UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for 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 ”
265 Franklin Street U.S. Patent No. 5,532,241 ELL 3p 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 copy of this letter is being forwarded to
the Food and Drug Administration (FDA), you should directly correspond with the FDA
regarding any required changes to 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.

Mo (I
. Wiary C. Till(}

Senior Legal Advisor

Office of Patent Legal Administration

Office of the Associate 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-
Silver Spring, MD 20993-0002 ‘

Attention: Beverly Friedman

Argentum EX1022
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UNITED STATES PATENT AND TRADEMARK OFFICE

(12) CERTIFICATE EXTENDING PATENT TERM
UNDER 35 U.S.C. § 156

(68) PATENT NO. | : 5,532,241
" (45) ISSUED : July 2, 1996
(75) INVENTOR : Henning Boéttcher et al.
(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 of the term of U.S. Patent No.
5,532,241 based upon the regulatory review of the product VIIBRYD® (vilozodone
hydrochloride) by the Food and Drug Administration. Since it appears that the
requirements of the law have been met, this certificate extends the term of the patent for

the period of
%4 | 5 years

from September 29, 2014, the original expiration date of the patent, subject tb the payment
of maintenance fees as provided by law, with all rights pertaining thereto as provided by

35U.8.C. § 156.

I have caused the seal of the United States Patent and
Trademark Office to be affixed this 24th day of July 2014.

Michelle K. Lee

Deputy Under Secretary of Commerce for Intellectual Property and
Deputy Director of the United States Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE

. Commissioner for 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 E’fﬁ 29 204
McCarter & English LLP Application for
265 Franklin Street U.S. Patent No. 5,532,241

Bosto‘n, MA 02110
NOTICE OF FINAL DETERMINATION

A determination has been made that U.S. Patent No. 5,532,241, which claims the human drug
product VIIBRYD® (vilozodone hydrochloride), is eligible for patent term extension under 35
U.S.C. § 156. The period of extension has been determined to be 5 years.

A single request for reconsideration of this final determination as to the length of extension of the
term of the patent may be made if filed within one month of the date of this notice. Extensions
of time under 37 CFR § 1.136(a) are not applicable to this time period. In the absence of such
request for reconsideration, the Director will issue a certificate of extension, under seal, 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):

Period of Extension = RRP - PGRRP - DD - % (TP - PGTP)"
4,778 -0 -0 - ¥ (4472 - 0)
2,542 (7.0 years)

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 of the
length of the extension period 35 U.S.C. § 156(c). No determination of a 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 because the .
patent was issued 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 number of days in the regulatory
review period, “PGRRP” is the number of days of the RRP which were on and before the date on
which the patent issued, “DD” is the number of days of the RRP that the applicant did not act
with due diligence, “TP” is the testing phase period described in paragraphs (1)(B)(1), (2)(B)(i),
(3)(B)(), (4)(B)(i), 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 which the patent issued, wherein half
days are ignored for purposes of the subtraction of /2 (TP - PGTP).
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U.S. 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 determined above.

Upon issuance of the certificate of extension, the following information will be published in the

Official Gazette:
U.S. Patent No.:
Granted:
Original Expiration Date?:
Applicant:
Owner of Record:
Title:
Product Trade Name:

Term Extended:

Expiration Date of Extension:.

5,532,241

July 2, 1996
September 29, 2014
Henning Béttcher et al.

Merck Patentgesellschaft Mit Beschrankter Haftung

} Piperidines and Piperazines

VIIBRYD® (vilozodone hydrochloride)
5 years

September 29, 2019

2Subject to the provisions of 35 U.S.C. § 41(b).
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U.S. Patent No. 5,532,241 ' Page 3

Any correspondence from applicant with respect to this matter should be submitted via the
USPTO’s EFS Web system 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 deterrnination should be directed to the undersigned at (571)
272-7755.

Ml LI

Mary C. Tlll

Senior Legal Adv1sor

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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y“““""-% Department of Health and Human Services Public Health Service

5,0 C Food and Drug Administration
'*»»,hm 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 claim 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 of this 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
days after the publication of the determination, any interested person could file a petition with
FDA under 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-day period for filing a due diligence petition pursuant to this notice has expired and
FDA has received no such petition. Therefore, FDA considers the regulatory review period
determination to be final.

Please let me know if we can provide further assistance.

Sincerely yours,

pow N 74

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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DATSCAN and is publishing this notice
of that determination as required by
law. FDA has made the determination
because of the submission of an
application to the Director of Patents
and Trademarks, Department of
Commerce, for the extension of a patent
which claims that human drug product.
ADDRESSES: Submit electronic
comments to 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.

SUPPLEMENTARY INFORMATION: The Drug
Price Competition and Patent Term
Restoration Act of 1984 (Pub. L. 98—417)
and the Generic Animal Drug and Patent
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. Under these acts, a product’s
regulatory review period forms the basis
for determining the amount of extension
an applicant may receive.

A'regulatory review period consists of
two periods of time: 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 phase starts
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 amount of 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 human drug product will
include all of the testing phase and
approval phase as specified in 35 U.S.C.
156(g)(1)(B).

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

photon emission computed tomography
brain imaging to assist in the evaluation
of adult patients with suspected
Parkinsonian syndromes. Subsequent to
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
determining this 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 determined that the
applicable regulatory review period for
DATSCAN is 677 days. Of this time, 0
days occurred during the 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)) became effective: 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
Act for this human drug product.

2. The date the application was
initially submitted with respect to the
human drug product under section
505(b) of the FFD&C Act: March 9, 2009.
The applicant claims March 6, 2009, as
the date the new drug application
(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 approved on 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.

Anyone with knowledge that 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 whether the applicant for
extension acted with due diligence
during the regulatory review period by
October 3, 2012. To meet its 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 submit to the
Division of Dockets Management (see
ADDRESSES) electronic or written
comments and written petitions. It is
only necessary to send one set 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 heading of this
document.

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

Dated: March 19, 2012.

Jane A. Axelrad,

Associate Director for Policy, Center for 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 Drug 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: The Food and Drug
Administration (FDA) has determined
the regulatory review period for
VIIBRYD and is publishing this notice
of that determination as required by
law. FDA has made the determination
because of 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.

ADDRESSES: Submit electronic
comments to http://
www.regulations.gov. Submit written
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2012/ Notices 20831

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.

SUPPLEMENTARY INFORMATION: The Drug
Price Competition and Patent Term
Restoration Act of 1984 (Pub. L. 98—417)
and the Generic Animal Drug and Patent
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. Under these acts, a product’s
regulatory review period forms the basis
for determining the amount of extension
an applicant may receive.

A regulatory review period consists of
two periods of time: 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 phase starts
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 amount of 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 human drug product will
include all of the testing phase and
approval phase as specified in 35 U.S.C.
156(g)(1)(B).

FDA recently approved for marketing
the human drug product VIIBRYD
(vilazodone hydrochloride}. VIIBRYD is
indicated for the treatment of major
depressive disorder. Subsequent to 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 determining this 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 VIIBRYD
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 determined that the
applicable regulatory review period for
VIIBRYD is 4,778 days. Of this time,
4,472 days occurred during the testing
phase of the regulatory review period,
while 306 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 FD&C Act) (21
U.S.C. 355(i)) became effective:
December 24, 1997. FDA has verified
the applicant’s claim that the date the
investigational new drug application
became effective was on December 24,
1997.

2. The date the application was
initially submitted with respect to the
human drug product under section
505(b) of the FD&C Act: March 22, 2010.
FDA has verified 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 approved on 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
Trademark Office 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 knowledge that 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 whether the applicant for
extension acted with due diligence
during the regulatory review period by
October 3, 2012. To meet its burden, the
petition must contain sufficient facts to
merit an FDA investigation. {See H.
Rept. 857, part 1, 98th Cong., 2d sess.,
Pp- 4142, 1984.) Petitions should be in
the format specified 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 one set 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 heading of this
document.

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

Dated: March 19, 2012.

Jane A. Axelrad,

Associate Director for Policy, Center for Drug
Evaluation and Research.

[FR Doc. 20128341 Filed 4-5-12; 8:45 am)
BILLING CODE 4160-01-P

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

National Cancer Institute; Notice of
Closed Meeting

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

The meeting will be ¢losed to the
public in accordance with the
provisions set forth in sections
552b(c)(4) and 552b(c)(6), Title 5 U.S.C.,
as amended. The grant 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 personal privacy.

Name of Committee: National Cancer
Institute Initial Review Group; Subcommittee
A—Cancer Centers.

Date: May 3, 2012

Time: 8 a.m. to 5:20 p.m.

Agenda: To review and evaluate grant
applications.

Place: Courtyard by Marriott, 5520
Wisconsin Avenue, Chevy Chase, MD 20815.

Contact Person: Gail ] Bryant, MD, Medical
Officer, Resources and Training Review
Branch, Division of Extramural Activities,
National Cancer Institute, 6116 Executive
Blvd., Room 8107, MSC 8328, Bethesda, MD
20892-8328, (301) 4020801, gh30t@nih.gov.

Information is also available on the
Institute’s/Center’s home page: http://
deainfo.nci.nih.gov/advisory/irg/irg.htm,
where an agenda and any additional
information for the meeting will be posted
when available.

(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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Re: VIIBRYD

Patent Nos. 5,532,241 and 7,834,020

Docket Nos. FDA-2011-E-0380 and
FDA-2011-E-0389

APR 3 2010

The Honorable David J. Kappos
Undersecretary 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 Directer Kappos:

This is in regard to the applicaﬁons 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 seq. We have reviewed
the dates contained in the applications and have determined the regulatory review period for

VIIBRYD (vilazodone hydrochloride), the human drug product claimed by the patents.

atory review period for VIIBRYD (vilazodoene hydrochloride) is

Af the raonl i e
ays occurred during the testing phase and 306 days occurred

The total length of the reg Y
,4,4724d

4,778 days. Of this time
during the approval phase. These periods of time were derived from the following dates:

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

FDA has verified the applicant's claim that the date the investigational new drug
application became effective was on December 24, 1997

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

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

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

2011.
This determination of the regulatory review period by FDA does not take into account the
effective date of the patent, nor does it 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,

, %W

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

Commissioner for Patents
United States Patent and Trademark Office

P.O. Box 1450
NOV 29 20” AIexandria,VA223?§-1450

Www.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

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 22-567 for the
human drug product VIIBRYD® (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 considered to 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 of the 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). :

Mo Csdt

Mary C. Tlll

Senior Legal Adv1sor

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
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. é DEPARTMENT OF HEALTH & HUMAN SERVICES

Rockville MD 20857

JUN 22 20m
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 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 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. § 156. The
human drug product claimed by the patents is VIIBRYD (vilazodone hydrochloride),
which was assigned new drug application (NDA) No. 22-567.

A review of 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(£)1).

The NDA was approved on January 21, 2011, which makes the submission of the 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 accordingly. 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 of further assistance.

Sincerely yours,

Jane A. Axelrad W

Associate Director for Policy
Center for Drug Evaluation and Research

Page 12
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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 OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
08/314,734 09/29/1994 HENNING BOTTCHER MERCKI1617
CONFIRMATION NO. 3429
MILLEN WHITE ZELANO AND BRANIGAN POWER OF ATTORNEY NOTICE
ARLINGTON COURTHOUSE PLAZA | SUITE 1400
2200 GLARENDON BOULEVARD IR AT
000000046925667

ARLINGTON, VA 22201
Date Mailed: 04/27/2011

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 04/03/2011.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will 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 OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450

WWW.USPto oV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
08/314,734 09/29/1994 HENNING BOTTCHER 120140-00201
CONFIRMATION NO. 3429
86736

POA ACCEPTANCE LETTER
VideoMining Corporation

403 South Allen Street, Suite 101 IR AT
000000047391030

State College, PA 16801
Date Mailed: 04/27/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/21/2011.

The Power of Attorney in this application is accepted. Correspondence in 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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto oV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
08/314,734 09/29/1994 HENNING BOTTCHER 120140-00201
CONFIRMATION NO. 3429
86738 POA ACCEPTANCE LETTER
MCCARTER & ENGLISH, LLP BOSTON

265 Franklin Street

O 0O AR
Boston, MA 02110 000000047391125

Date Mailed: 04/27/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/21/2011.

The Power of Attorney in this application is accepted. Correspondence in 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

Page 16



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office

~ P.O. Box 1450

APR ] 8 20“ Alexandria, VA 22313-1450

www,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
U.S. Patent No. 7,834,020 for NDA 22-567 for the human drug product VIIBRYD™ (vilozodone
hydrochloride) was filed concurrently, pursuant to the provisions of 37 C.F.R. § 1.785.

The assistance of your Office is requested in confirming that the product identified in the
application, VIBRYD™ (vilozodone hydrochloride), has been subject to a regulatory review
period within the meaning of 35 U.S.C. § 156(g) before its first commercial marketing or use and
that the application for patent term extension was filed 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 claims a product which has 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 made in the future pursuant to 35 U.5.C. § 156(d)(2)(A).

Our review of the application to date indicates that the subject patent would be eligible for
extension of the 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. TillJ
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
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STORRBYS L1208

Approved for wge thrdugh T30 1, OMS 98510035

LES Patent and Trade Offfe; W8, DEPARTMENT OF COMMERCE

Unddiar the Paperwork Reduction Adtof 1955, no persons are foquired te mspond i a solladtion of infarmation uniess f disatays a valid GhE central number.

/" PATENT - POWER OF ATTORNEY Patent Nurber S53=24t 2
oR Isaus Date July 2, 1998

REVOCATION OF POWER OF ATTORNEY | st Named inventor | HeAning Bolisher

WITH A NEW POWER OF ATTORNEY | Tits

Fiperidines and Piperazines

AND i
\Q\HANGE OF CORRESPONDENCE ADDRESS | Attorney Docket Number| 120140-00201 J
| hereby revoke all previous powerspf-attorney given in the above-identified patent.
r A Powerof Attormey 18 submitted herawith.
OR )
. 1heteby appoint Praciitioner(s) sssociated with the following Custorner Number as mylour

X: attomey(s) or agentis} with respert to the patent identified above, and to ransact alf business o |gg738
the Unifad States Patent and Trademark Office connecied thergwith:

D } heraby appoint Praciitionsr{s) named below as mylour attomey(st of agent(s) with raspect to the patent identified
above, snd o fransact alf business in the United States Patént and Trademark Office conneciad therewilh;

Praciitionar{s} Nams Reaqistration Number

Please recognize or change the corespondsnne address for e above-identified patent to:

\ ) v —
X1 The address associsted with the above-mentionad Customer Number.
A

OR

L1 Theaddress associated with Qusiomar Nurmbies:

Firpr o
Individual Name
Address

City | Stats
Counlry '

2]

Telephone | Email |

L Inventor, having ownerstip of the patant.
OR

o Patent owner,
L Stafernent uader 37 CFR 3.73(b} {Form PTO/SEO6) submifted forswith or figd on

Py SIGMATURE of Inventor or Paangy

Signature i " ’ug,»f, g{.@"&f i/ P@*@{{
Mame ?r Hartmann g, U o

Tite and Company ead ot Patents Pharmaceuricals OriZed EEplay

NQTE: Signatures of ail. the thvertors or palent cwhiers of $io ontire nterast ar malr representativels) ae equired: -SubeR T
shgrasture & ratuiied, see telow?.

U] “Totatof , farrs are subiaitled. .

This-gpltection of information 18 sequirad By 37 CFR 134, 1.52 and 30 33 Tho wiorratinnis reguessd o oRtdn o redadia tmmt*\r =15
USPTO o pracess ) ap applicalion, Donfidentaity is qn\emnd by 35 1680 128 and 37 88R 1 ‘H and 194, TN; Lr»i 3
nchuding gathering, prapariag, and submiting the compieted appination fove e USPTO, T
the atowd. of Ume You reguirs o complate this form ar:d-‘ior sugpestioas for red;n;ing this b . shovtd bc: senf to ths Chiel infommation Oficer, WS Patont and
Trasewark Dfiee. V.S Depardwent of Commerce, £.00 Box 1450, Alexsatis, VA 223131450 00 NOT SENG FEES OR COMPLETED FOURMS TO THIS
ADDRESS. BEND TQ: Consnissioner for Patents, F.0. Box 1850, Alexandria, VA 223131888,

the prblis whish s to e {and by the
wd o tade 3 srinides So compiala,
i Aty cotvmants @R

Fyou nesd sssisfance in oomplating fhe form, calt 1. 800-PTO8159 and selsct aption &

S
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FTOCSRMAE (U769}

Approved ot uge through SRINRN DR BES1-0031

L5 Ryt and . Tradamark (F 13 GEPARTMENT OF SOMMERDE

Undor the Fapeneork Reduction Actof 1588 ne garsons ans requied fo mesaensd (o colection of infarmstion uisgs it displays @ valis OME coaltol ninnbisr,

STATEMENT UNDER 37 CFR 3.73(b)

ApplicantiPatent Owner: Henning Bottcher et al )
Application No/Palent No. 5532241 Eiledissue Date July 2, 1998
Tiled

Piparidines and Piperazines

Merck Pateni GmbH

iNsme of Assignae) {Type of Assignen, g0, tarpteainn, parnersiig, niversily, govammant agensy. eie.,

La  Corporation

states that it is:

1. X] the assignes of the eniire right, title, and intersst iny;

L]

an assignen-of less than the entire right, tite, and interest in
{The extent (by percentage) of its ownership interast is S of

3 j the assignee of an undividad infersst in the entirely of (a complate assignment from one of the joint nventors was made)

L.

} the patent apptication/patent identified above, by virlue of either:

A [ Anessignment from the inventor(s] of the patent apphicationfpatent identified above, The assignment was recordsd in
the Unitert States Patent and Trademark Office at Resl DOFZ10 . Frame 0387 . orfor which a
copy therafore is attached.

OR
6. A chigin of e from the inventor(s), of the patent application/patent identified above, to the curtert assignes as follows:

1. From: ) To:

The docwrnent was recorded in the Uniled States Patentand Trademark Offica &t

Reel ) ;- Frame < orforwhich a copy thereof is attached.

2. From: T

The docurmant was recarded in the United States Patent and Trademark Office at
Reel .- Frama . orforwhich a cony thereof is attached.

3, Frone: To

The document wag recorded in the United States Patert and Trademark Oifice at

Reet . Frame . orforwhich a copy theraof is aflached.

r Additionat dotuments in the chain of tlle are listad on a supplemental shast(s),

]

i Asregquired by 37 CFR 3.73(bI1HD, the documentary evidense of the chain-of tife friom the ofiainal ownibr 14 the assignes was,
aF ccncurf&ntky is being, suhmitiad for recordation pursuant to 37 CFR 3,11,

The undersigned {whose titte is

5 ’T‘L}; ;,(?f vl

Dr, Arno Hartmanm
FQD&EUYG

oy

H

Head of Patents Pharsaceuticals

&urhovized Baployee

Prinded or Typed Name

This callention of information is required by 37 OFR 1730, The iniomation is fejuired to cblain of setain & bunelit by the public whichss fo Tl {ans by AEFTO o
pEoCRSS) ant application. Confdentistly is gwpme.:! by 35 V.0, 128 snd 37 OFR 111 snd 1,14 This sollecion is estimated 1 take 12 Rénwtes stpdate . including
galharng, preparing, and submmtting the compiated application fornt 16 the BSPTE., Time will wary sepending Lbon e ikdhiduat . Avcornensnts An the amigunt of s
Yl reduine 2 complata this forrm andfor sugiestions Iof redudng this Burden, shoukd b sent (0 the Chist nfvemation Oifiser, U, cl’"‘!’\t and- Tradamark Offics, 83,5
Deganment of Commzrg, PO, Box 1430, Alexawdrie, VA 223131450, DO NOT SEND FEES QR OCMFLUETED FGRME 1O ADDRESS . SEND TO: Commilssionsr
for Patents, 7.4, Box 1450, Afexandria, WA 223131450,

iy naed gesistancs it completing e R, calf 1-800-PTO-5198 dnd srdvat opion 2
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Electronic Acknowledgement Receipt

EFSID: 9704035
Application Number: 08314734
International Application Number:
Confirmation Number: 3429

Title of Invention:

PIPERIDINES AND PIPERAZINES

First Named Inventor/Applicant Name:

HENNING BOTTCHER

Correspondence Address:

MILLEN WHITE ZELANO AND BRANIGAN
ARLINGTON COURTHOUSE PLAZA I SUITE 1400
2200 CLARENDON BOULEVARD

ARLINGTON VA

us -

22201

Filer:

Danielle L. Herritt/Maureen Tierney

Filer Authorized By:

Danielle L. Herritt

Attorney Docket Number: MERCK1617
Receipt Date: 21-MAR-2011
Filing Date: 29-SEP-1994
Time Stamp: 17:54:17

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
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Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
120140_00201_Patent_POA 474676
1 Power of Attorney - daf atent_roA. no 1
p 978f535ecab959b7df4f04a466b4347 df11f6)
4bc
Warnings:
Information:
Assi howing of hi 37 477881
ssignee showing of ownership per
2 CFR 3.73(b). 120140_00201_373_b.pdf no 1
Sadcechbbd713f49721d20e666fda14422a6|
819d
Warnings:
Information:
Total Files Size (in bytes); 952557

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will establish the filing 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing 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:
Bottcher et al.

Patent No.: 5,532,241

Issued: July 2, 1996

RECEIVED
For: PIPERIDINES AND PIPERAZINES -
A MAR 1-7 2011
Mail Stop: Hatch-Waxman PTE P
U.S. Patent and Trademark Office ATENTo%XL};‘ENSION

Office of Patent Legal Administration
Room MDW7DS5S

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, wishes to formally inform the Office that two
patent term extension applications have been filed concurrently with respect to 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 (i.e.,
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 upon the receipt of a Notice of Final

Determination and Requirement of Election as to which patent to ultimately extend in
accordance with 37 C.F.R. §1.785. @4/18/2011 RLOGAN  80@GBGA2 88314734

B1 FC:1437 1126.08 0P

It is believed that no fee is required for the filing of this Information Disclosure
Statement. However, should a fee be required with the filing 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,

BYW

Sc6tf 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)

MET 11350584v.1

3725346
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Attorney Docket No. 119027-00901
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re United States Patent of’:
Bottcher et al.

RECEIVED
Patent No.: 5,532,241 MAR 17 20“
Issued: July 2, 1996 T EXTENSION
S PATENGpLA

For: PIPERIDINES AND PIPERAZINES

Mail Stop: Hatch-Waxman PTE

U.S. Patent and Trademark Office
Office of Patent Legal Administration
Room MDW7DS55

600 Dulany Street (Madison Building)
Alexandria, VA 22314

TRANSMITTAL LETTER

Dear Madam:

Enclosed are the following items for filing in connection with the above-referenced

Patent:
1. 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.

Payment is 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 been filed herewith (or with any other paper
hereafter filed 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 extensions of 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 of time are necessary to prevent abandonment of this
application, then such extensions of time 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,

ByW

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)

Approved for 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 respond to a collection of information unless it displays a valid OMB control number

. Complete if Known
Effective on 12/08/2004,
Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818). | Application Number Patent No. 5532241

FEE TRANSMITTAL Filing Date Issued: July 2, 1996

First Named Inventor Henning Bottcher
For FY 2009 Examiner Name N/A
D Applicant claims smal! entity status. See 37 CFR 1.27 Art Unit N/A
TOTAL AMOUNT OF PAYMENT I $) 1,120.00 Attomey Docket No. 119027-00801

METHOD OF PAYMENT (check all that apply)

D Check Credit Card |:| Money Order D None I:‘ 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)
D Charge fee(s) indicated below |:| Charge fee(s) indicated below, except for the filing fee

Charge any additional fee(s) or underpayments of Credit £
X x {Credit any overpayments
. fee(s) under 37 CFR 1.16 and 1.17 Y

FEE CALCULATION

1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILING FEES SEARCH FEES EXAMINATION FEES
Small Entity Small Entity Small Entity

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

Utility 330 165 540 270 220 110

Design 220 110 100 50 140 70

Plant 220 110 330 165 170 85

Reissuc 330 165 540 270 650 325

Provisional 220 110 0 0 0 0
2. EXCESS CLAIM FEES Smali Entity
Fee Description Fee ($) 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

-20orHP x = Fee ($) Fee Paid ($)
HP = highest number of total ctaims paid for, if greater than 20.
Indep. Claims Extra Claims Fee Paid ($)
-3orHP = X =

HP = highest number of independent claims paid 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 Number of each additional 50 or fraction thereof Eee ($) Fee Paid ($)
-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 $1,120.00

SUBMITTED BY

Signature W_\ m%irsnt;?}f:am;r 37,573 | Telephone (703) 744-8085

Name (PrintType)] Scott A.M. Chambers, Ph.D. Date March 17, 2011

RECEIVED
MAR 17 201
T EXTENSION
PATENT EXTE

3725343
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re United States Patent of?:
Bottcher er al.

Patent No.: 5,532,241 RECEIVED

Issued: July 2, 1996 , MAR 17 2011
ATE

For: PIPERIDINES AND PIPERAZINES NTQ%XLXENSION

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 UNDER 35 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 owner and assignee of the entire interest in and to Letters Patent of the United States
No. 5,532,241 (attached as Exhibit 1, “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 S‘tates Patent
Application No. 08/314,734 (hereinafter “the ‘734 application”), filed September 29, 1994,

Thbe approved product that 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. A letter on behalf of
the Marketing Applicant authorizing the patent owner to 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 DOCKET NO. 119027-00901

The following information is submitted by Trovis Pharmaceuticals LLC through its duly
authorized attorney, on behalf of Applicant (Power of Attorney attached as Exhibit 4), in
accordance with 35 U.S.C. §156(d) and the rules for extension of patent term issued by the
USPTO at 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 COMPLETE IDENTIFICATION OF THE APPROVED PRODUCT AS BY
APPROPRIATE CHEMICAL AND GENERIC NAME, PHYSICAL STRUCTURE OR
CHARACTERISTICS:

The approved product is VIIBRYD Tablets, a formulation with 10, 20 or 40 mg of active
ingredient polymorph Form IV vilazodone hydrochloride (HCI). VIIBRYD has been approved
for the treatment of major depressive disorder (MDD) (The insert for the approved product is

attached as Exhibit 5).

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

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

o]

— - NE,
NC § o]
;\Cm\\/\/b} N £ HC1

N
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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The Approved Product received permission for commercial marketing or use by the Food
and Drug Administration (“FDA”) pursuant to Section 505(b) of the FFDCA in a letter dated
January 21, 2011. A copy of the approval letter is attached as Exhibit 6.

4) IN THE CASE OF A DRUG PRODUCT, AN IDENTIFICATION OF EACH ACTIVE
INGREDIENT IN THE PRODUCT AND AS TO EACH ACTIVE INGREDIENT, A
STATEMENT THAT IT 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
ALONE OR IN 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))

VIIBRYD has been approved under section 505(b) of the FFDCA for treatment of major
depressive disorder (MDD). The active ingredient in VIIBRYD is vilazodone hydrochloride,

with the chemical structure:

Neither vilazodone hydrochloride, nor any salt 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 VIIBRYD is a
New Molecular Entity.

&) A STATEMENT THAT THE APPLICATION IS BEING SUBMITTED WITHIN THE
60 DAY PERIOD PERMITTED FOR SUBMISSION PURSUANT TO SECTION 1.720(f)
AND AN IDENTIFICATION OF THE DATE OF THE LAST DAY ON WHICH THE
APPLICATION COULD BE SUBMITTED.
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This Application is 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 understands that,
pursuant to 37 C.F.R. §1.720(f), the USPTO may deem this period to expire one day earlier, on
March 21, 2011.

(6) A COMPLETE IDENTIFICATION OF THE PATENT FOR WHICH AN EXTENSION
IS BEING SOUGHT BY THE NAME OF THE INVENTOR, THE PATENT NUMBER, THE
DATE OF ISSUE AND THE DATE OF EXPIRATION:

United States Patent No. 5,532 241

Inventors: Bottcher et 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 was filed prior to June 8, 1995, the expiration date of the
‘241 patent is the greater of either seventeen (17) years from the issue date of the ‘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 the filing date of the ‘734
application is the greater of the two terms. Therefore, the Expiration Date of the ‘241 patent is
September 29, 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
MAINTENANCE FEE PAYMENT, OR RE-EXAMINATION CERTIFICATE ISSUED IN
THE U.S. PATENT:

U.S. Patent No. 5,532,241 is not subject to any disclaimer.
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U.S. Patent No. 5,532,241 has not been re-examined, and so no re-examination certificate

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 Exhibit 7.

The fourth, eighth and twelve year maintenance fees for U.S. Patent No. 5,532,241 have
been paid, as shown by the Patent Bibliographic Data Sheet dated February 8, 2011 (attached as

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

) 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 MANNER IN WHICH AT LEAST ONE SUCH PATENT CLAIM READS ON THE
APPROVED PRODUCT OR 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 at least one such

patent claim reads on the approved product is set forth below.
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unsubstituted or monosubstituted by CN,
CH,OH, CH,0A or COR%;

Q is C,Hayy

Zis N;

A is alkyl having 1-6 C atoms;

Hal is F, Cl, BrorI;

R? is OH, OA, NH,, NHA or NA,; and

mis 2,3, or4; or

a physiologically acceptable salt thereof.

CLAIMS ELEMENTS
1. A compound according to formula I The active ingredient in VIIBRYD is vilazodone
/7 N\ HCI which has the structure:
ind-Q—N ZR! 0
\__/ NH,[R?2
wherein z
Ind is unsubstituted indol-3-yl, indol-3-yl \
monosubstituted by OH, OA, CN, Hal, NC O
COR® or CH, R?, or indol-3-yl N
polysubstituted by OH, OA, CN. Hal, N =
COR?, CH- R* or combinations | Q
thereof:R' is benzofuran-5-yl, chroman- HN
4-on-6-yl, 3-chromen-6-yl or chromen-4- Ind
on-6-yl, which in each case is having

* an indol-3-yl moiety monosubstituted
with a cyano moiety (i.e., Ind is indol-3-
yl monosubstituted by CN)

* an n-butyl chain (i.e., Q is C,,H,,,, m is
4)

* apiperazine moiety (ie., Z is N)

* abenzofuran-5-yl moiety that is
monosubstituted with an amido moiety
(e, R'is benzofuran-5-yl
monosubstituted by COR2, R%is NH;).

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

An alternative chemical name for vilazodone is
1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-
carbamoylbenzofuran-5-yl)piperazine.

3. A compound according to claim 1,
wherein Ind is unsubstituted indol-3-y],
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?.

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

4. A compound according to claim 1,
wherein Ind is indol-3-yl monosubstituted in
the S5-position by OH, OA, CN, Hal, COR?
or CH,R%.

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

3725345
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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,0H, -CONH,, -CO,A or -CO,NHA.

The benzofuran-5-yl moiety of vilazodone is
monosubstituted with -CONH, (i.e., R is
benzofuran-5-yl monosubstituted by -CONH,).

8. A compound according to claim 1,
wherein Q is -(CHy)4-.

The alkyl linker between the indol-3-yl moiety
and the piperazine moiety of vilazodone is an n-
butyl moiety (i.e., Q is -(CHj)4-).

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

The indol-3-yl moiety of vilazodone is
monosubstituted at the 5-position with a cyano
moiety (i.e., Ind is indol-3-yl substituted in the
5-position by CN).

Il. A compound according to claim I,
wherein R' is unsubstituted benzofuran-5-yl
or benzofuran-5-yl substituted by CN,
CH,OH, CH,0A or COR®.

The benzofuran-5-yl moiety of vilazodone is
substituted with -COR?, wherein R? is NH, (i.e.,
R'is benzofuran-5-yl substituted by COR?).

16. A pharmaceutical composition
comprising a compound according to claim 1
and a pharmaceutically acceptable carrier.

The Approved Product is a pharmaceutical
composition comprising vilazodone
hydrochloride and a pharmaceutically
acceptable carrier.

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

The Approved Product comprises 10, 20 or 40
mg of vilazodone hydrochloride.
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(10) A STATEMENT BEGINNING ON A NEW PAGE OF THE RELEVANT DATES AND
INFORMATION PURSUANT TO 35 U.S.C. §156(G) IN ORDER TO ENABLE THE
SECRETARY OF HEALTH AND HUMAN SERVICES OR THE SECRETARY OF
AGRICULTURE, AS APPROPRIATE, TO DETERMINE THE APPLICABLE
REGULATORY REVIEW PERIOD AS FOLLOWS:

(1) FOR A PATENT CLAIMING A HUMAN DRUG, 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 PRODUCT LICENSE ISSUED:

An original investigational new drug application (“IND”) was filed on November 21,
1997 and assigned IND No. 54,613. A copy of the letter acknowledging receipt of the IND is
attached as Exhibit 9. The IND became effective 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, in a letter from the FDA dated March 24, 2010 (attached as
Exhibit 10). The NDA number assigned to the application for vilazodone hydrochloride was 22-
567. Accordingiy, the NDA was initially 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 PAGE OF 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)(11), a list of significant activities undertaken by
the Marketing Applicant, its predecessors, and affiliates, in IND No. 54,613 and NDA No. 22-
567 during the applicable regulatory review period with respect to the Approved Product is
attached as Exhibit 1 1.

3725345

Page 35



U.S. Patent No. 5,532,241 ATTORNEY DOCKET NO. 119027-00901

(12) A STATEMENT BEGINNING ON A NEW PAGE THAT IN THE OPINION OF THE
APPLICANT THE PATENT IS ELIGIBLE FOR THE EXTENSION AND A STATEMENT
AS TO THE LENGTH OF THE EXTENSION CLAIMED, INCLUDING HOW THE LENGTH
OF EXTENSION WAS DETERMINED:

(a) Statement of 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 method of using a product or a method of manufacturing a product shall be extended if (1) the
term of the 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 owner of record of the patent or its agent in accordance with 35
U.S.C. §156(d); (4) the product has been subject to a regulatory review period before its
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.
As described below by corresponding number, each of these elements is satisfied here:

(n Pursuant to 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 application is, therefore,

being submitted prior to 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 owners of record of U.S. Patent No. 5,532,241 (see Exhibit
3 and Exhibit 4). Merck Patent GmbH is this owner of 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 that it 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).
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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 FFDCA before its commercial marketing or use.

(5) The permission for the commercial marketing of the VIIBRYD product is the first
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) Statement as to length of extension claimed.

The term of U.S. Patent No. 5,532,241, currently expiring September 29, 2014 should be
extended for five (5) years, or to September 29, 2019, in accordance with 35 U.S.C. §156.

As set forth in 35 U.S.C. §156(g)(1), the regulatory review period equals the sum of the
number of days in 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 number of days in the period beginning on the date
of submission of NDA No. 22-567, which is March 22, 2010, and ending on the date of NDA
approval, which is 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 at http://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 periods is 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, which is the number of days in the IND and NDA periods on or
before the issuance of U.S. Patent No. 5,532,241 on July 2, 1996; and

(i1) 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 extension of five (5) years is
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 of this patent beyond September 29,
2019. This provision thus limits the patent term extension available to the ‘241 patent to 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
patent term 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 of five (5)

years.

