARKOFFICE

CERTIFICATE OF CORRECTION

PATENT NO. 25,532,241 Page 1 of 1
APPLICATIONNO. : 08/314734

DATED : July 2, 1996
INVENTOR(S) : Henning Bottcheretal.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shownbelow:

Column 16, Line 46, please delete “R? is H, OH or OA”

Signed and Sealed this

Tenth Day ofNovember, 2009

David J. Kappos
Director ofthe United States Patent and Trademark Office
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SPE RESPONSE FOR CERTIFICATE OF CORRECTION

Paper No.:
DATE : 09/14/09Ss

TOSPEOF :ARTUNIT__1624__

SUBJECT : Requestfor Certificate of Correction for Appt. No.: 08314734 Patent No.: §532241

Please respondto this requestfor a certificate of correction within 7 days.

FORIFW FILES:

Please review the requested changes/corrections as shown in the COCIN document(s)in the
_ IFW application image. No new matter should be introduced, nor should the scope or
meaning of the claims be changed.

Please complete the response (see below) and forward the completed response to scanning
using document code COCX.

FOR PAPER FILES: .

Please review the requested changes/corrections as shownin the attached certificate of
correction. Please complete this form (see below) and forwardit with thefile to:

Certificates of Correction Branch (C of C)
Randolph Square 9C62-D

PalmLocation 7580moo rae
xtheDirectors/SPEres  

Certificates of Correction Branch

703-756-1574

Thank You ForYour Assistance

The requestfor issuing the above-identified correction(s) is hereby:
. Note your decision on the appropriate box.

Approved | All changesapply.

QO) Approved in Part | Specify below which changes do notapply.

C} Denied State the reasons for denial below.

Comments: hE. est |
abpr 2 Ryo €: ov s(giratede

Chrect maNea , effected fall |

C_ es
eeee | CY i]0}
Qe” OO

<S\ahyTE es 1eZ4y
Z~)

PTOL-306 (REV. 7/03) C7 U.S. DEPARTMENT OF COMMERCEPatent and Trademark Office
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SPE RESPONSE FOR CERTIFICATE OF CORRECTION ee

PaperNo:
DATE : 09/14/09

TO SPE OF : ART UNIT 1624

SUBJECT ~ Request for Certificate of Correction for Appl. No.: 08314734 Patent No.: §532241

Please respondto this request for a certificate of correction within 7 days.
FOR IFW FILES:

Please review the requested changes/corrections as shown in the COCIN document(s) in the
._ IFW application image. No new matter should be introduced, nor should the scope or
meaning of the claims be changed.

Please complete the response (see below) and forward the completed response to scanning
using document code COCX. '

FOR PAPER FILES:

Please review the requested changes/corrections as shownin the attached certificate of
correction. Please complete this form (see below) and forwardit with thefile to:

 
Certificates of Correction Branch (C of C)
Randolph Square 9C62-D
Palm Location 7580

 
Lamonte Nartome
Certificates of Correction Branch

703-756-1574

___ThankYou For Your Assistance  

The request for issuing the above-identified correction(s)is hereby:
Note your decision on the appropriate box. .

Approved All changes apply.

OQ) Approved in Part Specify below which changes donotapply.

QO Denied State the reasons for denial below.

 
 

Comments:

ON OB
‘0. LsJo g——>af.]7 7

Soo TB
VgTHY loz
f~) a _

PTOL-306 (REV. 7/03) U.S. DEPARTMENT OF COMMERCEPatent and Trademark Office
XV ¢2T:ST Tadd 60/97/01
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PTO/SB/ 44 (08-00)
Approved for use through 09/30/2000. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number.

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARKOFFICE

CERTIFICATE OF CORRECTION

PATENT NO : 5,532,241

DATED: July 2, 1996

INVENTOR(8): Henning Bottcheretal.

It is certified that error appears in the above-identified patent and that said Letters
Patent are hereby corrected as shown below:

Column 16, Line 46, please delete "R® is H, OH or OA;" 
MAILING ADDRESS OF SENDER: Millen, White, Zelano & Branigan, P.C.

2200 Clarendon Blvd, Suite 1400
Arlington, VA 22201

PATENT NO. 5,532,244 

Burden Hour Statement: This form is estimated to take 1.0 hour to complete. Timewill vary depending upon the needsof the individual case. Any
comments on the amountof time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO: Assistant Commissioner for
Patents, Washington, DC 20231.
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

US. Patent No.: 5,532,241

Issued : July 2, 1996

Serial No. : 08/314,734

Filed : September 29, 1994

For : Piperidines And Piperazines

PETITION FOR CERTIFICATE OF CORRECTION

PURSUANT TO 37 C.E.R.§1.322 OR§1.323

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Applicants hereby request that the above-identified U.S. patent be corrected in accordance

with the attached Certificate of Correction.

I. C.P.R.§1.322

oO The mistake(s) was/were incurred throughthe fault of the Patent and Trademark
Office and is/are clearly disclosed in the records of the Office. Therefore, no fee
is due.

IL C.B.R.§1.323

X The mistake was made by the applicant. Therefore, a paymentin the amount of
$100.00 for the fee set forth in 37 C.F.R. § 1.20(a) is enclosed herewith.

Enclosed herewith is a Form PTO-1050listing an error that has been foundin the above-

identified patent. Theerroris of a clerical or typographical nature or of minor character and was

made in good faith. The requested correction does not constitute new matter or require

reexamination.
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I. Accordingly, patentees and their assignee respectfully request that the Patent and

Trademark Office issue a Certificate of Correction pursuant to 37 C.F.R. § 1.322 or § 1.323,

respectively.

Respectfully submitted,

/Brion P. Heaney/
 

Brion P. Heaney, Reg. No. 32,542
Attorney for Applicants

MILLEN, WHITE, ZELANO

& BRANIGAN,P.C.

Arlington Courthouse Plaza|
2200 Clarendon Blvd. Suite 1400

Arlington, Virginia 22201
Telephone: (703) 243-6333
Facsimile: (703) 243-6410

Attorney Docket No.: MERCK-1617

Date: September 1, 2009
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Electronic Patent Application Fee Transmittal

Title of Invention: PIPERIDINES AND PIPERAZINES

a

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

USD(S$)
Description Fee Code Quantity

Basic Filing:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time: Page 128
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Miscellaneous:

Total in USD($)
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Electronic AcknowledgementReceipt

ee

itn

Title of Invention: PIPERIDINES AND PIPERAZINES

First Named Inventor/Applicant Name: HENNING BOTTCHER

MILLEN WHITE ZELANO AND BRANIGAN

ARLINGTON COURTHOUSE PLAZA| SUITE 1400

2200 CLARENDON BOULEVARD

Correspondence Address: -

ARLINGTON

US

ee

Paymentinformation:

 
Payment Type Credit Card 
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RAM confirmation Number

Authorized User

File Listing:

Document gs File Size(Bytes)/ Multi Pages

Requestfor Certificate of Correction pto1050.pdf
166ce8895f13a6cc02d01 23b4afeb4Of16f6q

a61

Information:

Requestfor Certificate of Correction petforcoc.pdf
d18baa8d808ed388a1 2fbcb7f084bedf98a

ddb1c

Information:

Fee Worksheet (PTO-875) fee-info.pdf
4d243f5 3d82bf4194c59257d594e39a51 3f0

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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ae Mi- tIN THE UNITED STATES PATENT AND TRADEMARK OFFICE L

U.S. Patent No.: 5,532,241 F/ VA 7
Issued =: July 2, 1996

Serial No. : 08/314,734

Filed : September 29, 1994

For : Piperidines And Piperazines

PETITION FOR CERTIFICATE OF CORRECTION

PURSUANTTO 37 C.E.R. § 1.322 OR § 1.323

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Applicants hereby requestthat the above-identified U.S. patent be corrected in accordance

with the attached Certificate of Correction.

I. C.F.R. § 1.322

| The mistake(s) was/were incurred throughthe fault of the Patent and Trademark
Office andis/are clearly disclosed in the recordsof the Office. Therefore, no fee
is due.

IL. C.F.R. § 1.323

Q The mistake was made by the applicant. Therefore, a paymentin the amount of
$100.00 for the fee set forth in 37 C.F.R. § 1.20(a) is enclosed herewith.

Enclosed herewith is a Form PTO-1050listing an error that has been foundin the above-

identified patent. The erroris of a clerical or typographical nature or of minor character and was

made in good faith. The requested correction does not constitute new matter or require

reexamination.
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TH. Accordingly, patentees and their assignee respectfully request that the Patent and

Trademark Office issue a Certificate of Correction pursuant to 37 C.F.R. § 1.322 or § 1.323,

respectively.

MILLEN, WHITE, ZELANO

& BRANIGAN,P.C.

Arlington Courthouse Plaza|
2200 Clarendon Blvd.Suite 1400

Arlington, Virginia 22201
Telephone: (703) 243-6333
Facsimile: (703) 243-6410

‘Attorney Docket No.: MERCK-1617

Date: September 1, 2009

Respectfully submitted,

/Brion P. Heaney/

Brion P. Heaney, Reg. No. 32,542
Attorney for Applicants
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PTO/SB/ 44 (08-00)
Approvedfor use through 09/30/2000. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
: Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit displays a valid OMB control number.

ae (Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE

50:09/314, 2G ERTIFICATE OF CORRECTION
PATENT NO: 5,532,241

b 65 4DATED: July2, 1996
INVENTOR(S): Henning Bottcheretal.

It is certified that error appears in the above-identified patent and that said Letters
Patent are hereby corrected as shown below:

Column 16, Line 46, please delete "R” is H, OH or OA:" 
MAILING ADDRESS OF SENDER: Millen, White, Zelano & Branigan, P.C." PATENT NO. 5,532,241

2200 Clarendon Blvd, Suite 1400
Arlington, VA 22201

 

Burden Hour Staternent: This form is estimated to take 1.0 hour to complete. Timewill vary depending upon the needs ofthe individual case. Any
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark
Olfice, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SENDTO: Assistant Commissionerfor
Patents. Washington, DC 20231.
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PTO/SB/ 44 (08-00)
Approved for use through 09/30/2000. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARKOFFICE

CERTIFICATE OF CORRECTION

PATENT NO : 5,532,241

DATED: July 2, 1996

INVENTOR(8): Henning Bottcheret al.

It is certified that error appears in the above-identified patent and that said Letters
Patent are hereby corrected as shown below:

Column 16, Line 46, please delete "R° is H, OH or OA;" 
 MAILING ADDRESS OF SENDER: Millen, White, Zelano & Branigan, P.C. PATENT NO. 5.532.241

2200 Clarendon Blvd, Suite 1400 ,
Arlington, VA 22201

Burden Hour Statement:This form is estimated to take 1.0 hour to complete. Time will vary depending upon the needsof the individual case. Any
comments on the amountof time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO:Assistant Commissionerfor
Patents, Washington, DC 20231.
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The Commissioner of Patents
and Trademarks

Has receivedan applicationSor a patent
Sora newand useful invention. Thetitle
and description ofthe invention are en.
closed. The requirements of law have
been complied with, and it has been de-
termined that a patent on the invention
shall be granted underthe law.

Therefore, this

United States Patent

Grants to the person or Persons having
title to this patent the right to exclude
othersfoom making, using orselling the
invention throughout the United States
of America for the term Of seventeen
yearsfrom the dateofthis Patent, sub-
Jett to thepayment ofmaintenancefees
@s provided by law.

nce China
Commissioner ofPatents and Trademarks

(V\anoue vJurmey 
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 Oat [250-17A
2 PART B-ISSUE FEE TRANSMITTAL |

| MA hy INS eae iiS: This form should be usedtr transmitting the ISSUE FEE. Blocks2 through 6ety be completed where approp
Sher. cates fy including the Issue Fee Receips,;.the Patent; advance-orders andnotification of maintenance feeswill be mailed’‘to'addressee |
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fHSo te “| | UNITED STATES DEPARTMENT OF COMMERCE
 en : Patent and Trademark Office :

“— Address: GOMMISSIONER OF PATENTS AND TRADEMARKS "
. . mares o . © Washington, 0.C. 20231

[seriatnumacr|FILING DATE FIRST NAMED APPLICANT | _ATTORNEY DOCKET NO. |
o8/314, 7354 09/29/94 BOTTCHER H MERCK1617

12M2/0207
MILLEN WHITE ZELANO AND BRANIGAN

ARLINGTON COURTHOUSE PLAZA I SUITE 1400 ART UNIT __
2200 CLARENDON BOULEVARD
ARLINGTON VA 22201 Lz02

DATE MAILEO: 02/07/96

. NOTICE. OF ALLOWABILITY
~

rh1. On communication is responsive toAefogA+ 2. “All. the claims being allowable. PROSECUTION ON THE MERITS iS (OR REMAINS) CLOSEDin this application. If not included
+ herewith (or previousty mailed), a Notice Of Allowance And Issue Fee Due or other appropriate communication will be sent in duecourse.

. 3. re allowedclaims are = O~, a & AY — Cortotl X SF .
4. 0 The drawingsfiled on._are acceptable.

. §. Wrormenteornen is made of the claim for priorily under 35 U.S.C. 119. The certified copy has [J been received. [_.} not been
received. {..] been filed in parent application SerialNo...filed on

6. O Notethe attached Examiner's Amendment.
7. 2 Note the attached Examiner Interview Summary Record, PTOL-4 13.
8. O Note the attached Examiner's Statement of Reasons for Allowance.
9. C1 Note the attached NOTICE OF REFERENCESCITED, PTO-892.

10. CO Note the attached INFORMATION DISCLOSURECITATION, PTO-1449.

PART Il.

A SHORTENED STATUTORY PERIOD FOR RESPONSEto comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE “DATE MAILED” indicated on this form. Failure to timely comply will resuit in the ABANDONMENTof this application.
Extensions of time may be obtained underthe provisions of 37 CFR 1.136(a).

1. Note the attached EXAMINER'S AMENDMENTor NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

‘2. 0 APPLICANT MUST MAKE THE ORAWING CHANGESINDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE
OF THIS PAPER. .

a. © Drawing informatities are indicated on the NOTICE AE PATENT DRAWINGS. PTO-948, attached hereto or to Paper No.. CORRECTION !S REQUIRED.

b. O The proposed drawing correction filed on=sas been approved by the examiner. CORRECTION {tSREQUIRED. ,

c O Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION ISREQUIRED.

. © Formal drawings are now REQUIRED.
Qa

Any responseto this letter should inctude in the upper right hand corner, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER.

Attachments:

— Examiner's Amendment - Notice of Informal Application. PTO- 152
= Examiner Interview Summary Record, PTOL- 413 _ Notice re Patent Drawings, PTO-948

— Reasonsfor Allowance — Listing of Bonded Oraftsmen
— Notice of Reterences Cited. PTO-892 — Other
- intormation Disctosure Citation, PTO- 1449

EMILY BERNHARDT
RIMARY EXAMINER

GROUP 1200

PTOL-37 (REV. 4-89) # USCOMM-DC 89-3789

on
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enning BOTTCHER et al.
Group Art Unif’:

(eserial No.: 08/314,734
Examiner: Bernhardt

\ Filed: September 29, 1994

For: PIPERIDINES AND PIPERAZINES

S oy
ui AMENDMENT UNDER 37 C.F.R. §1.116 | 2

a — Ss
“GO

2 6
Assistant Commissioner for Patents vo ys
Washington, D.C. 20231 pee TS

oo
SIR: Cf eyPO

Applicants acknowledge receipt of the Office actinof Octo-
ber 25, 1995. Entry of the following amendments is respectfully

requested.

IN THE CLAIMS: - 4
Please cancel claims 9, 13-15, 19-23, 26 and 27 without prejudice

or disclaimer.

Please amend claims 1, 2, 7, 12, 16, 24, 25 and 28 as follows:

a
Claim 1, line 9:, Delete "2,3-dihydrobenzofuran-5-";

line 10 Delete "yl, chroman-6-yl,"; and
line a Change "N or CR’;" to -- Nj; --.

—

Claim 2, lines 6-14: Delete in their entirety;

line 1s Change "(e)" to -- (b) --;
line 17: After "thereof;", insert -- or --;

line 18chance "(£)" to -- (c) --;
O:line Chatige "thereof;" to -- thereof. --; and

lines 21-25: Delete in their entirety.

- 1- MERCK 1617
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Claim 7, line 2: Delete 12, Kaihyarobenzofuran-5-y1, chro-

man-6-yl,".

Claim 12, line 1: pelete "Z is N and".

Claim 16, line 1: pefete "7 is N and".

X%,
Claim 24, line 1:~ Change "23," to -- 1, --.

Claim 25, line 1: Change "23," to -- 1, --.

a
Claim 28, line “1: Change "23," to -- 1, --.

REMARKS

Amendments

The above amendments are submitted for purposes of further-

ing prosecution and to obtain an early allowance of the instant

application. Entry thereof is respectfully requested. Submis-

sion of these amendments is not to be construed as an acqui-

escence to any ground of rejection.

In the Office Action of October 25, 1995, the examiner in-

dicated that claims 16, 24, 25 and 28 recited allowable subject

matter. While claim 12 was not indicated as reciting allowable

subject matter, it is stated in the Office Action that "R* as

benzofuranyl ... is not suggested by the combined teachings of

Boettcher and Perregaard...." See page 4, lines 4-6, of the
October 25, 1995, Office Action.

Claim 1, as amended above, corresponds to the combined scope

of claims 12, 24, 25 and 28. Therefore, it is respectfully sub-

mitted that the above amendments place the applicationin condi-

tion for allowance. Entry of the amendments and allowance of the

instant application is again respectfully requested.

Improper Markush Rejection

As noted above, the amendments to the claims is not to be

construed as an acquiescence to any ground of rejection. In any

- 2 - MERCK 1617
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event, the above amendment to claim 1 regarding group Z renders

moot the improper Markush group rejection. Withdrawal of the

rejection is respectfully requested.

Rejection under 35 U.S.C. §103

As correctly noted by the examiner, Boettcher et al. (U.S.

 

‘925) cannot be eliminated as a reference by perfection of the

claim of benefit to foreign priority under 35 U.S.C. §119.

Counsel apologizes for the confusion. The rejection in view of

U.S. '925 in combination with U.S. ‘948 was traversed in the

Amendment of June 28, 1995.

In any event, the above amendment renders moot the rejection

under 35 U.S.C. §103. See also the examiner's discussion of what

is not suggested by the combined prior art disclosures at page

4, lines 3-6, of the October 25, 1995, Office Action.

Withdrawal of the rejection under 35 U.S.C. §103'is re-

spectfully requested.

Obviousness-Type Double-Patenting Rejection
in view of Perregaard (U.S. ‘'925)

For the reasons discussed above with regard to the §103 re-

jection, the rejection of obviousness-type double patenting in

view of U.S. '925 is rendered moot by the above amendment to

claim 1. Withdrawal of the rejection is respectfully requested.

Respectfully submitted,

 

 
 32,542)

MILLEN, WHITE, ZELANO & BRANIGAN, P.C.
Arlington Courthouse Plaza I
2200 Clarendon Boulevard, Suite 1400
Arlington, Virginia 22201
(703) 812-5308

Filed: January 24, 1996

BPH: kdp123:merck617.am2

- 3 - MERCK 1617
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UNITED STATESO&_cRTMENT OF COMMERCE
Patent and Trademark Office .
Address: COMMISSIONER OF PATENTS AND

Washington, D.C, 20231

 
 

(7 $5

SERIAL NUMBER : FIRST NAMED INVENTOR : ATTORNEY DOCKET NO,

neyu14.744 99729794 BOTTCHER H > MERCK1617
BERNHARLEXAMINER

LEME /1025

MILLEN WHITE ZELANO AND BRANTGAN 7 SaBER NUMBERARLINGTON COURTHOUSE PLAZA T SUITE l4au[PAPERNUMBER_|
3300 CLARENDON BOULEVARD _
ARLINGTON VA 22201 1202

DATE MAILED: Las 25/95

This Is a communication from the examiner:in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

0 This application has been examined [-ccponsive to,communication filed on 6 Z Sof IS_ risaction Is made final.
: . —_—_—

A shortened statutory perlod for response to this action is set to expire 3 month(s), days from the dateofthis letter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133
Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. hots of References Cited by Examiner, PTO-892. Notice of Draftsman’s Patent Drawing Review, PTO-948.2 O
3. (CJ Notice of Art Cited by Appiicant, PTO-1449. 4. LJ natice of intorma! Patent Application, PTO-152.
&. [LJ information on How to Effect Drawing Changes, PTO-1474. s C]
 

Part il SUMMARY OF ACTION

 

 

 

 

1. [WCiams [1-2 F are pending In the application.

Ot the above, claims __ /3 S79 -R% are withdrawn from consideration.
2.71 ciaims have been cancelled.

3.00 ctains are allowed.

Beams [1 2, BRP /4-/5, 17 7F,_ 23 one AP eworeytet
sous“©,RYAATAne2Feo otjoctea tw.
6. oO Claims, are subject to restriction or election requirement.

?. oO This application has beenfiled with informa! drawings under 37 C.F.A. 1.85 which are acceptable for examination purposes.
 

8, Oo Formal drawings are required in response to this Office action.

9. Cl The corrected or substitute drawings have been recelved on . Under 37 C.F.R, 1.84 these drawings
are CJ] acceptable; Cinot acceptabla (sae explanation or Notice of Oraftsman's Patent Orawing Review, PTO-848).

 

10.) the proposed additional of substitute sheet(s) of drawings,filed on . has (have) been Clapproved by the
examiner; (disapproved by the examiner (see explanation).

11. LJ The proposed drawing correction,filed hasbeen [lapproved; [disapproved (eee explanation).

12. C1) Acknowledgement Is made of the claim for prtority under 35 U.S.C. 119. The certified copy has Di been recetvad 1 not beenreceived
C been filed in parent application,serial no. 3 filed on :

13. Since this application appears to be In conditien for allowance except for formal matters, prosecution as to the merits is closed
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213. .

 

  

14. CJ other
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Serial Number: 08/341,734 -2-

Art Unit: 1202

In view of applicants' response filed 06/30/95 the following

applies.

Applicants' election of Group I subject matter with traverse

is acknowledged but is not persuasive for reasons previously set

forth-see page 3 of previous office action. The field of search

in the U.S. Classification is completely independent for the two

Z groups and where multiple uses exist restriction is proper

between compounds (and compositions) vs. multiple uses-see MPEP

806.05(h). Different uses raise different issues of

patentability over corresponding compound/composition claims.

Note In re May 197 USPQ 601; In re Shetty 195 USPQ 753.

For the above reasons the restriction is deemed proper and

is therefore made FINAL.

Claims 1-11 and 17-18 are rejected under judicial doctrine

as being drawn to an improper Markush group for reasons of

record. Unlike Harnisch, 206 USPQ 300 cited by applicants, the

pharmaceutical art does not recognize the/instant Z moieties és

equivalent. Note Bottcher and Perregaard-dent. Note that in

Harnisch the various substituents defined by NZ!Z* were held to

be incidental, the coumarin core responsible for the dye

activity. In contrast to Harnisch, there is no evidence of

record that either the instant indolyl and/or bicyclic oxygen

heteros common to both groups contributes solely to the

physiological activity. Clearly if only the former ring system
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Serial Number: 08/341,734 -3-

Art Unit: 1202

(indole) and piperazine 84a predominately responsible for the
activity, Bottcher applied previously and maintained below cannot

be overcome. Note In re Milas 71 USPQ 212 in which the

structural difference between Vitamin A and Vitamin D was

sufficient to uphold the improper Markush rejection. Also see In

re Winnek, 73 USPQ 225 and In re Ruzicka, 66 USPQ 226 which

structural differences were small yet a similar holding was

maintained. All these cases involved compounds in the

pharmaceutical art known to be structure-sensitive in general.

This application contains claims drawn to an invention non-

elected with traverse in Paper No. 5. A complete response to the

final rejection must include cancellation of non-elected claims

or other appropriate action (37 C.F.R. § 1.144) M.P.E.P.

§ 821.01.

Claims 1-12, 14-15, 17-18, 23, 26, and 27 are rejected under

35 U.S.C. § 103 as being unpatentable over Boettcher in view of

Perregaard for reasons of record - see previous action.

The issue date of Boettcher is one year earlier than the

instant U.S. filing date. Thus Boettcher can't be antedated even

if benefit under 35 USC 119 exists. See MPEP 201.13, p. 200-28,

left column entitled "Effect on Right of Priority", Rev. January

1995.

Applicant's arguments filed 6/3/95 have been fully

considered but they are not deemed to be persuasive.
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Serial Number: 08/341,734 ; -4-

Art Unit: 1202

Contrary to what applicants seem to infer a claim is

properly rejected once any part of its instant scope is

anticipated or rendered obvious by a competent reference. While

R! as chromenyl or chromen-4on-6yl or benzofuranyl or chroman-4-

on-6-yl is not suggested by the combined teachings of Boettcher

and Perregaard, R' as dihydro benzofuran-5-yl or chroman-6-yl is.

Applicants urge Perregaard is too structurally remote since point

of attachment to piperazine ring is at a different location e* Ov)

benzene ring than is claimed herein. While this is correct, note

that Boettcher, the primary reference teaches attachment of fused

benzene ring system at the same location as herein. Perregaard

was only relied on to show that benzodioxane can be replaced with

instant R’ rings as discussed above in similar compounds and

still retain activity disclosed in Boettcher. Furthermore, it is

not believed the disclosure of Perregaard is to diffuse since the

pertinent rings embraced in Ar is not an infinite Markush group

but rather narrow in scope. For the above reasons the rejection

is maintained.

Claims 1-12, 14-15, 17-18, 23, and 26-27 are rejected under

the judicially created doctrine of obviousness-type double

patenting as being unpatentable over claims 1-16 of U.S. Patent

No. 5242925 in view of Perregaard for reasons of record.

Although the conflicting claims are not identical, they are not

patentably distinct from each other because of the same reasons
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Serial Number: 08/341,734 -5-

Art Unit: 1202

as discussed previously in the corresponding 103 rejection and

discussed above. Note the inclusion of claims 19-22 in this

rejection in the previous action was inadvertent.

Claims 16, 24-25, and 28 are objected to as being dependent

upon a rejected base claim, but would be allowable if rewritten

in independent form including all of the limitations of the base

claim and any intervening claims.

Applicant is again reminded that if non-elected subject

matter is deleted many claims will be superfluous as well as "Z
is N" recitation in various dependent claims.

Béttcher, US '237, recently issued and commonly assigned is

cited to show the state of the art.

THIS ACTION IS MADE FINAL. Applicant is reminded of the

extension of time policy as set forth in 37 C.F.R. § 1.136(a).

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL

ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS

ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS

OF THE MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION

IS NOT MAILED UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED

STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE
ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE
PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE
MAILING DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE

STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM

THE DATE OF THIS FINAL ACTION.

A facsimile center has been established in Group 1200, room 3C10.
The hours of operation are monday through Friday, 8:45 AM to 4:45
PM. The telecopier numbers for accessing the facsimile machine
is (703) 308-4556 or 305-3592.
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Serial Number: 08/341,734 -6-

Art Unit: 1202

Any inquiry concerning this communication should be directed

to Emily Bernhardt at telephone number (703) 308-4714.

EMILY BERNHARDT
PRIMARY EXAMINER

BERNHARDT: jd GROUP 120-
OCTOBER 18, 1995
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FORM PTO-692—. U.S. DEPARTMENT OF COMMERCE: SERIAL NO. ROUPARTUNIT Tot tacHMENT

(REV. 2-92) PATENT AND TRADEMARK OFFICE|iy : een: CSBY IFS (2 aR NUMBER
NOTICE OF REFERENCES CITED APPLICANT(S) - ,

: SOICHER ;
‘___ U.S. PATENT DOCUMENTS-

FILING DATE IF
APPROPRIATECLASS CLASS

W

iitTTTes
DOCUMENT NO.

sWwroro [Ni|
4
= Bomcrer ero!

neate-fefe(etefefetePtT ONEt|fpfy|Prpop OOPr
FOREIGN PATENT DOCUMENTS

. PERTINENT
CLASS SHTS.|PP,

CLASS DWG_|SPEC.|

ywcQDOCUMENT NO. COUNTRY

pojtwtojz{zi{rj| |||tttTesee
OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)

eseeeeee
EXAMINER

* A copyof this reference is not being furnished with this office action.
(See Manual of Patent Examining Procedure, section 707.05 (a).)
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Henning BOTTCHER et al.

\aiserial No.: 08/314,734
Examiner:

Filed: September 29, 1994

For: PIPERIDINES AND PIPERAZINES

In re application of  
AMENDMENT. 

Honorable Commissioner of with the 08.
Patents and Trademarks

Washington, D.C. 20231

SIR:  
In response to the Office Action of March 28, 1995, please

amend the above-identified application as follows: oo

IN THE CLAIMS:

Please amend claim 12 as follows:

Claim 12, line 2: Change "benzo-5-yl" to -- benzofuran-S5-yl --.

Please add the following new claims:

23. A compound accordi aim 1, wherein Z is N.

ay

A compound according to claims, wherein R* is unsub-
stituted 3-chromen-6-yl or 3-chromen-6-yli substituted by CN,

CH,OH, CH,OA or COR?.

A compound according to claim23, wherein R' is unsub-
stituted chroman-4-on-6-yl or chroman-4-on-6-yl substituted by

CN, CH,OH, CH,OA or COR?.

 
 

 
 

26. A compound according to clai wherein R* is unsub-

stituted 2,3-dihydrobenzofu or 2,3-dihydrobenzofuran-5-

yl substituted by CN,

-1- MERCK 1617
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27. <A compound acco

L

 

 
 
 

wherein R? is unsub-

stituted chroman-6- oman-6-yl substituted by CN, CH,OH,

(S /
286. A compound according to claim23, wherein R* is unsub-

stituted chromen-4-on-6-yl or chromen-4-on-6-yl substituted by

CN, CH,OH, CH,OA or COR?.

 
REMARKS

Restriction Requirement

With respect to the restriction requirement under 35 U.S.C.

§121, applicants hereby affirm election of Group I, i.e., com-

pounds and compositions wherein Z is N. However, this restric-

“tion requirement is respectfully traversed.

In the restriction requirement, the claims drawn to the

compounds and compositions are split between Groups I and II on

the basis of Z being defined as N or CR’, respectively. Further,

it is indicated that the subject matter of these two groups is

separately classified. However, the mere assertion that the two

groups of subject matter are separately classified within the PTO

classification system does not establish justification for a

restriction requirement.

Moreover, while group Z differs in each class, the remaining

portion of the compounds is the same for both classes. In such

a case, there does not appear to be an undue burden imposed upon

the examiner to search both classes of subject matter together.

As set forth in M.P.E.P. §803, regardless of whether it is as-

serted that an application contains claims directed to indepen-

dent and distinct inventions, if the search and examination can

be made without serious burden, the examiner must examine the

entire application.

Further, the method-of-use claims set forth in Groups III

and IV of the restriction requirement are clearly related to the

compounds/compositions of Groups I and II. A complete and tho-

rough search of Groups I and II would necessarily overlap with

the search required for Groups III and IV, respectively. Thus,

- 2 - MERCK 1617
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it is respectfully submitted that no serious burden would be

a

imposed upon the examiner in examining Groups III and IV with

Groups I and II.

In view of the above remarks, withdrawal of the restriction

requirement and examination of all of the pending claims is re-

spectfully requested.

Rejection under 35 U.S.C. §112, second paragraph

Claim 12 is amended above to eliminate a typographical er-
ror. It is respectfully submitted that the language of claim 12

is sufficiently definite to one of ordinary skill in the art.

Withdrawal of the rejection under 35 U.S.C. §112, second para-

graph, is respectfully requested.

Objection/Rejection under 35 U.S.C. §112, first paragraph

Contrary to the assertion in the rejection, applicants’

original disclosure does provide sufficient descriptive support

for species (e) recited in claim 2. See, for example, the dis-

closure at page 22, lines 1-2.

Withdrawal of the objection/rejection under 35 U.S.C. §112,

first paragraph, is respectfully requested.

Rejections under 35 U.S.C. §103 and
Obviousness-Type Double Patenting

Boettcher et al. (U.S. 5,242,925) has the same inventive

entity as the instant application. U.S. '925 issued as a patent

‘on September 7, 1993, less than 1 year prior to the German pri-
ority application of the instant application, P 43 33 254.4

(filed September 30, 1993). Enclosed herewith is a certified

translation of German application ‘254.4. Submission of the

English translation of the priority document perfects applicants’

claim of priority and thus the effective U.S. filing date of the

instant application is September 30, 1993.

In light of applicants’ perfection of their claim of prior-

ity and the fact that U.S. '925 is not a disclosure "by another,"

U.S. ‘925 is not an effective prior art reference against appli-
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cants’ claimed invention. Withdrawal of the rejection under 35

a

U.S.C. §103 is respectfully requested.

In any event, U.S. '925 discloses a genus of piperazinyl-

benzodioxane compounds. These compounds are described as being

active on the central nervous system and serotonin agonists and

antagonists. The 1,4-benzodioxane derivatives of U.S. '925 do

not anticipate or render obvious applicants’ claimed genus of

compounds. Compare, for example, the description of R* with the

1,4-benzodioxane radical of the compounds of U.S. ‘925.

Perregaard et al. (U.S. 5,002,948) discloses a genus of in-

doles, indazoles, 2-indolones and 2,3-dihydro derivatives there-

of. In the abstract, U.S. '948 indicates that the compounds have

central serotonin activity. The piperazinyl compounds are sub-

stituted in the para position by the group Ar which can be a sub-

stituted phenyl ring or a phenyl ring fused with the structure

-Y- (CH,),.;-Z-. See column 1, lines 40-50. In this fused ring

structure, Y is O or S and Z is O, S$ or CH,.

This description of the fused ring structure for group Ar

does not include benzofuranyl radicals, chroman-4-one radicals,

chromene radicals or chromen-4-one radicals. Furthermore, the

description of Ar does not include 2,3-dihydrobenzofuran-5-yl,

chroman-6-yl or even 1,4-benzodioxan-6-yl radicals.

As can be seen from the description of Ar at column 1, lines

40-50, the point of attachment between this group and the piper-

azine structure is in the ortho position to Y. Thus, when Y is

O, Zis O and subscript nis 2, the resultant fused structure is

1,4-benzodioxan-5-yl, not 1,4-benzodioxan-6-yl. See, for exam-

ple, the list of preferred Ar groups at column 2, lines 9-11.

Thus, U.S. ‘948 does not disclose the same benzodioxane radical

as U.S. ‘925. Hence, Perregaard et al. do not suggest inter-

changeability of other radicals for the 1,4-benzodioxan-6-yl

radical of the compounds of Boettcher et al.

Even if one of ordinary skill in the art were to modify the

compounds of U.S. '925 based on the fused Ar groups of U.S. ‘948,
the resultant modification would still not result in a compound

in accordance with applicants’ claimed genus. Attention is again
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directed to the attachment of the Ar group to the piperazine

‘

structure at the ortho position relative to the group Y.

In addition, U.S. ‘948 specifically defines only Z to pos-

sibly by CH,, not both Y and Z. Even if one were to modify Y to

be CH, when Z is O and subscript n is 1, the resultant dihydro-

benzofuranyl radical would be 2,3-dihydro-4-benzofuranyl and,

thus, still would not suggest a compound of applicants’ claimed

genus.

Further, referring to the specific compounds disclosed by

U.S. ‘948, the only fused Ar substituents exhibited by these com-

pounds are 2,3-dihydro-7-benzofuranyl and 1,4-benzodioxan-5-yl.

See, for example, the compounds disclosed at column 7, lines
4-11.

In view of the above, it is respectfully submitted that no

suggestion or motivation is provided by the disclosure or the

claims of U.S. '948 that would lead one of ordinary skill in the

art to modify the compounds of U.S. ‘925 in such a manner as to

arrive at a compound in accordance with applicants’ claimed

genus. Withdrawal of the obviousness-type double-patenting re-

jection and the rejection under 35 U.S.C. §103 is respectfully

requested.

Improper Markush Rejection

The classical test for an improper Markush group is set

forth by the C.C.P.A. in In re Harnisch, 206 U.S.P.Q. 300

(C.C.P.A. 1980). If the compounds of the claimed genus possess

a common utility and the grouping of the compounds together in

a genus is not repugnant to scientific classification, then a

Markush group is proper.

In Harnisch, the claimed genus of compounds were coumarin

compounds which were dyes and thus shared at least one common

utility. The court also found that the genus of coumarin com-

pounds was not repugnant to scientific classification.

The coumarin base structure exhibited a substituent NZ*Z? in

which Z? and Z? could each be hydrogen, alkyl or cycloalkyl. 2?

could also be aralkyl or aryl. Further, Z’ could be a 2- or 3-

membered alkylene radical connecting to the 6-position of the
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coumarin ring and Z? could be a 2- or 3-membered alkylene radical

connected to the 8-position of the coumarin ring. Furthermore,

Z* and Z? could, together with the nitrogen atom, be an option-

ally benz-fused heterocyclic ring.

Thus, the NZ'Z? group could either be an amino substituent,

a further ring group fused with a coumarin base structure and

possessing a nitrogen atom or it could be a nitrogen atom-con-

taining cyclic substituent. Although all of these various

structures were included, the court found the genus to not be

repugnant to scientific classification.

The variation in the compounds in the Harnisch case is even

greater than the variation between Groups I and II of the re-

striction requirement. The difference between Groups I and II

of the restriction requirement is whether the cyclic structure

containing group Z2 is a piperidine or piperazine, i.e., whether

the cyclic structure contains one or two nitrogen atoms. In

comparison, the NZ‘'Z? structure'in the Harnisch case could have

represented no cyclic structure whatsoever, a fused cyclic struc-

ture, or a cyclic substituent.

In view of the above, it is respectfully submitted that the

grouping of the compounds of Groups I and II identified in the

restriction requirement in a genus is not repugnant to scientific

classification. Furthermore, the compounds share at least one |
common utility, e.g., active on the central nervous system.

In view of the above, withdrawal of the improper Markush

rejection is respectfully requested.

Respectful submitted,

 
    B n P n (Reg.: 32,542)
Attorney for Applicants

 

MILLEN, WHITE, ZELANO & BRANIGAN, P.C.
Arlington Courthouse Plaza I
2200 Clarendon Boulevard, Suite 1400
Arlington, Virginia 22201
(703) 243-6333

Filed: June 28, 1995

BPH: kdp112:merck617.aml1
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IN THE UNITED STATES PATENT OFFICE

I, John William SPICER BSc PhD MRSC CChen,

translator to RWS Translations Ltd., of Europa House, Marsham

Way, Gerrards Cross, Buckinghamshire, England declare;

1. That I am a citizen of the United Kingdom of Great Britain

and Northern Ireland.

2. That I am well acquainted with the German and English

languages.

3. That the attached is, to the best of my knowledge and

belief, a true translation into the English language of the

accompanying copy of the specification filed with the

application for a patent in Germany on 30 September 1993 under

the number P 43 33 254.4 and the official certificate attached

hereto.

4. That I believe that all statements made herein of my own

knowledge are true and that all statements made on information

and belief are true; and further that these statements are made

with the knowledge that wilful false statements and the like so

made are punishable by fine or imprisonment, or both, under
Section 1001 of Title 18 of the United States Code and that such

wilful false statements may jeopardise the validity of the

patent application in the United States of America or any patent

issuing thereon.

Ty Leen
For and on behalf of RWS Translations Ltd.

The 13th day of June 1995
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FEDERAL REPUBLIC OF GERMANY

CERTIFICATE

Merck Patent Gesellschaft mit beschrankter Haftung

of

64293 Darmstadt

have filed a Patent Application under the title:

"Piperidines and piperazines"

on 30 September 1993 at the German Patent Office.

The attached document is a correct and accurate reproduction of

the original submission for this Patent Application.

The German Patent Office has for the time being given the

Application the symbols C 07 D 405/12, C 07 D 405/14,

A 61K 31/495 and A 61 K 31/445 of the International Patent

Classification.

Munich, 9 June 1995

President of the German Patent Office

pp Faust

File No: P43 33 254.4
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Patent Office]

Merck Patent Gesellschaft

mit beschrankter Haftung

64271 Darmstadt

Piperidines and. piperazines
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Piperidines and piperazines

The invention relates to novel piperidine and

piperazine derivatives of the formula I

f—N
Ind-Q-N Z-R!
/

wherein

Ind is an indol-3-yl radical which is unsubstituted or
mono- or polysubstituted by OH, OA, CN, Hal, COR? or
CH,R?,

R? is benzofuran-5-yl or 2,3-dihydrobenzofuran-5-yl,
chroman-6-yl, chroman-4-on-6-yl, 3-chromen-6-yl or
chromen-4-on-6-yl, which is unsubstituted or mono-
substituted by CN, CH,OH, CH,OA or COR?,

Q is C,H,

is N or CR’,

is alkyl having 1-6 C atoms,

Hal is F, Cl, Br orl,

R? is OH, OA, NH,, NHA or NA,,

R? is H, OH or OA and

m is 2, 3 or 4,

Ss

and to their physiologically acceptable salts.
The object of the invention was to find novel

compounds capable of being used for the preparation of
drugs.

It has been found that the compounds of the

formula I and their physiologically acceptable acid
addition salts possess valuable pharmacological

properties. Thus, in particular, they are active on the
central nervous system, especially especially in terms of
5-HT,,-agonist and 5-HT-reuptake inhibition. The compounds
are furthermore active as serotonin agonists and antago-

nists. They inhibit the binding of tritiated serotonin
ligands to hippocampal receptors (Cossery et al.,
European J. Pharmacol. 140 (1987), 143-155). They also
modify the accumulation of DOPA in the corpus striatum
and the accumulation of 5-HTP in the nuclei raphes

(Seyfried et al., European J. Pharmacol. 160 (1989),
Page 160
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31-41). They also have analgesic and hypotensive effects;
thus, in catheterized, conscious, spontaneously hyperten-
sive rats (strain: SHR/Okamoto/NIH-MO-CHB-Kisslegg;
method: q.v. Weeks and Jones, Proc. Soc. Exptl. Biol.
Med. 104 (1960), 646-648), the directly measured blood
pressure is lowered after oral administration of the
compounds. They are also useful for prophylaxis and
control of the sequelae of cerebral infarction (apoplexia
cerebri) such as stroke and cerebral ischaemia.

Compounds of the formula I and their physiolo-
gically acceptable acid addition salts can therefore be
used as active ingredients for anxiolytics, anti-
depressants, antipsychotics, neuroleptics, and/or
antihypertensives, and also as intermediates for the
preparation of other pharmaceutical active ingredients.

The invention relates to the piperidine and

piperazine derivatives of the formula I and to their
physiologically acceptable acid addition salts.

The radical A is alkyl having 1, 2, 3, 4, 5 or

6 C atoms, especially 1 or 2 C atoms, preferably methyl
and also ethyl, n-propyl, isopropyl, n-butyl, sec-butyl
or tert-butyl. OA is preferably methoxy and also ethoxy,
n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy or
tert-butoxy. NHA is preferably methylamino and also
ethylamino, isopropylamino, n-butylamino, isobutylamino,
sec-butylamino or tert-butylamino. NA, is preferably
dimethylamino and also N-ethyl-N-methylamino, diethyl-
amino, di-n-propylamino, diisopropylamino or di-n-butyl-
amino.

Analogously, CO-NHA is preferably N-methylcarb-
amoyl or N-ethylcarbamoyl; CO-NA, is preferably N,N-di-
methylcarbamoyl or N,N-diethylcarbamoyl.

The radical Ind is an indol-3-yl radical which is

unsubstituted or mono- or disubstituted by one of the

radicals indicated. Preferably it is substituted in the

5-position, and also in the 4-, 6- or 7-position.
Furthermore, substitution in the 1- or 2-position is

possible. Preferred substituents on the indol-3-yl
radical are OH, OA, CN, CONH,, CH,OH, but also CO,H, F,
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Cl, Br, I, CH,NH,, CONHA or CONA,, where A preferably
corresponds to methyl or ethyl.

The radical R' is preferably benzofuran-5-yl,
2,3-dihydrobenzofuran-S5-yl, chroman-6-yl or
chromen-4-on-6-yl, which is unsubstituted or monosub-
stituted by -CH,OH, -CONH,, -CO,A or -CO,NHA.

Q is preferably -(CH,),-, but also ~(CH,),- or

-(CH,),-, while Z is preferably -N-, -C(OH)- or -CH-.
Accordingly, the invention relates particularly

to those compounds of the formula I in which at least one
of said radicals has one of the meanings indicated above,

especially one of the preferred meanings indicated above.
Some preferred groups of compounds can be expressed by
the following partial formulae Ia to Ig, which correspond
to formula I and in which the radicals and parameters not

described in greater detail are as defined for formula I,
but in which:

in Ia, Ind is an indol-3-yl radical substituted in the 5-
position by OH or OA;

in Ib, Ind is an indol-3-yl radical substituted in the 5-

position by CONH, or by CN;

in Ie, Z is N and R? is substituted or unsubstituted
benzofuran-5~-yl;

in Id, Z is -C(OH)- and R' is substituted or unsub-
stituted benzofuran-5-yl;

in Ie, Z is N and R!? is 2,3-dihydrobenzofuran-5-yl;

in If, 2 is N and R? is chroman-6-yl;

in Ig, 2 is N and R’ is chromen-4-on-6-yl.
Especially preferred compounds are those of

partial formulae Ih and Iah to Igh, which correspond to
partial formulae I and Ia to Ig, but in which
additionally:

Q is -(CH,).--

The invention further relates to a process for
the preparation of indole derivatives of the formula I
and their salts, characterised in that a compound of the

formula II

Ind-Q-x? il
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x? is X or NH,,

x is Cl, Br, I, OH or an OH group functionally
modified to form a reactive group, and

Ind and Q are as defined,

is reacted with a compound of the formula III

X?= (CH, ).-ZR?- (CH, ) 2-X° III

wherein

X? and xX?

can be identical or different and are each X if X’ = NH,

or are together NH in other cases, and
Z and R’ are as defined,

or in that to prepare a compound of the formula I in
which Z is N, a compound of the formula IV

Ind-Q-N(CH,-CH,-X), Iv

wherein

X, Q and Ind are as defined,

is reacted with a compound of the formula V

R!-NH, Vv

wherein

R} is as defined,

or in that a compound which has formula I except that one

or more hydrogen atoms have been replaced by one or more

reducible groups and/or one or more additional C-C and/or
C-N bonds are treated with a reducing agent,

or in that a compound which has formula I except that one

or more hydrogen atoms have been replaced by one or more

solvolysable groups is treated with a solvolysing agent,
and/or in that an OA group is optionally cleaved to form

an OH group, and/or anInd group and/or an Ar group is
converted into another Ind and/or Ar group, and/or in

that .a resulting base or acid of the formula I is
converted into one of its salts by treatment with an acid

or base.
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The compounds of the formula I are otherwise
prepared by methods known per se, such as those described
in the literature (e.g. in the standard works such as
Houben- Weyl, Methoden der Organischen Chemie (Methods of
Organic Chemistry), Georg-Thieme-Verlag, Stuttgart;
Organic Reactions, John Wiley & Sons, Inc., New York;
German Offenlegungsschrift 41 01 686), namely under
reaction conditions such as those which are known and
suitable for said reactions. It is also possible to make

use of variants known per se, which are not mentioned in

greater detail here.
If desired, the starting materials for the

claimed process can also be formed in situ in such a way
that they are not isolated from the reaction mixture but
are immediately reacted further to give the compounds of
the formula I.

In the compounds of the formula II, X* is pre-
ferably X; accordingly, in the compounds of the formula
III, X? and X? are together preferably NH. The radical xX
is preferably Cl or Br, but it can also be I, OH or an OH
group functionally modified to form a reactive group,
especially alkylsulfonyloxy having 1-6 C atoms (e.g.
methanesulfonyloxy) or arylsulfonyloxy having 6-10 C
atoms (e.g. benzenesulfonyloxy, p-toluenesulfonyloxy,

naphthalene-1i- or -2-sulfonyloxy).

Accordingly, the indole derivatives of the
formula I can be obtained especially by reacting

compounds of the formula Ind-Q-Cl or Ind-Q-Br with
piperidine/piperazine derivatives of the formula III in
which X? and X? together are an NH group (designated as

IIIa hereafter).

Some of the compounds of the formulae II and,

in particular, III are known; the unknown compounds of
the formulae II and III can easily be prepared analo-

gously to the known compounds.

Primary alcohols of the formula Ind-Q-OH can
be obtained e.g. by reducing the appropriate carboxylic
acids or their esters. Treatment with thionyl chloride,

hydrogen bromide, phosphorus tribromide or similar
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halogen compounds yields the corresponding halides of the
formula Ind-Q-Hal. The corresponding sulfonyloxy com-

pounds can be obtained from the alcohols Ind-Q-OH by
reaction with the appropriate sulfonyl chlorides.

The iodine compounds of the formula Ind-Q-I

can be obtained e.g. by reacting potassium iodide with
the appropriate p-toluenesulfonic acid esters. The amines
of the formula Ind-Q-NH, can be prepared e.g. from the

halides with potassium phthalimide or by reducing the
appropriate nitriles.

Most of the piperazine derivatives IIIa are

known and can be obtained e.g. by reacting bis(2-chloro-

ethyl)amine or bis(2-chloroethyl) ammonium chloride with
5-aminobenzofuran, 2,3-dihydro-5-aminobenzofuran,
6-aminochroman or 6-aminochromen-4-one or an appropria-

tely substituted derivative of the compounds mentioned.
Compounds of the formula III (xX? and X* = X in each case)
can be prepared e.g. by reducing diesters of the formula
alky100C-CH,-ZR'-CH,-COO-alkyl to give compounds of the
formula HO-CH,-CH,-ZR'-CH,-CH,OH (III, xX? = X* = OH), this
being followed, if desired, by reaction with SOCl, or
PBr;.

The reaction of the compounds II and III

proceeds according to methods such as those known from
the literature for the alkylation of amines. The com-

ponents can be melted together in the absence of a
solvent, in a sealed tube or an autoclave if necessary.

It is also possible, however, to react the compounds in
the countertype [sic] of an inert solvent. Examples of
suitable solvents are hydrocarbons such as benzene,

toluene or xylene; ketones such as acetone or butanone;
alcohols such as methanol, ethanol, isopropanol or

n-butanol; ethers such as tetrahydrofuran (THF) or

dioxane; amides such as dimethylformamide (DMF) or

N-methylpyrrolidone; or nitriles such as acetonitrile, or
else, if desired, mixtures of these solvents with one
another or mixtures with water. It can be favourable to

add an acid-binding agent, for example an alkali metal or

alkaline earth metal hydroxide, carbonate or bicarbonate
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or another alkali metal or alkaline earth metal salt of

a weak acid, preferably a potassium, sodium or calcium

salt, or to add an organic base such as triethylamine,
dimethylaniline, pyridine or quinoline, or an excess of
the amine component Ind-Q-NH, or of the piperidine or
piperazine derivative of the formula IIIa. The reaction
time is between a few minutes and 14 days, depending on

the conditions used, and the reaction temperature is

between about 0 and 150°, normally between 20 and 130°.

It is also possible to obtain a compound of

the formula I by reacting a compound of the formula Ind-

Q-N(CH,-CH,-X), (IV) with a compound of the formula R’-NH,
(Vv).

Most of the compounds of the formulae [sic] V

are known; the unknown compounds can easily be prepared

analogously to the known compounds. For example, starting
from the appropriately substituted nitro compounds, they
can be converted into the amines of the formula V by

reduction. The compounds of the formula IV can be

prepared by reaction of Ind-Q-Cl, Ind-Q-Br or Ind-Q-I

with secondary amines of the formula HN(CH,-CH,-X)>.-

The reaction of compounds IV and V proceeds
according to methods which are known from the literature

and were given above for the alkylation of amines.

A compound of the formula I can also be

obtained by treating a precursor, in which hydrogen atoms

have been replaced by one or more reducible groups and/or
one or more additional C-C and/or C-N bonds, with a

reducing agent, preferably at temperatures of between -80
and +250°, in the presence of at least one inert solvent.

Reducible groups (groups replaceable by

hydrogen) are, in particular, oxygen in a carbonyl group,
hydroxyl, arylsulfonyloxy (e.g. p-toluenesulfonyloxy),

N-benzenesulfonyl, N-benzyl or O-benzyl.

In principle, compounds containing only one of

the above-mentioned groups or additional bonds, or com-

pounds containing two or more of the above-mentioned
groups or additional bonds adjacent to one another, can
be converted into a compound of the formula I by
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reduction, it being possible simultaneously to reduce

substituents in the Ind group which are present in the

starting compound. This is preferably carried out using
nascent hydrogen or complex metal hydrides or by means of
a Wolff-Kishner reduction or the reductions with hydrogen

gas under transition metal catalysis.
Preferred starting materials for the reduction

have formula VI .

Ind’-L-N 7-R1 VI
ee

wherein

Ind’ is an Ind radical which can additionally be substi-

tuted in the l-position by an arylsulfonyl group or

an alkyloxycarbonyl group,

L is Q or a chain which corresponds to the radical Q.

except that one or more -CH, groups have been

replaced by -CO- and/or one or more hydrogen atoms

have been replaced by one or more OH groups or a

double bond, and

R has the meaning given,

but wherein the following meanings cannot apply simul-

taneously: Ind’ = Ind and L = Q.

In the compounds of the formula VI, L is preferably

-CO-(CH,) ,-2-CO- [specifically -COCO-, -COCH,CO-,

-CO-(CH,),-CO-, -CO-(CH,),-CO-], -(CH,),.1:-CO- [specifically

-CH,-CO-, -CH,CH,-CO-, -(CH,),-CO- or -(CH,),-CO-], further

examples being -CO-CH,CH,-, —CO-(CH,)3;-, -CH,-CO-CH,CH,- or

-CH,CH,-CO-CH,-.

Compounds of the formula VI can be prepared e.g.

by reacting 4-R’~piperazine or 4-R’-piperidine with a com-

pound of the formula VII

Ind’-L-x? VII

wherein

R?, Ind’, L and X'? are as defined above,

under the conditions indicated above for the reaction of

II with III.
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If nascent hydrogen is used as the reducing

agent, this can be produced e.g. by treating metals with
weak acids or with bases. Thusit is possible e.g. to use

a mixture of zinc with an alkali metal hydroxide solution

or a mixture of iron with acetic acid. It is also appro-

priate to use sodium or another alkali metal dissolved in
an alcohol such as ethanol, isopropanol, butanol, amyl or
isoamyl alcohol or phenol. It is also possible to use an
aluminium-nickel alloy in aqueous-alkaline solution,

ethanol being added if necessary. Sodium amalgam or

aluminium amalgam in aqueous-alcoholic or aqueous solu-

tion is also suitable for producing the nascent hydrogen.
The reaction can also be carried out in the heterogeneous

phase, in which case it is convenient to use an aqueous
phase and a benzene or toluene phase.

Other reducing agents which can be used to par-

ticular advantage are complex metal hydrides such as
LiA1H,, NaBH,, diisobutylaluminium hydride or
NaAl (OCH,CH,OCH,),H,, and diborane, catalysts such as BF;,
AlCl, or LiBr being added if desired. Solvents which are
suitable for this purpose are, in particular, ethers such

as diethyl ether, di-n-butyl ether, THF, dioxane, diglyme
or 1,2-dimethoxyethane, and hydrocarbons such as benzene.
Solvents which are suitable for a reduction with NaBH,

are primarily alcohols such as methanol or ethanol, as
well as water and aqueous alcohols. Reduction by these

methods is preferably carried out at temperatures of

between -80 and +150°, especially of between about 0 and

about 100°.