(13) A STATEMENT THAT APPLICANT ACKNOWLEDGES A DUTY TO DISCLOSE
TO THE DIRECTOR OF THE UNITED STATES PATENTS AND TRADEMARK OFFICE
AND THE SECRETARY OF HEALTH AND HUMAN SERVICES ANY INFORMATION
WHICH IS MATERIAL TO THE DETERMINATION OF ENTITLEMENT TO THE
EXTENSION SOUGHT (SEE 37 C.F.R. §1.765):

Merck Patent GmbH and Trovis Pharmaceuticals LLC acknowledge a duty to disclose to
the Commissioner of Patents and Trademarks and the Secretary of Health and Human Services

any information which is material to the determination of entitlement to 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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Payment is 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 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 been filed herewith (or with any paper hereafter filed in this

application by this 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, for a total

submission of three copies.
Dated: March 17, 2011

Respectfully submitted,

By g
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 Owner to
Rely upon the Activities of the Marketing Applicant

Exhibit 4: Power of Attorney

Exhibit 5: Approved Label

Exhibit 6: NDA Approval Letter

Exhibit 7: 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

/

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,0A or COR?,

Qis C H,,.

N or CR?,

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

R?is OH, OA, NH,, NHA or NA,,
R3is H, OH or OA and

mis 2, 3 or 4,

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

17 Claims, No Drawings
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1
PIPERIDINES AND PIPERAZINES

SUMMARY OF THE INVENTION

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

/ \ l

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-S-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,0H, CH,0A or COR?,

Qis C,H,,,

Z is N or CR3,

A is alkyl having 1-6 C atoms,

Hal is F, Cl, Broor |,

R? is OH, OA, NH,, NHA or NA,,

R?is H, OH or OA and

m?2,3or4, '
and to their physiologically acceptable salts.

An object of the invention is to provide nove! 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 particular,
they are active on the central nervous system, especially in
terms of 5-HT, ,-agonist and 5-HT-reuptake inhibition. The
compounds are furthermore active as serotonin agonists and
antagonists. They inhibit the binding of tritiated 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 (Seyfried et 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: q.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
ischaemia.

Compounds of the formula T 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 pharmaceuﬂcal
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
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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-
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-po-
sition. Substitution in the 4-, 6- or 7-position is 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,,
CONHA or CONAZ, 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. Some pre-
ferred groups of compounds can be expressed by the fol-
lowing partial formulae Ia to Ig, which correspond to
formula 1 and in which the radicals and parameters not
described in greater detail are as defined for formu]a 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, Z is N and R! is substituted or unsubstituted

benzofuran-5-yl;

in Id, Z is —C(OH)— and R! is substituted or unsubsti-

tuted benzofuran-5-yl;

inle, Z is N and R’ is 2,3-dihydrobenzofuran-5-yl;

in If, Z is N and R' is chroman-6-yl;

inIg, Z is N and R' is chromen-4-on-6-yl.

Especially preferred compounds are those of partial for-
mulae Th 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 1 and their salts,
characterized in that a compound of the formula I

Ind—Q—X! Il

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 and Q are as defined, is reacted with a compound of
the formula III

X?>—(CH,),—7ZR'—(CH,),—X? HI
wherein
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X2 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 Z is N, a compound of the
formula IV

Ind—Q—N(CH,—CH,—X), v

wherein

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

R'—NH, \

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

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 treatrnent with an acid or base.

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 Reac-
tions, John Wiley & Sons, Inc., New York; German Offen-
legungsschrift 41 01 686), namely under reaction 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 compounds of the formula I.

In the compounds of the formula II, X' is preferably X;
accordingly, in the compounds of the formula 11, 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 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 Illa hereafter).

Some of the compounds of the formulae II and, in
particular, III are known; the unknown compounds of the
formulae II and HII 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—OH by reaction
with the appropriate sulfonyl chlorides.

15

20

4

The iodine compounds of the formula Ind—Q—1I 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 be prepared, €.g., from the halides
with potassium phthalimide or by reducing the appropriate
nitriles.

Most of the piperazine derivatives I1la 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-S-aminobenzofuran, 6-aminochroman or
6-aminochromen-4-one or an appropriately substituted
derivative of the compounds mentioned. Compounds of the
formula 111 (X* and X®>=X in 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,0OH (Il
X?=X?-=0H), this being followed, if desired, by reaction
with SOCI, or PBr,. .

The reaction of the compounds of formulae I and I
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 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, isopro-
panol or n-butanol; ethers such as tetrahydrofuran (THF) or
dioxane; amides such as dimethyiformamide (DMF) or
N-methylpymrolidone; 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 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 llla. 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 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‘—NH2
V).

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 formuia 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 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-benzyl or O-benzyl.

Page 44



5,532,241

5

In principle, compounds containing only one of the
above-mentioned groups or 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 arylsulfonyl 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~,
—CO0—(CH,);—C0—], —(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—X! VII

wherein

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

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 zinc with
an alkali metal hydroxide solution or a mixture of iron with
acetic acid. It is also appropriate to use sodium or another
alkali metal dissolved in an alcohol such as ethanol, isopro-
panol, butanol, amy! or isoamyl alcohol or phenol. It is also
possiblc 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
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 particular
advantage are complex metal hydrides such as LiAlH,,
NaBH,, diisobutylaluminum hydride or
NaAl(OCH,CH,0CH,;),H,, and diborane, catalysts such as
BF;, AlCI, 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 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 LiAlH, in THF at temperatures of preferably
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
150°-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 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 solvolyzable
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 IIla with compounds which have
formula I (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
except that, in the 1-position of the Ind radical, they contain
an acyl group, preferably an alkoxycarbonyl, alkanoyl,
alkylsulfonyl 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 indole ring, 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. .

Compounds of the formula I in which Ind is an indol- 3-yl
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 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
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 possibie to use
reactive derivatives of these substances in the reaction, e.g.,
those in which reactive groups are blocked by protecting
groups in an intermediate 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-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 convenient to 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 POCl; (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., 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 hydroxides or organic
bases in the form of primary, secondary or tertiary amines.

The invention further relates to the use of the 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 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, vegetable oils, benzy] 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 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 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/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 physiologically
acceptable salts can be used for the therapeutic treatment of
the human or animal body and 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
o-methyldopa). The compounds can 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
dosage unit 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 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.

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 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. v

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 SOCl,] and 1.9 g of 1-(2-hydroxymethylben-
zofuran-5-yl)piperazine [obtainable by reaction of N,N-
bis(2-chloroethyl)amine  with  2-hydroxymethyl-5-ami-
nobenzofuran) are dissolved in 200 ml of acetonitrile and the
mixture is stirred at room temperature for 10 hours. Cus-
tomary working up gives 1-[4-(5-methoxyindol-3-yl)butyl]
-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-mecthoxyindol-3-yl)butyl]-4~(2,3-dihydrobenzo-

furan- 5-yl)piperazine, m.p. 111°-112°%;
of 3-(4-chlorobutyl)-5-hydroxyindole with 1-(chroman-6-
yDpiperazine:
1-{4-(5-hydroxyindol-3-yl)butyl]-4-(chroman-6-yl)pip-
erazine, 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-yl)pip-
erazine, m.p. 129°-130°; '
of methyl 3-(4-chlorobutyl)-5-indolecarboxylate
1-(chroman-6-yl)piperazine:
1-{4-(5-methoxycarbonylindol-3-yl)butyl]-4-(chroman-
6-yl)piperazine;
of ethyl 3-(4-chlorobutyl)-S-indolecarboxylate with 1-(ben-
zofuran-5-yl)piperazine:
1-[4-(5-ethoxycarbonylindol-3-yl)butyl]-4-(benzofuran-
5-yl)piperazine;
of 3-(4-chlorobutyl)-5-methoxyindole 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)butyl]-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-yl)piperazine;
of 3-(4-chlorobutyl)-5-chloroindole
drobenzofuran- 5-yl)piperazine:
1-[4-(5-chloroindol-3-yl)butyl]-4-(2,3-dihydrobenzofu-
ran- 5-yl)piperazine;

with

with

with  1-(2,3-dihy-
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10
of 3-(4-chlorobutyl)-5-methoxycarbonylindole with 1-(2,3-
dihydrobenzofuran-5-yl)piperazine:
1-[4~(5-methoxycarbonylindol-3-yl)butyl]-4-(2,3-dihy-
drobenzofuran- 5-yl)piperazine;
of 3-(4-chlorobutyl)-5-methoxycarbonylindole with 4-(2,3-
dihydrobenzofuran-5-yl)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:
1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-(2,3-dihy-
drobenzofuran- 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-
yl)piperazine;
of 3-(4-chlorobutyl)-5-cyanoindole with 1-(2-carboxyben-
zofuran- 5-yl)piperazine:
1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carboxybenzofuran-
5-yl)piperazine;
of 3-(4-chlorobutyl)-6-fluoroindole with 1-(2,3-dihydroben-
zofuran- 5-yl)piperazine:
1-[4-(6-fluoroindol-3-yl)butyl]-4-(2,3-dihydrobenzofu-
ran- 5-yl)piperazine.

Example 2

1.8 g of 1-[4-(5-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-
(5-ethoxycarbonylindol-3-yl)butyl]-4-(benzofuran-
5-yl)piperazine: '

1-[4-(5-carboxyindol-3-y})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-yl)butyl]-4-(2,3-di-
hydrobenzofuran- S-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-yl1)-4-hydroxypiperidine;
1-[4-(5-carboxyindol-3-yl)butyl]-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 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-carbamoylindol-3-yl)butyl]-4-(2,3-dihy-
drobenzofuran-5-yl)-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-yDpiperidine

1-[4-(5-carbamoylindol-3-yD)butyl}-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)butyl]-4-(2,3-dihydroben-
zofuran- 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-yl)-
piperazine.

Example 4

Analogously to Example 3, starting from 1-[4-(5-cyanoin-
dol-3-yl)butyl}-4-(2-carboxybenzofuran-5-yl)piperazine
reaction with  2-chloro-l-methylpyridinium methane-
sulfonate gives 1-[4-(5-cyanoindol-3-yl)butyl]-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]and one equivalent of 5-[N,N-bis(2-
chloroethyl)amino]benzofuran [obtainable by reaction of
2-chloroacetyl chloride with 5-aminobenzofuran and subse-
quent 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-yl)ethyl]-4-(ben-
zofuran-5-yl)piperazine is obtained.

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

1-[4-(5-methoxymethylindol-3-yl)butyl]-4-(benzofuran-

5-yDpiperazine; with 3-(3-aminopropyl) -5-hydroxyin-
dole:
1-[3-(5-hydroxyindol-3-yl)propyl
yl)piperazine; -
with 3-(2-aminoethyl)-5-methoxyindole:
1-[2-(5-methoxyindol-3-yl)ethyl
yl)piperazine;
with methy! 3-(3-aminopropyl)-5-indolecarboxy!ate:
1-[3-(5-methoxycarbonylindol-3-yl)propyl]-4-(benzofu-
ran- 5-yl)piperazine;
with ethyl 3-(2-aminoethyl)-5-indolecarboxylate:.
1-[2-(5-ethoxycarbonylindol-3-yl)ethyl]-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-(5-cyanoindol-3-yl)propyl]-4-(benzofuran- 5-yl)pip-

erazine.

]J-4-(benzofuran-5-

]-4-(benzofuran-5-

Example 6

Analogously to Example S, 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
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12

of 2-chloroacetyl chloride with 6-aminochroman and sub-
sequent reduction with diborane] gives 1-[2-(5-methoxyin-
dol-3-yl)ethyl]-4-(chroman-6-yl)piperazine.

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

1-[4-(5-methoxymethylindol-3-yl)buty1]-4-(chroman-6-

yl)piperazine;
with 3-(3-aminopropyl)-5-hydroxyindole:
1-[3-(5-hydroxyindol-3-yl)propyl]-4-(chroman-6-yl)-pip-
erazine;
with 3-(2-aminoethyl)-5-methoxyindole:
1-[2-(5-methoxyindol-3-yl)ethyl]-4-(chroman-6-yl)pip-
erazine;
with methyl 3-(3-aminopropyl)-5-indolecarboxylate:
1-[3-(5-methoxycarbonylindol-3-yl)propyl]-4-(chroman-
6-yl)piperazine;
with ethyl 3-(2-aminoethyl)-5-indolecarboxylate:
1-[2-(5-ethoxycarbonylindol-3-yhethyl]-4-(chroman-6-
yl)piperazine;
with 3-(4-aminobutyl)-5-fluoroindole:
1-[4-(5-fluoroindol-3-yl)butyl]-4-(chroman-6-yl)-pipera-
zine;
with 3-(3-aminopropyl ) -5-cyanoindole:
1-[3-(5-cyanoindol-3-yl) propyl ]-4-(chroman-6-yl )pip-
erazine.

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 1-hydroxybenzotriazole and a solution of 1.9 g of N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
in 20 m! 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-dihydrobenzofu-
ran-5-yl)piperazine.

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

1-[4-(5-N-tert-butylcarbamoylindol-3-yl)butyl]j-4-(chro-

man-6-yl)piperazine:
from 1-[4-(5-cyanoindol-3-yl)butyl]-4-(2-carboxybenzofu-
ran- 5-yl)piperazine:
1-[4-(5-cyanoindol-3-yl)butyl]-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)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-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)butyl]-4-(benzofuran-5-
yDpiperazine:
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-yl)butyl]-4-(benzofu-
ran- 5-yl)piperazine:
1-[4-(5-hydroxymethylindol-3-yl)butyl}-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;
from  1-[2-(5-methoxyindol-3-yl)ethyl]-4-(benzofuran-5-
y!)piperazine:
1-[2-(5-hydroxyindol-3-yl)ethyl]-4-(benzofuran-5-
ylpiperazine.

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,(OCH,CH,0OCH,),] by reaction with 1-(2-ethoxy-
carbonylbenzofuran-5-yl)piperazine [obtainable by reaction
of N,N-bis(2-chloroethyl)amine with 2-ethoxy-carbonyl-
S-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-chlorobutyl)-5-methoxyindole with 1-(2-cyano-ben-
zofuran- 5-yl)piperazine:

1-[4-(5-methoxyindol-3-yl)butyl]-4-(2-cyanobenzofuran-

S-yl)piperazine;
of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1-(chroman-
6-yl ) piperazine:
1-[4-(5,6-dimethoxyindol-3-yl)butyl
ylpiperazine;
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)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-
yDpiperazine;
of ethyl 3-(3-chloropropyl)-6-indolecarboxylate with 1-(2-
cyanobenzofuran-5-yl)piperazine:
1-[3-(6-ethoxycarbonylindol-3-yl)propyl]-4-(2-cy-
anobenzofuran- 5-yl)piperazine;
of 3-(4-chlorobutyl)-5-methoxyindole with 1-(2-N-methyl-
carbamoylbenzofuran- S-yl)piperazine:
1-[4-(5-methoxyindol-3-yl)butyl]-4-(2-N-methylcarbam-
oylbenzofuran- S-yl)piperazine;
of 3-(4-chlorobutyl)-6-chloroindole with 1-(chromen-4-on-
6-yDpiperazine:
1-{4-(6-chloroindol-3-yl)butyl]-4-(chromen-4-on-6-
yDpiperazine;
of 3-(2-chloroethyl)-5-cyanoindole with 1-(chromen-4-on-
6-yl)piperazine:

]-4-(chroman-6-

10

14
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-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-(5-methoxycarbonylindol-3-yl)ethyl]-4-(2-carboxy-
benzofuran- 5-yl)piperazine;
of 3-(4-chlorobutyl)-6-methoxycarbonylindole with 4-(3-
carboxybenzofuran-5-yl)-4-hydroxypiperidine:
1-(4-(6-methoxycarbonylindol-3-y1)butyl]-4-(3-carboxy-
benzofuran- 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-carboxy-
benzofuran- 5-y1)-4-hydroxypiperidine;
of 3-(4-chlorobutyl)-5,6-dimethoxyindole with 1-(2-car-
boxybenzofuran- S-yl)piperazine:
1-[4-(5,6-dimethoxyindol-3-yl)butyl]-4-(2-carboxyben- -
zofuran- 5-yl)piperazine.

Example 10

A solution of 3.6 g of 1-[4-(5-methoxycarbonylindol-
3-yDbutyl]-4-(chromen-4-on-6-yl)piperazine in 40 mi of
THF is added dropwise with stirring at room temperature to
a suspension of 0.6 g of lithium 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}butyl]
-4-(chromen-4-on-6-yl)piperazine is obtained.

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

1-[4-(5-hydroxymethylindol-3-yl)butyl]-4-(chroman-

6-yl)piperazine;
of 1-[4-(5-methoxycarbonylindol-3-yl)butyl]-4-benzofuran-
Syl)piperazine
1-[4-(5-hydroxymethylindol-3-y1)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-yl)ethyl]-4-(chroman-6-
yl)piperidine.

Example 11

HCI gas is passed into a boiling solution of 2.5 g of
1-[4-(5-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 manner and 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 by esterification
of 1-[4-(5-carboxyindol-3-yl)butyl}-4-(2,3-dihydrobenzofu-
ran- 5-yl)-4-hydroxypiperidine:
1-[4-(5-methoxycarbonylindol-3-y1l)butyl]-4-(2,3-dihy-
drobenzofuran- 5-yl)-4-hydroxypiperidine;
of 1-[4-(5-carboxyindol-3-yl)butyl]-4-(chroman-6-yl)-pip-
erazine:
1-[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-methoxycarbonyl-
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 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 sup-
pository 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,x2H,0, 28.48 g Na,HPO, x12 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 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 talc and 0.1
kg of magnesium stearate is compressed to tablets in con-
ventional 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 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 of the active ingredient.

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.

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.

What is claimed is:

1. A compound according to formula I

4 \ ’ 1
Ind-Q—N ZR!

—/

wherein

Ind is unsubstituted indol-3-yl, indol-3-yl 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,0A or
COR?;

Qis C H,,;

Zis N;

A is alkyl having 1-6 C atoms;

Halis F, Cl, Bror I,

R?is OH, OA, NH,, NHA or NA,;

R’is H, OH or OA; and

mis 2, 3 or 4; or
a physiologically acceptable salt thereof,

2. A compound according to claim 1, wherein said com-
pound is:

(a) 1-[4-(5-methoxyindol-3-yl)butyl]-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)butyl}-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%RZ, or indol-3-yl disubstituted
by OH, OA, CN, Hal, COR? or CH,R2

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,R2
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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.

7. A compound according to claim 1, wherein R' is
benzofuran-5-yl, or chroman-4-on-6-yl which, in each case
is unsubstitited 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-5-yl or benzofuran-5-yl substi-
tuted by CN, CH,OH, CH,OA or COR2.

18

12. A compound according to claim 1, wherein R! is
chromen-4-on-6-yl.

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,0A 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,0A 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,0A or COR?,

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

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

* % %k ok %
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'MERCK 1617

ASSIGNMENT
WHEREAS the DEtow namec uwentor (i anly one swentar s named below) Or nventors (if plural inventors aro named below) herernalter referred
10 as the ASCIGNOR nventec a centan improvement ralating (o

PIPERIDINES AND PIPERAZINES

for which an apphication for Letters Patent 10 be tled i the United States Pateng and Trademark Office was execuled on oven date.

tor which U'S. Apphication Seriat No. —_08/314,734 __ tor Letters Patent was fited in the U S. Patert ang Trademark

Ornce on
[J for which an Intemnational Apphcation was filed on PCT? ’

dezignating the United States

AND WHEREAS

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

hexeinatter refesved 1o as tne ASSIGNEE, is desirous of 8cquiring Ihe entire right, title, and inlerest in and 10 said invention and application,
inciuding any and ail divisions and continustions thereol, snd any 8nd all Letters Patent which may be granted thereon. including any and all
renewals. reissues. and Prolongations thereo!.

NOW, THIS WITNESSETH that for good and valuable consideralion, the receipt wherao! is horeby acknowfedged, ASSIGNOR hereby
assigns, seits, and transfers 1o ASSIGNEE, s sssigns and legal representativas. the entire and exclusive right, Hti, and interest in and (o said
invention and application, including any and all divisions and continuations thereol, and afty and ail Letters Patent which may be granted
therefor, including any and afl rengwals, reissues, 210 prolongations thereof, ASSIGNEE. its assigns and legal represchtatives to have, hold,
exercise, and enjoy $3id invention and application. including any and aHl divisions and continuations thersol, and .ty and all Letters Patent
which may be granted therefor, including any and sl renewals, roissues. and prolongations thereof, with ail the rights, powers, privileges and

had not been made.

AND ASSIGNOR harsby agress to execute afl papers that smay ba necesasy 10 file appications in the United States for said invention and to
assign the same to said ASSIGNEE. its 253igns and legal representatives snd to executs any other papors thal may be nesded in connection with
filing said application and securing a Letters Patent thereon.

AND ASS!IGNOR autharizes and requests the Commissioner of Patents and Tragemarks to issue 8 Letters Patect on said application, and on
any snd all divisions and continuations thoreol, 10 ASSIGNEE. its assigna and fegal representstives. in accordance herewiti.

Tha undersigned hereby grant(s) the law irm“of Mikien, White, Zaiano & Brsnigsn, P.C. the power to insart On this assignment any Rurther
identification which may be necetsaty or desirable in Onder to comply with the rules of the United States Patert and Trademark Office for

I ZLmy

ECi 1)

recordation of this document.
(N TESTIMONY WHEREOF this assignmant Is exacuted by ASSIGNOR.
200 FULL NAME OF SOLE OR FIRST NAMED INVENTOR INVENTOR'S SIGNATURE OATE
Henning BOTTCHER Ux.'x;&g_ September 20, 1994
22 FULL NAME OF SECOND JOINT INVENTOR. IF ANV TURE OATE
Christoph SEYFRIED ( &"\ U“f September 20, 1994
203  FULL NAME OF THIRD JOINT INVENTOR, IF ANY SIGNAT DATE
Gerd BARTOSZYK ﬁ September 20, 1994
24 FULL NAME OF FOURTH JOINT INVENTOR, IF ANY DATE
L
Hartmut GREINER _ 4September 20, 1994
205 FULL NAME OF FIFTH JOINT INVENTOR, IF ANY TURE NATE
203 FULL NAME OF SIXTH J0INT INVENTOR_ If ANY INVENTOR'S SIGNATURS DATE
207 SULL NAME OF SEVENTw JOINT INVENTOR. IF ANY e JOROED SIGNATURE OATE
_ ,n’;‘-: ?p: M ;RKW
PATENT &
@ FULL NAME OF EXGHTH (OIT INVENTOR 1F ANY MO [; JUPAVENTORS SIGNATURE DATE
209 FULL NAME OF NINTH JONT INVENTOR, IF ANY INVENTOR'S SIGNATURE DATE
20 RAL NAME OF TENTH JOINT BIVENTOR_ F ANY INVENTOR'S SIGNATUARE DATE
ny FULL NAME OF ELEVENTH JOINT INVENTOR IF ANY INVENTOR'S SIGNATURE DAYE
- J212 FULL NAME OF TWELFTH JOINT INVENTOR. iF ANY INVENTOR'S SIGNATURE DATE
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Letter on Behalf of the Marketing Applicant Authorizing the Patent Owner to Rely upon
the Activities of the Marketing Applicant
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One Gateway Center, Suite 702 TEL 617 527 9933
Newton, MA 02458 FAX 617 965 0445
PHARMACEUTICALS
Uncovering the possibilities. WWW.TROVISPHARMA.COM

March 14, 2011

VIA HAND DELIVERY

Mary C. 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 and affiliates, | hereby authorize the patent owner of
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 and affiliates, undertaken in
connection with seeking approval by the Food and Drug Administration of NDA No. 22-567. Trovis
Pharmaceuticals LLC is a licensee of Merck KGaA, of which Merck Patent GmbH is the trustee with respect to

patent matters, under this patent.

Resps;tfully SU/val/

dxf Lo S

Caesar J. Belbel
EVP & Chief Legal Officer
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dIE 120509

' MERCK

Merck Patent GmbH - Germany - Frankfurter Str, 250 - 64293 Darmstadt

Mary C. Till ' Date March 16, 2011
Legal Advisor pivisionDept.  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 Trademark Office E-Mail patent@merck.de
P.O. Box 1450 Your lener
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”),
owner of 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 patent term extension application pursuant to 35
U.S.C. §156 for the ‘241 patent (“the Application”) on behalf of Merck, pursuant to 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 22102 will 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
LLP to act in this capacity.

Respectfully Submitted,

Merck Patent GmbH
LV, i.V.
r. Bauer Dr. Wodopia
1

Merck Patent GmbH
Postfach - 64271 Darmstadt Bankkonto: Geschiftsfiihrer: 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: Darmstadt
Talafav NEARTITYTION Dawintnoenciahes
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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 and effectively. See full prescribing information for
VIIBRYD.

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

WARNING: SUICIDALITY AND ANTIDEPRESSANT DRUGS

See full prescribing information for complete boxed warning.
Increased risk of suicidal thinking and behavior in children, adolescents,
and young adults taking antidepressants for major depressive disorder
(MDD) and other psychiatric disorders (5.1).

VIIBRYD is not approved for use in pediatric patients (8.4).

INDICATIONS AND USAGE

VIIBRYD is 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 VIIBRYD is 40 mg once daily (2).

e  VIIBRYD should be titrated 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 once daily (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 When discontinuing treatment, reduce the dose gradually (2.4).

DOSAGE FORMS AND STRENGTHS
VIIBRYD is available as 10 mg, 20 mg and 40 mg tablets (3).

CONTRAINDICATIONS
e Monoamine Oxidase Inhibitors: Do not use VIIBRYD concomitantly
with an MAOI or within 14 days of stopping or starting an MAOI (4.1).

WARNINGS AND PRECAUTIONS
Clinical Worsening/Suicide Risk: Monitor patients 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).

Seizures: Can occur with treatment. Use with caution in patients with a
seizure disorder (5.3).

Abnormal Bleeding: 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 recommended rather than an abrupt cessation (5.6).

Hyponatremia: Can occur in association with the syndrome of inappropriate
antidiuretic hormone secrction (SIADH) (5.7).

ADVERSE REACTIONS
The most common adverse reactions (incidence > 5% and at 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

www. fda.gov/medwatch.

DRUG INTERACTIONS
MAOIs: Do not use VIIBRYD concomitantly with an MAOI or within 14
days of stopping or starting an MAOI (4.1, 7.1).

CYP3A4 inhibitors: The VIIBRYD dose should be reduced to 20 mg when
co-administered with CYP3A4 strong inhibitors (7.3).

CYP3A4 inducers: Concomitant use of VIIBRYD with inducers of CYP3A4
can result in inadequate drug concentrations and may diminish effectiveness.
The effect of CYP3 A4 inducers on systemic exposure of vilazodone has not
been evaluated (7.3).

USE IN SPECIFIC POPULATIONS
Pregnancy: There are no controlled human data 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 and efficacy of VIIBRYD in pediatric patients have
not been studied (8.4).
Geriatric Use: No dose adjustment is recommended on the basis of age (8.5).
Hepatic Impairment: No dose adjustment is recommended in patients with
mild or moderate hepatic impairment. VIIBRYD has not been studied 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 INFORMATION and Medication
Guide.
Revised: January 2010

Reference ID: 2894777
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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 VIIBRYD or any other antidepressant in a child, adolescent, or young adult must balance this risk
with the clinical need. Short-term studies did not show an increase in 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. VIIBRYD is 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

VIIBRYD is indicated for the treatment of major depressive disorder (MDD). The efficacy of VIIBRYD was established in two 8-week, randomized, double-blind,
placebo-controlled trials 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 and relatively persistent
(nearly every day for at least 2 weeks) depressed or dysphoric mood that usually interferes with daily functioning, and includes at least 5 of the following 9 symptoms:
depressed mood, loss of interest in usual activities, significant change in weight and/or appetite, insomnia or hypersomnia, psychomotor agitation or retardation,
increased fatigue, feelings of guilt or worthlessness, stowed 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 VIIBRYD is 40 mg once daily. VIIBRYD should be titrated, 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 once daily. VIIBRYD should be taken with food. VIIBRYD blood concentrations (AUC) in the fasted
state can be decreased by approximately 50% compared to the fed state, and may result in diminished effectiveness in some patients [see Pharmacokinetics (12.3)].

22 Maintenance/Continuation/Extended Treatment

The efficacy 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.

23 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 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 VIIBRYD on lactation and nursing [see Nursing Mothers (8.3)]. Breastfeeding in women treated
with VIIBRY D should be considered only if the potential benefit outweighs the potential risk.

Pediatric Patients: The safety and efficacy of VIIBRYD have not been studied in pediatric patients [see 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 recommended in patients with mild or moderate hepatic impairment. VIIBRYD has not been studied in severe hepatic
impairment [see Hepatic Impairment (8.6)].

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

Gender: No dose adjustment is recommended on the 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 discontinuation of treatment, consider resuming the previously prescribed dose and decreasing the dose at a more gradual rate [see Warnings and Precautions
(5.6)].

2.5 Monoamine Oxidase Inhibitors (MAOI)

At least 14 days must clapsc between discontinuation of an MAOI and initiation of therapy with VIIBRYD. In addition, at least 14 days must be allowed afier stopping
VIIBRYD before starting an MAOI [see Contraindications (4.1)].
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3 DOSAGE FORMS AND STRENGTHS

VIBRYD Tablets are available as 10 mg, 20 mg and 40 mg immediate-release, film-coated tablets.
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 must not be used concomitantly in patients taking MAOIs or in 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 of vital 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

51 Clinical Worsening and Suicide Risk

Patients with major depressive disorder (MDD), both adult and pediatric, may experience worsening of their depression and/or the emergence of suicidal ideation and
behavior (suicidality) or unusual changes in behavior, whether or not they are taking antidepressant medications, and this risk may persist until significant remission
occurs. Suicide is a known risk 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 emergence of suicidality 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) showed that 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 increase 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-term studies of 9 antidepressant drugs in over 4,400 patients. The pooled analyses of placebo-controlled studies in adults with MDD or 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 all drugs studied. There were differences
in absolute risk of suicidality across the different indications, with the highest incidence in MDD. The risk diffcrences (drug vs. placebo), however, were relatively
stable within age strata and across indications. These risk differences (drug-placebo difference in the number of cases 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
Increases Compared to Placebo

<18 14 additional cases

18-24 5 additional cases
Decreases Compared to Placebo

25-64 1 fewer case

265 6 fewer cases

No suicides occurred in any of the pediatric studies. There were suicides in the adult studies, but the number was not sufficient to reach any conclusion about drug effect
on 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 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 changes in behavior, especially during the initial few months of a course of drug therapy, or at times of dose changes, either increases or
decreases.

The following symptoms, anxiety, agitation, panic attacks, insomnia, irritability, hostility, aggressiveness, impulsivity, akathisia (psychomotor restlessness), hypomania,
and mania, have been reported 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 symptoms and either the worsening of depression and/or the emergence of
suicidal impulses has not been established, there is concern that such symptoms may represent precursors to emerging suicidality.

Consideration should be given to changing the therapeutic regimen, including possibly discontinuing the medication, in patients whose depression is persistently worse,
or who are experiencing emergent suicidality or symptoms that might be precursors to worsening depression or suicidality, especially if these symptoms are severe,
abrupt in onset, or were not part of the 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 and Administration (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 monitor patients for the emergence of agitation, irritability, unusual changes in behavior, and the other symptoms described above, as well as
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the emergence of 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 the risk of
overdose [see also Patient Counseling Information (17.1)].

Screening patients for bipolar disorder

A major depressive episode may be the initial presentation of bipolar disorder. It is generally believed (though not established in controlled studies) that treating such an
episode with an antidepressant alone may increase the likelihood of precipitation of a mixed/manic episode in patients at risk for bipolar disorder. Whether any of the
symptoms described above represent such a conversion is unknown. However, prior 1o initiating treatment with an antidepressant, patients with depressive symptoms
should be adequately screened to determine if they are at risk for bipolar disorder; such screening should include a detailed psychiatric history, including a family
history of suicide, bipolar disorder, and depression. It should be noted that VIIBRYD is not approved for use in treating bipolar depression.

5.2 Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions

The development of a potentially life-threatening serotonin syndrome or Neuroleptic Malignant Syndrome (NMS)-like reactions has been reported with antidepressants
alone, but particularly with concomitant use of serotonergic drugs (including triptans) with drugs that impair metabolism of serotonin (including MAOIS), or with
antipsychotics or other dopamine antagonists. Symptoms of serotonin syndrome were noted in 0.1% of patients treated with VIIBRYD. Serotonin syndrome symptoms
may include 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, which includes hyperthermia, muscle rigidity, autonomic instability with possible rapid fluctuation of vital 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 MAOIs intended to treat depression is contraindicated. [see Contraindications (4.1)].

If concomitant treatment of VIIBRY D with a 5-hydroxytryptamine receptor agonist (triptan) is clinically warranted, careful observation of the patient is advised,
particularly during treatment initiation and dose increases [see Drug Interactions (7.1)].

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

Treatment with VIIBRY D 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.

8.3 Seizures
VIIBRYD has 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.

54 Abnormal Bleeding

The use of drugs that interfere with serotonin reuptake inhibition, including VIIBRYD, may increase the risk of bleeding events. Concomitant use of aspirin,
nonsteroidal anti-inflammatory drugs (NSAIDS), warfarin, and other anticoagulants may add to 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 of gastrointestinal bleeding. Bleeding
events related to SSRIs have ranged from ecchymosis, hematoma, epistaxis, and petechiae to life-threatening hemorrhages.

Patients should be cautioned about the 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 VIIBRYD in clinical studies. Activation of mania/hypomania has 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 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, emotional lability, 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 upon discontinuation of 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 VIIBRYD treatment 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 syndrome of inappropriate antidiuretic hormone secretion (SIADH). Cases with serum
sodium lower than110 mmol/L have been reported. Elderly patients may be at greater risk of developing hyponatremia with SSRIs. Also, patients taking diuretics or
who are otherwise volume depleted can be at greater risk. Discontinuation of VIIBRYD in 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 can lead to falls. Signs and symptoms associated 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 VIIBRYD-treated MDD patients in placebo-controlled studies (incidence > 5% and at 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 who participated 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 VIIBRYD for a total of 348 patient-years.

The information presented in these sections was derived from studies of VIIBRYD 40 mg daily 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 included a titration period of 10 mg daily
for 7 days followed by 20 mg daily for 7 days. In these clinical 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 clinical trials of a drug cannot
be directly compared to rates in the clinical studies of another drug and may not reflect rates observed in practice.

Adverse reactions reported as reasons for discontinuation of treatment
In the placebo-controlled studies of MDD there was no single adverse reaction leading to discontinuation in > 1% of the patients. Overall, 7.1% of the patients who
received VIIBRYD discontinued treatment due to an adverse reaction, compared with 3.2% of placebo-treated patients in these studies.