The reduction of -CO groups in acid amides (e.g.

those of the formula VI in which L is a -(CH,),.,;-CO group)

to CH, groups can be carried out to particular advantage
with LiAl1H, in THF at temperatures of between about 0 and

66°. Arylsulfonyl protecting groups located in the

l-position of the indole ring can be simultaneously
eliminated by reduction. N-Benzyl groups can be elimi-

nated by reduction with sodium in liguid ammonia.

It is also possible to reduce one or more car-

bonyl groups to CH, groups according to the Wolff-Kishner
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method, e.g. by treatment with anhydrous hydrazine in
absolute ethanol, under pressure, at temperatures of
between about 150 and 250°. A sodium alcoholate is ad-

vantageously used as the catalyst. The reduction can also
be varied according to the Huang-Minlon method by carry-

ing out the reaction with hydrazine hydrate in a
high-boiling water-miscible solvent such as diethylene
glycol or triethylene glycol, in the presence of an
alkali such as sodium hydroxide. The reaction mixtureis

normally boiled for about 3-4 hours. The water is then
distilled off and the hydrazone formed is decomposed at

temperatures of up to about 200°. The Wolff-Kishner
reduction can also be carried out with hydrazine in

dimethyl sulfoxide at room temperature.

Moreover, it is possible to carry out certain

reductions by using H, gas under the catalytic action of
transition metals, such as e.g. Raney Ni or Pd. In this

way, e.g. Cl, Br, I, SH or, in certain cases, even OH

groups can be replaced by hydrogen. Nitro groups can also
be converted into NH, groups by catalytic hydrogenation

with Pd/H, in methanol.

Compounds which have formula I except that one or

more H atoms have been replaced by one or more solvoly-

sable groups can be solvolysed, especially hydrolysed, to
give the compounds of the formula I.

The starting materials for the solvolysis can be

obtained for example by reacting IIIa with compounds

which have formula II (X* = X) except that one or more

H atoms have been replaced by one or more solvolysable

groups. Thus, in particular, l-acylindole derivatives

(which have formula I except that, in the 1l-position of

the Ind radical, they contain an acyl group, preferably

an alkoxycarbonyl, alikanoyl, alkylsulfonyl or aryl-

sulfonyl group having up to 10 C atoms in each case, such

as methanesulfonyl, benzenesulfonyl or p-toluenesulfonyl)

can be hydrolysed to give the corresponding indole
derivatives unsubstituted in the l-position of the indole

ring, e.g. in an acidic or, preferably, neutral or

alkaline medium at temperatures of between 0 and 200°.
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Sodium, potassium or calcium hydroxide, sodium or

potassium carbonate, or ammonia, is conveniently used as
the base. The chosen solvents are preferably water; lower

alcohols such as methanol or ethanol; ethers such as THF

or dioxane; sulfones such as tetramethylene sulfone; or

mixtures thereof, especially mixtures containing water.

Hydrolysis can also be carried out simply by treatment

with water alone, especially at the boiling point.

A compound of the formula I can furthermore be

converted to another compound of the formula I by methods

known per se.

Compounds of the formula I in which Ind is an

indol-3-yl radical .substituted by CO-R’ can be obtained

by derivatising appropriate carboxyindol-3-yl compounds.

It is possible, e.g. to esterify the acids with appro-

priate alcohols or alcoholates, using methods known per

se. It is also possible to amidate acids or esters with

primary or secondary amines. It is preferred to react the

free carboxylic acid with the amine under the conditions

of a peptide synthesis. This reaction is preferably

carried out in the presence of a dehydrating agent, e.g.
a carbodiimide such as dicyclohexylcarbodiimide or else

N- (3-dimethylaminopropyl)-N-ethylcarbodiimide, or pro-

panephosphonic anhydride (q.v. Angew. Chem. 92, 129

(1980)), diphenylphosphoryl azide or 2-ethoxy-N-ethoxy-

carbonyl-1,2-dihydroquinoline, in an inert solvent, e.g.

a halogenated hydrocarbon such as methylene chloride, an

ether such as THF or dioxane, an amide such as DMF or

dimethylacetamide, or a nitrile such as acetonitrile, at

temperatures of between about -10 and 40, preferably of

between 0 and 30°. Instead of the acid or amide, it is

also possible to use reactive derivatives of these

substances in the reaction, e.g. those in which reactive

groups are blocked by protecting groups in an inter-

mediate step. The acids can also be used in the form of

their activated esters, which are conveniently formed in

situ, e.g. by the addition of 1-hydroxybenztriazole or
N-hydroxysuccinimide.

Furthermore, cyano-substituted indol-3-yl
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radicals can be hydrolysed to give carboxy-indol-3-yl or

carbamido-indol-3-yl radicals.

Conversely, however, it is particularly con-

venient to prepare the nitriles by elimination of water,

starting from the amides, e.g. by means of trichloro-

acetyl chloride/Et,N [Synthesis (2), 184, (1985)] or with.

POC], (J. Org. Chem. 26, 1003 (1961)).

A base of the formula I can be converted with an

acid into the corresponding acid addition salt. Acids

which produce physiologically acceptable salts are

suitable for this reaction. Thus it is possible to use

inorganic acids, e.g. sulfuric acid, hydrohalic acids

such as hydrochloric acid or hydrobromic acid, phosphoric

acids such as orthophosphoric acid, nitric acid and

sulfamic acid, as well as organic acids, i.e. specifi-

cally aliphatic, alicyclic, araliphatic, aromatic or

heterocyclic monobasic or polybasic carboxylic, sulfonic

or sulfuric acids, such as formic acid, acetic acid,

propionic acid, pivalic acid, diethylacetic acid, malonic

acid, succinic acid, pimelic acid, fumaric acid, maleic

acid, lactic acid, tartaric acid, malic acid, benzoic

acid, salicylic acid, 2-phenylpropionic acid, citric

acid, gluconic acid, ascorbic acid, nicotinic acid,

isonicotinic acid, methanesulfonic or ethanesulfonic

acid, ethanedisulfonic acid, 2-hydroxyethanesulfonic

acid, benzenesulfonic acid, p-toluenesulfonic acid,

naphthalenemonosulfonic and naphthalenedisulfonic acids

and laurylsulfuric acid. ,

If desired, the free bases of the formula I can

be liberated from their salts by treatment with strong

bases such as sodium or potassium hydroxide or sodium or

potassium carbonate provided there are no other acid

groups in the molecule. In those cases where the

compounds of the formula I have free acid groups, salt

formation can also be achieved by treatment with bases.

Suitable bases are alkali metal hydroxides, alkaline

earth metal hydroxides or organic bases in the form of

primary, secondary or tertiary amines.

The invention further relates to the use of the

Page 171



Page 172

10

15

20

25

30

35

- 13 -

compounds of the formula I and their physiologically
acceptable salts for the manufacture of pharmaceutical
preparations, especially by a non-chemical route. For

this purpose, they can be converted into a suitable

dosage form together with at least one excipient or
adjunct and, if appropriate, in combination with one or
more additional active ingredients.

The invention further relates to compositions,

especially pharmaceutical preparations, containing at

least one compound of the formula I and/or one of their

physiologically acceptable salts. These preparations can
be used as drugs in human or veterinary medicine.

Possible excipients are organic or inorganic substances

which are suitable for enteral (e.g. oral), parenteral or
topical administration and which do not react with the

novel compounds, examples of such excipients being water,

vegetable oils, benzyl alcohols, polyethylene glycols,

gelatin, carbohydrates such as lactose or starch, mag-

nesium stearate, talc and petroleum jelly. Tablets,

coated tablets, capsules, syrups, juices, drops or sup-

positories are used in particular for enteral adminis-

tration, solutions, preferably oily or aqueous solutions,

as well as suspensions, emulsions or implants are used

for parenteral administration, and ointments, creams or

powders are used for topical administration. The novel
compounds can also be lyophilized and the resulting

lyophilizates used e.g. to manufacture injectable prepa-

rations.

The preparations indicated can be sterilized

and/or can contain adjuncts such as lubricants, preser-

vatives, stabilizers and/or wetting agents, emulsifiers,

salts for influencing the osmotic pressure, buffer sub-

stances, colourants, taste correctors and/or flavourings.

If desired, they can also contain one or more additional

active ingredients, e.g. one or more vitamins.

The compounds of the formula I and their physio-

logically acceptable salts can be used for the thera-

_ peutic treatment of the human or animal body and for
controlling diseases. They can be used for treating
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disorders of the central nervous system, such as tension,

depressions and/or psychoses, and side-effects in the
treatment of hypertension (e.g. with a-methyldopa). The

compounds can also be used in endocrinology and gynae-

cology, e.g. for the therapeutic treatment of acromegaly,

hypogonadism, secondary amenorrhoea, premenstrual

syndrome and undesired puerperal lactation, and also for
the prophylaxis and therapy of cerebral disorders (e.g.
migraine), especially in geriatrics in a manner similar

to certain ergot alkaloids and for controlling the

_gequelae of cerebral infarction (apoplexia cerebri), such
as stroke and cerebral ischaemia.

In these treatments, the substances of the inven-

tion are normally administered analogously to known,

commercially available preparations (e.g. bromocriptine,

dihydroergocornine), preferably in dosages of between

about 0.2 and 500 mg, especially of between 0.2 and 50 mg

per dosage unit. The daily dosage is preferably between

about 0.001 and 10 mg/kg of body weight. The low dosages

(about 0.2 to 1 mg per dosage unit; about 0.001 to 0.005

mg/kg of body weight) are particularly suitable for use

as anti-migraine preparations; dosages of between 10 and

50 mg per dosage unit are preferred for the other indi-

cations. However, the particular dose for each individual

patient depends on a very wide variety of factors, for

example the activity of the particular compound used,

age, body weight, general state of health, sex, diet,

time and method of administration, rate of excretion,

drug combination and severity of the particular disease

to which the therapy is applied. Oral administration is

preferred.

In the following Examples, "working-up in con-

ventional manner" means: Water is added if necessary,

extraction is carried out with methylene chloride, the

organic phase is separated off, dried over sodium sulfate

and filtered, the filtrate is evaporated and the residue

is purified by chromatography on silica gel and/or by

crystallization. Temperatures are given in °C. Rf values

were obtained by thin layer chromatography on silica gel.
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Example 1

1.8 g of 3=+(4-chlorobutyl)-5-methoxyindole

[obtainable by diazotization of p-methoxyaniline, reac-

tion with ethyl cyclohexanone-2-carboxylate according to

Japp-Klingemann togive 4-(2-carbethoxyindol-3-yl) butyric

acid, alkaline hydrolysis, decarboxylation, reduction

with LiAlH, and reaction with SOCl1,] and 1.9 g of

1-(2-hydroxymethylbenzofuran-5-yl) piperazine [obtainable

by reaction of. N,N-bis(2-chloroethyl) amine with

2-hydroxymethy1-5-aminobenzofuran] are dissolved in
200 ml of acetonitrile and the mixture is stirred at room

temperature for 10 hours. Customary working up gives

1-[4-(5-methoxyindol-3-yl) butyl ]-4-(2-hydroxymethyl-

benzofuran-5-yl) piperazine, m.p. 159°.

The following are obtained analogously by reaction

of 3-(4-chlorobutyl) -5-methoxyindole with 1-(2,3-dihydro-

benzofuran-5~-yl) piperazine:

1-[4-(5-methoxyindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran-5-yl)piperazine, m.p. 111-112°;

of 3-(4-chlorobutyl)-5-hydroxyindole with 1-(chroman-

6-yl) piperazine:

1-[4-(5-hydroxyindol-3-yl) butyl ]-4-(chroman-6-yl) -

piperazine, m.p. 220-222°;

of 3-(4~-chlorobutyl)-5-methoxyindole with 1-(chroman-~

6-yl) piperazine:

1-[4-(5-methoxyindol=-3-y1) butyl ]-4-(chroman-6-yl1)-

piperazine, m.p. 129-130°;

of methyl 3-(4-chlorobutyl)-5-indolecarboxylate with

1-(chroman-6-yl) piperazine:

1-[4-(5-methoxycarbonylindol-3-yl ) butyl )-4- (chroman-

6-yl) piperazine;

of methyl 3-(4-chlorobutyl)-5-indolecarboxylate with

1-(benzofuran-5-yl) piperazine:

1-(4-(5-ethoxycarbonylindol-3-yl) butyl ]-4-(benzo-

furan-5-yl) piperazine; |
of 3-(4-chlorobutyl)-5-methoxyindole with 1-(benzofuran-

5-yl1) piperazine:

1-(4-(5-methoxyindol-3-yl1) butyl ]-4-(benzofuran-

5-yl) piperazine;
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of 3-(4-chlorobutyl) -5-methoxycarbonylindole with

1-(chromen-4~-on-6-yl) piperazine:

1-[4-(5-methoxycarbonylindol-3-yl1) butyl ]-4-(chromen-

4-on~6-yl) piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole with 1-(chromen-4-on-

6-yl1) piperazine:

1-[4-(5-cyanoindol-3-yl) butyl ]-4-(chromen-4-on-

6-yl) piperazine;

of 3-(4-chlorobutyl)-5-chloroindole with 1-(2,3-dihydro-

benzofuran-5-yl) piperazine:

1-[4-(5-chloroindol-3-yl) butyl ]-4-(2,3-dihydrobenzo-

furan-5-yl) piperazine;

of 3-(4-chlorobutyl)-5-methoxycarbonylindole with

1-(2,3-dihydrobenzofuran-5-yl) piperazine:

1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-(2,3-di-

hydrobenzofuran-5~yl1) piperazine;

of 3-(4-chlorobutyl1 ) -5-methoxycarbonylindole with

4-(2,3-dihydrobenzofuran-5-yl) piperidine:

1-[4-(5-methoxycarbonylindol-3~-yl) butyl ]~4-(2,3-di-

hydrobenzofuran-5-yl) piperidine;

of 3-(4-chlorobutyl1)-5-methoxycarbonylindole with

4-(2,3-dihydrobenzofuran-5-yl)-4-hydroxypiperidine:
1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2,3-di-

hydrobenzofuran-5-yl) -4-hydroxypiperidine;
of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1-(chroman-

6-yl) piperazine:

1-(4-(5,6-dimethoxyindol-3-yl1) butyl]-4-(chroman-

6-yl) piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole with 1-(2-carboxy-

benzofuran-5-yl) piperazine:

1-[4-(5-cyanoindol-3-yl) butyl ]-4-(2-carboxybenzo-~

furan-5-yl) piperazine;

of 3-(4-chlorobutyl)-6-fluoroindole with 1-(2,3-dihydro-

benzofuran-5-yl) piperazine:

1-[4-(6-fluoroindol-3-yl) butyl ]-4-(2,3-dihydrobenzo-

furan-5-yl) piperazine.

Example 2

1.8 g of 1-[4-(5-methoxycarbonylindol-3-yl)-
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butyl j-4-(chroman-6-yl)piperazine [obtainable according

to Example 1) are boiled for 0.5 hours with 100 ml of 2N

ethanolic KOH, worked up in the customary manner and give

1-[4-(5-carboxyindol-3-yl) butyl ]-4-chroman~-6~-ylpipera-
zine.

The following are obtained analogously by

alkaline hydrolysis of the corresponding esters starting

from 1-[{4-(5-ethoxycarbonylindol-3-yl) buty1]-4-(benzo-

furan-5-yl) piperazine:

1-[{4-(5-carboxyindol-3-yl) butyl]-4-(benzofuran-

5-yl) piperazine:

from 1-[(4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(chromen-

4-on-6-yl) piperazine:

1-[4-(5-carboxyindol~3-yl1) butyl ]-4-(chromen-4-on-

6-yl) piperazine;

from 1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2,3-di-

hydrobenzofuran-5-yl) piperazine:

1-(4-(5-carboxyindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran-5-yl-piperazine [sic);

from 1-[4-(5-methoxycarbonylindol-3-yl) butyl )-4-(2,3-di-

hydrobenzofuran-5-yl) piperazine:

1-[4-(5-carboxyindol-3-y1l) butyl ]-4-(2,3-dihydro-
benzofuran-5-yl-piperazine [sic];

from 1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2,3-di-

hydrobenzofuran-5~-yl ) -4-hydroxypiperidine;

1~[{4-(5-carboxyindol=-3-yl) butyl1]-4-(2,3-dihydro-

benzofuran-5~-yl1) -4-hydroxypiperidine.

Example 3

2.8 g of 1-(4-(5-carboxyindol-3-y1) butyl]-
4-(2,3-dihydrobenzofuran-5-yl) piperazine are suspended in

100 ml of N-methylpyrrolidine. 3.2 gq of 2-chloro-

1l-methylpyridinium methanesulfonate are then added and

the mixture is stirred at room temperature for 12 hours.

Dried NH, gas is then passed into the resulting solution

until it is saturated and the mixture is stirred again

for 10 hours. Customary working up gives 1-[4-(5-car-
bamoylindol-3-yl1) butyl )-4-(2,3-dihydrobenzofuran-5-yl)-

piperazine.
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The following are obtained analogously by

amidation of the following carboxylic acids with

2-chloro-l-methylpyridinium methanesulfonate:

from 1-(4-(5-carboxyindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran-5-yl) piperidine

1-[4-(5-carbamoylindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran-5-yl-piperidine [sic], m.p. 155-157°;

from 1-[4-(5-carboxyindol-3-yl) butyl ]-4-(2,3-dihydro-
benzofuran~5-yl) -4-hydroxypiperidine

1-[4-(5-carbamoylindol-3-yl)buty1]-4-(2,3-dihydro-

benzofuran-5-yl) -4-hydroxypiperidine, m.p. 69°

(dec. );

from 1-[4-(5-carboxyindol-3-yl) butyl ]-4~-(chroman-6-yl)-

piperazine

1-[4-(5-carbamoylindol-3-yl) butyl ]-4-(chroman-6-y1)-

piperazine.

Example 4

Analogously to Example 3, starting from

1-[(4-(5-cyanoindol-3-yl) butyl ]-4-(2~-carboxybenzofuran-

5-yl) piperazine reaction with 2-chloro-1-methylpyridinium

methanesulfonate gives 1-[4-(5-cyanoindol-3-yl)butyl]-

4-(2-carbamoylbenzofuran-5-yl)piperazine, m.p. 269-272°

(hydrochloride).

Example 5

A mixture of 2.6 g of 3-(2-aminoethy1l) -5-cyano-

indole [obtainable by reaction of 5-cyanoindole with

2-chloroacetyl chloride to give 3-(2-chloroacetyl)-

5-cyanoindole, subsequent reduction with diborane,

reaction with phthalimide and hydrolysis] and one equiva-

lent of 5-(N,N-bis(2-chloroethyl) amino)}benzofuran
[obtainable by reaction of 2-chloroacetyl chloride with

5-aminobenzofuran and subsequent reductionwith diborane]

in 40 ml of acetone and 40 ml of water is boiled for

20 hours and then worked up in the customary manner.

1-(2-(5-Cyanoindol-3-yl) ethy1]-4-(benzofuran-5-yl) pipera-

zine is obtained.

The following are obtained analogously by
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reaction of 5-(N,N-bis(2-chloroethyl) amino)benzofuran

with 3-(4-aminobutyl)-5-methoxymethylindole:

1-[4-(5-methoxymethylindol-3-yl1) butyl ]-4-(benzo-

furan~-5-yl) piperazine;

with 3-(3-aminopropyl ) -5-hydroxyindole:

1-[3-(5-hydroxyindol-3-yl) propyl ]-4-(benzofuran-

5-yl) piperazine;

with 3-(2-aminoethyl1) -5-methoxyindole:

1-[2-(5-methoxyindoli-3-yl)ethyl]-4-(benzofuran-

5-yl) piperazine;

with methyl 3-(3-aminopropyl) -5-indolecarboxylate:

1-[3-(5-methoxycarbonylindol-3-yl) propyl ]-4-(benzo-

furan-5-yl) piperazine;

with ethyl 3-(2-aminoethyl)-5-indolecarboxylate:

1-(2-(5-ethoxycarbonylindol-3-yl)ethyl]-4-(benzo-

furan-5-yl) piperazine;

- with 3-(4-aminobutyl1) ~5-fluoroindole:

1-[4-(5-f£luoroindol-3-yl) butyl ]-4-(benzofuran-5-yl) -

piperazine; |
with 3-(3-aminopropyl ) -5-cyanoindole:

1-[3-(5-cyanoindol-3-yl) propyl ]-4-(2-carboxybenzo-

furan-5-yl) piperazine.

Example 6

Analogously to Example 5, reaction of [sic] 3.2 g

of 3-(2-aminoethyl)-5-methoxyindole with 1.3 equivalents

of 6-[(N,N-bis(2-chloroethyl)amino]chroman [obtainable by

reaction of 2-chloroacetyl chloride with 6-aminochroman

and subsequent reduction with diborane] gives

1-[2-(5-methoxyindol-3-yl) ethyl )-4-(chroman-6-yl) pipera-

zine.

The following are obtained analogously by reac-

tion of 6-[N,N-bis(2-chloroethyl) amino]chroman

with 3-(4-aminobutyl)-5-methoxymethylindole:

1-[4- (5-methoxymethylindol-3-y1) butyl )~4-(chroman-
6-yl) piperazine;

with 3-(3-aminopropyl1) -5-hydroxyindole:

1-[(3-(5-hydroxyindol-3-yl) propyl )-4-(chroman-6-yl)-

piperazine;
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with 3-(2-aminoethyl)-5-methoxyindole:

1-[2-(5-methoxyindol-3-yl) ethyl ]-4-(chroman-6-yl)-

piperazine;

with methyl 3-(3-aminopropyl)-5-indolecarboxylate:

1-(3-(5-methoxycarbonylindol-3-yl)propyl]-

4-(chroman-6-yl) piperazine;

with ethyl 3-(2-aminoethyl1)-5-indolecarboxylate:

l-[2-(5-ethoxycarbonylindol-3-yl) ethyl ]-4-(chroman-

6-yl) piperazine;

with 3-(4-aminobutyl)-5-fluoroindole:

1-[4-(5-fluoroindol-3-yl) butyl ]-4-(chroman-6-yl)-

piperazine;

with 3-(3-aminopropyl) -5-cyanoindole:

1-[3-(5-cyanoindol-3-yl) propyl ]-4-(2-carboxychroman-

6-yl)piperazine.

Example 7

A solution of 3.9 g of 1-[4-(5-carboxyindol-

3-yl) butyl ]-4-(2,3-dihydrobenzofuran-5-yl) piperazine in
250 ml of DMF is treated with 1 g of N-methylmorpholine.

A solution of one equivalent of tert-butylamine in 5 ml

of DMF, 1.3 g of l-hydroxybenzotriazole and a solution of

1.9 g of N-(3-dimethylaminopropyl) -N’-ethylcarbodiimide

hydrochloride in 20 ml of DMF are added with stirring.

The mixture is stirred at room temperature for 16 hours

and the filtrate is evaporated. Customary working up

gives 1-[{4-(5-N-tert-butylcarbamoylindol-3-yl)butyl]-

4-(2,3-dihydrobenzofuran-5~yl) piperazine.

The following are obtained analogously by reac-

tion with tert-butylamine starting

from 1-[4-(5-carboxyindol-3-yl) butyl ]-4-(chroman-6-yl)-

piperazine:

1-[4-(5-N-tert-butylcarbamoylindol-3-yl)butyl]-

4-(chroman-6-yl) piperazine:

from 1-[4-(5-cyanoindol-3-yl) butyl }-4-(2-carboxybenzo-

furan-5-yl) piperazine:

1-(4-(5-cyanoindol-3-yl1) butyl ]-4-(2-N-tert-butyl-

carbamoylbenzofuran-5-yl) piperazine.
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Example 8

A mixture of 2.1g of 1-[4-(5-methoxyindol-
3-yl) butyl ]-4-(chroman-6-yl)piperazine [can be prepared

according to Example 1], 1.8 g of pyridine hydrochloride
and 50 ml of pyridine is boiled for 3 hours. It is cooled

and evaporated, and the residue is worked up in the

customary manner and gives 1-[4-(5-hydroxyindol-3-yl)-

butyl )-4-(chroman-6-yl)piperazine, m.p. 220-222°.

The following are obtained analogously

from 1-([4~-(5-methoxyindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran-5-yl) piperazine:

1-(4-(5-hydroxyindol-3-yl)butyl)-4-(2,3-dihydro-

benzofuran-5~yl) piperazine;

from ‘1-[4-(5-methoxyindol-3-yl1) butyl ]-4-(benzofuran-

5-yl) piperazine:

1-(4-(5-hydroxyindol-3-yl1) butyl ]-4-(benzofuran-

5-yl) piperazine;

from 1-[(4-(5-methoxycarbonylindol-3-yl1) butyl )-4-(chromen-

4-on-6-yl) piperazine:

1-(4-(5-hydroxycarbonylindol-3-y1) butyl }-4-(chromen-

4-on-6-yl) piperazine;

from 1-[4-(5-methoxymethylindol-3-yl) butyl )-4-(benzo-

furan-5-yl) piperazine:

1-[4-(5-hydroxymethylindol-3-yl) butyl]-4-(benzo-

furan-5-yl) piperazine;

from 1-(2-(5-methoxyindol-3-yl) ethyl ]-4-(benzofuran-

5-yl) piperazine:
1-[2-(5-hydroxyindol-3-yl)ethyl]-4-(benzofuran-

5-yl) piperazine;

from 1-(2-(5-methoxyindol-3-yl) ethyl ]-4-(benzofuran-

5-yl) piperazine:

1-[2-(5-hydroxyindol-3-yl)ethyl]-4-(benzofuran-

5~-yl) piperazine [sic].

Example 9

Analogously to Example 1, starting from

3-(4-chlorobutyl)-5-cyanoindole [obtainable by reaction

ef 5-cyanoindole with 4-chlorobutyryl chloride to give

3-(4-chlorobutyry1)-5-methoxyindole and subsequent
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reduction with NaAlH,(OCH,CH,OCH,),] by reaction with

1-(2-ethoxycarbonylbenzofuran-5-yl)piperazine [obtainable

by reaction of N,N-bis(2-chloroethyl) amine with 2-ethoxy-

carbonyl-5-aminobenzofuran] gives, after customary

working up, 1-[4-(5-cyanoindol-3-yl) butyl )-4-(2-ethoxy-

carbonylbenzofuran-5-yl) piperazine, m.p. 221-223°

(dihydrochloride).

The following are obtained analogously by

reaction

of 3-(4-chlorobutyl)-5-methoxyindole with 1-(2-cyano-

benzofuran-5-yl) piperazine:

1-(4-(5-methoxyindol-3-yl) butyl1]-4-(2-cyanobenzo-

furan-5-yl) piperazine;

of 3-(4-chlorobutyl) -5, 6-dimethoxyindole with 1-(chroman-

6-yl) piperazine:

1-({4-(5,6-dimethoxyindol-3-yl) butyl ]-4-(chroman-

6-yl) piperazine;

of 3-(4-chlorobutyl)-5,6-difluoroindole with 1-(chroman-

6-yl) piperazine:

1-({4-(5,6-difluoroindol-3-yl) butyl ]-4-(chroman-~

6-yl) piperazine;

ef methyl 3-(4-chlorobutyl)-6-indolecarboxylate with

1-(chroman-6-yl) piperazine:

1-[ 4~(6—methoxycarbonylindol-3-yl) butyl ]-4-(chroman-
6-yl) piperazine; .

of ethyl 3-(3-chloropropyl)-6-indolecarboxylate with

1-(2-cyanobenzofuran-5-yl) piperazine:

1-[{3-(6-ethoxycarbonylindol-3-yl) propyl J-4-(2-cyano-

benzofuran-5-yl) piperazine;

of 3-(4-chlorobutyl)-5-methoxyindole with 1-(2-N-methyl-

carbamoylbenzofuran-5-yl) piperazine:

1-[4- (5-methoxyindol-3-yl) butyl ]-4-(2-N-methylear-
bamoylbenzofuran-5-yl1) piperazine;

of 3-(4-chlorobuty1)-6-chloroindole with 1-(chromen-4-on-

6-yl1) piperazine:

1-[4-(6-chloroindol-3-yl) butyl ]-4-(chromen-4-on-

6-y1) piperazine;
of 3-(2-chloroethyl)-5-cyanoindole with 1-(chromen-4-on-

6-y1) piperazine:
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1-~[2-(5-cyanoindol-3-yl) ethyl ]-4-(chromen-4-on-

6-yl1) piperazine;

of 3-(2-chloroethyl)-5,6-dichloroindole with 1-(2,3-di-

hydrobenzofuran-5-yl) piperazine:

1-[2-(5,6-dichloroindol-3-yl) ethyl )-4-(2,3-dihydro-

benzofuran-5-yl) piperazine;

of 3-(4-chlorobutyl) -5-methoxycarbonylindole with

1l-(2-carboxybenzofuran-5-yl) piperazine:

1-[4-(5-methoxycarbonylindol-3-yl) butyl }-4-(2-car-

boxybenzofuran-5-yl) piperazine;

of 3-(2-chloroethyl1)-5-methoxycarbonylindole with

4-(2-carboxybenzofuran-5-yl) piperidine:

1-[2-(5-methoxycarbonylindol-3-yl) ethyl ]-4-(2-car-

boxybenzofuran-5~-yl) piperazine;

of 3-(4-chlorobutyl )-6-methoxycarbonylindole with

4-(3-carboxybenzofuran-5-yl ) -4-hydroxypiperidine:

1-(4-(6-methoxycarbonylindol-3-yl) butyl )-4-(3-car-

boxybenzofuran-5-yl)-4-hydroxypiperidine;

of 3-(4-chlorobutyl)-7-methoxycarbonylindole with

4~(3-carboxybenzofuran-5-~-yl ) -4-hydroxypiperidine;

1-[4-(7-methoxycarbonylindol-3-yl) butyl )-4-(3-car-
boxybenzofuran-5-yl)—-4-hydroxypiperidine;

of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1- (2-car-
boxybenzofuran-5-yl) piperazine:

1-[4-(5,6-dimethoxyindol-3-yl ) butyl ]-4-(2-carboxy-

benzofuran-5-yl) piperazine.

Example 10

A solution of 3.6 g of 1-[4-(5-methoxycarbonyl-

indol-3-yl) butyl ]-4-(chromen-4-on-6-y1) piperazine in
40 ml of THF is added dropwise with stirring at room

temperature to a suspension of 0.6 g of lithium aluminium

hyride in 20 ml of THF. The mixture is then stirred for

a further hour at 25°C, 20 ml of dilute sodium hydroxide

solution are added, the mixture is filtered and the

filtrate is worked up in the customary manner. 1-[4-(5-

Hy droxymethylindol-3-yl) butyl }]-4-(chromen-4-on-6-
yl)piperazine is obtained.

The following are obtained analagously by
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reduction

of 1-[4-(5—-methoxycarbonylindol-3-yl) butyl ]-4-(chroman-

6-yl1) piperazine

1-[4-(5-hydroxymethylindol-3-yl) buty1l ]-4-(chroman-

6-yl) piperazine;

of 1-[4-(5-methoxycarbonylindol-3-yl) butyl1]-4-benzofuran-

5-yl) piperazine

1-[4-(5-hydroxymethylindol-3-yl) butyl ]-4-(benzo-

furan-5-yl) piperazine;

of 1-[3-(5-methoxycarbonylindol-3-yl ) propyl ]—-4-(chroman-—

6-yl) piperidine

1-[{3-(5-hydroxymethylindol-3-y1) propyl ]-4-(chroman-—

6-yl) piperidine

of 1-[2-(5-methoxycarbonylindol-3-yl) ethyl ]-4-chroman-

6-yl) piperidine

1-[2-(5-hydroxymethylindol-3-yl1) ethyl ]-4-(chroman-

6-yl) piperidine.

Example 11

HCl gas is passed into a boiling solution of

2.5 gof 1-[4-(5-carboxyindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran-5-yl) piperazine in 50 ml of absolute methanol

for 2 hours. The mixture is then boiled for a further

hour, worked up in the customary manner and gives

1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran-5-yl) piperazine.

The following are obtained analagously by
esterification

of 1-[4-(5-carboxyindol-3-yl1) butyl ]-4-(2,3-dihydrobenzo-

furan-5-yl)-4-hydroxypiperidine:

1-[4-(5-methoxycarbonylindol-3~-yl)butyl1]-4-(2,3-di-

hydrobenzofuran-5-yl)-4~hydroxypiperidine;

of 1-[4-(5-carboxyindol-3-yl) buty1]-4-(chroman-6-yl1)-

piperazine:

1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(chroman-

6~yl1) piperazine;

of 1-[4-(5-cyanoindol-3-yl) butyl ]-4-(2-carboxybenzofuran-

5~yl) piperazine:

1-({4-(5-cyanoindol-3-yl1) butyl ]-4=-(2-methoxycarbonyl-
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benzofuran-5-yl) piperazine.

Example A: Injection vials

A solution of 100 g of an active ingredient of

the formula I and 5 g of disodium hydrogen phosphate in

3 1 of double-distilled water is adjusted to pH 6.5 with

2 N hydrochloric acid, sterile-filtered, filled into

injection vials, lyophilized and sterile-sealed. Each

injection vial contains 5 mg of active ingredient.

Example B: Suppositories

A mixture of 20 mg of an active ingredient of the

formula I is melted with 100 g of soya lecithin and

1,400 g of cocoa butter, poured into moulds and allowed

to cool. Each suppository contains 20 mg of active

ingredient.

Example C: Solution

A solution of 1 g of an active ingredient of

the formula I, 9.38 g of NaH,PO, x 2 48,0, 28.48 g

Na,HPO, x 12 H,O and 0.1 g of benzalkonium chloride is

prepared in 940 ml of double-distilled water. The pH is

adjusted to 6.8, and the solution is made up to 1 1 and

sterilized by irradiation. This solution can be used in

the form of eyedrops.

Example D: Ointment

500 mg of an active ingredient of the formula I
are mixed with 99.5 g of petroleum jelly under aseptic
conditions.

Example E: Tablets

A mixture of 1 kg of active ingredient of the
formula I, 4 kg of lactose, 1.2 kg of potato starch, 0.2

kg of tale and 0.1 kg of magnesium stearate is compressed
to tablets in conventional manner so that each tablet

contains 10 mg of active ingredient.
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‘Example F: Coated tablets

Tablets are formed by compression analogously to

Example E and then covered in conventional manner with a

coating of sucrose, potato starch, talc, tragacanth and

colourant.

Example G: Capsules

2 kg of active ingredient of the formula I are

filled into hard gelatin capsules in conventional manner

so that each capsule contains 20 mg of the active ingred-

ient.

Example H: Ampoules

A solution of 1 kg of active ingredient of the

formula I in 60 1 of double-distilled water is filled

into ampoules and lyophilized under aseptic conditions

and the ampoules are sealed under sterile conditions.

Each ampoule contains 10 mg of active ingredient.
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Patent Claims

1. Piperidine and piperazine derivatives of the

formula I

R IInd-Q-N Zz

wherein
Ind is an indol-3-yl radical which is unsubstituted or

mono- or polysubstituted by OH, OA, CN, Hal, COR? or

CH,R?

R? is benzofuran-5-yl or 2,3-dihydrobenzofuran-5-yl,

chroman-6-yl, chroman-4-on-6-yl, 3-chromen-6-yl or

chromen-4-on-6-yl, which is unsubstituted or mono-

substituted by CN, CH,OH, CH,OA or COR’,

QO is C,H.

Z is N or CR,

A is alkyl having 1-6 C atoms,

Hal is F, Cl, Br or I,

R? is OH, OA, NH,, NHA or NA,,

R? is H, OH or OA and

m is 2, 3 or 4,

and their physiologically acceptable salts.

2. (a) 1-[4-(5~Methoxyindol-3-yl1) butyl ]-4-(2-hydroxy-

methylbenzofuran-5-yl) piperazine;

(b) 1-[4-(5-carbamoylindol-3-yl) butyl }-4-hydroxy-

4-(2,3-dihydrobenzofuran-5-yl) piperidine;

(c) 1-[4-(5-carbamoylindol-3-yl) butyl ]-4-(2,3-di-

hydrobenzofuran-5-yl) piperidine;

(d) 1-[4-(5-methoxyindol~-3-yl)butyl]-4-(2,3-di-

hydrobenzofuran-5-yl) piperazine;

(e) 1-[(4-(5-cyanoindol-3-yl)butyl]-4-(2-ethoxy-

carbonylbenzofuran-5-yl) piperazine;

(£) 1-[4-(5-cyanoindol-3-yl) butyl ]}-4-(2-carbamoyl-

benzofuran-5-yl) piperazine;

(g) 1-[4-(5-methoxyindol-3-yl) butyl ]-4-(chroman-
6-yl) piperazine;

(h)  1-(4-(5-hydroxyindol-3-yl) butyl ]-4~-(chroman-
6-yl) piperazine.

3. Process for the preparation of piperazine and
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piperidine derivatives of the formula I according to

Claim 1, and their salts, characterised in that a

compound of the formula II

Ind~-Q-x? Ir

wherein

x? is X or NH,,

xX is Cl, Br, I, OH or an OH group functionally modi-

fied to form a reactive group, and

Ind and Q are as defined,

is reacted with a compound of the formula III

X?~ (CH, ) ,-ZR!- (CH,) ,-X? III

wherein

X? and X? can be identical or different and are each x if
X? = NH, or are together NH in other cases, and

Z and R? are as defined,

or in that to prepare a compound of the formula I, in

which 2 is N, a compound of the formula IV

Ind-Q-N(CH,-CH,-X), IV

wherein

X, Q and Ind are as defined, is reacted with a compound

of the formula V

R}-NH, Vv
wherein

R? is as defined,

or in that a compound which has formula I except that one

or more hydrogen atoms have been replaced by one or more

reducible groups and/or one or more additional C-C and/or

C-N bonds is treated with a reducing agent,

or in that a compound which has formula I except that one

or more hydrogen atoms have been replaced by one or more

solvolysable groups is treated with a solvolysing agent,
and/or in that an OA group is optionally cleaved to form

an OH group, and/or an Ind group or an R’ group is con-

verted into another Ind and/or R’ group, and/or in that a

resulting base or acid of the formula I is converted into

one of its salts by treatment with an acid or base.

4. _ Process for the manufacture of pharmaceutical

preparations, characterized in that a compound of the

formula I according to Claim 1 and/or one of its
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physiologically acceptable salts are converted into a

suitable dosage form together with at least one solid,

liquid or semiliquid excipient or adjunct.

5. Pharmaceutical preparation, characterized in that

it contains at least one compound of general formula I

according to Claim 1 and/or one of its physiologically

acceptable salts.

6. Use of compounds of the formula I according to

Claim 1, or their physiologically acceptable salts, for

the manufacture of a drug.

7. Use of compounds of the formula I according to

Patent Claim 1, or their physiologically acceptable

salts, for controlling diseases.
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Abstract of the disclosure ae
\4

Piperidine and piperazine derivatives of the ,
formula I

Ind-Q-N Z-RI
I

wherein

Ind

R?

pMO

is an indol-3-yl radical which is unsubstituted or

mono- or polysubstituted by OH, OA, CN, Hal, COR? or

CH,R?,

is benzofuran-5-yl or 2,3-dihydrobenzofuran-5-yl,

chroman-6-yl, chroman-4-on-6-yl, 3-chromen-6-yl or

chromen-4-on-6-yl, which is unsubstituted or mono-

substituted by CN, CH,OH, CH,OA or COR’,

is C,H,

is N or CR’,

is alkyl having 1-6 C atoms,

is F, Cl, Br or I,

is OH, OA, NH,, NHA or NA,,

is H, OH or OA and

is 2, 3 or 4,

their physiolocally acceptable salts, are active on

the central nervous system.
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~ aoe ® LAW OFFICES ®
MILLEN, WHITE, ZELANO & BRANIGAN, P.C.

ARLINGTON COURTHOUSEPLAZAI
SUITE 1400

2200 CLARENDON BOULEVARD
ARLINGTON,VIRGINIA 22201 

 

TELEPHONE: (703) 243-6333
CABLE: USALAW _INT’L TELEX: 64191

TELECOPIER: (703) 243-6410

. Atty’s Docket No._|MERCK 1617
In re application of Henning BOTTCHERetal.

{Qa Serial No. 08/314,734 .
Filed September 29, 1994 - SA fe

tat ERS
THE COMMISSIONER OF PATENTS & TRADEMARKS on cS 3
Washington, D.C. 20231 SO a OT

, . eae,
Sir: “Oe OO
Transmitted herewith is an amendmentin the above-identified application. vo ee ye. ae OL
G Small entity status of this application under Q Verified statement(s) to establish small eo Of

37 CFR 1.9 and 1.27 has been established by entity status under 37 CFR 1.9 and 1.27 oF
a verified statement previously submitted. enclosed. nad

QO Noadditional fee is required.

The fee has been calculated as shown below.

EgHIGHEST NO.
PREVIOUSLY

PAID FOR

* If entry in Col. 2 is less than entry in Col. 4, write "0" in Col. 5.
** If "Highest No. Previously Paid For" in this space is less than 20, write "20" in this space.
*** If “Highest No. Previously Paid For” in this space is less than 3, write "3" in this space.

The "Highest No. Previously Paid For" (total or independent) is the highest number found from the equivalent box in
Col. 2 of a prior amendmentor the numberof claimsoriginally filed.
& The amountof $_132.00__ is included in the attached check.

QO Please charge my Deposit Account No. 13-3402 in the amountof $
Twocopies of this sheet are attached for this purpose.

Applicant(s) request(s) that the time for taking action in this case be extended pursuant to 37 C.F.R. §1.136(a).
Q Included in the attached checkis the statutory fee of $ for an extension of time of

month(s).

® If the box for the sentence immediately above is marked but no checkis attached, then chargethe statutory fee
recited in such sentence for an extension of time of the number of months recited in such sentence to Deposit
Account No. 13-3402. Two copies of this sheet are attached for this purpose.

Q Chargethe Statutory Fee of $ for an extension of time of month(s) to Deposit
Account No. 13-3402. Two copies of this sheet are attached for this purpose.

 

@ The Commissioneris hereby authorized to charge any deficiencies in payment of the following fees associated with
this communication or credit any overpayment to Deposit Account No. 13-3402.

@ Anyfiling fees under 37 C.F.R. §1.16 for the presentation of extra claims.

@ Any patent application processing fees under 37 C.F.R. §1.17.

Respectfully submitted,

MILLEN, WHITE, ZELANO & BRANIGAN,P.C.

  DATE:_ June 28, 1995 BY:
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C, 20231

SERIALNUMBER|FILINGDATE__|FIRST NAMED INVENTOR __ ATTORNEY DOCKET NO.

 
OO/ S14, 74 OsSas v4 GOT TOMER

 
TT

SA.
 

  

 
1 WHIT 

SUITE bang

 

. DATE MAILED: As PR/ SE
This is a communication from the examinerin charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

Kuanhas been examined (LJ Responsive to coinmuntcation filed on 1 this action Is mada final.
Ashortened statutory period for response to this action Is set to expire 3 month(s), days from the date of this tetter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

 

 

 

 

 

1. Letpteof References Cited by Examiner, PTO-892. 2. CJ Notice of Draftsman’s Patent Drawing Review, PTO-948.3. Notice of Art Cited by Applicant, PTO-1449. 4. O Notice of Informal Patent Application, PTO-152.
5. (CJ information on How to Effect Drawing Changes, PTO-1474.. 6.

Part! SUMMARY OF ACTION .

/- 2&21. Claims. are pendingIn the application.

Of the above,claims /F. / 7Tee x are withdrawn from consideration.

2. oO Claims have beencancelled. .

3. OC Clalms are allowed.

4. fZiaims / _ / ot 14 ~ (5 / 7 AE are rejected.
5. Claims é G are objected to.

6. LJ claims
 are subject to restriction or election requirament.

7 O This application has beenfiled with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. oO Formal drawings are required in responseto this Office action.

9. Oo The corrected or substitute drawings have been received on . Under 37 C.F.R. 1.84 these drawings
are Clacceptable; Ci not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948).

10. DO The proposed additionalor substitute sheet(s) of drawings,filed on . has (have) been Dlapprovedby the
examiner; Cl] disapproved by the examiner(see explanation).

11, O The proposed drawing correction, filed , hasbeen Clapproved; Owe, (see explanation).12.aIs madeof the claim forpriority under 35 U.S.C. 119. The certified copy has been received O not been received
O beenfiled in parent application, serial no. ; filed on

13. Oo Since this application apppears to be in condition for allowance except for formal matters, prosecution as to the merits is closed in
accordancewith the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

14. | Other

eeBXAMINER'S.ACTION., 
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Serial No. 08/314,734 -2-

Art Unit 1202

Restriction to one of the following inventions is required under 35

U.S.C. § 121:

I. Claims 1-12, 14-18, drawn to compounds and compositions

where Z=N,classified in Class 544, subclass 373; Class 514, subclass 254.

II. Claims 1-11, 13, 17-18, drawn to compounds and compositions

where Z=CR?, classified in Class 546, subclass 201; class 514, subclass 323.

II. Claims 19-22, drawn to multi-methods of use employing group I

compounds,classified in Class 514, subclass 254.

IV. Claims 19-22, drawn to multi-methods of use employing group II

compounds,classified in Class 514, subclass 323.

If III or IV is elected applicants must further elect a use or related uses

associated with a particular physiological activity.

The inventions are distinct, each from the other because of the

following reasons:
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Serial No. 08/314,734 -3-

Art Unit 1202

Compounds of GroupsI andII are structurally dissimilar which are

thus separately classified, require separate Chemical Abstract searches and

would be expected to raise different issues of patentability - see the art

applied below directed to the elected invention. Each can support a patent as

the compoundsof each group are capable of being utilized alone not in

combination with other remaining members in the Markush group.

Inventions I/II and III/IV are related as product and processof use.

The inventions can be shownto be distinct if either or both of the following

can be shown:(1) the process for using the product as claimed can be

practiced with another materially different product or (2) the product as

claimed can be used in a materially different process of using that product

(M.P.E.P. § 806.05(h)). In the instant case the respective products of I and

II have more than onedistinct use as evidenced by applicants’ own disclosure

- see p.1 and 2.
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Serial No. 08/314,734 -4-

Art Unit 1202

During a telephone conversation with Mr. Heaney °»: ~. > a provisional

election was made with traverse to prosecute the invention of GroupI, claims

1-12, 14-18. Affirmation of this election must be made by applicant in

responding to this Office action. Claims 13, 19-22 are withdrawn from

further consideration by the Examiner, 37 C.F.R. § 1.142(b), as being drawn

to a non-elected invention.

Claims 11, 17-18 which link inventions I and II will only be examined

with respect to the elected invention.

Applicant is reminded that upon the cancellation of claims to a non-

elected invention, the inventorship must be amended in compliance with 37

C.F.R. § 1.48(b) if one or more of the currently named inventors is no

longer an inventor of at least one claim remaining in the application. Any

amendmentof inventorship must be accompaniedbya diligently-filed petition

under 37 C.F.R. § 1.48(b) and by the fee required under 37 C.F.R.

§ 1.17(h).
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Serial No. 08/314,734 -5-

Art Unit 1202

Claim 12 is rejected under 35 U.S.C. § 112, second paragraph, as

being indefinite for failing to particularly point out and distinctly claim the

subject matter which applicant regards as the invention.

1. In claim 12 whatis intended by “benzo-5-yl"?

The following is a quotation of the first paragraph of 35 U.S.C. § 112:

The specification shall contain a written description of the invention,
and of the manner and process of making and 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 sameandshall set forth the best mode contemplated by the
inventor of carrying out his invention.

The specification is objected to under 35 U.S.C. § 112, first paragraph,

as failing to provide descriptive support (antecedentbasis) for the invention

claimed.

The examiner cannot find a description of species (e) in claim 2 in the

specification.

Claim 2 is rejected under 35 U.S.C. § 112, first paragraph, for the

reasons set forth in the objection to the specification.
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Serial No. 08/314,734 -6-

Art Unit 1202

The following is a quotation of 35 U.S.C. § 103 which forms the basis
for all obviousness rejections set forth in this Office action:

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
obvious at the time the invention was made to a person having ordinary
skill in the art to which said subject matter pertains. Patentability shall
not be negatived by the manner in which the invention was made.

Subject matter developed by another person, which qualifies as prior art
only under subsection (f) or (g) of section 102 of this 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.

Claims 1-12, 14-15, 17-18 are rejected under 35 U.S.C. § 103 as being

unpatentable over Boettcher in view of Perregaard. Boettcher having issued
—

niore than a year earlier than the instant filing date teaches similar

compoundsto that claimed herein and for the same disclosed uses as herein.

See formula I compoundsin column 1 and exemplified compoundsin cols.

11-17. The compoundsdiffer in only one respect-to that claimed herein -

benzodioxanyl substitution vs. instant R! as dihydro benzofuranyl, chromany].
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ae

Serial No. 08/314,734 -7-

Art Unit 1202

Perregaard teaches the interchangeability of the above mentioned rings

on similar compounds and for the same uses (as 5HT agonists, antagonists).

See definition of Y and Z in col. 1 in the Ar definition. Thus it would have

been obvious to oneskilled in the art at the time the invention was made to

replace the benzodioxane ring system with those taught in Perregaard and

thus obtain the instant compounds in view of the equivalency teaching

outlined above.

Claims 1-12, 14-15, 17-28 are rejected under the judicially created

doctrine of obviousness-type double patenting as being unpatentable over

claims 1-16 of U.S. Patent No. 5,242,925 in view of Perregaard.
oo

While the conflicting claims are not identical, they are not patentably

distinct for the same reasons discussed in the above 103 rejection.

The obviousness-type double patenting rejection is a judicially
established doctrine based upon public policy and is primarily intended to
prevent prolongation of the patent term by prohibiting claims in a second
patent not patentably distinct from claimsin a first patent. In re Vogel, 164
USPQ 619 (CCPA 1970). A timely filed terminal disclaimer in compliance
with 37 C.F.R. § 1.321(b) would overcome an actualor provisional rejection
on this ground provided the conflicting application or patent is shown to be
commonly owned with this application. See 37 C.F.R. § 1.78(d).

Page 197



Page 198

Serial No. 08/314,734 -8-

Art Unit 1202

Claim 16 is objected to as being dependent upon a rejected base claim,

but would be allowable if rewritten in independent form including all of the

limitations of the base claim and anyintervening claims.

. . 1 . _ therein.
Said claim would be allowed as the R* moiety recited here is not

taught &suggested by the art of record or from or search in the pertinent art

area.

Claims 1-11, 17-18 are rejected under judicial doctrine as being drawn

to an improper Markush group. The Markush at Z embraces ce than one
invention

4nsertion as discussed in the above restriction requirement. Note if

nonelected subject matter is deleted claim 9 would be an improper dependent.

‘“laim and "Z is N" in claims 12, 14-16 would be superfluous.

Any inquiry concerning this communication should be directed to

Examiner Emily Bernhardt at telephone number (703) 308-4714.

A facsimile center has been established in Group 1200, room 3C10.
The hours of operation are Mondaythrough Friday, 8:45 AM to 4:45 PM.
The telecopier numbers for accessing the facsimile machine is (703) 308-4556
or 305-3592.

BERNHARDT:tcj
March 22, 1995 | Xbntacd

EMILY BERNHARDT
PRIMARY EXAMINER

GROUP120
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BERNHARDT 314734 Page 1

=> fil reg
FILE 'REGISTRY' ENTERED AT 07:55:39 ON 09 MAR 95

USE IS SUBJECT TO THE TERMS OF YOUR CUSTOMER AGREEMENT

COPYRIGHT (C) 1995 American Chemical Society (ACS)

STRUCTURE FILE UPDATES: 3 MAR 95 HIGHEST RN 161274-47-1

DICTIONARY FILE UPDATES: 8 MAR 95 HIGHEST RN 161274-47-1

TSCA INFORMATION NOW CURRENT THROUGH MAY 1994

Please note that search-term pricing does apply when
conducting SmartSELECT searches.

L2 STR

NODE ATTRIBUTES:

DEFAULT MLEVEL IS ATOM

GGCAT IS PCY HIC LOQ UNS AT 8
GGCAT IS PCY HIC LOQ UNS AT 9
DEFAULT ECLEVEL IS LIMITED

ECOUNT IS E8 C E1N AT 8

ECOUNT IS M8 C E10 AT 9

GRAPH ATTRIBUTES:

RSPEC 1

NUMBER OF NODES IS 9

STEREO ATTRIBUTES: NONE

 

L4 STR

12. 18 23 2

27C_411_7C -C_ 19 G Cc 3300417 ee. 24 aa 8we ~s oo ee 9 lew me
Cc N C. Cc Cc qc 8. e Cc

Se 6 se 916 NG 14 22 BQNG25 ay
15 21 26 5 10

REP G1=(0-1) ¢C
NODE ATTRIBUTES:

DEFAULT MLEVEL IS ATOM

DEFAULT ECLEVEL IS LIMITED

GRAPH ATTRIBUTES:
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BERNHARDT 314734 Page 2

RING(S) ARE ISOLATED OR EMBEDDED
NUMBER OF NODES IS 26

STEREO ATTRIBUTES: NONE

L6 3 SEA FILE=REGISTRY SSS FUL L2 AND L4

=> a 1-3 ide can

L6 ANSWER 1 OF 3 REGISTRY COPYRIGHT 1995 ACS

RN 131084-05-4 REGISTRY

CN 1H-Indole, 1-butyl1-3-([4-[4-(2,3-dihydro-7-benzofuranyl]1) -1-
piperazinyl)butyl]-2,3-dihydro-, ethanedioate (1:2) (9CI) (CA INDEX
NAME)

MF C28 H39 N3 O . 2 C2 H2 04

SR CA

Lc STN Files: CA, TOXLIT, USPATFULL

CM 1

CRN 131083-77-7

CMF C28 H39 N3 0

n-Bu

z

CM 2

CRN 144-62-7

CMF C2 H2 04

im
HO— C— C— OH

1 REFERENCES IN FILE CA (1967 TO DATE)
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BERNHARDT 314734 Page 3

REFERENCE 1: P 114:17582

L6 ANSWER 2 OF 3 REGISTRY COPYRIGHT 1995 ACS

RN 131083-92-6 REGISTRY

CN 1H-Indole, 1-buty1-3-[4-(4-(2,3-dihydro-7-benzofurany1) -1-
piperazinyl )butyl]-5-fluoro-2,3-dihydro- (9CI) (CA INDEX NAME)

FS 3D CONCORD

MF C28 H38 F N3 0

SR CA

Lc STN Files: CA, TOXLIT, USPATFULL

n-Bu

za

1 REFERENCES IN FILE CA (1967 TO DATE)

REFERENCE 1: P 114:17582

L6 ANSWER 3 OF 3 REGISTRY COPYRIGHT 1995 ACS

RN 131083-77-7 REGISTRY

CN 1H-Indole, 1-buty1-3-(4-[4-(2,3-dihydro-7-benzofurany]1) -1-
piperazinyl]butyl]-2,3-dihydro- (9CI) (CA INDEX NAME)

FS 3D CONCORD
MF C28 H39 N3 O

cI COM

SR CA

LC STN Files: CA, TOXLIT, USPATFULL

Page 204



Page 205

BERNHARDT 314734 Page 4

n-Bu

a

1 REFERENCES IN FILE CA (1967 TO DATE)

REFERENCE 1: P 114:17582

=> fil ca

FILE 'CA' ENTERED AT 07:55:56 ON O09 MAR 95

USE IS SUBJECT TO THE TERMS OF YOUR CUSTOMER AGREEMENT

COPYRIGHT (C) 1995 AMERICAN CHEMICAL SOCIETY (ACS)

FILE COVERS 1967 - 4 Mar 1995 (950304/ED) VOL 122 ISS 10

To help control your online searching costs, consider using the
HCA File when using the FSEARCH command or when conducting
SmartSELECT searches with large numbers of terms.