Common adverse reactions in placebo-controlled MDD studies
Table 2 shows the incidence of common adverse reactions that occurred in 2 2% of VIIBRY D-treated MDD patients (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

System Organ Class VIIBRYD Placebo

Preferred Term 40 mg/day

N =436 N=433

Gastrointestinal disorders

Diarrhea 28 9

Nausea 23 5

Dry mouth 8 5

Vomiting 5 1

Dyspepsia 3 2

Flatulence 3 2

Gastroenteritis 3 <1
Nervous system disorders

Dizziness 9 5

Somnolence 3 2

Paresthesia 3 1

Tremor 2 0
Psychiatric disorders

Insomnia 6 2

Abnormal dreams 4 1

Libido decreased 4 <1

Restlessness * ‘ 3 <1

Orgasm abnormal ** 3 0
General disorders

Fatigue 4 3

Feeling jittery 2 <1
Candiac disorders

Palpitations 2 <1
Musculoskeletal and connective tissue disorders

Arthralgia 3 2
Reproductive system and breast disorders

Delayed ejaculation* ** 2 0

Erectile dysfunction*** 2 1
Metabolism and nutrition disorders
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Increased appetite 2 1

*Includes restlessness, akathisia, and restless legs syndrome
**[ncludes orgasm abnormal and anorgasmia

***Male patients only (Placebo n=182; VIIBRYD n=170)

Table 3: Sexual Adverse Reactions: Percentage in the Placebo-Controlled Studies

Males Females

Preferred Term VIIBRYD Placebo VIIBRYD Placebo

N=170 N=182 N=266 N=251
Decreased libido 5 0 3 <1
Abnormal orgasm* 4 0 2 0
Delayed ejaculation 2 0 - -
Erectile dysfunction 2 1 - -
Sexual dysfunction 2 0 <1 <1

— Not applicable
*Includes anorgasmia

Laboratory Tests

VIIBRYD has not been associated with any clinically important changes in laboratory test parameters in serum chemistry (including liver function tests), hematology
and urinalysis, 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 from baseline. Results from a 52-week open-label study were consistent with the findings from the placebo-
controlled studies.

ECG

VIIBRYD has not been associated with any clinically significant effect on ECG parameters, including QT, QTc, PR and QRS intervals, 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 (12.2)].
Vital Signs

VIIBRYD has not been associated 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 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 in the VIIBRYD group and +0.18 kg in the placebo group. The proportions of patients with a weight gain > 7% were 0.9% in the VIIBRYD group and 1.2%
in the placebo group. The proportions of patients with a weight decrease > 7% were 1.4% in the VIIBRYD group and 1.4% in the placebo group.

Other adverse reactions observed in clinical 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 significant clinical 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: fnfrequent: pollakiuria

Skin and subcutaneous tissue disorders: frequent: hyperhidrosis, night sweats

7 DRUG INTERACTIONS

71 Central Nervous System (CNS)-Active Agents
The risk of using VIIBRYD in combination with other CNS-active drugs has not been systematically evaluated. Consequently, use caution when VIIBRYD is
prescribed in combination with other CNS-active drugs.
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Monoamine Oxidase Inhibitors (MAOI)

Adverse reactions, some of which are serious or fatal, can develop in patients who use MAOIs or who have recently been discontinued from a MAOI and started on
antidepressant(s) with pharmacological properties similar to VIIBRYD (e.g. SSRIs), or who have recently had SSRI therapy discontinued prior to initiation of an
MAOL. Do not prescribe VIIBRYD concomitantly with an MAOI or within 14 days of discontinuing or starting an MAOI [see Contraindications (4.1)].

Serotonergic Drugs

Based on the mechanism of action of VIIBRYD and the potential for serotonin toxicity, also known as serotonin syndrome, caution is advised when VIIBRYD is
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)].

7.2 Drugs that Interfere with Hemostasis (e.g., NSAIDs, Aspirin, and Warfarin)

Serotonin release by platelets plays an important role in hemostasis. Epidemiological studies of case-control and cohort design have demonstrated an association
between use of psychotropic drugs that interfere with serotonin reuptake and the occurrence of upper gastrointestinal bleeding. These studies have also shown that
concurrent use of an NSAID or aspirin 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 VIIBRYD is 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% CI Recommendation

Ethanol: Crmax No dose adpstment
AUC

CYP3A4 Inhibitors:

Ketocomzole Crmax —— Maxirmum dose: 20 mg
AUC

Proton Pump Inhibitors:

Pantoprazoke Crax No dose adjustrment
AUC R g

1T i T 17T

0.50 1.00 150 2.00
Change relative to reference

Inhibitors of CYP3A4

Metabolism by CYP3A4 is a major elimination pathway for vilazodone. Concomitant use of VIIBRYD and strong inhibitors of CYP3A4 (¢.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 mg for patients
with intolerable adverse events. No dose adjustment is recommended when VIIBRYD is co-administered with mild inhibitors of CYP3A4 (e.g., cimetidine).

Inducers of CYP3A4
Concomitant use of VIIBRY D with inducers of CYP3 A4 has the potential to reduce vilazodone systemic exposure. However, the effect of CYP3 A4 inducers on
vilazodone plasma concentrations has not been evaluated.

Inhibitors of other CYP enzymes

Concomitant administration of VIIBRYD with inhibitors of CYP2C19 and CYP2DS6 is not expected to alter plasma concentrations of vilazodone. These isoforms are
minor elimination pathways in the metabolism of vilazodone. In vitro studies have shown that CYP1A2, CYP2A6, CYP2C9 and CYP2E1 have minimal contribution to
the metabolism of vilazodone.

7.4 Potential for Vilazodone to Affect Other Drugs

Drugs metabolized by CYP1A2, CYP2C9, CYP2D6, CYP3A4 or CYP2C19.

Coadministratton of VIIBRY D with substrates for CYP1A2, CYP2C9, CYP3A4, or CYP2D6 is 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 mephenytoin biotransformation, suggestive of a minor induction of CYP2C19. /n vitro studies have shown that VIIBRYD is a
moderate inhibitor of CYP2C19 and CYP2D6.

Drugs metabolized by CYP2CS8 ;
Coadministration of VIIBRYD with a CYP2C8 substrate may lead to an increase in concentration of the other drug. /» vitro studies suggest that VIIBRYD may inhibit
the biotransformation of substrates of CYP2C8. The effect of VIIBRYD on CYP2C8 activity has not been tested in vivo.

Induction of CYP isoforms
VIIBRYD did not induce CYP1A1, 1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, 3A4 or 3A5 in an in vitro study in cultured human hepatocytes. Chronic administration of
vilazodone is unlikely to inducc the metabolism of drugs metabolized by these major CYP isoforms.

7.5 Drugs Highly Bound to Plasma Protein
The interaction between vilazodone and other highly protein-bound drugs has not been evaluated. Because vilazodone is highly bound to plasma protein, administration
of VIIBRYD to 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. When treating pregnant women with VIIBRYD, carefully consider whether the potential benefits outweigh the potential risks of treatment.

No teratogenic effects were observed when vilazodone 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 MRHD in rats or 4 times the MRHD in rabbits.

When vilazodone was administered to pregnant rats at an oral dose of 30 times the MRHD during the period of organogenesis and throughout pregnancy and lactation,
the number of 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 decreased fertility in adulthood. There was some maternal toxicity at this dose. These effects were not seen at 6 times thc MRHD.

Nonteratogenic Effects

Neonates exposed to 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 VIIBRYD on labor and delivery in humans is unknown. VIIBRYD should be used during labor and delivery only if the potential benefit outweighs the
potential risk.

8.3 Nursing Mothers
Vilazodone is excreted into the milk of lactating rats. The effect of VIIBRYD on lactation and nursing in humans is unknown. Breast feeding in women treated with
VIIBRYD should be considered only if the potential benefit outweighs the potential risk to the child.

8.4 Pediatric Use
Clinical studies on the use of VIIBRYD in pediatric patients have not been conducted; therefore, the safety and effectiveness of VIIBRYD in the pediatric population
have not been established. VIIBRYD is 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.

Of'the 2177 patients in clinical studies with VIIBRYD, 37 (1.7%) were 65 years of age or older, and 272 (12.5%) were 55 to 64 years of age.
Greater sensitivity of some older individuals cannot be ruled out [see Dosage and Administration (2.3)].

Serotonergic antidepressants have been associated with cases of clinically significant hyponatremia in elderly patients, who may be at greater risk for this adverse event
[see Warnings and Precautions (5.7)].

8.6 Hepatic Impairment
Vilazodone is eliminated primarily by hepatic metabolism. In mild and moderate hepatic impairment, no dose adjustment is necessary (see Figure 2). VIIBRYD has not
been studied in 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 and Administration (2.3)].

8.8 Gender Effect

After adjustment for body weight, the systemic exposures between males and females are similar (see Figure 2).
Figure 2. Impact of Intrinsic Factors on Vilazodone PK
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9 DRUG ABUSE AND DEPENDENCE

9.1 Controlled Substance
VIIBRYD is not a controlled substance.

9.2 Abuse and Dependence

VIIBRYD has been systematically studied in animals and did not demonstrate abuse or dependence potential. While VIIBRY D has not been systematically studied in
humans for its potential for abuse, there was no suggested evidence of drug-seeking behavior in the clinical studies. However, it is not possible to predict on the basis of
clinical experience the extent to which a CNS active 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., development of tolerance, drug-
seeking behavior, increases in dose).

10 OVERDOSAGE

10.1 Human Experience

There is limited clinical experience regarding human overdosage with VIIBRYD. Four patients and 1 patient’s child experienced an overdose of VIIBRYD; all
recovered. The adverse reactions associated with overdose of VIIBRYD at doses of 200-280 mg as observed in 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 for certified 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 and vital 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. Removal of vilazodone by dialysis has
not been studied; however, the high volume of distribution of vilazodone suggests that dialysis will not be effective in reducing vilazodone plasma concentrations.

11 DESCRIPTION
VIIBRYD Tablets for oral administration contain polymorph Form IV vilazodone hydrochloride (HCI), a selective serotonin reuptake inhibitor and a SHT4 receptor
partial agonist.

Vilazodone HCl is 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:

| ~
o O
l - -
H

In addition to 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 of action

The mechanism of the antidepressant effect of vilazodone is not fully understood but is thought to be related to its enhancement of serotonergic activity in the CNS
through selective inhibition of serotonin reuptake. Vilazodone is also a partial agonist at serotonergic S-HT) 4 receptors; however, the net result of this action on
serotonergic transmission and its role in vilazodone’s antidepressant effect are unknown.

12.2 Pharmacodynamics

Vilazodone binds with high affinity to the serotonin reuptake site (Ki= 0.1 nM), but not to the norepinephrine (Ki=56 nM) or dopamine (Ki=37 nM) reuptake sites.
Vilazodone potently and selectively inhibits reuptake of serotonin (ICso= 1.6 nM). Vilazodone also binds selectively with high affinity to 5-HT)a receptors (ICso=2.1
nM) and is a 5-HT;, receptor partial agonist.

Thorough QT Study: Treatment with VIIBRY D did not prolong the QTc interval. 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 QTc study 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 (QTcl). This is below the threshold for clinical concern. However, it is unknown whether 80 mg is adequate to represent a high clinical
exposure condition.

12.3 Pharmacokinetics

Vilazodone activity is due primarily to the parent drug. The pharmacokinetics of vilazodone (5 mg — 80 mg) are dose-proportional. Accumulation of vilazodone is
predictable from single dose data, does not vary with dose, and steady-state is achicved in about 3 days. Elimination of vilazodone is primarily by hepatic metabolism
with a terminal half-life of approximately 25 hours. At steady-state, after daily dosing of VIIBRYD 40 mg under fed conditions, the mean Cp, value is 156 ng/mL, and
the mean AUC (924 hows) Value is 1645 ng-h/mL.

Absorption

Vilazodone concentrations peak at a median of 4-5 hours (T after administration and decline with a terminal half-life of approximately 25 hours. The absolute
bioavailability of vilazodone is 72% with food. Administration of VIIBRY D with food (high fat or light meal) increases oral bioavailability (Cpmax increased by
approximately 147-160%, and AUC increased by approximately 64-85%).
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Coadministration of VIIBRYD with ethanol or with a proton pump inhibitor (pantoprazole) did not affect the rate or extent of vilazodone absorption [see Drug
Interactions (7.3, Figure 1)]. In addition, neither the Tra nor terminal elimination 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 dose is needed.

Distribution
Vilazodone is widely distributed and approximately 96-99% protein-bound

Metabolism and Elimination

VIIBRYD is extensively metabolized through CYP and non-CYP pathways (possibly by carboxylesterase), with only 1% of the dose recovered in the urine and 2% of
the dose recovered in the feces as unchanged vilazodone. CYP3A4 is primarily responsible for its metabolism among CYP pathways, with minor contributions from
CYP2C19 and CYP2D6. /n 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 showed vilazodone did not alter 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 impairment did not affect the apparent clearance of vilazodone.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis

Carcinogenicity studies were conducted in which B6C3F I 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) of 40 mg, respectively, on a mg/m? basis.

In mice, the incidence of hepatocellular 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 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. Increases in 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 (Ames test). Vitazodone was negative in the in vitro VI9/HGRPT mammalian cell
forward mutation assay. Vilazodone was clastogenic in two in vitro mammalian cell chromosome aberration assays. However, vilazodone was negative for clastogenic
activity in both an in vivo rat bone marrow chromosome aberration assay and a micronucleus test. Vilazodone was also negative in an in vivo/in vitro unscheduled DNA
synthesis assay in rats.

Impairment of Fertility
Treatment of rats with vilazodone at a dose of 125 mg/kg, which is 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 male fertility was not observed at 6 times the MRHD.

14 CLINICAL STUDIES .

The efficacy of VIIBRYD as a treatment 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 met the 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 was superior to placebo in the
improvement of 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 evidence of differential
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

1 MADRS -3.2(-5.2,-1.3)
2 MADRS -2.5 (-4.4, -0.6)
" Least Squares Mean (95% Confidence Interval)
16 HOW SUPPLIED/STORAGE AND HANDLING
16.1 How Supplied

VIIBRYD (vilazodone HCI) 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-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 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 one side: 7 tablets
40 mg, blue, oval, debossed with 40 on one side: 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 understanding its 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 of suicidality, 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 VIIBRYD with food. When initiating treatment with VIIBRYD the dose should be titrated, 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 once daily.

Concomitant Medication
Instruct patients not to take VIIBRYD with an MAOI or within 14 days of stopping an MAOI and to allow 14 days after stopping VIIBRYD before starting an MAOI
[see Contraindications (4.1)].

Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions
Caution patients 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
Caution patients about using VIIBRYD if they have a history of a seizure disorder [see Warnings and Precautions (5.3)). Patients with a history of seizures were
excluded from clinical studies.

Abnormal Bleeding
Caution patients about the concomitant use of VIIBRYD 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 (5.4)).

Activation of Mania/llypomania
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 talking first with their healthcare provider. Patients should be aware that discontinuation effects may occur when
suddenly stopping VIIBRYD [see Warnings and Precautions (5.6)].

Hyponatremia
Adpvise patients that if they are treated with diuretics, or are otherwise volume depleted, or are elderly, they may be 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 provider if they become pregnant or intend to become pregnant during therapy with VIIBRYD [see Use in Specific
Populations (8.1)).

Nursing Mothers
Advise patients to notify their healthcare provider if they are breastfeeding an infant and would like to continuc 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 such activities.

TR@VIS

SUATUACIUTICALS

Distributed by
Trovis Pharmaceuticals LL.C
New Haven, CT 06511

877-878-7200
viibryd.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.

VZ59P10000
Revised: January 2010

VIIBRYD™ is a trademark of Trovis Pharmaceuticals LLC.
© 2011 Trovis Pharmaceuticals LLC.
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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 mg tablets.

We acknowledge receipt 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, November 4, 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.

We have completed our review of this application, as amended. It is approved, effective on the
date of this letter, for use as recommended in the enclosed agreed-upon labeling text.

We request that the labeling approved today be available on your website within 10 days of
receipt of this letter.

CONTENT OF LABELING

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA
automated drug registration and listing system (eLIST), the content of labeling

[21 CFR 314.50(1)] in structured product labeling (SPL) format, as described at

http://www fda gov/Forlndustry/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

Reference ID: 2894777

Page 73



NDA 022567
Page 2

http://www .fda.eov/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 as they are
available, but no more than 30 days after they are printed. Please submit these labels
electronically according to the guidance for industry titled “Providing Regulatory Submissions in
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 paper or similar material. For
administrative purposes, designate this submission “Final Printed Carton and Container
Labels for approved NDA 22567.” Approval of this submission by FDA is 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

Your application for vilazodone was not referred to an FDA advisory committee because this
drug is not the first 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 assessment of the safety and effectiveness of the
product for the claimed indication(s) in pediatric patients unless this requirement ts waived,
deferred, or inapplicable.

We are waiving the pediatric study requirement for ages O to 6 years old in the treatment of
major depressive disorder, because studies are highly impractical due to the low prevalence of
this disorder in this age range.
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We are 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 and the
pediatric studies have not been completed.

Your deferred 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 studies are listed below.

1723-1 Deferred pediatric study under PREA for the treatment of major depressive
disorder in pediatric patients aged 7 to 17. Conduct a study to obtain
pharmacokinetic, safety, and tolerability data and provide information pertinent to
dosing of vilazodone in 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 for the treatment of major depressive

disorder in pediatric patients aged 7 to 17. Conduct a study to obtain data on the
efficacy and safety of vilazodone in 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: May 31, 2013

Study Completion Date: July 31, 2015
Final Report Submission: January 31, 2016
1723-3 Deferred pediatric study under PREA for the treatment of major depressive

disorder in pediatric patients aged 7 to 17. Conduct a second study to obtain data
on the efficacy and safety of vilazpdone in 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: May 31, 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 vilazodone in juvenile rats. This study must
include evaluation of neurclogical/behavioral development and reproductive
development. You should submit the protocol for our comments prior to 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

Submit final reports to this NDA. For administrative purposes, all submissions related to this
required pediatric postmarketing study must be clearly designated “Required Pediatric
Assessment(s).”

POSTMARKETING REQUIREMENTS UNDER 505(o)

Section 505(0)(3) of the FDCA authorizes FDA to require holders of approved drug and
biological product applications to conduct postmarketing studies and clinical trials for certain
purposes, if FDA makes certain findings required by the statute.

The major human metabolite of vilazodone, M 17, 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.

We have determined that 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 under section
505(k)(3) of the FDCA 1is not yet sufficient to assess this serious nsk.

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 humans at
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: November 30, 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 humans at 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: November 30, 2012
Final Report Submission: January 31, 2013

If you are able to address postmarketing study 1723-6 adequately through analyses of existing
data, FDA may release you from postmarketing study 1723-5.

Submit the protocol to your IND 54613, with a cross-reference letter to this NDA. Submit all
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 S05(0).”

Section 505(0)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any
study or clinical trial required under this section. This section also requires you to periodically
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a
safety issue. Section S06B of the FDCA, as well as 21 CFR 314.81(b)(2)(vii), requires you to
report annually on the status of any postmarketing commitments or required studies or clinical
trials.

FDA will 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 elements listed in 505(0) and 21 CFR 314.81(b)(2)(vi1). We
remind you that to comply with 505(0), your annual report must also include a report on the
status of any study or clinical trial otherwise undertaken to investigate a safety issue. Failure to
submit an annual report for studies or clinical trials required under 505(0) on the date required
will be considered a violation of FDCA section 505(0)(3)(E)(ii) and could result in enforcement
action.

POSTMARKETING COMMITMENTS SUBJECT TO REPORTING REQUIREMENTS
UNDER SECTION S06B

We remind 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
vilazodone in the treatment of adults with major depressive disorder. This trial
must be placebo-controlled, utilize a randomized withdrawal design, and include
an adequate period of stabilization 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 the trials you have conducted in major depressive disorder
that the lowest effective dose of vilazodone has been identified, because only one
dose (40 mg/day) was studied. However, there are suggestions that 20 mg/day
may be effective at least in some subjects. In one of the trials, those who did not
tolerate 40 mg/day could continue in the trial on a dose of 20 mg/day, and some
may have had a significant treatment effect. In addition, data from the phase 2
fixed-dose trials suggest that there may have been a 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 MDD using 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.
We request that you conduct a drug-drug interaction trial of vilazodone using a
CYP3 A4 inducer (carbamazepine) in healthy subjects.

Final Protocol Submission: July 31, 2011
Trial Completion: July 31, 2012
Final Report Submission: January 31, 2013

1723-10 Vilazodone is extensively metabolized; however, the pharmacokinetics of
vilazodone in patients with severe hepatic impairment has not been assessed. We
request that you conduct a Phase 1 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 vilazodone is a substrate or inhibitor of PgP.

Final Protocol Submission: July 31, 2011
Study Completion: September 30, 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
commitment in your annual report to this NDA. The status summary should include expected
summary completion and final report submission dates, any changes in plans since the last
annual report, and, for clinical studies/trials, number of patients entered into each study/trial. All
submissions, including supplements, relating to these postmarketing commitments should be
prominently labeled “Postmarketing Commitment Protocol,” “Postmarketing Commitment
Final Report,” or “Postmarketing Commitment Correspondence.”

RISK EVALUATION AND MITIGATION STRATEGY REQUIREMENTS

Section 505-1 of the FDCA authorizes FDA to require the submission of a risk evaluation and
mitigation strategy (REMS), if FDA determines that such a strategy is necessary to ensure that
the benefits of the drug outweigh the risks [section 505-1(a)]. The details of the REMS
requirement were outlined in our REMS notification letter dated November 1, 2010.

Your proposed REMS, submitted on December 15, 2010, and appended to this letter, is
approved. The REMS consists of a Medication Guide and a timetable for submission of
assessments of the REMS.

The REMS assessment plan 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 of the 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 must also include, under section 505-1(g)(3)(B) and (C),
information on the status of any postapproval study or clinical trial required under section 505(0)
or otherwise undertaken to investigate a safety issue. With respect to any such postapproval
study, you must include the status of such study, including whether any difficulties completing
the study have been encountered. With respect to any such postapproval clinical 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 REMS assessments by referring 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 updates to the status information since the annual report was
prepared. Failure to comply with the REMS assessments provisions in section 505-1(g) could
result in enforcement action.

We remind you that in addition to the assessments submitted according to the timetable included
in the approved REMS, you must submit a REMS assessment and may propose a modification to
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the approved REMS when you 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 SUPPLEMENT FOR NDA 22567
PROPOSED REMS MODIFICATION
REMS ASSESSMENT

NEW SUPPLEMENT (NEW INDICATION FOR USE) FOR NDA 22567
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 cover letter requesting advisory comments, the
proposed materials in draft or mock-up form with annotated references, and the package insert
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)(i), you must submit final promotional materials, and the
package insert, 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/f CDER/ucm090142 htm.

Please submit one market package of the drug product when it is available.

DISSOLUTION METHOD AND SPECIFICATIONS

The dissolution method test conditions for all 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 about this
drug product (i.e., a “Dear Health Care Professional” letter), we request that you submit, at least
24 hours prior to issuing the letter, an electronic copy of the letter to this NDA to 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

We remind you that you must comply with reporting requirements for an approved NDA
(21 CFR 314 .80 and 314.81).

MEDWATCH-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. Your firm 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 purpose is to learn
from successful aspects of the review process and to identify areas that could benefit from
improvement. If you would like to have such a meeting with us, call the Regulatory Project
Manager for this application.

If you have any questions, email CDR Bill Bender, Senior Regulatory Project Manager, at
william bender@fda.hhs.gov.

Sincerely,
[See appended electronic 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 and effectively. See full prescribing information for
VIIBRYD.

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

WARNING: SUICIDALITY AND ANTIDEPRESSANT DRUGS

See full prescribing information for complete boxed warning.
Increased risk of suicidal thinking and behavior in children, adolescents,
and young adults taking antidepressants for major depressive disorder
(MDD) and other psychiatric disorders (5.1).

VIIBRYD is not approved for use in pediatric patients (8.4).

INDICATIONS AND USAGE

VIIBRYD is 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 VIIBRYD is 40 mg once daily (2).

e  VIIBRYD should be titrated 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 once daily (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 When discontinuing treatment, reduce the dose gradually (2.4).

DOSAGE FORMS AND STRENGTHS
VIIBRYD is available as 10 mg, 20 mg and 40 mg tablets (3).

CONTRAINDICATIONS
e Monoamine Oxidase Inhibitors: Do not use VIIBRYD concomitantly
with an MAOI or within 14 days of stopping or starting an MAOI (4.1).

WARNINGS AND PRECAUTIONS
Clinical Worsening/Suicide Risk: Monitor patients 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).

Seizures: Can occur with treatment. Use with caution in patients with a
seizure disorder (5.3).

Abnormal Bleeding: 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 recommended rather than an abrupt cessation (5.6).

Hyponatremia: Can occur in association with the syndrome of inappropriate
antidiuretic hormone secretion (SIADH) (5.7).

ADVERSE REACTIONS -
The most common adverse reactions (incidence > 5% and at 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

www.fda.gov/medwatch.

DRUG INTERACTIONS
MAGOISs: Do not use VIIBRYD concomitantly with an MAOI or within 14
days of stopping or starting an MAOI (4.1, 7.1).

CYP3Ad inhibitors: The VIIBRYD dose should be reduced to 20 mg when
co-administered with CYP3A4 strong inhibitors (7.3).

CYP3A4 inducers: Concomitant use of VIIBRYD with inducers of CYP3A4
can result in inadequate drug concentrations and may diminish effectiveness.
The effect of CYP3A4 inducers on systemic exposure of vilazodone has not
been evaluated (7.3).

USE IN SPECIFIC POPULATIONS
Pregnancy: There are no controlled human data regarding VIIBRYD use
during pregnancy. Use only if the potential benefits outweigh the potential
risks (2.3, 8.1).
Nursing Mothers: There arc 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 and efficacy of VIIBRYD in pediatric patients have
not been studied (8.4).
Geriatric Use: No dose adjustment is recommended on the basis of age (8.5).
Hepatic Impairment: No dose adjustment is recommended in patients with
mild or moderate hepatic impairment. VIIBRY D has not been studied 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 INFORMATION and Medication
Guide.
Revised: January 2010
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FULL PRESCRIBING INFORMATION: CONTENTS* 8 USE IN SPECIFIC POPULATIONS
8.1  Pregnancy

WARNING: <<SUICIDALITY AND ANTIDEPRESSANT DRUGS>> 8.2  Labor and Delivery
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7.5 Drugs Highly Bound to Plasma Protein are not listed
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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 VIIBRYD or any other antidepressant in a child, adolescent, or young adult must balance this risk
with the clinical need. Short-term studies did not show an increase in 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. VIIBRYD is 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

VIIBRYD is indicated for the treatment of major depressive disorder (MDD). The efficacy of VIIBRYD was established in two 8-week, randomized, double-blind,
placebo-controlled trials 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 and relatively persistent
(nearly every day for at least 2 weeks) depressed or dysphoric mood that usually interferes with daily functioning, and includes at least 5 of the following 9 symptoms:

depressed mood, loss of interest in usual activities, significant change in weight and/or appetite, insomnia or hypersomnia, psychomotor agitation 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 VIIBRYD is 40 mg once daily. VIIBRYD should be titrated, 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 once daily. VIIBRYD should be taken with food. VIIBRYD blood concentrations (AUC) in the fasted
state can be decreased by approximately 50% compared to the fed state, and may result in diminished effectiveness in some patients [see Pharmacokinetics (12.3)].

22 Maintenance/Continuation/Extended Treatment

The efticacy of VIIBRYD has not been systematically studied beyond 8 weeks. It is generaily 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.

23 Dosing in Special Populations

Pregnant Women: Neonates exposed o 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 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 VIIBRYD on lactation and nursing [see Nursing Mothers (8.3)]. Breastfeeding in women treated
with VIIBRYD should be considered only if the potential benefit outweighs the potential risk.

Pediatric Patients: The safety and efficacy of VIIBRYD have not been studied in pediatric patients [see 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 recommended in patients with mild or moderate hepatic impairment. VIIBRYD has not been studied in severe hepatic
impairment [see Hepatic Impairment (8.6)].

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

Gender: No dose adjustment is recommended on the 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 discontinuation of treatment, consider resuming the previously prescribed dose and decreasing the dose at a more gradual rate [see Warnings and Precautions

(5.6)].
25 Monoamine Oxidase Inhibitors (MAOI)

At least 14 days must elapse between discontinuation of an MAOI and initiation of therapy with VIIBRYD. In addition, at least 14 days must be allowed after stopping
VIIBRYD before starting an MAOI /see Contraindications (4.1)].
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3 DObA(.P FORMS AND STRENGTHS

VIIBRYD Tablets are available as 10 mg, 20 mg and 40 mg immediate-release, film-coated tablets.
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 must not be used concomitantly in patients taking MAOIs or in 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 of vita! 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 of their depression and/or the emergence of suicidal ideation and
behavior (suicidality) or unusual changes in behavior, whether or not they are taking antidepressant medications, and this risk may persist until significant remission
occurs. Suicide is a known risk 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 emergence of suicidality 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) showed that 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 increase 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-term studies of 9 antidepressant drugs in over 4,400 patients. The pooled analyses of placebo-controlled studies in adults with MDD or 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 all drugs studied. There were differences
in absolute risk of suicidality across the different indications, with the highest incidence in MDD. The risk differences (drug vs. placebo), however, were relatively
stable within age strata and across indications. These risk differences (drug-placebo difference in the number of cases 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
Increases Compared to Placebo

<18 14 additional cases

18-24 5 additional cases
Decreases Compared to Placeho

25-64 1 fewer case

265 6 fewer cases

No suicides occurred in any of the pediatric studies. There were suicides in the adult studies, but the number was not sufficient to reach any conclusion about drug effect
on 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 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 changes in behavior, especially during the initial few months of a course of drug therapy, or at times of dose changes, either increases or
decreases.

The following symptoms, anxiety, agitation, panic attacks, insomnia, irritability, hostility, aggressiveness, impulsivity, akathisia (psychomotor restlessness), hypomania,
and mania, have been reported 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 symptoms and either the worsening of depression and/or the emergence of
suicidal impulses has not been established, there is concern that such symptoms may represent precursors to emerging suicidality.

Consideration should be given to changing the therapeutic regimen, including possibly discontinuing the medication, in patients whose depression is persistently worse,
or who are experiencing emergent suicidality or symptoms that might be precursors to worsening depression or suicidality, especially if these symptoms are severe,
abrupt in onset, or were not part of the 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 and Administration (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 monitor patients for the emergence of agitation, irritability, unusual changes in behavior, and the other symptoms described above, as well as
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the emergence of 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 the risk of
overdose [see also Patient Counseling Information (17.1)].

Screening patients for bipolar disorder

A major depressive episode may be the initial presentation of bipolar disorder. It is generally believed (though not established in controlled studies) that treating such an
episode with an antidepressant alone may increase the likelihood of precipitation of a mixed/manic episode in patients at risk for bipolar disorder. Whether any of the
symptoms described above represent such a conversion is unknown. However, prior to initiating treatment with an antidepressant, patients with depressive symptoms
should be adequately screened to determine if they are at risk for bipolar disorder; such screening should include a detailed psychiatric history, including a family
history of suicide, bipolar disorder, and depression. It should be noted that VIIBRY D is not approved for use in treating bipolar depression.

5.2 Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions

The development of a potentially life-threatening serotonin syndrome or Neuroleptic Malignant Syndrome (NMS)-like reactions has been reported with antidepressants
alone, but particularly with concomitant use of serotonergic drugs (including triptans) with drugs that impair metabolism of serotonin (including MAOISs), or with
antipsychotics or other dopamine antagonists. Symptoms of serotonin syndrome were noted in 0.1% of patients treated with VIIBRYD. Serotonin syndrome symptoms
may include 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, which includes hyperthermia, muscle rigidity, autonomic instability with possible rapid fluctuation of vital 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 MAOIs intended to treat depression is contraindicated. [see Contraindications (4.1)].

If concomitant treatment of VIIBRYD with a 5-hydroxytryptamine receptor agonist (triptan) is clinically warranted, careful observation of the patient is advised,
particularly during treatment initiation 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 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.

33 Seizures
VIIBRYD has 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.

54 Abnormal Bleeding

The use of drugs that interfere with serotonin reuptake inhibition, including VIIBRYD, may increase the risk of bleeding events. Concomitant use of aspirin,
nonsteroidal anti-inflammatory drugs (NSAIDS), warfarin, and other anticoagulants may add to this risk. Case reports and epidemiological studies (case-conirol and
cohort design) have demonstrated an association between use 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 petechiae to life-threatening hemorrhages.

Patients should be cautioned about the risk of bleeding associated with the concomitant use of VIIBRY D 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 VIIBRYD in clinical studies. Activation of mania/hypomania has 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 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, emotional lability, 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 upon discontinuation of 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 VIIBRY D treatment 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 syndrome of inappropriate antidiuretic hormone secretion (SIADH). Cases with serum
sodium lower than110 mmol/L have been reported. Elderly patients may be at greater risk of developing hyponatremia with SSRIs. Also, patients taking diuretics or
who are otherwise volume depleted can be at greater risk. Discontinuation of VIIBRYD in 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 can lead to falls. Signs and symptoms associated 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 VIIBRYD-treated MDD patients in placebo-controlled studies (incidence > 5% and at 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 who participated 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 VIIBRYD for a total of 348 patient-years.

The information presented in these sections was derived from studies of VIIBRY D 40 mg daily 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 included a titration period of 10 mg daily
for 7 days followed by 20 mg daily for 7 days. In these clinical 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 clinical trials of a drug cannot
be directly compared to rates in the clinical studies of another drug and may not reflect rates observed in practice.

Adverse reactions reported as reasons for discontinuation of treatment
In the placebo-controlled studies of MDD there was no single adverse reaction leading to discontinuation in > 1% of the patients. Overall, 7.1% of the patients who
received VIIBRYD discontinued treatment due to an adverse reaction, compared with 3.2% of placebo-treated patients in these studies.

Common adverse reactions in placebo-controlled MDD studies
Table 2 shows the incidence of common adverse reactions that occurred in > 2% of VIIBRYD-treated MDD patients (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

System Organ Class VIIBRYD Placebo
Preferred Term 40 mg/day
N =436 N=433

Gastrointestinal disorders

Diarrhea 28 9
Nausea 23 5
Dry mouth 8 5
Vomiting 5 1
Dyspepsia 3 2
Flatulence 3 2
Gastroenteritis 3 <1

Nervous system disorders

Dizziness 9 5
Somnolence 3 2
Paresthesia 3 1
Tremor 2 0

Psychiatric disorders

Insomnia 6 2

Abnormal dreams 4 1

Libido decreased 4 <1

Restlessness * 3 <1

Orgasm abnormal** 3 0
General disorders

Fatigue 4 3

Feeling jittery 2 <1
Canrdiac disorders

Palpitations 2 <1
Musculoskeletal and connective tissue disorders

Arthralgia 3 2
Reproductive system and breast disorders

Delayed ejaculation*** 2 0

Erectile dysfunction*** 2 1

Metabolism and nutrition disorders
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Increased appetite 2 1

*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

Males Females

Preferred Term VIIBRYD Placebo VIIBRYD Placebo

N=170 N=182 N=266 N=251
Decreased libido 5 0 3 <1
Abnormal orgasm* 4 0 2 0
Delayed ejaculation 2 0 - -
Erectile dysfunction 2 1 - -
Sexual dysfunction 2 0 <1 <1

— Not applicable

*Includes anorgasmia

Laboratory Tests

VIIBRYD has not been associated with any clinically important changes in laboratory test parameters in serum chemistry (including liver function tests), hematology
and urinalysis, 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 from baseline. Results from a 52-week open-label study were consistent with the findings from the placebo-
controlled studies.