CAPLUS IS NOW ONLINE!

=> s 16

L7 1 L6

=> d all

L7 ANSWER 1 OF 1 CA COPYRIGHT 1995 ACS

AN 114:17582 CA

TI Preparation of piperazinyl derivatives, and their use as
serotoninergic agonists in the treatment of central nervous system
disorders

IN Perregaard, Jens; Stenberg, John Willie gyPA Lundbeck, H., og Co. A/S, Den. .so Eur. Pat. Appl., 18 pp. _ ) S 5GO a ?7
CODEN: EPXXDW —

PI EP 376607 Al 900704

DS R: AT, BE, CH, DE, ES, FR, GB, GR, IT, LI, LU, NL, SE
AI EP 89-313371 891220

PRAI GB 8830312 881228

DT Patent ,
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° BERNHARDT 314734 Page 5

LA English
Ic ICM C0O7D209-14

IcS C0O7D231-56; C0O7D231-54; CO7D405-12; CO7D409-12; CO7D411-12;
A61K031-40

cc 1-11 (Pharmacology)
Section cross-reference(s): 28, 63

Os MARPAT 114:17582

GI

(CH2)4—N N—Ar
\/

 

YR5 ylr5=Ql (CH2)n Q2

AB The title derivs. I (dotted line is optional bond; X = CH, CH2,
N(H), C:O; R1 = H, halogen, (un)branched C1-6 alk(en)yl,
trifluoromethyl; R2 = H, (un)branched (un)substituted C1-6
alk(en)yl; Ar = Q1, Q2 (Y = 0, S; Y1 =H, O, S, CH2; Z2 = 0, S, CH2;
n = 1-3; R5 = (un)branched C1-6 alk(en)yl)], and their
pharmaceutically acceptable acid addn. salts and stereoisomers, are
prepd. for use in treatment of central nervous system disorders,
including anxiety, depression, and aggression, or in diseases
related to cardiovascular, renal, and gastrointestinal systems.
Methods of prepn. of I and pharmaceutical compns. contg. I are also
provided. I have central serotonin activity with preference for the
5-HT1A receptor. Thus, 3-[4-(4-(2-methoxypheny]l) -1-piperazinyl]l) -1-
butyl]-1H-2,3-dihydroindole dioxalate (prepn. given) inhibited
5-methoxy-N,N-dimethyltryptamine-induced 5-HT syndrome in rats with
ED50 = 1.9 .mu.mole/kg. A tablet formulation contained
3-[4-(4-(1, 4-benzodioxan-5-yl1) -1-piperazinyl) -1-butyl]-1H-2,3-
dihydroindole dioxalate 5, lactose 18, potato starch 27, saccharose
58, sorbitol 3, talcum 5, gelatine 2, povidone 1, and Mg stearate
0.5 mg.

ST piperazine deriv serotoninergic 5HT1A agonist; central nervous
system treatment piperazine deriv

IT Pharmaceutical dosage forms
(injections, of piperazine deriv. 5-HT1A agonist, for central
nervous system disorders treatment)

IT Neurotransmitter agonists
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BERNHARDT 314734 Page 6
°

(serotoninergic S1A, piperazine derivs. as, prepn. of and
pharmaceuticals contg.)

IT Pharmaceutical dosage forms
(syrups, of piperazine deriv. 5-HT1A agonist, for central nervous
system disorders treatment)

IT Pharmaceutical dosage forms
(tablets, of piperazine deriv. 5-HT1A agonist, for central
nervous system disorders treatment)

IT 131083-84-6P 131083~94-8P

(prepn. and reaction of, for serotoninergic 5-HT1A agonist)
IT 131083-83-5P 131083-86-8P 131083-87-9P 131084-17-8P

131084-18-9P 131084-24-7P 131084-25-8P 131084-28-1P

131084-29-2P 131084-30-5P

(prepn. and reaction of, in serotoninergic 5-HT1A agonist prepn.)
IT 131083-77-7P 131083-89-1P 131083-91-5P

131083-92-6P 131083-96-0P 131083-98-2P 131084-00-9P

131084-01-0P 131084-02-1P 131084-03-2P 131084-04-3P

131084-05-4P 131084-07-6P 131084-09-8P 131084-11-2P

131084-12-3P 131084-14-5P 131084-15-6P 131084-23-6P

131084-27-0P 131084-31-6P 131109-70-1P

(prepn. of, for serotoninergic 5-HT1A agonist)
IT 328-87-0, 2-Chloro-5-trifluoromethylbenzonitrile 928-51-8,

4-Chloro-1-butanol 35386-24-4, 1-(2-Methoxypheny1) piperazine
131083-82-4 131083-85-7

(reaction of, in serotoninergic 5-HT1A agonist prepn.)
IT 131084=-20-3 131084-22-5 ,

(resoln. of, for serotoninergic 5-HT1A agonist)
IT 131083-76~-6 131083-77-7 131083-78-8 131083-79-9

131083-81-3 131084-16-7

(serotoninergic 5-HT1A agonist)
IT 110-85-0D, Piperazine, derivs.

(serotoninergic 5-HTla agonists)

=> fil caold caprev
FILE 'CAOLD' ENTERED AT 07:56:17 ON 09 MAR 95

USE IS SUBJECT TO THE TERMS OF YOUR CUSTOMER AGREEMENT

COPYRIGHT (C) 1995 AMERICAN CHEMICAL SOCIETY (ACS)

FILE 'CAPREVIEWS' ENTERED AT 07:56:17 ON 09 MAR 95

USE IS SUBJECT TO THE TERMS OF YOUR CUSTOMER AGREEMENT

COPYRIGHT (C) 1995 American Chemical Society (ACS)

=> s 16

FILE 'CAOLD'!
L8 O L6

FILE ‘CAPREVIEWS'

L9 O L6

TOTAL FOR ALL FILES

L10 O L6

=> fil hom
FILE 'HOME! ENTERED AT 07:56:26 ON O09 MAR 95
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Henning BOTTCHER et al.

dp Group Art Unit: 120Serial No.: 08/314,734 :

Examiner: Rexrohardt
Filed: September 29, 1994 :

For: PIPERIDINES AND PIPERAZINES

AO
tat

INFORMATION DISCLOSURE STATEMENT €. =

. . C3
Honorable Commissioner of ce ee

Patents and Trademarks oe
Washington, D.C. 20231 hd

Sm on
SIR: co

Enclosed is the search report which issued in corresponding

European application No. 94114798.5.
were cited in the search report:

WO 94/13659~
EP 0 490 772
DE 41 27 849 -—~

DE 41 01 686

GB 1,075,156

FR 1,551,082

The following documents

The following is an English translation of the comments in

the search report.

WO-A-94 13659 (LUNDBECK) 23 June 1994

Page 3, line 28 - line 30

EP-A-0 490 772 (ADIR ET COMPAGNIE) 17 June 1992

Page 2, line 41; Claim 1

DE-A-41 27 849 (MERCK PATENT GMBH) 25 February 1993
Page 2, line 28; Claim 1

DE-A-41 01 686 (MERCK PATENT GMBH) 23 July 1992
Claim 1

MERCK 1617
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GB-A-1 075 156 (FARMACO D'ITALIA) 12 July 1967
Claim 1

FR-A-1 551 082 (STERLING) 27 December 1968
Claim 1

WO ‘659, EP ‘772 and DE '849 (copies enclosed) listed as "yY"

type references. Wo ‘659 is also indicated as being a "p"

reference, i.e., effective date after filing date of application.

U.S. 5,242,925 corresponds to DE 41 27 849. A copy of U.S. ‘925

is also enclosed.

DE ‘686, GB ‘156 and FR ‘082 are cited as "A" type refer-

ences relating to technological background. DE ‘686 is also in-

dicated as being a "D" type reference, i.e., cited in the appli-

cation. U.S. Serial No. 08/262,256 (now allowed) lists DE ‘686

for purposes of priority. Copies of these documents are not

enclosed.

This Information Disclosure Statement is being submitted

prior to receipt of the first action on the merits. Therefore,

it is believed that no fee is required. See 37 C.F.R.
§1.97(b) (3).

Respectfully submitted,

  on ; 32,542)
Attorney for Applicdnts

MILLEN, WHITE, ZELANO & BRANIGAN, P.C.
Arlington Courthouse Plaza I
2200 Clarendon Boulevard, Suite 1400
Arlington, Virginia 22201
(703) 243-6333

Filed: March 8, 1995

BPH: kdp104 :merck617.ids

- 2 - MERCK 1617
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REAL

BUNDESREPUBLIK (® Offenlegungsschrift GD Int. cis:
| C07 D 405/12DEUTSCHLAND DE 41 27 849 A A81 K 31/495

Mf (co7D 406/12, -ee :18,233:64,209:14)ANS | <oS @) Aktenzeichen: P 41 27 849.6 Co@) Anmeldetag: 22. 8.91 s
DEUTSCHES @) Offentegungstag: 25. 2.93 ~~

PATENTAMT .
=

ue
c

 

@) Anmetder:
Merck Patent GmbH, 6100 Darmstadt, DE

 
 
 

 

 
@) Erfinder:

Bottcher, Henning, Dr., 6100 Darmstadt, DE:
Seyfried, Christoph, Dr., 6104 Jugenheim, DE;
Greiner, Hartmut, Dr.; Bartoszyk, Gerd, 6100
Darmstadt, DE

@ Benzodioxanderivate
© 1,4-Benzodioxanderivate der Formel ! bi oaquin. Sama adity

 
worin B und Q die in Patentanspruch 1 angegebenen
Bedeutungen haben, sowie deren Salze, zeigen Wirkungen
aut das Zentrainervensystem.

DE4127849Al
BUNDESDRUCKERE! 12.92 208 068/254 25/62
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© -
DE 41 27 849 Al

Beschreibung

Die Erfindung betrifft neue 1,4-Benzodioxanderivate der Forme!I

(oO
7_™N

B—Q—N N oO (I)NY

 
worn .
B einen unsubstituierten oder einfach durch CN, CO+R!, CaHm—R', Hal, OH, OA, O—C,H2n—COR! oder
NHR;substitituierten Indol-3-yl- oder Benzimidazol-1-yl-rest,
R!'OH,OA, NH2, NHA oder NA2,
R?H,A,CO—A, CO—Ar, CO— NH2z, CO— NHA, SO2— Ar oder SO7— A,
Q Cahn,
n1,2,3,4, 5 oder 6,
A Alkyl mit 1-6 C-Atomen,
Ar einen unsubstituierten oder einen ein- oder zweifach durch A, Hal, CN, OH und/oder OA substituierten
Pheny!rest, und
Hal F, Cl, Br oder|
bedeuten..  -
sowie deren Salze.

Der Erfindung lag die Aufgabe zugrunde, neue Verbindungen aufzufinden, die zur Herstellung von Arzneimit-
teln verwendet werden kénnen.

Es wurde gefunden, da8 die Verbindungen der Forme! | und ihre physiologisch unbedenklichen Saureaddi- {

 
tionssalze wertvolle pharmakologische Eigenschaften besitzen, So zeigen sie insbesondere Wirkungen auf das
Zentralnervensystem, vor allem serotonin-agonistische und -antagonistische Wirkungen. Sie hemmendie Bin-
dung vontritiierten Serotoninliganden an hippocampale Rezeptoren (Cossery et al, European J. Pharmacol. 140
(1987), 143=- 155), AuBerdem treten Verinderungen der DOPA-Akkumulation im Stratium und der 5-HTP-Ak-
kumulation in N.raphe auf (Scyfried ct al, European J. Pharmacol. 160 (1989), 31 —41). Weiterhin treten analgeti-
sche und blutdrucksenkende Wirkungenauf; so wird bei kathetertragenden wachen, spontan hypertonen Ratten
(Stamm SHR/Okamoto/NIH-MO-CH B-Kisslegg; Methode vgl. Weeks und Jones, Proc. Soc. Exptl. Biol. Med.
104 (1960), 646 —648) der direkt gemessene Blutdruck nach peroraler Gabe der Verbindungen gesenkt. Ebenso
eignensie sich als Prophylaxe undzur Bekampfung der Folgen cerebraler Infarktgeschehen (Apoplexia cerebri),
wie Schiaganfall und cerebraler Ischamien.

Verbindungen der FormeI und ihre physiologisch unbedenklichen Sdureadditionssalze konnen daherals
Arzneimittelwirkstoffe (Ur Anxiolytika, Antidepressiva, Neuroleptika und/oder Antihypertonika, ferner zur
Cerebroprotektion nach Schlaganfall bzw. zur Prophylaxe, bei Morbus Alzheimer und auch als Zwischenpro-
dukte zur Herstellung anderer Arzneimittelwirkstoffe verwendet werden.

Gegenstand der Erfindungsind die 1,4-Benzodioxanderivate der Formel { sowie ihre physiologisch unbedenk-
lichen Sdureadditionssalze.

Der Rest A bedeutet Alkyl mit 1, 2, 3, 4, 5 oder 6, insbesondere 1 oder 2 C-Atome,vorzugsweise Methyl, ferner
auch Ethyi, n-Propyl, Isopropyl, n-Butyl, Isobutyl, sek.-Butyl oder tert-Butyl. OA ist vorzugsweise Methoxy,
ferner auch Ethoxy, n-Propoxy, Isopropoxy, n-Butoxy,Isobutoxy, sek.-Butoxy oder tert.-Butoxy. NHAist vor- h-
zugsweise Methylamino, ferner Ethylamino, n-Propytamino, Isopropylamino, n-Butylamino, Isobutylamino, .
sek.-Butylaminoodertert.-Butylamino. NA; bedeutet vorzugsweise Dimethylamino, ferner N-Ethy!l-N-methyla-
mino, Diethylamino, Di-n-propylamino, Diisopropylamino oder Di-n-butylamino.

Analog bedeutet CO—NHAvorzugsweise N-Methylcarbamoyl oder N-Ethylcarbamoyl; CO—NAz vorzugs-
weise N,N-Dimethylearbamoy! oder N,N-Diethylcarbamoyl und SO2,—A vorzugsweise Methylsulfonyl oder
Ethylsulfonyl :

Der Rest Ar bedeutet vorzugsweise unsubstituiertes Phenyl, aber auch ein- oder zweifach substituiertes
Phenyl. Falls der Phenylrest zweifach substituiert ist, konnen die Substituenten gleich oder verschieden sein.

Bevorzugte Substituenten an der Phenylgruppe sind F, Cl, Methoxy, CN, CF; oder Methyl. Die Substituenten
befinden sich im Fall der substituierten Phenylrest in ortho-, meta- und/oder para-Position, wobei zweifach
substituierte Phenylreste bevorzugt ortho- und para-substituiert sind. Im einzelnen ist Ar bevorzugt Phenyl,o-,
m- oder p-Trifluormethylphenyl, o-. m- oder p-Methoxyphenyl, o-, m- oder p-Fluorphenyl, o-, m- oder p-Met-
hylphenyl, o-, m- oder p-Cyanphenyl oder 2,4-Dimethoxyphenyl, aber auch o-, m- oder p-Ethoxyphenyl, o-, m-
oder p-Bromphenyl, 2,3-, 2.5-, 2,6-, 3,4- oder 3,5-Dimethoxyphenyl, 2,3- oder 3,4-Methylendioxyphenyl.

Der Rest B bedeutet einen unsubstituierten oder einfach durch einen der angegebenen Reste substituierten
Indol-3-yl- oder Benzimidazol-1-yl-rest. Vorzugsweise sind sie in 5-Stellung, ferner auch in der 4-, 6- oder
7-Stellung substituiert. Bevorzugte Substituenten am Indol-3-yl-rest sind COzCH3, CO2H, CN, CONH:, CH20H,
H,N—CO—NH, CH3—SO2—NH und CH;—CO—NH,aber auch OH, Methoxy, Ethoxy, NH2 oder NHA,
wobei A bevorzugt Methyl oder Ethyl entspricht.

Der Benzimidazolyl-1-rest ist vorzugsweise unsubstituiert, sofern er substituiertist, sind die gleichen Substitu-
enten besonders bevorzugt, die fur den indol-3-yl-rest angegebensind.

Der Parameter n kann 1, 2, 3,4, 5 oder 6 sein, vorzugsweise ist er 1,2 oder 4.
Der Rest Q ist vorzugsweise —(CH2z)—, weiterhin —CH2—, —(CH2)2— oder —(CH2)s—.

2
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R! ist bevorzugt OH, Methoxy oder NH: ferner bevorzugt Ethoxy, NH —CHs3oder N(CH3).
R? ist vorzugsweise CO—CH;, CO— NH; oder SO2—CHs, ferner CO—NH—CH,;oder CO—N(CHsg),aber

auch CO-Phenyloder SO2-Methyl.
Dementsprechend sind Gegenstand der Erfindung insbesondere diejenigen Verbindungen der Forme! I, in

denen mindestens einer der genannten Reste eine der vorstehend angegebenen, insbesondere der vorstehend
angegebenen bevorzugten Bedeutungenhat. Einige bevorzugte Gruppen von Verbindungen k6nnen durchdie
folgenden Teilformein Ia bis tj ausgedrickt werden, die der Formel I entsprechen und worin die nicht naher
bezeichneten Reste und Parameterdie bei der Formel I angegebene Bedeutung haben, worin jedoch

in Ja B einen in 5-Stellung durch CO— R! substituierten Indol-3-yl-rest bedeutet;
in Ib B einenin 5-Stellung durch NHR? substituierten Indol-3-yl-rest bedeutet;
in Ic B einen in 5-Steltung durch COOH substituierten Indol-3-yl-rest bedeutet;
in Id B einen in 5-Stellung durch COOCH3substituierten Indol-3-yi-rest bedeutet;
in le B einenin 5-Stellung durch CONH;substituierten Indol-3-yl-rest bedeutet;
in If B einen in 5-Stellung durch CN substituierten Indol-3-yl-rest bedeutet;
in Ig B einen in 5-Stellung durch CH2OHsubstituierten Indol-3-yl-rest bedeutet;
in Ih B einen in 5-Stellung durch OA substituierten Indol-3-yl-rest bedeutet;
in Ii B einen unsubstituierten Benzimidazol-!-yl-rest bedeutet;
in Lj B einen in 5-Stellung durch CO— R!substituierten Benzimidazol-1-yl-rest bedeutet.

Insbesondere sind bevorzugt Verbindungender Teilformein Ik sowie lak bis lik, die den Teilformein I sowie Ia
bis lj entsprechen, worin jedoch zusatzlich :

Q —(CH2k—

- bedeutet.

Gegenstand der Erfindung ist ferner ein Verfahren zur Herstellung von 1,4-Benzodioxanderivaten der For- =.
mel I sowie von deren Salzen, dadurch gekennzeichnet, daB man eine Verbindung der FormeII :

B—Q-xX' (IN

worin

epoe
pu

 
X! X oder NH und

: X Cl, Br, 1, OH oder cine reaktionsfihig funktionell abgewandelte OH-Gruppe bedeuten und
5 Bund Q die angegebenen Bedeutungen haben,

mit einer Verbindung der Forme!II  x?—(CHi) oO t

= oO (ih

! x°—(CH>
E worinu 7 ‘

i X? und X? gleich oder verschieden sein konnen und, fails X'=NHz2ist, jeweils X, andernfalls zusammen NH
i bedeuten,
i umsetzt

i oder da8 man eine Verbindung der Formel IV
4 B—Q—N(CH:—CH2—X); (IV)

worin

5 X, Q und B die angegebenen Bedeutungen haben, mit einer Verbindung der Formel V
a
si . .

H,NCx ) (VY) . 6
/ 3 Oo -

5 umsetzt
: oder da6 maneine sonst der Formel | entsprechende Verbindung.die jedoch anstelle der 1,4-Benzodioxangrup- 65
1 pe cine 3,4-Dihydroxyphenylgruppe, wobei aber auch die beiden Hydroxygruppen zur Erhdhung der Reaktions-
! bereitschaft in entsprechend aktivierter Form vorliegen kénnen, mit Ethandiol oder einem entsprechenden
4 reaktiveren Derivat zu einer Verbindung der Formel I umsetzt
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oder da man eine sonst der Formel I entsprechende Verbindung, die jedoch anstelle eines oder mehrerer
Wasserstoffatome eine oder mehrere reduzierbare Gruppe{n) und/oder eine oder mehrere zusatzliche C—C-
und/oder C—N-Bindung(en) enthalt, mit einem reduzierenden Mittel behandelt
oder daB man eine sonst der Formel | entsprechende Verbindung, die jedoch anstelle eines oder mehrerer
Wasserstoffarome cine oder mehrere solvolysierbare Gruppe(n) enthalt, mit einem solvolysicrenden Mittelbehandelt
und/oder daB man gegebenenfalls eine O—A-Gruppe unter Bildung einer OH-Gruppe spaltet und/oder eine
GruppeBin eine andere Gruppe B umwandelt und/oder daB maneine erhaltene Base oder Saure der Formel|
durch Behandeln mit einer Sdure oder Base in eines ihrer Salze umwandelt.

Die Herstellung der Verbindungender FormelI erfolgt im Obrigen nach an sich bekannten Methoden, wiesie
in der Literatur (z. B. in Standardwerken wie Houben-Weyl, Methoden der Organischen Chemie, Georg Thieme
Verlag, Stuttgart; Organic Reactions, John Wiley & Sons, Inc, New York; DE-OS 33 42 632) beschrieben sind,
und zwar unter Reaktionsbedingungen, wie sie fiir die genannten Umsetzungen bekannt und gecignet sind.
Dabei kann man auch von ansich bekannten,hiernicht n&her erwahnten Varianten Gebrauch machen.

Die Ausgangsstoffe fOr das beanspruchte Verfahren kénnen gewOnschtenfalls auch in situ gebildet werden,
derart, daB am sie aus dem Reaktionsgemisch nicht isoliert, sondern sofort weiter zu den Verbindungen der
Formel I umsetzt.

In den 1,4-Benzodioxanderivaten der FormelI! ist X' vorzugsweise X; dementsprechendsind in den Verbin-
dungen der Formel II X? und X? vorzugsweise zusammen NH.DerRest X ist vorzugsweise Cl oder Br; er kann
jedoch auch I, OH oder eine reaktionsfahig funktionell abgewandelte OH-Gruppe bedeuten, insbesondere
Alkylsulfonyloxy mit 1 —6 (z. B. Methansulfonyloxy) oder Arytsulfonyloxy mit 6—10C-Atomen (z. B. Benzolsul-
fonyloxy, p-Toluolsulfonyloxy, 1- oder 2-Naphthalin-sulfonyloxy).

Dementsprechendsind die 1,4-Benzodioxanderivate der FormelI insbesondere durch Umsetzung von Verbin-
dungen der Formet B—Q—Cl oder B—Q-—Br mit 6-Piperazino-1,4-benzodioxan (Forme!II], worin X?2 und X3
zusammen eine NH-Gruppe bedeuten: nachstehendals Illa bezeichnet) erhaltlich.

Die Verbindungen der Formeln II und insbesondere III sind zum Teil bekannt; die nicht bekannten Verbin- .,
dungender Formein II und II] kénnenleicht analog zu den bekannten Verbindungen hergestellt werden. .

Primare Alkohole der Forme! B—Q—OHsind z. B. durch Reduktion der entsprechenden Carbons&uren oder =
ihrer Ester erhaltlich. Behandeln mit Thiony!chlorid, Bromwasserstoff, Phosphortribromid oder Ahnlichen Halo- =
genverbindungenliefert die entsprechecen Halogenide der Forme! B—Q—Hal. Die entsprechenden Sulfony- =
loxyverbindungen sind erhaltlich aus den Alkoholen B—Q—OH durch Umsetzung mit den entsprechenden
Sulfonsdurechloriden.

Die lodverbindungen der Forme! B—Q-—I sind z. B. durch Einwirkung von Kaliumiodid auf die zugehdrigen
p-Toluolsulfonsdureester erhaltlich. Die Amine der Formel B—Q—NH;zsind z. B. aus den Halogeniden mit
Phthalimidkalium oder durch Reduktion der entsprechendenNitrile herstellbar.

Das Piperazinderivat Hla ist z.B. erhaltlich durch Umsetzung von Di-(2-chlorethyl)-amin mit 6-Amino-
1,4-benzodioxan. Verbindungen der FormelIll (X? und X3—=jeweils X) sind z. B, herstellpar durch Reduktion
von 1,4-Benzodioxanen, die in 6-Stellung eine —N(CH2CO,A)z-Gruppe besitzen, zu den entsprechenden anschlieBende Umsetzung mit SOCI; bzw. PBr3. . .

Die Umsetzung der VerbindungenII undIII verlauft nach Methoden, wie sie fOr die Alkylierung von Aminen
aus der Literatur bekannt sind. Man kann ohne Gegenwart eines Lésungsmittels die Komponenten miteinander
verschmeizen, gegebenenfalls im geschlossenen Rohr oder im Autoklaven. Es ist aber auch méglich, die Verbin-
dungen in Gegenwart eines indifferenten Lésungsmittels umzusetzen. Als Lésungsmittel eignen sich z. B. Koh-
lenwasserstoffe, wie Benzol, Toluol, Xylol; Ketone wie Aceton, Butanon; Alkohole wie Methanol, Ethanol,
Isopropanol, n-Butanol; Ether wie Tetrahydrofuran (THF) oder Dioxan; Amide wie Dimethylformamid (DMF)
oder N-Methyl-pyrrolidon; Nitrile wie Acetonitril, gegebenenfalls auch Gemische dieser Lédsungsmittel unter-
einander oder Gemische mit Wasser. Der Zusatz eines saurebindenden Mittels, beispielsweise eines Alkali- oder
Erdalkalimetall-hydroxids, -carbonats oder -bicarbonats oder eines anderen Salzes einer schwachen Sdure der
Alkali- oder Erdalkalimetalle, vorzugsweise des Kaliums, Natriums oder Calciums, oder der Zusatz einer
organischen Base wie Triethylamin, Dimethylanilin, Pyridin oder Chinolin oder eines Oberschusses der Amin-
komponente B—Q— NH}?bzw. des Piperazinderivates der Formel Illa kann ganstig sein. Die Reaktionszeitliegt
je nach den angewendeten Bedingungen zwischen einigen Minuten und 14 Tagen, dic Reaktionstemperatur
zwischen etwa 0 und 150°, normalerweise zwischen 20 und 130°.

Ferner ist es méglich, eine Verbindung der Forme! I zu erhalten, indem man eine Verbindung der Formel
B—Q—N(CH:—CH2—X): (IV) mit 6-Amino-1,4-benzodioxan (V) umsetzt.

Die Verbindungen der Formeln IV sind zum Teil bekannt; die nicht bekannten Verbindungen k6nnenleicht in
Analogie zu den bekannten hergestellt werden. So lassen sich Verbindungen der Formel IV leicht durch Umset-
zung von B—Q—NH? mit 1,2-Dihalogenethan, wobei Halogen bevorzugt far Chlor oder Brom steht, herstellen.
Ebensoist es moglich, Verbindungen des Typs !V durch Umsetzung von B—Q—Cl, B—Q—Broder B-Q-I mit
sekunddren Aminen der Formel HN(CH2—CH2— Xp zu erhalten.

Das primare Amin der Formel V laBt sich beispielsweise ausgehend von Anilin durch die diversen, an sich
bekannten Moglichkeiten der clektrophilen Substitution am Aromaten herstellen. Fernerist es moglich, entspre-
chend substituierte Nitroverbindungen durch Reduktion in die Amine der Formel V zu Uberithren.

Die Umsetzung der Verbindungen IV und V verlauft nach Methoden,wiesie far die Alkylierung von Aminen
aus der Literatur bekannt sind. Die Komponenten kénnen direkt, ohne Gegenwart eines Lésungsmittels,
miteinander verschmolzen werden, gegebenenfalls im geschlossenen Rohr oder im Autoklaven, unter Normal-
druck oder unter erhGhtem Druck, wobei ein Inertgas wie z. B. Nz zur DruckerhOhung zugefOhrt wird. Es ist aber
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auch méglich, die Verbindungen in Gegenwart eines inerten Lésungsmittels umzusetzen. Als Lésungsmittel
eignen sich die zuvor bei der Umsetzung von II mit Ill genannten. Ebenso kannsich der Zusatz eines sdurebin-
denden Mittels zur Reaktionsmischung beginstigend auswirken. Es kommen die gleichen Basen, wie zuvorbei
der Umsetzung der VerbindungenII und III beschrieben, in Frage.

Die optimale Reaktionszeit liegt, je nach den gewahlten Reaktionsbedingungen, zwischen einigen Minuten
und 14 Tagen, die Reaktionstemperatur zwischen etwa 0° und 150°, Oblicherweise zwischen 20° und 130°.

Eine weitere Mdglichkeit, Verbindungen der Formel I herzustellen, besteht darin, da8 man ein Vorprodukt,
welches jedoch anstelle der 1,4-Benzodioxangruppe eine 3,4-Dihydroxyphenylgruppe enthalt. mit Ethandiol
umsetzt. Besonders bevorzugtsind allerdings Varianten dieser Methode, wie sie beispielsweise zur Ether-Dar- -
stellung eingesetzt werden, bei denen die Hydroxidgruppen der Reaktionspartner in an sich bekannter Weise
aktiviert sind.

Es ist ferner mdglich, eine Verbindung der Formet I zu erhalten, indem man ein Vorprodukt, das anstelle von
Wasserstoffatomen eine oder mehrere reduzierbare Gruppe(n) und/oder eine oder mehrere zusatzliche C—C-
und/oder C—N-Bindung(en) enthalt, mit cinem reduzierenden Mittel behandelt, vorzugsweise bei Temperatu-
ren zwischen —80 und +250° in Gegenwart mindestenseines inerten Lésungsmittels.

Reduzierbare (durch Wasserstoff ersetzbare) Gruppensind insbesondere Sauerstoff in einer Carbonylgruppe,
Hydrox-d, Arylsulfonyloxy (z. B. p-Toluolsulfonyloxy), N-Benzolsulfonyl, N-Benzyl oder O-Benzy!. ‘

Es ist grundsAtzlich méglich, Verbindungen,die nur eine, oder solche, die nebeneinander zwei oder mehr der
oben angefthrten Gruppen bzw.zus4tzlichen Bindungen enthalten, reduktiv in eine Verbindung der FormelI
Oberzufdhren; dabei kénnen gleichzeitig Substituenten in der Gruppe B,die in der Ausgangsverbindung enthal<.
ten sind, reduziert werden. Vorzugsweise bedient mansich hierzu des nascierenden Wasserstoffs oder komple-
xer Métallhydride, ferner der Reduktion nach Wolff-Kishner sowie der Reduktion mit Wasserstoffgas unter
Obergangsmetailkatalyse.

Bevorzugte Ausgangsstoffe far die Reduktion entsprechen der Formel VI

°

Ss
B’—L—N N—< >-O (V1)

NY /

worin

B’ einen Indol-3-yl-rest, der zusatzlich durch eine Arylsulfonylgruppe oder eine Benzylgruppe in 1-Stellung
substitaiert sein kann oder einem unsubstituierten Benzimidazol-1-yl-rest entspricht und
L Q oder eine dem Rest Q entsprechende Kette, worin jedoch eine oder mehrere —CH2-Gruppe(n) durch
—CO— und/oder ein oder mehrere Wasserstoffatome durchCl, Br, F, SH- oder OH-Gruppenersetztsind,
worin jedoch nichtgleichzeitig B’ = B und L =Q sein kénnen.

In den Verbindungen der FormelVI ist L bevorzugt —CO—(CH2n—2—CO— [im einzelnen —COCO—,
—COCH,CO—, —CO—(CH2:—CO-—, —CO—(CH2);—CO—} —(CH2»-1-CO— fim einzeinen
—CH,—CO—, —CH7CH;—CO—, —(CH2);—CO— oder —(CH24—CO—] ferner zB. —-CO—CH2CH2—,
—CO—(CH2);s—, —CH2—CO—CH,CH2—, —CH;CH2—CO—CH2—, —CO—(CH2—. —CH2—CO—
(CH2)s>—, —CH2CH2:;CO—CH2CH2— oder —(CH2);—CO—CH2—. .

Verbindungender Forme! VI sindz B. herstellbar durch Umsetzung von 6-Piperazino-benzo-1,4-dioxan mit
einer Verbindung der Forme! VII “ ,

B’—L—X'!=(VID

worin

B’, L und X? die oben angegebenen Bedeutungen haben,unter den Bedingungen, die zuvor fir die Umsetzung
von II mit II] angegebensind.

Wird als Reduktionsmittel nascierender Wasserstoff verwendet, so kann mandiesen z. B. durch Behandlung
von Metallen mit schwachen Sduren oder mit Basen erzeugen. So kann man z. B. ein Gemisch von Zink mit
Alkalilauge oder von Eisen mit Essigsiure verwenden. Geeignetist auch die Verwendung von Natrium oder
einem anderen Alkalimetall ein einem Alkohol wie Ethanol, isopropanol, Butanol, Amyl- odcr Isoamylalkohol
oder Phenol. Man kannferner eine Aluminium-Nickel-Legierung in alkalisch-w&Briger Losung, gegebenenfalls
unter Zusatz von Ethanol, verwenden. Auch Natrium- oder Aluminiumamalgam in wiGrig-alkoholischer oder
wAGriger Lésung sind zur Erzeugung des nascierenden Wasserstoffs geeignet. Die Umsetzung kann auch in
heterogener Phase durchgefdhrt werden, wobei man zweckmaBig eine wiBrige und eine Benzol- oder Toluol-
Phase verwendet. ;

Als Reduktionsmittel kénnen ferner besonders vorteilhaft komplexe Metallhydride, wie LiAlHs, NaBHa,
Diisobutylaluminiumhydrid oder NaAi (OCH,CH20CHs):H:2sowie Diboran eingesetzt werden,falls erwnscht
unter Zusatz von Katalysatoren wie BF3, AICI; oder LiBr. Als Lésungsmittel eignen sich hierfir insbesondere
Ether wie Diethylether, Di-n-butylether, THF, Dioxan, Diglyme oder 1,2-Dimethoxyethan sowie Kohlenwasser-
stoffe wie Benzol. Fir eine Reduktion mit NaBH,sind in erster Linie Alkohole wie Methanol oder Ethanol,
ferner Wasser sowie waGrige Alkohole als Lésungsmittel geeignet. Nach diesen Methoden reduziert man

_vorzugsweise bei Temperaturen zwischen —80 und + 150°, insbesondere zwischen etwa 0 und etwa 100°.
5
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Besonders vorteilhaft lassen sich —CO-Gruppenin Sdureamiden(z. B. solchen der Forme! VI, worin L eine
—(CH2)n—1-CO-Gruppe bedeutet) mit LiAIHs in THF bei Temperaturen zwischen etwa O und 66° zu
CH2-Gruppenreduzieren. Dabei kénnen in 1-Stellung des Indolrings befindliche Arylsu!lfonyl-Schutzgruppen
gleichzeitig Teduktiv abgespalten werden. N-Benzylgruppen kénnen reduktiv mit Natrium in fldssigem Ammo-
niak abgespalten werden.

Es ist ferner mdglich, eine oder mehrere Carbonylgruppen nach der Methode von Wolff-Kishner zu
CH2-Gruppen zu reduzieren, z. B. durch Behandlung mit wasserfreiem Hydrazin in absolutem Ethanol unter
Druck bei Temperaturen zwischen etwa 150 und 250°. Als Katalysator wird vorteilhaft Natriumalkoholat
verwendet. Die Reduktion kann auch nach der Methode von Huang-Minlon variiert werden, indem man mit
Hydrazinhydrat in einem hochsiedenden, mit Wasser mischbaren Lésungsmittel, wie Diethylenglykol oder
Tiethylenglykol, in Gegenwart von Alkali, wie Natriumhydroxid, umsetzt. Das Reaktionsgemisch wird in der
Regel etwa 3—4 Stunden gekocht. AnschlieBend wird das Wasser abdestilliert und das gebildete Hydrazon bei
Temperaturen bis zu etwa 200° zersetzt. Die Wolff-Kishner-Reduktion kann auch bei Raumtemperaturin
Dimethylsulfoxid mit Hydrazin ausgefiihrt werden.

Dariber hinausist es méglich, bestimmte Reduktio1en durch Verwendung von H2-Gasunter katalytischer
Wirkung von Obergangsmetatlen, wie z. B. Raney-Ni oder Pd durchzufilhren. Man kann auf diese Weise z. B.Cl,
Br, 1, SH oderin bestimmten Fallen auch OH Gruppen durch Wasserstoff ersetzen. Ebenso kénnen Nitrogrup-
pen durch katalytische Hydrierung mit Pd/H2 in Methanol oder THF in NH2-Gruppen umgewandelt werden.

Verbindungen, die sonst der Formel 1 entsprechen, aber anstelle eines oder mehrerer H-Atomeeine oder
mehrere solvolysierbare Gruppe(n) enthalten, kénnen zu den Verbindungen der FormelI solvolysiert, insbeson-
dere hydrolysiert werden. wo

Die Ausgangsstoffe fir die Solvolyse sind beispielsweise erhaltlich durch Reaktion von lila mit Verbindungen,
die der FormetII (X' = X) entsprechen, aber anstelle eines oder mehrerer H-Atome eine oder mehreresolvoly-
sierbare Gruppe(n) enthalten. So kénnen inzbesondere 1-Acylindolderivate (entsprechend der FormetI, aber in
1-Stellung des Ind-Rests eine Acylgruppe enthaltend, vorzugsweise eine Alkanoyl-, Alkyisulfonyl- oder Arylsul-
fonylgruppe mit jeweils bis zu 10 C-Atomen, wie Methan-, Benzol- oder p-Toluolsulfonyl) zu den entsprechen-
den in der1-Stellung des Indolringes unsubstituierten Indolderivaten hydrolysiert werden,z. B. in saurem, be 5
in neutralem oder alkalischem Medium bei Temperaturen zwischen 0 und 200°. Als Basen verwendet m
zweckm4Big Natrium-, Kalium- oder Calciumhydroxid, Natrium- oder Kaliumcarbonat, oder Ammoniak. Als
Lésungsmittel wahit man vorzugsweise Wasser; niedere Alkohole wie Methanol, Ethanol; Ether wie THF,
Dioxan; Sulfone wie Tetramethylsulfon; oder deren Gemische, besonders die Wasser enthaltenden Gemische.
Eine Hydrolyse kann auch bereits beim Behandeln mit Wasserallein erfolgen, insbesonderein der Siedehitze.

Weiterhin kann man eine Verbindung der Formel I nach an sich bekannten Methodenin eine andere Verbin-
dung der Forme! I umwandeln.

Verbindungen der Formel1, worin B einen durch CO—R'!substituierten Benzimidazol-1-yl- oder Indol-3-yl-
rest bédeutet, konnen durch Derivatisierung entsprechender Carboxy-benzimidazol-1-yl- oder Carboxy-indo!-
3-yl-Verbindungen erhalten werden. Man kannz. B. die Sduren oder ihre reaktionsfahigen Derivate, wie zB.
ihre Saurehalogenide oder Anhydride mit entsprechenden Alkoholen oder Alkoholaten, unter Verwendung der
an sich bekannten Methodik oder einer der zahlreichen Varianten, verestern. Ferner ist es mdglich, Sauren,
Sturehalogenide, Anhydride oder Ester mit psimtre oder sekundaren,aliphatischen oder cyclischen Aminen zu
amidieren. Bevorzugt ist die Umsetzung der freien Carbonsaure mit dem Amin unter den Bedingungen einer
Peptidsynthese. Diese Reaktion gelingt vorzugsweise in Gegenwart eines Dehydratisierungsmittels, .. B. eines
Carbodiimids wie Dicyclohexylcarbodiimid oder N-(3-Dimethylaminopropyl)-N-ethyl-carbodiimid, ferner Pro-
panphosphonsduren-hydrid (vg Angew. Chem. 92, 129 (1980)), Diphenyiphosphoryi azid oder 2-Ethoxy-N-et-
hoxycarbonyl-1,2-dihydrochinolin, in einem inerten Lésungsmittel, z. B. einem halogenierten Kohlenwasserstcff
wie Dichlormethan, einem Ether wie THF oder Dioxan, einem Amid wie DMF oder Dimethylacetamid, einem
Nitril wie Acetonitril, bei Temperaturen zwischen etwa — 10 und 40, vorzugsweise zwischen 0 und 30°. Anstelle
der Saure bzw. des Amids kénnen auch reaktionsfahige Derivate dieser Stoffe in die Reaktion eingesetzt
werden, z.B. solche, in denen reaktive Gruppen intermediar durch Schutzgruppen blockiert sind. Die Sauren
k&nnen auch in Form ihrer aktivierten Ester verwendet werden, die zweckm4Big in situ gebildet werden, z B.
durch Zusatzvon 1-Hydroxybenztriazol oder N-Hydroxysuccinimid.

Weiterhinkann man cyan-substituierte Reste B zu Carboxy-indol-3-yl- oder Carboxybenzimidazol-t-yl-resten
oder Carbamido-in-dol-3-yl- bzw. Carbamidobenzimidazol-1-yl-resten hydrolysieren.

Verbindungen der FormedI, die durch O-Alkyl substituiert sind, k6nnen durch Etherspaltung in die,entspre-
chenden Hydroxyderivate Oberfflhrt werden. Z. B. kann man die Ether spalten durch Behandeln mit Dimethylsul-
fid-Bortribromid-Komplex, z. B. in Toluoi, Ethern wie THF oder Dimethylsulfoxid, oder durch Verschmelzen mit
Pyridin- oder Anilin-hydrohalogeniden, vorzugsweise Pyridinhydrochlorid, bei etwa 150—250°.

Die Verbindungen der Formet f konnen ein oder mehrere Asymmetriezentren besitzen. Sie k6nnen daherbei
ihrer Herstellung als Racemate oder, falls optisch aktive Ausgangsstoffe verwendet werden, auch in optisch
aktiver Form erhalten werden. Weisen die Verbindungen zwei oder mehr Asymmetriezentren auf, dann fallen sie
bei der Synthese im allgemeinen als Gemische von Racematen an, aus denen man die einzelnen Racemate,
beispielsweise durch Umkristallisieren aus inerten Lésungsmitteln, in reiner Form isolieren kann. Erhaltene
Racemate kénnen,falls erwinscht, nach an sich bekannten Methoden mechanisch oder chemischin ihre opti-
schen Antipoden getrennt werden. Vorzugsweise werden aus dem Racemat durch Umsetzung mit einem optisca
aktiven Trennmittel Diastereomere gebildet. Als Trennmittel eignen sich z. B. optisch aktive Sduren, wie die D-
und L-Formen von Weinsauren, Dibenzoylweinsdure, Diacetylweinsaure, Camphersulfonsduren, Mandelsaure,
Apfelsture oder Milchsaure. Die verschiedenen Formen der Diastereomeren konnenin an sich bekannter Weise,
z. B. durch fraktionierte Kristallisation, getrennt, und die optisch aktiven Verbindungen der Formel I kSnnen in
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an sich bekannter Weise aus den Diastereomerenin Freiheit gesetzt werden.
Eine erhaltene Base-der Formel | kann mit einer Sdure in das zugehdrige Stureadditionssalz Ubergefihrt

werden. Fir diese Umsetzung eignen sich Sduren, die physiologisch unbedenkliche Salze liefern. So kénnen
anorganische Sduren verwendet werden,z. B. Schwefelsdure, Halogenwasserstoffsauren wie Chlorwasserstoff-
sdure oder Bromwasserstoffsdure, Phosphorsiuren wie Orthophosphorsaure, Salpetersdure, Sulfaminsdure, 5
ferner organische Sduren, in: einzeinen aliphatische, alicyclische, araliphatische, aromatische oder heterocycli-
sche ein- oder mehrbasige Carbon-, Sulfon- oder Schwefelsauren, wie Ameisensdure, Essigsdure, Propionsdure,
Pivalinsdure, Diethylessigsdure, Malonsdure, Bernsteinsdure, Pimelinséure, Fumarsdure, Maleinsdure, Michsdu-
re, Weinsdure, Apfelsdure, Benzoesaure, Salicylsaure, 2-Phenylpropionsdure, Citronensdure, Gluconsdure, As-
corbinsdure, Nicotinsture, Isonicotinsaure, Methan- oder Ethansulfonsaure, Ethandisulfonsaure, 2-Hydroxyeth- 49
ansulfonsdure, Benzolsulfons4ure. p-Toluotsulfonsdure, Naphthalin-mono- und -disulfonsduren, Laurylschwefel-
sdure.

Die freien Basen der Formel I kénnen,falls gewinscht, aus ihren Salzen durch Behandlung mit starken Basen
wie Natrium- oder Kaliumhydroxid, Natrium- oder Kaliumcarbonat in Freiheit gesetzt werden, sofern keine
weiteren aciden Gruppen im Molekdl vorliegen. In jenen Fallen, wo die Verbindungen der Formel | Gber freie 15
S&uregruppen verfigen, kann durch Behandlung mit Basen ebenfalls eine Salzbildung erreicht werden. Als
Basen eignen sich Alkalimetalihydroxide, Erdalkalimetallhydroxide oder organische Basen in Form von prim&-
ren, sekundirenodertertidren Aminen.

Gegenstand der Erfindungist ferner die Verwendung der Verbindungen der FormelI und ihrer physiologisch
unbedenklichen Salze zur Herstellung pharmazeutischer Zubereitungen, insbesondere auf nicht-chemischem 20
Wege. Hierbei kénnen sie zusammen mit mindestens einem Trager- oder Hilfsstoff und gegebenenfalls in
Kombination mit einem oder mehreren weiteren Wirkstoffe(en) in eine geeignete Dosierungsform gebracht
werden.

Gegenstand der Erfindung sind ferner Mittel, insbesondere pharmazeutische Zubereitungen, enthaltend min-
destens eine Verbindung der Formel | und/odereines ihrer physiologisch unbedenklichen Salze. Diese Zuberei- 25
tungen kdnnen als Arzneimittel in der Human- und Veterinarmedizin eingesetzt werden. Als Trigersubstanzen
kommen organische oder anorganische Stoffe in Frage, die sich fr die enterale (z. B. orale), parenterale oder
topische Applikation eignen und mit den neuen Verbindungen nichtreagieren, beispielsweise Wasser,pflanzli-
che Ole, Benzylalkohole, Polyethylenglykole, Gelatine, Kohlehydrate wie Lactose oder Starke, Magnesiumstea-
rat, Talk Vaseline. Zur enteralen Applikation dienen insbesondere Tabletten, Dragees, Kapseln, Sirupe, Safte, 30
Tropfen oder Suppositorien, zur parenteralen Applikation Lésungen, vorzugsweise dlige oder w4Grige Lésun-
gen, ferner Suspensionen, Emulsionen oder Implantate,fir die topische Anwendung Salben, Cremes oder Puder.
Die neuen Verbindungen kdnnen auch lyophilisiert und die erhaltenen Lyophilisate z B. zur Herstellung von
Injektionspraparaten verwendet werden.

Die angegebenen Zubereitungen kénnensterilisiert sein und/oder Hilfsstoffe wie Gleit-, Konservierungs-, 35
Stabilisierungs- und/oder Netzmittel, Emulgatoren, Salze zur Beeinflussung des osmotischen Druckes, Puffer-
substanzen, Farb-, Geschmacks- und/oder Aromastoffe enthalten. Sie konnen, falls erwOnscht, auch einen oder
mehrere weitere Wirkstoffe enthalten, z. B. ein oder mehrere Vitamine.

Die Verbindungen der FormelI und ihre physiologisch unbedenklichen Salze kénnen bei der therapeutischen
Behandlung des menschlichen oder tierischen Kérpern und bei der Bekampfung von Krankheiten verwendet 40
werden. Sie eignensich zur Behandlung von Erkrankungen des Zentralnervensystems wie Spannungszustanden,
Depressionen und/oder Psychosen und von Nebenwirkungen bei der Behandlung der Hypertonie (z. B. mit
a-Methytdopa). Ferner kénnen die Verbindungen in der Endokrinologie und Gynakologie Verwendungfinden,
zB. zur Therapie von Akromegalie, Hypogonadismus, sekundd’rer Amenorrhoe, primenstruellem Syndrom,
unerwOnschter puerperaler Laktation, weiterhin zur. Prophylaxe und Therapie cerebraler Stérungen (zB. 45
Migraine), insbesondere in der Geriatrie ahnlich wie gewisse Ergot-Alkaloide und zur Bekaémpfung der Folgen
cerebraler Infarktgeschehen (Apoplexia cerebri), wie Schlaganfall und cerebraler Isch&mien.

Dabei werdendie erfindungsgem4Gen Substanzen in der Regel in Analogie zu bekannten, im Handel befindli-
chen Praparaten (z. B. Bromocriptin, Dihydroergocornin) verabreicht, vorzugsweise in Dosierungen zwischen
etwa 0,2 und 500 mg,insbesondere zwischen 0,2 und 50 mg pro Dosierungseinheit. Die t&gliche Dosierung liegt 50
vorzugsweise zwischen etwa 0,001 und 10 mg/kg Kérpergewicht Die niedrigen Dosierungen (etwa 0,2 bis 1 mg
pro Dosierungseinheit; etwa 0,001 bis 0,005 mg/kg Korpergewicht) kommendabei insbesonderefir die Verwen-
dung als Migranemittel in Betracht; fOr die Obrigen Indikationen werden Dosierungen zwischen 10 und 50 mg
pro Dosierungscinheit bevorzugt. Die spezielle Dosis fur jeden bestimmten Patienten hiangt jedoch von den
verschiedensten Faktoren ab, beispielsweise von der Wirksamkeit der cingesetzten spezielien Verbindung, vom 55
Alter, Korpergewicht, allgemeinen Gesundheitszustand, Geschlecht, von der Kost, vom Verabfolgungszeitpunkt
und -weg, von der Ausscheidungsgeschwindigkeit, Arzneistoffkombination und Schwere der jeweiligen Erkran-
kung, welcher die Therapie gilt. Die orale Applikation ist bevorzugt.

In den nachstehenden Beispielen bedeutet “Ubliche Aufarbeitung”: Man gibt, fails erforderlich, Wasser hinzu,
extrahiert mit Dichlormethan, trennt ab, trocknet die organische Phase Ober Natriumsulfat, filtriert, dampftein 60
und reinigt durch Chromatographie an Kieselgel und/oder durch Kristallisation. Temperaturen sind in °C
»ngegeben. Ri-Werte wurden dinnschichtchromatographisch an Kieselgel erhalten.

tasbahap
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Beispiel 1

Man rihrt eine Lésung von 3.6 g 3-(4-Chlorbutyl}-5-methoxycarbonyl-indol [erhaltlich durch Umsetzung von
5-Methoxycarbonylindol mit 4-Chlorbutyrylchlorid zu 3-(4-Chlorbutyryl}-5-methoxy-indol und anschlieBender
Reduktion mit Diboran zu 3-(4-Chlorbutyl}-5-methoxycarbonyl-indol] und 3,4 g 6-Piperazino-1,4-benzodioxan

7
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("A”) in 200 ml Acetonitril 14 Std. bei Raumtemperatur, arbeitet wie Oblich auf und erhalt 6-(4-(4-(5-Methoxycar-
bonyl-indol-3-y!}-butyl)}- piperazino} 1,4-benzodioxan,F. 177 — 179° (Dihydrochtorid).

Analog erhalt man durch Umsetzung von “A”

mit 3-4-Chlorbutyl)-5-fluor-indol
6(4-(4-(5-Fluor-indol-3-yl)-butyl} piperazino]-1,4-benzodioxan, F. 227 — 228°C (Hydrochlorid);
mit 3-4-Brombutyl)-5-brom-indol ,
6-(4(4-(5-Brom-indol-3-yl)-butyl)-piperazino}-1,4-benzodioxan;
mit 3-(4-Chlorbuty!)}-5-cyan-indol
6-(4-(4-(5-Cyan-indol-3-yl)-butyl)-piperazino}- 1,4-benzodioxan;
mit 3-(4-Chlorbuty]}-5-chlor-indol
6-(4-(4-(5-Chlor-indol-3-yl)- butyl)-piperazino}-1,4-benzodioxan, F. 205 — 207° (Hydrochlorid);
mit 3-(4-Chlorbutyl)-5-indol-carbonsdure
6-(4-445-Carboxy-indol-3-yl)butyl)-piperazino]-1,4-benzodioxan, F. 241 — 243° (Hydrochlorid);
mit 3-(4-Chlorbutyl)-6-indoi-carbonsduremethylester
6-(4-(4-(6-Methoxycarbonyl-indol-3-yl)-butyl)-piperazino} 1,4-benzodioxan;
mit 3-(3-Chlorpropyl)-5-fluor-indol
6-(4-(3-(5-Fluor-indol-3-yl)-propy!}-piperazino}-1,4-benzodioxan;
mit 3-(3-Brompropyl}-5-brom-indo!
6-(4-(3-5-Brom-indo!-3-yl}- propyl)-piperazino]-1,4-benzodioxan;
mit 3-(3-Chlorpropyl)-5-cyan-indot
6-(4-(3-(5-Cyan-indol-3-y!)}-propy!)-piperazino}-1,4-benzodioxan;
mit 3-(3-Chlorpropyl)-6-cyan-indol
6-([4-(3-46-Cyan-indol-3-yl}-propyl)-piperazino}-1,4-benzodioxan;
mit 3-{3-Chlorpropyl)-indol-5-carbonsdure
6-[4-(345-Carboxy-indol-3-yl}-propyl)-piperazino}-1,4-benzodioxan;
mit 3-(2-Chlorethyl}-5-fluor-indol / :
6-(4-(2-(5-Fluor-indol-3-yl)-ethyl}-piperazino}-1,4-benzodioxan.

Beispic! 2

AnalogBeispiel 1 erhalt man durch Umsetzung von 1-(4-Brom-butyl}-benzimidazolmit 6-Piperazino-1,4-ben-
zodioxan ("A"} in 200m! Acetonitril 6-{4-(4-Benzimidazol-1-y!)-buty!)-piperazino}-1,4-benzodioxan, F.
247 — 248°.

Analog erhalt man durch Umsetzung von “A”

mit 1-4-Chlorbutyl}-5-fluor-benzimidazol
6-[4-(4-(5-Fluor-benzimidazol-1-y!)-butyl)-piperazino}1,4-benzodioxan;
mit 1-(4-Brombutyl}-5-brom-benzimidazol
6-(4-(4-(5-Brom-benzimidazol-1-yl)-buty!)-piperazino}-1,4-benzodioxan;
mit 1-(4-Chlorbutyl}-5-cyan-benzimidazol
6-(4-(4-(5-Cyan-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;
mit 1-(4-Chlorbutyl)-5-benzimidazol-carbonsaureamid
6-(4-(4-(5-Carbamoyi-benzimidazol-1-yl)-butyl}-piperazino} 1 ,4-benzodioxan;
mit 1-4-Chlorbutyl}-5-benzimidazol-carbonsdure
6-(4-(4-(5-Carboxy-benzimidazol-1-y!)-butyl)-piperazino}-1,4-benzodioxan;
mit 1-(4-Chlorbutyl)-5-benzimidazol-carbons4uremethylester
6-(4-(4-(5-Methylcarboxy-benzimidazol-1-yl)-buty!}-piperazino} 1,4-benzodioxan;
mit 1-3-Chlorpropyl)-5-fluor-benzimidazo}
6-[4-(3-5-Fluor-benzimidazol-1-yl)-propy!)-piperazino}-1,4-benzodioxan;
mit 1{3-Brompropyl)-5-brom-benzimidazol
6-(4-(3-(5-Brom-benzimidazol-1-y!)-propy!)-piperazino}-1,4-benzodioxan;
mit 1-{3-Chlorpropy!l}-5-cyan-benzimidazol
6-(4-(3-(5-Cyan-benzimidazol-1-y!)-propy!)-piperazino}1,4-benzodioxan;
mit 13-Chlorpropyl}-5-benzimidazol-carbonsaureamid
6-[4-(3-(5-Carbamoyl-benzimidazol-} -yl}-propyl}-piperazino}-1,4-benzodioxan;
mit 1-3-Chlorpropyl)-5-benzimidazol-carbonsdure
6-[4-(3-(5-Carboxy-benzimidazol-1-y!)-propyl)-piperazino}-1,4-benzodioxan;
mit 1-(2-Chlorethy])-5-fluor-benzimidazol
6-[4-(2-5-Fluor-benzimidazol-1-y!)-ethy!)-piperazino} 1,4-benzodioxan;
mit 14{2-Bromethyl)}-5-brom-benzimidazol
6-[442-45-Brom-benzimidazol-1-yl}-ethyl)-piperazino}1,4-benzodioxan;
mit 1-(2-Chlorethyl}-5-cyan-benzimidazol
6-[4-(2-5-Cyan-benzimidazo!-1-yl}-ethyl)-piperazino}-1,4-benzodioxan;
mit 1-(2-Chlorethy!)-5-benzimidazol-carbonsaureamid
6-(442-(5-Carbamoyl-benzimidazol-1-y!)-ethyl)-piperazino}-1,4-benzodioxan;
mit 142-Chlorethyl)-5-benzimidazol-carbonsdure
6-(4-(245-Carboxy-benzimidazol-1-y!)-ethyl}piperazino} 1,4-benzodioxan.
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Beispiel 3

Ein Gemisch von 2,18 g 3-(4-Aminobutyl}-5-ethoxycarbonyl-indol [erhaltlich aus 5-Fthoxycarbonyl-indol
durch Umsetzung mit 4-Chlorbutyryichlorid, Reduktion des Produktes zu 3-(4-Chlorbutyl)-5-ethoxycarbonyl-in-
dot und Oberfahrung in 3-(4-Phthal-imido-butyl)-5-ethoxycarbonyl-indol] und einem Aquivalent 6-(N,N-Bis-
(2-chlorethyl)}-amino)-1,4-benzodioxan ("B’) in 40 ml Aceton und 40 mi Wasser wird 24 Std. gekocht und wie
Oblich aufgearbeitet. Man erhalt 6-(4-(4-(5-Ethoxycarbonyl-indol-3-yl)}-buty!)-piperazino} 1,4-benzodioxan.

Analog erhalt man durch Umsetzung von "B”

mit 3-(4-Aminobtyl}-5-N-methyl-carbamoyl-indol
6-(4-(4-(5-N-Methyl-carbamoyl-indol-3-yl}-butyl)-piperazino]-1,4-benzodioxan;
mit 3-(4-Aminobutyl}-5-N,N-dimethyl-carbamoyl-indol
6-(4-(4-(5-N,N-cimethyl-carbamoyi-indol-3-yl}-butyl)-piperazino}-1,4-benzodioxan;
mit 3-(4-Aminobutyl}-6-cyan-indol
6-[4-(4-(6-Cyan-indcl-3-yl}-butyl)-piperazino} 1,4-benzodioxan;
mit 3-4-Aminobutyl)-6-brom-indol
6-(4-(4-{6-Brom-indol-3-yl)-butyl}-piperazino}1,4-benzodioxan;
mit 3-(4-Aminobutyl}-5-indolyl-N-methyl-harnstoff
6-[4-(445-N-Methyl-ureido-indol-3-yl)-butyl}-piperazino}-1.4-benzodioxan;
mit 3-(4-Aminobutyl}-5-indolyl-N,N-dimethyl-harnstoff
6-[4-(4-(5-N,N-Dimethyl-ureido-indol-3-yl)-butyl)-piperazino}-1,4-benzodioxan;
mit 3-(3-Aminopropyl)-5-methoxy-indo!
6-(4-(3-(5-Methoxy-indol-3-yl}- propyl)- piperazino} 1,4-benzodioxan;
mit 3{3-Aminopropy!)-6-brom-indo!
6-(4-(3-(6-Brom-indol-3-yl}propyl} piperazino} 1,4-benzodioxan;
mit 3-(3-Aminopropyl)-6-methoxy-indol ,
6-[4-(3-(6-Methoxy-indol-3-yl)-propyl)- piperazino}-1,4-benzodioxan;
mit 3-(3-Aminopropy!)-4-methoxy-indo!
6-(4-(3-(4-Methoxy-indol-3-yl}-propyl)- piperazino}- t,4-benzodioxan;
mit 3(3-Aminopropy!)}-4-cyan-indol
6-[4-(3-(4-Cyan-indol-3-yl)-propyl)-piperazino} 1,4-benzodioxan;
mit 3-(3-Aminopropy})-5-ethoxy-indol
6-[4-(3-(5-Ethoxy-indol-3-yi}- propy!)-piperazino}-1,4-benzodioxan;
mit 3{3-Aminopropyl)-indol-6-carbonsduremethylester
6-(4-(3-(6-Methoxycarbonyl-indol-3-yl)-propyl)}-piperazino} 1,4-benzodioxan;
mit 3-42-Aminoethy])-4-fluor-indol
6-[4-(2-(4-Fluor-indol-3-v!)-ethyl)-piperazino}-1,4-benzodioxan.

Beispiel 4

Analog Beispiel 3 erhalt man durch Umsetzung’von 1-(4-Aminobutyl)}-5-ethoxycarbonyl-benzimidazol mit
6-(N,N-Bis-(2-chlorethyl)-amino)- 1,4-benzodioxan ("B”) 6-[4-(4-(5-Ethoxycarbonyl-benzimidazol-1-yl}-butyl}-pi-
perazino}1,4-benzodioxan. .

Analog erhaitman durch Umsetzung von "B”

mit 1-4-Aminobutyl}-5-N-methyl-carbamoyl-benzimidazol
6-{4-(4-(5-N-Methyl-carbamoy!-benzimidazol-|-yl)-butyl-piperazino}-1,4-ber.zodioxan;:
mit t-(4-Aminobutyl)-5-N,N-dimethyl-carbamoyl-benzimidazol
6-(4-(4-(5-N,N-dimethyi-carbamoyl-benzimidazol-1-yl)-butyl}-piperazino}-1,4-benzodioxan;
mit 1-(4-Aminobutyl)-6-cyan-benzimidazol
6-[4-(4-(6-Cyan-benzimidazol-1-yl)-buty!)-piperazino}-1,4-benzodioxan:
mit 144-Aminobutyl)-6-brom-benzimidazol
6-[4-(4-(6-Brom-benzimidazol- i -yl)-butyl)- piperazino}-1,4-benzodioxan:
mit 1-(4-Aminobutyl)}-5-benzimidazolyl-N-methyl-harnstoff
6-[4-(4-(5-N-Methyl-ureido-benzimidazol-1-y!)-butyl)-piperazino}1,4-benzodioxan;
mit 1-(4-Aminobutyl)-5-benzimidazoly!-N,N-dimethyl-harnstoff
6-[4-(4-(5-N,N-Dimethyl-ureido-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;
mit 1-(3-Aminopropyl)-5-methoxy-benzimidazol
6-(4-(3-(5-Methoxy-benzimidezol-1-yl)-propyl)}-piperazino}-1,4-benzodioxan;
mit 1{3-Aminopropyl)-6-brom-benzimidazol
6-(4-(3-(6-Brom-benzimidazol-1-yl)-propy!)-piperazino]-1,4-benzodioxan;
mit 1(3-Aminopropyl)-6-methoxy-benzimidazol
6-[4-3-6-Methoxy-benzimidazol-1-yl)-popyl}-piperazino}-t,4-benzodioxan;
mit 1-43-Aminopropyl)-4-methoxy-benzimidazol
6-{4-(3-46-Methoxy-benzimidazol-1-yl)-propyl)-piperazino]-1,4-benzodioxan;
mit 1{3-Aminopropyl}-4-cyan-benzimidazol
6-(443-(4-Cyan-benzimidazol-1-yl)-propyl!)-piperazino} | ,4-benzodioxan:
mit t-{3-Aminopropyl)}-5-ethoxy-benzimidazol
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6-[4-(3-(5-Ethoxy-benzimidazol-|-yl)-propyl)-piperazino}-1,4-benzodioxan;
mit 1-(3-Aminopropyl)-6-benzimidazol-carbonsduremethylester
6-(4-(3-(6-Methoxy-carbonyl-benzimidazol-1-yl)-propyl}piperazino} 1 4-benzodioxan;
mit 1-(2-Aminoethyl)}4-fluor-benzimidazo}
6-[4-(2-(4-Fluor-benzimidazol-1-yl}-ethy!)-piperazino}-1,4-benzodioxan.

Beispiel 5

Analog Beispiel 1 erhalt man durch Umsetzung von 3-(4-Chlorbutyl)-5-nitro-indol mit “A” 6-[4-(4-(5-Nitro-in-
dol-3-yl)-butyl)}-piperazino} 1 ,4-benzodioxan.

Beispiel 6

Eine Lésung von 4,21 g 6-[4-(4-(5-Amino-indol-3-yl)-butyl)-piperazino} 1,4-benzodioxan ("C”) [erhaltlich ge-
m4B Beispiel 5} in 35 ml THF wird mit einer LOsung von 0,9 g Acetylchlorid in 10 ml THF versetzt, 2 Std. bei 50°
gerdhrt, eingedampft und wie btich aufgearbeitet. Man erhalt 6-[4-(4-(5-Acetamido-indol-3-yl)-butyl}piperazi-
no}-1,4-benzodioxan. ,

Analog erhalt man durch Umsetzung von "C”

 
mit Benzoylchlorid
6-[4-(4-(5-Benzamido-indol-3-yl)-buty!}-piperazino}-1,4-benzodioxan;
mit Methansulfonylchlorid
6-[4-(4-(5-Methansulfonylamino-indo!-3-yl)-butyl)-piperazino} 1,4-benzodioxan;
mit N,N-Dimethylcarbamoylchlorid
6-[4-(4-(5-N,N-dimethyl-ureido-indol-3-yl)-butyl)-piperazino} 1,4-benzodioxan;
mit N,N-Diethylcarbamoylchlorid
6-[4-(4-(5-N,N-diethyl-ureido-indo!-3-yl)-buty!}piperazino}-1,4-benzodioxan.

vagy
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Beispiel 7  
Analog Beispiel 6 erhalt man durch Umsetzung von 6-[4-(4-(6-Aminobenzimidazol-1-yl)-butyl}-piperazi- ~

nok1.4-benzodioxan ("D") mit Acetylchlorid das 6-[4-(4-(6-Acetamido-benzimidazol-1-yl)-butyl)-piperazi-
no}1,4-benzodioxan.

Analog erhilt man durch Umsetzung von "D”

mit Benzoy!chlorid
6-(4-(4-(6-Benzamido-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;
mit Methansulfonylchlorid
6-[4-(4-(6-Methansulfonylamido-benzimidazol-1-yl)-buty!}-piperazino}-1,4-benzodioxan;
mit N,N-Dimethyicarbamoylchlorid
6-[4-(4-(6-N,N-dimethyl-ureido-benzimidazol-1-yl)-buty!)-piperazino} 1,4-benzodioxan;
mit N,N-Diethylcarbamoyl!chlorid
6-[4-(4-(6-N,N-diethyl-ureido-benzimidazol-1-yl)-buty!)-piperazino}-1,4-benzodioxan.

Beispiel8

Analog Beispiel 7 erhalt man durch Umsetzung von 6-[4-(4-(Aminobenzimidazol-i-yl}-buty!)-piperazi-
no}1,4-benzodioxan ("E”) mit Acetylchlorid das 6-[4-(4-(5-Acetamido-benzimidazol-1-yl}-butyl)}-piperazi-
no} 1,4-benzodioxan.

Analog erhalt man durch Umsetzung von "E”

* mit Benzoylchlorid- .
6-[4-(4-(5-Benzamido-benzimidazol-1-yl)-butyl}-piperazino}-1,4-benzodioxan;
mit Methansulfonylchlorid
6-[4-(4-(5-Methansulfonylamino-benzimidazol-1-yl}-buty!}piperazino} 1,4-benzodioxan;
mit N,N-Dimethylcarbamoylchlorid
6-[4-(4-(5-N,N-dimethyl-ureido-benzimidazol-1-yi)-buty!)-piperazino}1,4-benzodioxan;
mit N,N-Diethylcarbamoylchlorid
6-(4-(4-(5-N,N-diethyl-u-cido-benzimidazo!-1-yl)-butyl)-piperazino} 1,4-benzodioxan.

Beispiel 9

Eine Suspension von 3,8 g 6-(4-(4-(5-Nitro-indol-3-yl)-buty!)-piperazino} 1,4-benzodioxan in 45 ml Methanol:
wird unter Rilhren an 0,1 %iger Pd--C bei 20° und 1 bar bis zum Ende der H2-Aufnahmehydriert. Man gieSt auf
Eiswvasser, arbeitet wie Ublich auf und erhalt 6-[4-(4-(5-Amino-indol-3-yl}-buty!)}-piperazino} 1,4-benzodioxan. :

Analog erhalt man i

aus 6-[(4-(4-(4-Nitro-indol-3-yl)-butyl)- piperazino)-1,4-benzodioxan

10
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Beispiel 16

Man kocht 4,7 g 6-(4-(4-(1-Benzolsulfony!-5-brom-indol-3-yl)-butyl)-piperazino}- 1,4-benzodioxan mit 15g
KOH in w&Briger Ethanolldsung Uber 16 Std. arbeitet wie Qblich auf und erhalt 6-[4-(4-(5-Bromindol-3-yl}-bu-
tyl)-piperazino}1,4-benzodioxan.

Beispiel 17

Analog Beispiel 9 erhalt man durchkatalytische Reduktion (Pd —C/H>)

aus 6-(4-(4-(6-Nitro-benzimidazol-1-yl)-butyl}-piperazino}1,4-benzor .xan
6-(4-(4-(6-Amino-benzimidazol-1-yl}-butyl)-piperazino}-1,4-benzod:_<an
aus 6-(4-(4-(7-Nitro-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan
6-(4-(4-(7-Amino-benzimidazol-t-yl)-butyl)-piperazino}- 1,4-benzodioxan.

Beispiel 18
;

Eine Mischung von 3,1 g 6-4-(3-(5-Cyan-indol-3-yl)-propyl}piperazino}-1,4-benzodioxan, 2,7 g NaQOH,100 mt
Wasser und 50 ml Diethylenglykolmonoethylether wird 3 Std. bei 140° Badtemperatur gerdhrt. Man kahit ab,
arbeitet wie Oblich auf und erhalt 6-4-(3-(5-Carbamoyl-indol-3-yl}-propyl)-piperazino}-1,4-benzodioxan.

Analog erhalt man durchpartielle Hydrolyse der entsprechenden Cyanindole:

6-(4-(4-(5-Carbamoy!-indol-3-yl)-butyl}-pi perazino} 1,4-benzodioxan, F. 215° (Zevs.);
6-[4-(4-(5-Carbamoyl-indol-3-y|)-butyl)-piperazino} 1,4-benzodioxan;

4-(4-(7-Carbamoyl-indol-3-yl)-butyl}-piperazino} 1,4-benzodioxan.

Die nachstehenden Beispiele betreffen pharmazeutische Zubereitungen, die Amine der Formel I oder ihre
Saureadditionssalze enthalten: :

Beispiel A 4
Tabletten

Ein Gemisch von 1 kg 6-(4-(4-Benzimidazol-1-yl)-butyl-piperazino}1,4-benzodioxan,4 kg Lactose,1,2 kg Kar-
toffelstarke, 0,2 kg Talk und 0,1 kg Magnesiumstearat wird in Oblicher Weise zu Tabletten verpreBt, derart, daG
jede Tablette 10 mg Wirkstoff enthalt.

Beispiel B

Dragees

Analog Beispiel A werden Tabletten gepreBt, die anschlieBend in Oblicher Weise mit einem Oberzug aus
Saccharose, Kartoffelstarke, Talk, Tragant und Farbstoff Oberzogen werden.

’ Beispiel C

Kapseln

2 kg 6-[4-(4-(5-Methoxy-indol-3-yl)-butyl}-piperazino}-1,4-benzodioxan werden in Oblicher Weise in Hartgela-
tinekapseln gefallt, so daB jede Kapse! 20 mg des Wirkstoffs enthalt.

Beispiel D

Ampullen

Eine Lésung von-1 kg 6-(4-(4-(5-Methoxy-indol-3-yl)-buty!}-piperazino}-1,4-benzodioxanin 601 zweifach de-
stilliertem Wasser wird sterilfiltriert, in Ampulien abgefullt, unter sterilen Bedingungen lyophilisiert und stcril
verschlossen. Jede Ampulle enthalt 10 mg Wirkstoff.

Analog sind Tabletten, Dragees, Kapseln und Ampullen erhaltlich, die einen oder mehrere der Obrigen
Wirkstoffe der Formel | und/oderihre physiologisch unbedenklichen Saureadditionssalze enthalten.

Patcntansproiche

1. 1,4-Benzodioxanderivate der Formel J

{2
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6-{4-(4-(4-Amino-indol-3-yl}-butyl} piperazino} 1,4-benzodioxan;
aus 6.(4-(4-(6-Nitro-indol-3-yl}-butyl)-piperazino}-1 .4-benzodioxan
6-{4-(4-(6-Amino-indol-3-yl)}-butyl)-piperazino} | 4-benzodioxan;
aus 6-(4-(4-(5-Nitro-benzimidazol-1!-yl)-buty!)piperazino}-1 4-benzodioxan
6-[4-(4-(5-Amino-benzimidazol-1-yl)-butyl}piperazino} 1,4-benzodioxan;
aus 6-(4-(4-(4-Nitro-benzimidazol-1-yl} butyl) piperazin-)}-1,.4-benzodioxan
6-[4-(4-(4-Amino-benzimidazol-1-yl)-butyl}-piperazino} 1,4-benzodioxan.

Beispiel 10

Eine Mischung von 4,16 g 6-{4-(4-(5-Cyan-benzimidazol-1-yl}-butyl)}-piperazino}-1,4-benzodioxan, 2,4 g¢ Na-
OH,50 mi H2O und 40 ml Diethyienglykolmonoethylether wird 3 Std. bei 140° Badtemperatur gerdhrt. Anschlie-
Bend k&hit man auf Raumtemperaturab, arbeitet wie Oblich auf und erhalt 6-[4-4-(5-Carbamoyl-benzimidazol-
1-yl)-butyl}-piperazino}- 1 4-benzodioxan.

Analog erhalt man durch partielle Hydrolyse der entsprechendenNitrile:

6-(4-(4-(6-Carbamoyl-benzimidazol-1-yl)-butyl}-piperazino}-1,4-benzodioxan;
6-(4-(4{5-Carbamoyl-indol-3-y!}butyl)-piperazino}-1,4-benzodioxan;
6(4-(4-6-Carbamoyl-indol-3-yl}-butyl)-piperazino}-1,4-benzodioxan.

Beispiel 11

Zu einer Suspension von 0,6 g Lithiumaluminiumhydrid in 20 ml THF wird unter Rihren in einer Na-Atmo-
sphare bei20° eine Lésung von 4,4 g 6-(4-(4-5-Methoxycarbonyl-benzimidazol-1-yl}-butyl}-piperazino}-1,4-ben-
zodioxan in 40 mi THF zugetropft. Man rhrt 1 Std. bei 20°, zersetzt mit verddnnter Natronlauge,filtriert,
arbeitet das Filtrat wie Qblich auf und erhalt 6-(4-(4-(5-Hydroxymethy!-benzimidazol-1-yl)-butyl)-piperazi-
no}1,4-benzodioxan, .

Beispiel 12

In eine siedende Lésung von 3,1 g 6-(4-44-(5-Carboxyl-indol-3-yl)}-buty!)-piperazino} 1,4-benzodioxan in £0 ml!
absolutem Methanol wird 2 Std. HCI-Gaseingeleitet. AnschlieBend kocht man eine weitere Stunde, arbeitet wie
(blich auf und erhalt 6-(4-(4-(5-Methoxycarbonyl-indol-3-yl)-butyl}-piperazino}-1,4-benzodioxan.

Beispiel 13

In eine siedende Ldsung von3.1 g 6-(4-(4-(5-Carboxyl-benzimidazol-1-yl)-butyl)-piperazino} 1,4-benzodioxan
in 50 ml absolutem Methanol wird 2 Std. HCl-Gas eingeleitet. AnschlieSend kocht man eine weitere Stunde.
arbeitet wie Oblich auf und erhalt 6-(4-(4-(5-Methoxycarbonyl-benzimidazol-1-yl)-butyl)}-piperazino}-1.4-benzo-
dioxan.

Beispiel 14

Man kocht 4,7 g 6£4-(4-(5-Methoxycarbonyl-indol-3-yl)-butyl)-piperazino}1,4-benzodioxan 0.5 Std. mit
100 ml 2n ethanolischer KOH,arbeitet wie Oblich auf und erhalt 6-[4-(4-(5-Carboxy-indol-3-yl)-butyl}-piperazi-
no} 1,4-benzodioxan, F. 241 — 243° (Hydrochlorid).

 Beispiel 15

Man rahrt eine Lésung von 7,4 g 3-[4-(N,N-Bis-(2-chlorethyl}-aminobuty!)-5-ethoxy-indol und einem Aquiva-
lent 6-Amino-1,4-benzodioxan in 200 ml Acetonitril Ober eine Zeitdauer von 12 Std. bei Raumtemperatur,
arbeitet wie Oblich auf und erhalt 6-[4-(4-(5- Ethoxy-indol-3-yl)-buty!}-piperazino} 1,4-benzodioxan.

Analog erhalt man durch Umsetzung von 6-Amino-1,4-benzodioxan

mit 3-(4-(N.N-Bis-(2-chlorethyl)-amino-butyl)-4-ethoxy-indol
6-[4-(4-(4-Ethoxy-indol-3-yl)-butyl}piperazino}-1,4-benzodioxan;
mit 1-{4(N,N-Bis-(2-chlorethyl)-amino-butyl)-5-ethoxy-benzimidazol
6-[4-(4-(5-Ethoxy-benzimidazol-1-yl} butyl)-piperazino}-1 4-benzodioxan;
mit 1-{44N,N-Bis-(2-chlorethy!)-amino-butyl)-6-ethoxy-benzimidazol
6-(4-(4-(6-Ethoxy-benzimidazo! 1-y!}-butyl)-piperazino}-1,4-benzodioxan;
mit 1-{3-(N,N-Bis-(2-chlorethyl)-amino-propyl)-5-cthoxy-benzimidazol
6-(4-(3-(5-Ethoxy-benzimidazol-1-y!} propy!)-piperazino]-t.4-benzodioxan;
mit 3-{2-N,N-Bis-(2-chlorethyl)-amino-ethyl)-4-ethoxy-indol
6-(4-(2-(4-Ethoxy-indol-3-yl)}-butyl)- piperazino} 1,4-benzodioxan;
mit 3-{2-(N.N-Bis-(2-chlorethyl)-amino-ethy!)-5-methoxy-indol
6-[4-(2-(5-Methoxy-indol-3-yl)-butyl)-piperazino} 1,4-benzodioxan.
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worin

B einen unsubstituierten oder einfach durch CN, CO—R!, CnH2n—R', Hal, OH, OA, O—C,H2,—CO—R',
oder NHR?substituierten Indol-3-yl- oder Benzimidazol-1!-yl-rest,
R! OH, OA, NH2, NHA oder NA2,
R?H, A, CO—A,CO— Ar, CO—NH2, CO— NHA, CO— NA2, SO2—Ar oder SO2—A,
QC,Han,
n1,z,3,4,5 oder 6,
A Alkyl mit 1—6 C-Atomen,
Areinen unsubstituierten oder einen ein- oder zweifach durch A, Hal, CN, OH und/oder OA substituierten
Phenylrest,
Hal F, Cl, Br oderI
bedeuten
sowie deren Salze.

2. a) 6-{4-(4-Benzimidazol-t-yl)-butyl)-piperazino}- 1,4-benzodioxan;
b) 6-[4-(4-(5-Methoxy-indol-3-yl)-butyl)}- piperazino}- 1,4-benzodioxan;
c) 6-[4-(4-(5-Carbamoyl-indol-3-yl)-butyl)- piperazino}- 1,4-benzodioxan

sowie die Sdureadditionssalze der genannten Verbindungen.
3. Verfahren zur Herstellung von 1,4 Benzodioxanderivaten der Formel I nach Anspruch | sowie von deren
Salzen, dadurch gekennzeichnet, daB mun eine Verbindung der Forme!II

B-Q—X! (IN)

worin

X' X oder NH2 und
X Cl, Br, I, OH odereine reaktionsfahig funktionell abgewandelte OH-Gruppe bedeuten und ‘
Bund Q die angegebenen Bedeutungen haben,
mit einer Verbindung der Formel IU

X?’—(CHy) oO

¢S-o (IID

X>—(CHoa)

worin

X2 und X3 gleich oder verschiedensein kénnen und, falls X! = NH:ist, jeweils X, andernfalls zusammen NH
bedeuten,
umsetzt oder daB man eine Verbindung der Formel IV

B—Q—N(CH:—CH:—X) (IV)
worin
X, Q und B die angegebenen Bedeutungenhaben, mit einer Verbindung der Formel V

Oo

umsetzt
oder daB man eine sonst der Formel I entsprechende Verbindung,die jedoch anstelle der 1,4-Benzodioxan-
gruppe eine 3,4-Dihydroxyphenylgruppe, wobei aber auch die beiden Hydroxygruppen zur Erhdhung der
Reaktionsbereitschaft in entsprechend aktivierter Form vorliegen kOnnen, mit Ethandiol oder einem ent-
sprechenden reaktiveren Derivat zu einer Verbindung I umseizt
oder daB maneine sonst der Forme! I entsprechende Verbindung, die jedoch anstelle eines oder mehrerer
Wasserstoffatome eine oder mehrere reduzierbare Gruppe(n) und/oder eine oder mehrere zusatzliche C-C-
und/oder C-N-Bindung(en) enthalt, mit einem reduzierenden Mittel behandelt,
oder daB man cine sonst der Forme! I entsprechende Verbindung,die jedoch anstelle eines oder mehrerer
Wasserstoffatome eine oder mehrere solvolysierbare Gruppe{n) enthalt, mit einem solvolysierenden Mittel
behandelt,

13
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und/oder daB man gegebenenfalls eine OA-Gruppeunter Bildung einer OH-Gruppespaltct und/oder eine
Gruppe B in eine andere Gruppe B und/oder daG man eine erhaltene Base oder SAure der Formel I durch
Behandeln mit einer Sdure oder Basein eines ihrer Salze umwandelt.
4. Verfahren zur Herstellung pharmazeutischer Zubereitungen, dadurch gekennzeichnet, daB man eine
Verbindung der Formel I nach Patentanspruch 1 und/odereines ihrer physiologisch unbedenklichen Salzc
zusammen mit mindestens einem festen,fldssigen oder halbfldssigen Trager- oder Hilfsstoff in eine geeigne-
te Dosierungsform bringt.
5. Pharmazeutische Zubereitung, gekennzeichnet durch einen Gehalt an mindestens eine Verbindung der
allgemeinen Formei I nach Patentanspruch 1 und/oder einemihrer physiologisch unbedenklichen Salze.
6. Verwendung von Verbindungen der Formel | nach Patentanspruch I oder von deren physiologisch
unbedenklichen Salzen zur Herstellung eines Arzneimittels.
7. Verwendung von Verbindungen der Form:! I nach Patentanspruch { oder von deren physiologisch
unbedenklichen Salzen bei der Bekampfung vou Krankheiten.
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(57) Abstract

Fused benzo compounds of formula (1), wherein A is a 2 to 6 membered hydrocarbon specer group, B is a polar divalent group
selected from SO, SO2, and a group (a); U is C, N or CH: X is a divalent 3-4 membered chain optionally comprising one or more
heteroatoms: R! is an aliphatic hydrocarbon group,arylalkyl or diphenylaikyl; R? and R? are hydrogen oralkyl or together form an ethylene
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a group CONR!°R!; are 5-HT1a receptor ligands useful in the treannent of CNS disorders. Phannaceutical Compositions comprising the
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FUSED BENZO COMPOUNDS .

Field of the invention.

The presentinvention relates to a class of fused benzoderivatives potently binding
to the 5-HT1, receptor and having central serotonergic 5-HT1, activity. These fused
benzoderivatives are, therefore, useful in the treatment of certain psychic and

neurological disorders.

Backgroundofthe invention.

A numberof compoundsstructurally related to the compounds of the invention are

knownfrom the prior art.

So, EP patents Nos. 0 138 280 and 0 185 429 disclose an extremely broad class of
piperazinyl compoundshaving a bicyclic hetero aryl radical in the 4-position and a
heteroaryl, aryl- or alkyl substituted carbamoylethyl or carbamoylpropyl group in
the 1-position. Said compoundsare alleged to show blood pressure lowering effect
through a central mechanism. EP 0 372 657 discloses similar derivatives differing
only in that they haveslightly different substituents on the bicyclic heteroaryi radi-
cal. Theselatter derivatives are said to exert anxiolytic effects in animal models
without showing effect on the blood pressure. One of the compounds covered by
EP patent No. 0 138 280,i.e. the compound 4-fluoro-N-[2-(4-(2-hydroxymethy|-1 ,4-
benzodioxan-5-yl)piperazine-1-yl)ethyl]benzamide, which is known as flesinoxan
has recently been reported to be a high efficacy 5-HT;, agonist having antidepres-
sant and anxiolytic effects (Schipperet al, Human Psychopharm., 1991, 6, S53).

EP patent No 0 364 327 disclosesa class of 4-[2-(4-(naphthyl- or isoquinolyl)pipe-
razine-1-yl)ethyl]-2-quinolone derivatives having 5-HTy,4 and 5-HT2 receptor
activity. The compoundsaresaid to be agonists, partial agonists or antagonists in
vivo . EP 0 343 050 describes a group of 6-phenyl-3-((4-(naphthy! or isoquinolyl)pi-
perazine-1-yl)alkyl(2-4)}-1 H,3H-pyrimidine-2,4-dione compoundssaid to posses 5-
HT1, and 5-HT2 receptor activity. Again, with respect to the 5-HT,, receptor, the

Page 226



Page 227

WO 94/13659

10

15

20

25

30

2

PCT/DK93/00414

compoundsare said to be agonists, partial agonists or antagonists in vivo .

In International patent publication No. WO 92/03426 a class of piperazine deriva-

tives having naphty! or quinolyt in the 4-position and a N-aryl substituted carbamoyl

alkyl group or a N-aryl substituted ureido alkyl group in the 1-position is described.

Said compoundsare claimed to exhibit affinity for various receptors, including 5-
HTo, 5-HTy,, alpha and dopamine receptors.

EP patent No 0 466 585relates to 1-(benzamidoalky!)-4-(naphthy!- or quinolyl)pipe-

ridines or -tetrahydropyridines having 5-HT1, receptoraffinity and found to exhibit

potent antihypertensive effect in animals.

Finally, EP 0 490 772 Ai discloses a class of 1,4-disubstituted piperazine deriva-

tives alleged to show 5-HT1, antagonistic activitivities. Said derivatives have a 5- —

benzodioxanylor 7-isobenzofurany! radical in the 4-position and a lower alkyl chain

substituted with a bicyclic carbo ring system in the 1-position.

Compounds having central serotonergic 5-HT1,4 activity may according to well

known and recognized pharmacological principles be devided into full agonists,

partial agonists and antagonists.

Clinical studies of known 5-HTyapartial agonists such as e.g. buspirone (8-[4-[4-(2-

pyrimidy!)-1-piperazinylJbutyl]-8-azaspiro[4,5]decane-7,9-dione), ipsapirone (4;4-di-
methy!-1-[4-[4-(2-pyrimidyl)-1 -piperazinyl]butyl]-2,6-piperidinedione), and gepirone
(2-[4-[4-(2-pyrimidyl)-1 -piperazinyl}butyl]-1 2-benzothiazol-3(2H)-one-1 , 1-dioxide),
have shown that 5-HT1, partial agonists are useful in the treatment of anxiety

disorders such as generalised anxiety disorder, panic disorder, and obsessive com-

pulsive disorder (Glitz, D. A., Pohl, R., Drugs 1991, 41, 11). Preclinical studies indi-

cate that full agonists also are useful in the treatment of the above mentioned
anxiety related disorders (Schipper, Human Psychopharm., 1991, 6, S53).

There is also evidence, both clinical and preclinical, in support of the beneficial
effect of 5-HT;, partial agonists in the treatment of depression as well as impulse
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control disorders and alcoho! abuse (van Hest , Psychopharm., 1992, 107, 474;

Schipperet al, Human Psychopharm., 1991, 6, S53; Cervo et al, Eur. J. Pharm.,
1988, 758, 53; Glitz, D. A., Pohl, R., Drugs 1991, 47, 41).

5-HT1, agonists and partial agonists inhibit isolation-induced aggresion in male

mice indicating that these compoundsare useful in the treatment of aggression

(Sanchéz et al, Psychopharmacology, 1993, 110, 53-59).

Furthermore, recent studies also indicate that 5-HT4, receptors are important in the

serotonergic modulation of haloperidol-induced catalepsy (Hicks, Life Science

1990, 47, 1609) suggesting that 5-HT;, agonists are useful in the treatment of the

side effects induced by conventional antipsychotic agents such as e.g. haloperidol.

5-HT;, agonists have shown neuroprotective properties in rodent models of focal

and global cerebral ischaemia and may, therefore, be useful in the treatment of
ischaemic disease states (Prehn , Eur. J. Pharm. 1991, 203, 213).

Pharmacological studies have been presented which indicates that 5-HT1a
antagonists are useful in the treatment of senile dementia (Bowen et al, Trends
Neur. Sci. 1992, 75, 84).

Both in animal models and inclinical trials it has been shownthat 5-HT1, agonists
exert antihypertensive effects via a central mechanism (Saxena and Villalén,
Trends Pharm. Sci. 1990, 11, 95; Gillis et al, J. Pharm. Exp. Ther. 1989, 248, 851.

5-HT1a ligands may, therefore, be beneficial in the treatment of cardiovascular

disorders.

Accordingly, agents acting on the 5-HT14 receptor, both agonists and antagonists,
are believed to be of potential use in the therapy of such conditions and thus being

highly desired.

It has now been found that compoundsofa certain class of fused benzoderivatives
bind to the 5-HT4, receptorwith high affinities. Furthermore,it has been found that
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the compounds cover a broad rangeof selectivities for the 5-HT1, receptor vs. the

dopamine Dz receptor and the alpha, adrenoceptor and.a broad range of the

efficacy scale.

Summary of the invention.

Accordingly, the present invention provides a novel class of fused benzo com-

poundsof the general Formula I

R®° R4 Re

é

RS u’ N—A—B—R! I

R? :
X

R’ R8

wherein A is a 2 to 6 membered spacer group selected from alkylene, alkenylene,

and alkynylene each of which may be branched or straight chain, or a 3-7
membered cycloalkylene group, said spacer group being optionally substituted with

aryl or hydroxy; .

B is a polar divalent group selected from SO, SOo, and a group of Formula I,
Z
\

~a
Ww

wherein W is O or Ss, and Z is selected from —(CH2),— n being 2 or 3, -CH=CH-,

I

—COCH2~, —-CSCH--, or 1,2-phenylene optionally substituted with halogen or trifluo-

romethyl;

U is N or CH; the dotted line designates an optional bond, andif it designates a

bond U is C;

X is selected from the group of divalent 3 —- 4 membered groups consisting of

{/ \. fs NOo Oo oO S s & »\oe-- f \e--- Sf a ---/ ay
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whereinthe dotted lines indicate optional bonds; thereby forming a carbocyclic or
heterocyclic ring fused with the benzene ring ;
Ri is alkyl, alkenyl, cycloalk(en)yl, aryl, cycloalk(en)ylalk(en/yn)yl, arylalkyl, diphe-
nylalkyl, any alkylgroup optionally being substituted with one or two hydroxy
groups, with the proviso that if Z is 1,2-phenylene andUis N, then R1 is selected
from aryl and substituted aryl; . .
R2 and R3 are independently hydrogen,lower alkylor they maybe linked together,
thereby forming an ethylene or propylene bridge;
R4, R5, and R& are independently selected from the group consisting of hydrogen,
halogen, loweralkyl, lower alkoxy, hydroxy, loweralkylthio, lower alkylamino or di-
lower-alkylamino, cyano,nitro, trifluoromethyl andtrifluoromethylthio; |
R7 and R8 are independently selected from the group consisting of hydrogen,
halogen, trifluoromethyl, lower alkyl, lower alkyl! substituted with one or more
hydroxy groups, aryl, cyano, a group —COOR9 and a group ~-CONR10R11, R9, R10,
and Rit being hydrogen or loweralkyl; any ary! group present being optionally
substituted with one or more substituents selected from halogen, loweralkyl, lower
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alkoxy, hydroxy, lower alkylthio, lower alkyisulfonyl, lower alkyl- or dialkylamino,

cyano, trifluoromethyl, or trifluoromethylthio;
and pharmaceutically acceptable acid addition salts thereof..

In a second aspect the present invention provides a pharmaceutical composition

comprising at least one novel fused benzoderivative according to the invention as

defined above or a pharmaceutically acceptable acid addition salt thereof or

prodrug thereofin a therapeutically effective amount andin combination with one or
more pharmaceutically acceptable carriers or diluents.

In a further aspect the present invention provides the use of fused benzoderivatives
having the above defined general Formula I or acid addition salts or prodrugs

thereof for the manufacture ‘of a pharmaceutical preparation for the treatment of
anxiety disorders, depression, psychosis, impulse control disorders, alcohol abuse,
ischaemic diseases, cardiovascular disorders, side effects induced by conventional
antipsychotic agénts and senile dementia.

The compoundsof the invention have been found to displacetritiated 8-hydroxy-2-

dipropylaminotetralin (8-OH-DPAT) from 5-HT1, receptors in vitro, the majority of

the compounds showingaffinities higher than 50 nM. Furthermore, the present

compounds have proven to cover a broad range of selectivities for 5-HT1,

receptors as compared to ay adrenoceptors and Ds receptors. Some of the
compoundsof the present invention are highly selective for the 5-HT1, receptors,
while other:compounds of the present invention have affinities to some of the
above mentioned binding sites. The present compounds have also been shownto

covera wide rangeof efficacies.

An especially interesting group of compoundsshow high affinity to both 5-HT4, and
Do receptors. In view of the fact that dopamine D2 antagonists are effective in the
treatment of schizophrenic disorders (see e.g. Lowe et al, Med. Res. Rev., 1988, &,

475) and since 5-HTy, agonists, as mentioned above, can alleviate neuroleptica

induced side effects, such compoundsare useful in the treatment of schizophrenic

disorders.
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Accordingly, the compoundsof the invention have proven to be useful for the
treatment of anxiety disorders, depression, psychosis, impulse contro! disorders,
alcoho! abuse, ischaemic diseases, cardiovasculardisorders, side effects induced

by conventional antipsychotic agents and senile dementia.

Detailed description of the invention.

Someof the compounds of general Formula I may exist as optical isomers thereof
and such optical isomers are also embraced by the invention.

As used herein the term alkyl refers to a C1-Cao straight chain or branched alkyl

group andsimilarly alkeny!| and alkynyl mean a Ca-Cao straight chain or branched
hydrocarbon group having one or more double bondsortriple bonds, respectively.
The term cycloalky! designates a carbocyclic ring having 3-8 carbon atoms,
inclusive, or a bicyclic ortricyclic carbocycle, such as adamantyl.

in the formulas included in the definition of X, the dotted lines indicate optional

bonds,i.e. in case a dottedline represents a bond,the bond in question is a double
bond. Of course double bonds maynot be present in adjacent positions and the

arrangement of the bonds may not be in conflict with the conventional rules as
readily understood by a personskilled in the art.

The expression alk(en/yn)yl means that the group may bean alkyl, alkeny! or
alkynyl group.

The terms loweralkyl, lower alkoxy, loweralkylthio, etc. designate such branched
or unbranched groups having from oneto six carbon atoms inclusive. Exemplary of —
such groups are methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-methyl-2-
propyl, 2-methyl-1-propyl, methoxy, ethoxy, 1-propoxy, methyithio, ethylthio, 1-
propylthio, 2-propyithio, methylsulfonyl, ethylsulfonyl, or thelike.

The term aryl is intended to mean a carbocyclic or heterocyclic aromatic monocyc-

Page 232



Page 233

WO 94/13659

10

15

20

25°

30

PCT/DK93/00414

8

lic or fused bicyclic group or a biphenyl group. Examples of groups are: thienyl,
furyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, imidazolyl, triazolyl,

oxadiazolyl, thiadiazolyl, tetrazolyl, benzofuranyl, benzothienyl, benzisothiazolyl,

benzisoxazolyl, indolyl, phenyl, pyridyl, pyrimidinyl, pyridazinyl, naphthyl, quinolinyl,

and quinazolinyl, in particular phenyl, thienyl, naphtyl, or furanyl.

in Formulal, Ais preferably a 2 to 6 memberedalkylene group.

B is preferably SO, SO2 or a group of Formula I, as defined above wherein W is

O andZis-selected from —(CH2)n— n being 2 or 3, -CH=CH-— or 1,2-phenylene

optionally substituted with halogenortrifluoromethyl.

X is preferably selected from the group of divalent 3 —- 4 membered groups

consisting of

L> ls dd Ce Oo
CA A\ ) Cs

R1 is preferably loweralkyl, aryl, cycloalkyl or aryl-loweralkyl, most preferabiy
lower alkyl, phenyl, phenyl substituted with one of the substituents as defined
above, Cs-Cg cycloalkyl, adamantyl, phenyl-lower alkyl optionally substituted with

one of the substituents as defined aboveor naphthyl.

R2 and R3 are preferably both hydrogen.

R4, R5, and Ré are preferably independently selected from the group consisting of .
hydrogen and halogen.

R7 and R8 are preferably independently selected from the group consisting of

hydrogen, loweralkyl, aryl, a group -COOR9 R9 being hydrogen or loweralkyl and
a group —CONHg2.Most preferably R7 and R8 are independently selected from

hydrogen, loweralkyl, phenyl optionally substituted with one of the substituents as
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defined above, a group -COORS R°9 being hydrogen or lower alky! and a group

—CONHa2.

The acid addition salts of the invention are pharmaceutically acceptable salts of the

compoundsof Formula I formed with non-toxic acids. Exemplary of such organic
salts are those with maleic, fumaric, benzoic, ascorbic, embonic, succinic, oxalic,

bis-methylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic, tarta-
ric, salicylic, citric, gluconic, lactic, malic, mandelic, cinnamic, citraconic, aspartic,

stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzenesulfonic, and

theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-bromo-

theophylline. Exemplary of such inorganic salts are those with hydrochloric, hydro-
bromic, sulfuric, sulfamic, phosphoric, and nitric acids.

The pharmaceutical! compositions of this invention or those which are manufac-
tured in accordancewith this invention may be administered by any suitable route,

for example orally in the form of tablets, capsules, powders, syrups,etc., or parente-

rally in the form of solutionsfor injection. For preparing such compositions methods
well knownin the art may be used, and any pharmaceutically acceptable carriers,
diluents, exipients, or other additive usually used in the art may be used.

Conveniently, the compoundsof the invention are administered in unit dosage form
containing said compounds in an amountof about 0.01 to 50 mg.

The total daily dose usually ranges of about 0.05 - 500 mg, and mostpreferably

about 0.1 to 20 mg of the active compoundofthe invention.

The compounds of Formula I are prepared by:

a) reacting a compound of Formula HI
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RS R* R2

/ é (
R& u’ NH UL

R3
xX .

R? R®

wherein R2 - R8, U, X, and the dotted line are as previously defined, with a reagent

of the formula R1-B-A-V wherein R?, A, and B are as previously defined and V is a

suitable leaving group such as halogen, mesylate or tosylate;

b) reducing the amide carbonyl of a compound of Formula IV

| R° R4 R2

? Oo
6 ’" on .

LX A'—B—R! IV exci Mey a -
R?

x .
R7” Re

wherein R1-R8, B, U, X, and the dotted line are as previously defined and A’ is such

a group that CH2-A’ is a 2 to 6 membered branched orstraight chain alkylene,
alkenylene or alkynylene group which is optionally substituted with aryl or hydroxy
as comprised by the definition of A;

c) reductive alkylation of an amine of Formula II as previously defined with an
aldehyde of the formula R1-B-A’-CHO, a carboxylic. acid of the formula R1-B-A’- -
COOHor a ketone of the formula R1-B-A”-CO-A” wherein R 1, B and A’ are as

previously defined and A” and A”are such groupsthat A”-CH-A”’ is a 2 to 6
membered branchedorstraight chain alkylene, alkenylene or alkynylene group
optionally substituted with aryl or hydroxy as comprised by the definition of A;

d) oxidation of the sulfide sulfur atom in a compound of Formula V
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wherein R1-R8, A, U, X, and the dotted line are as previously defined, to the
correspondingsulfoxide or sulfone;

e) 1,4-addition of an amine of general Formula ITI as previously defined to a o,B-
unsaturated compoundof formula R12R13C=CR14-B-R1, wherein R1 and B are as
previously defined and R?2, R13, and R14 are such groups that R12R13C=CR'4 is a
2-6 membered branched or straight chain alkenylene group optionally ‘substituted
with aryl or hydroxy as comprised by the definition of A;

f) reductive alkylation of the NH group of a compound of general Formula VI

RS R* R2

fr ( ae
RE u’ NATOM VI

Re °
, x

R R38

wherein R2-R8, A, U, X, Z, and the dotted line are as previously defined, with an
aldehyde of the formula Rt’-CHO,a carboxylic acid of the formula R™-COOH ora
ketone of the formula R1"-CO-R1” wherein Rt’, R1”, and R™are such groupsthat
R1’-CHo2 and R1”-CH2-R™ ' respectively, are groups comprised by the above
definition of R1;

g) cyclization ofa compoundsof general Formula VII
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RS R4 R2 R!
° /

, \— N
6 ‘ H

RS OMe
, x

R As

wherein R1-R8, A, U, X, and the dotted line are as previously defined;

5 h) arylation of the NH group of a compound of general Formula VIII

RS R* R2

fr (
R® u’ N—A—B—R! VIII

R?
x"

R’ R8

wherein A, B, R1-R8, the dotted line and U is aspreviously defined and X’ is

defined as X with the proviso that X’ designates a heteroaromatic ring system
10 containing a NH functionality, with an arylating agentof the formula Ar-halwherein

Ar is aryl as previously defined and hal is halogen;

i) transformation of a compound of general Formula I wherein. R7 or R8 designates
a group -COORSto the corresponding compound wherein R7 or R& designates a

15 group -CONR10R11 in which formulas R7-R11 is as previously defined;

j) treating a compound of general Formula I in which the ring system defined by X

comprises one or more double bondsin order to reduce one or moreof said double

bonds thereby obtaining a corresponding partially or completely reduced ring

20 system;

k} reductive removal of one or more of the substituents R4-R8 in a compound of

general Formula I in which one or more of these substituents are selected from the

group consisting of chloro, bromo,oriodo;
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1) reducing the double bondin the tetrahydropyridine ring of a compound of general
Formula I in which U is C and the dotted line represents a bondin orderto obtain

the corresponding piperidine derivative;

whereupon the compoundof FormulaIis isolated as the free base or a pharmaceu-
tically acceptable acid addition salt thereof.

The reaction of the compoundof Formula III according to method a) is convenient-.
ly performedin aninert organic solvent suchas a suitably boiling alcoholor ketone,
preferably in the presence of a base (potassium carbonate or triethylamine) at
reflux temperature.

The reagents of formula R1-B-A-V whereinBis SO or SOo are obtained by
oxidation of the corresponding sulfides according to methods well known in the art.

The starting sulfides are prepared by standard literature methods.

Such reagents in which B represents a group of Formula II wherein Z is -(CH2)2—
and W is O are prepared by the method disclosed in DE-OS No 2,035,370.
Preparation of such reagents wherein Z is -CH=CH- or 1,2-phenylene is described
in EXAMPLES5 and 12-13, respectively.

Arylpiperazine derivatives of Formula III are conveniently prepared from the
corresponding arylamines according to the method described by Martin et al, J.
Med. Chem., 1989, 32, 1052, or the method described by Kruse et al, Rec. Trav.
Chim Pays-Bas, 1988, 107, 303.
The starting arylamines are either commercially available or are described in the
literature as follows:

The synthesis of 5-amino-1,4-benzodioxane is described by Dauksas efai, Zh.
Org. Khim., 1967, 3, 1121.
The synthesis of 7-amino-2,3-dihydrobenzofuranis described in US Pat. Appl. No.
4302592.

The synthesis of ethy! 7-amino-2-indolyl carboxylate is described by Scriven etal,
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J. Chem. Soc., Perkin Trans. |, 1979, 53.

The synthesis of 7-aminobenzofuran is described by Van Wijngaarden et al, J.
Med. Chem., 1988, 37, 1934.

The synthesis of 7-amino-2,3-dihydro-2,2-dimethylbenzofuran is described in Ger.
Offen. DE 3526510.

The synthesis of 7-amino-benzo[b]thiophene is described by Boswell et al, J.
Heterocycl. Chem. 1968, 5, 69.

The synthesis of 7-aminoindole is described in US Pat. Appl. No. 4506078.
The synthesis of 7-amino-1,2-benzisothiazole is described by Ricci et a/, Ann.
Chim. (Rome), 1963, 53, 1860.

The synthesis of 4-aminoindole is described by Melhadoetal, J. Org. Chem., 1983,
48, 5130.

4-Aminobenzofuran and ethyl 4-amino-2-benzofurany! carboxylate are obtained by
conventional reduction of the corresponding nitro compounds (Andrisano et al,

Gazz. Chim.Ital., 1956, 86, 1257). .

7-Amino-2-phenylbenzofuran is obtained from 2-phenyl-7-benzofurany! carboxylic
acid (Eur. Pat. Appl. No. EP 147044 A2) via the Curtius rearrangement.
Substituted derivatives of various ring systems are obtained by analogy methodsto

the above mentioned methods.

Piperidine and 1,2,5,6-tetrahydropyridine derivatives of Formula II are prepared
~ py known methods,cf. e.g. US Pat. No. 2,891,066; McElvain et a/, J. Amer. Chem.
Soc. 1950, 72, 3134, or are prepared as described in EXAMPLES 10 and 11. -

The reduction according to method b) is preferably carried out in an inert organic
solvent such as diethyl ether or tetrahydrofuran in the presence of lithium alumini-

um hydride at reflux temperature.

The amides of Formula IV are conveniently prepared by treating compounds of

general Formula III with suitable carboxylic acid chlorides of formula R1-B-A’-COCI
in the presence of base (potassium carbonate or triethylamine). The carboxylic acid
chlorides are prepared according to standard methods.

The reductive alkylation of the amines of Formula III according to method c) is
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performed by standard literature methods (see EXAMPLE4). The aldehydes,
carboxylic acids, and ketones of formulas R1-B-A’-CHO, R1-B-A’-COOH, and R1-B-
A”-CO-A"”, respectively, are. prepared according to standard methods.

The oxidation of sulfur according to method d) is performed by applying a well

knownoxidation agent, for example m-chloroperbenzoic acid, hydrogen peroxide,
or potassium peroxymonosulfate. Sulfoxides are preferably prepared using m-chlo-
roperbenzoic acid according to standard methods. Sulfones are preferably prepar-
ed using hydrogen peroxidein glacial acetic acid according to standard methods.

Sulfides of Formula V are prepared either by method a) using reagents of formula
R1-S-A-V, or by method b) using compounds of Formula IV where B is defined as
S, or by method c) using aldehydes of formula R1-S-A’-CHO or carboxylic acids of
formula R1-S-A’-COOHorketones of formula R1-S-A”-CO-A’”. All sulfide reagents

mentioned are prepared according to standard methods.

The addition of amines to a,B-unsaturated compounds according to method e)is

conveniently performed in an inert solvent such as methylene chloride at room

temperature. Unsaturated compoundsof formula R12R13C=CR14-B-R are prepared
by standard methods.

The reductive alkylation according to methodf) is performed in glacial acetic acid

using sodium borohydride as reducing agent. The starting compoundsof Formula
VI are prepared by methods analogousto methodsa),b), andc). -

The cyclization according to method g)is performedin ethanol in the presence of
hydrochloric acid. The starting compounds of general Formula VII are prepared by
alkylating amines of Formula III with chloroacetonitrile followed by alane reduction
of the cyano group to the corresponding primary amine. Monoalkylation with 2-bro-
moacetaldehyde dimethyl acetal and subsequentaddition of isocyanates give VII.

The arylation according to method h) is most conveniently performed by applying
the well known Ullmann reacton. The arylating reagents, Ar-hai, are commercially
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available and the transformation of esters according to methodi) is well-described
in the literature. |

The reduction of double bonds according to methodj) is conveniently performed by

catalytic hydrogenation in an alcohol with a platinum catalyst or by treatment with
sodium cyanoborohydrideintrifluoroacetic acid (see EXAMPLE9)or by hydrogena-
tion with diborane or a diborane precursor such as trimethylamine or dimethy!
sulfide complex in tetrahydrofuran or dioxan from 0 °C to reflux temperature
followed by acid catalyzed hydrolysis of the intermediate borane derivative.

The removal of halogen substituents according to method k) and reduction of the
double bond according to methed |) are conveniently performed by catalytic
hydrogenation in an alcoholin the presence of a palladium catalyst or by treatment
with ammonium formate in an alcoholat elevated temperatures in the presence of

a palladium catalyst.

whereupon the compound of Formula I is isolated as the free base or a pharmaceuti-
cally acceptable acid addition salt thereof.

Examples.

In the following the invention is furtherillustrated by examples which, however, may
not be construed as limiting.

EXAMPLE 1

1-(1,4-Benzodioxan-5-yl)-4--(3-cyclohexylsulfonyl--1-propyl)piperazine, oxalate, ta.