ECG

VIIBRYD has not been associated with any clinically significant effect on ECG parameters, including QT, QTc, PR and QRS intervals, or with any arrhythmogenic
potential. ECGs were evaluated in a thorough QTec study at doses up to 80 mg daily with food and in the placebo-controlled studies [see Pharmacodynamics (12.2)].
Vital Signs

VIIBRYD has not been associated 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 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 in the VIIBRYD group and +0.18 kg in the placebo group. The proportions of patients with a weight gain > 7% were 0.9% in the VIIBRYD group and 1.2%
in the placebo group. The proportions of patients with a weight decrease > 7% were 1.4% in the VIIBRYD group and 1.4% in the placebo group.

Other adverse reactions observed in clinical 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 significant clinical 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 subcutancous tissue disorders: frequent: hyperhidrosis, night sweats

7 DRUG INTERACTIONS

7.1 Central Nervous System (CNS)-Active A gents
The risk of using VIIBRYD in combination with other CNS-active drugs has not been systematically evaluated. Consequently, use caution when VIIBRYD is
prescribed in combination with other CNS-active drugs.
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Monoamine Oxidase Inhibitors (MAOI)

Adverse reactions, some of which are serious or fatal, can develop in patients who use MAOIs or who have recently been discontinued from a MAOI and started on
antidepressant(s) with pharmacological properties similar to VIIBRYD (e.g. SSRIs), or who have recently had SSRI therapy discontinued prior to initiation of an
MAOI. Do not prescribe VIIBRYD concomitantly with an MAOI or within 14 days of discontinuing or starting an MAOI [see Contraindications (4.1)].

Serotonergic Drugs

Based on the mechanism of action of VIIBRYD and the potential for serotonin toxicity, also known as serotonin syndrome, caution is advised when VIIBRYD is
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)].

7.2 Drugs that Interfere with Hemostasis (e.g., NSAIDs, Aspirin, and Warfarin)

Serotonin release by platelets plays an important role in hemostasis. Epidemiological studies of case-control and cohort design have demonstrated an association
between use of psychotropic drugs that interfere with serotonin reuptake and the occurrence of upper gastrointestinal bleeding. These studies have also shown that
concurrent use of an NSAID or aspirin may potentiate this risk of bleeding. Altered anticoagulant effects, including increased bleeding, have been reported when SSR1s
and SNRIs are coadministered with warfarin. Patients receiving warfarin therapy should be carefully monitored when VIIBRY D is 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% CI Reconmendation

Ethanol: Cmax No dose adjustment
AUC

CYP3A4 Inhibitors:

Ketocorazole Cmax l—’—( Maximum dose: 20 mg
AUC S

Proton Pump Inhibitors:

Partoprazok Crmax No dose adjustment
AUC [

—1r1T 1T T 1T

0.50 100 150 2.00
Change relative to reference

Inhibitors of CYP3A4

Metabolism by CYP3A4 is a major elimination pathway for vilazodone. Concomitant use of VIIBRYD and strong inhibitors 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 mg for patients
with intolerable adverse events. No dose adjustment is recommended when VIIBRYD is co-administered with mild inhibitors of CYP3A4 (e.g., cimetidine).

Inducers of CYP3A4

Concomitant use of VIIBRYD with inducers of CYP3A4 has 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 CY P2D6 is not expected to alter plasma concentrations of vilazodone. These isoforms are

minor elimination pathways in the metabolism of vilazodone. /n vitro studies have shown that CYP1A2, CYP2A6, CYP2C9 and CYP2E1 have minimal contribution to
the metabolism of vilazodone.

7.4 Potential for Vilazodone to Affect Other Drugs

Drugs metabolized by CYP1A2, CYP2C9, CYP2D6, CYP3A4 or CYP2C19.

Coadministration of VIIBRYD with substrates for CYP1A2, CYP2C9, CYP3A4, or CYP2DE6 is 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 mephenytoin biotransformation, suggestive of a minor induction of CYP2C19. /n vitro studies have shown that VIIBRYD is a
moderate inhibitor of CYP2C19 and CYP2D6.

Drugs metabolized by CYP2CS
Coadministration of VIIBRYD with a CYP2CS8 substrate may lead to an increase in concentration of the other drug. /In vitro studies suggest that VIIBRY D may inhibit
the biotransformation of substrates of CYP2C8. The effect of VIIBRYD on CYP2C8 activity has not been tested in vivo.

Induction of CYP isoforms

VIIBRYD did not induce CYP1AL1, 1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, 3A4d or 3AS in an in vitro study in cultured human hepatocytes. Chronic administration of
vilazodone is unlikely to induce the metabolism of drugs metabolized by these major CYP isoforms.

7.5 Drugs Highly Bound to Plasma Protein

The interaction between vilazodone and other highly protein-bound drugs has not been evaluated. Because vilazodone is highly bound to plasma protein, administration
of VIIBRYD to 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. When treating pregnant women with VIIBRYD, carefully consider whether the potential benefits outweigh the potential risks of treatment.

No teratogenic effects were observed when vilazodone 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 mgon 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 MRHD in rats or 4 times the MRHD in rabbits.

When vilazodone was administered to pregnant rats at an oral dose of 30 times the MRHD during the period of organogenesis and throughout pregnancy and lactation,
the number of 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 decreased fertility in adulthood. There was some maternal toxicity at this dose. These cffects were not seen at 6 times the MRHD.

Nonteratogenic Effects

Neonates exposed to 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 VIIBRYD on labor and delivery in humans is unknown. VIIBRYD should be used during labor and delivery only if the potential benefit outweighs the
potential risk.

8.3 Nursing Mothers
Vilazodone is excreted into the milk of lactating rats. The effect of VIIBRYD on lactation and nursing in humans is unknown. Breast feeding in women treated with
VIIBRYD should be considered only if the potential benefit outweighs the potential risk to the child.

8.4 Pediatric Use
Clinical studies on the use of VIIBRYD in pediatric patients have not been conducted; therefore, the safety and effectiveness of VIIBRYD in the pediatric population
have not been established. VIIBRYD is 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 phanmacokinetics were generally similar between the two age groups.

Of the 2177 patients in clinical studies with VIIBRYD, 37 (1.7%) were 65 years of age or older, and 272 (12.5%) were 55 to 64 years of age.
Greater sensitivity of some older individuals cannot be ruled out [see Dosage and Administration (2.3)].

Serotonergic antidepressants have been associated with cases of clinically significant hyponatremia in elderly patients, who may be at greater risk for this adverse event
[see Warnings and Precautions (5.7)].

8.6 Hepatic Impairment
Vilazodone is eliminated primarily by hepatic metabolism. In mild and moderate hepatic impairment, no dose adjustment is necessary (see Figure 2). VIIBRYD has not
been studied in 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 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. Impact of Intrinsic Factors on Vilazodone PK
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9 DRUG ABUSE AND DEPENDENCE

9.1 Controlled Substance
VIIBRYD is not a controlled substance.

9.2 Abuse and Dependence

VIIBRYD has been systematically studied in animals and did not demonstrate abuse or dependence potential. While VIIBRYD has not been systematically studied in
humans for its potential for abuse, there was no suggested evidence of drug-seeking behavior in the clinical studies. However, it is not possible to predict on the basis of
clinical experience the extent to which a CNS active 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., development of tolerance, drug-
seeking behavior, increases in dose).

10 OVERDOSAGE

10.1 Human Experience

There is limited clinical experience regarding human overdosage with VIIBRYD. Four patients and 1 patient’s child experienced an overdose of VIIBRYD; all
recovered. The adverse reactions associated with overdose of VIIBRYD at doses of 200-280 mg as observed in 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 for certified 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 and vital 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. Removal of vilazodone by dialysis has
not been studied; however, the high volume of distribution of vilazodone suggests that dialysis will not be effective in reducing vilazodone plasma concentrations.

11 DESCRIPTION
VIIBRYD Tablets for oral administration contain polymorph Form IV vilazodone hydrochloride (HCI), a selective serotonin reuptake inhibitor and a SHT1a receptor
partial agonist.

Vilazodone HCl is 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 addition to the active ingredient, VIIBRYD Tablets contain lactose monohydrate, microcrystalline cellulose, magnesium stearate, colloidal silicon dioxide, polyvinyl
alcohol, titanium dioxide, polyethylene glycol, tale, 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 of action

The mechanism of the antidepressant effect of vilazodone is not fully understood but is thought to be related to its enhancement of serotonergic activity in the CNS
through selective inhibition of serotonin reuptake. Vilazodone is also a partial agonist at serotonergic 5-HT, receptors; however, the net result of this action on
serotonergic transmission and its role in vilazodone’s antidepressant effect are unknown.

12.2 Pharmacodynamics

Vilazodone binds with high afTinity to the serotonin reuptake site (Ki= 0.1 nM), but not to the norepinephrine (Ki=56 nM) or dopamine (Ki=37 nM) reuptake sites.
Vilazodone potently and selectively inhibits reuptake of serotonin (ICsp= 1.6 nM). Vilazodone also binds selectively with high affinity to 5-HT4 receptors (ICsp=2.1
nM) and is a 5-HT,4 receptor partial agonist.

Thorough QT Study: Treatment with VIIBRYD did not prolong the QTc interval. 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 QTc study 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 QTe 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 high clinical
exposure condition.

12.3 Pharmacokinetics

Vilazodone activity is due primarily to the parent drug. The pharmacokinetics of vilazodone (5 mg — 80 mg) are dose-proportional. Accumulation of vilazodone is
predictable from single 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 terminal half-life of approximately 25 hours. At steady-state, after daily dosing of VIIBRYD 40 mg under fed conditions, the mean Cy, value is 156 ng/mL, and
the mean AUC (p.24 houss) Value is 1645 ng-h/mL.

Absorption

Vilazodone concentrations peak at a median of 4-5 hours (T, 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 (Cax increased by
approximately 147-160%, and AUC increased by approximately 64-85%).
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Coadministration of VIIBRY D with ethanol or with a proton pump inhibitor (pantoprazole) did not affect the rate or extent of vilazodone absorption [see Drug
Interactions (7.3, Figure 1)]. In addition, neither the Tyns nor terminal elimination 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 dose is needed.

Distribution
Vilazodone is widely distributed and approximately 96-99% protein-bound

Metabolism and Elimination

VIIBRYD is extensively metabolized through CYP and non-CY P pathways (possibly by carboxylesterase), with only 1% of the dose recovered in the urine and 2% of
the dose recovered in the feces as unchanged vilazodone. CYP3A4 is primarily responsible for its metabolism among CYP pathways, with minor contributions 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 CYP2CR) substrates; and an in vivo study with probe substrates for CYP2C19, 2D6 and 3A4 showed vilazodone did not alter 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 impairment did not affect the apparent clearance of vilazodone.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
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) of 40 mg, respectively, on a mg/m* basis.

In mice, the incidence of hepatocellular 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 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. Increases in 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 (Ames test). Vilazodone was negative in the in vitro V79/HGRPT mammalian cell
forward mutation assay. Vilazodone was clastogenic in two in vitro mammalian cell chromosome aberration assays. However, vilazodone was negative for clastogenic
activity in both an in vivo rat bone marrow chromosome aberration assay and a micronucleus test. Vilazodone was also negative in an in vivo/in vitro unscheduled DNA
synthesis assay in rats.

Impairment of Fertility
Treatment of rats with vilazodone at a dose of 125 mg/kg, which is 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 male fertility was not observed at 6 times the MRHD.

14 CLINICAL STUDIES

The efficacy of VIIBRYD as a treatment 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 met the 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 was superior to placebo in the
improvement of 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 evidence of differential
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

1 MADRS -3.2(-5.2,-1.3)
2 MADRS -2.5(-4.4, -0.6)
? Least Squares Mean (95% Confidence Interval)
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

75838-110-30: 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 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 one side: 7 tablets
40 mg, blue, oval, debossed with 40 on one side: 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 counse! 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 of this
document.

Suicide Risk
Advise patients and caregivers 1o look for the emergence of suicidality, 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 VIIBRYD with food. When initiating treatment with VIIBRYD the dose should be titrated, 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 once daily.

Concomitant Medication
Instruct patients not to take VIIBRYD with an MAOI or within 14 days of stopping an MAOI and to allow 14 days afier stopping VIIBRY D before starting an MAOI
|see Contraindications (4.1)).

Serotonin Syndrome or Neuroleptic Malignant Syndrome (NMS)-like Reactions
Caution patients 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)1.

Seizures
Caution patients about using VIIBRYD if they have a history of a seizure disorder [see Warnings and Precautions (5.3)]. Patients with a history of seizures were
excluded from clinical studies.

Abnormal Bleeding
Caution patients about the concomitant use of VIIBRYD 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 .
Advise patients not to stop taking VIIBRYD without talking first 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 may be at greater risk of developing hyponatremia while
taking VIIBRYD [see Warnings and Precautions (5.7)].

Alcohol
Adyvise 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 provider if they become pregnant or intend to become pregnant during therapy with VIIBRYD [see Use in Specific
Populations (8.1)).

Nursing Mothers
Advise patients 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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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 such activities.
TR@YIS.
. Distributed by

Trovis Pharmaceuticals LL.C
New Haven, CT 06511

877-878-7200
viibryd.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.

VZ59P10000
Revised: January 2010

VHBRYD™ is a trademark of Trovis Pharmaceuticals LLC.
© 2011 Trovis Pharmaceuticals LLC.

Reference ID: 2894777

Page 95

13



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.

What is the most important information

I should know about VIIBRYD?

VIIBRYD and 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 some children,
teenagers, or young adults within the
first few months of treatment or
when the dose is changed.

e Depression or other serious mental
ilinesses 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 VIIBRYD is 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

away if you have any of 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 |D: 2894777

o thoughts about suicide or dying

e new or worse depression

e nNew or worse anxiety or panic
attacks

e feeling agitated, restless, angry or
irritable

e trouble sleeping

e an increase in activity or talking
more than what is normal for you
(mania)

e other unusual changes in behavior
or mood

. Serotonin Syndrome or 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 happiness or irritability
talking more or faster than usual

. Low salt (sodium) levels in the blood.
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Elderly people may be at greater risk for

this. Symptoms may include:

e headache

e weakness or feeling unsteady

¢ confusion, problems concentrating or
thinking or memory problems

Do not stop VIIBRYD without first

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

What is 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 the risk of not treating
it. You should discuss all 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 known if VIIBRYD is safe and
effective in children.

Who shouid not take VIIBRYD?

Do not take VIIBRYD if you:

e Take an Monoamine Oxidase Inhibitor
(MAOI). Ask your healthcare provider or
pharmacist if you are not sure if you take
an MAOI.
¢ Do not take an MAOQI within 14 days of

stopping VIIBRYD.
e Do not start VIIBRYD if you stopped
taking an MAOI in the last 14 days.

People who take VIIBRYD close 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 changes in heart rate or
blood pressure

Reference ID: 2894777

e confusion
¢ loss of consciousness (pass out)

What should I tell my healthcare
provider before taking VIIBRYD?

Before starting VIIBRYD, tell your
healthcare provider if you:
e have liver problems
e have kidney problems
e have or had seizures or convulsions
e have bipolar disorder (manic
depression) or mania
¢ 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 known if 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 known if VIIBRYD passes into
breast milk. You and your healthcare
provider should decide if you should take
VIIBRYD while breastfeeding.

Tell your healthcare provider about all
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
e tramadol
e over-the-counter supplements such
as tryptophan or St. 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?

o Take VIIBRYD exactly as prescribed. Your
healthcare provider may need to change
the dose of VIIBRYD until it is the right
dose for you.

¢ 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 dangerous activities until you
know how VIIBRYD affects you.

e You should avoid drinking alcohol while
taking VIIBRYD. See “"What should I tell
my healthcare provider before taking
VIIBRYD?”

What are the possible side effects of
VIIBRYD?

VIIBRYD may cause serious side effects,

including:

e See "What is the most important
information I should know about
VIIBRYD?"”
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Common side effects in people who take
VIIBRYD include:

e diarrhea

e nausea or vomiting

¢ trouble sleeping

Tell your healthcare provider if you have any
side effect that bothers you or that does not
go away. These are not all 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 VIIBRYD and all medicines out of
the reach of children.

General information about VIIBRYD.
Medicines are sometimes prescribed for
purposes other than those listed in a
Medication Guide. Do not use VIIBRYD for a
condition for which it was not prescribed. Do
not give VIIBRYD to other people, even if
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 VIIBRYD call 1-
877-878-7200 or go to www.VIIBRYD.com.

What are the ingredients in VIIBRYD?
Active ingredient: vilazodone hydrochloride
Inactive ingredients: lactose monohydrate,
microcrystalline cellulose, magnesium
stearate, colloidal silicon dioxide, polyvinyl
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.
TR@VIS..,

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

VIIBRRYD™ 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

3

Contact Information: PGxHealth, LLC (1-877-878-7200)

RISK EVALUATION AND MITIGATION STRATEGY
(REMS)

RefereRetetenceddy 2871971
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Appendix A: Proposed REMS Revised: 10 December 2010

I. GOAL

The goal of this REMS is to inform patients about the serious risks associated with the use of
vilazodone HCI Tablets.

RefereRe&erenceddy 2871971
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Appendix A: Proposed REMS Revised: 10 December 2010

II. REMS ELEMENTS:

A. Medication Guide

PGxHealth, LLC, will ensure that a currently approved Medication Guide will be
dispensed with each vilazodone prescription 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. To facilitate 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
assessment so that it will be received by the FDA on or before the due date.

RefereRe&etenceddu 2871971
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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.

Isl/

ELLIS F UNGER
01/21/2011
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Certificate of Correction
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| UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO.: : 5,532,241 Page 1 of 1
APPLICATION NO. :08/314734

DATED :July 2, 1996

INVENTOR(S) : Henning Bottcher et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 16, Line 46, please delete “R3is H, OH or OA;”

Signed and Sealed this

Tenth Day of November, 2009

(ot T s

David J. Kappos
Director of the United States Patent and Trademark Office
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United States
b Patent and

Trademark Office
’;‘,’,‘;}:};‘f Patent Bibliographic Data 02/08/2011 11:26 AM
5"g§gé"3 Patent Number: 5532241 Application Number:|08314734
Issue Date: 07/02/1996 Filing Date: 09/29/1994
Title: PIPERIDINES AND PIPERAZINES
Status: 4th, 8th and 12th year fees paid Entity: Large
Window Opens: NA Surcharge Date: |NA Expiration: NA
Window
. Window A, )
Fee Amt Due: ¢ Surchg Amt Due:}Window not open Total Amt Due: [not
not open open
Fee Code:

Surcharge Fee Code:

Most recent events (up to 7):|12/11/2007 | Payment of Maintenance Fee, 12th Year, Large Entity.
12/09/2003 | Payment of Maintenance Fee, 8th Year, Large Entity.
12/29/1999{ Payment of Maintenance Fee, 4th Year, Large Entity.
09/10/1996 | Payor Number Assigned.

--- End of Maintenance History ---

Address for fee purposes: CPA GLOBL LIMITED
2318 Mill Road 12th Floor
ALEXANDRIA, VA

22314

__Run Another Query |

Need Help? | USPTO Home Page | Finance Online Shopping Page | Alerts Page
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~ , United States
\ B Patent and
Trademark Office

Patent Maintenance Fees 02/08/2011 03:19 PM EST
Patent Number: 5532241 Application Number:| 08314734

Issue Date: 07/02/1996 "~ |Filing Date: 09/29/1994

Window Opens: Surcharge Date:

Window Closes: Payment Year:

Entity Status: LARGE

Customer Number: {197

Street Address: CPA GLOBL LIMITED

City: ALEXANDRIA
State: VA
Zip Code: 22314

Phone Number: (703) 739-2234

Currently there are no fees due.

Need Help? | USPTO Home Page | Finance Online Shopping Page | Alerts Page
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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

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 patent listed below. The "PYMT DATE" column indicates the payment date (i.e., the date the
payment was filed).

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the
payment will 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
WwWw.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

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 patent listed below. The "PYMT DATE" column indicates the payment date (i.¢., the date the
payment was filed).

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the
payment will 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 FEE AMT  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 MERCKI1617

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

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 patent listed below. The "PYMT DATE" column indicates the payment date (i.¢., the date the
payment was filed).

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the
payment will 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.

UsS. 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 $3,910.00 $0.00 12/11/07 08/314,734 07/02/96 09/29/94 12 NO MERCKI1617

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.; 2:43PM LIPHA PHARMACEUTICAL-  +43 6151 723140:# 2/

i
’ [ (73 4

é DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heatth Service
i . ) Food and Drug Adminigtrstion

Rockville MD 20857

|~osa,$13 : Date DEC | 1997

Lipha Pharmacueticals, Inc.
ATTN: Aaita M. Goodwan, X.D.
9 Weat 57th Street, Suite 3825
New York, NY 10019-2701

. Dear Sir §r Madam:

We acknowledge receipt of your Investigational New Drug Application (IND) submitted
pursuant to Section 505(i} of the Federal Food, Drug, and Cosmetic Act. Please note the
following igentufying data:

IND Number Assigned: 54,613

Sponsor: Lipha Pharmaceuticals, Inc.
Na'rneofDrug: EMD 68 843

Date of Submission® November 21, 1997

Date ol Receipl: November 24, 1997

Studies 1n humans may not be iniliated until 30 days alter the date of receipt shawn above. If,
within the 30-day waiting period, we denufy deficiencies in the IND that require correction
before human studies begin or that require restriction of human studies until correction, we
will notify you immediately that the study may not be initiated (“clinical hald"} or that certain
restrictions must be placed on 1t In the event of such noufication, you must continue to
withhold, or to restrict, such studies until you have submitted material ta correct the
deficiencies, and we have notified you that the material you submitted s satisfactory.

It has not been our policy 1o object 1o a sPONSOL, upon recerpt of this acknowiedgement |etter,
either obtaining supphes of 1he investigational drug or shipping 1t Lo investigatars listed in the
IND. However, 1f drug s stnpped (0 investigatlors, Lhey should be reminded thdl studies may

n’o! begin under the IND unul 30 days after the IND receipt date or later tf the IND is placed on
clinical hoid »

US REGULATORY ARCHIVES
MAR 19 2001

FORMFDA 3228a (9/89) PREVIOLIS EDITION IS OBSOLETE. Page 113
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IND 54,613 . | Page 2

You are responsible for compliance with the Federal Food, Drug, and Cosmetic Act and the regulations
impiementing that Act (Titie 21 of the Coda of Federal Regulations). Thosa responsibiities includa reporting
any adverse axperlence associated with use of the drug that is bath serious and unexpected to the FDA
as soon as possibie end in no event later than 10 working days after initial recaipt of the information
and reporting any unexpected fatal or life-thraatening experience to the FDA by telephone no later than
3 working days sfter receipt of the information (21 CFR.312.32), and submission of annual progress

raports {21 CFR 312.33).

Plsase forward aR future communications conceming this IND in triphcno. identified by the above IND
m.smbu and sddressod as followa:

Food and Drug Administration

Canter for Orug Evaiustion and Resesrch (HFD-120)
Artention: Document Control Room

65600 Fishers Lane

Rockville, Maryland 20887

Shouid you have any questions conceming this IND, plesse contect: Mr. Paul David |
Project Manager
(301) 594-2777

Conter for Drug Eveluation and Resssrch

cc: Originai IND - pink
HFD-120 - yellow
HPD-120/CS0 - grewn

IND ACKNOWLEDGEMENT

FORM FDA 32284 (11/38)
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EXHIBIT 10

Letter Acknowledging Receipt of NDA
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g C DEPARTMENT OF HEALTH AND HUMAN SERVICES
Dod '

o 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:

We have received 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 HCL tablets, 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 days of 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)(1)] in structured product labeling (SPL) format as described at

http://www fda gov/Forlndustry/DataStandards/StructuredProductlL abeling/default.htm. Failure
to submit the content of labeling in SPL format may result 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 number provided above should be cited at the top of the first page of all submissions
to this application. Send all 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 punched on the left side of the
page and bound. The left margin should be at least three-fourths of an inch to assure text 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 paper size.
Non-standard, large pages should be folded and mounted to allow the page to be opened for
review without disassembling the jacket and refolded without damage when the volume is
shelved. Shipping unbound documents may result 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/uem073080.htm

If you have any questions, call me at (301) 796-2145.
Sincerely,
{See appended electronic signature puge}
CDR Bill 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 HEALTH LLC VILAZODONE HCL

This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

Is/

WILLIAM H BENDER
03/24/2010
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EXHIBIT 11

List of Significant Activities Undertaken during Regulatory Review Period
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LIST OF SIGNIFICANT ACTIVITIES UNDERTAKEN DURING THE

REGULATORY REVIEW PERIOD

SUBMISSION | SERIAL DESCRIPTION
DATE NUMBER

11/21/1997 000 IND Submltted to FDA (IND Effectlve on December 21,
1997) _

2/27/1998 004 Draft Rat and Mouse Carcinogenicity Study | Pro ocols for
CAC review p o \\J

8/26/1998 007 Transfer of IND Ownership from Lipha Pharméc;‘eutlcals
to Merck KGaA o7

12/1/1998 010 Study Protocol - 15-Day Safety Report -

12/31/1998 011 Study Protocol - 15-Day Safety”Report\\

3/5/1999 013 Annual Report 1998 (12 volumes) |,

6/16/1999 014 Study Protocol - Protocol Amendment

2/21/2000 018 Annual Report 1999 (6.volumes)”

12/19/2000 020 FDA Correspondence (toxicology)

2/8/2001 021 Annual Report 2000 @wvolumes)

4/30/2001 022 Submission of Phase!2, Study Reports

1/5/2001 023 Transfer of IND @wnership to GSK

5/15/2001 FDA Correspondence (Clinical)

10/25/2001 027 Protocol/Amendment

12/21/2001 032 ProtecolVAmendment

3/1/2002 037 /| Protécol Amendment

4/30/2002 039 |-Protocol Amendment

7/24/2002 044 {\| Protocol Amendment

10/23/2002 -047->._“|"General Correspondence (Protocol)

1/7/2003 050 | Protocol Amendment

2/11/2003 052 -~ | Transfer of IND Ownership to Merck KGaA

11/7/2003 .. 053 Information Amendment - General Correspondence

2/20/2004 054 General Correspondence

10/25/2004 . |/ 055 Transfer of IND Ownership to GNSC

12/22/2004 | 057 Submission of Carcinogenicity Report

1/19/2005 - 058 Annual Report 2004

1/5/2005 General Teleconference (FDA) - Outstanding Reports

5/12/2005 FDA Correspondence (Pharm/Tox))

10/10/2005 FDA Type B Meeting Request (End-of-Phase 2 meeting)

11/19/2005 060 FDA Meeting Request Briefing Documents

12/21/2005 061 Protocol Submission

6/22/2006 065 FDA Meeting Request (CMC and Clin Pharm)

7/6/2006 067 FDA Meeting Request Briefing Documents

Page 1 of 2
3725342
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SUBMISSION | SERIAL

DATE NUMBER
1/17/2007 069 Annual Report 2006
3/26/2007 071 Clinical Statistical Analysis Plan
7/20/2007 074 Responses to FDA SAP Comments
8/3/2007 General Correspondence (Drug Substance)
9/27/2007 077 Protocol Submission
1/8/2008 080 Investigator Brochure and Protocol
4/25/2008 091 IND Safety Report
6/8/2008 095 IND Safety Report
8/1/2008 100 Clinical Study Report
10/20/2008 109 Clinical Study Report P
12/8/2008 116 Clinical Study Report PN
1/19/2009 123 Annual Report (2008) A .
3/11/2009 128 IND Safety Report o,
6/3/2009 134 CMC Update/Amendment 7
8/19/2009 FDA Contact Report 0, ’
1/14/2010 FDA Contact Report®, 7
1/24/2010 142 Annual Repoit (2009)
3/22/2010 NDA No. 22-567%Submission
1/21/2011 NDA No. 228567, FDA Approval

)
1N
> N7
| \\wa
Page 2 of 2

3725342
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 15,532,241 Page 1 of 1
APPLICATION NO. : 08/314734

DATED :July 2, 1996

INVENTOR(S) : Henning Bottcher et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 16, Line 46, please delete “R*is H, OH or OA;”

Signed and Sealed this

Tenth Day of November, 2009

David J. Kappos
Director of the United States Patent and Trademark Office
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SPE RESPONSE FOR CERTIFICATE OF CORRECTION ™
Paper No.:
DATE ; 09/14/09
TOSPEOF :ARTUNIT __1624
SUBJECT : Request for Certificate of Correction for Appl. No.: 08314734 Patent No.: 5532241

Please respond to 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 shown in the attached certificate of
correction. Please complete this form (see below) and forward it with the file to:

Certificates of Correction Branch (C of C)

Randolph Square 9C62-D

Palm Location 7580 }
Youcan fax the Directors/SPET

JUS A S0 At i il

" Dorts Wiome

Certificates of Correction Branch

703-756-1574

Thank You 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.
U Approved in Part Specify below which changes do not apply.
U Denied State the reasons for denial below.

Comments: 7'& f‘\?qﬁ(’gj’?" 7“0 M/Q W
ey CZ%I‘M 9’///7({ R0 ex Franeoy s (&ﬁ/&’%ﬂé,
b, ,s hrect malle. nrt e/fcf*ﬁ%/@//M
7 o8
——— — Jols]os

PTOL-306 (REV. 7/03) V U.S. DEPARTMENT OF COMMERCE Patent and Trademark Office
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SPE RESPONSE FOR CERTIFICATE OF CORRECTION

PaperNo..
DATE : 09/14/09
TO SPE OF :ART UNIT 1624
SUBJECT : Request for Certificate of Correction for Appl. No.: 08314734 Patent No.: 5532241

Please respond to 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 shown in the attached c_értiﬁcate of
correction. Please complete this form (see below) and forward it with the file to:

Certificates of Correction Branch (C of C)
Randolph Square 9C62-D
Palm Location 7580

Certificates of Correction Branch

703-756-1574

Thank You 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.
O Approved in Part Specify below which changes do not apply.
Q Denied State the reasons for denial below.
Comments: 'f'"/& I/"("/D(’J’/_ Ao, M/&lﬁ W
24 L .S ///7[€ R > 10 €x Froneovs (&ﬁrﬁ 7‘#4(,
1o S‘(/éﬂ’C?“ malle. ) 2o e/Af/cQw;/a//Mo/' ’
— > ) / 7/37¢}
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PTOL-306 (REV. 7/03) ( / U.S. DEPARTMENT OF COMMERCE Patent and Trademark Office
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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 TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO : 5,532,241
DATED: July 2, 1996
INVENTOR (8): Henning Bottcher et 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 needs of the 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
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for

Patents, Washington, DC 20231.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

U.S. 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.F.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.

L C.IFR.§1.322

O The mistake(s) was/were incurred through the 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.IFR. § 1.323

X The mistake was made by the applicant. Therefore, a payment in 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-1050 listing an error that has been found in the above-
identified patent. The error is 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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1. 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

Application Number: 08314734

Filing Date: 29-Sep-1994

Title of Invention: PIPERIDINES AND PIPERAZINES
First Named Inventor/Applicant Name: HENNING BOTTCHER

Filer: Brion Patrick Heaney/Ashley Weber
Attorney Docket Number: MERCK1617

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code

Quantity

Amount

Sub-Total in

UsD($)

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Certificate of correction 1811 1 100 100

Extension-of-Time:
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 100
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Electronic Acknowledgement Receipt

EFSID: 5991821
Application Number: 08314734
International Application Number:
Confirmation Number: 3429

Title of Invention:

PIPERIDINES AND PIPERAZINES

First Named Inventor/Applicant Name:

HENNING BOTTCHER

Correspondence Address:

MILLEN WHITE ZELANO AND BRANIGAN
ARLINGTON COURTHOUSE PLAZA I SUITE 1400
2200 CLARENDON BOULEVARD

ARLINGTON VA

us -

22201

Filer:

Brion Patrick Heaney/Ashley Weber

Filer Authorized By:

Brion Patrick Heaney

Attorney Docket Number: MERCK1617
Receipt Date: 01-SEP-2009
Filing Date: 29-SEP-1994
Time Stamp: 14:22:37

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $100
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RAM confirmation Number 505

Deposit Account

Authorized User

File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

12285
1 Request for Certificate of Correction pto1050.pdf no 1

166ce8895f13a6cc02d0123b4afeb49f16f64
a61

Warnings:

Information:

18834

2 Request for Certificate of Correction petforcoc.pdf no 2

d18baa8d808ed388a12fbcb7f084bedf98a
dblc

Warnings:

Information:

30243
3 Fee Worksheet (PTO-875) fee-info.pdf no 2

4d243f53d82bf4194c59257d594e39a51 3l
98b8

Warnings:

Information:

Total Files Size (in bytes); 61362

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the 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 components for a 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 shown on this
Acknowledgement Receipt will establish the filing 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/903 indicating acceptance of 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 international application is being filed and the international application includes the necessary components for
an international filing 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

U.S. Patent No.: 5,532,241 7/ // 7

Issued  :July2, 1996

Serial No. : 08/314,734

Fil@d : September 29, 1994

For : Piperidines And Piperazines

PETITION FOR CERTIFICATE OF CORRECTION
PURSUANT TO 37 C.F.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.

L CFR. §1.322

O The mistake(s) was/were incurred through the fault of the Patent and Trademark
Office and is/are clearly disclosed in the records of the Office. Therefore, no fee
is due.

IL CFR. §1.323

X The mistake was made by the applicant. Therefore, a payment in 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-1050 listing an error that has been found in the above-
identified patent. The error is 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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T 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)
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 TRADEMARK OFFICE
su:0%/314 3GERTIFICATE OF CORRECTION
PATENT NO : 5,532,241
Y b
W55 “DaTED: July 2, 1996
INVENTOR (8): Henning Bottcher et 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 Staternent: This form is estimated to take 1.0 hour to complete. Time will vary depending upon the needs of the individual case. Any

cornmenis on the amount of time you are required 1o complete this form should be sent to the Chief Information Ofticer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for
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 TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO : 5,532,241

DATED: July 2, 1996
INVENTOR (8): Henning Bottcher et al.

It is certified that error appears in the above-identified patent and that said Letters
Patent are hereby corrected as shown below:

Column 186, Line 46, please delete "R* is H, OH or OA;"

MAILING ADDRESS OF SENDER: Millen, Whi1e, Zelano & Branigan, P.C. PATENT NO. 5532241
2200 Clarendon Blvd, Suite 1400 '
Arlington, VA 22201

Burden Hour Statement: This form is estimated to take 1.0 hour to complete. Time wilt vary depending upon the needs of the 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
Office, Washington, DC 20231, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for

Patents, Washington, DC 20231,
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PTO-1584

PYOUTILITY G
Papor Number,

The Commissioner of Patents
and Trademarks

Has received an application Jor a patent
Jora newand useful invention. The ritle
and description of the invention are en-
closed. The requirements of law have
been complied with, and i has been de-
termined that a patent on the invention
shall be granted under the low,

Therefore, this

United States Patent

Grants o the person or persons having
title to this patent the right to exclude
others fom making, using or selling the
invention throughout the Unired States
of America for the term of seventeen
years from the date of this patens, sub-
Ject to the payment of maintenance fees
as provided by law.