To a suspension of potassium tert-butoxide (100 g) in toluene (600 mi) cyclohexyl-
thiol (100°g) was added dropwise.After stirring for half an hour at room tempera-
ture 3-bromo-1-propanol (100 g) was added dropwise. The mixture wasstirred at
60 °C for 3 hours. The mixture was poured into 2 M sodium hydroxide solution 1
1). The phases were separated and the organic phase washed with 2 M sodium
hydroxide (500 mi). Removal of solvent in vacuo left a colorless oil (120 g) of 3-
cyclohexylthio-1-propanol which wassufficiently pure for use in the next step.
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To a solution of 3-cyclohexylthio-1-propanol (60 g) in glacial acetic acid (250 ml)

hydrogen peroxide (35%in water, 210 ml) was added at 10 °C followed by reflux
for 2 h. After cooling the mixture was poured onto ice followed by extraction with
ethyl acetate (1 1). The organic phase was washed several times with 1M sodium
hydroxide. Removal of solvent gave anoil which wastreated at reflux temperature
with 1M sodium hydroxide (600 ml) for 1h. Extraction with ethyl acetate, drying of

the organic phase over magnesium sulfate, and removal of solvent in vacuo gave a
colorless oil (37 g) of 3-cyclohexylsulfonyl-1-propanol which was used without

further purification in the next step.

A solution of 3-cyclohexylsulfonyl-1-propanol (37 g) and triethylamine (30 mi) in

methylene chloride (400 ml) was treated dropwise at -5 °C with methanesulfonyl
chloride (15 ml). After stirring for 2 h at room temperature the mixture was washed
with water and dried over magnesium sulfate. Removal of solvent in vacuo gave a
viscousoil (49 g) of 3-cyclohexylsulfonyl-1-propyl methanesulfonate.
A mixture of 3-cyclohexylsulfonyl-1-propyl methanesulfonate (8.5 g), 1-(1,4-benzo-
dioxan-5-yl)-piperazine (5.4 g), and potassium carbonate in methy! isobutyl ketone
(200 ml) wasrefluxed for 20 h.Filtration and removal of solvent in vacuo gave an
oil which was purified by column chromatography (silica gel, eluent: ether/metha-

noltriethylamine = 96:2:2). Thetitle compoundcrystallized as the oxalate salt from
acetone by addition of oxalic acid. Yield: 8.1 g, mp: 162-64 °C.

1H NMR (8, DMSO): 1.05-1.45 (m, 6H), 1.60-1.90 (m, 2H), 1.95-2.10O(m, 4H), 2.90-
3.20 (m, 13 H), 4.15-4.30 (m, 4H), 6.45-6.60 (m, 2H), 6.75 (d, 1H).

in a similar manner were also prepared:

1-(1,4-Benzodioxan-5-yl)-4-(3--phenylsulfonyl-1--propyl)piperazine, hydrochloride,
1b, mp: 184-96 °C. 1H NMR (5, DMSO): 2.00-2.20 (m, 2H), 3.00-3.25 (m, 6H),

3.30-3.60 (m, 6H), 4.15-4.30 (m, 4H), 6.45-6.60 (m, 2H), 6.75 (t, 1H), 7.60-7.80 (m,
3H), 7.95 (d, 2H), 8.00 (b, 2H).

1-(3-Cyclohexylsulfonyl-1 -p ropyl)-4-(2,3-dihyd robenzofuran-7 -yl) piperazine,
maleate, 1c, mp: 166-68 °C. 1H NMR(5, DMSO): 1.05-1.50 (m, 5H), 1.60-1.70 (m,

1H), 1.75-1.90 (m, 2H), 1.95-2.20 (m, 4H), 3.00-3.40 (m, 17H), 4.50 (t, 2H), 6.05 (s,
2H), 6.65-6.80 (m, 2H), 6.90 (d, 1H).

1-(2,3-Dihydrobenzofuran-7-yl)-4-(3-methylsulfony!-1-propyl)piperazine, maleate,
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4d, mp: 150-51 °C. 1H NMR (8, DMSO): 2.00-2.20 (m, 2H), 3.05 (s, 3H), 3.00-3.50

(m, 16H), 4.55 (t, 3H), 6.10 (s, 2H), 6.65-6.85 (m, 2H), 6.90 (d, 1H).

1-(1,4-Benzodioxan-5-yl)-4-(3-isopropylsulfonyl-1-propyl)piperazine, fumarate, 1e,

mp: 166-67 °C. 1H NMR (8, DMSO): 1.25 (d, 6H), 1.80-2.00.(m, 2H), 2.50-2.65 (m,

6H), 2.90-3.05 (m, 4H), 3.05-3.15 (m, 2H), 3.30 (h, 1H), 4.15-4.30 (m, 4H), 6.50 (t,
2H), 6.60 (s, 2H), 6.70 (t, 1H).

1-[3-(1-Adamantyl)sulfonyl-1-propyl]-4-(1 ,4-benzodioxan-5-yl)piperazine, tf, mop:
143-44 °C. 1H NMR (5, CDCL3): 1.65-1.85 (m, 6H), 2.00-2.25 (m, 11H), 2.55 (t,
2H), 2.60-2.70 (m, 4H), 2.90-3.00 (m, 2H), 3.00-3.15 (m, 4H), 4.20-4.25 (m, 2H),
4.25-4.35 (m, 2H), 6.50-6.60 (m, 2H), 6.80 (t, 1H).

EXAMPLE2

1-[8-[4-(1,4-Benzodioxan -5-yl)-1 -piperazinyl]-1-propyl]-3-phenyl-2-imidazolidinone,
hydrochloride, 2a.

A mixture of 1-(1,4-benzodioxan-5-yl)-piperazine (1.5 g), 1-(3-chloro-1-propyl)-3-

phenyl-2-imidazolidinone (1.4 g), potassium carbonate (3 g), and potassium iodide
(0.1 g) in methyl isobuty! ketone was refluxed for 20 h. Filtration and removalof
solvent in vacuo gave a viscous oi! which was separatedby column chromato-

graphy(silica gel, eluent: ethy! acetate/methanolriethylamine = 15:4:1). Thetitle
compoundwasisolated as anoil which crystallized as the hydrochloride salt from
acetone by addition of hydrochloric acid. Yield: 1.9 g, mp: 229-32 °C. 1H NMR (8,

DMSO): 1.95-2.15 (m, 2H), 3.00-3.25 (m, 6H), 3.30 (t, 2H), 3.40-3.65 (m, 4H), 3.70-
4.00 (m, 4H), 4.15-4.30 (m, 4H), 6.45-6.70 (m, 2H), 6.75 (t,1H), 7.00 (t, 1H), 7.30
(t, 2H), 7.60 (d, 2H), 11.30 (b, 1H). 7 |

In a similar manner were also prepared:

1-[2-[4-(1 ,4-Benzodioxan-5-yl)-1 -piperazinylJethyl]-3-cyclopenty|-2-imidazolidinone,

hydrochloride, 2b, mp: 266-68 °C. 1H NMR (6, CDCl): 1.45-1.95 (m, 8H), 3.00-
3.30 (m, 4H), 3.35-3.60 (m, 8H), 3.60-3.85 (m, 4H), 4.15-4.35 (m, 5H), 6.50 (d, 1H),
6.65 (d, 1H), 6.80 (t, 1H), 12.30 (b, 1H).

1-[2-[4-(1,4-Ben zodioxan-5 -yl)-1 -piperazin yljethy!)-3-pheny!-2-imidazolidinone,
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hydrochloride, 2c, mp: 288-90 °C. 1H NMR (8, DMSO): 3.00-3.75 (m, 10H), 3.85 (t,

2H), 4.10-4.35 (m, 4H), 4.50-4.75 (m, 4H), 6.45-6.70 (m, 2H), 6.75 (t, 1H), 7.00(t,
1H), 7.35 (t, 2H), 7.60 (d, 2H).10.95 (b, 1H).
1-[2-[4-(1,4-Benzodioxan-5-yl)-1 -piperazinylJethyl}-3-cyclohexyl-2-imidazolidinone,

fumarate, 2d, mp: 103-14 °C. 1H NMR (5, DMSO): 0.95-1.15 (m, 1H), 1.15-1.45 (m,

4H), 1.45-1.65 (m, 3H), 1.65-1.80 (m, 2H), 2.60 (t, 2H), 2.65-2.80 (m, 4H), 2.90-
3.05 (m, 4H), 3.15-3.35 (m, 6H), 3.40-3.55 (m, 1H), 4.15-4.30 (m, 4H), 6.4-6.55 (m,
2H), 6.60 (s, 2H), 6.70 (t, 1H), 7.90 (b, 1H).

1-[4-[4-(1,4-Ben zodioxan-5-yl)-1-piperazinyl]-1 -butyl]-3-cyclohexy|-2-imidazoli-

dinone, hydrochloride, 2e, mp: 212-22 °C. 1H NMR (6, DMSO): 0.95-1.15 (m, 1H),
4.15-1.40 (m, 4H), 1.40-1.65 (m, 5H), 1.65-1.85 (m, 4H), 3.00-3.25 (m, 8H), 3.25
(2, 4H), 3.40-3.60 (m, 5H), 4.15-4.30 (m, 4H), 6.45-6.60 (m, 2H), 6.75 (t, 1H), 8.00
(b, 1H), 11.40 (b, 1H).
1-Cyclopentyl-3-[2-[4-(2,3-dihydrobenzofuran-7-yl)-1-pipe raziny ljethyl]-2-imi-

dazolidinone, hydrochloride, 2f, mp: 200-2 °C. 1H NMR (6, DMSO): 1.40-1.80 (m,
8H), 3.00-3.80 (m, 18H), 4.00-4.15 (m, 1H), 4.50 (t, 2H), 6.65-6.85 (m, 2H), 6.90(t,
1H), 11.05 (b, 1H).

1-[3-[4-(2,3-Dihydrobenzofuran-7-yl)-1-piperazinyl]-1 -propyl]-3-phenyl-2-imidazoli-

dinone, hydrochloride, 2g, mp: 225-28 °C. 1H NMR (8, DMSO): 1.95-2.10 (m, 2H),
2.95-3.40 (m, 12H), 3.40-3.70 (m, 6H), 3.80 (t, 2H), 4.50 (t, 2H), 6.65-6.80 (m, 2H),

6.90 (d, 1H), 7.00 (t, 1H), 7.35 (t, 2H), 7.60 (d, 2H), 11.20 (b, 1H).
4-[4-[2-(3-Phenylimidazolidin-2-on-1-yl)ethyl]-1 -piperazinyl]-2,1,3-benzothiadiazole,

maleate, 2h, mp: 182-83 °C. 1H NMR (5, DMSO): 3.20-3.95 (m, 18H), 6.10 (s, 2H),
6.90-7.10 (m, 2H), 7:35 (t, 2H), 7.55-7.70 (m, 4H).

1-(2-[4-(2,3-Dihydrobe nzofuran-7-yl)-1 -piperazinylJethy!]-3-(4-fluoropheny])-2-
imidazolidinone, fumarate, 21, mp: 188-90 °C. 1H NMR (8, DMSO): 2.55-2.70 (m,

6H), 2.95-3.15 (m, 4H), 3.10 (t, 2H), 3.35 (t, 2H), 3.55 (t, 2H), 3.80 (t, 2H), 4.50 (t,
2H), 5.10 (b, 2H), 6.60 (s, 2H), 6.65 (d, 1H), 6.75 (t, 1H), 6.80 (d, 1H), 7.15 (t, 2H),
7.50-7.60 (m, 2H).

Ethyl 7-[4-[2-(3-phenyl-2-imidazolidin-2-on-1-yl)ethyl}-1-piperazinyl]-2-indoly| Car-

boxylate, fumarate, 2j, mp: 202-4 °C. 1H NMR (5, DMSO): 1.35 (t, 3H), 2.70 (t, 2H),
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2.75-2.90 (m, 4H), 2.95-3.15 (m, 4H), 3.40 (t, 2H), 3.60 (t, 2H), 3.80 (t, 2H), 4.35 (q,
2H), 6.60 (s, 2H), 6.80 (d, 1H), 6.95-7.05 (m, 2H), 7.15 (d, 1H), 7.25-7.40 (m, 2H),
7.60 (d, 2H).

1-[2-[4-(1-Naphtyl)- 1-piperazinyl]ethyl]-3-phenyl-2-imidazolidinone, fumarate, 2k,

mp: 176-80 °C. 1H NMR (8, DMSO): 2.70 (t, 2H), 2.65-2.90 (m, 4H), 2.95-3.15 (m,
4H), 3.40 (t, 2H), 3.55 (t, 2H), 3.80 (t, 2H), 6.60 (s, 2H), 7.00 (t, 1H), 7.10 (d, 1H),
7.30 (t, 2H), 7.40 (t, 1H), 7.45-7.65 (m, 5H), 7.85-7.95 (m, 1H), 8.05-8.20 (m, 1H).
1-[2-[4-(4 ,4-Benzodioxan -5-yl)-1-pip erazinyljethyl]-3-ethyl-2-imidazolidinone,
hydrochloride, 21; mp: 250-52 °C. 1H NMR (8, DMSO): 1.05 (t, 3H), 2.95-3.70 (m,
18H), 4.15-4.30 (m, 4H), 6.50 (d, 1H), 6.55 (d, 1H), 6.25 (t, 1H), 10.65 (b, 1H).
-[2-[4-Benzofuran-7-yl-1 -piperazinylJethyl]-3-phenyl-2-imidazolidinone, hemifuma-
rate, 2m, mp: 175-76 °C. 1H NMR (8, DMSO):2.60(t, 2H), 2.65-2.75 (m, 4H), 3.20-

3.35 (m, 4H), 3.40 (t, 2H), 3-60 (t, 2H), 3.80 (t, 2H), 6.75 (s, 1H), 6.75 (d, 1H), 6.90
(s, 1H), 7.00 (t, 1H), 7.05-7.25 (m, 2H), 7.30 (t, 2H), 7-60 (d, 1H), 7-95 (s, 1H).
1-[2-[4-(2,3-Dihyd ro-2,2-dimethylbenzofuran-7-yl)-1 -piperazinylJethyl]-3-phenyl-2-
imidazolidinone, dihydrochloride, 2n, mp: 220-30 °C. 1H NMR (8, DMSO): 1.40 (s,

6H), 3.00 (s, 2H), 3.10-3.45 (m, 6H), 3.50-3.75 (m, 8H), 3.85 (t,2H), 6.65-6.80 (m,-
2H), 6.85 (d, 1H), 7.00 (t, 1H), 7.35 (t, 2H), 7.60 (d, 2H), 9.35 (b, 1H), 11.30 (b, 1H).
1-[2-[4-(1,4-Benzodioxan-5-yl)-1 -piperazinyl]ethyl]-3-isopropyl-2-imidazolidinone,
hydrochloride, 20, mp: 228-30 °C. 1H NMR(5, DMSO): 1.05 (d, 6H), 2.95-3.65 (m,
16H), 3.90 (h, 1H), 4.15-4.30 (m, 4H), 6.50 (d, 1H), 6.60 (d, 1H), 6.25 (d, 1H),
10.95 (b, 14).

1-Cyclopentyl-3-[2-[4-(2 ,3-dihydro-2,2-dimethylbenzofuran-7-yl)-1-piperazinyllethy!]-
2-imidazolidinone, dihydrochloride, 2p, mp: 185-95 °C. 1H NMR (5, DMSO): 1.45

(s, 6H), 1.45-1.75 (m, 8H), 3.00 (s, 2H), 3.10-3.40 (m, 10H), 3.50 (t, 2H), 3.55-3.70
(m, 4H), 4.00-4.15 (m, 1H), 6.70-6.80 (m, 2H), 6.35 (d, 1H), 7.35 (b, 1H), 11.30 (b,
1H). .
1-Adamanty!-3-[2-[4-(1,4-benzodioxan-5-yl)-1 -piperazinylJethyl]-2-imidazolidinone,

hydrochloride, 2q, mp: 246-48 °C. 1H NMR (5, DMSO): 1.55-1.65 (m, 6H), 1.90-
2.10 (m, 9H), 2.96-3.60 (m, 16H), 4.15-4.30 (m, 4H), 6.50 (d, 1H), 6.55 (d, 1H),
6.75 (t, 1H), 10.85 (b, 1H).
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1 -[2-(4-Benzofu ran-4-yl-1 -piperazinyl)ethyl]-3-phenyl-2-imidazolidinone, sesquifu-
marate, 2r, mp: 207-9 °C. 1H NMR (5, DMSO): 2.65 (t, 2H), 2.70-2.80 (m, 4H),

3.10-3.20 (m, 4H), 3.40 (t, 2H), 3.55 (t, 2H), 3.80 (t, 2H), 6.60 (s, 3H), 6.65-6.70 (m,
4H), 6.95-7.05 (m, 2H), 7.10-7,20 (m, 2H), 7.30 (t, 2H), 7.55 (d, 2H), 7.90 (s, 1H).
1-[2-(4-Benzofuran-4-yl-1-pipera ziny!) ethyl]-3-cyclop entyl-2-imidazolidinone,
dihydrochloride, 2s, mp: 237-39 °C. 1H NMR (6, DMSO): 1.40-1.80 (m, 8H), 3.15-
3.45 (m, 10H), 3.55 (t, 2H), 3.55-3.75 (m, 4H), 4.00-4.20 (m, 1H), 4.45 (b, 1H), 6.75
(dd, 1H), 7.10 (d, 1H), 7.20-7.30 (m, 2H), 8.00 (s, 1H), 11.20 (b, 1H).
1-[2-(4-Benzo[b]thiophen-7-yl-1-piperazinyl)ethyl]-3-phenyl-2-imidazolidinone, 2t,
mp: 136-38 °C. 1H NMR (6, CDCl3): 2.70 (t, 2H), 2.70-2.85 (m, 4H), 3.15-3.35 (m,
4H), 3.50 (t, 2H), 3.55 (t, 2H), 3.80] (t, 2H), 6.90 (d, 1H), 7.00 (t, 1H), 7.20-7.45 (m,
5H), 7.45-7.65 (m, 3H).

4-Cyclopentyl-3-[2-[4-(7-indolyl)-1-piperazinyllethy!]-2-imidazolidinone, 2u, mp:
188-89 °C. 1H NMR (6, CDCl,): 1.40-1.90 (m, 8H), 2.60 (t, 2H), 2.65-2.75 (m, 4H),
3.05-3.15 (m, 4H), 3.20-3.45 (m, 6H), 4.25 (p, 1H), 6.50-6.55 (m, 1H), 6.80 (d, 1H),
7.05 (t, 1H), 7.10-7.20 (m, 1H), 7.35 (d, 1H), 8.40 (b, 1H).
4-[2-[4-(7-Indolyl)-1 -piperazinylJethyl]-3-phenyl-2-imidazolidinone, fumarate, 2v,
mp: 215-16 °C. 1H NMR (5, DMSO): 2.70(t, 2H), 2.75-2.85 (m, 4H), 3.00-3.15 (m,
4H), 3.40 (t, 2H), 3.55 (t, 2H), 3.80 (t, 2H), 6.35-6.40 (m,1 H), 6.60 (s, 2H), 6.65 (d,
1H), 6.90 (t, 1H), 7.00 (t, 1H), 7.15-7.35 (m, 4H), 7.60 (d, 2H).
1-[2-[4-(1 2-Benzisothiazol-7 -yl)-i-p iperazinylJethyl]-3-pheny!-2-imidazolidinone,
hydrochloride, 2x, mp: 237-44 °C. 1H NMR (5, DMSO): 3.10-3.80 (m, 14H), 3.85 (t,
2H), 7.00 (t, 1H), 7.20 (d, 1H), 7.30 (t, 2H), 7.50 (t, 1H), 7.60 (d, 2H), 7.90 (d, 1H),
9.15 (s, 1H), 11.25 (b, 1H). °
1-Cyclopentyl-3 -[2-[4-(4-i ndolyl)-1 -piperazinyljethy!]-2-imidazolidinone,
dihydrochloride, 2y, mp: 214-20°C. 1H NMR (5, DMSO): 1.50-1.80 (m, 8H), 3.20-
3.60 (m, 12H), 3.60-3.80 (m, 4H), 3.95-4.20 (m, 1H), 6.60j (s, 1H), 6.70 (d, 1H),
7,00 (t, 1H), 7.20 (d, 1H), 7.35 (s, 1H), 11.30 (b, 1H).
1-[2-[4-(4-Indolyl)-1-pipe razinyljethyl]-3-phenyl-2-imidazolidinone, dihyd rochloride,
2z, mp: 233-38°C. 1H NMR (8, DMSO): 3.25-3.50 (m, 8H), 3.60 (t, 2H), 3.60-3.75
(m, 4H), 3.85 (t, 2H), 5.00 (b, 2H), 6.50 (2, 1H), 6.60 (d, 1H), 6.95-7.00 (m, 2H),
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7.15 (d, 1H), 7.25-7.40 (m, 3H), 7.60 (d, 2H), 11.20 (b, 1H).

1-[2-[4-B enzo[b]thiophen-7-yl-1-piperazinylJethyl]-3-cyclopentyl-2-imidazolidinone,

hydrochloride, 2aa, mp: 264-67 °C. 1H NMR (6, DMSOQ): 1.40-1.75 (m, 8H), 3.20-

3.45 (m, 10H), 3.50 (t, 2H), 3.60-3.75 (m, 4H), 4.10 (p, 1H), 7.05 (d, 1H), 7.40 (t,

1H), 7.50 (d, 1H), 7.60 (d, 1H), 7.75 (d, 1H), 11.30 (b, 1H).

1-Cyclohexyl-3-[4-[4-(2,3-dihydro-2,2-dimethy Ibenzofuran-7-yl)-1-piperazinyI}-1-

butyl]-2-imidazolidinone, dihydrochloride, 2bb, mp: 196-203 °C. 1H NMR (6,

DMSO): 1.20-1.65 (m, 10H), 1.40 (s, 6H), 1.65-1.80 (m, 4H), 3.00 (s, 2H), 3.00-

3.20 (m, 8H), 3.20-3.25 (m, 6H), 3.40-3.55 (m, 2H), 3.60-3.65 (m, 1H), 6.70-6.80

(m, 2H), 6.85 (d, 1H), 7.60 (b, 1H), 11.30 (b, 1H).
Ethyl! [4-[4-[2-(3-cyclopentyl-2-imidazolidinon-1-yl)ethyl]-1--piperazinyl]--2-benzofu-
ranyl] carboxylate, hydrochloride 2cc, mp: 198-201 °C. 1H NMR (5, DMSO): 1.35 (t,

3H), 1.40-1.75 (m, 8H), 3.25-3.75 (m, 16H), 4.00-4.15 (m, 1H), 4.35 (q, 2H), 6.80
(d, 1H), 7.30 (d, 1H), 7.40 (t, 1H), 7.95 (s, 1H).
1-[4-[ 4-(2,3-Dihydro-2 ,2-dimethylben zofuran-7-yl)-1 -piperazinyl]-1 -butyl]-3 -(4-

fluorophenyl)-2-imidazolidinone, 2dd, mp: 158-60 °C. 1H NMR (5, CDCig): 1.50 (s,

6H), 1.55-1.65 (m, 4H), 2.45 (t, 2H), 2.55-2.70 (m, 4H), 3.00 (s, 2H), 3.1 0-3.20 (m,
4H), 3.30 (t, 2H), 3.45 (t, 2H), 3.80 (t, 2H), 6.65-6.70 (m, 1H), 6.75 (d, 2H), 7.00 (t,
2H), 7.40-7.55 (m, 2H).

1-[2-[4-(1,4-B enzodioxan-5-y!)-1 -piperaziny|l]ethy!}-3 -t-buty!-2-imidazolidinone,

hydrochloride, 2ee, mp: 229-31 °C. 1H NMR(8, DMSO): 1.30 (s, 9H), 3.00-3.60
(m, 16H), 4.20-4.30 (m, 4H), 6.45-6.60 (m, 2H), 6.75 (t, 1H). .
1-[3-[4-(2,3-Dihydro-2 ,2-dimethylbenzofuran-7-yl)-1-piperaziny!]-1-propyl]-3-phenyl-
2-imidazolidinone, fumarate, 2ff, mp: 183-85 °C. 1H NMR (8, DMSO): 1.40 (s, 6H),

1.75 (hep, 2H), 2.50 (t, 2H), 2.60-2.70 (m, 4H), 2.95 (s, 2H), 3.00-3.15 (m, 4H),
3.25 (t, 2H), 3.45 (t, 2H), 3.80 (t, 2H), 6.60 (s, 2H), 6.65 (d, 1H), 6.70 (t, 1H), 6.75

(d, 1H), 7.00 (t, 1H), 7.30 (t, 2H), 7.55 (d, 2H).
1-AdamantylI-3-[4-[4-(2,3-dihydro-2,2-dimethylbenzofuran-7-y1)-1-piperazinyl]-1 -

buty!]-2-imidazolidinone, 2gg, mp: 125-27 °C. 1H NMR (8, CDCl3): 1.50 (s, 6H),

1.50-1.55 (m, 3H), 1.65-1.70 (m, 6H), 2.00-2.10 (m, 9H), 2.40 (t, 2H), 2.55-2.65 (m,
4H), 3.00 (s, 2H), 3.10-3.20 (m, 8H), 3.30 (t, 2H), 6.70 (t, 1H), 6.75 (d, 2H).
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1 -[4-[4-(5-Chloro-2-pheny!benzofu ran-7-yl)-1 -piperazinyl]-1-butyl}-3-cyclohexyl-2-
imidazolidinone, dihydrochloride, 2hh, mp: 198-200 °C. 1H NMR (5, DMSO): 1.00-
4.85 (m, 14H), 3.10 (t, 2H), 3.15-3.70 (m, 14H), 4.00-4.10 (m, 1H), 4.65 (b, 2H),
6.85 (s, 1H), 7.30 (s, 1H), 7.40 (s, 1H), 7.45 (t, 1H), 7.50 (t, 2H), 7.95 (d, 2H).
1-[2-[4-(5-Chloro-2-p henylbenzofuran-7-yl)-1 -piperazinyljethyl]-3-cyclopentyl-2-
imidazolidinone, fumarate, 2ii, mp:.155-57 °C. 1H NMR (8, DMSO): 1.40-1.70 (m,

BH), 2.55 (t, 2H), 2.65-2.75 (m, 4H), 3.20-3.45 (m, 10H), 4.00-4.15 (m, 1H), 6.60 (s,
2H), 6.70 (s, 1H), 7.20 (s, 1H), 7.35 (s, 1H), 7.45 (t, 1H), 7.50 (t, 2H), 7.90 (d, 2H).
1-[4-[4-(2,3-Dihydro-2 ,2-dimethylbenzofuran-7-yl)-1 -piperazinyl]-1 -buty!]-3-( 1 -
naphtyl)-2-imidazolidinone, fumarate, 2jj, mp: 220-21 °C. 1H NMR (8, DMSO): 1.40
(s, 6H), 1.50-1.65 (m, 4H), 2.55 (t, 2H), 2.65-2.75 (m, 4H), 2.95 (s, 2H), 3.05-3.15
(m, 4H), 3.25 (t, 2H), 3.60 (t, 2H), 3.80 (t, 2H), 6.60 (s, 2H), 6.65 (d, 1H), 6.70 (t,
1H), 6-80 (d, 1H), 7.45 (d, 1H), 7.45-7.60 (m, 3H), 7.85-8.00 (m, 3H).
4-Cyclohexyl-3-[3-[4-(2,3-dihyd ro-2,2-dimethylbenzofuran-7-y1)-1-piperaziny!]-1-
propy!}-2-imidazolidinone,oxalate, 2kk, mp: 191-92 °C. 1H NMR (5, DMSO): 1.00-
4.90 (m, 10H), 1.40 (s, 6H), 2.90-3.00 (m, 4H), 3.10 (t, 2H), 3.15-3.30 (m, 10H),
3.40-3.50 (m, 1H), 4.10 (b, 2H), 6.65 (d, 1H), 6.70 (t, 1H), 6.80 (d, 4H).
1-[4-[4-(2,3-Dihyd ro-2,2-dimethyl-5-fluorobenzofuran-7-yl)-1 -piperazinyl]-1-butyl]-3-
(4-fluoropheny!)-2-imidazolidinone,oxalate, 211, mp: 126-27 °C. 1H NMR (8,
DMSO): 1.45 (s, 6H), 1-50-1.65 (m, 4H), 2.40 (t, 2H), 2.55-2.65 (m, 4H), 2.95(s,
2H), 3.05-3.20 (m, 4H), 3.30 (t, 2H), 3.95 (t, 2H), 3.80 (t, 2H), 6.30-6.50 (m, 2H),
7.00 (t, 2H), 7.40-7.55 (m, 2H). .
1-Cyclohexyl-3-[4-[4-(2,3-dihydro-2,2-dimethyl-5-fluorabenzofuran-7-yl}-1 -piperazinyl]-
1-buty!]-2-imidazolidinone,oxalate, 2mm, mp: 125-35 °C. 1H NMR (8, DMSO):
4.00-1.80 (m, 14H), 1.40 (s, 6H), 2.95 (s, 2H), 3.00-3.50 (m, 17H), 6.50 (dd, 1H),
6.65 (dd, 1H).

1 -Cyclopenty!-3-[6-[4-(2,3-dihyd ro-2,2-dimethylbenzofuran-7-y1)-1-piperazinyl}-1-
hexyl]-2-imidazolidinone,oxalate, 2nn, mp: 132-34 °C. 1H NMR (8, DMSO): 1.15-
1.75 (m, 14H), 1.40 (s, 6H), 2.95 (s, 2H), 2.95-3.10 (m, 4H), 3.15-3.45 (m, 12H),
4.00-4.15 (m, 1H), 6.65 (d, 1H), 6.75 (t, 1H), 6.85 (d, 1H).
1 -[2-[4-(5-Chloro-2,3-dihydro-3,3-dimethyl)-7-benzofuranyl)-1 -piperazinyljethyl]-3-
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cyclopentyl-2-imidazolidinone, oxalate, 200, mp: 104-7 °C. 1H NMR (CDCl) 6 1.25
(s, 6H), 1.40-1.75 (m, 8H), 3.00 (t, 2H), 3.05-3.15 (m, 4H), 3.20-3.35 (m, 8H), 3.40
(t, 2H), 4.00-4.15 (m, 1H), 4.25 (s, 2H), 6.70 (d, 1H), 6.90 (d, 1H). |
1 -[6-[4-(5-Chloro-2,3-dihydro-3,3-dimethyl)-7-benzofuranyl)-1 -piperazinyl]-1-hexyl]-
3-cyclopentyl-2-imidazolidinone, oxalate, 2pp, mp: 125-27 °C. 1H NMR (CDCls3) 6
1.25 (s, 6H), 1.20-1.75 (m, 16H), 2.95 (t, 2H), 3.00 (t, 2H), 3.10-3.40 (m, 12H),
4.00-4.15 (m, 1H), 4.25 (s, 2H), 6.70 (d, 1H), 6.90 (d, 1H).
1-[3-[4-(7-Chloro -2,3-dihydro-2,2-dimethyl)-4-b enzofuranyl)-1 -piperazin yl]-1-
propyl]-3-cyclohexyl-2-imidazolidinone, oxalate, 2qq, mp: 123-33 °C. 1H NMR
(CDCI3) § 0.95-1.50 (m, 5H), 1.45 (s, 6H), 1.50-1.65 (m, 3H), 1.65-1.90 (m, 4H),
2.85-3.30 (m, 18H), 3.35-3.50 (m, 1H), 6.45 (d, 1H), 7.10 (d, 1H).

EXAMPLE3

4-(1,4-Benzodioxan-5-yl)-4-(3-cyclohexylthio-1-propy!)piperazine S-oxide, oxalate,
3a

A solution of 1-(1,4-benzodioxan-5-yl)-4-(3-cyclohexylthio-1 -propyl)piperazin (7 g)
in tetrahydrofuran (70 ml) was cooled to 0 °C followed by portionwise addition of m-
chloroperbenzoic acid (6.4 g) keeping the temperature at 0 °C. After stirring for 3h
at 0 °C aqueous sodium carbonate (20% solution, 100 mi) was added. The phases
were separated and the aqueous phase was extracted with methylene chioride.
The combined organic phases was concentrated in vacuo and the resulting oil

‘applied to asilica gel column (eluent: ethyl acetat/methanoV/diethylamine = 88:8:4).
The title compound crystallized as the oxalate salt from an acetone/methanol
mixture by addition of oxalic acid. Yield: 1.5 g, mp: 113-15 °C. 1H NMR (6, DMSO):
1.00-1.50 (m, 6H), 1.55-2.20 (m, 7H), 2.55-2.95 (m, 4H), 2.95-3.35 (m, 8H), 4.15-
4.35 (m, 4H), 6.50 (d, 1H), 6.55 (d, 1H), 6.75(t, 1H).

EXAMPLE4

1-[3-[4+1 ,4-Benzodioxan-5-yl)-1 -piperazinyl]-1 -propyl]-3-benzyl-2-imidazolidinone,
hydrochloride, 4a. ,
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filtered, and concentrated in vacuo. The product, 1-(1 .4-benzodioxan-5-yl)-4-
cyanomethylpiperazine, was obtained asan oil (17.4 g) which wassufficiently pure
for use in the next step.

A suspensionoflithium aluminium chloride (8.2 g) in dry ether (170 ml) wastreated
dropwise with a solution of aluminium chloride (8.2 g) in ether (170 ml) under
cooling. After stirring for half an hour at room temperature a solution of 1-(1,4-
benzodioxan-5-yl)-4-cyanomethylpiperazine (9.4 g) in dry tetrahydrofuran (250 ml)
was added dropwise at 15 °C. After reflux for 1.5 h the mixture was cooled and
conc. sodium hydroxide solution (40 ml) was added dropwise. Filtration and
removalof solvent in vacuo gave an oil which was dissolved in methylene chloride
and dried over magnesium sulfate. Removalof solvent in vacuo gave 1-(2-amino-1-
ethyl)-4-(1 4-benzodioxan-5-yl)piperazine (9.1 g) as a viscousoil.
A mixture of 1-(2-amino-1-ethyl)-4-(1 ,4-benzodioxan-5-yl)piperazine (9.1 g), bromo-
acetaldehyde dimethylacetale (6.5 g), potassium iodide (0.5 g), and potassium
carbonate (4.8 9) in 1,4-dioxan (200 ml) was refluxed for 16 h. Water was added
followed by extraction with ethyl acetate. The organic phase was concentrated in
vacuo leaving an oil which was applied to a silica gel column (eluent: ethyl acetate/me-
thanol = 1:3). The product, 1-(1,4-benzodioxan-5-yl)-4-[2-(2,2-dimethoxy-1 -ethylami-
no)-1-ethyl]piperazine, was obtained as anoil (4.7 g).
A solution of 1-(1 4-benzodioxan-5-yl)-4-(2-(2,2-dimethoxy-1-ethylamino)-1-ethyl)pi-
perazine (2.3 g) and 4-fluoropheny! isocyanate (0.9 g)in methylene chloride (100
ml) was refluxedfor 2 h. Removal of solvent in vacuogave an oil which was
purified on a silica gel column (eluent: ethyl acetate/methano! = 3:1). The product,
1-(1,4-benzodioxan5-yl)-4-(2-(N{2,2dimethoxy1 -ethyl)N-(44luomphenyamnnocartonyl}
amino)-1-ethyl)piperazine, was obtained as a solid (2.5 g).
A solution of 1-(1,4-benzodioxan-5-yl)-4-(2-(N-(2,2-dimethoxy-1-ethyl)-N-(4-fluoro-
phenylaminocarbonyl)amino)-1-ethy!)piperazine (2.5 g) and 3 M hydrochloric acid
(2.5 ml) in ethanol (50 ml) ‘wasstirred at room temperature for 72 h. The title
compound wascollected byfiltration as the hydrochloride. Yield: 1.2 g, mp: 301-5
°C, 1H NMR (8, DMSO): 3.00-3.60 (m, 10H), 4.05 (t, 2H), 4.20-4.35 (m, 4H), 6.55 (t,

2H), 6.75 (t, 1H), 6.80 (d, 1H), 7.00 (d, 1H), 7.25 (t, 2H), 7.65-7.80 (m, 2H).

In a similar mannerwas also prepared:
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A solution of 4 -[3+[4-(1,4-benzodioxan-5-y!)-1-piperazinyl]-1 -propyl]-2-imidazoli-
dinone (prepared from 1-(1 ,4-benzodioxan-5-yl)piperazin and 1-(3-chloro-1-propyl)-
2-imidazolidinone by the method described in EXAMPLE 2) (2.5 g) and
benzaldehyde (2.3 g) in glacial acetic acid (30 ml) was treated portionwise with
sodium borohydride (0.6 g) keeping the temperature at 10 °C. After stirring for 40
min. at room temperature additional benzaldehyde(2.3 g) and sodium borohydride

(0.6 g) was added and the mixture stirred for 16 h at room temperature. Removalof
solvent in vacuo gave a heavyoil which wasappliedto a silica gel column (eluent:

ethyl acetate/ethanol/triethylamine = 10:1 :1). The title compound wasisolated as a
viscous oil which crystallized as the hydrochloride from an acetone/ether mixture by

addition of an ether solution of dry HCl. Yield: 2.8 g, mp: 181-91 °C. 1H NMR (8,

DMSO): 1.90-2.10 (m, 2H), 3.00-3.25 (m, 10H), 3.30 (t, 2H), 3.35-3.65 (m, 4H),
4.20 (s, 4H), 4.25 (s, 2H), 6.50.(d, 1H), 6.55 (d, 1H), 6.75 (t, 1H), 7.00 (b, 2H), 7.20-
7.40 (m, 5H). | .

In a similar manner.were also prepared: ;
1-[3-[4-(1,4-Benzodioxan-5-yl)-1 -piperazinyl]-1 -propy1]-3-ethyl-2-imidazolidinone,
hydrochloride, 4b, mp: 240-43 °C. 1H NMR (8, DMSO): 1.00 (t, 3H), 1.85-2.05 (m,
2H), 2.95-3.35 (m, 14H), 3.35-3.65 (m, 4H), 4.25 (s, 4H), 6.35 (b, 2H), 6.50 (d, 1H),
6.55 (d, 1H), 6.75 (t, 1H).

1-[3-[4-(1,4-B enzodioxan-5-yl)-1 -piperaziny|]-1-propyl]-3-cyclohexyl-2-imidazo-
lidinone, hydrochloride, 4c, mp: 189-200 °C. 1H NMR (8, DMSO): 0.95-1.50 (m, _
5H), 1.50-1.65 (m, 3H), 1.65-1,85 (m,2H), 1.90-2.10 (hep, 2H), 3.00-3.35 (m, 12H),
3.35-3.60 (m, 5H), 4.15-4.30 (m, 4H), 6.45-6.60 (m, 2H), 6.75 (t, 1H).

EXAMPLE5

1-[3-[4-(1 ,4-Benzodioxan-5-yl)-1 -piperazinyl]-1 ethy!]-1,3-dihydro-3-(4-fluorop henyl)-
2-imidazolone, hydrochloride, 5a.

A solution of 1-(1,4-benzodioxan-5-yl)piperazin (114 g) and triethylamine (7 ml) in N-
methyl-2-pyrrolidinone was treated dropwise with chloroacetonitrile (4.5 g). After
stirring for 2 h at 100 °C the mixture was poured onto ice and extracted with ethyl
acetate. The organic phase was washedwith water, dried over magnesium sulfate,
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1-[3-[4-(1 .4-Benzodioxan-5-yl)-1-piperazinyl]-ethyl]-1 ,3-dihydro-3-phenyl-2-
imidazolone, hydrochloride, 5b, mp: 295-300 °C. 1H NMR (6, DMSO): 3.00-3.60

(m, 10H), 4.05 (t, 2H), 4.20-4.30 (m, 4H), 6.50 (t, 2H), 6.70 (t, 1H), 6.80 (d, 1H),
7.00 (d, 1H), 7.20 (t, 1H), 7.45 (t, 2H), 7.70 (d, 2H).

EXAMPLE6 .

4-(2-Cyclohexylsulfonyl-1-ethyl)-4-(2,3-dihydrobenzofuran-7-yl)piperazine, maleate,
6a.

A solution of 2-cyclohexylsulfonylethano!l (22 g) and triethylamine (30 ml) in
methylene chloride (200 mi) was treated dropwise with a solution of methanesul-
fony! chloride (15 ml) in methylene chloride (100 ml) at 10 °C. After stirring for 2h
at room temperature the mixture was washedwith water, dried over magnesium
sulfate and concentrated in vacuo leaving the product, cyclohexyl vinyl sulfone, as
an oil (19 g). |
A solution of cyclohexyl vinyl sulfone (2.4 g) and 1-(2,3-dihydrobenzofuran-7-
yl)piperazine (2.5 g) in methylene chloride (50 mi) wasstirred at room temperature

- for 16 h. Removalof solvent in vacuoleft an oi! which was applied to a silica gel
column (eluent: ethyl acetate/methanol/diethylamine = 97:2:1). The title compound
was obtained as an oil which crystallized as the maleate salt from acetone by

addition of maleic acid. Yield: 3.4 g, mp: 178-79 °C. 1H NMR (8, DMSO): 1.00-1.50

(m, 5H), 1.60-1.70 (m, 1H), 1.75-1.90 (m, 2H), 2.00-2.15 (m, 2H), 3.00-3.35 (m,
13H), 3.45 (t, 2H), 4.50 (t, 2H), 6.10 (s, 2H), 6.65 (d, 1H), 6.75 (t, 1H), 6.85 (d, 4H).

EXAMPLE7

1-Cyclopentyl-3-[2-[4{1 -(4-fluorophenyl)-4-indolyl]-1 -piperazinylJethyl]-2-imidazoli-
dinone, oxalate, 7a.

A mixture of 2y (1.3 g), 4-fluoroiodobenzene (2.0 g), cupper powder(0.2 g),
potassium carbonate (0.8 g) in N-methyl-pyrrolidinone (20 ml) was kept at 170 °C
under stirring for 5 h. After cooling the reaction mixture was filtered and water (200
ml) added followed by extraction with dichloromethane (2 x 100 ml). Removalof
solvent in vacuo and purification by flash chromatography(silica gel, ethyl acetate/
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g, mp: 210-12 °C. 1H NMR (8, DMSO): 1.40-1.75 (m, 8H), 3.10 (t, 2H), 3.20-3.45

(m, 16H), 4.05-4.15 (m, 1H), 6.65 (d, 1H), 6.70 (dd, 1H), 7.05-7.15 (m, 2H), 7.40 (t,
2H), 7.55-7.65 (m, 3H).

EXAMPLE8

4-[4-[2-(3-Cyclopentyl-2-imidazolidinon-1 -yl) ethylJ-1-piperazinyl]-2-benzofuranyl-
carboxamide, hydrochloride, monohydrate, 8a.

A solution of 2ce (1.0 g) in a mixture of conc. ammonia (50 ml) and tetrahydrofuran
(25 ml) was kept at 50 °C for 48 h. Extraction with ether (3 x 50 ml), drying over
magnesium sulfate, and removal of solvent in vacuo gave the free base as an oil.
Addition of an etheral solution of HCI to an ethanol/heptane solution of the base

gavethetitle hydrochloride salt. Yield: 0.5 g, mp: 166-70 °C. 1H NMR (5, DMSO):
1.40-1.75 (m, 8H), 3.20-3.85 (m, 16H), 4.05-4.15 (m, 1H),6.80 (d, 1H), 7.25 (d,
1H), 7.35 (t, 1H), 7.65 (b, 1H), 7.80 (s, 1H), 8.10 (b, 1H), 11.15 (b, 1H).

EXAMPLE 9

1 -Cyclopenty!-3-[2-[4-(7-indolinyl)-1 -piperazinyl]ethyl]-2-imidazolidinone, 9a.

A solutionof 2u (1.3 g) in trifluoroacetic acid was treated portionwise over 3 h with
sodium cyanoborohydride (0.6 g) at room temperature. After additional stirring for
0.5 h the mixture was poured ontoice followed by extraction with ethyl acetate (3 x .
100 mi). Removal of solvent in vacuo and purification by chromatography(silica
gel, ethy! acetate/triethylamine 96:4) gave the title compound as a crystalline
material. Yield: 0.2 g, mp: 130-32 °C. 1H NMR (6, CDCig): 1.40-1.85 (m, 8H), 2.55

(t, 2H), 2.55-2.70 (m, 4H), 2.95-3.05 (m, 4H), 3.05 (t, 2H), 3.20-3.45 (m, 6H), 3.55
(t, 2H), 4.25 (hep, 1H), 6.65-6.75 (m, 2H), 6.80-6.90 (m, 1H).

EXAMPLE 10

1-Cyclohexy!-3-[4-[4 2,3-dihydro-2,2-dimethylbenzofuran-7-yl)-1,2,3,6-tetrahydro-
pyrid-1-yl]-1-butyl]-2-imidazolidinone, oxalate, 10a.
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A mixture of 2,3-dihydro-2,2-dimethylbenzofuran (25 g) and tetramethylethylene-

diamine (46 g) in heptane (250 ml) wastreated dropwise at room temperature with
+.6 M BuLi in hexane (250 mi). After stirring for 1.5 h at 30-40 °C the mixture was
cooled to -40 °C and 1-benzyl-4-piperidinone (32 g) was added dropwise at -40 °C.

The reaction mixture was allowed to warm to room temperature during 3 h followed

by quench with water. After concentrating the reaction mixture in vacuo
dichloromethane (500 ml) was added followed by wash with water (3 x 500 ml).
Removal of solvent in vacuo gavean oil which waspurified by flash chromatogra-

phy (silica gel, heptane/ethyl! acetate/triethylamine 50:48:2) giving an oil. Addition of
heptane gave the product, 7-(1-benzyl-4-hydroxy-4-piperidinyl)-2,3-dihydro-2,2-

dimethylbenzofuran as a solid (11 g).
The obtained solid was dissolvedin trifluoroacetic acid (150 ml) and refluxed for 1
h. The mixture was poured onto ice followed by basification with conc. NaOH.
Extraction with dichloromethane (3 x 100 ml) and removal of solvent in vacuo gave

an oil which was applied to a silica gel flash column (eluent: ethyl acetate/hep-
tane/triethylamine 50:48:2) giving 7-(1-benzyl-1,2,3,6-tetrahydropyrid-4-yl)-2,3-
dihydro-2,2-dimethylbenzofuran as an oil (5.0 g). ,
The product was dissolvedin trichloroethane (15 ml) and added dropwiseto ethyl!
chloroformate (20 ml) at reflux temperature. After reflux for 1 h the volatiles were
removed in vacuo leaving crude 7-(1-ethoxycarbonyl-1,2,3,6-tetrahydropyrid-4-yl)-

2,3-dihydro-2,2-dimethylbenzofuran as an oil (4.5 g). The crude product was
dissolved in ethanol (50 ml) and solid KOH (3 g) was added. After reflux for 20 h

the mixture was poured into waterfollowed by extraction with ethyl acetate. The or-

ganic phase was dried over magnesium sulfate and the solvent removed in vacuo
leaving crude 2,3-dihydro-2,2-dimethyl-7-(1 ,2,3,6-tetrahydropyrid-4-yl)-benzofuran
as an oil (2.9 g). The crude product was sufficiently pure for use in the final step.
The obtained product wasalkylated with 1-cyclohexyl-3-(4-chloro-1-butyl)-2-imida-
zolidinone (4.5 g) according to the method described in EXAMPLE 2 giving the free
baseofthe title compoundasanoil (2.7 g). The oxalate salt crystallized by addition

of oxalic acid to an acetone solution of the base. Mp: 132-35 °C. 1H NMR (6,

DMSO): 0.95-1.80 (m, 14H), 1.40 (s, 6H), 2.65-2.75 (m, 2H), 2.95 (s, 2H), 3.00-
3.10 (m, 5H), 3.20-3.25 (m, 4H), 3.25-3.35 (m, 3H), 3.40-3.50 (m, 1H), 6.30 (m,

1H), 6.80 (t, 1H), 7.10 (t, 2H).
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EXAMPLE 11

1-Cyclohexyl-3 -[4-[4-(2,3-dihydro-2,2-dimethylbenzofuran-7-yl)-1-piperidinyl]-1-

butyl]-2-imidazolidinone, oxalate, 11a.

A mixture of 10a, oxalate (1.0 g) and 5% Pd/C (0.2 g) in ethanol (20 ml) was kept

under a hydrogen atmosphere at 4 atm. of pressure for 36 h. Filtration, removal!of
solvent in vacuo and addition of acetone/ether gave the title compound as a

crystalline solid. Yield: 0.5 g, mp: 150-54 °C. 1H NMR (6, DMSO): 0.95-2.05 (m,
18H), 1.40 (s, 6H), 2.80-3.10 (m, 8H), 3.15-3.25 (m, 4H), 3.35-3.50 (m, 3H), 6.75 (t,
1H), 6.90 (d, 1H), 7.05 (d, 1H).

EXAMPLE12

1-[2-[4-(1,4-Benzodioxan-5 -yl)-1 -piperazi nyljethyl]-3-( 4-flu oro phenyl) -2 (3 H)-
benzimidazolone, 12a.

A mixture of 1-(2-hydroxyethyl)benzimidazolone (J. Davoll, J. Chem. Soc., 1960,

308) (9 g), 4-fluoroiodobenzene (23 g), potassium carbonate (8.0 g), cupper(l)
iodide (1 g), and zinc oxide (0.5 g) in N-methyl-2(34)-pyrrolidinone (100 mil) was
kept at 155 °C for 4.5 h. After cooling water (500 ml) was added followed by
extraction with ethy! acetate (3 x 200 mi). The organic phase was washed with

water and saturated calcium chloride solution and dried over magnesium sulfate.
Removal of solvent in vacuo gave anoil which waspurified by chromatography

| (silica gel, ethyl acetate) giving 1-(4-fluorophenyl)-3-(2-hydroxyethyl)-2(3H)-
benzimidazolone (2 g) as a solid, mp: 124-26 °C.

The oil was dissolved in dichloromethane (60 ml) and thionyl chloride (10 ml) and

dimethylformamide (0.5 ml) was added followed by reflux for 16 h. Removal of
volatiles in vacuo gave 1-(2-chloroethyl)-3-(4-fluorophenyl)-2(34)-benzimidazolone
(2 g) as anoil.

The obtained chloride wastreated with 1-(1,4-benzodioxan-5-yl)piperazine (2.4 g)

according to the method described in EXAMPLE2 giving thetitle compound as a
crystalline material. Yield: 1.7 g, mp: 161-62 °C. 1H NMR (5, CDCb): 2.55-2.65 (m,

4H), 2.70 (t, 2H), 2.85-2.95 (m, 4H), 4.05 (t, 2H), 4.15-4.25 (m, 4H), 6.35-6.50 (m,
2H), 6.70 (t, 1H), 6.95-7.20 (m, 3H), 7.30 (d, 1H), 7.40 (t, 2H), 7.55-7.65 (m, 2H).
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EXAMPLE 13

1-[4-[4-(1,4-Benzodioxan-5-yl)-1 -piperazinyl]-1-b uty|]-3 -(4 -fluorophenyl)-2(3H)-
benzimidazolone, 13a.

A solution of 1-(4-fluorophenyl)-3-(1-propen-2-yl)-2(3H)-benzimidazolone (prepared
by arylation of 4-(1-propen-2-yl)-2(3H)-benzimidazolone (J. Davoll, J. Chem. Soc.,
1960, 308) according to the method described in EXAMPLE 12) (5 g) in ethanol

(100 ml) was treated with conc. hydrochloric acid (50 ml) at room temperature.

After stirring for 1.5 h water (150 ml) was added. The resulting precipitate was col-

lected byfiltration and dried. Yield: 4 g of 1-(4-fluorophenyl)-2(3H)-benzimidazol-

one, mp: 209-10 °C.

The 4 g of product was dissolvedin tetrahydrofuran (100 ml) followed by addition of

potassium tert-butoxide (3.0 g) during 5-10 min. After stirring for 10 min 1,4-

dibromobutane (15 -ml) was added followed by heating to 50 °C for 5 h. After

filtration and removal of solvent the remaining oit was purified by column chromatogra-
phy (silica gel, heptane, heptane/ethyl acetate 1:1). The product, 1-(4-bromo-1-

butyl)-3-(4-fluorophenyl)-2-imidazolidinone,(5.0 g) wasobtained asanoil.
Treatment of the oil (2.5 g) with 1-(1,4-benzodioxan-5-yl)piperazine (2.5 g)

according to the method described in EXAMPLE2 gavethetitle compound as a

crystalline material.Yield: 1.9 g, mp: 145-47 °C. 1H NMR (6, CDCb): 1.55-1.75 (m,

2H), 1.80-1.95 (m, 2H), 2.45 (t, 2H), 2.55-2.70 (m, 4H), 3.00-3.15 (m, 4H), 4.00 (t, -

2H), 4.20-4.40 (m, 4H), 6.45-6.60 (m, 2H), 6.75 (t, 1H), 7.00-7.30 (m, 6H), 7.45-
7.55 (m, 2H). .

EXAMPLE 14

1-Cyclopentyl-3-[2-[4-(2-phenylbenzofuran-7-yl)-1-piperazinyl]ethyt]-2-imidazolidi-

none, oxalate, 14a.

A mixture of 2ii (1.1 g), 5% Pd/C, glacial acetic acid (2 ml) and ethanol (100 ml)

was kept under a hydrogen atmosphere at 4 atm. of pressure for 72 h. Filtration

and removal of solvent in vacuo gave an oil which wasdissolved in ethyl acetate

(15 ml). Addition of oxalic acid gave thetitle compound. Yield: 0.5 g, mp: 182-83
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°C. 1H NMR (8, DMSO): 0.95-1.80 (m, 8H), 2.95-3.15 (m, 4H), 3.15-3.35 (m, 8H),
3.40-3.60 (m, 4H), 6.80 (d, 1H), 7.15 (t, 1H), 7.25 (d, 1H), 7.35-7.45 (m, 2H), 7.50
(t, 2H), 7.95 (d, 2H).

1 -Cyclopentyl-3-[2-4-(2,3-dihydro-3,3-dimethyl)-7-benzofuranyl)-1 -piperazinyljethyl]-

2-imidazolidinone, oxalate, 14b, mp: 94-98 °C. 1H NMR (CDClg) 6 1.25 (s, 6H),

1.40-1.75 (m, 8H), 3.00 (t, 2H), 3.05-3.35 (m, 12H), 3.40(t, 2H), 4.00-4.15 (m, 1H),
4.20 (s, 2H), 6.65-6.75 (m, 1H), 6.75-6.85 (m, 2H). ,
4 -Cyclopentyl-3-[{6-[4-(2,3-dihydro-3,3-dimethyl)-7-benzofuranyl)-1 -piperazinyl]-1-

hexyl]-2-imidazolidinone, oxalate, 14c, mp: 128-31 °C. 1H NMR (CDCl) 6 1.25 (s,

6H), 1.20-1.75 (m, 16H), 2.95-3.10 (m, 4H), 3.15-3.40 (m, 12H), 3.95-4.10 (m, 1H),
4.20 (s, 2H), 6.65-6.75 (m, 1H), 6.75-6.90 (m, 2H).
1 -Cyclohexyl-3-[3-[4-(2,3-dihydro-2,2-dimethyl)-4-benzofuranyl)-1 -piperazinyl]-1-

propyl-2-imidazolidinone, oxalate, 14d, mp: 181-83 °C. 1H NMR (CDCis)& 0.95-
1.45 (m, 5H), 1.35 (s, 6H), 1.50-1.65 (m, 3H), 1.65-1.90 (m, 4H), 2.80-3.00 (m, 4H),
3.00-3.30 (m, 14H), 3.40-3.55 (m, 1H), 6.35 (d, 1H), 6.40 (d, 1 H), 7.00 (t, 1H).