Duce Tehane

Commissioner of Pasents ang Trodemarks

(RIGHT INSIDE)

AT

FPI-LOM
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k includmg the Issue Fee Fleceib \the Patent; advanoe- orders and notification of maintenance fees will be mailed to'addressee”
Jou direct otherwise, by: (a) specifying a new correspondence address in Block 3 below; or (b) providing'the PTO with a separate
gigenance fee notifications with the payment of Issue Fee or thereafter. See reverse for Certificate of Mailing.
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3 registered patent attomeys or agents
OR, altematively, the name of a firm
having as a member a registered 2.
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no name will be printed. v
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Brion P. Heaney (32,542)
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or " UNITED STATES DEPARTMENT OF QOMMERCE
““ “%e‘ Patent and Trademark Office =~ =~

Address: Box ISSUE FEE ’
‘gb 5 COMMISSIONER OF PATENTS AND TRADEMARKS

’hmo*' Washington, D.C. 20231
‘ -~ . LaMz ooy
i MILLEN WHITE ZELANDY AND BRAMIGAN ]
' H”“l”“-‘ r LN CLOURTHOUSE FLaza T a0y TE 1400 NOTICE OF ALLOWA
44~ LB CLARERT h"-.{ R EVAaRD . ' O NCE
EFRLIMGTOR  VE i AND ISSUE FEE DUE

[ Note attached communication from the Examiner
[ This notice is issued in view of applicant's communication filed

SERIES CODE/SERIAL NO. FILING DATE TOTALCLAMS | EXAMINER AND GROUP ART UNIT - DATE MAILED
3,314, 7ag U5 A N1 ] | '
; ot 17z EE R RNHAGRTT o
BT ) "l,"lF\ I { PR ) Lo U7 7137 5 ey
First Named 377 - - =i
Applicant TUHER HENMT MG
gerEEu(r)ng IFERIDINES AND PIPERST? [MES
54
| arrvsoockeTno. — olass-suscLass | BATCHNO. | APPLN.TYPE | SMALLENTTY | FEEDUE | DATE DUE
-t f o [
e MERLELELT SI9-DS4 000 TSs uTIoaT X e
T A d Ml T2 0, 00 TES A 17 e

&
THE APPLICATION IDENTIFIES ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE ASA PA TENT.

ON O SC

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOTICE: :
|. Review the SMALL ENTITY Status shown above. .1 Ifthe SMALL ENTITY is shown as NO:

If the SMALL ENTITY is shown as YE ,"Verify your - A. Pay FEE DUE shown above, or ¢
current SMALL ENTITY status RS B. File verified statement of Small Entity ' Status before or wnth,-
' pay of 1/2 the FEE DUE shown above. = *, |
A. If the status is changed, pay twiceé the amount of. the : ‘ ¢
FEE DUE shown above and notify the patent and - B - O
- Trademark Office of the change in status, or :
B. if the Status is the same, pay the FEE DUE shown
above

IL. Part B-of- thls notice should be completed. and retumned to the Patent and Trademark ‘Office (PTO) with your ISSUE FEE.
Even if the ISSUE FEE has already been paid by charge to deposit account, Part B should be completed and retumed. .
If you are charglng the ISSUE FEE to your deposit account, Part-C of this notice should also be completed-and retumned.

lll. All communications régarding this application must give series code (or filing date), serial number and batch number
Please direct all communication prior to issuance to Box ISSUE FEE unless adwsed to contrary. :

IMPORTANT REMINDER: Patents issuing on applications ﬂled on or after Dec. 12, 1980 may require paymeént.of
maintenance fees. It Is patentee’s responsibllity to ensure timely payment of maintenance
fees when due.

. PATENT AND TRADEMARK OFFICE COPY {
. PTOL-85B (REV. 4-84) (0651-0033) : ) %
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R T U ERT 5 | UNITED STATES DEFARTMENT OF COMMERCE
e e o %g j . Patent arid Trademark Office

Address COMMISSIONER OF PATENTS AND TRADEMARKS

o . < Washington, D.C. 20231
SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT J ATTORNEY DOCKET NO. ]
02/2314, 734 09/ 23/94 BOTTCHER H MERCK 1617
| BERNHAHESAVINER ]
12M2/0207
MILLEN WHITE ZELAND AND BRANIGAN
CARLINGTON COURTHOUSE PLAZA I SUITE 1400 I antumit | PpaPeR NnumBER |
2200 CLARENDON BOULEVARD
ARLINGTON VA zz201 1202
DATE MAILED: D2/07/96
. NOTIC'E‘O_F ALLOWABILITY

PART
1. %ls communication is responsive to /’29/94
Al

- 2. ) the claims being allowable. PROSECUTION ON THE MERITS |S (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed). a Natice Of Allowance And Issue Fee Due or other appropriate communication will be sent in due

5. e atlowed e (=8, 102, [6~8 , 24~25 ot AS

e allowed claims are

4. g)e drawings filed on are acceptable.
- 5. Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certitied copy has [=T been received. [..] not been
received. {..] been filed in parent application Serial No. filed on

6. [0 Note the attached Examiner's Amendment.

7. ) Note the attached Examiner Interview Summary Record, PTOL-413.

8. [J Note the attached Examiner's Statement ot Reasons for Allowance.

9. [J Note the attached NOTICE OF REFERENCES CITED, PTO-892.

10. [J Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449.

PART II.
A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAIWLED™ indicated on this form. Failure to timely comply will result in the ABANDONMENT of this application.

Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

1. 3 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PT0-152, which discloses that the oath
or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
2. O APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE
OF THIS PAPER. )
a. [J Drawing informalities are indicated on the NOTICE RE PATENT DRAWINGS. PTO-948. attached hereto or to Paper No.
. CORRECTION 1S REQUIRED.

. b. O The proposed drawing correction tiled on - has been approved by the examiner. CORRECTION iS
REQUIRED. .
c. O Approved drawing correclions are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION IS
REQUIRED.

d. O Formal drawings are now REQUIRED.

Any respanse 1o this letter should include 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, PT0-948
— Reasons for Allowance ~ Listing of Bonded Draftsmen
- Notice of References Cited. PTO-892 — Other

- tntormation Disclosure Citation, PTO- 1449

EMILY BERNHARDT
SRIMARY EXAMINER
GROUP 1200

PTOL-37 (REV. 4-89) # USCOMM-DC 89-3789

o~
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICH;

application of

. . Box AF
enning BOTTCHER et al. :

Group Art Unig: 1202
¢ serial No.: 08/314,734
Examiner: Bernhardt
\ Filed: September 29, 1994
For: PIPERIDINES AND PIPERAZINES
i
b\‘\ AMENDMENT UNDER 37 C.F.R. §1.116 | v
? - e g
o ]
S5
Aggistant Commissioner for Patents R
Washington, D.C. 20231 et X
AT
SIR: <

™~
Applicants acknowledge receipt of the Office Acé@bn.of Octo-
ber 25, 1995.

requested.

Entry of the following amendments is respectfully

IN THE CLAIMS: -

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 follocws:

-
Claim 1, line %i/ Delete "2,3-dihydrobenzofuran-5-";

line 10: Delete "yl, chroman-6-yl,"; and
line 15{/ Change "N or CR3};" to -- N; --.
—
Claim 2, lines 6-14: Delete in their entirety;
line 1§j’ Change "(e)" to -- (b) --;
line 17: After "thereof;", insert -- or --;
line 1€?/ Change "(f)" to -- (c) --;
line 16:/’Ch ge "thereof;" to -- thereof. --; and
lines 21-2%: Delete in their entirety.
-1 - MERCK 1617
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Claim 7, line 2: Delete "2,éfgihydrobenzofuran—s—yl, chro-
man-6-yl1l,".

Claim 12, line 1: Delefé "Z is N and".

Claim 16, line 1: Deféte "Z is N and".

e

Claim 24, line 1:~ Change "23," to -- 1, =--.

Claim 25, line 1:” Change "23," to -- 1, --.
//

Claim 28, line “1: Change "23," to -- 1, --.

REMARIKS

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 Pérregaard...." 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 application in 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 ig rendered moot by the above amendment to

claim 1. Withdrawal of the rejection is respectfully requested.

Respectfully submitted,

ion PMFHeaney (R No. 32,542)
Attorney for Appli‘cants

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:kdpl23:mercké6l7.am2

- 3 - MERCK 1617
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Washington, D.C. 20231

UNITED STATES IJ—EL!R'I'MEI\I'I' OF COMMERCE
Patent and Trademark Office

FIRST NAMED INVENTOR

Address: CDMMISS!ONB?OFPATENTSANDTRATKS
.oc AL

T ATTORNEY DOCKET NO. |

A SERIAL NUMBER | FILING DATE | -

nE/a14.734  09/%3/94  BOTTCHER H MERCK 1617
[MBERNHARCEXARINER ]
1EME/102S
MILLEN WHITE ZELAND AND BRANTGEAN [ ARTUNT | PAPERNUMBER |

ARLINI:TGN COLRTHOUSE FLAZA T SUITE 14040
Z200 CLAREND ON BOULEVARD
AF\LINl-:Tl OoN VA 22201

DATE MAILED:

This Is a communication from the examiner-in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

12082

<)

10/25/95

D This application has been examined m{esponslve to eommunk:aﬁon filed on Z J ”A 75~ mls actlon Is made final.

A shortened statutory perlod for rasponse to this action s set to explre 3 month(s),

Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. E{mm of References Cited by Examiner, PTO-892.
3. [ Notics of Art Cited by Appiicant, PTO-1449.
5. D Information on How to Etfect Drawing Changes, PTO-1474. 6.

days from the date of this letter.
Fallure to respond within the period for response will cause the application to become abandoned. 35 U. $.C. 133

2. D Notice of Draftsman's Patent Drawing Review, PTO-948.
4 [ Notice of Informa! Patent Appiication, PTO-152.

Partii SUMMARY OF ACTION
1 l%lalms / -2 ¥

dre pending In the application.

Ot the abave, daims ¥ 3, A/7“3"‘ are withdrawn from consideration.
2.7 claims have been cancslled.
3.0 cuains are allowed
e[ 12, CBID /4/S, ()48, B 0me 2D worpenn
5. [ ciaims /6,1079"‘?{ anl 2 & are objected to
6.[] claims . are subject to restriction or election req

7. D This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examlna‘ﬁon purposes.

D Formal drawings are required in response to this Office action.

D The corrected or substitute drawings have bean recelved on

. Under 37 C.F.R. 1.84 these drawings

are [Jacceptable; Dmtaceeptaﬂs(seeexplanaﬂonorNoﬂceofDmmestanMmRewew PTO-948).

10.[] The proposed addltional of substitute sheat(s) of drawings, flled on
examiner; [Jdisapproved by the inar (see explanation).

14. ] The proposed ction, flled

. has (have) been [Japproved by the

_____ hasbesn [lapproved; [ disapproved (see explanation).

12.DAdmowbdngsmadsow\edalmtwpmmyM35 U.S.C. 119. The certified copy has 3 been recetved ([J not been recelved

3 been filed in parent application, sertal no. ; filed on

13.E|smm;mmwmmmmmmmmwmmmwnummmmwmm

accordance with the practice undsr Ex parte Quayls, 1835 C.D. 11; 453 0.G. 213.

14.Jother
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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 thejinstant Z moieties éLi
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 ggg'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 0O/
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 fhat 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, 24-2§, 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
mattef is deleted many claims will be superfluous as well as "Z
is N" recitation in various dependent claims.

Bbttcher, 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. 1IN 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 3C1lO0.
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.

o Bointive ol
EMILY BERNHARDT

. PRIMARY EXAMINER
BERNHARDT: §d GROUP 120
OCTOBER 18, 1995
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In re application of

Henning BOTTCHER et al.

Q&QSerial No.: 08/314,734
Examiner:
Filed: September 29, 1994
For: PIPERIDINES AND PIPERAZINES

\ AMENDMENT

Honorable Commissioner of with the US.
Patents and Trademarks MGMRMG
Washington, D.C. 20231 -~ Washinglen, BL.
Name:
SIR: Signatu
Date:

In response to the Office Action of March 28, 1995 please

—— | et

amend the above-identified application as follows:

IN THE CLATIMS:

Please amend claim 12 as follows:

Claim f2, line 2: Change "benzo-5-yl" to -- benzofuran-5-yl --.

7

Please add the following new claims:

23. A compound accordi aim 1, wherein Z is N.

3,

T A compound according to claim;%ﬁﬂ wherein R! is unsub-

%

stituted 3-chromen-6-yl or 3-chromen-6-yl substituted by CN,
CH,OH, CH,0A or CORZ.

QL / . A compound according to claim;%%, wherein R!' is unsub-
stituted chroman-4-on-6-yl or chroman-4-on-6-yl substituted by
CN, CH,OH, CH,0A or CORZ2.

26. A compound according to clai wherein R? is unsub-
stituted 2, 3-dihydrobenzofu

vyl substituted by CN,

or 2,3-dihydrobenzofuran-5-

-1 - MERCK 1617
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23,
oman-6-yl substituted by CN, CH,OH,

- 27. A compound acco wherein R! is unsub-

stituted chroman-6-vyl1

(s I

% 26. A compound according to claim;?%n wherein R' is unsub-

stituted éhromen-4—on—6—y1 or chromen-4-on-6-yl substituted by
CN, CH,0OH, CH,0OA or CORZ.

L E—

Restriction Requirement
With respect to the restriction requirement under 35 U.S.C.

REMARKS

§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

4

imposed upon the examiner in examining Groups III and IV with

Groups I and IT.
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

F

U.S.C. 8103 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
1l,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,),.;-Z2-. 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-yil,
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, Z is O and subscript n is 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 2! and Z? could each be hydrogen, alkyl or cycloalkyl. Zz!
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 wvarious
structures were included, the court found the genus to not be
repugnant to scientific classification.

The variation in the compounds in the Harnigch case is even
greater than the wvariation 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 Z 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 isg 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.

submitted,

A

Respectful

B n P. Heane¥ (Reg. NS. 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:kdpll2:mexrckél7.aml
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IN THE UNITED STATES PATENT OFFICE

I, John William SPICER BSc PhD MRSC CChemn,
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 wvalidity of the
patent application in the United States of America or any patent

issuing thereon.

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 beschrinkter 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 61 K 31/495 and A 61 K 31/445 of the International Patent

Classification.

Munich, 9 June 1995
President of the German Patent Office
prp Faust

File No: P_43 33 254.4
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Piperidines and piperazines

The invention relates to novel piperidine and

piperazine derivatives of the formula I

/ N\
Ind-Q-N 7-R!
N

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,0H, CH,0A or COR?,

Q is C.H,.,

is N or CR?,

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,

» N

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),
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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: g.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,0H, but also CO,H, F,
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¢l, Br, I, CH,NH,, CONHA or CONA,, where A preferably
corresponds to methyl or ethyl.

The radical R! is preferably benzofuran-5-y1,
2,3-dihydrobenzofuran-5-yl, chroman-6-yl or
chromen-4-on-6-yl, which is unsubstituted or monosub-
stituted by -CH,0H, -CONH,, -CO,A or -CO,NHA.

Q is preferably -(CH,),-, but also -(CH;),- or
-(CH,;),-, while 2z 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 follbwing 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, % is N and R!® is substituted or unsubstituted
benzofuran-5-yl;
in 14, 2 is -C(OH)- and R! is substituted or unsub-

stituted benzofuran-5-yl;
in Ie, 2 is N and R! is 2,3-dihydrobenzofuran-5-yl;
in If, 2Z 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 JIa to 1Ig, 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?! 1T
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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 and Q are as defined,
is reacted with a compound of the formula III
X3?-(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

2z 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 formmla IV

Ind-Q-N(CH,~CH,-X), v

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

R!-NH, \'

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 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, X' is pre-
ferably X; accordingly, in the compounds of the formula
ITII, 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-1- 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
IIXIa 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-0H 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

S-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 (X*> and X’ = X in each case)
can be prepared e.g. by reducing diesters of the formula
alkylOOC-CH,-ZR'-CH,~COO-alkyl to give compounds of the
formula HO-CH,-CH,-ZR!-CH,-CH,0H (III, X* = 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 calecium
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,
(V).

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 A

Ind’-L-N Z-R1 VI
S

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

Rr? 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,),_,—CO- [specifically -COCO-, -COCH,CO~-,
-CO-(CH,),~CO-, -CO-(CH,),-CO-], =(CH,),.,~CO- [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-X! VII

wherein

R!, Ind’, L and X! are as defined above,

under the conditions indicated above for the reaction of
ITI 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 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
LiAlH,, 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 LiAlH, 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 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
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 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-
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 l-position of
the Ind radical, they contain an acyl group, preferably
an alkoxycarbonyl, alkanoyl, 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.qg.
a carbodiimide such as dicyclohexylcarbodiimide or else
N- (3-dimethylaminopropyl)-N-ethylcarbodiimide, or pro-
panephosphonic anhydride (qg.v. Angew. Chem. 92, 129
(1980)), diphenylphosphoryl azide or 2-ethoxy-N-ethoxy-
carbonyl-1,2-dihydroquinoline, in an inert solvent, e.qg.
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 l—hydrobeenztriazole 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-
POCl, (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 inventionlfurther relates to the use of the

Page 171



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 o0ils, benzyl alcohols, polyethylene glycols,
gelatin, carbohydrates such as lactose or starch, mag-
nesium stearate, talc and petroleum Jjelly. Tablets,
coated tablets, capsules, syrups, juices, drops or sup-
positories are used in particular for enteral adminis-
tration, solutions, preferably oily or aqueous solutiomns,
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 therépy of cerebral disorders (e.qg.
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 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 to give 4-(2-carbethoxyindol-3-yl)butyric
acid, alkaline hydrolysis, decarboxylation, reduction
with LiAlH, and reaction with SOCl,] and 1.9 g of
1- (2-hydroxymethylbenzofuran-5-yl)piperazine [obtainable
by reaction of. N,N-bis(2-chloroethyl)amine with
2~-hydroxymethyl-5-aminobenzofuran]) are dissolved in
200 ml of acetonitrile and the mixture is stirred at room
temperature for 10 hours. Customary working up gives
l-[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:
l1-[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:
l-[4-(5-hydroxyindol=-3-yl)butyl}-4-(chroman-6-yl)-
piperazine, m.p. 220-222°;
of 3-(4~chlorobutyl)-5-methoxyindole with 1l-(chroman-
6-yvl)piperazine: '
l-[4~(5-methoxyindol=3-yl)butyl]-4-(chroman-6-yl)-
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:
l-[4-(5~-ethoxycarbonylindol-3~yl)butyl}-4-(benzo-
furan-5-yl)piperazine; | »
of 3-(4-chlorobutyl)-5-methoxyindole with 1-(benzofuran-
5-yl)piperazine:
l1-[{4-(5-methoxyindol-3-yl)butyl]-4-(benzofuran-
5-yl)piperazine;
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of 3-(4-chlorobutyl)-5-methoxycarbonylindole with

1- (chromen-4-on-6-yl)piperazine:
l-{4~(5-methoxycarbonylindol-3-yl)butyl]-4-(chromen-
4-on-6-yl)piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole with 1-(chromen-4-on-

6-yl)piperazine:
l1-{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:
l-[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-chlorobutyl)-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-hydroxypipéridine:
1-[4~-(5-methoxycarbonylindol=-3-yl)butyl]-4-(2,3-di-
hydrobenzéfuran-s-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-yl)piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole with 1l-(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]-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)butyl]-4-(benzo-
furan-5-yl)piperazine:
l1-{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:
l1-[4-(5-carboxyindol-3-yl)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—y1)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;
l1-[{4-(5-carboxyindol=-3-yl)butyl}-4-(2,3-dihydro-
benzofuran-5-yl)-4~-hydroxypiperidine.

Example 3

2.8 g of 1-[4-(5-carboxyindol-3-j1)butyl]-
4-(2,3-dihydrobenzofuran-5-yl)piperazine are suspended in
100 ml of N-methylpyrrolidine. 3.2 g of 2-chloro-
l-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.

Page 176



10

15

20

25

30

35

- 18 -

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)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-yl)-
piperazine
1-[4~ (5-carbamoylindol-3~-yl)butyl]-4-(chroman-6-yl)-
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-cyanocindol-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-aminoethyl)-5-cyano-
indole [obtainable by reaction of 5-cyanoindole with
2-chlorocacetyl chloride to give 3-(2-chloroacetyl)-
5-cyancindole, 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-yl)ethyl]-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-chlorcethyl)amino]benzofuran

with 3-(4-aminobutyl)-5-methoxymethylindole:
1-[{4-(5-methoxymethylindol-3-yl)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-aminoethyl)-5-methoxyindole:
1-[{2-(5-methoxyindol-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:
l-[2-(5~-ethoxycarbonylindol-3-yl)ethyl]~4~(benzo-
furan-5-yl)piperazine;

. with 3-(4-aminobutyl)~-5-fluoroindole:

l1-[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-(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)aminojchroman
with 3-(4-aminobutyl)-5-methoxymethylindole:
1-[4-(5-methoxymethylihdol-3—yl)butyl]-4-(chroman-
6-vl)piperazine;
with 3-(3-aminopropyl)-5-hydroxyindole:
1-[3-(5-hydroxyindol-3-yl)propyl]—-4-(chroman-6-yl)-
piperazine; ’
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with 3-(2-aminoethyl)-5-methoxyindole:
l1-[(2~(5-methoxyindol=-3~yl)ethyl]-4-(chroman-6-yl)-

. piperazine;

with methyl 3-(3-aminopropyl)-5-indolecarboxylate:
l-(3-(5-methoxycarbonylindol-3-yl)propyl]-
4-(chroman-6-yl)piperazine;

with ethyl 3-(2-aminoethyl)-5-indolecarboxylate:
l-[2~(5-ethoxycarbonylindol-3-yl)ethyl]-4-(chroman-
6-yl)piperazine;

with 3-(4-aminobutyl)-5-fluoroindole:
l1-[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: A

l1-[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.

Page 179



10

15

20

25

30

35

- 21 -

Example 8
A mixture of 2.1 g 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 l1-[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)butyl ]-4-(benzofuran-

5-yl)piperazine:
l-[4-(5-hydroxyindol-3-yl)butyl}-4-(benzofuran-
5-yl)piperazine;

from 1l-[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 l-[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 l1-[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-cyancindole [obtainable by reaction
of 5-cyanocindole with 4-chlorobutyryl chloride to give
3-(4-chlorobutyryl)-5-methoxyindole and subsequent
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reduction with NaAlH,(OCH,CH,0CH,),] 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, 1l=-[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:
l=-[{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)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;

of methyl 3-(4-chlorobutyl)-6-indolecarboxylate with

1-(chroman-6-yl)piperazine:
1—[4~(6-méthoxycarbonylindol—3-yl)butyl]-4-(chroman—
6-yl)piperazine; ‘

of ethyl 3-(3-chloropropyl)-6-indolecarboxylate with

l1-(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-yl)piperazine:
1-[4-(6-chloroindol-3-yl)butyl]-4-(chromen-4-on-
6-yl)piperazine;

of 3-(2-chloroethyl)-5-cyanoindole with l-(chromen-4-on-

6-yl)piperazine:
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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:
1-[{2-(5,6-dichloroindol-3-yl)ethyl]-4-(2,3-dihydro-
benzofuran-5-yl)piperazine;

of 3-(4~chlorobutyl)-5-methoxycarbonylindole with

l-(2-carboxybenzofuran-5-yl)piperazine:
l1-{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-methoxycarbonylindcle with

4~ (3-carboxybenzofuran-5-yl)-4-hydroxypiperidine:
l1-(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—S-yl)-4-hydroxypiperidine; :

of 3-(4-chlorobutyl)-5,6~-dimethoxyindole with 1—(2—caf-

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)buty1]-4-(chromen—4-on-6-y1)piperaiine 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-
Hydroxymethylindol—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-yl)piperazine
1-[4-(5-hydroxymethylindol-3-yl)butyl]-4-(chroman-
6-yl)piperazine;

of 1-[4-(5-methoxycarbonylindol-3-yl)butyl]-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-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~-yl)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-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-yl)butyl]-4-(2-carboxybenzofuran-
5-yl)piperazine:
1-[{4-(5-cyanoindol-3-yl)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, 1lyophilized 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 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 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.
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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

Zli
Ind-( }_N _
! / 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,

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,0H, CH,0A or COR?,

is C.H,.,

is N or CR3,

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,

¥ N O

and their physiologically acceptable salts.
2. (a) 1-[{4-(5-Methoxyindol-3-yl)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! II
wherein
xt is X or NH,,
X 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 IIT
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 Z is N, a compound of the formula IV
Ind-Q-N(CB,-CH,-X), IV
wherein
X, Q0 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
or more hydrogen atoms have been replaced by one or more
reducible groups and/or one or more additional C-C and/oxr
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

Page 187



@

10

-3 -

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

Piperidine and piperazine derivatives of the "« °

formula I

Ind-Q-N Z-Ri 3
I

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,

wherein

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,0H, CH,OA or COR?,

Q is C,Hy,,

VA 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 physiolocally acceptable salts, are active on

the central nervous system.
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- — *. LAW OFFICES .

MILLEN, WHITE, ZELANO & BRANIGAN, P.C.
ARLINGTON COURTHOUSE PLAZA I
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.

In re application of Henning BOTTCHER et al.

4 Serial No. 08/314,734

Filed September 29, 1994

THE COMMISSIONER OF PATENTS & TRADEMARKS

Washington, D.C. 20231

Sir: ’

Transmitted herewith is an amendment in the above-identified application.

O Small entity status of this application under

O Verified statement(s) to establish small *&»  *%

MERCK 1617

37 CFR 1.9 and 1.27 has been established by entity status under 37 CFR 1.9 and 1.27 3
a verified statement previously submitted. enclosed. <
O No additional fee is required.
The fee has been calculated as shown below.
CLAIMS AS AMENDED
Q@ 4 &) 6 7
CLAIMS HIGHIg,gT NO. PRESRENT RX%'E ADD]&‘?ONAL
REMAINING PREVIOUSLY EXTRA FEE
AFTER PAID FOR
AMENDMENT
TOTAL * o
CLAIMS 28 MINUS 22 = -6 x $22 $132.00
INDEP. *
CLAIMS 1 MINUS x $76 0.00
O FIRST PRESENTATION OF MULTIPLE
DEPENDENT CLAIM S
TOTAL ADDITIONAL FEE
$132.00

* 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 amendment or the number of claims originally filed.
® The amount of $132.00 _is included in the attached check.
O Please charge my Deposit Account No. 13-3402 in the amount of $

Two copies 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).

0 Included in the attached check is the statutory fee of $ for an extension of time of

month(s).

® If the box for the sentence immediately above is marked but no check is attached, then charge the 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.

O Charge the 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 Commissioner is 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.
® Any filing 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
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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. |
DEFEL G, 7R DR EES 94 T TORER b MERCI1617
EXAMINER ]

|5 T RTETE] R4 KR BN o JA

[ ARTUNIT | PAPER NUMBER |

1203 4(

SLITTE P40

, DATEMAILED: 1 /za/ 55

This is a communication from the examiner in chargs of your application.

COMMISSIONER OF PATENTS AND TRADEMARKS

'WMon has besn examined ) Responsive to communication filed on 3 +ris action is mada final.
A shortened 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 perlod for responsa will cause the application to become abandoned. 35 U.S.C. 133
Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. %/}p{ce of References Cited by Examiner, PTO-892. 2. [[J Notice of Drafisman's Patent Drawing Review, PTO-948.
3. Notice of Art Cited by Applicant, PTO-1449. 4. D Notice of Informal Patent Appiication, PTO-152,
5. [ information on How to Effect Drawing Changes, PTO-1474.. 8
Partll SUMMARY OF ACTION
/- <
1. Claims. are pending In the application.
Of the above, claims / 3 ) / 7 "? "1 are withdrawn from conslderation.
/
2. D Claims, have been cancelled.
3. D Claims are allowed.
4.D/Claims /.’ /‘Q } /L'I-‘/f‘/ /7.‘/8’ are rej d.
V4 +
5. Claims / @ are objected to.
6. D Claims, are subject to restriction or election requirament.

7. D This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. D Formal drawings are required in response to this Office action.

9. D The corrected or substitute drawings have been received on . Under 37 C.F.R. 1.84 these drawings
are [Jacceptable; O3 not acceplable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948).

10.DThe proposed additional or substitute sheet(s) of drawings, filed on . has (have) been Dapproved by the
examiner; [l disapproved by the examiner (see explanation).

11. D Thg proposed drawing correction, filed ,hasbeen Japproved; OO disy (see explanation).
12. Dé:nowledgement s mada of the claim for priority under 35 U.S.C. 119. The certified copy has [B'be

en received [ not been received
O been filed in parent application, serial no. ; filed on

13. D Since this application apppears to be in condition for allowance except for formal matters, prosecution as to the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

14. [ Jother

. —== EXAMNERSACTION,.

. WOL-MB(RW s
'/'?—i\x,“&r
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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:

L. Claims 1-12, 14-18, drawn to compoﬁnds 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=CR3, 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 IIT 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 Groups I and II 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 compounds of 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 process of use.
The inventions can be shown to 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
I have more than one distinct 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 Group I, 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
amendment of inventorship must be accompanied by a 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 what is intended by "benzo-5-y1"?

The following is a quotation of the first paragraph of 35 U.S.C. § 112:

The specification shall contain a written description of the invention,

and of the manner and process of making and using it, in such full,

clear, concise, and exact terms as to enable any person skilled in the art
to which it pertains, or with which it is most nearly connected, to make
and use the same and shall set forth the best mode contemplated by the

inventor of carrying out his invention.

The specification is objected to under 35 U.S.C. § 112, first paragraph,
as failing to provide descriptive support (antecedent basis) for the invention
claimed.

The examiner cannot find a description of species (€) 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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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 of this title, if the
differences between the subject matter sought to be patented and the
prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary
skill in the art to which said subject matter pertains. Patentability shall
not be negatived by the manner in which the invention was made.

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 assignment to 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

g

miore than a year earlier than the instant filing date teaches similar
compounds to that claimed herein and for the same disclosed uses as herein.
See formula I compounds in column 1 and exemplified compounds in cols.

11-17. The compounds differ in only one respect-to that claimed herein -

benzodioxanyl substitution vs. instant R! as dihydro benzofuranyl, chromanyl.

Page 196



3

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 SHT agonists, antagonists).
See definition of Y and Z in col. 1 in the Ar definition. Thus it would have
been obvious to one skilled 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.

P

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 claims in 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 actual or 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).
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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 any intervening claims.

theres
Said claim would be allowed as the R! moiety recited heres is not

r . .
taught @ suggested by the art of record or from or search in the pertinent art

arca.

Claims 1-11, 17-18 are rejected under judicial doctrine as being drawn

. one
to an improper Markush group. The Markush at Z embraces #2&re than one
inventfion : " : :
insertion 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 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.

BERNHARDT:tc;j

March 22, 1995 | K Meiriticiecll

EMILY BERNHARDT
PRIMARY EXAMINER
GROUP 120
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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 E1 N AT 8

ECOUNT IS M8 C E1 O AT 9

GRAPH ATTRIBUTES:
RSPEC 1
NUMBER OF NODES IS 9

STEREO ATTRIBUTES: NONE

L4 STR
12 18 23 2
27C_11_¢C .C_19 G .C. 3
13 17 " 24 A 8
\T/ \T o ‘\g 1070 g
c N C. c c c. -.c c
St 6 . .- 9
16 N7 14 22 70N 25 AN
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

RING(S) ARE ISOLATED OR EMBEDDED
NUMBER OF NODES IS 26

STEREO ATTRIBUTES: NONE
Leé 3 SEA FILE=REGISTRY SSS FUL L2 AND L4

=> d 1-3 ide can

L6 ANSWER 1 OF 3 REGISTRY COPYRIGHT 1995 ACS

RN 131084-05-4 REGISTRY

CN 1H-Indole, 1-butyl-3-([4-[4-(2,3-dihydro-7-benzofuranyl)-1-
piperazinyl]butyl]-2,3-dihydro-, ethanedioate (1:2) (9CI)

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 O

n-Bu

P-4

CM 2

CRN 144-62-7
CMF C2 H2 04

i
HO—C—C—OH

1 REFERENCES IN FILE CA (1967 TO DATE)

Page 2

(CA INDEX
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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-butyl-3-[4-([4-(2,3-dihydro-7-benzofuranyl)-1-
piperazinyljbutyl]-5-fluoro-2,3-dihydro- (9CI) (CA INDEX NAME)

FS 3D CONCORD

MF C28 H38 F N3 O

SR ca

LC STN Files: CA, TOXLIT, USPATFULL

n-Bu

z

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~-butyl-3-{4-[4-(2,3-dihydro-7-benzofuranyl)-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
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n-Bu

=

1 REFERENCES IN FILE CA (1967 TO DATE)
REFERENCE 1: P 114:17582

=> fil ca

FILE 'CA' ENTERED AT 07:55:56 ON 09 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 2y
PA Lundbeck, H., og Co. A/S, Den. .
SO Eur. Pat. Appl., 18 pp. o L/ f; f;\émp ;l 9’?1
CODEN: EPXXDW -

PI EP 376607 Al 900704
DS R: AT, BE, CH, DE, ES, FR, GB, GR, IT, LI, LU, NL, SE
Al EP 89-313371 891220
PRAI GB 88-~30312 £81228
DT Patent ' "
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LA English
IC ICM C07D209-14
ICS C€07D231-56; C07D231-54; C07D405-12; CO07D409-12; C07D411-12;
A61K031-40
cc 1-11 (Pharmacoloqgy)
Section cross-reference(s): 28, 63
os MARPAT 114:17582
GI

(CH2)4—N N—Ar
N4

YRS YIRS o1 (CH2)n Q2

AB The title derivs. I [dotted line is optional bond; X = CH, CH2,
N(H), C:0; Rl = H, halogen, (un)branched Cl1-6 alk(en)yl,
trifluoromethyl; R2 = H, (un)branched (un)substituted C1-6
alk(en)yl; Ar = Q1, Q2 (Y = 0, S; Y1 =H, 0, S, CH2; Z = O, S, CHZ;
n = 1-3; R5 = (un)branched Cl1-6 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 systens.
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-methoxyphenyl)-l-piperazinyl)-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-yl)-l1-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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[

(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-Methoxyphenyl)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 0 L6

FILE ‘'CAPREVIEWS'
Lo 0 L6

TOTAL FOR ALL FILES
L1o 0 L6

=> fil hom
FILE 'HOME' ENTERED AT 07:56:26 ON 09 MAR 95
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N THE UNITED STATES PATENT AND TRADEMARK OFFICE -;#153

2 1995 &
‘Jﬁﬂm£§§ plication of

Henning BOTTCHER et al.

;&@ Group Art Unit: 120
Serial No.: 08/314,734

' Examiner: agngggzéE‘
Filed: September 29, 1994 :
For: PIPERIDINES AND PIPERAZINES

INFORMATION DISCLOSURE STATEMENT €. ;%
(S
s Lo
Honorable Commissioner of Ce
Patents and Trademarks -
Washington, D.C. 20231 P
& wn
SIR:

Enclosed is the search report which issued in corresponding

European application No. 94114798.5. The following documents

were cited in the search report:

WO 94/13659 7
EP 0 490 772—
DE 41 27 849 —
DE 41 01 686

GB 1,075,156

FR 1,551,082

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

-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 "Y"
type references. WO ‘659 1is 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,

’d
on P. Hedney (Rzgr/ﬁo. 32,542)
Attorney for Appliednts

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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Darmstadt, DE
9
3
=
>
-
(©) Benzodioxanderivate
@ 1,4-Benzodioxanderivate der Formel ) b oz.z\lwb/. Seuma cx:zb»'\%
I
worin B und Q die in Patentanspruch 1 angegebenen
Bedeutungen haben, sowie deren Salze, zeigen Wirkungen
auf das Zentralnervensystem.
[
™~
N
F
<r
(V¥
o
BUNDESDRUCKERE! 12.92 208 068/254 25/62
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DE 41 27 849 Al

Berchreibung

@ ® -

Die Erfindung betrifft neue 1,4-Benzodioxanderivate der Formel 1

(o

TN
B—Q—N N O 4}
N—r

worin .
B einen unsubstituierten oder einfach durch CN, CO-+R!. CaHzm—R!, Hal, OH, OA, O—CrH2n—COR! oder
NHR; substitituierten Indol-3-yl- oder Benzimidazol-1-yl-rest,
R!'OH, OA.NHj NHA oder NA;,
R2H,A,CO—A,CO—Ar,CO—NH1 CO—NHA,SO;—Ar oder SOz —A,
QCnHap,
nt,2,3,4,50derb,
A Alkyl mit 1 =6 C-Atomen,
Ar cinen unsubstituierten oder einen ein- oder zweifach durch A, Hal, CN, OH und/oder OA substituierten
Phenylrest,und y
Hal F,Cl,Broder | &
bedeuten.. :
sowie deren Salze.

Der Erfindung lag die Aufgabe zugrunde, neue Verbindungen aufzufinden, die zur Herstellung von Arzneimit-
teln verwendet werden kdnnen.

Es wurde gefunden, da8 die Verbindungen der Formel | und ihre physiologisch unbedenklichen Stureaddi- 3 '

tionssalze wertvolle pharmakologische Eigenschaften besitzen, So zeigen sie insbesondere Wirkungen auf das
Zentralnervensystem, vor allem serotonin-agonistische und -antagonistische Wirkungen. Siec hemmen die Bin-
dung von tritiierten Serotoninliganden an hippocampale Rezeptoren (Cossery et al, European ). Pharmacol. 140
(1987), 143 —155). AuBerdem trcten Verdnderungen der DOPA-Akkumulation im St-atium und der 5-HTP-Ak-
kumulation in N.raphe auf (Scyfried ct al, Europcan J. Pharmacol. 160 (1989), 31 —41). Weiterhin treten analgeti-
sche und blutdrucksenkende Wirkungen auf: 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
cignen sie sich als Prophylaxe und zur Bekimplung der Folgen cepebraler Infarktgeschehen (Apoplexia cerebri),
wie Schiaganfall und cerebraler Ischimien.

Verbindungen der Formel | und ihre physiologisch unbedenklichen Siureadditionssalze kdnnen daher als
Arzneimittelwirkstoffe fir 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 Erfindung sind die 1,4-Benzodioxanderivate der Formel { sowie ihre physiologisch unbedenk-
lichen Saureadditionssalze.

Der Rest A bedeutet Alkyl mit 1,2, 3,4, 5 oder 6, insbesondere 1 oder 2 C-Atome, vorzugsweise Methyl, ferner
auch Ethyl, 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. NHA ist vor- $-
zugsweise Methylamino, ferner Ethylamino, n-Propylamino, Isopropylamino, n-Butylamino, Isobutylamino, ’
sek.-Butylamino oder tert.-Butylamino. NA; bedeutet vorzugsweise Dimethylamino, ferner N-Ethyl-N-methyla-
mino, Diethylamino, Di-n-propylamino, Diisopropylamino oder Di-n-butylamino.

Analog bedeutet CO—NHA vorzugsweise N-Methylcarbamoyl oder N-Ethylcarbamoyl; CO—NA; vorzugs-
weise N,N-Dimethylcarbamoyl oder N,N-Diethylcarbamoyl und SO,—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, kdnnen die Substituenten gleich oder verschieden sein.

Bevorzugte Substituenten an dér Phenylgruppe sind F, Cl, Methoxy. CN. CF3, oder Methy!l. 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, 23-, 2.5-, 2,6-, 3,4- oder 3,5-Dimethoxyphenyl, 2,3- oder 34-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 CO;CHj, CO;H, CN, CONH,, CH,;OH,
H;N—=CO—NH, CH;—50;—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 substituiert ist, sind die gleichen Substitu-
enten besonders bevorzugt, die fur den indol-3-yl-rest angegeben sind.

Der Parameter nkann 1,2.3,4, 5 oder 6 sein, vorzugsweise ist er 1,2 oder 4.

Der Rest Q ist vorzugsweise —(CHa2l—, weiterhin —CH;—, —(CHz)2— oder —(CH;)3—.
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R! ist bevorzugt OH, Methoxy oder NHa, ferner bevorzugt Ethoxy, NH —CHj oder N{(CH3),.

R? ist vorzugsweise CO—CHj, CO—NH; oder SO;—CHj, ferner CO—NH—CHj oder CO—N(CH,),, aber
auch CO-Phenyloder SO,-Methyl.

Dementsprechend sind Gegenstand der Erfindung insbesondere diejenigen Verbindungen der Formel |, in
denen mindestens einer der genannten Reste eine der vorstehend angegebenen, insbesondere der vorstehend
angegebenen bevorzugten Bedeutungen hat. Einige bevorzugte Gruppen von Verbindungen kdnnen durch die
folgenden Teilformeln la bis 1j ausgedrickt werden, die der Formel I entsprechen und worin die nicht niher
bezeichneten Reste und Parameter die bei der Formel 1 angegebene Bedeutung haben, worin jedoch

in Ia B einen in 5-Stellung durch CO— R! substituierten Indol-3-yl-rest bedeutet;

in Ib B einen in 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 COOCH; substituierten Indol-3-yi-rest bedeutet;

in le B einen in 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 CH,OH substituierten Indol-3-yl-rest bedeutet;

in 1h B einen in 5-Stellung durch OA substituierten Indol-3-yl-rest bedeutet;

in Ii B einen unsubstituierten Benzimidazol-1-yl-rest bedeutet;

in [j B einen in 5-Stellung durch CO— R! substituierten Benzimidazol-1-yl-rest bedeutet.

Insbesondere sind bevorzugt Verbindungen der Teilformeln Ik sowie lak bis lik, die den Teilformeln I sowie Ia
bis Ij entsprechen, worin jedoch zusitzlich :

Q —(CHiu—

- bedeutet.

Gegenstand der Erfindung ist ferner ein Verfahren zur Herstellung von 1,4-Benzodioxanderivaten der For-
mel [ sowie von deren Salzen, dadurch gekennzeichnet, daB man eine Verbindung der Formel 11

B—Q-X! (ID
worin

X! X oder NH und

X Cl, Br, 1, OH oder cine reaktionsfihig funktionell abgewandelte OH-Gruppe bedeuten und
B und Q die angegebenen Bedeutungen haben,

mit einer Verbindung der Formel 111

X'—(CH) o §
o (t
X} —(CH),
worin

X? und X3 gleich oder verschieden sein kdnnen und, falls X' = NHz 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 Bedeutungen haben, mit einer Verbindung der Formel V

H;N ° :
2
‘QO) )

umsetzt

oder daB man eine sonst der Formel | entsprechende Verbindung,. die jedoch anstelle der 1,4-Benzodioxangrup-
pe cine 34-Dihydroxyphenylgruppe, wobei aber auch die beiden Hydroxygruppen zur Erhdhung der Reaktions-
bereitschaft in entsprechend aktivierter Form vorliegen kdnnen, mit Ethandiol oder einem entsprechenden
reaktiveren Derivat zu einer Verbindung der Formel 1 umsetzt
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oder daB man cine 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) enthlt, mit einem reduzierenden Mittel behandelt

oder daB man eine sonst der Formel I entsprechende Verbindung, die jedoch anstelle eines oder mehrerer
Wasserstloﬁatom_e cine oder mehrere solvolysierbare Gruppe(n) enthalt, mit einem solvolysicrenden Mittel
behandelt

und/oder daB man gegebenenfalls eine O— A-Gruppe unter Bildung einer OH-Gruppe spaltet und/oder eine
Gruppe B in eine andere Gruppe B umwandelt und/oder daB man eine erhaltene Base oder Siure der Formel |
durch Behandeln mit einer Siure oder Base in eines ihrer Salze umwandeit.

Die Herstellung der Verbindungen der Formel | erfolgt im (brigen nach an sich bekannten Methoden, wie sie
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 3342 632) beschrieben sind,
und zwar unter Reaktionsbedingungen, wie sie filr die genannten Umsetzungen bekannt und geeignet sind.
Dabei kann man auch von an sich bekannten, hier nicht nsher erwahnten Varianten Gebrauch machen.

Die Ausgangsstoffe fOr das beanspruchte Verfahren kdnnen gewOnschtenfalls auch in situ gebildet werden,
derart, daB am sie aus dem Reaktionsgemisch nicht isoliert, sondern sofort weiter zu den Verbindungen der
Formel 1 umsetzt.

In den 1,4-Benzodioxanderivaten der Formel 11 ist X! vorzugsweise X; dementsprechend sind in den Verbin-
dungen der Formel HI X2 und X? vorzugsweise zusammen NH. Der Rest X ist vorzugsweise Cl oder Br; er kann
jedoch auch I, OH oder eine reaktionsfihig funktionell abgewandelte OH-Gruppe bedeuten, insbesondere
Alkylsulfonyloxy mit 1 —6(z B. Methansulfonyloxy) oder Arylsulfonyloxy mit 6—10 C-Atomen (z B. Benzolsul-
fonyloxy, p-Toluolsulfonyloxy, 1- oder 2-Naphthalin-sulfonyloxy).

Dementsprechend sind die 1,4-Benzodioxanderivate der Formel I insbesondere durch Umsetzung von Verbin-
dungen der Formel B—Q—Cl oder B—Q-— Br mit 6-Piperazino-1,4-benzodioxan (Formel 11, worin X? und X3
zusammen eine NH-Gruppe bedeuten; nachstehend als I11a bezeichnet) erhiltlich.

Die Verbindungen der Formeln Il und insbesondere 111 sind zum Teil bekannt; die nicht bekannten Verbin- .,
dungen der Formelin 11 und 111 kdnnen leicht analog zu den bekannten Verbindungen hergestelit werden. =

Primire Alkohole der Formel B— Q—OH sind z. B. durch Reduktion der entsprechenden Carbonsiuren oder <
ihrer Ester erhiltlich. Behandeln mit Thionylchlorid, Bromwasserstoft, Phosphortribromid oder ahnlichen Halo- ¢
genverbindungen liefert die entsprecheden Halogenide der Formel B—Q—Hal. Die entsprechenden Sulfony- -
loxyverbindungen sind erhaitlich aus den Alkoholen B=Q—0H durch Umsetzung mit den entsprechenden
Sulfonsaurechloriden.

Die lodverbindungen der Formel B—Q—1 sind z. B. durch Einwirkung von Kaliumiodid auf die zugehdrigen
p-Toluolsulfonsaureester erhiltlich. Die Amine der Formel B—Q—NH; sind z B. aus den Halogeniden mit
Phthalimidkalium oder durch Reduktion der entsorechenden Nitrile herstellbar.

Das Piperazinderivat llla ist z B. erhaltlich durch Umsetzung von Di-(2-chlorethyl)-amin mit 6-Amino-
1,4-benzodioxan. Verbindungen der Formel 111 (X? und X3 = jeweils X) sind z. B. herstellbar durch Reduktion
von 14-Benzodioxanen, die in 6-Stellung eine —N(CH1CO;A)-Gruppe besitzen, zu den entsprechenden

1,4-Benzodioxanderivaten, die in Position 6 eine —N(CH;CH;—OH),-Gruppe aufweisen und gegebenenfalls

anschlieBende Umsetzung mit SOCl2 bzw. PBry. . .

Die Umsetzung der Verbindungen II und 11l verlauft nach Methoden, wie sie f0r die Alkylierung von Aminen
aus der Literatur bekannt sind. Man kann ochne Gegenwart eines Losungsmittels die Komponenten miteinander
verschmelzen, gegebenenfalls im geschlossenen Rohr oder im Autoklaven. Es ist aber auch moglich, die Verbin-
dungen in Gegenwart eines indifferenten L#sungsmittels umzusetzen. Als Losungsmittel eignen sich z. B. Koh-
lenwasserstoffe, wie Benzol, Toluol, Xylol; Ketone wie Aceton, Butanon; Alkohole wie Methanol, Ethanol,
Isopropanol, n-Butanol; Ether wie Tetrahydrofuran (T HF) oder Dioxan; Amide wie Dimethylformamid (DMF)
oder N-Methyl-pyrrolidon; Nitrile wie Acetonitril, gegebenenfalls auch Gemische dieser Lasungsmittel unter-
einander oder Gemische mit Wasser. Der Zusatz eines siurebindenden Mittels, beispiclsweise cines Alkali- oder
Erdalkalimetall-hydroxids, -carbonats oder -bicarbonats oder cines anderen Salzes einer schwachen Siiure 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 Iila kann giinstig sein. Die Reaktionszeit liegt
je nach den angewendeten Bedingungen zwischen einigen Minuten und 14 Tagen, dic Rcaktionstemperatur
zwischen etwa 0 und 150°, normalerweise zwischen 20 und 130°. _

Ferner ist es moglich, eine Verbindung der Formel | zu erhalten; indem man eine Verbindung der Formel
B—Q~— N(CHz—~CHj—X)2(IV) mit 6-Amino-1,4-benzodioxan (V) umsetzt.

Die Verbindungen der Formeln IV sind zum Teil bekannt; die nicht bekannten Verbindungen kdnnen leicht in
Analogie zu den bekannten hergestelit werden. So lassen sich Verbindungen der Formel 1V leicht durch Umset-
zung von B—Q—NH; mit 1,2-Dihalogenethan, wobei Halogen bevorzugt fiir Chlor oder Brom steht, herstellen.
Ebenso ist es moglich, Verbindungen des Typs IV durch Umsetzung von B—Q—Cl, B—Q—Br oder B-Q-I mit
sekundiren Aminen der Formel HN(CH32—CH;—X), zu erhalten.

Das primire Amin der Formel V 140t sich beispielsweise ausgehend von Anilin durch die diversen, an sich
bekannten Moglichkeiten der elektrophilen Substitution am Aromaten herstellen. Ferner ist es mdglich, entspre-
chend substituierte Nitroverbindungen durch Reduktion in die Amine der Formel V zu Oberitthren.

Die Umsetzung der Verbindungen IV und V verlauft nach Methoden, wie sie fir die Alkylierung von Aminen
aus der Literatur bekannt sind. Die Komponenten kdnnen direkt, ohne Gegenwart eines Losungsmittels,
miteinander verschmolzen werden, gegebenenfalls im geschlossenen Rohr oder im Autoklaven, unter Normal-
druck oder unter erh8htem Druck, wobei ein Inertgas wie z. B. Ny zur Druckerhdhung zugefthrt wird. Es ist aber
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auch méglich, die Verbindungen in Gegenwart eines inerten Ldsungsiittels umzusetzen. Als L3sungsmittel
eignen sich die zuvor bei der Umsetzung von 1l mit i1l genannten. Ebenso kann sich der Zusatz eines sdurebin-
denden Mittels zur Reaktionsmischung beglinstigend auswirken. Es kommen die gleichen Basen, wie zuvor bei
der Umsetzung der Verbindungen i1 und [l beschrieben, in Frage.

Die optimale Reaktionszeit liegt, je nach den gewiahlten 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 | herzustellen, besteht darin, daB man ein Vorprodukt,
welches jedoch ansteile der 14-Benzodioxangruppe eine 34-Dihydroxyphenylgruppe enthalt. mit Ethandiol

umsetzt. Besonders bevorzugt sind 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 moglich, eine Verbindung der Formet 1 zu erhalten, indem man ein Vorprodukt, das anstelle von
Wasserstoffatomen eine oder mehrere reduzierbare Gruppe(n) und/oder eine oder mehrere zusidtzliche C—C-
und/oder C—N-Bindung(en) enthilt, mit cinem reduzierenden Mittel behandelt, vorzugsweise bei Temperatu-
ren zwischen —80 und +250° in Gegenwart mindestens eines inerten Lésungsmittels.

Reduzierbare (durch Wasserstoff ersetzbare) Gruppen sind insbesondere Sauerstoff in einer Carbonylgruppe,
Hydrox/1, Arylsulfonyloxy (z B. p-Toluolsulfonyloxy), N-Benzolsuifonyl, N-Benzyl oder O-Benzyl. .

Es ist grundsitzlich méglich, Verbindungen, die nur eine, oder solche, die nebeneinander zwei oder mehr der
oben angefthrien Gruppen bzw. zusitzlichen Bindungen enthalten, reduktiv in eine Verbindung der Formel |

fiberzuf@hren; dabei kdnnen gleichzeitig Substituenten in der Gruppe B, die in der Ausgangsverbindung enthal<

ten sind, reduziert werden. Vorzugsweise bedient man sich hierzu des nascierenden Wasserstoffs oder komple-
xer Metallhydride, ferner der Reduktion nach Wolff-Kishner sowie der Reduktion mit Wasserstoffgas unter
Ubergangsmetailkatalyse.

Bevorzugte Ausgangsstoffe fOr die Reduktion entsprechen der Formel VI

O

— C R
B'—L—N N o (4%))
N )

worin

B’ einen Indol-3-yl-rest, der zusitzlich 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 —CH3-Gruppe(n) durch
—CO— und/oder ein oder mehrere Wasserstoffatome durch Cl, Br, F, SH- oder OH-Gruppen ersetzt sind,

worin jedoch nicht gleichzeitig B’ =B und L = Q sein k&nnen.

In den Verbindungen der Formel VI ist L bevorzugt —CO—(CHzlh—2—CO— [im einzelnen —COCO—,
—COCH,CO—, —-CO—(CH;);—CO—, —CO—(CH;;—CO-} —(CHz}h-1—CO— [im _einzelnen
—CH;~CO—, —CH;CH;—CO—, —(CH3)3—CO— oder —(CH;4—CO-]} ferner z. B. —CO—CH;CH,—,
—CO—(CHz3—, —CH;—CO—CH,CH;—, —CH,CH;—CO—CH;~, —CO—(CH:u—. —CH2—CO-
(CHj;)1—, —CH;CH2:CO—CH;CH2— oder —(CH3);~CO—CHz—. .

Verbindungen der Forme! VI sind z. B. herstellbar durch Umsetzung von 6-Piperazino-benzo-1.4-dioxan mit
einer Verbindung der Formel V11 : ’

B'—L-X! (VID)
worin

B’, L und X' die oben angegebenen Bedeutungen haben, unter den Bedingungen, die zuvor fir die Umsetzung
von Il mit 11l angegeben sind."

Wird als Reduktionsmittel nascierender Wasserstoff verwendet, so kann man diesen 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. Geeignet ist auch die Verwendung von Natrium oder
einem anderen Alkalimetall ein einem Alkohol wie Ethanol, Isopropanol, Butanol, Amyl- oder Isoamylalkohol
oder Phenol. Man kann ferner eine Aluminium-Nickel-Legierung in alkalisch-waBriger Losung, gegebenenfalls
unter Zusatz von Ethanol, verwenden. Auch Natrium- oder Aluminiumamalgam in wiiBrig-alkoholischer oder
wiBriger Losung sind zir Erzeugung des nascicrenden Wasserstoffs geeignet. Die Umsetzung kann auch in
heterogener Phase durchgefihrt werden, wobei man zweckmaBig eine wiBrige und eine Benzol- oder Toluol-
Phase verwendet. ]

Als Reduktionsmittel kdnnen ferner besonders vorteilhaft komplexe Metallhydride, wie LiAlH,, NaBH.,,
Diisobutylaluminiumhydrid oder NaAi (OCH,CH20CH:);H: sowie Diboran eingesetzt werden, falls erwlnscht
unter Zusatz von Katalysatoren wie BF3, AICl; oder LiBr. Als Losungsmittel eignen sich hierfdr 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 wiabrige Alkohole als Ldsungsmittel geeignet. Nach diesen Methoden reduziert man
vorzugsweise bei Temperaturen zwischen —80 und + 150°, insbesondere zwischen etwa 0 und etwa 100°.
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Besonders vorteilhaft [assen sich —CO-Gruppen in Siureamider (z. B. solchen der Formel VI, worin L eine

—(CHaj—1-CO-Gruppe bedeutet) mit LiAlH4 in THF bei Temperaturen zwischen etwa O und 66° zu
CH,-Gruppen reduzieren. Dabei k8nnen in 1-Stellung des Indolrings befindliche Arylsulfonyl-Schutzgruppen
gleichzeitig Teduktiv abgespalten werden. N-Benzylgruppen kdnnen reduktiv mit Natrium in flissigem Ammo-
niak abgespalten werden.

Es ist ferner moglich, eine oder mehrere Carbonylgruppen nach der Methode von Wolff-Kishner zu
CH,-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 Ldsungsmittel. 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 Raumtemperatur in
Dimethylsulfoxid mit Hydrazin ausgefiihrt werden.

Dartber hinaus ist es mdglich, bestimmte Reduktio.ien durch Verwendung von H:-Gas unter katalytischer
Wirkung von Obergangsmetallen, wie z. B. Raney-Ni oder Pd durchzuflthren. Man kann auf diese Weise z. B.Q,
Br, 1. SH oder in bestimmten Fillen auch OH -Gruppen durch Wasserstoff ersetzen. Ebenso kénnen Nitrogrup-
pen durch katalytische Hydrierung mit Pd/H;in Methanol oder THF in NH2-Gruppen umgewandelt werden.

Verbindungen, die sonst der Formel I entsprechen, aber anstelle eines oder mehrerer H-Atome eine oder
mehrere solvolysierbare Gruppe(n) enthalten, kdnnen zu den Verbindungen der Formel I solvolysiert, insbeson-
dere hydrolysiert werden. .

Die Ausgangsstoffe fir die Solvolyse sind beispielsweise erhaltlich durch Reaktion von l1la mit Verbindungen,
die der Formel 11 (X! = X) entsprechen, aber anstelle eines oder mehrerer H-Atome eine oder mehrere solvoly-
sierbare Gruppe{n) enthalten, So kdénnen inzbesondere 1-Acylindolderivate (entsprechend der Formel I, aber in
1-Stellung des Ind-Rests eine Acylgruppe enthaltend, vorzugsweise eine Alkanoyl-, Alkylsulfonyl- oder Arylsul-
fonylgruppe mit jeweils bis zu 10 C-Atomen, wie Methan-, Benzol- oder p-Toluolsulfonyl) zu den entsprechep-
den in der 1-Stellung des Indolringes unsubstituierten Indolderivaten hydrolysiert werden, z. B.in saurem, be X:
in neutralem oder alkalischem Medium bei Temperaturen zwischen 0 und 200°. Als Basen verwendet m
zweckmiBig Natrium-, Kalium- oder Calciumhydroxid, Natrium- oder Kaliumcarbonat, oder Ammoniak. Als
Lasungsmittel wihit man vorzugsweise Wasser; niedere Alkohole wie Methanol, Ethanol; Ether wie THF,
Dioxan: Sulforie wie Tetramethylsulfon; oder deren Gemische, besonders die Wasser enthaltenden Gemische.
Eine Hydrolyse kann auch bereits beim Behandeln mit Wasser allein erfolgen, insbesondere in der Siedehitze.

Weiterhin kann man eine Verbindung der Formel I nach an sich bekannten Methoden in eine andere Verbin-
dung der Formel  umwandeln.

Verbindungen der Formel 1, worin B einen durch CO—R! substituierten Benzimidazol-1-yl- oder Indol-3-yi-
rest bedeutet, kdnnen durch Derivatisierung entsprechender Carboxy-benzimidazol-1-yl- oder Carboxy-indol-
3-yl-Verbindungen erhalten werden. Man kann z. B. die Siuren oder ihre reaktionsfihigen Derivate, wie z. B.
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 moglich, Sturen,
Sturehalogenide, Anhydride oder Ester mit psim#re oder sekundaren, aliphatischen oder cyclischen Aminen zu
amidieren. Bevorzugt ist die Umsetzung der freicn Carbonsiure 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-
panphosphonsauren-hydrid (vgL Angew. Chem. 92, 129 (1980)), Diphenylphosphoryl azid oder 2-Ethoxy-N-et-
hoxycarbonyl-1,2-dihydrochinolin, in einem inerten Losungsmittel, z. B. einem halogenierten Kohlenwassersteff
wie Dichlormethan, ecinem Ether wie THF oder Dioxan, e'nem 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 k8nnen auch reaktionsfahige Derivate dieser Stoffe in die Reaktion eingesetzt
werden, z. B. solche, in denen reaktive Gruppen intermedidr durch Schutzgruppen blockiert sind. Die S3uren
kdnnen auch in Form ihrer aktivierten Ester verwendet werden, die zweckmiBig in situ gebildet werden, z. B.
durch Zusatz von 1-Hydroxybenztriazol oder N-Hydroxysuccinimid.

Weiterhin kann man cyan-substituierte Reste B zu Carboxy-indol-3-yl- oder Carboxybenzimidazol-1-yl-resten
oder Carbamido-in-dol-3-yl- bzw. Carbamidobenzimidazol-1-yl-resten hydrolysieren.

Verbindungen der Formel |, die durch O-Alkyl substituiert sind, kdnnen durch Etherspaltung in diqlentspre-
chenden Hydroxyderivate Giberfihrt werden. Z. B. kann man die Ether spalten durch Behandeln mit Dimethylsul-
fid-Bortribromid-Komplex, z. B. in Toluoj, Ethern wie THF oder Dimethylsulfoxid, oder durch Verschmelzen mit
Pyridin- oder Anilin-hydrohalogeniden, vorzugsweise Pyridinhydrochlorid, bei etwa 150—250°.

Die Verbindungen der Formel I kdnnen ein oder mehrere Asymmetriezentren besitzen. Sie kdnnen daher bei
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 falien sie
bei der Synthese im allgemeinen als Gemische von Racematen an, aus denen man die einzelnen Racemate,
beispielsweise durch Umbkristallisieren aus inerten LOsungsmitteln, in reiner Form isolieren kann. Erhaltene
Racemate konnen, falls erwlinscht, nach an sich bekannten Methoden mechanisch oder chemisch in ihre opti-
schen Antipoden getrennt werden. Vorzugsweise werden aus dem Racemat durch Umsetzung mit einem optisch
aktiven Trennmittel Diastereomere gebildet. Als Trennmittel eignen sich z B. optisch aktive Siuren, wie die D-
und L-Formen von Weinsiuren, Dibenzoylweinsiure, Diacetylweinsiure, Camphersulfonsiuren, Mandelsure,
Apfelsaure oder Milchsaure. Die verschiedenen Formen der Diastereomeren kdnnen in an sich bekannter Weise,
z B. durch fraktionierte Kristallisation, getrennt, und die optisch aktiven Verbindungen der Formel I kdnnen in
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an sich bekannter Weise aus den Diastereomeren in Freiheit gesetzt werden.

Eine erhaltene Base-der Formel | kann mit einer S#ure in das zugehdrige Siureadditionssalz Ubergefthrt
werden. Fir diese Umsetzung eignen sich Siuren, die physiologisch unbedenkliche Salze liefern. So kdnnen
anorganische Siuren verwendet werden, z. B. Schwefelsdure, Halogenwasserstoffsiuren wie Chlorwasserstoff-
siure oder Bromwasserstoffsaure, Phosphorsiuren wie Orthophosphorsiure, Salpetersiure, Sulfaminsdure,
ferner organische Sduren, in: einzelnen aliphatische, alicyclische, araliphatische, aromatische oder heterocycli-
sche ein- oder mehrbasige Carbon-, Sulfon- oder Schwefelsauren, wie Ameisensiure, Essigsaure, Propionsiure,
Pivalinstiure, Diethylessigsaure, Malonsiure, Bernsteinsiure, Pimelinsiure, Fumarsiure, Maleinsaure, Michsiu-
re, Weinsture, Apfelsiure, Benzoesaure, Salicylsdure, 2-Phenylpropionsdure, Citronensaure, Gluconsiure, As-
corbinsiure, Nicotinsiiure, Isonicotinsiure, Methan- oder Ethansulfons#ure, Ethandisulfonsiure, 2-Hydroxyeth-
ansulfonsiure, Benzolsulfons#ure, p-Toluolsulfonsiure, Naphthalin-mono- und -disulfonsauren, Laurylschwefel-
sdure.

Die freien Basen der Formel 1 kdnnen, falls gewiinscht, 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 Molekol vorliegen. In jenen Fillen, wo die Verbindungen der Formel I Gber freie
Sauregruppen verfigen, kann durch Behandlung mit Basen ebenfalls eine Salzbildung erreicht werden. Als
Basen eignen sich Alkalimetalthydroxide, Erdalkalimetallhydroxide oder organische Basen in Form von primi-
ren, sekundiiren oder tertidren Aminen.

Gegenstand der Erfindung ist ferner die Verwendung der Verbindungen der Formel 1 und ihrer physiologisch
unbedenklichen Salze zur Herstellung pharmazeutischer Zubereitungen, insbesondere auf nicht-chemischem
Wege. Hierbei konnen sie zusammen mit mindestens einem Trager- oder Hilfsstoff und gegebenenfalls in
Kombination mit einem oder mehreren weiteren Wirkstoffe(en) in cine geeignete Dosierungsform gebracht
werden

Gegenstand der Erfindung sind ferner Mittel, insbesondere pharmazeutische Zubereitungen, enthaltend min-
destens eine Verbindung der Formel | und/oder eines ihrer physiologisch unbedenklichen Salze. Diese Zuberei-
tungen kdnnen als Arzneimittel in der Human- und Veterindrmedizin eingesetzt werden. Als Trigersubstanzen
kommen organische oder anorganische Stoffe in Frage, die sich far dic enterale (z- B. orale), parenterale oder
topische Applikation eignen und mit den neuen Verbindungen nicht reagieren, 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, Sifte,
Tropfen oder Suppositorien, zur parenteralen Applikation Losungen, vorzugsweise dlige oder wiBrige Losun-
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 kdnnen sterilisiert sein und/oder Hilfsstoffe wie Gleit-, Konservierungs-,
Stabilisierungs- und/oder Netzmittel, Emulgatoren, Salze zur Beeinflussung des osmotischen Druckes, Puffer-
substanzen, Farb-, Geschmacks- und/oder Aromastoffe enthalten. Sie kdnnen, falls erwlnscht, auch einen oder
mehrere weitere Wirkstoffe enthalten, z. B. ein oder mehrere Vitamine.

Die Verbindungen der Formel I und ihre physiologisch unbedenklichen Salze kdnnen bei der therapeutischen
Behandlung des menschlichen oder tierischen Kdrpern und bei der Bekimpfung von Krankheiten verwendet
werden. Sie eignen sich zur Behandlung von Erkrankungen des Zentralnervensystems wie Spannungszustanden,
Depressionen und/oder Psychosen und von Nebenwirkungen bei der Behandlung der Hypertonie (z. B. mit
a-Methyldopa). Ferner kdnnen die Verbindungen in der Endokrinologie und Gynikologie Verwendung finden,
z B. zur Therapie von Akromegalie, Hypogonadismus, sekundirer Amenorrhoe, primenstruellem Syndrom,
unerwinschter puerperaler Laktation, weiterhin zur. Prophylaxe und Therapie cercbraler Stdrungen (= B.
Migrane), insbesondere in der Geriatrie ahnlich wie gewisse Ergot-Alkaloide und zur Bekimpfung der Folgen
cerebraler Infarktgeschehen (A poplexia cerebri), wie Schlaganfall und cerebraler Isch&mien.

Dabei werden die erfindungsgemiBen Substanzen in der Regel in Analogie zu bekannten, im Handel befindli-
chen Priiparaten (z. B. Bromocriptin, Dihydroergocornin) verabreicht, vorzugsweise in Dosierungen zwischen
etwa 02 und 500 mg, insbesondere zwischen 0,2 und 50 mg pro Dosierungseinheit. Die tagliche Dosierung liegt
vorzugsweise zwischen etwa 0,001 und 10 mg/kg Kdrpergewicht. Die niedrigen Dosierungen (etwa 0,2 bis 1 mg
pro Dosierungseinheit; etwa 0,001 bis 0,005 mg/kg Karpergewicht) kommen dabei insbesondere fir die Verwen-
dung als Migranemittel in Betracht; for die Obrigen Indikationen werden Dosierungen zwischen 10 und 50 mg
pro Dosierungseinheit bevorzugt. Die spezielle Dosis fir jeden bestimmten Patienten hiingt jedoch von den
verschiedensten Faktoren ab, beispielsweise von der Wirksamkeit der eingesetzten spezlellen Verbindung, vom
Alter, Kdrpergewicht, aligemeinen 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 Beispiclen bedeutet "tbliche Aufarbeitung™: Man gibt, fails erforderlich, Wasser hinzu,
extrahiert mit Dichlormethan, trennt ab, trocknet die organische Phase Ober Natriumsulfat, filtriert, dampft ein
und reinigt durch Chromatographie an Kieselgel und/oder durch Kristallisation. Temperaturen sind in °C
»rngegeben. Ri-Werte wurden dinnschichtchromatographisch an Kieselgel erhalten.

Beispiel 1
Man rohrt eine Losung von 3.6 g 3-(4-Chlorbutyl)-5-methoxycarbonyl-indol [erhiltlich 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 34 g 6-Piperazino-1,4-benzodioxan
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("A™) in 200 ml Acetonitril 14 Std. bei Raumtemperatur, arbeitet wie Oblich auf und erhilt 6-{4-(4-(5-Methoxycar-
bonyl-indol-3-yl)-butyl)-piperazino} 1 ,4-benzodioxan, F. 177 — 179° (Dihydrochlorid).
Analog erhtiit man durch Umsetzung von "A”

mit 3(4-Chlorbuiyl)-5-fluor-indol

6-{4-(44{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)-pipcrazino]-l.4-bcnzodioxan:

mit 3-(4-Chlorbutyl)-5-cyan-indol
6-{4-(4-{5-Cyan-indol-3-yl)-butyl)-piperazino}-14-benzodioxan;

mit 3{4-Chlorbutyl)-5-chlor-indol
6—[4-(4-(5-Chlor-indol-3-yl)-butyl)—piperazino]-l.4-bcnzodioxan. F.205—207° (Hydrochlorid);
mit 3(4-Chlorbutyl)-5-indol-carbonsdure
6-{4-(4{5-Carboxy-indol-3-yl)-butyl)-piperazino]-1,4-benzodioxan, F. 241 —243° (Hydrochlorid);
mit 3-(4-Chlorbutyl)-6-indoi-carbonstiuremethylester
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 34{3-Brompropyl)-5-brom-indo!