Pharmacology

The compounds of Formula I have been tested according to established and
reliable pharmacological methods for determination of the affinity to the 5-HT14

receptor and for detemination of the efficacy of the compoundswith respect to said
receptor. The tests were as descibedinthe following.

Inhibition of 3H-8-OH-DPAT Binding to Serotonin 5-HT1,q Receptors in Rat
Brain in vitro. . ,
By this method theinhibition by drugs of the binding of the 5-HT1, agonist 3H-8-
OH-DPAT(1 nM) to 5-HT1, receptors in membranesfromrat brain minuscerebell-
um is determined in vitro . Accordingly, this is a test for affinity for the 5-HTy,

receptor. The assay was performed as described by Hyttel et al., Drug Dev. Res.
1988, 75, 389-404.
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Antagonism of the Discriminative Stimulus Properties Induced by 8-OH-DPAT
in Rats.

This test is used to determine the 5-HT1, receptor antagonistic effect of a test com-

poundin vivo. A related method is described by Tricklebank, M. D., et a/, Eur. J.
Pharmacol, 1987, 133, 47-56; Amt,J. Pharmacology & Toxicology, 1989, 64, 165.

PROCEDURE

Male Wistar rats are trained to discriminate between 8-OH-DPAT(0.4 mg/kg, i.p...
15 min pretreatment) and physiological saline in operant chambers equipped with
two responselevers. Between the levers a dipper is placed, where water rewards
(0.1 ml) are presented. The rats are water deprived for at least 24 h and work in a
fixed ratio (FR) schedule (final FR=32).
Following 8-OH-DPAT administration, respondingis reinforced only on a designa-
ted (drug) lever, whereas responding on the opposite lever has no consequences.
Following saline administration, responding is reinforced on the lever opposite to
the drug lever. Drug andsalinetrials alternate randomly between days. The levelof
discrimination accuracy is expressed as the per cent drug responses and is
calculated as the numberof correct responses x100 divided by the sum of the

correct and incorrect responsesbeforethefirst reward. The time to the first reward
is also recorded as a measure of reaction time. When stable accuracy (mean

correct responding = 90%; individual rats at least 75% correct responding) is
obtained test sessions are included betweentraining days.“Test compound is |
injected s.c. or p.o. at appropriate time before 8--OH-DPAT andthe test begins 15
min after 8-OH-DPATinjection. The test trial is terminated when a total of 32
responses are made oneitherlever or when 20 min have elapsed. No rewardis
given and the rats have free access to water for 20-30 min after the test. The
effects are expressed as per cent inhibition of drug responding. Only results from
rats making at least 10 responses on onelever are included in data analysis.
Furthermore, only test sessions in which at least half of the rats respond are
included.

The per cent inhibition of drug response obtained for each dose of test compound
is used to calculate EDso values by log-probit analysis.
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Generalization to the Discriminative Stimulus Properties Induced by 8-OH-
DPATin Rats |
This test is used to determine the 5-HT1,4 receptor agonistic effect of a test com-

poundin vivo. A related methodis described by Tricklebank, M. D., supra; Amt, J.
Pharmacology & Toxicology, 1989, 64, 165.

PROCEDURE

The procedure is the same asfor the antagonism test mentioned above, except
that the test compoundis substituted for 8-OH-DPATandinjected s.c. usually 30
min or 45 min, respectively, before beginning of the test.

The per cent drug responce obtained for each dose of test compound is used to
calculate EDs values by log-probit analysis.

inhibition of 5-MeO-DMT-Induced 5-HT Syndromein Rats
The so-called 5-HT syndromeis a characteristic pattern of behaviours which are

induced by 5-HT agonists with effects on 5-HT, possibly 5-HT;, receptors (Smith,
L.M. and Peroutka, S.J., Pharmacol. Biochem. & Behaviour,1986, 24, 1513; Trickle-

bank, M. et al, Eur. J. Pharmacol. 1985, 177, 15). This test is a test for determining
the antagonist effects of a test compound on 5-HT1, receptors in vivo by measur-

ing theability to inhibit 5-MeO-DMTinduced 5-HT syndrome.

PROCEDURE

_ Male Wistar rats (Mol:Wist) weighing 170-240 g are used. Test substance is

injected s.c. before 5-MeO-DMT 5 mg/kg, s.c. Four rats are used for each dose. A
control group pretreated with saline is included each test day. 10, 15 and 20 min
later the rats are observed for presence of serotonin (5-HT) syndrome. The

following symptoms are recorded: 1) forepaw treading (“piano playing’), 2) head
weaving and 3) hindleg abduction. Furthermore,flat motility is scored. Each part of
the syndromeis scored asfollows: marked effect (score 2), weak syndrome (score
1) and no effect (score 0). The scores of the three observation periods are added.
Thus the maximum obtainable score for four rats is 24. The effect of the test

substance is expressed as percentinhibition relative to the control group.

The percentinhibition of the piano playing syndromeis used as the response and
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EDsvalue are calculated by log-probit analysis.

Thetest results are shownin the following Tables 1 - 3:

TABLE 1: 3H 8-OH-DPAT BINDING DATA(ICso values in nM)
a

Compound No. ICso

a

ta

1b

1c

1d

' te

tf

2a

2b

2c

2d

2e

2f

2g
2h

2i

2j
2k

2i

2m |
2n

20

2p
2q
2r

2s

2t

2u

2v

2x

2y
2zZ

2aa

2bb

‘2cCc

2dd

2.6

7.8

2.6

190

23

1.1

16.

18

13

A7

0.45

54

37

28

30

53

15

72

12

3.2

51

3.7

13

23

32

15

110

71

75

28

34

11

0.92

83

0.5

Compound No. ICso

2ee 43

2ff 6.6

299 2.8
2hh 130

2ii 300

2ij . 1.1
2kk 5.7

2il 10

2mm 1.7

'-2nn 5.4

200 44

2pp 20
2qq 300
3a : 1.8
4a 18

4b 40

4c 19

5a 11
5b 12

6a - 220

Ta 51000
8a , 3.9
9a 230

10a 1.2
tla 3.5

12a 36

13a 22
14a 9.7

14b . 38

14c 7.5
14d 22

Buspirone 41
Gepirone 310
Ipsapirone 17
Flesinoxane 4

i
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It is seen from Table 1 that most of the compoundsof the present invention bind to

the 5-HT,, receptor with affinities comparable to reference compounds such as

buspirone, gepirone, and flesinoxane.

5 TABLE2: 8-OH-DPAT CUE DATA (ED¢p valuesin tpmol/kg, s.c.)
 

 
Compound No. Antagonism Agonism

10

ta >0.62 0.034
tb NT 0.099

tc NT 0.069
te >10 see note a)

15 tf NT 0.052
2a os | 3.1
2b 2.7 >t
2c >2.6 0.76
2d 6.3 see note b)

20 2e 6.1 see note c)
2f NT 40

2g >11 1.6
2m NT 2.3
2n NT , 0.13

25 20 23 27
2p NT 1.1
2y 1.9 NT
2bb NT 0.036
3a NT 0.020

30 5a NT 1.8.
Buspirone NT 0.62
Gepirone NT 0.81
Ipsapirone NT . 1.6
Flesinoxane NT 0.38

35a

note a): partial agonist, 30 - 75% responseat 0.04 - 10 pmol/kg
note b): partial agonist, 30 - 50% responseat 0.08 - 19 pmol/kg
note c): partial agonist, 20 - 60% responseat 0.6 - 2.4 umol/kg

40

It is seen from Table 2 that the compoundsof the present invention both include

agonists and antagonists as determinedin the 8-OH-DPAT cue model.
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TABLE 3: INHIBITION OF 5-MeO-DMT INDUCED 5-HT SYNDROME
(EDs values in mmol/kg, s.c.)
 

 
Compound No. EDso

ta 2.3
1b ‘9.5
ie 12
te 5.1
tf 0.47

2a 6.6

2b 8.9

2c 15

2d 10
2e 4.7

2f 28

2g , 10
20 9.0

2p 4.2
2y 2.7
2bb 0.78

3a 5.2

5a 12

Buspirone 4.3
Gepirone 32
Ipsapirone 26
Flesinoxane >44
 

it is seen from Table 3 that the compoundsof the present invention are antagonists

in the 5-MeO-DMTinhibitiontest. ,

Furthermore, the compoundsofthe invention were tested with respectto affinity for

the «, adrenoceptors and for the dopamine D2 receptor by determining their ability

to inhibit the binding of 3H-prazosin to a; adrenoceptors (Hyttel, J. et al, J. Neuro-

chem., 1985, 44, 1615; Skarsfeldt, T. et a/, Eur. J. Pharmacol., 1986, 125, 323) and

the binding of 3H-spiroperidol to Dz receptors (Hyttel et a/, J. Neurochem., 1985,

44, 1615).

Someof the compounds of the present invention showedhigh selectivity for the 5-
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HT, receptor, while other compounds of the invention showed mixed binding

profiles. A certain class of compoundswithin this invention showed highaffinity to

both 5-HT1, receptors and Dz receptors. All the mentioned types of compoundsare

beneficial in the treatments of various diseases.

It is seen from the above tables 1, 2 and 3 that the present compounds havehigh

affinities for the 5-HT1,4 receptor. Furthermore,it is seen that this series comprises

compounds showing effects as partial agonists with medium to low efficacies. In
particular,it is noted that some of the compounds show antagonistic effects in the 5

-MeO-DMTtest and very low efficacies in the 8-OH-DPATcuetest. Furthermore,

some of the compounds show both high affinity to 5-HT;4 and dopamine Deo

receptors and showhighefficacy effects in the 8-OH-DPATcuetest.

Formulation Examples

The pharmaceutical formulations of the invention may be prepared by conventional
methodsin theart. .

For example: Tablets may be prepared by mixingthe active ingredient with ordinary
adjuvants and/or diluents and subsequently compressing the mixture in a conven-
tional tabletting machine. Examples of adjuvants or diluents comprise: corn starch,

potato starch, talcum, magnesium stearate, gelatine, lactose, gums, and thelike.

Any other adjuvants or additives usually used for such purposes such as colour-

ings, flavourings, preservatives etc. may be usedprovidedthat they are compatible
with the active ingredients. , .
Solutions for injections may be prepared by dissolving the active ingredient and

possible additives in a part of the solvent for injection, preferably sterile water,

adjusting the solution to desired volume,sterilization of the solution andfilling in
suitable ampules orvials. Any suitable additive conventionally used in the art may

be added, suchastonicity agents, preservatives, antioxidants, etc.

Typical examplesofrecipes for the formulation of the invention are asfollows:

1) Tablets containing 5.0 mg of Compound 1a calculated as the free base:
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Compound 1a 5.0 mg
Lactose 60 mg

Maize starch 30 mg

Hydroxypropylcellulose 2.4 mg

5 Microcrystalline cellulose — 19.2 mg

Croscarmellose Sodium Type A 2.4 mg

Magnesium stearate . 0.84 mg

2) Tablets containing 0.5 mg of Compound 1f calculated as the free base:
10 Compoundif 0.5 mg

Lactose 46.9 mg

Maize starch 23.5 mg

Povidone 1.8 mg

Microcrystalline cellulose 14.4 mg

15 © Croscarmellose Sodium Type A 1.8mg

Magnesium stearate 0.63 mg

3) Syrup containing per millilitre:

Compound 2bb 2.5mg

20 Sorbitol . 500 mg

Hydroxypropyicellulose 15mg
Glycerot | ~ 50 mg
Methyl-paraben 1mg

Propyl-paraben 0.1 mg
25 Ethanol 0.005 mi

Flavour , 0.05 mg

Saccharin natrium 0.5 mg

Water ad 1 ml

30 4) Solution for injection containing per millilitre:

Compound 2e _ 0.5mg
Sorbitol 5.1mg

Acetic acid 0.08 mg

Waterfor injection ad 1m!
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CLAIMS

1. A fused benzo compound characterisedin thatit is a compound of the

5 general Formula I

fe (
u’ N—Ae-} A I

R?

wherein A is a 2 to 6 membered spacer groupselected from alkylene, alkenylene,

10 and alkynylene each of which may be branched or straight chain, or a 3-7
membered cycloalkylene group, said spacer group being optionally substituted with

aryl or hydroxy;

B is a polar divalent group selected from SO, SOzg, and a group of Formula H,

oN
—N N—

v
wherein W is O or S, and Z is selected from —(CHo2),— n being 2 or 3, -CH=CH-,

II

15

~COCH2—, -CSCHz-, or 1,2-phenylene optionally substituted with halogen ortrifluo-

romethyl;

U is N or CH; the dotted line designates an optional bond, andif it designates a

20 bond U is C;

X is selected from the groupof divalent 3 - 4 membered groups consisting of

IVSSLY oS \ 7

a,0 SVP AMP GP XZ
\ FX SNS YN<> (3 € €> S\N

/ \. Ss N / XN sf NX \
HN S HN O HN »>& NO NH « Ss

\ cece / \ acer / aeew, “ee \ neces / “Cee
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/ \ / \ J \ if \ un. \ il \
OV Now, NZ Ny NZ SNH

wherein the dotted lines indicate optional bonds; thereby forming a carbocyclic or

heterocyclic ring fused with the benzenering;

R1 is alkyl, alkenyl, cycloalk(en)yl, aryl, cycloalk(en)ylalk(en/yn)yl, arylalkyl diphe-
nylalkyl, any alkylgroup optionally being substituted with one or two hydroxy

groups, with the proviso thatif Z is 1,2-phenylene and U is N, then R’ is selected

from aryl and substituted aryl; ,

R2 and R3 are independently hydrogen, loweralkyl or they may be linked together,

thereby forming an ethylene or propylene bridge;

R4, R5, and Ré are independently selected from the group consisting of hydrogen,

halogen,loweralkyl, lower alkoxy, hydroxy, loweralkylthio, lower alkylamino or di-.
lower-alkylamino, cyano,nitro, trifluoromethyl and trifluoromethylthio;
R7 and R8 are independently selected from the group consisting of hydrogen,

halogen, trifluoromethy!, lower alkyl, lower alkyl substituted with one or more

hydroxy groups,aryl, cyano, a group -COOR39and a group -CONR10R11, R9, R10,

and R11 being hydrogen or lower alkyl; any aryl group present being optionally

substituted with one or more substituents selected from halogen, lower alkyl, lower

alkoxy, hydroxy, lower alkylthio, lower alkylsulfonyl, lower alkyl- or dialkylamino,
cyano, trifluoromethyl, or trifluoromethylthio;
and pharmaceutically acceptable acid addition salts thereof.
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2. A compound according to Claim 1, characterised in that A is a 2 to 6

membered alkylene group.

3. A compound according to Claim 1, characterised in that Bis SO, SOs ora

group of Formula II, as defined in Claim 1 wherein W is O andZis selected from

—(CHo2),- n being 2 or 3, -CH=CH-— and 1,2-phenylene optionally substituted with

halogenortrifluoromethyl.

4. Acompound according to Claim 1, characterised in that X is selected from

the group of.divalent 3 — 4 membered groupsconsisting of

< Lo JD «» wD b\w
& s a\ / CsN

5. A compound according to Claim 1, characterised in that R1 is lower alkyl,

aryl, cycloalkyl or aryl-lower alkyl.

6. A compound according to Claim 5, characterised in that R1 is lower alkyl,

phenyi, phenyl substituted with one of the substituents as defined in Claim 1, C5-Cg
cycloalkyl, adamantyl, phenyil-lower alkyl optionally substituted with one of the ~
substituents as defined in Claim 1 or naphthyl. .

7. Acompound according to Claim 1, characterised in that R2 and R3 are both

hydrogen.

8. Acompoundaccording to Claim 1, characterised in that R4, R5, and Aé are

each selected from the group consisting of hydrogen and halogen.

9. Acompoundaccording to Claim 1, characterised in that R7 and R8 independent-

ly selected from the group consisting of hydrogen, tower alkyl, aryl, a group

—COORS, R93 being hydrogenor loweralkyl and a group -CONHo.
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10. A compound according to Claim 9, characterised in that R? and R8 are

independently selected from the group consisting of hydrogen, loweralkyl, phenyl
optionally substituted with one of the substituents as defined in Claim 1, a group

5 —COORS R39being hydrogenor lower alkyl and a group -CONHa.

10

11. A pharmaceutical composition characterisedin that it comprises at least one
novel fused benzoderivative according to any of Claims 1-10 or a pharmaceutically

acceptableacid addition salt thereof in a therapeutically effective amount andin
combination with one or more pharmaceutically acceptable carriers or diluents.

12. Use of a fused benzoderivative according to Claim 1 or an acid addition salt
thereof for the manufacture of a pharmaceutical preparation for the treatment of

anxiety disorders, depression, psychosis, impulse control disorders, alcohol abuse,
ischaemic diseases, cardiovasculardisorders, side effects induced by conventional
antipsychotic agents and senile dementia: .-
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La présente invention a pour objet de nouvelles pipérazines 1,4-disubstituées, leur procédé de préparation -
et les compositions pharmaceutiques les renfermant.

Elle conceme particuliérementles pipérazines 1,4-disubstituées de formule générale | :

“SE (I)

Xo X 0 B~ “

(CH2)m Ry A
X3

danslaquelle :
— X1, Xz et Xz:

— identiquesoudifférents, représentent chacun : un atome d’hydrogéneou d’halogéne,un radicalalkyle
en chainedroite ou ramifiée contenant de 1 & S atomes de carbone,un radical hydroxy, un radicalalcoxy
ou alkylthio‘contenant chacun de 1 4 5 atomes de carbone en chaine droite ou ramifiée, un radical tri-
fluorométhyle, un radical nitro, un radical amino, ou un radical acétamido, ou

— deux d’entre eux pris en position adjacente forment ensemble un radical méthylénedioxy ou un radical
éthylénedioxy;

— R; représente un atomed’hydrogéneou un radical alkyle en chaine droite ou ramifiée contenant de 1a
5 atomes de carbone;

~-D == E-représente : -(CH2),-(CH2)- ou -CH=CH-
~ m etn représentent chacunles valeurs zéro, un, deux ou trois a condition que m + n soit = 1.
— p représente zéro ou un nombre entier de 1 a6, et
~ -A-B- représente un des radicaux de formule:

-(CH2)2-O- ; -(CH2)3-O- ; -CH=CH- ; -CH2-CH-- et

-C-CH=CH-
Oo

Certains dérivés de formule générale | renferment un atome de carbone asymétriqueet de cefait peuvent
étre dédoublés en isoméres optiques lesquels sont égalementinclus dans la présente invention.

L’état antérieur de la technique dans ce domaineestillustré notammentpar les demandes de brevet euro-
péen publiées sous les N° 138.280 ; 185.429 ; 189.612 ; 307.061 et 376.607.

Aucune de ces demandes nedécrit ni suggére les dérivés objet de la présente invention, lesquels dérivés
ont une activité pharmacologique du type antagoniste 5 HT, A, ce qui n'est pas le cas des dérivés deI’état
antérieur de la technique ci-dessus cité.

La présente invention a également pour objet le procédé de préparation des dérivés de formule générale
|, caractéris6 en ce que I’on condense:

— une pipérazine N-monosubstituée de formule générale II :

(11)

danslaquelle le groupe -A-B- a la signification précédemmentdéfinie, avec:
— un dérivé de formule générale IN :
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Xy Dx—X
X2 “SE

(IIT)(cito)m X Ry
X3

danslaquelle

— X14, X2, X3, Ri, -D — E-,m etp ontles significations précédemmentdéfinies
et - :

~ X représente un atome d’halogéne,ou un radical mésyloxy ou tosyloxy.
La condensation s’effectue de fagon particuliérement adéquate en opérant dans un solvant approprié tel

que , par exemple, la méthyléthylcétone, la méthylisobutylcétone,le toludne, ou le diméthyiformamide en pré-
sence d'un accepteurde |’acide formé au cours dela réaction, aune température de 20 a 150°C. Commeaccep-
teur, on peut employer par exemple un carbonate de métaux alcalins commele carbonate de sodium ou une
aminetertiaire commela triéthylamine.

Deplus, les dérivés de formule générale | dans laquelle p prendles significations autre que zéro, c’est a
dire les dérivés répondant plus précisément a la formule générale I’ : :

x} > (CH2)p'— yy N
‘X2 ~ Ng (1')

X eo.
(CH2)m ‘Ry A

X3

danslaquelle :

— X1, X2, Xz, Ry,-D = E-, met -A-B- ontles significations précédemmentdéfinies et
- p’ représente un nombre entier de 1 a 6, ont égalementété préparés selon une variante du procédé pré-
cédentcaractérisée en ce que:

l'on condense:

— la pipérazine N-monosubstituée de formule générale Il précédemmentdéfinie, avec
— un dérivé de formule générale IV :

D (CH2)p*_y — COOHx4

X2 x (qv)
(CH2)m Ry

x3

danslaquelie :

— Xs, X2, X3, Ry, - DO = E-, met p’ ontles significations précédemmentdéfinies ; et
— l'on réduit I"'amide ainsi obtenue de formule générale V:
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f_N

x} D (CH2)p'_1 ~co —N N

X2 "E

(CH2)m’*Ry Nac (Vv)
X3

danslaquelle :

— X4, X2, X3, Ri, - D — E-,m, p’ et -A-B- ontles significations précédemmentdéfinies .
La condensation des dérivés Il et IV s’effectue de facon particulidrement adéquate en opérant dans un

solvant approprié commepar exemple le chlorure de méthyléne, en présence de carbonyidiimidazole.
La réduction de l’amide V s’effectue avantageusement au moyend'un hydrure double delithium-aluminium

dansun solvant adéquat commepar exemple I’éther ou le tétrahydrofurane.
Ce dernier procédé de préparation des dérivés I’ est égalementinclus dansla présenteinvention.
De plus, les amides de formule générale V sont des produits intermédiaires nouveaux qui font, a cetitre,

partie de la présente invention.

Les matiéres premiéres de formules Hi, Ill et IV sont soit des produits connus, soit des produits préparés
a partir de composés connus selon des procédés connus, comme précisé dans Jes exemples ci-aprés.

Les dérivés de formule générale | donnent des sels avec les acides physiologiquement tolérables. Ces
sels sont égalementinclus dansla présente invention.

Les dérivés de la présente invention possdédent des propriétés pharmacologiques et thérapeutiquesinté-
ressantes. En effet, les essais pharmacologiques ont démontré que les composésdel'invention se comportent,
in vitro et in vivo, commedesligandstrés puissants et tras sélectifs des récepteurs de la sérotonine 5HT4,
avec uneactivité antagoniste de ce neurotransmetteur au niveau du systéme nerveux central, démontrée par
"étude pharmacologiqueci-aprés exemplifiée.

Cette activité permet l'utilisation des dérivés de la présente invention dansle traitement des maladies du
systéme nerveux central, notammentdeI’anxiété, la douleur,la dépression, la psychose, la schizophrénie,la
migraine, les troubles de la cognition, le stress etl'anorexie et des maladies neuroendocriniennes commele
diabéte. -

La présente invention a également pour objet les compositions pharmaceutiques contenant commeprin-
cipe actif un dérivé de formule générale | ou un de ses sels physiologiquementtolérables, mélangé ou associé
a un excipient pharmaceutique approprié, comme par exemple,le glucose, le lactose,fe talc,I’éthylcellulose,
le stéarate de magnésium ou le beurre de cacao.

Les compositions pharmaceutiques ainsi obtenues se présentent généralement sous forme doséeet peu-
vent contenir de 0,1 4 100 mg de principe actif. Elles peuvent revétir, par exemple, la forme de comprimés,
dragées, gélules, suppositoires, solutions injectables ou buvables et étre selon les cas, administrées parvoie
orale, rectale ou parentérale a la dose de 0,1 4 100 mg de principe actif 1 4 3 fois parjour.

Les exemples suivants illustrent la présente invention, les points de fusion étant déterminés a la platine
chauffante de Kofler (K) éventuellement sous microscope (M.K).

-Exemple 1:

4-(Benzodioxan-5-yl)-1-[(benzocyclobutan-1-yl)méthyl}pipérazine (R,S):

CH2 —N
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On mélange 4 g (16,4.10- mole) d’iodure de (benzocyclobutan-1-yl)méthyle, 3,61 g (16,4.10° mole) de
N-(benzodioxan-5-yl)- piperazine, 6,95 g (65,5.10~% mole) de Na2CO;et 100 mi de méthylisobutyicétone; et
chauffe le tout a reflux que !’on maintient pendant 24 heures sous agitation. On concentre le mélange réac-
tionnel a I’évaporateurrotatif, reprend le concentrat par CHCl. Aprés lavage a l'eau, on extrait la phase orga-
nique avec unesolution normale d’acide chlorhydrique. On alcalinise la phase aqueusepuis Iextrait au CH,Cl,.
Aprés séchageet concentration on obtient 4,4 g d'une huile quel'on cristallise dans |'éther. Le solide obtenu
est recristallisé dans 15 ml d’éther isopropylique. On obtient 1,6 g de 4-(benzodioxan-5-yi)-1-[(benzocyclobu-
tan-1-yl)méthyl] pipérazine (R,S), P.F.(M.K) : 91-95°C, Rendement: 29 %, qui a été chromatographié sur cou-
che mince (solvants : chlorure de méthyléne-méthanol 90-10).
- RMN (solvant : CDCl,)
4H (m) 7,3-7,0 ppm ; 1H (t) 6,8 ppm ; 2H (m) 6,6 ppm; 4H (m) 4,3 ppm;
4H (m) 3,7 ppm ; 1H (dd) 3,4 ppm ; 4H (m) 3,10 ppm ; 2H (m) 2,85 ppm:
4H (m) 2,7 ppm ; 1H (dd) 2,65 ppm.

La N-(benzodioxan-5-yl)-pipérazine de départ a été préparéeselon la méthode décrite dans J. Med. Chem
(1988) 31, 1934,a partir du 1-nitro-2,3-dihydroxybenzéne,lui-méme décrit dans J.A.C.S (1953), 3277.

De la méme fagon, ont été préparés les dérivés objets des exemples 2 a 5.

Exemples 2-5 :

2) La 4-(benzodioxan-5-yl)-1[2-(benzocyclobutan-1-yi)éthy!]pipérazine (R,S) et son dichlorhydrate P.F.
(M.K) : 215-226°c (avec sublimationa partir de 192°C) (Rendement : 56 %), a partir du bromure de 2-(ben-
zocyclobutan-1-y))éthyle (lui-méme préparé a partir de l’alcool correspondant comme décrit dans la
demandede brevetfrangais déposée le 7 novembre 1989 sousle n° 89.14571) et de la N-(benzodioxan-
5-yl) pipérazine, en présence de Na,CO, par chauffage a reflux dansla méthylisobutyicétone pendant 8
heures.

3) La 4-{benzo(1,5)dioxépin-6-yl]-1-[2-(benzocyclobutan-1 -yl) éthyl) pipérazine (R,S) et son chlorhydrate,
P.F. (M.K) : 170-210°C (avec sublimation), Rendement: 51 %, a partir du bromure de 2-(benzocyclobu-
tan-1-yl)éthyle et de la N-(benzo(1,5)dioxépin-6-yl)pipérazine, elle-méme décrite dans J. med. Chem.
(1988) 31,1934. 7
4) la 4+benzofuran-7-yl)-1-[2-(benzocyclobutan-1-yl)éthy!] pipérazine (R,S), et son chlorhydrate P.F.
(M.K) : 192-195 °C (isopropanol) (Rendement: 47%), a partir du bromure de 2-(benzocyciobutan-1-yl)
éthyle et de la N-(benzofuran-7-yl) pipérazine, elleméme préparée, avec un rendementde 49 %,selon ta
méthode décrite dans J. med. Chem (1988) 31, 1934 a partir du chlorhydrate de di-(2-chloroéthy!)amine
et du chlorhydrate de 7-aminobenzofurane lui-méme obtenu par réduction du 7-nitrobenzofurane.
Ce dernier a 6té préparé a partir du 2-éthoxycarbonyt-7-nitrobenzofurane lutméme obtenu a partir du 2-
hydroxy-3-nitro benzaldéhyde lui-méme formé parnitration du 2- hydroxybenzaldéhyde.
5) La 4-(benzodioxan-5S-yi)-1-[2-(3-chlorobenzocyclobutan-1-yl)éthyl] pipérazine (R,S) et son dichlorhy-
drate P.F.(M.K) : 207-211 °C (cyanure de méthyle) a partirdu bromure de 2-(3-chlorobenzocyclobutan-1-yt)
6thyte (huile Eb/o., mmHg : 80 °C)et de la N-(benzodioxan-5-y\)pipérazine (Rendement: 54 %).
Le bromure de 2-(3-chlorobenzocyclobutan-1-yl)éthyle a 6t6 préparé a partir de l’acide (3-chlorobenzocy-
clobutan-1-yl) carboxylique, qui, traité par LIAIH, puis le chlorure de tosyle, donnele tosylate de (3-chio-
robenzocyclobutan-1-yl)méthyle P.F (K) : 60-62 °C (Rendement: 84 %), lequeltraité par le cyanure de
sodium dans fe diméthylsulfoxyde,puisparI’hydroxyde de potassium dans unesolution aqueuse d’éthanol
et enfin réduit en acide (3-chlorobenzocyclobutan-1-yl) méthyl carboxylique, P.F (K) : 94-96 °C,lequel est
alors traité par LiAIH, puis PBr3 dans le benzéne pour donner fe bromure attendu, avec un rendement de
41%.
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Exemple 6:

4-[Benzo(1,5)dioxépin-6-yt}-1-[(benzocyclobutan-1-yl)méthyl] pipérazine (R,S):

a

CH> —N N

\_S

0 O

\ /

(CH2)3

On mélange 4 g (13,8.10-3 mole) de tosylate de (benzocyclobutan-1-yi)méthyle, 3,3 g (13,8.10-3 mole) de
N-benzo(1,5)dioxépin-6-yl)pipérazine, 3,9 mi (27,6.10- mole) de triéthylamine et 50 mi de toluéne ; et chauffe
te tout a reflux que l'on maintient pendant 24 heures. On concentre le mélange réactionnela l’évaporateurrotatif
et reprend le concentrat par H2O et CH2Clo. On extrait la phase organique avec unesolution normale d’acide
chlorhydrique. On aicalinise la phase aqueuse puis I’extrait au CH2Cl2. Aprés séchage, on obtient 2,1 g d’un
solide que l’on dissout dans 20 ml d’éthanol. A cette solution éthanolique on ajoute 1,7 mi d’éther chlorhydrique
3,5 N et abandonnele tout au réfrigérateur pendant 48 heures. Le précipité formé estfiltré, séché. On recueille
2 g de chlorhydrate de 4-[benzo(1,5)dioxépine-6-yl}-1-{(benzocyclobutan-1-yi)méthyl] pipérazine (R,S), P.F.
(M.K) : 248-252°C (avec sublimation a partir de 190°C), Rendement: 37 %, qui a 6t6 chromatographié sur cou-
che mince (solvants : chlorure de méthyténe-méthanol, 95-5).
De la méme fagon ont été préparés les dérivés objets des exemples 7 a 10.

Exemple 7-10:

7) La 4-(benzodioxan-5-yi}-1-(indan-2-yl)pipérazine, P.F. (M.K.) : 168-171°C,a partir du tosylate d’indan-
2-yle [cf. Bull. Soc. Chem. (1962) p 51] et de N{benzodioxan-5-yl)pipérazine. (Rendement: 11 %).
8) La 4-(benzodioxan-5-yi)-1-[4-(benzocyclobutan-1-yi)butyi] pipérazine (R,S) et son fumarate P.F (M.K) :
180-183 °C (éthanol), a partir du mésylate de 4-(benzocyclobutan-1-yl)butyle (huile) et du dichtorhydrate
de N-(benzodioxan-5-yl)pipérazine. (Rendement : 44 %).
Le mésylate de 4-(benzocyclobutan-1-yl) butyle a lui-méme été préparé, avec un rendementde 96 %, en

traitant le 4-(benzocyclobutan-1-yl)butanoi(huile) par CH,SO.Cl en présencedetriéthylamine danste chlorure
de méthyléne.

9) La 4-{benzo(1,5)dioxépin-6-yl]-1-(indan-2-yl)pipérazine, P.F (M.K) : 138-140 °C,a partir du tosylate d’in-
dan-2 yle et de N-[benzo(1,5)dioxépin-6-yl] pipérazine [cf. J. Med. Chem. (1988) p 1935] (Rendement : 20
%).

10) La 4-(coumarin-8-y!)-1-(indan-2-yl)pipérazine, P.F (M.K) : 162-163 °C (acétonitrile) a partir du tosylate
d’indan-2 yle et de N-(coumarin-8-yl) pipérazine P.F (K)>260 °C (sublimation). Rendement: 28 %.
La N-(coumarin-8-yl) pipérazine a été préparée en faisant réagir la 8~amino coumarine avec un excés de

chlorhydrate de bis (2-chloroéthyl) amine en présence de carbonate de potassium puis d’iodure de potassium,
en opérant a reflux dans le chlorobenzéne.

La 8-aminocoumarine a 6té obtenue a partir du dérivé nitré correspondant selon Archiv. der Parmazie,
(1963), 296 (6), 365-369 ;

lequel dérivé nitré a lubméme 6té préparé a partir de I'o-hydroxybenzaldéhyde, selon Fort. Hase Papers (1975),
6 (2), 109-118.
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Exemple 11 :

4-(Benzodioxan-5-yl}-1-{(3-chlorobenzocyclobutan-1-yl)méthyl] pipérazine (R,S)

fN

CHa —N N

a

Oo 0

LS

cl

a) premiére étape :

A0,1 mole d’acide (3-chlorobenzocyclobutan-1 -yl) carboxylique dans 200 ml de chlorure de méthyléne on
ajoute en une fois, sous atmosphére d’azote, 0,1 mole de N,N-carbonyldiimidazole,et on laisse en contact pen-
dant 2 heures. On ajoute ensuite, en un goutte a goutte rapide, 0,1 mole de N-(benzodioxan-5-yl)pipérazine
en solution dans 50 ml de chlorure de méthyléne. Onlaisse en contact sous agitation durant unenuit. Puis on
évapore, reprend |e résidua|’éther, extrait la phase organique avec unesolution normale d’acide chiorhydrique,
puis alcalinise les phases aqueuses&froid.

Aprés évaporation et chromatographie de Ihuile résiduelle (solvants : chlorure de-méthyléne-acétate
d’éthyte, 90-10), on obtient la 4-(benzodioxan-5-yl)-1-(3-chlorobenzocyctobutan-1-yl)carbony!] pipérazine
(R,S), P.F. (K) : 182-184°C, Rendement : 40 %.
- RMN(solvant : CDCL): °
3H, 7,25 et 7,05 ppm ¢m); 1H, 6,8 ppm (t) ; 2H 6,7 a 6,5 ppm (d);
4H, 4,5 ppm (m) ; 4H, 4,25 a 4 ppm (m); 4H, 3,85 ppm;
2H, 3,65 et 3,45 ppm (dd) ; 4H, 3,05 ppm (t+t).

L’acide (3-chlorobenzocyclobutan-1-yl)carboxylique de départ a été préparé, comme décrit dans la
demande de brevet européen déposée par la demanderesse sous!e n° 90.403145.7, a partir-du 3-chloro-1-
cyanobenzocyclobutane lul-mémedécrit dans le brevet européen 119.107.

b) deuxiéme étape

-A.une suspension de 0,1 mole d’hydrure delithium aluminium dans 50 ml de tétrahydrofurane, on coule
goutte 4 goutte, sous atmosphere d’azote, 0,1 mole de 4-(benzodioxan-5-yl)-1-[(3-chlorobenzocyclabutan-1-
yl)carbony|] pipérazine (R,S), préparée commeci-dessus décrit, dans 100 mi de tétrahydrofurane. Onlaisse,
une nuit, sous agitation, 4 température ambiante. On décompose, au bain de glace, par H.O : 2,6 mi, NaOH
a 20%: 2,1 mi et H,0 : 9,5 mi.

Onfiltre le précipité, évapore lefiltrat. On chromatographie I'huile résiduelle sursilice fine en éluant avec
le systéme : CH2Clz-CH3OH (95-5) pour obtenirla 4-(benzodioxan-5-yl)-1-{(3-chlorobenzocyclobutan-1-y!)mé-
thy!] pipérazine (R,S), avec un rendement de 72 %.
- RMN(solvant : CDCI,) :
3H, 7,2 & 6,95 ppm (m) ; 1H,6,8 ppm (t) ; 2H, 6,55 ppm (m);
4H, 4,25 ppm (m) ; 1H, 3,7 ppm (m) ; 2H, 3,5 & 3,25 ppm (m) ;
4H, 3,1 ppm (m) ; 6H, 3 a 2,7 ppm (m).

Unesolution de 0,05 mole de la base ainsi obtenue dans 20 mi d’éther est maintenue sous agitation pen-
dant 15 minutes avec 10 mi d’acide chlorhydrique normal. Puis onfiltre, rince a !’éther et recristallise de l'eau
le chlorhydrate de 4-(benzodioxan-5-yl)-1-[(3-chlorobenzocyclobutan-t-yl)méthy!] pipérazine (R,S), P.F. (K) :
> 260°C avec sublimation. (Rendement: 30 %).

Exemples 12 a 29:

En opérant commedécrit dans I’exemple 11, ont été préparésles dérivés objets des exemples ci-apres :
12) La 4-(benzodioxan-5-yl)-1-{(3-fluorobenzocyclobutan-1 -yl)méthyl] pipérazine (R,S) et son chlorhydrate

7
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P.F. (K) : 254-256°C avec sublimation, par réduction de ta 4(benzodioxan-5-yl)-1-{(3-fluorobenzocyclobu-
tan-1-yl)carbonyl] pipérazine (R,S), (Rendement : 48 %), elle-méme préparée avec un rendement de 40
%, @ partir de l’acide (3-flUorobenzocyclobutan-1-yl)carboxylique [lu-méme préparé selon la méthode
décrite dans Tetrahedron (1974), 30, 1053, 4 partir de la 3-fluorobenzaldéhyde] et de la N-(benzodioxan-
5-yl)pipérazine. \

13) La 4-(benzodioxan-5-yl)-1-[3-(benzocyclobutan-1-yl)propyl] pipérazine (R,S) et son chlorhydrate P.F.
(K) : 206-208°C, par réduction de la 4-(benzodioxan-5-yl)-1-[3-(benzocyclobutan-1-yl) propionyl] pipéra-
zine (Rendement: 65 %), elle-méme préparée avec un rendement de 37 %, a partir de l'acide 3-(benzo-
cyclobutan-1-yl)propionique (décrit dans la demande de brevet européen déposée par la demanderesse
sous le n° 90.403145.7) et de la N-(benzodioxan-5-yl)-pipérazine.
14) La 4-(benzodioxan-5-yl)-1-[(indan-2-yl)méthyl] pipérazine et son chlorhydrate P.F. (K) : 232-234°C, par
réduction de la 4-(benzodioxan-5-yl}-1-{(indan-2-yl)carbonyl} pipérazine, P.F. (K) : 160-162°C (Rende-
ment : 43 %), elle-méme préparée avec un rendementde 37 %,a partir de l'acide (indan-2-yl)carboxylique
[décrit dans J.A.C.S. (1975), 97 vol. 2, 347-353] et de la N-(benzodioxan-5-yl) pipérazine.
15) La 4-(benzodioxan-5-yl)-1-[(indan-1-yl)méthyl] pipérazine (H,S), P.F. (MK) : 87-90°C, par réduction de
la 4-(benzodioxan-5-yl)-1-[(indan-1-yl)carbonyi} pipérazine (Rendement: 70 %), elle-méme préparée avec
un rendementde 41 %, a partir de l'acide (indan-1-yl) carboxylique [décrit dans Synthesis (1987), 845) et
de la N-(benzodioxan-5-yl)pipérazine.

16) La 4-(benzodioxan-5-yi)-1-{2-(5-méthoxybenzocyclobutan-1-yl)éthyl] pipérazine (R,S) (produit huileux)
et son chiorhydrate P.F. (K) : 192-194°C, par réduction de la 4-(benzodioxan-5-yl)-1-[2-(5-méthoxybenzo-
cyclobutan-1-yl)acétyl] pipérazine (produit huileux) (Rendement: 62 %), elle-méme préparée, avec un ren-
dement de 72 %, a partir de Vacide 2-(5-méthoxybenzocyclobutan-1-yl)acétique, et de la
N-(benzodioxan-5-yl)pipérazine.
L’acide 2-(5-méthoxybenzocyclobutan-1-yl)acétique a été préparé selon la méthode décrite dans J.A.C.S.
(1975), 347, avec un rendement de 54 %,a partir du nitrile cormespondant, leque! est obtenu, avec un ren-
dementde 97 %apartir du tosylate correspondant, lui-mémepréparé, avec un rendement de 76 %, a partir
de l’alcool correspondantet de paratoluéne sulfochlorure, en milieu pyridine.
17) La 4-(benzodioxan-5-yl)-1-[2-(4,5-diméthoxybenzocyclobutan-1-yl)éthyl] pipérazine (R,S), (huile) et
son chlorhydrate P.F. (K) : 232-234°C, par réduction de la 4-(benzodioxan-5-yl)-1-{2-(4,5-diméthoxy-ben-
zocyclobutan-1-yl)acétyl] pipérazine (huile), (Rendement: 59 %), elle-méme préparée, avec un rendement
de 51,5 %,a partir de l'acide 2-(4,5-diméthoxybenzocyclobutan-1-yl)acétique, et de la N-(benzodioxan-5-
ylpipérazine.

L’acide 2-(4,5-diméthoxybenzocyclobutan-1-yl) acétique, P.F. (K) : 136-139°C, a lutbméme été obtenu,
avec un rendementde 96 %, selon la méthode décrite dans J.A.C.S.(1975), 347,a partir du nitrile corres-
pondant, P.F. (K) : 110-112°C.
18) La 4-(benzodioxan-5-y!)-1-[2-(ind-1-6n-1-yl)éthyl]pipérazine et son chlorhydrate P.F (KK) : 254-256 °C,
par réduction de la 4-(benzodioxan-5-yl)-1-[2-{ind-1-én-1-yl)acétyl]pipérazine (Rendemnt : 30 %) elle-
méme préparée avec un rendement de 66 %,a partir de |’acide 2-{ind-1-6n-1-yl)acétique [P.F (K) : 92-94
°C} et de la N-(benzodioxan-5-yl)pipérazine. :

L’acide 2-(ind-1-6n-1-yl)acétique a 6té préparé selon la méthode de H. Ahmed et N. Campbell J.C.S.
(1960), 4115-4120, avec un rendement de 90 %,a partir du 2-(indan-1-ylidéne)acétate d’éthyle, lui-méme
préparé avec un.rendement de 48 % a partir d’indan-1-one et de (C.Hs), P=>CH-COOC-,H; dansle toluaéne.
19) La 4-(benzodioxan-5-yl)-1-[2-(5,6-diméthoxyindan-1-yl)éthyl] pipérazine (R,S) et son chlorhydrate P.F
(K) : 225-226 °C (méthanol), par réduction de la 4-(benzodioxan-5-yl)-1-{2-(5,6-diméthoxyindan-1-yl)acé-
tyl]pipérazine (Rendement : 25 %), elle-méme préparée, avec un rendement de 98 %, a partir deI’acide
2-(5,6-diméthoxyindan-1-yi)acétique, P.F (K) : 151-153 °C, et de la N-(benzodioxan-5-yl)pipérazine.
L’acide 2-(5,6-diméthoxyindan-1-yl)acétique a 6té préparé avec un rendement de 79 % & partir de lester
éthylique comespondant(huile) lequel a été obtenu avec un rendement de 97 % a partir du 2-(5,6-dimé-
thoxyindan-1-ylidéne)acétate d’éthyie, lui-méme préparé avec un rendementda 25 % a partir de 5,6-dimé-
thoxyindan-1-one et de (C,Hs)3 P=CH-COOC,H, dansle toluéne.
20) La 4-(benzodioxan-5-yl)-1-[2-(indan-2-yl)éthyl]pipérazine P.F (MK) : 121-123 °C, par réduction de la
4-(benzodioxan-5S-yl)-1-[2-indan-2-yl)acétyl]pipérazine (huile) (Rendement : 64 %) elle-méme préparée,
avec un rendementde 90 % a partir de l’acide 2-(indan-2-yl)acétique P.F (M.K) : 91-93 °C et de la N-(ben-
zodioxan-5-yl)pipérazine.

L'acide 2-(indan-2-yl)acétique a été préparé a partir de lester éthylique correspondant(huile) lequel a été
obtenu avec un rendement de 98 % par hydrogénation du 2-(indan-2-ylidéne)acétate d’éthyle (huile), lui-
mémepréparé avec un rendementde 74 % a partir d’indan-2-one et de (CgHs)3 P=CH-COOC,H,;dansle
toluéne. :
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21)La 4-(benzofuran-7-y1)-1-[3-(benzocyclobutan-1-yl)propyl]pipérazine (R,S) et son fumarate P.F (M.K):
197-200 °C (méthanol), par réduction de la 4-(benzofuran-7-yl)-1-[3-(benzocyclobutan-1 -yl)propionyl]pipé-
razine (huile) (Rendement : 47 %), elle-méme préparée, avec un rendement de 57 %, a partir de l'acide
3-(benzocyclobutan-1-yl)propionique et de la N-{benzofuran-7-yl)pipérazine, préparée selon J. Med.
Chem.(1988), 31, 1934-1940.
22) La 4-(benzodioxan-5-yl)-1-[2-(indan-1-yl)éthy!]pipérazine (R,S) et son chlorhydrate P.F (K) : 220-222
°C, par réduction de la 4-(benzodioxan-5-yl) 1-[2-(indan-1-yl)acétyl]pipérazine (Rendement: 44 %), elle-
méme préparée, avec un rendement de 75 %, a partir de l'acide 2-(indan-1-yl)acétique et de la N-(benzo-
dioxan-5-yl)pipérazine.

23) La 4-(benzodioxan-5-yl)-1-{3-(indan-1 -yl)propyl]pipérazine (R,S) et son dichlorhydrate P.F (K) : 175-
185 °C, par réduction de la 4(benzod ioxan-5-yl)-1-[3-indan-1-yl)propionyl]pipérazine (huile) (rendement:
71,5 %), elle-méme préparée, avec un rendement de 85 %, a partir de i’acide 3-{indan-1-yl)propionique
(huite) et de la N-(benzodioxan-5-y1)pipérazine.
L’acide 3-(indan-1-yl)propionique a été préparé commesuit : 27 g d’ester méthylique de I’'acide 1-indane
carboxylique [obtenu selon la méthode de F.M Nongrunet 8. Myrboh, Synthesis (1887) 9, 845-846], dans
200 m! d’hydroxyde de sodium et 200 mi d’éthanol, sont agités une nuit a température ambiante. Aprés
acidification a l’acide chlorhydrique concentré, on obtient 8 g d’acide 1-indane carboxylique P.F (K) 65 °C
(Rendement: 30 %).

8 g de I'acide ainsi obtenu dans 200 mi de tétrahydrofurane sont ajoutés a une suspension de 1,55 g
d’hydrure de lithium aluminium dans 40 mi de tétrahydrofurane et agités une nuit A température ambiante.
Aprés hydrolyse par 1,07 ml d'eau puls 0,86 ml d’hydroxyde de sodium a 20 %, et enfin 4 mi d’eau, éva-
poration du solvant,le résidu estdistillé au Kiigelrohr. On obtient 4,3 g de 1-indane méthanol (huile-Eb/o95
mmHg : 70-75 °C) (Rendement: 58 %).
10 g de cet alcool et 19 g de p-toluane sulfochtorure sont agités dans 80 ml de pyridine pendant 18 heures.
Aprés évaporation du solvant,le milieu est lavé a l’eau et extrait a CH.Cl2. On obtient 14 g de tosylate de
1-indane méthanol sous forme d’huile, avec un rendement de 70 %.
5 g du tosylate ainsi obtenu dissous dans 5 ml d’éthanol! sont ajoutés au mélange de 3,2 g de malonate
de diéthyle lui-méme ajouté goutte 4 goutte a une solution d’éthylate de sodium obtenue& partir de 0,46
9 de sodium dans 10 m! d’éthanol. Le milieu réactionnel est alors amené et maintenu au reflux pendant
18 heures. Aprés dilution a l'acide chlorhydrique, on extrait fe produit a l’acétate d’éthyle et le purifie sur
colonnedesilice en éluant avec CH,Cl./cyciohexane (40/60). On obtient ainsi, avec un rendement de 56
%, Vester éthylique del'acide 3-(indan-1-yl)-2-éthoxycarbony! propionique.
Onporte a reflux 2,3 g de cet ester dans 5 mi d’eau et 2,5 g d’hydroxyde de potassium pendant2 heures.
Aprésacidification par HCl, on obtient 1,8 g d'acide 3-(indan-1-yi)-2-carboxy propionique, P.F (K) : 150-152
°C, (Rendement: 96 %).
1,8 g de ce diacide ainsi obtenu sont portés a reflux dans la N,N-diméthylacétamide pendant 2 heures 30.
Onobtient, aprés dilution a l"eau et extraction a I'éther, 1,3 g d'acide 3+{indan-1-yl)propionique sous forme
d’huile, avec unrendementde 89 %.
24) La 4-[benzo(1 »)dioxépin-6-yl}-1 -[3-(benzocyclobutan-1-y!)propyi] pipérazine (R,S) et son chlorhydrate
P.F (M.K) : 262-265 °C, par réduction dela 4-[benzo(1,5)dioxépin-6-y1}-1-[3-(benzocyclobutan-1-y!)propio-
nyl]pipérazine (huile) (Rendement : 37 %), elle-méme préparée avec un rendementde 30 % & partir de
acide 3-benzocyclobutan-1-yl)propionique et de la N-{benzo(1,5)dioxépin-6-yl]pipérazine.
25) La 4-(benzodioxan-5-yl)-1-[3-(indan-2-y1)propyl]pipérazine et son chlorhydrate P.F (K) : 210 °C, par
réduction de la 4-(benzodioxan-5-yl)-1-{3-(indan-2-y1)propionyl]pipérazine {Rendement: 50 %), elle-méme
préparée avec un rendement de 86 % a partir de acide 3-(indan-2-yl)propionique, P.F (K) : 75-78 °C, et
de la N-(benzodioxan-5-yl) pipérazine.

L'acide 3-(indan-2-yl)propionique a été préparé avec un rendement de 68 % a partir de l’acide 3-indan-
2-yl)-2-carboxy propionique, lequel a été préparé, avec un rendement de 44 %, a partir du diéthy! ester
correspondant, qui est lui-méme obtenu, avec un rendement de 69 %, & partir du mésylate d’(indan-2-yi-
)éthyle et du di(éthoxycarbonyl)méthane.
26) La 4-(benzodioxan-5-y1)-1 -{3-(3-chlorobenzocyclobutan-1-y!) propyl] piperazine (R,S) et son dichlor-
hydrate P.F (M.K) : 223-226 °C, par réduction de la 4-(benzodioxan-5-y1}-1-[3-(3-chiorobenzocyclobutan-
1-yl)propionyl]pipérazine P.F (K) : 135-140 °C (Rendement : 84 %) elle-méme préparée, avec un
rendementde 74 %,a partir de l'acide 3-(3-chlorobenzocyclobutan-1-yl)propionique (huile) et de la N-(ben-
zodioxan-5-yl)pipérazine.

L’acide 3-(3-chlorobenzocyclobutan-1-yl)propionique a été préparé, avec un rendementde 61 %, a partir
de l'acide 3-(3-chlorobenzocyclobutan-1-yl)-2-carboxy propionique P.F (K} : 190-192 °C, lequel a été pré-
paré, avec un rendement de 100 %,a partir du diéthylester correspondantlui-méme obtenu, avec un ren-
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dement de 30 %, a partir du tosylate de (3-chlorobenzocyclobutan-1-yl)méthyle et du di(éthoxycarbo-
nyl)méthane.
27) La 4-(benzodioxan-5-yl)-1-(2-(1,2,3,4-tétrahydronaphtalén-1-y1)éthyl] pipérazine (R,S) et son chlorhy-
drate P.F instantané : 250-252 °C (acétonitrile) par reduction de la 4-(benzodioxan-5-yi}-1-[2-(1,2,3,4-tétra-

hydronaphtalén-1-yl)acéty!]pipérazine - elle-méme préparée a partir de Vacide
(1,2,3,4-tétrahydronaphtalén-1-yl)acétique et de la N-(benzodioxan-5-yl)pipérazine.
L’acide (1,2,3,4-tétrahydronaphtalén-1-yl)acétique a lutméme été préparé a partir du 1-éthoxycarbonyl-
méthyl 1,2,3,4-tétrahydronaphtaléne lequel est obtenu a partir du 1-éthoxycarbonylméthyi 3,4-dihydro-
naphtaléne [cf. J. Chem. Soc. (1960), 4115-4120], luiméme préparé a partir de
1,2,3,4-tétrahydronaphtalén-1-one.
28) La 4-(benzodioxan-5-yl}-1-(2-(benzocycloheptan-1-yl)éthyl]pipérazine (R,S) et son dichliorhydrate P.F
(M.K) : 179-186 °C, par réduction de la 4-benzodioxan-5-yl)-1-(24benzocycloheptan-1-yl)acétyl]pipéra-
zine, elle-méme préparée a partir de acide (benzocycloheptan-1-yl)acétique et de la N-(benzodioxan-5-
yl)pipérazine. ,
L'acide (benzocycloheptan-1-yl)acétique a été préparé a partir de 1-é6thoxycarbonylméthyl benzocyclohep-
tane, lui-m&me préparé a partir de benzocycloheptan-t-one.
23) La 4-(benzodioxan-5-yl)-1-[2-(benzocyclohept-1-én-1-yl)éthyl] pipérazine et son chlorhydrate P.F
(M.K) : 233-236 °C par réduction de la 4-(benzodioxan-5-yl)-1-[(benzocyclohept-1-én-1-yl)acétyl]pipéra-
zine, elle-méme préparée a partir de l’acide (benzocyclohept-1-én-1-yljacétique et de la N-(benzodioxan-
5-yl)pipérazine...
L'acide (benzocyclohept-1-én-1-yl)acétique a été préparé a partir du 1-éthoxycarbonylméthyl benzocycio-
hept-1-éne, lui-méme préparé a partir de benzocycloheptan-1-onetraité par

0
i

(C2H50)2 -P-~CH2-CO0C2H5

et NaH dansle tétrahydrofurane, puis séparation des deux isoméres exocycliques insaturés cis et trans
également formés, en opérant par chromato-flash sursilice en éluant avecle toluéne.

Exemple 30 :

ETUDE PHARMACOLOGIQUE

Les dérivés de la présente invention ont été étudiés comparativementa la Buspirone, produit de référence

connuatitre de ligand des récepteurs sérotoninergiques 5 HTia.