6-{4-(3(5-Brom-indol-3-yl)- propyl)-piperazino]-1,4-benzodioxan;

mit 34(3-Chlorpropyl)-5-cyan-indol
6-{4-(3-(5-Cyan-indol-3-yl}-propyl)-piperazino}-1,4-benzodioxan;

mit 3-(3-Chlorpropyl)-6-cyan-indol

6-{4«3-(6-Cyan-indol-3-yl)- propyl}-piperazino]-1,4-benzodioxan;

mit 3{3-Chlorpropyl)-indol-5-carbonsiure
6-{4-(3{5-Carboxy-indol-3-yl)-propyl)-piperazino}-1.4-benzodioxan;

mit 3{2-Chlorethyl)-5-fluor-indol ) . ”
6{4{2-(5-qur-indol-3-yl)—elhy|)-piperazino]—l,4-benzodionn. <

Beispicl 2
Analog Beispiel 1 erhilt man durch Umsetzung von 1-(4-Brom-butyl)}-benzimidazol mit 6-Piperazino-14-ben- )

zodioxan ("A") in 200ml Acetonitril 6-{4-(4-Benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan, F.
247 —248°,

Analog erhilt man durch Umsetzung von "A”

mit 1 {4-Chlorbutyl)-5-fluor-benzimidazol
6-{4-(4-(5-Fluor-benzimidazol-1-yl)-butyl)-piperazino}-1.4-benzodioxan;

mit 1-{4-Brombutyl)-5-brom-benzimidazol
6-{4-(4-(5-Brom-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;

mit 1-(4-Chlorbutyl)-S-cyan-benzimidazol
6-{4(4<(5-Cyan-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;

mit 1-(4-Chlorbutyl)-5-benzimidazol-carbonsiureamid
6-{4-(4-(5-Carbamoyl-benzimidazol-1-yl)-butyl)-piperazino}-1.4-benzodioxan;
mit 1-{4-Chlorbutyl)-5-benzimidazol-carbonsiure
6-{4-(4(5-Carboxy-benzimidazol-1-y!)-butyl)-piperazino}-1,4-benzodioxan;
mit 1{4-Chlorbutyl)-5-benzimidazol-carbonsiuremethylester
6-{4-(4-{5-Methylcarboxy-benzimidazol-1-yl)-butyl)-piperazino}-1.4-benzodioxan;
mit 1-(3-Chlorpropyl)-5-fluor-benzimidazol
6{4«(3(5-Fluor-benzimidazol-1-yl)-propyl)-piperazino}-1,4-benzodioxan;

mit 1-{3-Brompropyl)-5-brom-benzimidazol
6-{4-(3-(5-Brom-benzimidazol-1-yl)-propyl)-piperazino}-1 4-benzodioxan;

mit 1{3-Chlorpropyl)-5-cyan-benzimidazol
6{4-(3(5-Cyan-benzimidazol-1-yl)-propyl)-piperazino}-14-benzodioxan;

mit 13-Chlorpropyl)-5-benzimidazol-carbonsdureamid
6-{4-(34{5-Carbamoyl-benzimidazol-1 -yl)-propyl)-piperazino}-1,4-benzodioxan;
mit 1{3-Chlorpropyl)-5-benzimidazol-carbonsiure
6-{4-(3«(5-Carboxy-benzimidazol-1-yl)-propyl)-piperazino}-1,4-benzodioxan;
mit 1-{2-Chlorethyl)-5-fluor-benzimidazol
6-{4(245-Fluor-benzimidazol-1-yl)-ethyl}-piperazino}-1,4-benzodioxan;

mit 14(2-Bromethyl)-5-brom-benzimidazol
6-{4-(2-(5-Brom-benzimidazol-1-yl}-ethyl)-piperazino}-1,4-benzodioxan;

mit 1(2-Chlorethyl)-5-cyan-benzimidazol
6-[4-(2(5-Cyan-benzimidazol-1-yl)-ethyl)-piperazino}-1,4-benzodioxan;

mit 1{(2-Chlorethyl)-5-benzimidazol-carbonsiureamid
6-{4-(2-(5-Carbamoyl-benzimidazol-1-yl)-ethyl)-piperazino}-1,4-benzodioxan;
mit 14{2-Chlorethyl)-5-benzimidazol-carbonsdure
6-{4-(24(5-Carboxy-benzimidazol-1-yl)-ethyl)-piperazino}-1,4-benzodioxan.
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Beispiel 3

Ein Gemisch von 2,18 g 3-(4-Aminobutyl)-5-ethoxycarbonyl-indol [erhilitlich aus 5-Fthoxycarbonyl-indol
durch Umsetzung mit 4-Chlorbutyrylchlorid, Reduktion des Produktes zu 3-(4-Chlorbutyl)-5-ethoxycarbonyl-in-
dol und Oberfihrung 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)-butyl)-piperazino}- 1,4-benzodioxan.
Analog erhilt man durch Umsetzung von "B"

mit 3-(4-Aminob'1tyt)-5-N-methyl-carbamoy!-indol
6-[4—(4{5-N-Methyl—carbamoyl-indol-3-yl)—bulyl)-piperazino]-l,4-benzodioxan:
mit 3-(4-Aminobutyl)-5-N,N-dimethyl-carbamoyl-indol
6-[4-(4-(5-N,N-d2methyl-carbamoyl~indol-3-yl)—butyl)—piperazino]-l,4-benzodioxan;
mit 3{4-Aminobutyl)-6-cyan-indo!
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-(4-(5-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-indol
6-{4-(3-(5-Methoxy-indol-3-yl}-propyl)-piperazino}- 1,4-benzodioxan;

mit 3{(3-Aminopropyl)-6-brom-indo!
6-{4-(3-(6-Brom-indol-3-yl}-propyl)-piperazino} 1,4-benzodioxan;

mit 34(3-Aminopropyl)-6-methoxy-indol :
6-{4-(3{6-Methoxy-indol-3-yl)-propyl)-piperazino}-1,4-benzodioxan;

mit 3-(3-Aminopropyl)-4-methoxy-indo!
6-{4-(3-(4-Methoxy-indol-3-yl}-propyl)-piperazino}- 1 4-benzodioxan;

mit 3«(3-Aminopropyl}-4-cyan-indol
6-{4-(3-(4-Cyan-indol-3-yl)-propyl)-piperazino} 1,4-benzodioxan;

mit 3-(3-Aminopropyl)-5-ethoxy-indol
6-[4-(3-(5-Ethoxy-indol-3-yl)-propy!)-piperazino}-1,4-benzodioxan;

mit 3«(3-Aminopropyl)-indol-6-carbonsiuremethylester
6-[4-(3-(G-Methoxycarbonyl»indol-3-yl)—propyl)-piperazino]— 1,4-benzodioxan;
mit 3(2-Aminoethyl)-4-fluor-indol
6-{4-(24(4-Fluor-indol-3-vl)-ethyl)-piperazino}-1,4-benzodioxan.

Beispiel 4

Analog Beispiel 3 erhilt man durch Umsetzung von 1-(4-Aminobutyl)-5-ethoxycarbonyl-benzimidazo! mit
6-(N,N-Bis-(2-chlorethyl)-amino)-14-benzodioxan ("B") 6-{4-(4-(5-Ethoxycarbonyl-benzimidazol-1-yl)-butyl)-pi-
perazino}-1.4-benzodioxan. : '

Analog erhait man durch Umsetzung von "B"

mit 1-(4-Aminobutyl)-5-N-methyl-carbamoyl-benzimidazol
6{4-(4-(5-N-Methyl-carbamoyl-benzimidazol-1-yl)-butyl-piperazino}-1,4-berzodioxan;
mit 1-(4-Aminobutyl)-5-N,N-dimethyl-carbamoyl-benzimidarol
6-{4-(4-(5-N,N-dimethyl-carbamoyl-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;
mit 1-{4-Aminobutyl)-6-cyan-benzimidazol '
6-{4-(4(6-Cyan-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;

mit 1(4-Aminobutyl)-6-brom-benzimidazol
6-{4(4-(6-Brom-benzimidazol-1-yl)}-butyl)-piperazino}- 1,4-benzodioxan;

mit 1-(4-Aminobutyl)-5-benzimidazolyl-N-methyl-harnstoff
6-{4-(4-(5-N-Mecthyl-ureido-benzimidazol- 1-yl)-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-benzimide zol-1-yl)- propyl)-piperazino}-1,4-benzodioxan;

mit t{(3-Aminopropyl)-6-brom-benzimidazol
6{4-(3-(6-Brom-benzimidazol-1-yl}-propyl)-piperazino}-1,4-benzodioxan;

mit 1{3-Aminopropyl)-6-methoxy-benzimidazo!
6{4-(3(6-Mcthoxy-benzimidazol-1-yl)-piopyl)-piperazino}-t 4-benzodioxan;

mit 14{(3-Aminopropyl)-4-methoxy-benzimidazol
6{4-(3(6-Mecthoxy-benzimidazo!-1-yl)-propyl)-piperazino]-1.4-benzodioxan;

mit 1(3-Aminopropyl)-4-cyan-benzimidazol

6{4-(3(4-Cyan-benzimidazoi- 1-yl)-propyl)-piperazino}-1.4-benzodioxan;

mit 1(3-Aminopropyl)-5-ethoxy-benzimidazol
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6-[4-(3-(5-Ethoxy-benzimidazol-1-yl})-propyl)-piperazino}-1.4-benzodioxan;

mit 1{3-Aminopropyl)-6-benzimidazol-carbonsduremethylester
6-[4-{3-(6-Methoxy-carbonyl-benzimidazol-1-yl)-propyl)-piperazinol-1 A-benzodioxan;
mit 1<(2-Aminoethyi)}-4-fluor-benzimidazo}
6-[4-(2-(4-Fluor-benzimidazol-1-yl}-ethyl)-piperazino}-1,4-benzodioxan.

Beispiel 5

Analog Beispiel 1 erhilt 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 L8sung von 4,21 g 6-[4-(4-(5-Amino-indol-3-yl)-butyl)-piperazino}-1.4-benzodioxan ("C™) {erhiltlich ge-
miB Beispiel 5]in 35 ml THF wird mit einer L8sung von 09 g Acetylchlorid in 10 ml THF versetzt, 2 Std. bei 50°
geriihrt, eingedampft und wie blich aufgearbeitet. Man erhalt 6-{4-(4-(5-Acetamido-indol-3-yli)-butyl)- piperazi-
noJ-14-benzodioxan. ‘

Analog erhilt man durch Umsetzung von "C”

mit Benzoylchlorid
6-{4-(4-(5-Benzamido-indol-3-yl)-butyl}-piperazino}-1.4-benzodioxan;
mit Methansulfonylchlorid
6-{4-{4-(5-Methansulfonylamino-indol-3-yl)-butyl)-pij.erazino}-1,4-benzodioxan;
mit N,N-Dimethylcarbamnylchlorid
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-indol-3-yl)-butyl)-piperazino}-1,4-benzodioxan.

Beispiel 7

Analog Beispiel 6 erhilt man durch Umsetzung von 6{4-(4-(6-Aminobenzimidazol-1-yl)-butyl)-piperazi- ~

no}14-benzodioxan ("D") mit Acetylchlorid das 6{4-(4-(6-Acetamido-benzimidazol-1-yl)-butyl)-piperazi-
no}-1,4-benzodioxan.

Analog erhiilt 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)-butyl)-piperazino}-1,4-benzodioxan;
mit N,N-Dimethylcarbamoylchlorid
6-{4-(4-(6-N.N-dimethyl-ureido-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;
mit N,N-Diethylcarbamoylchlorid
6{4-(4-(6-N,N-diethyl-ureido-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan.

Beispiel 8

Analog Beispiel 7 erhdlt man durch Umsetzung von 6-{4-(4-{Aminobenzimidazol-i-yli}-butyl)-piperazi-

no}-1,4-benzodioxan ("E”) mit Acetylchlorid das 6{4-(4-(5-Acetamido-benzimidazol-1-yl)-butyl)-piperazi-
no}-1.4-benzodioxan.

Analog erhilt 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-yi)-butyl)-piperazino}-1.4-benzodioxan;
mit N,N-Dimethylcarbamoyichlorid

6-{4-(4-(5-N,N-dimethyl-ureido-benzimidazol- 1-yi)-butyl)-piperazino}-1.4-benzodioxan;
mit N,N-Diethylcarbamoylchlorid
6{4-(4-(5-N,N-diethyl-u-zido-benzimidazo!-1-yl)-butyl)-piperazino}-1.4-benzodioxan.

Beispiel 9

Eine Suspension von 3.8 g 6-{4-(4-(5-Nitro-indol-3-yl)-butyl)-piperazino}-1,4-benzodioxan in 45 ml Methanol"

wird unter Rithren an 0,1%iger Pd--C bei 20° und 1 bar bis zum Ende der H;-Aufnahme hydriert. Man gieGt auf
Eiswasser, arbeitet wie Ublich auf und echilt 6-{4-(4(5-Amino-indol-3-yl)-butyl)-piperazino}-1.4-benzodioxan.
Analog erhilt man

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-Benzolsulfonyl-s-brom-indol-3-yl)—butyl)-piperazino]-l.4-benzodioxan mit 15g
KOH in waBriger Ethanolldsung tber 16 Std., arbeitet wie Gblich auf und erhalt 6-{4(4-{5-Bromindol-3-yl}-bu-
tyl)-piperazinoF1,4-benzodioxan.
V Beispiel 17
Analog Beispiel 9 erhailt man durch katalytische Reduktion (Pd—C/H>)

aus 6{4-(4-(6-Nitro-benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzos ,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-1-yl)-butyl)-piperazino}-1,4-benzodioxan.
Beispiel 18

’

Eine Mischung von 3,1 g 6{4-(3-(5-Cyan-incol-3-yl)-propyl)-piperazino}-1,4-benzodioxan, 2.7 g NaOH,100 ml
Wasser und 50 ml Dicthylengiykolmonoethylether wird 3 Std. bei 140° Badtemperatur gerthrt. Man kahlt ab,
arbeitet wie Gblich auf und erhlt 6-4-(3-(5-Carbamoyl-indol-3-yi)-propyl)-piperazino}-1,4-benzodioxan.

Analog erhil: man durch partielle Hydrolyse der entsprechenden Cyanindole:
6-{4-(4-(5-Carbamoy!-indol-3-yi)-butyl)-pi perazino}-1.4-benzodioxan, F. 215° (Zevs.);
6-{4(45-Carbamoyl-indol-3-yl)-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 1 oder ihre
Saureadditionssalze enthalten:

Beispiel A
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 verpreDBt, derart, daB
jede Tablette 10 mg Wirkstoff enthiilt. -
Beispiel B

Dragees

Analog Beispiel A werden Tabletten gepreBt, dic anschiieBend in Oblicher Weise mit einem Oberzug aus
Saccharose, Kartoffelstirke, Talk, Tragant und Farbstoff Oberzogen werden.

" Beispiel C
Kapseln

2 kg 6{4-(4-(5-Methoxy-indol-3-yl)-butyl)-piperazino}-14-benzodioxan werden in Gblicher Weise in Hartgela-
tinekapseln gefoilt, so daB jede Kapsel 20 mg des Wirkstoffs enthait.

Beispiel D
Ampuilen

Eine Losung von 1 kg 6-{4-(4-(5-Methoxy-indol-3-yi)-butyl)-piperazino}-1,4-benzodioxan in 601 zweifach de-
stilliertem Wasser wird steril filtriert, in Ampulicn abgefullt, unter sterilen Bedingungen lyophilisiert und stcril
verschlossen. lede Ampulle enthilt 10 mg Wirkstoff.

Analog sind Tabletten, Dragees, Kapseln und Ampullen crhiitlich, die einen oder mehrere der QOibrigen

Wirkstoffe der Formel | und/oder ihre physiologisch unbedenklichen Siureadditionssalze enthaiten.
Patcnianspriche

1.1,4-Benzodioxanderivate der Formel |
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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)-bulyl)-piperazino]- 1,4-benzodioxan
6-[4-(4-(6-Amino-indol'3-yl)-butyl)-piperazino]—l 4-benzodioxan:

aus 6-{4-(4-(5-Nitro-benzimidazol-1-yl)-butyl)-piperazino}-1 4-benzodioxan
6—[4-(4-(5-Amino-benzimidnzol-l-yl)—butyl)-;:iperazino]—I.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-l-yl}bmyl)-piperazino]-l.4-bcnzodioxan, 24 g Na-
OH, 50 ml H;O und 40 ml Diethylenglykoimonoethylether wird 3 Std. bei 140° Badtemperatur gerihrt. Anschlie-
Bend kGhlt man auf Raumtemperatur ab, arbeitet wie 0blich auf und erhilt 6-{4-(4-(5-Carbamoyl-benzimidazol-
1-yl)-butyl}-piperazino}-1,4-benzodioxan.

Analog erhalt man durch partielle Hydrolyse der entsprechenden Nitrile:

6{4(4-(6-Carbamoyl-benzimidazol-1-yl)-butyl}-piperazino}-1.4-benzodioxan;
6-[4-(4(5-Carbamoyl-indol-3-yl}-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 Rithren in einer Nj-Atmo-
sphare bei 20° eine Losungvon44d g 6-[4-(4-(5-Methoxycarbonyl-bcnzimidazol-l-yl)-butyl)-piperazino]-1.4-ben-
zodioxan in 40 ml THF zugetropft. Man rOhrt 1 Std. bei 20°, zersetzt mit verd@nnter Natronlauge, filtriert,

arbeitet das Filtrat wie Oblich auf und erhalt 6{4{4-(5-Hydroxymethy!-benzimidazol-1-yl)-butyl)-piperazi-
no}-1,4-benzodioxan, -

Beispiel 12

In eine siedende Losung von 3,1 g 6-{4-{4-(5-Carboxyl-indol-3-yl)-butyl)-piperazino}-1,4-benzodioxan in 50 m!
absolutem Methanol wird 2 Std. HCI-Gas eingeleitet. AnschlieBend kocht man eine weitere Stunde, arbeitet wie
Qiblich auf und erhalt 6-{4{(4-(5-Methoxycarbonyl-indol-3-yl)-butyl)-piperazino}-1.4-benzodioxan.

Beispiel 13

In eine siedende L3sung von 3.1 g 6—{4—(4-(S—Carboxyl-benzimidazol-l-yl)-butyl)-piperazino]—I.4-bcnzodioxan
in 50 ml absolutem Methanol wird 2 Std. HCI-Gas eingeleitet. AnschlieBend kocht man eine weitere Stunde,
arbeitet wie Oblich auf und erhait 6-[4-(4-(5-Methoxycarbonyl-benzimidazol-l-yl)-butyl)-piperazino]-l.4-benzo-
dioxan.

Beispiel 14

Man kocht 47g 6{4-(4-(5Methoxycarbonyl-indol-3-yl}butyl)-piperazino]—l.4-benzodioxan 0.5 Std. mit
100 ml 2n ethanolischer KOH, arbeitet wie 0blich auf und erhalt 6{4-(4-(5-Carboxy-indol-3-yl)-butyl)-piperazi-
no}-1,4-benzodioxan, F. 241 —243° (Hydrochlorid).

" Beispiel 15

Man rihrt eine LOsung von 74 g 3-[4-(N.N-Bis-(2-chlorethyl)-aminobutyl)-s-clhoxy-indol und einem Aquiva-
lent 6-Aminn-14-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)-butyl)-piperazino}-1,4-benzodioxan.

Analog erhilt man durch Umseizung 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-sthoxy-benzimidazol
6{4-(4-(5-Ethoxy-benzimidazol-1-yl}-butyl)-piperazino}-1 A-benzodioxan;
mit l—[4-(N,N-Bis-(2-chlorcthy|)—amino-butyl)-6-cthoxy-benzimidazol
6-{4-(4-(6-Ethoxy-benzimidazo! 1-yl)-butyl)-piperazinol-1,4-benzodioxan;
mit l-[3-(N.N-Bis-(‘bch!orethyl)-amino-propyl)-S-clhoxy-bcnzimidazol
6-[4-(3-(5-Ethoxy-benzimidazol-I-yl}propyl)-pipcrazino]-I.4-bcnzodioxan:
mit 3-[2-(N.N-Bis-(2-ch|orcthyl)‘amino-c(hyl)-4-cthoxy-indol
6-{4-2-(4-Ethoxy-indol-3-yl)-butyl)- piperazino}-1,4-benzodioxan;

mit 3-[2-(N.N-Bis-(2-chlorcthyl)—amino-ethyl)—5-methoxy-indol
6-{4—(2-(5-Methoxy-indol-J-yl)—butyl)-piperazino} 1,4-benzodioxan.
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O_
B—Q—N N O (1)
NS

worin
B einen unsubstituierten oder einfach durch CN, CO—R!, ChH2n—R!, Hal, OH, OA, O—=CyH2,—CO-=R!,
oder NHR? substituierten Indol-3-yl- oder Benzimidazol-1-yl-rest,
R! OH, OA, NH; NHA oder NA,,
R2H,A,CO—A,CO—-Ar,CO—NH; CO—-NHA,CO—NA; S0:—Aroder SO1—A,
QChHan,
ni1,2,3,4,50der6,
A Alkyl mit 1—6 C-Atomen,
Ar einen unsubstituierten oder einen ein- oder zweifach durch A, Hal, CN, OH und/oder OA substituierten
Phenylrest, : :
Hal F,Cl, Broderl
bedeuten
sowie deren Salze.
2. 2) 6{4-(4-Benzimidazol-1-yl)-butyl)-piperazino}-1,4-benzodioxan;
b) 6-{4-(4-(5-Methoxy-indol-3-yl)-butyl}- piperazino}-1,4-benzodioxan;
¢) 6{4-(4-(5-Carbamoyl-indol-3-yl)-butyl)-pipcrazino}- 1 4-benzodioxan
sowie die Sureadditionssalze der genannten Verbindungen.
3. Verfahren zur Herstellung von 1,4 Benzodioxanderivaten der Formel I nach Anspruch 1 sowie von deren
Salzen, dadurch gekennzeichnet, daB mun eine Verbindung der Formel 1l

B—Q-X' (I

worin

X! X oder NHz und

X CL Br, I, OH oder eine reaktionsfahig funktionell abgewandelte OH-Gruppe bedeuten und s
B und Q die angegebenen Bedeutungen haben,

mit einer Verbindung der Formet i1l

X!'—(CH;h o
7 N0

X}*—(CH

worin

X2 und X3 gleich oder verschieden sein kdnnen 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)

wo"ﬁl"l ’
X, Q und B die angegebenen Bedeutungen haben, mit einer Verbindung der Formel V

H N
2 (‘f)

umsetzt

oder daB man eine sonst der Formel 1 entsprechende Verbindung, die jedoch anstelle der 1.4-Benzodioxan-
gruppe eine 3,4-Dihydroxyphenylgruppe, wobei aber auch die beiden Hydroxygruppen zur Erhohung der
Reaktionsbereitschaft in entsprechend aktivierter Form vorliegen kdnnen, mit Ethandiol oder einem ent-
sprechenden reaktiveren Derivat zu einer Verbindung I ums=izt

oder daB man eine sonst der Forme! I entsprechende Verbindung, die jedoch anstelle cines oder mehrerer
Wasserstoffatome eine oder mehrere reduzierbare Gruppe(n) und/oder cine oder mehrere zusatzliche C-C-
und/oder C-N-Bindung(en) enthilt, mit einem reduzierenden Mittel behandelt,

oder daB man cine sonst der Formel | entsprechende Verbindung, die jedoch anstelle eines oder mehrerer
Wasserstoffatome eine oder mehrere solvolysierbare Gruppe{n) enthalt, mit einem solvolysicrenden Mittel
behandelt,

K4
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und/oder daB man gegebencenfalls eine OA-Gruppe unter Bildung einer OH-Gruppe spaltet und/oder eine
Gruppe B in eine andere Gruppe B und/oder daB man eine erhaltene Base oder Siure der Formel 1 durch
Behandeln mit einer Siure oder Base in eines ihrer Salze umwandelt.

4. Verfahren zur Herstellung pharmazeutischer Zubereitungen, dadurch gekennzeichnet, daB man eine
Verbindung der Formel | nach Patentanspruch 1 und/oder eines ihrer physiologisch unbedenklichen Salze
zusammen mit mindestens einem festen, fldssigen oder halbfldssigen Triger- oder Hilfsstoff in eine geeigne-
te Dosierungsform bringt.

5. Pharmazeutische Zubereitung, gekennzeichnet durch einen Gehalt an mindestens eine Verbindung der
aligemeinen Formel I nach Patentanspruch 1 und/oder einem ihrer physiologisch unbedenklichen Salze.

6. Verwendung von Verbindungen der Formel | nach Patentanspruch | oder von deren physiologisch
unbedenklichen Salzen zur Herstellung eines Arzneimittels.

7. Verwendung von Verbindungen der Form:l | nach Patentanspruch t oder von deren physiologisch
unbedenklichen Salzen bei der Bekampfung vo. Krankheiten.

i et Kk
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(57) Abstract

Fused benzo compounds of formula (T), 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
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a group -CONRIOR!!; arc 5-HT1a receptor ligands useful in the reatment of CNS disorders. Phammaceutical compositions comprising the
compounds and their use for the manufacture of a pharmaceutical preparation are also disclosed.
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FUSED BENZO COMPOUNDS '
Field of the invention.

The present invention relates to a class of fused benzoderivatives potently binding
to the 5-HTa receptor and having central serotonergic 5-HTq4 activity. These fused

benzoderivatives are, therefore, useful in the treatment of certain psychic and

neurological disorders.
Background of the invention.

A number of compounds structurally related to the compounds of the invention are

known from the prior art.

So, EP patents Nos. 0 138 280 and 0 185 429 disclose an extremely broad class of
piperazinyl compounds having a bicyclic hetero aryi radical in the 4-position and a
heteroaryl-, aryl- or alkyl substituted carbamoylethyl or carbamoylpropyl group in

the 1-position. Said compounds are alleged to show blood pressure lowering effect

through a central mechanism. EP 0 372 657 discloses similar derivatives differing
only in that they have slightly different substituents on the bicyclic heteroaryi radi-
cal. These latter derivatives are said to exert anxiolytic effects in animal models
without showing effect on the blood pressure. One of the cﬁémpounds éb\)ered by
EP patent No. 0 138 280, i.e. the compound 4-fluoro-N-[2-(4-(2-hydroiymethyl-1 4-
benzodioxan-s-yl)piperazine-1-yl)ethyl]benzamidé. which is known as flesinoxan
has recently been reported to be a high efficacy 5-HT1a agonist having antidepres-

sant and anxiolytic effects (Schipper et al, Human Psychopharm., 1991, 6, S53).

EP patent No 0 364 327 discloses a class of 4-[2-(4-(naphtﬁyl- or isoquinolyl)pipe-
razine-1-yl)ethyl]-2-quinolone derivatives having 5-HT;a and 5-HT2 receptor
activity. The compounds are said to be agonists, partial agonists or antagonists in
vivo . EP 0 343 050 describes a gfoup of 6-phenyl-3-[(4-(naphthyl or isoquinolyl)pi-
perazine-1-yl)alkyl(2-4)}-1 H,3H-pyrimidine-2,4-dione compounds said to posses 5-
HTqa and 5-HT2 receptor activity. Again, with respect to the 5-HT44 receptor, the
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compounds are 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 naphtyl or quinolyt in the 4-position and a N-aryi substituted carbamoyl
alkyl group or a N-aryl substituted ureido alkyl group in the 1-position is described.
Said compounds are claimed to exhibit affinity for various receptors, including 5-

HT,, 5-HT1a, alpha and dopamine receptors.

EP patent No 0 466 585 relates to 1-(benzamidoalkyl)-4-(naphthy!- or quinolyl)pipe-
ridines or -tetrahydropyridines having 5-MHT (a receptor affinity and found to exhibit

potent antihypertensive effect in animals.

Finally, EP 0 490 772 A1 discloses a class of 1,4-disubstituted piperazine deriva-
tives alleged to show 5-HT 14 antagonistic activitivities. Said derivatives have a 5-

benzodioxanyl or 7-isobenzofuranyl 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-HT14 activity may according to well
known and recognized pharmacological principles be devided into full agonists,

partial agonists and antagonists.

Clinical studies of known 5-HTa partial agonists such as e.g. buspirone (8-[4-[4-(2-
pyrimidyl)-17piperazinyl]butyl]-s-azaspiro[4,5]decane-7,9-diohe), ipsapirone (4,4-di-
methyl-1-[4-[4-(2-pyrimidyi)-1 -piperazinyl]butyl]-2,6-piperidinedion.e), and gepirone
(2-[4{4-(2-pyrimidyl)-1 -p?perazinyl]butyl]# ,2~benzc’>thiazoi-3(2i-l)-one—1 , 1-dioxide),
have shown that 5-HT1a partial agonists are useful in the treatment of anxiety
disorders such as generalised an'xiety disorder, panic disorder, and obsessive com-
pulsive disorder (Glitz, D. A., Pohi, 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 ;4 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,
Schipper et al, Human Psychopharm., 1991, 6, S53; Cervo et al, Eur. J. Pharm.,
1988, 158, 53; Glitz, D. A., Pohl, R., Drugs 1891, 47, 11).

5-HT ;A agonists and partial agonists inhibit isolation-induced aggresion in male

mice indicating that these compounds are useful in the treatment of aggression
(Sanchéz et al, Psychopharmacology, 1993, 110, 53-59).

Furthermore, recent studies also indicate that 5-HTp receptors are important in the
serotonergic modulation of haloperidol-induced catalepsy (Hicks, Life Science
1990, 47, 1609) suggesting that 5-HT14 agonists are useful in the treatment of the

side effects induced by conventional antipsychotic agents such as e.g. haloperidol.

5-HT A 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 (B_owen et al, Trends
Neur. Sci. 1892, 15, 84).

Both in animal models and in clinical trials it has been shown that 5-HT 14 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-HTa ligands may, therefore, be beneficial in the treatment of cardiovascular

disorders.

Accordingly, agents acting on the 5-HT1a 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 compounds of a certain class of fused benzoderivatives
bind to the 5-HT4a receptor with high affinities. Furthermore, it has been found that
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the compounds cover a broad range of selectivities for the 5-HT 14 receptor vs. the
dopamine D; 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-

pounds of the general Formula I

R3 R4 R?
4
RS u’ N—A—B—R! I
R3 ’
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 divaient group selected from SO, SO,, and a group of Formula II,

z
N\
_N’\(N._
w

wherein W is O or .S, and Z is selected from —(CH3)y,— n being 2 or 3, -CH=CH-—,

I

—COCH2—, —-CSCH2—, or 1,2-phenylene optionally substituted with halogen or trifluo-

romethyl;
U is N or CH; the dotted line designates an optional bond, and if it designates a

bond U is C;
X is selected from the group of divalent 3 ~ 4 membered groups consisting of

/N / N\
o) o O S > < o s 2
\----’ \-——-’ \—-b-’ ---J ---d
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wherein the dotted lines indicate optional bonds; thereby forming a carbocyclic or
heterocyclic ring fused with the benzene ring ;

R1 is alkyl, alkenyl, cycloalk(en)yl, aryl, cycloalk(en)ylalk(en/yn)yl, arylalkyl, diphe-
nylalky!, any alkylgroup optionally being substituted with one or two hydroxy
groups, with the proviso that if Z is 1,2-phenylene and U is N, then R1 is selected
from aryl and substituted aryt; . ‘

R2 and R3 are independently hydrogen, lower alkyl or they may be linked together,
thereby forming an ethylene or propylene bridge;

R4, Rs, and Ré are independently selected from the group consisting of hydrogen,
halogen, lower alkyl, lower alkoxy, hydroxy, lower alkylthio, lower alkylamino or di-
lower-alkylamino, cyano, nitro, trifluoromethyl and trifluoromethylthio; |

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 ~COOR?9 and a group ~CONR10R11, Re, R10,
and R1t being hydrogen or lower alkyl; any aryl group present being optionally
substituted with one or more substituents selected from halogen, lower alkyl, lower
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alkoxy, hydroxy, lower alkyithio, lower alkylsulfonyl, lower alkyl- or dialkylamino,
cyano, trifluorométhyl, 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 thereof in a therapeutically effective amount and in combination with one or

more pharmaceutically acceptable carriers or diluents.

In a further éspect the present invention provides the use of fused benzoderivatives
having the above defined general Formula I or acid addition saits or prodrugs
thereof for the manufacture "of a pharmaceutical preparation for the treatment of
anxiety disorders, depression, psychosis, impuise control disorders, alcohol abuse,
ischaemic diseases, _qardiovascular disorders, side effects induced by conventional

antipsychotic agéhis and senile dementia.

The compounds of the invention have been found to displace tritiated 8-hydroxy-2-
dipropylaminotetralin (8-OH-DPAT) from 5-HT1a receptors in vitro, the majority of
the compounds showing affinities higher than 50 nM. Furthermore, the present
compounds have proven to cover a broad range of selectivities for 5-HT 14

receptors as compared to a4 adrenoceptors and D> receptors. Some of the

compounds of the present invention are highly selective for the 5-HT 1 recepiqrs,

while other:compounds of the present invention have affinities to some of the
above mentioned binding sites. The present compounds have also been shown to

cover a wide range of efficacies.

An especially interesting group of compounds show high affinity to both 5-HT 44 and
D, receptors. In view of the fact that dopamine D3 antagonists are effective in the

treatment of schizophrenic disorders (see e.g. Lowe et al, Med. Res. Rev., 1988, §,
475) and since 5-HT1a agonists, as mentioned above, can alleviate neuroleptica

induced side effects, such compounds are useful in the treatment of schizophrenic

disorders.
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Accordingly, the compounds of the invention have proven to be useful for the

treatment of anxiety disorders, depression, psychosis, impulse control disorders,
alcohol abuse, ischaemic diseases, cardiovascular disorders, side effects induced

by conventional antipsychotic agents and senile dementia.
Detailed description of the invention.

Some of the com-pounds 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-Cgo straight chain or branched alkyl
group and similarly alkenyl and alkynyl mean a C2-Cyp straight chain or branched
hydrocarbon group having one or more double bonds or triple bonds, respectively.
The term cycloalkyl designatés a carbocyclic ring having 3-8 carbon atoms,
inclusive, or a bicyclic or tricyclic carbocycle, such as adamantyl.

in the formulas included in the definition of X, the dotted lines indicate optional
bonds, i.e. in case a dotted line represents a bond, the bond.in question is a double
bond. Of course double bonds may not 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 person skilled in the art. '

The expréssion alk(en/yn)yl means that the group may be an alkyl, alkenyl or

alkynyl group.

The terms lower alkyl, lower alkoxy, lower alkylthio, etc. designate such branched
or unbranched groups having from one to six carbon atoms inclusive. Exemplary of
such groups are methyl, ethyl, 1-propyl, 2-propyl, 1-buty|.v 2-butyl, 2-methyl-2-
propyl, 2-methyl-1-propyl, methoxy, ethoxy, 1-propoxy, methylthio, ethylthio, 1-
propylthio, 2-propyithio, methylsulfonyl, ethylsulfonyl, or the like.

The term aryl is intended to mean a carbocyclic or heterocyclic aromatic monocyc-
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lic or fused bicyclic group or a biphény_l 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 Formula |, A is preferably a 2 to 6 membered alkylene group.

B is preferably SO, SO or a group of Formula II, as defined above wherein W is
O and Z is:selected from —(CH2)y— n being 2 or 3, ~CH=CH- or 1,2-phenylene

optionally substituted with halogen or trifluoromethyl.