A) Méthodologie :

Les essais ont 6té réalisés sur des rats Wistar males de 200 a 220 g ayantlibre accés a leur nourriture et

a‘ leur eau de boisson, dans des cages standards.
Les animaux sont isolés individuellementpour les essais d'hypothermie, de secrétion de corticostérone et

de position affaissée du corps (Flat Body Posture) ou réunis par goupes de troispourle test des battements
de la queue (Tail-Flicks).

La température du laboratoire est maintenue a 21+ 1 °C sous une humidité de 60 + 5 %.Ils sont soumis
a un cycle lumiére/obscurité de 12 heures/12 heures (le cycle lumiére commengant a 7 h 30 du matin).

1) Etudein vitro - Test de Binding;

L’hippocampeissu des cerveaux de rats décapités a été immédiatement congélé sur glace carboniquepuis
conservé a - 80 °C jusqu’a la préparation des membranes.Le tissus a 6té homogénéisé a 4 °C dans le tampon
approprié en utilisant un Polytron (Instruments Brinkman-Lucerne - Suisse) et centrifugé a 20.000 tours/mn.

L'incubation a été faite a 25 °C pendant 30 mn.La liaison non spécifique a 6té définie par 10 j:zmole de 5
HT. Les essais ont été terminésparfiltration rapide a !’aide d’un collecteur de Brande! sur des filtres en fibre
de verre prétraités avec 0,1 % de polyéthyléne imine.

- Pour chaqueligandfroid, on a pris en compte un minimum de 3 valeurs produisant une inhibition entre 20
et 80 % de Ia liaison du ligand chaud. Les valeurs de concentrationsinhibitrices 50 (ICs) ont 6t6 déterminées
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selon le procédé 8 de Tallarida R.J et Murray R.B., Manual of Pharmacological calculations with computerpro-
grams, Springer Cerlag, New York, (1987). .

Le pKi a été calculé selon la formule :

C50
PKi = - log /——_—"

t+(LI/Kd

danslaquelle [L] est la concentration du ligand chaud ({13]H-8-OH-DPAT,0,4 nM) et Kd est la constante de
dissociation apparente déterminée a partir des expériences de saturation.

Les substances étudiées ont été solubilisées dansle tampon d’incubation.

2) Etudein vivo

a/ Processus généralconcernant las tests d’activités agonistes et antagonistes sur les récepteurs SHT,,.
Les composésa étudier ont été administrés par voie sous-cutanée(s.c) 60 minutes avantle début du test

c'est a dire 30 minutes avantle solvant (réponses agonistes) ou le 8-OH-DPAT (réponses antagonistes).
Danstous les essais fe solvantest utilisé en parallale commecontréle. Les animaux ont été laissés au

repos dans leur cage pendant le temps compris entre les injections et I'évaluation. Pour les études agonistes,
le solvant a été administré a 1 mi/kg s.c. 30 minutes avantle début du test. Pour les études antagonistes, on
a choisi des doses de 8-OH-DPATinduisant des réponses sous-maximales soit des doses de 0,63-0, 16-0,16
et 0,16 mg/kg s.c. respectivement pourles tests de Tail-Flicks, Flat Body Posture, Sécrétion de Corticostérone
et d’Hypothermie. .

b/ Position affaissée du corps (Flat Body Posture ou FBP) et Sécrétion de Corticostérone (CS).

Les mémes animaux ont été employés pourévaluer influence des composés étudiés sur le FBP et surla
détermination de la concentration plasmatique de CS. Tousles essais ont 6té réalisés le matin entre 10 h 30
et 12 h 30, soit lorsque les taux circadien de CS sontles plus faibles.

25 minutes aprés le traitement(soit 5 minutes avantla décapitation) les animaux sont observés dansleurs
cageset on note la présence ou non de FBP.

La présence de F&Pestdéfinie par une position caractéristique de l’animal. Celui-ci est alors en position
de decubitus ventral avec les membres postérieurs nettement en extension. 5 minutes aprés l'observation de
FBP,les animaux sont décapités et le sang du tronc est recueilli dans des tubes refroidis contenant 50 pl d’une
solution de EDTA & 10 % . Aprés centrifugation a 4000 tours/mn, le plasma est prélevé et conservé a - 30 °C
jusqu’au dosage.

La CS a été déterminée enutilisant un dosage radio-compétitif pour une protéine plasmatiquefixant la CS :
la trancortine. Celle-ci est obtenue a partir d'un sénum de singe. La séparation des complexes CS-transcortine
de la CSlibre a été réalisée au moyen d'une solution de Dextran et de charbon actif. La limite de détection
était de 50 pg/tube. Les variations de dosageintra- et inter-expériences étaient respectivementde 5 et 15 %
[cf Rivet J.M.et al, Eur. J. Pharmacol., 183, 634-635 (1990).

Les taux de base de CS dansle plasma n’étantjamais z6ro, on a utilis6, pour calculerle pourcentage d’inhi-
bition de CS plasmatique induite par 8-OH-DPAT,!a formule suivante :

. ae Antagoniste + Agoniste}- Anta iste seul
% dinhibition = 100x (Solvant + Agoniste)-Solvant seul  

 

 

c/ Température corporelle (CT)

Les rats sont immobilisés et un thermométre digital lubrifié (Thermistoprobe de Testotherm, Bale, suisse)
est inséré dansle rectum a une profondeur de 5 cm. 30 secondes aprés l'insertion, la température est lue sur
une échelle digitale. Le pourcentage d’inhibition est calculé a l'aide de la formule citée précédemment.
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d/ Test spontané de Tail Flicks : (STF)

Les battements de la queue on été déterminés sur des animaux maintenus dansdescylindres en plastique
opaque horizontaux, la queue des animaux pendantlibrement sur le bord dela paillasse de laboratoire. Aprés
5 minutes d’adaptation, on enregistre le nombre de mouvements émis en 5 minutes. Un STF est défini comme
étant une élévation de la queue a un niveau supérieur a celui de l’axe du corps [Millan M.J. et al., J. Pharmacol.
Exp. Ther., 256, 973-982 (1990)].

e/ Analyse desrésultats in vivo

— En général, aprés analyse de variance, les résultats sont soumis au test de Dunett. Les résultats sont
tenus poursignificatifs si p<0,05.
~ Pourl’analyse des courbes dose-réponse concernant!’induction des STF, CS et Hypothermie, ona déter-
minéla doseefficace minimale (M.E.D) en mg/kg, c’est a dire la dose qui induit une réponsesignificative-
mentdifférente de celle produite parle solvant.

— Pourl’analyse des courbes dose-réponse concernantl'inhibition de STF, CS, et Hypothermie, les valeurs
iIDso -en mg/kg (dose réduisant de 50 % I’action de 8-OH-DPAT) ont été calculées ainsi queles limites de
confiance 4 95 % enutilisant une méthodeinspirée de la méthode de Finney(1 964).
— Pour la dose-réponse d’induction et d’inhibition du FBP, les doses efficaces 50 (EDso) (doses pourles-
quelles 50 % des animaux montrent une réponse) ont été calculées par la méthode de Litchfield et Wil-
coxon. ,

fi Composés étudiés

Les doses des composés testés sont toutes exprimées en terme de base. Sauf mention contraire, tous les
composésont6té dissous dans de!’eau stérile (additionnée si nécessaire de quelques gouttes d'acide lactique)
et administrés a un volume de 1 mi/kg s.c.

B) Résultats :

Les résultats sont regroupés dansles tableaux 1 et 2 ci-apras.

12
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Tableau 1

Binding des récepteurs 5 HT 4,

AFFINITEECULEMOL (pki)
Produit de référence: 7,93

BUSPIRONE
 
 

 

  

 

Exemple 1

Exemple 3

Exemple 4 8,85
Exemple 5

Exemple 7

Exemple 8

Exemple 9

Exemple 12

ooo

Exemple 13

Exemple 14

Exemple 15

Exemple 16 8,85
Exemple 17

Exemple 18

' Exemple 19 8,83
Exemple 20

 
Exemple 213

: Exemple 22 8,80
Exemple 23

 
 Exemple 24  
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C) Conclusion :

L'examendes résultats repertoriés dansles tableaux 1 et 2 montre que les composés de la présente inven-
tion ont un comportementantagoniste des récepteurs 5HT,, contrairementa la buspirone qui, bien que sefixant
également sur les récepteurs SHT1A, a un comportementagoniste.

D'ots!’intérét des composés de la présente invention dansle traitement des maladies du systéme nerveux
central et des maladies neuroendocriniennes.

Revendications

 
1) Les pipérazines 1,4-disubstituées de formule générale 1 : bie “N

(I)

NAc

X3

dans laquelle :
- — XX, Xp et Xa:

— identiques ou différents, représentent chacun : un atome d’hydrogéne ou d’halogéne,un radical alkyle
en chainedroite ou ramifiée contenant de 1 4 5 atomes de carbone, unradical hydroxy, un radical alcoxy
ou alkylthio contenant chacun de 1 4 5 atomes de carboneen chainedroite ou ramifiée, un radicaltri-
fluorométhyle, un radical nitro, un radical amino, ou un radical acétamido, ou
— deux d’entre eux pris en position adjacente forment ensemble un radical méthylénedioxy ou unradical
éthylénedioxy ;

— R, représente un atome d’hydrogéne ou unradical alkyle en chaine droite ou ramifiée contenant de 1a
5 atomes de carbone;

--D == E-représente : -(CH2),-(CH2}- ou -CH=CH-
—m etn représentent chacunles valeurs zéro, un, deux ou trois a condition que m +n soit = 1.
— p représente zéro ou un nombre entier de 1 a 6, et
— -A-B- représente un des radicaux de formule :

-(CH2)2-O- ; -(CH2)3-O- ; -CH=CH- ; -CH.-CH;- et

we cond~C-CH=CH- career
0

sous formes racémiques et optiquementactives.

2) Les sels physiologiquementtolérables des dérivés de la revendication 1 avec des acides appropriés.
3) La 4(benzodioxan-5-yl)-1-(2-(benzocyclobutan-1-yl)éthyipipérazine (R,S) et son dichlorhydrate.
4) La 4-(benzodioxan-5-y1)-14(2-(3-chlorobenzocyclobutan-1-yl)éthy!] pipérazine (R,S) et son dichlorhy-

drate.

5) La 44benzodioxan-5-yl)-1-(indan-2-yl)pipérazine.
6) La 44benzodioxan-5-yl)-1-(4-(benzocyclobutan-1-y!)butylpipérazine (R,S) et son fumarate.
7) La 4-{benzo (1,5) dioxépin-6-yl]-1-(indan-2-yl)pipérazine.
8) La 4-{benzodioxan-5-yl)-1-(2-ind-1-én-1-yl)éthyl]pipérazine et son chlorhydrate.
9) La 4.{benzodioxan-S-yl)-1-(2-indan-1-yi)éthyl]pipérazine (R,S) et son chlorhydrate.
10) Le procédé de préparation des dérivés de la revendication 1 caractérisé en ce que l'on condense:
~ une pipérazine N-monosubstituée de formute générale II:
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(TI)

danslaquelle le groupe -A-B- a la signification définie dans fa revendication 1,
~- avec un dérivé de formule généraleIII :

XY Vn
_X2 “SE

X3

danslaquelle :

— X1, Xz, X3, Ry, -D — E-, metpontles significations définies dans la revendication 1,
et

— X représente un atome d’halogéne,ou un radical mésyloxy ou tosyloxy.
11) Le procédé de préparation selon la revendication 10 caractérisé en ce que l'on effectue la condensation

des dérivés Il et Ill dans un solvant approprié, a une température comprise entre 20 et 150°C, en présence
d’un accepteur de l’acide formé au cours de la réaction.

12) Le procédé de préparation des dérivés de !a revendication 1 répondanta la formule généraleI’ :

xy (CH2)p'— y N
Ps \S/SX2 x, 0 (I')

K ~ a”
X3

danslaquelle :

— X1, X2, Xz, Ris - D— E-, met -A-B- ont les significations définies dans la revendication 1, et
— p’ représente un nombre entier de 1 a 6,

caractéris6 en ce que :
~ l'on condense:

— la pipérazine N-monosubsituée de formule générale 1! définie dans la revendication 10, avec
— un dérivé de formule générale IV :

Xx] Bye — COOH
Xo ‘Ee

Xx (IV)
X3

16
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dans laquelle :

— Xi, Xo, Xq, Ry, -D =, E-,metp’ ontles significations précédemment définies 3 et
— lon réduit l'amide ainsi obtenue de formule générale V :

SN

xy p. _§H2)p'.1 -co —N N

Xo "E

(CH2)m“*Ry Nac (Vv)
X3

danslaquelle

— X, Xz, X3, Ry, -D = E-,m, p’ et -A-B- ontiles significations précédemment définies.
13) Le procédé de préparation sefon larevendication 12 caractérisé en ce quel'on effectue la condensation

des dérivésII et IV dansle chlorure de méthyléne en présencede carbonyldiimidazole.
14) Le procédé de préparation selon la revendication 12 caractérisé en ce queI’on effectue la réduction

de I'amide V au moyen d’un hydrure double de lithium-aluminium dans un solvant approprié.
15) Les compositions pharmaceutiques contenant comme principe actif un dérivé selon une des revendi-

cations 1 a 9 avec des excipients pharmaceutiques appropriés.
16) Les compositions pharmaceutiques selon la revendication 15, présentées sous une forme convenant

notammentpourle traitement des maladies du systéme nerveux central et des maladies neuroendocriniennes.
17)A titre de produits intermédiaires nouveaux utilisables dansla synthése des dérivésI’, les amides de

formule générale V :

. f oN

xy p,(CH2)p*-1 -co —N N

X2 “E

(CH2)m R41 a“ (Vv)
X3

danslaquelle :

— Xy, Xz, X3, Ry, -D x. E-.m, p’ et -A-B- ont les significations définies dansla revendication 12.

Revendications pour I’Etat contractant sulvant : ES

1) Le procédé de préparation des pipérazines 1,4-disubstituées de formule générale I: ,

fN

Se / (1)Xo x 0 3
(CHa)m “Sp, Sa

x3

danslaquelle :

_ Xp Xe et X3 :
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— identiquesou différents, représentent chacun : un atome d’hydrogéne ou d’halogéne,un radical alkyle
en chainedroite ou ramifiée contenant de 1 a 5 atomes de carbone,un radical hydroxy, un radical alcoxy
ou alkylthio contenant chacun de 1 a 5 atomes de carbone en chainedroite ou ramifiée, un radical tri-
fluorométhyle, un radical nitro, un radical amino, ou un radical acétamido, ou
— deux d’entre eux pris en position adjacente forment ensemble un radical méthylénedioxy ou un radical
éthylénedioxy;

— R, représente un atome d’hydrogéne ou un radical allyle en chaine droite ou ramifiée contenant de 1 a
5 atomes de carbone;

--D = E-représente : -~(CH-),-(CH2)- ou -CH=CH-
— metn représentent chacun les valeurs zéro, un, deux ou trois A condition que m t.n soit 1.
— p représente zéro ou un nombre entier de 1 a 6, et
— -A-B- représente un des radicaux de formule :

~(CH2)2-O- ; -(CH2)3-O- ; -CH=CH- ; -CH2-CH- et

-C-CH=CH-.a

oO

sous formes racémiques et optiquementactives,
ainsi que leurs sels physiologiquementtolérables avec des acides appropriés,
caractérisé en ce que l’on condense -

— une pipérazine N-monosubstituée de formule générale II :

(IT)

dans laquelle fe groupe -A-B- a la signification précédemmentdéfinie,
— avec un dérivé de formule généraleIll :

Xo ‘NE
II(ction * 9, (111)

X3

dans laquelle : .

~ X4, X2, X3, Ry, -D — E-, metpontles significations précédemmentdéfinies ,
et

— X représente un atome d’halogéne, ou un radical mésyloxy ou tosyloxy ;
~ et si on le désire, on traite les dérivés | ainsi obtenus avec des acides appropriés pour donnerles sels
d’addition acides correspondants.

2) Le procédé de préparation selon la revendication 1 caractérisé en ce que |’on effectue la condensation
des dérivés Ii et Il! dans un solvant approprié, a une température comprise entre 20 et 150°C, en présence
d’un accepteurde I'acide formé au cours de la réaction.

3) Le procédé de préparation des dérivés (1) répondanta la formule générale I’ :

18
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x4 (CH2)p'— y N
D \ y

X K (I')5 2 °E ‘

XK 0 B
(CH2)m “Ry SAT

X3

10

dans laquelle :

— X1, Xa, X3, Ry,-D = E-, met -A-B- ontles significations définies dans la revendication 1, et
— p’ représente un nombreentier de 1a 6,

15+Caractérisé en ce que;
~ l'on condense :

— la pipérazine N-monosubsituée de formule généraleIl définie dans la revendication 1, avec
— un dérivé de formule générale IV :

20

xy p.._SCH2)p'_1 — coon~‘ x

Xo ‘S

x (IV)
25 (CH2)m Ry

X3

danslaquelle :

30 ~ X, Xo, X3, Ry, - D— E-, metp’ ontiles significations précédemmentdéfinies > et
— l'on réduit l’'amide ainsi obtenue de formule générale V :

35 / \
Xy D (CH2)p'_) ~co—n N

Xo °E

40 (CH2)m Ry Nac (Vv)
X3

danslaquelle :

45 ~ X+, Xz, Xz, Ry, -D— E-, m, p’ et -A-B- ont les significations précédemmentdéfinies ;
— et si on le désire, on traite les dérivésI’ ainsi obtenus avec des acides appropriés pour donnerles sels
d’addition acides correspondants.

4) Le procédé de préparation selon ta revendication 3 caractérisé en ce que l'on effectue Ja condensation
des dérivés II et IV dansle chiorure de méthyléne en présence de carbonyidiimidazole.

50 5) Le procédé de préparation selon la revendication 3 caractérisé en ce que I’on effectue la réduction de
l'amide V au moyen d'un hydrure double delithium-aluminium dans un solvant approprié.

6) Le procédé de préparation des amides de formule générale V :

55
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xy >. ,(CH2)p'-1 -co—N N

Xo “E

(CH2)m Ry Nac (Vv)
x3

danslaquelle

— X1, Xz, X3, Ri - D == E-,m,p’ et-A-B- ont les significations définies dans la revendication 3,
caractérisé en ce que l’on condenseles dérivés I! et Il commeinclus dans la revendication 3.

Revendications pour l’Etat contractant suivant : GR

1) Le procédé de préparation des pipérazines 1,4-disubstituées de formule générale | :

Xo “SE (I)
x 0. U3

(CH2)m “‘R, aw
X3

danslaquelle :

- My Xe et X3 ‘

~ identiquesou différents, représentent chacun : un atome d’hydrogéneou d’halogéne,un radicalalkyle
en chainedroite ou ramifiée contenant de 1 4 5 atomes de carbone,un radical hydroxy, un radical alcoxy
ou alkylthio contenant chacun de 1 a 5 atomes de carbone en chainedroite ou ramifiée, un radicaltri-
fluorométhyle, un radical nitro, un radical amino, ou un radical acétamido, ou
— deux d’entre eux pris en position adjacente forment ensemble unradical méthylénedioxy ou unradical
éthylénedioxy ;

~ R, représente un atome d’hydrogéneou un radical alkyle en chaine droite ou ramifiée contenant de 1a
5 atomes de carbone;

--D *=- E -représente : -(CH2),-(CH2)- ou -CH=CH-
- m et n représentent chacun les valeurs zéro, un, deux ou trois a condition quem+n soit = 1.
— p représente zéro ou un nombre entier de 1 a 6, et

~— -A-B- représente un des radicaux de formule :
~(CH2)2-O- ; -(CH2)g-O~ ; -CH=CH- ; -CH,-CH;- et

~C-CH2CH- .
oO

sous formes racémiqueset optiquementactives,

ainsi que leurs sels physiologiquementtolérables avec des acides appropriés,
caractérisé en ce que l'on condense : —

— une pipérazine N-monosubstituée de formule généraleII :

20
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fo\
HN N

(II)
0 B

“a a“

danslaquelle le groupe -A-B- a la signification précédemmentdéfinie >
— avec un dérivé de formule généraleIII :

X4 D (CH2)p — x

X2 ‘NE

(cada % 9, (III)
X3

danslaquelle :

— X1, X2, X3,R1,-D— E-, met P ont les significations précédemmentdéfinies ’et

~ Xreprésente un atomed’halogéne, ou un radical mésyloxy ou tosyloxy ;
— et si on le désire, on traite les dérivés I ainsi obtenus avec des acides appropriés pour donnerles sels
d’addition acides correspondants.
2) Le procédé de préparation selon la revendication 1 caractérisé en ce que I’on effectue la condensation

des dérivés Il et III dans un solvant approprié, a une température comprise entre 20 et 150°C, en présence
d'un accepteurde I’acide formé au cours de la réaction.

3) Le procédé de préparation des dérivés (I) ré6pondanta la formule générale ft’:

" D xo N
Xo Eg (I')

x 8
(CH2)m Ry “az

X3 :

dans laquelle :

— X1, X2, Xs, Ry, - Da: E-, met-A-B- ont les significations définies dans la revendication 1, et
— Pp’ représente un nombre entier de 1 4 6,

caractérisé en ce que:
— l'on condense :

— la pipérazine N-monosubsituée de formule généraleII définie dans la revendication 1, avec
— un dérivé de formule générale IV : :
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*y p..,(CH2)p*_1 — coon“x x

Xo ‘Y E

X (IV)
X3

dans laquelle :

— X, Xz, X3, Ry, - D =: E-,metp’ ont les significations précédemment définies ; et
~ l'on réduit l'amide ainsi obtenue de formule générale V :

SN

xy p<, (CH2)pt_-1 - co —N N
a XK \ /

Xo "E

(CH2)m Ry “AZ (vy
X3

danslaquelle :

— X1, X2, X3, Ry, -D — E-,m, p’ et -A-B- ont les significations précédemment définies ;
— et si on le désire, on traite les dérivés I’ ainsi obtenus avec des acides appropriés pour donnerles seis
d’addition acides correspondants.

4) Le procédé de préparation selon la revendication 3 caractérisé en ce que l'on effectue la condensation
des dérivésII et IV dans le chlorure de méthyléne en présence de carbonyldiimidazole.

5) Le procédé de préparation selon la revendication 3 caractérisé en ce que l'on effectue la réduction de
l'amide V au moyen d’un hydrure double delithium-aluminium dans un solvant approprié.

6) Le procédé de préparation des amides de formule générale V :

xy >.,(CH2)p'-1 -co—N N

Xo "E

(CH2)m “Ry Nac (Vv)
X3 :

dans laquelle

— X4, X2, Xz, Ry, - Do E-, m,p’ et -A-B- ont les significations définies dans la revendication 3,
caractérisé en ce que l’on condenseles dérivés II et Hl commeinclus dansla revendication 3.
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PIPERIDINES AND PIPERAZINESeeeee

Summary of the Invention

The invention relates to novel piperidine and piperazine

derivatives of the formula I

Ind-Q-N_;{ZR! I

wherein

Ind is an indol-3-yl radical which is unsubstituted or mono-

or polysubstituted by OH, OA, CN, Hal, COR? or CH,R?,
R* is benzofuran-5-yl or 2,3-dihydrobenzofuran-5-yl, chro-

man-6-yl, chroman-4-on-6-yl, 3-chromen-6-yl or chromen-
4-on-6-yl, which is unsubstituted or monosubstituted by
CN, CH,OH, CH,OA or COR’, .

Q is C,Hons

Zz is N or CR’,

A is alkyl having 1-6 C atoms,

Hal is F, Cl, Br or I,

R? is OH, OA, NH,, NHA or NA,,

R? is H, OH or OA and

m is 2, 3 or 4,

and to their physiologically acceptable salts.

An object of the invention is to provide novel compounds

capable of being used for the preparation of drugs.

Upon further study of the specification and appended

claims, further objects and advantages of this invention will

become apparent to those skilled in the art.

It has been found that the compounds of the formula I

and their physiologically acceptable acid addition salts

possess valuable pharmacological properties. Thus, in par-
ticular, they are active on the central nervous system, espe-

cially in terms of 5-HT,,-agonist and 5-HT-reuptake inhibi-

tion. The compounds are furthermore active as serotonin

agonists and antagonists. They inhibit the binding of triti-
ated serotonin ligands to hippocampal receptors (Cossery et

al., European J. Pharmacol., 140:143-155 (1987)). They also

modify the accumulation of DOPA in the corpus striatum and

the accumulation of S-HTP in the nuclei raphes (Seyfried et

al., Buropean J. Pharmacol., 160:31-41 (1989)). They also
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have analgesic and hypotensive effects; thus, in catheter-

ized, conscious, spontaneously hypertensive rats (strain:

SHR/Okamoto/NIH-MO-CHB-Kisslegg; method: . q.v. Weeks and

Jones, Proc. Soc. Exptl. Biol. Med., 104:646-648 (1960)), the

directly measured blood pressure is lowered after oral ad-

ministration of the compounds. They are also useful for

prophylaxis and control of the sequelae of cerebral in-

farction (apoplexia cerebri) such as stroke and cerebral

ischaemia.

Compounds of the formula I and their physiologically ac-

ceptable acid addition salts can, therefore, be used as ac-

tive ingredients for anxiolytics, antidepressants, antipsy-

chotics, neuroleptics, and/or antihypertensives, and also as

intermediates for the preparation of other pharmaceutical

active ingredients.

The invention relates to the piperidine and piperazine

derivatives of the formula I and to their physiologically

acceptable acid addition salts.

The radical A is alkyl having 1, 2, 3, 4, 5 or 6 C

atoms, especially 1 or 2 C atoms, preferably methyl and also

ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or tert-butyl.
OA is preferably methoxy and also ethoxy, n-propoxy, isopro-

poxy, n-butoxy, isobutoxy, sec-butoxy or tert-butoxy. NHA is
preferably methylamino and also ethylamino, isopropylamino,

n-butylamino, isobutylamino, sec-butylamino or tert-butyl -

amino. NA, is preferably dimethylamino and also N-ethyl-N-

methylamino, diethylamino, di-n-propylamino, diisopropylamino
or @adi-n-butylamino.

Analogously, CO-NHA is preferably N-methylcarbamoyl or

N-ethylcarbamoyl; CO-NA, is preferably N,N-dimethylcarbamoyl

or N,N-diethylcarbamoyl .

The radical Ind is an indol-3-yl radical which is unsub-

stituted or mono- or, for example, disubstituted by the

radicals indicated. Preferably, it is substituted in the

5-position. Substitution in the 4-, 6- or 7-position is

also suitable. Furthermore, substitution in the 1- or 2~po-
sition is possible. Preferred substituents on the indol-
3-yl radical are OH, OA, CN, CONH,, CH,OH, but also CO,H,
F, Cl, Br, I, CH,NH,, CONHA or CONA,, where A preferably
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~3-

corresponds to methyl or ethyl.

The radical R'! is preferably benzofuran-5-yl,

2,3-dihydrobenzofuran-5-yl, chroman-6-yl or
chromen-4-on-6-yl, which is unsubstituted or monosub-

stituted by -CH,OH, -CONH,, -CO,A or -CO,NHA.

Q is preferably -(CH,),-, but also -(CH,),- or

-(CH,),-, while Z is preferably -N-, -C(OH)- or -CH-.

Accordingly, the invention relates particularly

to those compounds of the formula I in which at least one
of said radicals has one of the meanings indicated above,

especially one of the preferred meanings indicated above.
Some preferred groups of compounds can be expressed by
the following partial formulae Ia to Ig, which correspond
to formula I and in which the radicals and parameters not

described in greater detail are as defined for formula I,
but in which:

in Ia, Ind is an indol-3-yl radical substituted in the 5-

position by OH or OA;

in Ib, Ind is an indol-3-yl radical substituted in the 5-

position by CONH, or by CN;

in Ic, 2 is N and R? is substituted or unsubstituted

benzofuran-5-yl;

in Id, Z is -C(OH)- and R* is substituted or unsub-

stituted benzofuran-5-yl;

in Ie, Z is N and R! is 2,3-dihydrobenzofuran-5-yl;

in If, 2 is N and R’ is chroman-6-yl;
in Ig, 2 is N and R’ is chromen-4-on-6-yl.

Especially preferred compounds are those of

partial formulae Ih and Iah to Igh, which correspond to

partial formulae I and Ia to Ig, but in which

additionally:

Q is -(CH,),--

The invention further relates to a process for

the preparation of indole derivatives of the formula I

and their salts, characterized in that a compound of the

formula II

Ind-Q-x!? IT
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wherein

x} is X ox NH,,

X is Cl, Br, I, OH or an OH group functionally

modified to form a reactive group, and

Ind and Q are as defined,

is reacted with a compound of the formula III

X?= (CH, ),-ZR?— (CH,).-X? III

wherein

X? and xX?

can be identical or different and are each X if X' = NH,

oer are together NH in other cases, and

Z and R’ are as defined,

or in that to prepare a compound of the formula I in

which Z is N, a compound of the formula IV

Ind~Q-N (CH,-CH,-X), Iv

wherein

X, Q@ and Ind are as defined,

is reacted with a compound of the formula V

R!-NH, V

wherein

R? is as defined,

or in that a compound which has formula I except that one

oer more hydrogen atoms have been replaced by one or more

reducible groups and/or one or more additional C-C and/or

C-N bonds are treated with a reducing agent,

or in that a compound which has formula I except that one

or more hydrogen atoms have been replaced by one or more

solvolyzable groups is treated with a solvolyzing agent,

and/or in that an OA group is optionally cleaved to form

an OH group, and/or an Ind group and/or an Ar group is

converted into another Ind and/or Ar group, and/or in

that a resulting base or acid of the formula I is

converted into one of its salts by treatment with an acid

or base.
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The compounds of the formula I are otherwise

prepared by methods known per se, such as those described

in the literature (e.g. in the standard works such as

Houben- Weyl, Methoden der Organischen Chemie (Methods of

Organic Chemistry), Georg-Thieme-Verlag, Stuttgart;
Organic Reactions, John Wiley & Sons, Inc., New York;

German Offenlegungsschrift 41 01 686), namely under
reaction conditions such as those which are known and

suitable for said reactions. It is also possible to make

use of variants known per se, which are not mentioned in

greater detail here.

If desired, the starting materials for the

claimed process can also be formed in situ in such a way

that they are not isolated from the reaction mixture but

are immediately reacted further to give the compounds of

the formula I.

In the compounds of the formula II, xX'* is pre-

ferably X; accordingly, in the compounds of the formula

III, X? and X? are together preferably NH. The radical X

is preferably Cl or Br, but it can also be I, OH or an OH
group functionally modified to form a reactive group,

especially alkylsulfonyloxy having 1-6 C atoms (e.g.,

methanesulfonyloxy) or arylsulfonyloxy having 6-10 C

atoms (e.g., benzenesulfonyloxy, p-toluenesulfonyloxy,

naphthalene-1l- or -2-sulfonyloxy). ,

Accordingly, the indole derivatives of the

formula I can be obtained especially by reacting

compounds of the formula Ind-Q-Cl or Ind-Q-Br with

piperidine/piperazine derivatives of the formula III in

which X? and xX? together are an NH group (designated as

IIIa hereafter).

Some of the compounds of the formulae II and,

in particular, III are known; the unknown compounds of

the formulae II and III can easily be prepared analo-
gously to the known compounds.

Primary alcohols of the formula Ind-Q-OH can

be obtained,e.g., by reducing the appropriate carboxylic

acids or their esters. Treatment with thionyl chloride,

hydrogen bromide, phosphorus tribromide or similar

Page 301



Page 302

10

15

20

25

30

35

-6-

halogen compounds yields the corresponding halides of the

formula Ind-Q-Hal. The corresponding sulfonyloxy com-

pounds can be obtained from the alcohols Ind-Q-OH by

reaction with the appropriate sulfonyl chlorides.

The iodine compounds of the formula Ind-Q-I

can be obtained, e.g., by reacting potassium iodide with

the appropriate p-toluenesulfonic acid esters. The amines

of the formula Ind-Q-NH, can be prepared,e.g., from the

halides with potassium phthalimide or by reducing the

appropriate nitriles.

Most of the piperazine derivatives IIIa are

known and can be obtained, e.g., by reacting bis(2-chloro~
ethyl)amine or bis(2-chloroethyl)ammonium chloride with

S5-aminobenzofuran, 2,3-dihydro-5-aminobenzofuran,

6-aminochroman or 6-aminochromen-4-one or an appropria-

tely substituted derivative of the compounds mentioned.
Compounds of the formula III (xX? and X? = X in each case)

can be prepared,e.g., by reducing diesters of the formula

alky100C-CH,-ZR'-CH,-COO-alkyl to give compounds of the

formula HO-CH,-CH,-2ZR?-CH,-CH,OH (III, X? = X? = OH), this

being followed, if desired, by reaction with SOC1l, or

PEr,.-

The reaction of the compounds of formulae II and III

proceeds according to methods such as those known from
the literature for the alkylation of amines. The com-

ponents can be melted together in the absence of a

solvent, in a sealed tube or an autoclave if necessary.

It is also possible, however, to react the compounds in

the presence of an inert solvent. Examples of suitable

solvents are hydrocarbons such as benzene, toluene or

xylene; ketones such as acetone or butanone; alcohols

such as methanol, ethanol, isopropanol or n-butanol;
ethers such as tetrahydrofuran (THF) or dioxane; amides

such as dimethylformamide (DMF) or N-methylpyrrolidone;

or nitriles such as acetonitrile, or else, if desired,

mixtures of these solvents with one another or mixtures

with water. It can be favorable to add an acid-binding

agent, for example an alkali metal or alkaline earth

metal hydroxide, carbonate or bicarbonate or another
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alkali metal or alkaline earth metal salt of a weak acid,

preferably a potassium, sodium or calcium salt, or to add

an organic base such as triethylamine, dimethylaniline,

pyridine or quinoline, or an excess of the amine com-

ponent Ind-Q-NH, or of the piperidine or piperazine
derivative of the formula IITa. The reaction time is be-

tween about a few minutes and 14 days, depending on the

conditions used, and the reaction temperature is preferably

about 0-150°, normally 20-130°.
It is also possible to obtain a compound of

the formula I by reacting a compound of the formula Ind-

Q-N(CH,-CH,-X), (IV) with a compound of the formula R’-NH#,

(Vv).

Most of the compounds of the formula V are

known; the unknown compounds can easily be prepared

analogously to the known compounds. For example, starting

from the appropriately substituted nitro compounds, they

can be converted into the amines of the formula V by

reduction. The compounds of the formula IV can be

prepared by reaction of Ind-Q-Cl, Ind-Q-Br or Ind-Q-I

with secondary amines of the formula HN(CH,-CH,-X),.

The reaction of compounds IV and V proceeds

according to methods which are known from the literature

and were given above for thealkylation of amines.
A compound of the formula I can also be

obtained by treating a precursor, in which hydrogen atoms

have been replaced by one or more reducible groups and/or

one or more additional C-C and/or C-N bonds, with a

reducing agent, preferably at temperatures of about ~-80 to

+250°, in the presence of at least one inert solvent.
Reducible groups (groups replaceable by

hydrogen) are, in particular, oxygen in a carbonyl group,

hydroxyl, arylsulfonyloxy (e.g. p-toluenesulfonyloxy),

N-benzenesulfonyl, N-benzyl or O-benzyl.

In principle, compounds containing only one of

the above-mentioned groups or additional bonds, or com-

pounds containing two or more of the above-mentioned

groups or additional bonds adjacent to one another, can

be converted into a compound of the formula I by
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stituents in the Ind group which are present in the starting

compound. This is preferably carried out using nascent hy-

drogen or complex metal hydrides or by means of a Wolff-

Kishner reduction or the reductions with hydrogen gas under

transition metal catalysis.

Preferred starting materials for the reduction have

formula VI

Ind-L-N  Z-R! VI
a

wherein

Ind’ is an Ind radical which can additionally be substituted

in the 1-position by an arylsulfonyl group or an alkyl-

oxycarbonyl group,

L is Q or a chain which corresponds to the radical @ ex-

cept that one or more -CH,- groups have been replaced by

-CO- and/or one or more hydrogen atoms have been re-

placed by one or more OH groups or a double bond, and

R? has the meaning given,

but wherein the following meanings cannot apply simultane-

ously: Ind’ = Ind and L = Q.

In the compounds of the formula VI, L is preferably

-CO- (CH,),..-CO-, wherein n is 2, 3 or 4 [specifically -COCO-,

-COCH,CO-, -CO-(CH,),-CO-, -CO-(CH,),-CO-], -(CH,),.,-CO-,

wherein n is 2, 3 or 4 [specifically -CH,-CO-, -CH,CH,-CO-,

- (CH,),-CO- or - (CH,),-CO-], further examples being

-~CO-CH,CH,-, -CO-(CH,),-, -CH,-CO-CH,CH,- or -CH,CH,-CO-CH,-.

Compounds of the formula VI can be prepared, e.g., by

reacting 4-R'-piperazine or 4-R'-piperidine with a compound

of the formula VII

Ind’ -L-xX? VII

wherein

R?, Ind’, L and X’* are as defined above,

under the conditions indicated above for the reaction of II

with III.
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If nascent hydrogen is used as the reducing

agent, this can be produced,e.g., by treating metals with

weak acids or with bases. Thus, it is possible, e.g., to use

a mixture of zine with an alkali metal hydroxide solution

or a mixture of iron with acetic acid. It is also appro-
priate to use sodium or another alkali metal dissolved in

an alcohol such as ethanol, isopropanol, butanol, amyl or

isoamyl alcohol or phenol. It is also possible to use an

aluminum-nickel alloy in aqueous-alkaline solution,

ethanol being added if necessary. Sodium amalgam or

aluminum amalgam in aqueous-alcoholic or aqueous solu-

tion is also suitable for producing the nascent hydrogen.
The reaction can also be carried out in the heterogeneous
phase, in which case it is convenient to use an aqueous
phase and a benzene or toluene phase. .

Other reducing agents which can be used to par-

ticular advantage are complex metal hydrides such as

LiAl1H,, NaBH,, - diisobutylaluminum hydride or

NaAl (OCH,CH,OCH,;),H,, and diborane, catalysts such as BF,,
AlCl, or LiBr being added if desired. Solvents which are

suitable for this purpose are, in particular, ethers such

as diethyl ether, di-n-butyl ether, THF, dioxane, diglyme
or 1,2-dimethoxyethane, and hydrocarbons such as benzene.

Solvents which are suitable for a reduction with NaBH,
are primarily alcohols such as methanol or ethanol, as

well as water and aqueous alcohols. Reduction by these
methods is preferably carried out at temperatures of
about -80 to +150°, especially about
0-100°,

The reduction of -CO- groups in acid amides (e.g.,

those of the formula VI in which L is a -(CH,),.,-CO- group)

to CH, groups can be carried out to particular advantage
with LiAl1H, in THF at temperatures of preferably about. 0-

66°. Arylsulfonyl protecting groups located in the

l-position of the indole ring can be simultaneously
eliminated by reduction. N-Benzyl groups can be elimi-

nated by reduction with sodium in liquid ammonia.

It is also possible to reduce one or more car-

bonyl groups to CH, groups according to the Wolff-Kishner
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method, e.g., by treatment with anhydrous hydrazine in

absolute ethanol, under pressure, at temperatures of
preferably about 150-250°. A sodium alcoholate is ad-

vantageously used as the catalyst. The reduction can also

be varied according to the Huang-Minlon method by carry-
ing out the reaction with hydrazine hydrate in a
high-boiling water-miscible solvent such as diethylene

glycol or triethylene glycol, in the presence of an

alkali such as sodium hydroxide. The reaction mixture is

normally boiled for about 3-4 hours. The water is then

distilled off and the hydrazone formed is decomposed at

temperatures of up to about 200°. The Wolff-Kishner

reduction can also be carried out with hydrazine in

dimethyl sulfoxide at room temperature.

Moreover, it is possible to carry out certain

reductions by using H, gas under the catalytic action of
transition metals, such as,e.g., Raney Ni or Pd. In this

way, e.g., Cl, Br, I, SH or, in certain cases, even OH

groups can be replaced by hydrogen. Nitro groups can also

be converted into NH, groups by catalytic hydrogenation
with Pd/H, in methanol.

Compounds which have formula I except that one or

more H atoms have been replaced by one or more solvoly-

zable groups can be solvolyzed, especially hydrolyzed, to
give the compounds of the formula I.

The starting materials for the solvolysis can be
obtained for example by reacting IIIa with compounds
which have formula II (xX? = X) except that one or more

H atoms have been replaced by one or more solvolyzable

groups. Thus, in particular, l-acylindole derivatives

(which have formula I except that, in the l-position of

the Ind radical, they contain an acyl group, preferably
an alkoxycarbonyl, alkanoyl, alkylsulfonyl or aryi-
sulfonyl group having up to 10 C atoms in each case, such

as methanesulfonyl, benzenesulfonyl or p-~toluenesulfonyl)

can be hydrolyzed to give the corresponding indole

derivatives unsubstituted in the l-position of the indole

ring, e.g. in an acidic or, preferably, neutral or

alkaline medium at temperatures of preferably about 0-200°.
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Sodium, potassium or calcium hydroxide, sodium or
potassium carbonate, or ammonia, is conveniently used as
the base. The chosen solvents are preferably water; lower

alcohols such as methanol or ethanol; ethers such as THF

or dioxane; sulfones such as tetramethylene sulfone; or

_mixtures thereof, especially mixtures containing water.

Hydrolysis can also be carried out simply by treatment

with water alone, especially at the boiling point.

A compound of the formula I can furthermore be

converted to another compound of the formula I by methods

known per se.

Compounds of the formula I in which Ind is an

indol- 3-yl radical substituted by CO-R* can be obtained

by derivatizing appropriate carboxyindol-3~-yl compounds.

It is possible, e.g., to esterify the acids with appro-

priate alcohols or alcoholates, using methods known per

se. It is also possible to amidate acids or esters with

primary or secondary amines. It is preferred to react the

free carboxylic acid with the amine under the conditions

of a peptide synthesis. This reaction is preferably

carried out in the presence of a dehydrating agent, e.g., —

a carbodiimide such as dicyclohexylcarbodiimide or else

N-(3-dimethylaminopropyl)-N-ethylcarbodiimide, or pro-

panephosphonic anhydride (q.v. Angew. Chem. 92, 129

(1980)), diphenylphosphoryl azide or 2-ethoxy-N-ethoxy-

carbonyl-1,2-dihydroquinoline, in an inert solvent, e.g.,

a halogenated hydrocarbon such as methylene chloride, an

ether such as THF or dioxane, an amide such as DMF or

dimethylacetamide, or a nitrile such as acetonitrile, at
‘temperatures of preferably about -10 to 40, pref-

erably about 0-30°. Instead of the acid. or amide, it is

also possible to use reactive derivatives of these

substances in the reaction, e.g., those in which reactive

groups are blocked by protecting groups in an inter-

mediate step. The acids can also be used in the form of

their activated esters, which are conveniently formed in

situ, e.g., by the addition of l-hydroxybenztriazole or

N-hydroxysuccinimide.

Furthermore, cyano-substituted indol-3-yl
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radicals can be hydrolyzed to give carboxy-indol-3-yl or

carbamido~indol-3-yl radicals.

Conversely, however, it is particularly con-

venient to prepare the nitriles by elimination of water,

starting from the amides, e.g. by means of trichloro-
acetyl chloride/Et,N [Synthesis (2), 184, (1985)]} or with
POC1, (J. Org. Chem. 26, 1003 (1961)).

A base of the formula I can be converted with an

acid into the corresponding acid addition salt. Acids

which produce physiologically acceptable salts are

suitable for this reaction. Thus, it is possible to use

inorganic acids, e.g., sulfuric acid, hydrohalic acids

such as hydrochloric acid or hydrobromic acid, phosphoric
acids such as orthophosphoric acid, nitric acid and

sulfamic acid, as well as organic acids, i.e., specifi-
cally aliphatic, alicyclic, araliphatic, aromatic or

heterocyclic monobasic or polybasic carboxylic, sulfonic
or sulfuric acids, such as formic acid, acetic acid,
propionic acid, pivalic acid, diethylacetic acid, malonic

acid, succinic acid, pimelic acid, fumaric acid, maleic

acid, lactic acid, tartaric acid, malic acid, benzoic

acid, salicylic acid, 2-phenylpropionic acid, citric

acid, gluconic acid, ascorbic acid, nicotinic acid,
isonicotinic acid, methanesuifonic or. ethanesulfonic
acid, ethanedisulfonic acid, 2-hydroxyethanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid,
naphthalenemonosulfonic and naphthalenedisulfonic acids

and laurylsulfuric acid.

If desired, the free bases of the formula I can

be liberated from their salts by treatment with strong
bases such as sodium or potassium hydroxide or sodium or
potassium carbonate provided there are no other acid

groups in the molecule. In those cases where the

compounds of the formula I have free acid groups, salt
formation can also be achieved by treatment with bases.

Suitable bases are alkali metal hydroxides, alkaline
earth metal hydroxides or organic bases in the form of

primary, secondary or tertiary amines.

The invention further relates to the use of the
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compounds of the formula I and their physiologically

acceptable salts for the manufacture of pharmaceutical

preparations, especially by a non-chemical route. For

this purpose, they can be converted into a suitable

dosage form together with at least one excipient or

adjunct and, if appropriate, in combination with one or

more additional active ingredients.

The invention further relates to compositions,

especially pharmaceutical preparations, containing at

least one compound of the formula I and/or one of their

physiologically acceptable salts. These preparations can

be used as drugs in human or veterinary medicine.

Possible excipients are organic or inorganic substances

which are suitable for enteral (e.g., oral), parenteral or

topical administration and which do not react with the

novel compounds, examples of such excipients being water,

vegetable oils, benzyl alcohols, polyethylene glycols,

gelatin, carbohydrates such as lactose or starch, mag-
nesium stearate, talc and petroleum jelly. Tablets,
coated tablets, capsules, syrups, juices, drops or sup-
positories are used in particular for enteral adminis-

tration, solutions, preferably oily or aqueous solutions,

as well as suspensions, emulsions or implants are used

for parenteral administration, and ointments, creamsor
powders are used for topical administration. The novel

compounds can also be lyophilized and the resulting
lyophilizates used,e.g., to manufacture injectable prepa-
rations.

The preparations indicated can be sterilized

and/or can contain adjuncts such as lubricants, preser-
vatives, stabilizers and/or wetting agents, emulsifiers,
salts for influencing the osmotic pressure, buffer sub-

stances, colorants, taste correctors and/or flavorings.

If desired, they can also contain one or more additional

active ingredients, e.g. one or more vitamins.
The compounds of the formula I and their physio-

logically acceptable salts can be used for the thera-

peutic treatment of the human or animal body and for

controlling diseases. They can be used for treating
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disorders of the central nervous system, such as_ tension,

depressions and/or psychoses, and side-effects in the treat-

ment of hypertension (e.g., with a-methyldopa).. The com-

pounds can also be used in endocrinology and gynecology,

e.g., for the therapeutic treatment of acromegaly, hypogonad-

ism, secondary amenorrhea, premenstrual syndrome and unde-

sired puerperal lactation, and also for the prophylaxis and

therapy of cerebral disorders (e.g., migraine), especially in

geriatrics in a manner similar to certain ergot alkaloids and
for controlling the sequelae of cerebral infarction (apo-

plexia cerebri), such as stroke and cerebral ischemia.
In these treatments, the substances of the invention are

normally administered analogously to known, commercially

available preparations (e.g., bromocriptine, dihydroergocor-

nine), preferably in dosages of about 0.2-500 mg, especially

0.2-50 mg per dosage unit. The daily dosage is preferably

about 0.001-10 mg/kg of body weight. The low dosages (about

0.2-1 mg per dosage unit; about 0.001-0.005 mg/kg of body
weight) are particularly suitable for use as anti-migraine

preparations; dosages of about 10-50 mg per dosage unit are

preferred for the other indications. However, the particular
dose for each individual patient depends on a very wide vari-

ety of factors, for example, the activity of the particular

compound used, age, body weight, general state of health,

sex, diet, time and method of administration, rate of excre-

tion, drug combination and severity of the particular disease

to which the therapy is applied. Oral administration is pre-

ferred.

Without further elaboration, it is believed that one

skilled in the art can, using the preceding description,

utilize the present invention to its fullest extent. The

following preferred specific embodiments are, therefore, to

be construed as merely illustrative, and not limitative of

the remainder of the disclosure in any way whatsoever.

In the foregoing and in the following examples, all

temperatures are set forth uncorrected in degrees Celsius and

unless otherwise indicated, all parts and percentages are by

weight.
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The entire disclosure of all applications, patents and

publications, cited above and below, and of corresponding

German application P 43 33 254.4, filed September 30, 1993,

are hereby incorporated by reference.

In the following Examples, "working-up in conventional

manner" means: Water is added if necessary, extraction is

carried out with methylene chloride, the organic phase is

separated off, dried over sodium sulfate and filtered, the

filtrate is evaporated and the residue is purified by chroma-

tography on silica gel and/or by crystallization. Tempera-

tures are given in °C. Rf values were obtained by thin layer

chromatography on silica gel.
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EXAMPLES
Example 1

1.8 g of 3-(4-chlorobutyl)-5-methoxyindole

[obtainable by diazotization of p-methoxyaniline, reac-
tion with ethyl cyclohexanone-2-carboxylate according to
Japp-Klingemann to give 4~-(2-carbethoxyindol-3-yl)butyric

. acid, alkaline hydrolysis, decarboxylation, reduction

with LiAlH, and reaction with S0OCl,] and 1.9 g of
1-(2-hydroxymethylbenzofuran-5~-yl) piperazine [obtainable

by reaction of N,N-bis(2-chloroethyl) amine with
2-hydroxymethy1-5-aminobenzofuran] are dissolved in
200 ml of acetonitrile and the mixture is stirred at room

temperature for 10 hours. Customary working up gives
1-[4-(5-methoxyindol-3-yl) butyl ]-4-(2-hydroxymethyl-
benzofuran-5-yl)piperazine, m.p. 159°.

The following are obtained analogously by reaction ~
of 3-(4-chlorobutyl1) -5-methoxyindole with 1-(2,3-dihydro-
benzofuran-5~y1l) piperazine:

1-[4-(5-methoxyindol-3-yl)butyl}-4-(2,3-dihydro-
benzofuran-5-yl)piperazine, m.p. 111-112°;

of 3-(4-chlorobutyl)-5-hydroxyindole with 1-(chroman-
6-yl) piperazine:

1-(4~(5-hydroxyindol-3-yl) butyl ]-4-(chroman-6-y1) -
piperazine, m.p. 220-222°;

of 3-(4-chlorobutyl)-5-methoxyindole with 1-(chroman-
6-yl1) piperazine: ;

1-[(4-(5-methoxyindol-3-yl) buty1]]-4-(chroman-6-y1)-
piperazine, m.p. 129-130°;

of methyl 3-(4-chlorobutyl)-5-indolecarboxylate with
1-(chroman-6-yl1) piperazine:

1-[4-(5-methoxycarbonylindol-3-yl) butyl j-4-(chroman-
6-yl) piperazine;

of ethyl 3-(4-chlorobutyl)-5-indolecarboxylate with
1-(benzofuran-5-yl) piperazine:

1-[4-(5-ethoxycarbonylindol~3-yl) butyl )]-4-(benzo-
furan-5-yl) piperazine;

of 3-(4-chlorobutyl)-5-methoxyindole with 1-(benzofuran-
5-yl)piperazine:

1-[4-(5-methoxyindol-3-yl) butyl }-4-(benzofuran-
S-yl) piperazine;
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of 3-(4-chlorobutyl )-5-methoxycarbonylindole with

l-(chromen-4-on-6-yl) piperazine:

1-[4-(5-methoxycarbonylindol-3~yl1) butyl )-4-(chromen-

4-on-6-yl) piperazine;

of 3-(4-chlorobutyl) -5-cyanoindole with1-(chromen-4-on-
6-yl)piperazine:

1-(4-(5-cyanoindol-3-yl)butyl]-4-(chromen-4-on-

6-yl) piperazine;

of 3-(4-chlorobutyl)-5-chloroindole with 1-(2,3-dihydro-

benzofuran-5-yl) piperazine:

1-[4-(5-chloroindol-3-yl) butyl ]-4-(2,3-dihydrobenzo-

furan-5-yl) piperazine;

of 3-(4-chlorobutyl)-5-methoxycarbonylindole with

1-(2,3-dihydrobenzofuran-5-yl) piperazine:

1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-(2, 3-di-

hydrobenzofuran-5-yl) piperazine;

of 3-(4-chlorobutyl1)-5-methoxycarbonylindole with

4-(2,3-dihydrobenzofuran-5-yl) piperidine:

1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2,3-di-

hydrobenzofuran-5-yl) piperidine;

of 3-(4-chlorobutyl)-5-methoxycarbonylindole with

4-(2,3-dihydrobenzofuran-5-yl) -4-hydroxypiperidine:

1-(4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2,3-di-

hydrobenzofuran~5~-yl)-4-hydroxypiperidine;

of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1-(chroman-

6-yl) piperazine:

1-[4-(5,6-dimethoxyindol-3-yl)butyl]-4-(chroman-

6-yl1)piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole with 1-(2-carboxy-

benzofuran-5-yl) piperazine:

1-[(4-(5-cyanoindol-3-yl) butyl]-4-(2-carboxybenzo-
furan-5-yl) piperazine;

of 3-(4-chlorobutyl)-6-fluoroindole with 1-(2,3-dihydro-
benzofuran-5-yl) piperazine:

1-[4-(6-fluoroindol-3-yl)butylj-4-(2,3-dihydrobenzo-

furan-5-yl)piperazine.

Example 2

1.8 g of 1-[4-(5-methoxycarbonylindol-3-yl)-
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butyl)}-4-(chroman-6-yl)piperazine [obtainable according
to Example 1] are boiled for 0.5 hours with 100 ml of 2N

ethanolic KOH, worked up in the customary manner and give

1-[(4-(5-carboxyindol-3-yl) butyl ]-4- (chroman-6-yl)pipera-
zine.

The following are obtained analogously by
alkaline hydrolysis of the corresponding esters starting:
from 1-(4-(5-ethoxycarbonylindol-3-yl) butyl ]-4-(benzo-
furan-S-yl) piperazine: ,

1-(4-(5-carboxyindol-3-yl) butyl ]-4-(benzofuran-

5-yl) piperazine:

from 1-(4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(chromen-

4-on-6-yl) piperazine:

1-[(4-(5-carboxyindol-3-yl1) butyl ]-4-(chromen-4-on-

6-yl) piperazine;

from 1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2,3-di-
hydrobenzofuran-5~-yl) piperazine:

1-[4-(5-carboxyindol-3-yl1) butyl]-4-(2,3-dihydro-
benzofuran~-5-yl) piperazine;

from 1-[4~(5-methoxycarbonylindol-~3-yl) butyl]-4-(2,3-di-
hydrobenzofuran-5-yl) -4-hydroxypiperidine;

1-[4-(5-carboxyindol-3-yl1) butyl }]-4-(2,3-dihydro-
benzofuran-5~yl) -4-hydroxypiperidine.

Example 3

2.8 g of - 1-(4-(5-carboxyindol-3-yl) butylj-

4~(2,3-dihydrobenzofuran-5-yl) piperazine are suspendedin
100 ml of N-methylpyrrolidine. 3.2 g of 2-chloro-
1-methylpyridinium methanesulfonate are then added and

the mixture is stirred at room temperature for 12 hours.

Dried NH, gas is then passed into the resulting solution
until it is saturated and the mixture is stirred again
for 10 hours. Customary working up gives 1-[4-(5-car-
bamoylindol-3~yl) butyl ]-4-(2,3-dihydrobenzofuran-5-yl) -
piperazine.

The following are obtained analogously by
amidation of the following carboxylic acids with
2-chloro~-l-methylpyridinium methanesulfonate:

from 1-[4-(5-carboxyindol-3-yl) butyl ]-4-(2,3-dihydro-
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benzofuran-5-yl) piperidine

1-({4-(5-carbamoylindol-3-yl) butyl ]-4-(2,3-dihydro-
benzofuran-5-yl)piperidine, m.p. 155-157°;

from 1-[4-(5-carboxyindol-3-y1) butyl ]-4-(2,3-dihydro-
benzofuran-5~-yl)-4-hydroxypiperidine

1-[4-(5-carbamoylindol-3-yl1) butyl ]-4-(2,3-dihydro-
benzofuran-5-yl)-4-hydroxypiperidine, m.p. 69°
(dec.);

from 1-[4-(5-carboxyindol-3-yl) butyl }-4-(chroman-6-y1l) -
piperazine

1-[4-(5-carbamoylindol-3-y1) butyl] }-4-(chroman-6-y1) -
piperazine.

Example 4

Analogously to Example 3, starting from
1-[4-(5-cyanoindol-3-yl) butyl ]-4-(2-carboxybenzofuran-
5~yl) piperazine reaction with 2-chloro-1-methylpyridinium
methanesulfonate gives 1-[4-(S-cyanoindol-3-yl) butyl}-
4-(2-carbamoylbenzofuran-5-yl) piperazine, MmM.-p. 269=-272°
(hydrochloride).

Example 5

A mixture of 2.6 g of 3-(2-aminoethy]1) -5-cyano-
indole [obtainable by reaction of 5-cyanoindole with
2-chloroacetyl chloride to give 3-(2-chloroacetyl) -
5-cyanoindole, subsequent reduction with diborane,
reaction with phthalimide and hydrolysis] and one equiva-
lent of 5-{N,N-bis (2-chloroethyl ) amino]benzofuran
[obtainable by reaction of 2-chloroacetyl chloride with
5-aminobenzofuran and subsequent reduction with diborane)
in 40 ml of acetone and 40 ml of water is boiled for

20 hours and then worked up in the customary manner.
1-[{2-(5-Cyanoindol~3-y1l) ethyl ]~4-(benzofuran-5-yl) pipera-
zine is obtained.

The following are obtained analogously by reac-
tion of 5-[N,N-bis(2-chloroethyl) amino]benzofuran
with 3~(4-aminobutyl)-5-methoxymethylindole:

1-[4-(5-methoxymethylindol-3-yl) butyl ]-4-(benzo-
furan-5-yl) piperazine;
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with 3-(3-aminopropyl) -5-hydroxyindole:

1-(3-(5-hydroxyindol-3-yl) propyl)-4-(benzofuran-

5-yl) piperazine;

with 3-(2-aminoethyl) -5-methoxyindole:

1-[2-(S-methoxyindol-3-yl) ethyl1]-4-(benzofuran-

5-yl) piperazine; |
with methyl 3-(3-aminopropyl)-5-indolecarboxylate:

1-(3-(5-methoxycarbonylindol-3-yl) propyl ]-4-(benzo-

furan-5-yl1) piperazine;

with ethyl 3-(2-aminoethyl)-5-indolecarboxylate:

1-[2-(5-ethoxycarbonylindol-3-yl) ethyl j-4-(benzo-

furan-5~-yl) piperazine;

with 3-(4-aminobutyl)-5-fluoroindole:

, 1-(4-(5-fluoroindol-3-yl) butyl ]-4-(benzofuran-5-yl)-

piperazine; .

with 3-(3-aminopropyl) -5-cyanoindole:

1-[3-(5-cyanoindol-3-yl) propyl ]-4-(benzo-

furan-5-yl)piperazine.

Example 6

Analogously to Example 5, reaction of 3.2 g of

3-(2-aminoethyl)-5-methoxyindole with 1.3 equivalents of

6-(N,N-bis(2-chloroethyl) amino]chroman [obtainable by

reaction of 2-chloroacetyl chloride with 6-aminochroman

and subsequent reduction with diborane] gives
1-[2-(5-methoxyindol-3-yl) ethyl ]-4-(chroman-6-yl) pipera-
zine.

The following are obtained analogously by reac-

tion of 6-[N,N-bis(2-chloroethyl)amino]chroman

with 3-(4-aminobutyl) -5-methoxymethylindole:

1-[(4-(5-methoxymethylindol-3-yl) butyl ]-4-(chroman-

6-yl1)piperazine;

with 3-(3-aminopropyl) -5-hydroxyindole:

1-[3-(5-hydroxyindol-3-yl) propyl ]-4-(chroman-6-yl)-

piperazine;

with 3-(2-aminoethyl)-5-methoxyindole:

1-(2-(5-methoxyindol-3-yl) ethyl ]-4-(chroman-6-yl)-

piperazine;

with methyl 3-(3-aminopropyl)-5-indolecarboxylate:
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1-(3-(5-methoxycarbonylindol-3-yl)propylj-

4~(chroman-6-yl) piperazine;

with ethyl 3-(2-aminoethyl)-5-indolecarboxylate:

1-[2-(5-ethoxycarbonylindol-3-yl) ethyl)]-4-(chroman-

6-yl)piperazine;

with 3-(4-aminobutyl) -5-fluoroindole:

1-[4-(5-fluoroindol-3-yl)butyl)]-4-(chroman-6-yl)-

piperazine;

with 3-(3-aminopropyl) -5-cyanoindole:

1-[3-(5-cyanoindol-3-yl) propyl )-4-( chroman- -

6-yl)piperazine.

Example 7

A solution of 3.9 g of 1-[4-(5-carboxyindol-
3-yl) butyl j-4-(2,3-dihydrobenzofuran-5-yl)piperazine in

250 ml of DMF is treated with 1 g of N-methylmorpholine.

A solution of one equivalent of tert-butylamine in 5 ml
of DMF, 1.3 g of i-hydroxybenzotriazole and a solution of

1.9 g of N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide

hydrochloride in 20 ml of DMF are added with stirring.

The mixture is stirred at room temperature for 16 hours

and the filtrate is evaporated. Customary working up

gives 1-[4-(5-N-tert-butylcarbamoylindol-3-yl)butyl]-

4-(2,3-dihydrobenzofuran-5~yl) piperazine.

The following are obtained analogously by reac-

tion with tert-butylamine starting

_ from 1-[4-(5-carboxyindol-3-yl1) butyl ]-4-(chroman-6-yl1)-
piperazine:

1-[{4-(5-N-tert-butylcarbamoylindol-3-yl)butyl)-

4~(chroman-6-yl) piperazine:

from 1-(4-(5-cyanoindol-3-yl) butyl ]-4-(2-carboxybenzo-

furan-5~-yl) piperazine:

1-(4-(5-cyanoindol-3-yl) butyl ]-4-(2-N-tert-butyl-

carbamoylbenzofuran-5-yl) piperazine.

Example 8

A mixture of 2.1g of 1-[{4-(5-methoxyindol-

3-yl)butylj]-4-(chroman-6-yl)piperazine [can be prepared

according to Example 1), 1.8 g of pyridine hydrochloride
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and 50 ml of pyridine is boiled for 3 hours. It is cooled
and evaporated, and the residue is worked up in the
customary manner and gives 1-[4-(5-hydroxyindol-3-yl)-
butyl ]-4-(chroman-6-yl)piperazine, m.p. 220-222°.

The following are obtained analogously

from 1-[4-(5-methoxyindol-3-yl) butyl ]-4-(2,3-dihydro-

benzofuran~5-yl) piperazine:

1-[4-(5-hydroxyindol-3-yl) butyl]-4-(2,3-dihydro-
benzofuran-5-yl) piperazine;

from 1-[4-(5-methoxyindol-3-yl) buty1]-4-(benzofuran-

5-yl) piperazine:

1-(4-(5-hydroxyindol-3-yl)butyl]-4-(benzofuran-

5-yl) piperazine;

from 1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(chromen-—

4-on-6~yl) piperazine:
1-[4-(5-hydroxycarbonylindol-3-yl) butyl] ]~-4-(chromen-
4-on-6-yl) piperazine;

from 1-[4-(5-methoxymethylindol-3-yl1) butyl]-4-(benzo-

furan-5-yl) piperazine:

1-[4-(5-hydroxymethylindol-3-yl) buty1]-4-(benzo-

furan-5-yl) piperazine;

from 1-[2-(5-methoxyindol-3-yl) ethyl]-4-(benzofuran-

5-yl) piperazine:

1-[2-(5-hydroxyindol-3-yl)ethy1l]-4-(benzofuran-

5-yl) piperazine;

from 1-[2-(5-methoxyindol-3-yl) ethyl }]-4-(benzofuran-

5-yl) piperazine:

1-[2-(5-hydroxyindol-3-yl) ethyl ]-4-(benzofuran-
5-yl) piperazine.

Example 9

Analogously to Example 1, starting from

3-(4-chlorobutyl)-5-cyanoindole [obtainable by reaction
of 5-cyanoindole with 4-chlorobutyryl chloride to give
3-(4-chlorobutyryl1) -5-methoxyindole and subsequent
reduction with NaAlH,(OCH,CH,OCH,),} by reaction with

1-(2-ethoxycarbonylbenzofuran-5-yl) piperazine [obtainable
by reaction of N,N-bis(2-chloroethyl)amine with 2-ethoxy-

carbony1-5-aminobenzofuran] gives, after customary
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working up, 1-[{4-(5-cyanoindol-3-yl) butyl]-4-(2-ethoxy-
carbonylbenzofuran-5-yl) piperazine, m.p. 221-223°
(dihydrochloride).

The following are obtained analogously by

reaction .

of 3-(4-chlorobutyl)-5-methoxyindole with 1-(2-cyano-
benzofuran-5-yl) piperazine:

1-[4-(5-methoxyindol-3-yl) butyl ]-4-(2-cyanobenzo-
furan-5-yl) piperazine;

of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1-(chroman-
6-yl) piperazine:

1-[4-(5,6-dimethoxyindol-3-yl)butylj-4-(chroman-
6-yl) piperazine;

of 3-(4-chlorobutyl)-5,6-difluoroindole with 1-(chroman-
6-yl) piperazine:

1-[4-(5,6-difluoroindol-3-yl) butyl]-4-(chroman-
6-yl) piperazine;

of methyl 3-(4-chlorobutyl)-6-indolecarboxylate with
1-(chroman-6-yl) piperazine:

1-{ 4- (6-methoxycarbonylindol-3-yl) butyl ]-4-(chroman-

6-yl) piperazine;

of ethyl 3-(3-chloropropyl)-6-indolecarboxylate with
1-(2-cyanobenzofuran-5-yl) piperazine:

1-[3-(6-ethoxycarbonylindol-3-yl) propyl]-4-(2-cyano-

benzofuran-5-yl) piperazine;

of 3-(4-chlorobutyl)-5-methoxyindole with 1-(2-N-methyl-

carbamoylbenzofuran-5~yl) piperazine:

1-[4-(5-methoxyindol-3-yl) butyl }]~-4-(2-N-methylcar-

bamoylbenzofuran-5-yl) piperazine;
of 3-(4-chlorobutyl)-6-chloroindole with 1- (chromen-4-on-
6-yl1) piperazine:

1-[4-(6-chloroindol-3-yl) butyl1)})-4-(chromen-4-on-

6-yl) piperazine;

of 3-(2-chloroethyl) -5-cyanoindole with 1-(chromen-4-on-
6-yl) piperazine:

1-(2-(5-cyanoindol-3-yl)ethyl]-4-(chromen-4-on-

6~-yl)piperazine;

of 3-(2-chloroethyl)-5,6-dichloroindole with 1-(2,3-di-

hydrobenzofuran-5-yl) piperazine:
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1-(2-(5,6-dichloroindol-3~-yl) ethyl }-4-(2,3-dihydro-

benzofuran-5-yl) piperazine;

of 3-(4-chlorobutyl) -5-methoxycarbonylindole with

1-(2-carboxybenzofuran-5-yl) piperazine:

1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(2-car-
boxybenzofuran-5~-yl) piperazine;

of 3-(2-chloroethyl) -5-methoxycarbonylindole with

4-(2-carboxybenzofuran-5-yl) piperidine:

1-(2-(5-methoxycarbonylindol-3-yl) ethyl ]-4-(2-car-

boxybenzofuran-5-yl) piperazine;

of 3-(4-chlorobutyl)-6-methoxycarbonylindole with

4~-(3-carboxybenzofuran-5-yl)-4-hydroxypiperidine:

1-(4-(6-methoxycarbonylindol-3-yl) butyl ]-4-(3-car-

boxybenzofuran-5~yl)-4-hydroxypiperidine;

of 3~-(4-chlorobutyl)-7-methoxycarbonylindole with

4-(3-carboxybenzofuran-5~-yl) -4-hydroxypiperidine;

1-{4-(7-methoxycarbonylindol-3-yl) butyl ]-4-(3-car-

boxybenzofuran-5-yl)-4-hydroxypiperidine;

of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1-(2-car-

boxybenzofuran~5-yl) piperazine:

1-(4-(5,6-dimethoxyindol-3-yl) butyl }-4-(2-carboxy-
benzofuran-5-yl) piperazine.

Example 10

A solution of 3.6 g of 1-[4-(5-methoxycarbonyl-
indol-3-yl) butyl ]-4-(chromen-4-on-6-yl) piperazine in

40 ml of THF is added dropwise with stirring at room
temperature to a suspension of 0.6 g of lithium alu-

minum hyride in 20 ml of THF. The mixture is then

stirred for a further hour at 25°C, 20 ml of dilute

sodium hydroxide solution are added, the mixture is

filtered and the filtrate is worked up in the customary
manner. 1-[4-(5-Hydroxymethylindol-3-yl1) butyl ]-4-(chro-
men-4-on-6-yl)piperazine is obtained.

The following are obtained analagously by reduc-
tion

of 1-(4-(5-methoxycarbonylindol-3-yl) butyl ]-4-(chroman-
6-yl)piperazine .

1-(4-(5-hydroxymethylindol-3-yl) butyl ]-4-(chroman-
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6-yl)piperazine;

of 1-[4-(5-methoxycarbonylindol-3-yl) butyl ]-4-benzofuran-
5-yl) piperazine

1-[(4-(5-hydroxymethylindol-3-yl)butyl}-
4~-(benzofuran-5~yl) piperazine;

of 1-[{3-(5-methoxycarbonylindol-3-yl) propyl )-4-(chroman-
6-yl)piperidine

1-[3~(5-hydroxymethylindol-3-yl) propyl }-4-(chroman-
6-yl) piperidine

of 1-[2-(5-methoxycarbonylindol-3-yl) ethyl ]-4-chroman-
6-yl) piperidine

1-[2-(5-hydroxymethylindol-3-y1l) ethyl]-4-(chroman-
6-yl)piperidine.

Example 11

HCl gas is passed into a boiling solution of
2.5 g of 1-[4~(5-carboxyindol-3~yl) butyl }-4-(2,3-dihydro-
benzofuran-5-yl)piperazine in 50 ml of absolute methanol

for 2 hours. The mixture is then boiled for a further

hour, worked up in the customary manner and gives
1-[4-(5-methoxycarbonylindol-3-yl)buty1]~-4-(2,3-dihydro-
benzofuran-5-yl) piperazine.

The following are obtained analagously by
esterification

of 1-[ 4-(5-carboxyindol-3-yl)butyl)-4-(2,3-dihydrobenzo-
furan-5-yl)-4-hydroxypiperidine:

1-[{4-(5-methoxycarbonylindol-3-yl) butyl }-4-(2,3-di-
hydrobenzofuran-5-yl) -4-hydroxypiperidine;

of 1-[4-(5-carboxyindol-3-yl) butyl]-4-(chroman-6-yl) -
piperazine:

1-(4-(5-methoxycarbonylindol-3-yl) butyl }-4-(chroman-
6-yl)piperazine;

of 1-[4-(5-cyanoindol-3~y1) butyl }-4-(2-carboxybenzofuran-
5-yl) piperazine;

1-[{4-(5-cyanoindol-3-yl) butyl }-4-(2-methoxycarbonyl-
benzofuran-5-yl) piperazine.

Example A: Injection vials

A solution of 100 g of an active ingredient of
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the formula I and 5 g of disodium hydrogen phosphate in
3 1 of double-distilled water is adjusted to pH 6.5 with
2 N hydrochloric acid, sterile-filtered, filled into
injection vials, lyophilized and sterile-sealed. Each

injection vial contains 5 mg of active ingredient.

Example B: Suppositories

A mixture of 20 mg of an active ingredient of the

formula I is melted with 100 g of soya lecithin and
1,400 g of cocoa butter, poured into moulds and allowed

to cool. Each suppository contains 20 mg of active
ingredient.

Example C: Solution

A solution of 1 g of an active ingredient of
the formula I, 9.38 g of NaH,PO, x 2 H,0, 28.48 g
Na,HPO, x 12 H,0 and 0.1 g of benzalkonium chloride is

prepared in 940 ml of double-distilled water. The pH is
adjusted to 6.8, and the solution is made up to 11 and
sterilized by irradiation. This solution can be used in

the form of eyedrops.

Example D: Ointment

500 mg of an active ingredient of the formula I

are mixed with 99.5 g of petroleum jelly under aseptic
conditions.

Example E: Tablets

A mixture of 1 kg of active ingredient of the
formula I, 4 kg of lactose, 1.2 kg of potato starch, 0.2
kg of talc and 0.1 kg of magnesium stearate is compressed
to tablets in conventional manner so that each tablet

contains 10 mg of active ingredient.

Example F: Coated tablets

Tablets are formed by compression analogously to
Example E and then covered in conventional manner with a

coating of sucrose, potato starch, talc, tragacanth and
colorant.
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Example G: Capsules

2 kg of active ingredient of the formula I are

filled into hard gelatin capsules in conventional manner

so that each capsule contains 20 mg of the active ingred-

ient.

Example H: Ampoules

A solution of 1 kg of active ingredient of the

formula I in 60 1 of double-distilled water is filled
into ampoules and lyophilized under aseptic conditions

and the ampoules are sealed under sterile conditions.

Each ampoule contains 10 mg of active ingredient.
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The preceding examples can be repeated with similar

success by substituting the generically or specifically

described reactants and/or operating conditions of this

invention for those used in the preceding examples.

From the foregoing description, one skilled in the art

can easily ascertain the essential characteristics of this

invention, and without departing from the spirit and scope

thereof, can make various changes and modifications of the

invention to adapt it to various usages and conditions.
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WHAT IS CLAIMED IS:

1. A compound according to formula I

f_N

es x Ind-Q-N  Z-RI! I
as

wherein

Ind is unsubstituted indol-3-yl, indol-3-yl

monosubstituted by OH, OA, CN, Hal, COR? or

CH,R?, or indol-3-yl polysubstituted by OH,

OA, CN, Hal, COR?, CH,R? or combinations

thereof;

R? is benzofuran-5-yl, 2-3—-d+bydsebhenzofusans—

Y Spb——ERTOMETOya chroman-4-on-6-yl, 3-
oO chromen-6-yl or chromen-4-on-6-yl, which in

each case is unsubstituted or monosubstituted

by CN, CH,OH, CH,OA or COR?;

Q is C,H
_ ON

(> Z isHore;
A is alkyl having 1-6 C atoms;

Hal is F, Cl, Br or I;

R? is OH, OA, NH,, NHA or NA,;

R? is H, OH or OA; and

m is 2, 3 or 4; or

a physiologically acceptable salt thereof.

2. A compound according to claim 1, wherein said

compound is:

(a) 1- (4-(5-methoxyindol-3-yl) butyl] -4-(2-

hydroxymethylbenzofuran-5-yl)piperazine or a physiologically

acceptable salt thereof;
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) 1- [4-(S5-cyanoindol-3-yl) butyl] -4- (2-

ethoxycarbonylbenzofuran-5-yl) piperazine or a physiologically

acceptable salt thereof ;-
(£) 1- (4-(S-cyanoindol-3-yl) butyl] -4- (2-

carbamoylbenzofuran-5-yl)piperazine or a physiologically

acceptable salt thereoty

 
3. A compound according to claim 1, wherein Ind is

unsubstituted indol-3-yl, indol-3-yl monosubstituted by OH,

OA, CN, Hal, COR? or CH,R*, or indol-3-yl disubstituted by OH,

OA, CN, Hal, COR? or CH,R’.

4. A compound according to claim 1, wherein Ind is

indol-3-yl monosubstituted in the 5-position by OH, OA, CN,

Hal, COR? or CH,R’.

5. A compound according to claim 1, wherein Ind is

indol-3-yl monosubstituted in the 4-, 6- or 7-position by OH,

OA, CN, Hal, COR? or CH,R’.

6. A compound according to claim 1, wherein A is

methyl or ethyl.
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7. A compound according to claim 1, wherein R* is

A- benzofuran-5-yl,
chroman-4-on-6-yl which, in each case is unsubstituted or

 

monosubstituted by -CH,OH, -CONH,, -CO,A or -CO,NHA.

8. A compound according to claim 1, wherein Q is

- (CH,)4-.

  
 

9. A compound accor Claim 1, wherein Z is -N-,

-C(OH)- or -CH-.

wy A compound according to claim 1, wherein Ind is
indol-3-yl substituted in the 5-position by OH or OA.

Jo"
1X. A compound according to claim 1, wherein Ind is

indol-3-yl substituted in the S-position by CONH, or CN.

il:
12. A compound according to clainl, wherein-2-se-tare,R? is unsubstituted benzofuran-5-yl ReeawSea

by CN, CH,OH, CH,OA or COR?. “
ae

 
 
 

  
 

13. A compound according to claim 1, wherein

-CH (OH) -.

14. A compound accordi aim 1, wherein Z is N and

R* is 2,3-dihydrobenzof
_——"

15. ~&* compound according to claim 1, wherein Z is N and
rs chroman-6-yl.

Jo:
Le A compound according to claim 1, wherein 4-—*s=sNand—

be R' is chromen-4-on-6-yl.

ay A pharmaceutical composition comprising a compound
according to claim 1 and a pharmaceutically acceptable
carrier.
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| Lf187 A composition according to claim #7, wherein said

compound is present in an amount of 0.2-500 mg.

 

 

  
  
 

 
 

 

19. A method of treating tension, depression, psycheSis

or side effects associated with the treatrient of

hypertension, comprising administering a compotind according
to claim 1.

20. A method of treating acromegaly, hypogonadism,

secondary amenorrhea, p

puerperal lactation, or ebral disorders, comprising

rual syndrome, undesired

administering a compou according to claim 1.

21. A of treating migraines, comprising

administeri

A method according to claim 21, wherein said
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ABSTRACT OF THE DISCLOSURE 

Piperidine and piperazine derivatives of the formula I

Ind-Q-N Z-R1 ILL/

wherein

Ind is an indol-3-yl radical which is unsubstituted or mono-

or polysubstituted by OH, OA, CN, Hal, COR? or CH,R’,
R? is benzofuran-5-yl or 2,3-dihydrobenzofuran-5-yl,

chroman-6-yl, chroman-4-on-6-yl, 3-chromen-6-yl or

chromen-4-on-6-yl, which is unsubstituted or

monosubstituted by CN, CH,OH, CH,OA or COR’,

Q is C.Hom,

Z is N or CR’,

is alkyl having 1-6 C atoms,

Hal is F, Cl, Br orl,

R? is OH, OA, NH,, NHA or NA,,

R? is H, OH or OA and

m is 2, 3 or 4,

and their physiologically acceptable salts, are active on the

central nervous system.
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BUNDESREPUBLIK DEUTSCHLAND —*j,is

 
Bescheinigung

Die Merck Patent GmbH in 64293 Darmstadt hat eine

Patentanmeldung unter der Bezeichnung

"Piperidine und Piperazine"

am 30. September 1993 beim Deutschen Patentamt eingereicht.

Das angeheftete Stiick ist eine richtige und genaue Wie-

dergabe der urspriinglichen Unterlage dieser Patentanmeldung.

Die Anmeldung hat im Deutschen Patentamt vorldufig die

Symbole C 07 D 405/12, C 07 D 405/14, A 61 K 31/495 und
A 61 K 31/445 der Internationalen Patentklassifikation

erhalten. ,

Miinchen, den 15. April 1994
Der Prdsident des Deutschen Patentamts

 
Im Auftrag
a |

\ ae
P 43 33 254.4 Réske
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MerckPatent Gesellschaft

mit beschrankter Haftung

64271 Darmstadt.

Piperidine und Piperazine
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N

Piperidine und Piperazine

Die Erfindung betrifft neue Piperidin- und Piperazinderivate der FormelI

f_N
Ind-Q-N Z-R1 | I,

YL :

worin

Ind

bedeuten,

einen unsubstituierten oder einen ein- oder zweifach durch OH,

OA, CN,Hal, COR2 oder CH2R?substituierten Indol-3-yl-rest,

unsubstituiertes oder einfach durch CN, CH2OH, CH2OAoder
COR?substituiertes Benzofuran-5-yl bzw. 2,3-Dihydrobenzo-
furan-S-yl, Chroman-6-yl, Chroman-4-on-6-yl, 3-Chromen-6-yl
oder Chromen-4-on-6-yl,

CaHan,

N oder CR3,

Alkyl mit 1-6 C-Atomen,

F, Cl, Br oderI,

OH, OA, NH2, NHA oderNA,

H, OH oder OA und

2, 3 oder 4

sowie deren physiologisch unbedenkliche Salze.
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Der Erfindung lag die Aufgabe zugrunde, neue Verbindungen aufzufinden,
die zur Herstellung von Arzneimitteln verwendet werden kénnen.

Es wurde gefunden, daB die Verbindungen der Formel I undihre physio-
logisch unbedenklichen Saureadditionssalze wertvolle pharmakologische
Eigenschaften besitzen. So zeigen sie insbesondere Wirkungen auf das
Zentralnervensystem, vor allem 5-HT,4-agonistische und 5-HT-Reuptake
hemmende Wirkungen. Die Verbindungen zeigen ferner serotonin-agoni-
stische und -antagonistische Eigenschaften. Sie hemmen die Bindung von
tritiierten Serotoninliganden an hippocampale Rezeptoren (Cossery etal.,
European J. Pharmacol. 140 (1987), 143-155). AuBerdem treten Verinde-
rungen der DOPA-Akkumulation im Striatum und der 5-HTP-Akkumulation

in N. raphe auf (Seyfried et al., European J. Pharmacol. 160 (1989), 31-41).
Weiterhin treten analgetische und blutdrucksenkende Wirkungenauf; so
wird bei kathetertragenden wachen, spontan hypertonen Ratten (Stamm
SHR/ Okamoto/NIH-MO-CHB-Kisslegg; Methode vgl. Weeks und Jones,
Proc. Soc. Exptl. Biol. Med. 104 (1960), 646-648) der direkt gemessene
Blutdruck nach peroraler Gabe der Verbindungen gesenkt. Ebenso eignen
sie sich zur Prophylaxe und zur Bekimpfungder Folgen cerebraler Infarkt-
geschehen (apoplexia cerebri) wie Schlaganfall und cerebraler Ischamien.

Verbindungen der FormelI und ihre physiologisch unbenklichen Sdure-

additionssalze kénnen daher als Arzneimittelwirkstoffe fiir Anxiolytika,
Antidepressiva, Antipsychotika, Neuroleptika und/oder Antihypertonika und
auch als Zwischenprodukte zur Herstellung anderer Arzneimittelwirkstoffe
verwendet werden.

Gegenstand der Erfindungsind die Piperidin- und Piperazinderivate der
Formel I sowie ihre physiologisch unbedenklichen Saureadditionssalze.

DerRest A bedeutet Alkyl mit 1, 2, 3, 4, 5 oder 6, insbesondere 1 oder 2

C-Atomen, vorzugsweise Methyl, ferner auch Ethyl, n-Propyl, Isopropyl,
n-Butyl, sek.-Butyl oder tert.-Butyl. OA ist vorzugsweise Methoxy,ferner
auch Ethoxy, n-Propoxy, Isopropoxy, n-Butoxy, Isobutoxy, sek.-Butoxy
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-3-

odertert.-Butoxy. NHAist vorzugsweise Methylamino, ferner Ethylamino,
Isopropylamino, n-Butylamino, Isobutylamino, sek.-Butylamino odertert.-
Butylamino. NA2 bedeutet vorzugsweise Dimethylamino, ferner N-Ethyl-N-
methylamino, Diethylamino, Di-n-propylamino, Diisopropylamino oder Di-
n-butylamino. .

Analog bedeutet CO-NHA vorzugsweise N-Methylcarbamoyl oder N-Ethyl-
carbamoyl; CO-NA,vorzugsweise N,N-Dimethylcarbamoyl oder N,N-Di-
ethylcarbamoyl.

DerRest Ind bedeutet einen unsubstituierten oder ein- oder zweifach durch

einen der angegebenen Reste substituierten Indol-3-ylrest. Vorzugsweise ist
er in 5-Stellung, ferner auch in der 4-, 6- oder 7-Stellung substituiert.
Weiterhinist eine Substitution in 1- oder 2-Stellung méglich. Bevorzugte
Substituenten am Indol-3-ylrest sind OH, OA, CN, CONH>2, CH2OH,aber
auch CO)H,F,Cl, Br, I, CH2.NH2, CONHA oder CONA», wobei A
bevorzugt Methyl oder Ethyl entspricht.

Der Rest R! bedeutet vorzugsweise unsubstituiertes oder einfach durch

~CH20OH,-CONH:, -CO2A oder -CO2NHA substituiertes Benzofuran-5-yl,
2,3-Dihydrobenzofuran-5-yl, Chroman-6-y] oder Chromen-4-on-6-yl.

Q ist vorzugsweise -(CH2)4-, aber auch -(CH>)2- oder -(CH»)3-, wahrend Z
bevorzugt -N-, -C(OH)- oder -CH- bedeutet.

Dementsprechend sind Gegenstand der Erfindung insbesondere diejenigen
Verbindungen der FormelI, in denen mindestenseiner der genannten Reste
eine der vorstehend angegebenen, insbesondere der vorstehend angegebenen
bevorzugten Bedeutungen hat. Einige bevorzugte Gruppen von Verbin-
dungen kénnen durch die folgenden Teilformeln Iabis Ig ausgedriickt
werden, die der Formel I entsprechen und worin die nicht naher bezeich-

neten Reste und Parameter die bei der Formel I angegebene Bedeutung
haben, worin jedoch
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in Ia Ind einen in 5-Stellung durch OH oder OA substituierten
Indol-3-yl-rest bedeutet;

in Ib Ind einen in 5-Stellung durch CONH;oder durch CN
substituierten Indol-3-yl-rest bedeutet;

in Ic Z gleich N ist und R! substituiertes oder unsubsti-
tuiertes Benzofuran-5-yl bedeutet;

in Id Z gleich -C(OH)-ist und R! substituiertes oder un-
substituiertes Benzofuran-5-yl bedeutet;

in Ie Z gleich N ist und R! 2,3-Dihydrobenzofuran-5-yl
bedeutet;

in If Z gleich N ist und R! Chroman-6-yl bedeutet;

in Ig Z gleich N ist und R! Chromen-4-on-6-yl bedeutet.

Insbesondere sind bevorzugt Verbindungender Teilformeln Ih sowie Iah bis
Igh, die den Teilformeln I sowieIa bis Ig entsprechen, worin jedoch zusitz-
lich

Q ~-(CH2)4-

bedeutet.

Gegenstand der Erfindungist ferner ein Verfahren zur Herstellung von
Indolderivaten der Formel I sowie von deren Salzen, dadurch gekenn-
zeichnet, daB man eine Verbindung der FormelII

-Ind-Q-X1 . 0

worin

Xi X oder NH? und
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X Cl, Br, I, OH odereine reaktionsfahig funktionell abgewandelte
OH-Gruppe bedeuten und

Ind und Q die angegebenen Bedeutungenhaben, mit einer Verbindung der
FormelIIT

X2-(CH2)2-ZR!1-(CH2)2-X3 i

worin

X2 und X3 gleich oder verschieden sein kénnen und,falls X1 = NH)ist,
jeweils X, andernfalls zusammen NH bedeuten und

Z und R! die angegebenen Bedeutungen haben,

umsetzt

oder daB man zur Herstellung einer Verbindung der Forme!I, worin Z gleich
- Nist, eine Verbindung der Formel IV

Ind-Q-N(CH2-CH)-X)2 IV

worin

X, Q und Ind die angegebenen Bedeutungen haben,mit einer Verbindung
der Formel V

RI-NH, | Vv

worin

R! die angegebene Bedeutunghat,

umsetzt
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oder da8 man eine sonst der FormelI entsprechende Verbindung, die jedoch
anstelle eines oder mehrerer Wasserstoffatome eine oder mehrere reduzier-

bare Gruppe(n) und/odereine oder mehrere zusitzliche C-C- und/oder C-N-

Bindungen(en) enthilt, mit einem reduzierenden Mittel behandelt

oder daB man eine sonst der FormelI entsprechende Verbindung, die jedoch
anstelle eines oder mehrerer Wasserstoffatome eine oder mehrere solvo-

lysierbare Gruppe(n)enthdlt, mit einem solvolysierenden Mittel behandelt.

und/oder da8 man gegebenenfalls eine OA-Gruppe unter Bildung einer OH-
Gruppe spaltet und/oder eine Gruppe Ind und/oder eine Gruppe Ar in eine
andere Gruppe Ind und/oder Ar umwandelt und/oder daB man eineerhaltene

Base oder Sdure der Formel I durch Behandeln mit einer Saure oder Base in
eines ihrer Salze umwandelt.

Die Herstellung der Verbindungen der FormelI erfolgt im iibrigen nach an
sich bekannten Methoden,wiesie in der Literatur (z.B. in Standardwerken
wie Houben-Weyl, Methoden der Organischen Chemie, Georg Thieme
Verlag, Stuttgart; Organic Reactions, John Wiley & Sons, Inc., New York;
DE-OS 41 01 686) beschrieben sind, und zwar unter Reaktionsbedingungen,
wiesie fiir die genannten Umsetzungen bekanntund geeignet sind. Dabei
kann man auch vonan sich bekannten,hier nicht naher erwahnten Varianten
Gebrauch machen.

Die Ausgangsstoffe fiir das beanspruchte Verfahren kinnen gewiinschten-
falls auch in situ gebildet werden, derart, daB man sie aus dem Reaktions-

gemischnichtisoliert, sondern sofort weiter zu den Verbindungen der
Formel I umsetzt.

In den Verbindungen der FormelII ist X! vorzugsweise X; dementsprechend
sind in der Verbindungen der FormelIII X2 und X3 vorzugsweise zusammen
NH.DerRest X ist vorzugsweise Cl oder Br; er kann jedoch auch I, OH
odereine reaktionsfahig funktionell abgewandelte OH-Gruppe bedeuten,
insbesondere Alkylsulfonyloxy mit 1-6 (z.B. Methansulfonyloxy) oder
Arylsulfonyloxy mit 6-10 C-Atomen (z.B. Benzolsulfonyloxy, p-Toluol-
sulfonyloxy, 1- oder 2-Naphthalinsulfonyloxy).
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Dementsprechend sind die Indolderivate der Formel I insbesondere durch

Umsetzung von Verbindungen der Formel Ind-Q-Cl oder Ind-Q-Br mit
Piperidin/Piperazinderivaten der Formel III, worin X2 und X3 zusammen

eine NH-Gruppe bedeuten (nachstehendals Ila bezeichnet) erhiltlich.

Die Verbindungen der FormelII und insbesondere II sind zum Teil bekannt;
die nicht bekannten Verbindungen der Formeln II und III kénnenleicht
analog zu den bekannten Verbindungenhergestellt werden.

Primare Alkohole der Formel Ind-Q-OHsind z.B. durch Reduktion der
entsprechenden Carbonsduren oderihrer Ester erhiltlich. Behandeln mit

Thionylchlorid, Bromwasserstoff, Phosphortribromid oder ahnlichen
Halogenverbindungenliefert die entsprechenden Halogenide der Formel
Ind-Q-Hal. Die entsprechenden Sulfonyloxyverbindungensind erhiiltlich aus
den Alkoholen Ind-Q-OH durch Umsetzung mit den entsprechenden Sulfon-
sdurechloriden.

Die lodverbindungen der Forme! Ind-Q-I sind z.B. durch Einwirkung von
Kaliumiodid auf die zugehérigen p-Toluolsulfonsdureester erhdltlich. Die
Amine der Formel Ind-Q-NHgsind z.B. aus den Halogeniden mit Phthali-
midkalium oder durch Reduktion der entsprechendenNitrile herstellbar.

Die Piperazinderivate Ila sind gréBtenteils bekannt und z.B. erhdltlich durch

Umsetzung von Bis-(2-chlorethyl)-amin oder Bis-(2-chlorethyl)-ammonium-
chlorid mit 5-Amino-benzofuran, 2,3-Dihydro-5-aminobenzofuran, 6-Ami-
nochroman oder 6-Amino-chromen-4-on oder einem entsprechend substi-
tuiertenDerivat der genannten Verbindungen. Verbindungen der FormelIII
(X2 und X3 = jeweils X) sind z.B. herstellbar durch Reduktion von Diestern

der Formel AlkylOOC-CH2-ZR1-CH2-COOalkyl zu Verbindungen der
Formel HO-CH2-CH2-ZR!-CH2-CH2OH(Il, X2 = X3'= OH) und
gegebenenfalls anschlieB8ende Umsetzung mit SOC], bzw. PBr3.

Die Umsetzung der VerbindungenII und III verlauft nach Methoden, wie sie
fiir die Alkylierung von Aminenausder Literatur bekannt sind. Man kann

ohne Gegenwart eines Lésungsmittels die Komponenten miteinanderver-
schmelzen, gegebenenfalls im geschlossenen Rohr oder im Autoklaven. Es
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ist aber auch méglich, die Verbindungen in Gegenart eines indifferenten
Lésungsmittels umzusetzen. Als Lésungsmittel eigenen sich z.B. Kohlen-
wasserstoffe, wie Benzol, Toluol, Xylol; Ketone wie Aceton, Butanon;
Alkohole wie Methanol, Ethanol, Isopropanol, n-Butanol; Ether wie
Tetrahydrofuran (THF) oder Dioxan; Amide wie Dimethylformamid (DMF)
oder N-Methyl-pyrrolidon; Nitrile wie Acetonitril, gegebenenfalls auch
Gemische dieser Lésungsmittel untereinander oder Gemische mit Wasser.
Der Zusatz eines sdurebindenden Mittels, beispielsweise eines Alkali- oder
Erdalkalimetall-hydroxids, -carbonats oder -bicarbonats oder eines anderen

Salzes einer schwachen Saure der Alkali- oder Erdalkalimetalle, vorzugs-
weise des Kaliums, Natriums oder Calciums, oder der Zusatz einer organi-
schen Base wie Triethylamin, Dimethylanilin, Pyridin oder Chinolin oder
eines Uberschusses der Aminkomponente Ind-Q-NH)bzw.des Piperidin-
oder Piperazinderivates der FormelIIIa kanngiinstig sein. Die Reaktionszeit
liegt je nach den angewendeten Bedingungen zwischen einigen Minuten und
14 Tagen, die Reaktionstemperatur zwischen etwa 0 und 150°, normaler-
weise zwischen 20 und 130°.

Fernerist es méglich, eine Verbindung der FormelI zu erhalten, indem man
eine Verbindung der Formel Ind-Q-N(CH2-CH>-X)» (IV) mit einer Verbin-
dung der Formel R!-NHp>(V) umsetzt.

Die Verbindungen der Formeln V sind zum gréBten Teil bekannt; die nicht
bekannten Verbindungen kénnenleicht in Analogie zu den bekannten herge-
stellt werden.Sie lassen sich beispielsweise ausgehend von den entspre-
chendsubstituierten Nitroverbindungen durch Reduktion in die Amine der
Formel V iiberfiihren. Die Verbindungen der Formel IV lassen sich durch
Umsetzung von Ind-Q-Cl, Ind-Q-Br oder Ind-Q-I mit sekundéren Aminen
der Formel HN(CH2-CH)>-X),herstellen.
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Die Umsetzung der Verbindungen IV undV verlauft nach Methoden wiesie
fiir die Alkylierung von Aminen ausderLiteratur bekanntsind und bereits

oben angegeben werden.

Esist ferner méglich, eine Verbindung der FormelIJ zu erhalten, indem man
ein Vorprodukt, das anstelle von Wasserstoffatomen eine oder mehrere
reduzierbare Gruppe(n) und/odereine oder mehrere zusitzliche C-C-

und/oder C-N-Bindungen(en) enthdlt, mit einem reduzierenden Mittel

behandelt, vorzugsweise bei Temperaturen zwischen -80 und +250° in
Gegenwart mindestenseines inerten Lésungsmittels.

Reduzierbare (durch Wasserstoff ersetzbare) Gruppen sind insbesondere
Sauerstoff in einer Carbonylgruppe, Hydroxyl, Arylsulfonyloxy (z.B. p-
Toluolsulfonyloxy), N-Benzolsulfonyl, N-Benzyl oder O-Benzy].

Esist grundsatzlich méglich, Verbindungen,die nur eine, oder solche, die
nebeneinander zwei oder mehr der oben angefiihrten Gruppen bzw.zusiitz-
lichen Bindungenenthalten, reduktiv in eine Verbindung der FormelI tiber-
zufiihren; dabei k6nnen gleichzeitig Substituenten in der Gruppe Ind, die in
der Ausgangsverbindungenthalten sind, reduziert werden. Vorzugsweise
bedient man sich hierzu des nascierenden Wasserstoffs oder komplexer
Metallhydride, ferner der Reduktion nach Wolff-Kishner sowie der Reduk-

tionen mit Wasserstoffgas unter Ubergangsmetallkatalyse.

Bevorzugte Ausgangsstoffefiir die Reduktion entsprechen beispielsweise
der Formel VI

Ind'-L-N Z-R1 VI
YS

worin

Ind’ einen RestInd, der zusatzlich durch eine Arylsulfonylgruppe oder
eine Alkyloxycarbonylgruppe in 1-Stellung substituiert sein kann,
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L Q oder eine dem Rest Q entsprechende Kette, worin jedoch eine
oder mehrere -CH2-Gruppe(n) durch -CO- und/oder ein oder
mehrere Wasserstoffatome durch eine oder mehrere OH-

Gruppe(n) oder eine Doppelbindungersetzt sind, bedeuten und

Rl die angegebene Bedeutungbesitzt

worin jedoch nicht gleichzeitig Ind' = Ind und L = Q sein kénnen.

In den Verbindungen der FormelVI ist L bevorzugt -CO-(CHp2)n-2-CO- [im
einzelnen -COCO-, -COCH2CO-, -CO-(CH2)2-CO-, -CO-(CH2)3-CO-], .
~-(CH2)n-1-CO- [im einzelnen -CH2-CO-, -CH2CH2-CO-, -(CH>)3-CO- oder
-(CH2)4-CO-], ferner z.B. -CO-CH,CH>-, -CO-(CHp2)3-, -CH2-CO-CH2CH)-
oder -CH2CH2-CO-CH>-.

Verbindungen der Formel VIsind z.B. herstellbar durch Umsetzung von 4-
R1-piperazin oder-piperidin mit einer Verbindung der Formel VII

Ind'-L-X1 Vil

worin

R!, Ind’, L und X! die oben angegebenen Bedeutungenhaben,unter den
Bedingungen,die zuvorfiir die Umsetzung von II mit ITI angegebensind.

Wird als Reduktionsmittel nascierender Wasserstoff verwendet, so kann man
diesen z.B. durch Behandlung von Metallen mit schwachen Saduren oder mit

Basen erzeugen. So kann man z.B. ein Gemisch von Zink mit Alkalilauge
oder von Eisen mit Essigsaure verwenden. Geeignet ist auch die Verwen-
dung von Natrium oder einem anderen Alkalimetall gelést in einem Alkohol
wie Ethanol, Isopropanol, Butanol, Amyl- oder Isoamylalkohol oder Phenol.
Man kannferner eine Aluminium-Nickel-Legierungin alkalisch-wisseriger
Lésung, gegebenenfalls unter Zusatz von Ethanol, verwenden. Auch
Natrium- oder Aluminiumamalgam in wisserig-alkoholischer oder
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wasseriger Lésung sind zur Erzeugung des nascierenden Wasserstoffs
geeignet. Die Umsetzung kann auchin heterogener Phase durchgefihrt
werden, wobei man zweckmaBig eine wasserige und eine Benzol- oder
Toluol-Phase verwendet.

Als Reduktionsmittel kénnen ferner besondersvorteilhaft komplexe
Metallhydride, wie LiAIH4, NaBH4, Diisobutylaluminiumhydrid oder
NaAI(OQCH2CH,0CH3)2H> sowie Diboran eingesetzt werden,falls er-
winscht unter Zusatz von Katalysatoren wie BF3, AICI; oder LiBr. Als
‘Lésungsmittel eigenen sich hierfiir insbesondere Ether wie Diethylether,
Di-n-butylether, THF, Dioxan, Diglyme oder 1,2-Dimethoxyethan sowie
Kohlenwasserstoffe wie Benzol. Fiir eine Reduktion mit NaBHsg sind in
erster Linie Alkohole wie Methanol oder Ethanol, ferner Wasser sowie

wasserige Alkohole als Lésungsmittel geeignet. Nach diesen Methoden
reduziert man vorzugsweise bei Temperaturen zwischen -80 und +150°,
insbesondere zwischen etwa 0 und etwa 100°.

Besondersvorteilhaft lassen sich -CO-Gruppen in Sdureamiden(z.B.
solchen der Formel VI, worin L eine -(CH>),-1 -CO-Gruppe bedeutet) mit
LiAlH, in THF bei Temperaturen zwischen etwa 0 und 66° zu CH2-Gmppen
reduzieren. Dabei k6nnenin 1-Stellung des Indolring befindliche Arylsulfo-
nyl-Schutzgruppengleichzeitig reduktiv abgespalten werden. N-Benzyl-
gruppen k6nnenreduktiv mit Natrium im fliissigem Ammoniak abgespalten
werden.

Esist ferner méglich, eine oder mehrere Carbonylgruppen nach der Methode
von Wolff-Kishner zu CH2-Gruppen zu reduzieren, z.B. durch Behandlung
mit wasserfreiem Hydrazin in absolutem Ethanolunter Druck bei Tempe-
raturen zwischen etwa 150 und 250°. Als Katalysator wird vorteilhaft
Natriumalkoholat verwendet. Die Reduktion kann auch nach der Methode

von Huang-Minlonvariiert werden, indem man mit Hydrazinhydrat in einem
hochsiedenden, mit Wasser mischbaren Lésungsmittel, wie Diethylenglykol
oder Triethylenglykol, in Gegenwart von Alkali, wie Natriumhydroxid, um-
setzt. Das Reaktionsgemisch wird in der Regel etwa 3-4 Stunden gekocht. _
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AnschlieBend wird das Wasserabdestilliert und das gebildete Hydrazon bei
Temperaturen bis zu etwa 200° zersetzt. Die Wolff-Kishner-Reduktion kann

auch bei Raumtemperatur in Dimethylsulfoxid mit Hydrazin ausgefiihrt
werden.

Dariiber hinausist es méglich, bestimmte Reduktionen durch Verwendung
von H2-Gas unter katalytischer Wirkung von Ubergangsmetallen, wie z.B.
Raney-Ni oder Pd durchzufiihren. Man kann auf diese Weise z.B. Cl, Br,I,
SH oderin bestimmten Fallen auch OH-Gruppen durch Wasserstoff er-
setzen. Ebenso kénnen Nitrogruppen durch katalytische Hydrierung mit
Pd/H2 in Methanol in NH2-Gruppen umgewandelt werden.

Verbindungen,die sonst der FormelI entsprechen, aberanstelle eines oder
mehrerer H-Atomeeine oder mehrere solvolysierbare Gruppe(n)enthalten,
k6nnen zu den Verbindungender FormelI solvolysiert, insbesondere
hydrolysiert werden. |

Die Ausgangsstoffefiir die Solvolyse sind beispielsweise erhaltlich durch
Reaktion von IIIa mit Verbindungen, die der FormelII (X! = X) entspre-
chen,aber anstelle eines oder mehrerer H-Atomeeine oder mehrere solvo-

lysierbare Gruppe(n) enthalten. So kénnen insbesondere 1-Acylindolderivate
(entsprechend der FormelI, aber in 1-Stellung des Ind-Rests eine Acyl-
gruppe enthaltend, vorzugsweise eine Alkoxycarbonyl-, Alkanoyl-, Alkyl-
sulfonyl- oder Arylsulfonylgruppe mit jeweils bis zu 10 C-Atomen, wie
Methan-, Benzol- oder p-Toluolsulfonyl) zu den entspechenden in der I-
Stellung des Indolringes unsubstituierten Indolderivaten hydrolysiert
werden, z.B. in saurem, besserin neutralem oder alkalischem Medium bei

Temperaturen zwischen 0 und 200°. Als Basen verwendet man zweckmaBbig
Natrium-, Kalium- oder Calciumhydroxid, Natrium- oder Kaliumcarbonat,
oder Ammoniak. Als Lésungsmittel wahlt man vorzugsweise Wasser;
niedere Alkohole wie Methanol, Ethanol; Ether wie THF, Dioxan; Sulfone
wie Tetramethylensulfon; oder deren Gemische, besonders die Wasser

enthaltenden Gemische. Eine Hydrolyse kann auch bereits beim Behandeln
mit Wasserallein erfolgen, insbesonderein der Siedehitze.
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Weiterhin kann man eine Verbindung der FormelI nach an sich bekannten
Methodenin eine andere Verbindung der Formel I umwandeln.

Verbindungen der FormelI, worin Ind einen durch CO-R! substituierten

Indol-3-yl-rest bedeutet, kénnen durch Derivatisierung entsprechender
Carboxy-indol-3-yl-Verbindungen erhalten werden. Man kann z.B.die

Sduren mit entsprechenden Alkoholen oder Alkoholaten unter Verwendung
an sich bekannter Methoden verestem. Fernerist es méglich, Sauren oder
Ester mit primaren oder sekundaren Aminen zu amidieren. Bevorzugtist die
Umsetzung derfreien Carbonsaure mit dem Amin unter den Bedingungen
einer Peptidsynthese. Diese Reaktion gelingt vorzugsweise in Gegenwart
eines Dehydratisierungsmittels, z.B. eines Carbodiimids wie Dicyclohexyl-
carbodiimid oder N-(3-Dimethylaminopropyl)-N-ethyl-carbodiimid, ferner
Propanphosphonsdureanhydrid (vgl. Angew. Chem. 92, 129 (1980)), Di- -
phenylphosphorylazid oder 2-Ethoxy-N-ethoxycarbonyl-1 ,2-dihydrochino-
lin, in einem inerten Lésungsmittel, z.B. einem halogenierten Kohlen-
wasserstoff wie Dichlormethan, einem Ether wie THE oder Dioxan, einem
Amid wie DMF oder Dimethylacetamid, einem Nitril wie Acetonitril, bei
Temperaturen zwischen etwa -10 und 40°, vorzugsweise zwischen 0 und
30°. Anstelle der Saure bzw. des Amids kénnen auch reaktionsfahige
Derivate dieser Stoffe in die Reaktion eingesetzt werden, z.B. solche, in
denen reaktive Gruppen intermediir durch Schutzgruppen blockiert sind.
Die Sauren kénnen auch in Form ihrer aktivierten Ester verwendet werden,
die zweckmaBig in situ gebildet werden, z.B. durch Zusatz von 1-Hydroxy-
benztriazol oder N-Hydroxysuccinimid.

Weiterhin kann man cyan-substituierte Indol-3-yl-reste zu Carboxy-indol-
3-yl- oder Carboxamido-indol-3-yl-resten hydrolysieren.

Besondersgiinstig ist es aber auch in umgekehrter Weise, durch Wasser-
abspaltung, ausgehend von den Amiden,z.B. mittels Trichloracetylchlorid/
Et3N [Synthesis (2), 184, (1985)] oder mit POCI(J. Org. Chem. 26, 1003
(1961)), die Nitrile herzustellen.
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Eine erhaltene Base der Formel I kann mit einer Saure in das zugehorige
Sdureadditionssalz iibergefiihrt werden. Fiir diese Umsetzung eignen sich
Sauren, die physiologisch unbedenkliche Salze liefern. So k6nnen anorga-
nische Saéuren verwendet werden, z.B. Schwefelsdure, Halogenwasser-
stoffsiuren wie Chlorwasserstoffsdure oder Bromwasserstoffsdure,
Phosphorsduren wie Orthophosphorsiure, Salpetersaure, Sulfaminsdure,
ferner organische Sauren, im einzelnen aliphatische, alicyclische, arali-
phatische, aromatische oder heterocyclische ein- oder mehrbasige Carbon-,
Sulfon- oder Schwefelsduren, wie Ameisensdure, Essigsiure, Propionsdure,
Pivalinsdure, Diethylessigsaure, Malonsdure, Bernsteinsdure, Pimelinsdure,
Fumarsdure, Maleinsdure, Milchsdure, Weinsdure, Apfelsiure, Benzoesaure,
Salicylsdure, 2-Phenylpropionsiure, Citronensiure, Gluconsdure, Ascorbin-
sdure, Nicotinsdure, Isonicotinsaure, Methan- oder Ethansulfonsdure, Ethan-

disulfonsdure, 2-Hydroxyethansulfonsdure, Benzolsulfonsaure, p-Toluol-
sulfonsdure, Naphthalin-mono- und -disulfonsduren, Laurylschwefelsdure.

Die freien Basen der Formel I kénnen,falls gewiinscht, aus ihren Salzen
durch Behandlung mit starken Basen wie Natrium- oder Kaliumhydroxid,
Natrium- oder Kaliumcarbonatin Freiheit gesetzt werden, sofern keine
weiteren aciden Gruppen im Molekiil vorliegen. In jenen Fallen, wo die
Verbindungen der FormelI iiber freie Sauregruppen verfiigen, kann durch
Behandlung mit Basen ebenfalls eine Salzbildung erreicht werden. Als
Basen eignen sich Alkalimetallhydroxide, Erdalkalimetallhydroxide oder

“organische Basen in Form von primdren, sekundiren odertertiiren Aminen.

Gegenstand der Erfindungist ferner die Verwendung der Verbindungen der
FormelI und ihrer physiologisch unbedenklichen Salze zur Herstellung
pharmazeutischer Zubereitungen, insbesondere auf nicht-chemischem Wege.
Hierbei kénnen sie zusammen mit mindestens einem Trager- oder Hilfsstoff
und gegebenenfalls in Kombination mit einem oder mehreren weiteren

Wirkstoffe(n) in eine geeignete Dosierungsform gebracht werden.

Gegenstand der Erfindung sind ferner Mittel, insbesondere pharmazeutische
Zubereitungen, enthaltend mindestens eine Verbindung der FormelI und/
odereines ihrer physiologisch unbedenklichen Salze. Diese Zubereitungen
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