X is preferably selected from the group of divalent 3 — 4 membered groups

consisting of

L5 L 4D ()l L
L\N /\S N// \\ /\) 4/\

Rt is preferably lower alkyl, aryl, cycloalkyl or aryl-lower'alkyl, 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 above or naphthyl.
R2 and R3 are preferably both hydrogen.

R4, R5, and R6 are preferably independently selected from the group consisting of '

hydrogen and halogen.

R7 and R8 are preferably independently selected from thie group consisting of
hydrogen, lower alkyl, aryl, a group -COORS RS9 being hydrogen or lower alkyl and
a group —CONHj. Most preferably R7 and R8 are independently selected from

hydrogen, lower alkyl, phenyl optionally substituted with one of the substituents as
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defined above, a group —COORS® R9 being hydrogen or lower alkyl and a group
—CONH-».

The acid addition salts of the invention are pharmaceutically acceptable salts of the
compounds of 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, salieylic, 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-
theophyliine. 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 accordance with 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 solutions for injection. For preparing such compositions methods
well known in the art may be used, and any pharmééeutically acceptable carriers,
diluents, exipients, or other additive usually used in the art may be used.

Conveniently, the compounds of the invériﬁon are administered in unit dosage form
containing said compounds in an amount of about 0.01 to 50 mg.

The total daily dose usually ranges of about 0.05 - 500 mg, and most preferably
about 0.1 to 20 mg of the active compound of the invention.

The compounds of Formula I are prepared by:

a) reacting a compound of Formula HI
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RS R* R?
/ 4 <
R v’ NH I
R3
X .
R’ R8

wherein R2 - R8, U, X, and the dotted line are as previously defined, with a reagent
of the formula R1-B-A-V wherein R1, 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

/' < O
6 (4 Q:
R U N . .
\—< A"—B—R1 IV P
R3
X . . -
R7" R® .

wherein R1-R8, B, U, X, and the dotted line are as previously defined and A’ is such
a group that CHz-A’ is a 2 to 6 membered branched or straight 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 III as previously defined with an
aldehyde of the formula R1-B-A-CHO, a carboxylic acid of the formula R1-B-A’- -
COOH or 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 groups that A’-CH-A™ isa 2to 6
membered branched or straight chain alkylene, a!keny'len.e 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 FormulaV
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wherein R1-R8, A, U, X, and the dotted line are as previously defined, to the

corresponding sulfoxide or suifone;

e) 1,4-addition of an amine of general Formula III as previously defined to a a,B-

unsaturated compound of formula R12R13C=CR14-B-R1, wherein R! and B are as
previously defined and R12, R13, and R14 are such groups that R12R13C=CRi4 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 R4 R2
/: < /Z\
Re u’ N—A—NYNH \%
R? ©
, X
R R8

wherein R2-R8, A, U, X, Z, and the dotted line are as previously defined, with an
aldehyde of the formula R1-CHO, a carboxylic acid of the formula R-COOH or a
ketone of the formula R1"-CO-R1” wherein RY’, R1", and R1" are such groups that
R1-CH, and R1"-CH2-R1’" , respecﬁvely, are groups comprised by the above

definition of R1;

g) cyclization of a compounds of general Formula VII
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& u’ N—A—N H
\ , OMe Vi1
. R OMe
R’ R8

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 R4 R2
’
RS u’ N—A—B—R! VIII
R3
X
R’ R8

wherein A, B, R1-R8, the dotted line and U is as previously defined and X' is

defined as X with the proviso that X’ designates a heteroaromatic ring system
10 containing a NH functionality, with an arylatin_g agent of the formula Ar-hal wherein

Aris aryl as -pg'eviously'deﬁned and hal is halogen;

i) transformation of a compound of general Formula I wherein R7 or Re designates
a group -COORS? to the corresponding compound wherein R7 or R8 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 bonds in order to reduce one or more of 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, or iodo;
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l) reducing the dbuble bond in the tetrahydropyridine ring of a compound of general
Formula I in which U is C and the dotted line represents a bond in order to obtain

the corresponding piperidine derivative;

whereupon the compound of Formula 1 is isolated as the free base or a pharmaceu-

tically acceptable acid addition salt thereof.

The reaction of the compound of Formula III according to method a)is convenient-
ly performed in an inert organic solvent such as a suitably boiling alcohol or ketone,
preferably in the presence of a base (potassium carbonate or triethylamine) at

reflux temperature.

The reagents of formula R1-B-A-V wherein B is SO or SO, 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 =(CHz)z—
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 EXAMPLES 5 and 12-13, respectively.

Arylpiperazine derivatives of Formula III are conveniently prepared from the
corresponding arylamines according to the methbd 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 et al, Zh.
Org. Khim., 1967, 3, 1121.

The synthesis of 7-amino-2,3- dihydrobenzofuran is described in US Pat. Appl. No.

4302592.
The synthesis of ethyl 7-amino-2-indolyl carboxylate is described by Scriven et al,
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J. Chem. Soc., Perkin Trans. I, 1979, 53.

The synthesis of 7-aminobenzofuran is described by Van Wijngaarden et al, J.
Med. Chem., 1988, 31, 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[bjthiophene is described by Boswell et al, J.

Heterocycl. Chem. 1868, 5, 69.

The synthesis of 7-amincindole is described in US Pat. Appl. No. 4506078.

The synthesis of 7-amino-1,2-benzisothiazole is described by Ricci et al, Ann.
Chim. (Rome), 1963, 53, 1860.

The synthesis of 4-aminoindole is described by Melhado et al, J. Org. Chem., 1983,
48, 5130.

4-Aminobenzofuran and ethyl 4-amino-2-benzofuranyl 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-benzofuranyl carboxylic
acid (Eur. Pat. Appl. No. EP 147044 A2) via the Curtius rearrangement.

Substituted derivatives of various ring systems are obtained by analogy methods to

the above mentioned methods.

Piperidine and 1,2,5,6-tetrahydropyridine derivatives of Formula III are prepared

~ by known methods, cf. e.g. US Pat. No. 2,891,066; McElvain et al, 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 TII 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

Page 239



WO 94/13659 PCT/DK93/00414

10

18

20

25

30

15

performed by standard literature methods (see EXAMPLE 4). The aldehydes,
carboxylic acids, and ketones of formulas R1-B-A’-CHO, R1-B-A'-COQOH, 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
known oxidation 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 peroxide in 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) uéiﬁg 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’-COOH or ketones of formula R1-S-A”-CO-A"". All sulfide reagents

mentioned are prepared according to standard methods.

The addition of amines to o,B-unsaturated compouqu according to method e) is
conveniently performed in an inert solvent such as methylene chloride at room
temperature. Unsaturated compounds of formula R12R13C=CR14-B-R are prepared
by standard methods.

The reductive alkylation according to method f) is performed in glacial acetic acid
using sodium borohydride as reduci_ng agent. The starting compounds of Formula
VI are prepared by methods analogous to methods a), b), and c).

The cyclization according to method g) is performed in 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. Moroalkylation with 2-bro-

moacetaldehyde dimethyl acetal and subsequent addition of isocyanates give VIIL

The arylation according to method h) is most conveniently performed by applying

the well known Ulimann reacton. The arylating reagents, Ar-hal, are commercially
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available and the transformation of esters accordir{g to method i) is well-described

in the literature.

The reduction of double bonds according to method j) is conveniently performed by
catalytic hydrogenation in an alcohol with a platinum catalyst or by treatment with
sodium cyanoborohydride in trifluoroacetic acid (see EXAMPLE 9) or by hydrogena-
tion with diborane or a diborane precursor such as trlmethylamlne 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 method 1) are conveniently performed by catalytic
hydrogenation in an alcohol in the presence of a palladium catalyst or by treatment
with ammonium formate in an alcohol at 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 further illustrated by examples which, however, may

not be construed as limiting.

EXAMPLE 1
1-(1,4-Benzodioxan-5-yl)-4- -(3-cyclohexylsulfonyl- 1-propyl)p|perazme oxalate, 1a.

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 was stirred at
60 °C for 3 hours. The mixture was poured into 2 M sodium hydroxide éolution (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 was sufficiently pure for use in the next step.
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To a solution of 3-cyclohexyithio-1-propanol (60 g) in glacial acetic acid (250 mi)
hydrogen peroxide (35% in water, 210 ml) was added at 10 °C followed by reflux
for 2 h. After éooling the mixture was poured onto ice followed by extraction with
ethyl acetate (1 1). The organic phase was washed several times with 1 M sodium
hydroxide. Removal of solvent gave an oil which was treated at reflux temperature
with 1 M sodium hydroxide (600 ml) for 1 h. 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 ml) 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
viscous oil (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) was refluxed 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). The title compound crystallized 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- 210(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- -phenyisulfonyl-1- propyl)plperazme 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-Cyclohexylsulfonyi-1-p ropyl)-4-(2,3-dihydrobenzofuran-7-yl)piperazine,
maleate, 1c, mp: 166-68 °C. 1H NMR (3, 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 (1, 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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1d, mp: 150-51 °C. 'H 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-isopr0pylsuIfony|-1-propyl)piperazine, fumarate, 1e,
mp: 166-67 °C. TH 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 (1,
2H), 6.60 (s, 2H), 6.70 (t, 1H).
1-[3-(1-Adamantyl)sulfonyl-1-'propyl}-4-(1,4-benzodioxan-5-yl)piperazine, 1f, mp:
143-44 °C. 1H NMR (8, CDCL3): 1.65-1.85 (m, 6H), 2.00-2.25 (m, 1;IH), 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, TH).

EXAMPLE 2 :
1-[3-[4-(1,4-Benzodioxan 15-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-chioro-1-propyl)-3-
phenyl-2-imidazolidinone (1.4 g), potassium carbonate (3 g), and potassium iodide
(0.1 g) in methyl isobutyl ketone was refluxed for 20 h. Filtration and removal of
solvent in vacuo gave a viscous oil which was separated by column chromato-
graphy (silica gel, eluent: ethyl acetate/methanol/triethylamine = 15:4:1). The title
compound was isolated as an oil which crystallized as the hydrochloride salt from
acetone by addition of hydrochioric acid. Yield: 1.9 g, mp: 229-32 °C. TH NMR (3,
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 (¢, 1H) 7.30
(t, 2H), 7.60 (d, 2H), 11.30 (b, 1H).

In a similar manner were also prepared:

1-[2-[4-(1,4-Benzodioxan-5-yl)-1 -piperazinyl]ethyl}-3-cyclopentyi-2-imidazolidinone,
hydrochloride, 2b, mp: 266-68 °C. TH NMR (8, CDCl3): 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-Benzodioxan-5-yl)-1 -piperazinyllethyl}-3-phenyl-2-imidazolidinone,
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hydrochloride, 2¢, mp: 288-90 °C. TH NMR (3, DMSO): 3.00-3.75 (m, 10H), 3.85 {t,
oH), 4.10-4.35 (m, 4H), 4.50-4.75 (m, 4H), 6.45-6.70 (m, 2H), 6.75 (t, 1H), 7.00 (1,
1H), 7.35 (t, 2H), 7.60 (d, 2H).10.95 (b, 1H). '
1-[2-[4-(1,4-Benzodioxan-5-yl)-1 -piperazinyllethyl}-3-cyclohexyl-2-imidazolidinone,
fumarate, 2d, rﬁg: 103-14 °C. 'H NMR (5, DMSOQ): 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-Benzodioxan-5-yl)-1-piperazinyl]-1 -butyl}-3-cyclohexyl-2-imidazoli-
dinone, hydrochloride, 2e, mp: 212-22 °C. TH NMR (8, DMSO): 0.95-1.15 (m, 1H),
1.15-1.40 (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 razinyl]ethyl]-2-imi-
dazolidinone, hydrochloride, 2f, mp: 2(56-2 °C. TH NMR (8, 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. TH NMR (3, 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-yi)ethyl]-1-piperazinyl}-2,1,3-be nzothiadiazole,
maleate, 2h, mp: 182-83 °C. 1H NMR (3, 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 -piperazinyllethyl]-3-(4-fluorophenyl)-2-
imidazolidinone, fumarate, 2i, mp: 188-90 °C. tH NMR (3, 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, TH), 6.80 (d, 1H), 7.15 (t, 2H),
7.50-7.60 (m, 2H).

Ethyl 7-[4-[2-(3-pheny|-2-imidazolidin-z-on-1-yl)ethyl]-1-piperazinyl]-2—indoly| car-
boxylate, fumarate, 2j, mp: 202-4 °C. 'H 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 (3, 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, SH), 7.85-7.95 (m, 1H), 8.05-8.20 (m, 1H).
1-[2-[4-(1 ,4-Benzodioxan -5-yl)-1-piperazinyljethyl]-3-ethyl-2-imidazolidinone,
hydrochloride, 21 'mp: 250-52 °C. tH 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).
1-[2-[4-Benzofuran-7-yi-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 -piperazinyl]ethyl}-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, 8.!'-!), 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, 1H). '
1-Cyclopentyl-3-[2-{4-(2 ,3-dihydro-2,2-dimethylbenzofuran-7-yl)-1-piperazinyl]ethyl]-
5.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-Adamantyl-3-{2-[4-(1,4-benzodioxan-5-yl)-1 -piperazinyl]ethyl]-2-imidazolidinone,
hydrochloride, 2q, mp: 246-48 °C. tH 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]—s-phenyl-2~imidazolidinone, sesquifu-
marate, 2r, mp: 207-9 °C. 1H NMR (8, DMSO): 2.65 (t, 2H), 2.70-2.80 (m, 4H),
3.10-3.20 (m, 4H), 3.40 (t, 2H), 3.55 (¢, 2H), 3.80 {t, 2H), 6.60 (s, 3H), 6.65-6.70 (m,
1H), 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 zinyl)ethyl]-3-cyclopentyl-2-imidazolidinone,
dihydrochloride, 2s, mp: 237-39 °C. 1H NMR (3, DMSO): 1.40-1.80 (m, 8H), 3.15-
3.45 (m, 10H), 3.55 (1, 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-?-yl'-1-piperazinyl)ethyl]-3-phenyl-2-imidazolidinone, 2t,
mp: 136-38 °C. 1H NMR (3, CDCl,): 2.70 (t, 2H), 2.70-2.85 (m, 4H), 3.15-3.35 (m,
4H), 3.50 (t, 2H), 3.55 (t, 2H), 3.80j (t, 2H), 6.90 (d, iH), 7.00 (t, 1H), 7.20-7.45 (m,
5H), 7.45-7.65 (m, 3H).
1-Cyclopentyl-3-[2—[4-(7-indo|yl)-1-piperazinyl]ethyl]-z-imidazolidinone, 2u, mp:
188-89 °C. 'H NMR (5, CDCI5): 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 (1, 1H), 7.10-7.20 (m, 1H), 7.35 (d, 1H), 8.40 (b, 1H).
1-[2-[4-(7-lndolyl)-1-piperazinyl]ethyl]-s-phenyl-2-irriidazolidinone, fumarate, 2v,

mp: 215-16 °C. tH 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 (1, 2H), 6.35-6.40 (nil__,_.‘_IH), 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-Behzisothiazol-7 -yh)-1-p iperazinyllethyl]-3-phenyl-2-imidazolidinone,
hydrochloride, 2x, mp: 237-44 °C. 1H NMR (8, 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-piperazinyli]ethyl}-2-imidazolidinone,
dihydrochloride, 2y, mp: 214-20°C. 1H NMR (8, 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 razinyl]ethyl]-3-phenyl-2-imidazolidinone, dihyd rochloride,
2z, mp: 233-38°C. 'H 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),

Page 246



WO 94/13659 . PCT/DK93/00414

10

15

20

25

30

22

7.15 (d, 1H), 7.25-7.40 (m, 3H), 7.60 (d, 2H), 11.20 (b, 1H).
1-[2-[4-Benzo[b]thiophen-7-yl-1-piperazinyl]ethyl]-3-cyclopentyl-2-imidazolidinone,
hydrochloride, 2aa, mp: 264-67 °C. 1TH NMR (5, DMSQ): 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-dimethylbenzofuran-7-yl)-1-piperazinyl]-1-
butyl]-2-imidazolidinone, dihydrochloride, 2bb, mp: 196-203 °C. 1H NMR (3,
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- plperazmyl] -2-benzofu-
ranyl] carboxylate, hydrochloride 2cc, mp: 198-201 °C. 1H NMR (5, DMSQO): 1.35 (t,
3 H), 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-dimethylbenzofuran-7-yl)-1-piperazinyl]-1-butyl]-3-(4-
fluorophenyl)-2-imidazolidinone, 2dd, mp: 1568-60 °C. 'H NMR (5, CDCls): 1.50 (s,
6H), 1.55-1.65 (m, 4H), 2.45 (t, 2H), 2.55-2.70 (m, 4l:|), 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-Benzodioxan-5-yl)-1-piperazinyl]ethyl]-3-t-butyl-2-imidazolidinone,
hydrochloride, 2ee, mp: 229-31 °C. TH NMR (5, 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-piperazinyi]-1-propyl]-3-phenyl-
2.imidazolidinone, fumarate, 2ff, mp: 183-85 °C. 1H NMR (5, 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-Adamantyl-3-[4-[4-(2,3-dihydro-2,2-dimethylbenzofuran-7-yl)-1-piperazinyl}-1-
butyl]-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]-1A-butyl]-B-cyclohexyl-z-
imidazolidinone, .dihydrochloride, 2hh, mp: 198-200 °C. '*H NMR (3, DMSOQ): 1.00-
1.85 (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 (5, DMSO): 1.40-1.70 (m,
8H), 2.55 (1, 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-dimethylben zofuran-7-yl)-1-piperazinyl]-1 -butyl]-3.-w( 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).

1 -Cyclohexyl-3-[3-[4-(2,3-dihyd ro-2,2-dimethylbenzofuran-7-yl)-1-piperazinyl]-1-
propyl}-2-imidazolidinone,oxalate, 2kk, mp: 191-92 °C. 1H NMR (5, DMSO): 1.00-
1.90 (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, 1H).
1-[4-[4-(2,3-Dihyd ro-2,2-dimethyl-5-flucrobenzofuran-7-yl)-1 -piperazinyl]-1-butyl]-3-
(4-ﬂuorophenyl)-2-imida.zolidinone,oxalate, 211, mp: 126-27 °C. 1H NMR (9,
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-Cycloh exyl-3-[4-[4—(2,3-dihydro-2,2-dimethyl-5-fluorobenzofuran—7-yl)—1 -piperazinyl}-
1-butyl}-2-imidazolidinone,oxalate, 2mm, mp: 125-35 °C. 'H NMR (5, DMSQ):
1.00-1.80 (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-yl)-1-piperazinyl}-1-
hexyl]-2-imidazolidinone,oxalate, 2nn, mp: 132-34 °C. 'H NMR (3, 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, TH).

1 -[2-[4-(5-ChIoro-2,3-dihydro-3,3—dimethyl)-?-benzofuranyl)-1 -piperazinyl}ethyl]}-3-

Page 248



WO 94/13659

10

15

20

25

30

24

PCT/DK93/00414

cyclopentyl-2-imidazolidinone, oxalate, 200, mp: 104-7 °C. 1H NMR (CDCl3) & 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-Chlo'ro-2.3-dihydro-3,3-dimethyl)-?-benzofuranyl)-1 -piperazinyl]-1-hexyl}-
3-cyclopentyl-2-imidazolidinone, oxalate, 2pp, mp: 125-27 °C. 'H NMR (CDCl3) &
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-ChIoro-2,3-dihydro-2,2-dimethyl)-4-b enzofuranyl)-1-piperazinyl]-1-
propyl]-3—cyclohexyl-2-imidazolidinone, oxalate, 2qq, mp: 123-33 °C. 'H NMR
(CDCia) § 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).

EXAMPLE 3
1-(1,4-Benzodioxan-5-yl)-4-(3-cyclohexylthio-1-propyl)piperazine S-oxide, oxalate,
3a '

A sdlutioh of 1-(1,4-benzodi'oxan-s-yl)-4—(3ocyclohexylthio-1 -propyl)piperazin (7 g)
in tetrahydrofuran (70 mi) was cooled to 0 oC followed by portionwise addition of m-
chloroperbenzoic acid (6.4 g) keeping the temperature at 0 °C. After stirring for 3 h
at 0 °C aqueous sodium carbonate (20% solution, 100 ml) was added. The phases
were separated and the aqueous phase was extracted with methylene chloride.
The combined organic phases was concentrated in vacuo and the resulting oil

“ applied to a silica gel column (eluent: ethyl acetat/methanol/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).

EXAMPLE 4

1-[3-[4-1 ,4-Benzodioxan-5-yl)-1 -piperazinyl}-1 -propyl]-3-benzyl-2-imidazolidinone,
hydrochloride, 4a. ’
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fitered, and concentrated in vacuo. The product, 1-(1 .4-benzodioxan-5-yl)-4-
cyanomethylpiperazine, was obtained as an oil (17.4 g) which was sufficiently pure
for use in the next step.

A suspension of lithium aluminium chloride (8.2 g) in dry ether (170 ml) was treated
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
removal of solvent in vacuo gave an oil which was dissolved in methylene chloride
and dried over magnesium sulfate. Removal of solvent in vacuo gave 1-(2-amino-1-
ethyl)-4-(1 ,4-benzodioxan-5-yl)piperazine (8.1 g) as a viscous oil.

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 g) 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—dimeth0xy-1 -ethylami-
no)-1-ethyl]piperazine, was obtained as an oil (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-fluorophenyl isocyanate (0.8 g) in methylene chloride (100
ml) was refluxed for 2 h. Removal of solvent in vacuo gave an oil which was
purified on a silica gel column (eluent: ethyl acetate/methanol 3:1). The product,
1-(14-benzodioxanb-yi)-4-(2-(N{2,2dimethoxy1 -ethyl)N-(4fluoophenyiaminocartonyl)
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-ethyl)piperazine (2.5 g) and 3 M hydrochloric acid
(2.5 ml) in ethanol (50 ml) ‘was stirred at room temperature for 72 h. The title
compound was collected by filtration as the hydrochloride. Yield: 1.2 g, mp: 301-5

°C. 1H NMR (5, DMSO): 3.00-3.60 (m, 10H), 4.05 (t, 2H), 4.20-4.35 (m, 4H), 6.55 (1,
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 manner was also prepared:
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A solution of 1-[3-[4-(1,4-benzodioxan-5-y1)-1-piperazinyl]--1-propyl]-z-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. Removal of
solvent in vacuo gave a heavy oil which was applied to a silica gel column (eluent:
ethyl acetate/ethanol/triesthylamine = 10:1 :1). The title compound was isolated as a
viscous oil which crystallized as the hydrochloride from an acetone/ether mixture by

addition of an ether solution of dry HCI. Yield: 2.8 g, mp: 181-91 °C. 1H NMR (3,
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 -p}opy []-3-ethyl-2-imidazolidinone,
hydrochloride, 4b, mp: 240-43 °C. 1H NMR (5, 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 en,'zodioxan-s-yl)-1 -piperazinyl}-1-propyi}-3-cyclohexyl-2-imidazo-
lidinone, hydrochloride, 4c, mp: 189-200 °C. 1H NMR (3, 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).

EXAMPLE 5
1-[3-[4-(1,4-Benzodioxan-5-yl)-1 -piperazinyi]-1ethyl]-1,3-dihydro-3-{4-fluorop henyl)-

2.imidazolone, hydrochloride, 5a.

A solution of 1-(1,4-benzodioxan-5-yl)piperazin (11 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 washed with water, dried over magnesium suifate,
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1-[3-[4-(1 .4-Benzodioxan-5-yl)-1-piperazinyli]-ethyl]-1 ,3-dihydro-3-phenyl-2-
imidazolone, hydrochloride, 5b, mp: 285-300 °C. 'H NMR (8, DMSO): 3.00-3.60

(m, 10H), 4.05 (t, 2H), 4.20-4.30 (m, 4H), 6.50 (1, 2H), 6.70 (t, 1H), 6.80 (d, 1H),
7.00 (d, 1H), 7.20 (1, 1H), 7.45 (t, 2H), 7.70 (d, 2H).

EXAMPLE 6 ,
1-(2-Cyclohexylsu|fonyl-1-ethyl)-4-(2,3-dihydrobenzofuran-7-yl)piperazine, maleate,
6a.

A solution of 2-cyclohexylsulfonylethanol (22 g) and triethylamine (30 ml) in
methylene chloride (200 ml) was treated dropwise with a solution of methanesul-
fonyl chloride (15 ml) in methylene chloride (100 ml) at 10 °C. After stirring for 2 h
at room temperature the mixture was washed with 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 ml) was stirred at room temperature

- for 16 h. Removal of solvent in vacuo left an oif which was applied to a silica gel

column (eiuent: 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 (3, 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, 1H).

EXAMPLE 7
1-Cyclopentyl-3-[2-[4{1 -(4-fluorophenyl)-4-ihdolyl]—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 fitered and water (200
ml) added followed by extraction with dichloromethane (2 x 100 ml). Removal of
solvent in vacuo and purification by flash chromatography (silica gel, ethyl acetate/
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g, mp: 210-12 °C. 1H NMR (5, 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 (,
2H), 7.55-7.65 (m, 3H).

EXAMPLE 8
4-[4-[2-(3-Cyclopentyl-2-imidazolidinon-1 -yl)ethyl]-1-piperazinyl]-2-benzofuranyl-

carboxamide, hydrochloride, monbhydrate, 8a.

A solution of 2¢cc¢ (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 (é 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
gave the title hydrochloride salt. Yield: 0.5 g, mp: 166-70 °C. 1H NMR (8, 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 -Cyclopentyl—3-[2-[4-(7-indolinyl)-1 -piperazinyl]ethyl]-2-imidazolidinone, 9a.

A solution of 2u (1.3 g) in trifluoroacetic acid was treated pdrtionwise over 3 h with
sodium cyanoborohydride (0.6 g) at room temperature. After additional stirring for
0.5 h the m?xture was poured onto ice followed by extfaction with ethyl acetate (3 x .
100 ml). Removal of solvent in vacuo and purification by chromatography (silica
gel, ethyl acetate/triethylamine 96:4) gave the title compound as a érystalline
material. Yield: 0.2 g, mp: 130-32 °C. tH NMR (8, CDCla): 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) was treated dropwise at room temperature with
1.6 M BuLi in hexane (250 ml). 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 mi).
Removal of solvent in vacuo gave an oil which was purified 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 dissolved in trifluoroacetic acid (156 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-dimethylbenzofui'an as an oil (5.0 g). '

The product was dissolved in trichloroethane (15 ml) and added dropwise to 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 water followed 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 was alkylated with 1-cyclohexyl-3-(4-chioro-1-butyl)-2-imida-
zolidinone (4.5 g) according to the method described in EXAMPLE 2 giving the free
base of the title compound as an oil (2.7 g). The oxalate salt crystallized by addition
of oxalic acid to an acetone solution of the base. Mp: 132-35 °C. 'H NMR (3,
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 (5, 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). :

EXAMPLE 12
1-[2-[4-(1,4-Benzodioxan-5-yl)-1-piperazi nyllethyl]-3-(4-fluorophenyl)-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(3H)-pyrrolidinone (100 ml) was
kept at 155 °C for 4.5 h. After cooling' water (500 ml) was added followed by
extraction with ethyl acetate (3 x 200 ml). The organic phase was washed with
water and saturated calcium chloride solution and dried over magnesium sulfate.
Removal of solvent in vacuo gave an oil which was purifiéd 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(3H)-benzimidazolone

(2 g)asanoil
The obtained chloride was treated with 1-(1,4-benzodioxan-5-yl)piperazine (2.4 g)
according to the method described in EXAMPLE 2 giving the title compound as a

crystalline material. Yield: 1.7 g, mp: 161-62 °C. 'TH NMR (6, CDCl): 2.55-2.65 (m,

4H), 2.70 (1, 2H), 2.85-2.95 (m, 4H), 4.05 (, 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 utyl}-3-(4-fluorophenyl)-2(3 H)-
benzimidazolone, 13a.

A solution of 1-(4-ﬂuorophenyl)-3-(1-propen-2-yl)-2(3H)-benzim'i.dazolone (prepared
by arylation of 1-(1-propen-2-yl)-2(3-H)-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 by filtration and dried. Yield: 4 g of 1-(4-fluorophenyl)-2(3H)-benzimidazol-
one, mp: 209-10 °C. '

The 4 g of product was dissolved in 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 s;b.lvent the remaining oil 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) was obtained as an oil.
Treatment of the oil (2.5 g) with 1-(1,4-benzodioxan-5-yl)piperazine (2.5 Qg)
according to the method described in EXAMPLE 2 gave the title compound as a

crystalline material. Yield: 1.9 g, mp: 145-47 °C. 1H NMR (8, CDCk): 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]ethyi]-2-imidazolidi-

none, oxalate, 14a.

A mixture of 2ii (1.1 g), 5% Pd/C, glacial acetic acid (2 mi) 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 was dissolved in ethyl acetate

(15 mi). Addition of oxalic acid gave the title compound. Yield: 0.5 g, mp: 182-83
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°C. 1H NMR (6, 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 -CyclopentyI-S-[Z-{4-(2,3-dihydro-3.3-dimethyl)—7-benzofuranyl)-1 -piperazinyllethyl]-
o.imidazolidinone, oxalate, 14b, mp: 94-98 °C. 1H NMR (CDCl3) 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). '
1-Cyclopentyl-3-[6-[4-(2,3-dihydro-3,3-dimethyl)-7-benzofuranyi)-1 -piperazinyl]-1-
hexyl]-2-imidazolidinone, oxalate, 14¢, mp: 128-31 °C. 1H NMR (CDCl3) & 1.25 (s,
6H), 1.20-175 (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-
propyll-2-imidazolidinone, oxalate, 14d, mp: 181-83 °C. 1H NMR (CDCls) § 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-HT1a

receptor and for detemination of the efficacy of the compounds with respect to said
receptor. The tests were as descibed in the following.

Inhibition of 3H-8-OH-DPAT Binding to Serotonin 5-HT4a Receptors in Rat
Brain in vitro. . '

By this method the inhibition by drugs of the binding of the 5-HT14 agonist 3H-8-
OH-DPAT (1 nM) to 5-HT 14 receptors in membranes from rat brain minus cerebell-
um is determined in vitro . Accordingly, this is a test for affinity for the 5-HTa
receptor. The assay was performed as described by Hyttel et al., Drug Dev. Res.
1988, 15, 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-HT 14 receptor antagonistic effect of a test com-
pound in vivo. A related method isl described by Tricklebank, M. D., et al, 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 response levers. 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, responding is 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 and saline trials alternate randomly between days. The level of
discrimination accuracy is expressed as the per cent diug responses and is
calculated as the number of correct responses x100 divided by the sum of the
correct and incorrect responses before the first reward. The time to the first reward
is also recorded as a measure of reaction time. When stable accuracy (mean
correct respondmg = 90%; individual rats at least 75% correct responding) is
obtained test sessions are included between training days. “Test compound is |
injected s.c. or p.o. at appropriate time before 8- -OH-DPAT and the test begins 15
min after 8-OH-DPAT injection. The test trial is terminated when a total of 32
responses are made on either lever or when 20 min have elapsed. No reward is
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 makihg at least 10 responses on one lever 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 EDsg values by log-probit analysis.
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Generalization to the Discriminative Stimulus Properties Induced by 8-OH-
DPAT in Rats |

This test is used to determine the 5-HT 14 receptor agonistic effect of a test com-
pound in vivo. A related method is described by Tricklebank, M. D., supra; Amt, J.
Pharmacology & Toxicology, 1989, 64, 165.

PROCEDURE

The procedure is the same as for the antagonism test mentioned above, except
that the test cbmpound_is substituted for 8-OH-DPAT and injected 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 EDsb values by log-probit analysis.

Inhibition of 5-MeO-DMT-Induced 5-HT Syndrome in Rats

The so-called 5-HT syndrome is a characteristic pattern of behaviours which are
induced by 5-HT agonists with effects on 5-HT, possibly 5-HT1a receptors (Smith,
L.M. and Peroutka, S.J., Pharmacol. Biochem. & Behaviour,1986, 24, 1513; Trickle-
bank, M. et al, Eur. J. Pharmacol. 1985, 117, 15). This test is a test for determining

the antagonist effects of a test compound on 5-HTa receptors in vivo by measur-

ing the ability to inhibit 5-MeO-DMT induced 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 pla-ying”), 2) head
weaving and 3) hindleg abduction. Furthermore, flat motility is scored. Each part of
the syndrome is scored as follows: 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 percent inhibition relative to the control group.

The percent inhibition of the piano playing syndrome is used as the response and
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EDsg value are calculated by log-probit analysis.

The test results are shown in the following Tables 1 - 3:

5 TABLE 1: 3H 8-OH-DPAT BINDING DATA (ICso values in nM)

10

15

20

25

30

35

40

45

Compound No. ICs0 Compound No. ICs0
1a 2.6 2ee 43
1b 7.8 2ff 6.6
1c 2.6 299 2.8
1d 190 2hh 130

~ 1e 23 2ii 300
1f 1.1 2jj 1.1
2a 16 . 2kk 5.7
2b 18 21 10
2c 13 2mm 1.7
2d 17 -2nn 54
2e 0.45 200 44
2f 54 2pp 20
2g 37 2qq 300
2h 28 3a 1.8
2i 30 4a 18
2j 53 4b 40
2k 15 4c 19
2l 72 5a 11
2m 12 5b 12
2n 3.2 6a - 220
20 51 7a 51000
2p 3.7 8a ) 3.9
2q 13 9a 230
2r 23 10a 1.2
2s 32 11a 3.5
2t 15 12a 36
2u 110 13a 22
2v 71 14a 9.7
2x 75 14b 38
2y 28 14c 7.5
2z 34 14d 22
2aa 11 Buspirone 41
2bb 0.92 Gepirone 310
2cc 83 Ipsapirone 17
2dd 0.5 Flesinoxane 4
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It is seen from Table 1 that most of the compounds of the present invention bind to
the 5-HTa receptor with affinities comparable to reference compounds such as

buspirone, gepirone, and flesinoxane.

5 TABLE 2: 8-OH-DPAT CUE DATA (EDsp values in umol/kg, s.c.)

Compound No. Antagonism Agonism
10
~ 1a >0.62 0.034
1b NT 0.099
1c NT 0.069
ie >10 see note a)
15 1f NT 0.052
2a >11 3.1
2b 2.7 >11
2c >2.6 0.76
2d 6.3 see note b)
20 2e 6.1 see note ¢)
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

35

note a): partial agonist, 30 - 75% response at 0.04 - 10 umol/kg
note b): partial agonist, 30 - 50% response at 0.08 - 19 pmol/kg
note c): partial agonist, 20 - 60% response at 0.6 - 2.4 umol/kg

40

It is seen from Table 2 that the compounds of the present invention both include

agonists and antagonists as determined in the 8-OH-DPAT cue model.
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TABLE 3: INHIBITION OF 5-MeO-DMT INDUCED 5-HT SYNDROME
(EDsp values in pmol/kg, s.c.)

Compound No. EDso
1a 2.3
1b ‘9.5
ic 12
ie 5.1

- 1f 0.47
2a 6.6
2b 8.9
2¢c 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 compounds of the present invention are antagonists
in the 5-MeO-DMT inhibition test. '

Furthermore, the compounds of the invention were tested with respect to affinity for

the a4 adrenoceptors and for the dopamine D3 receptor by determining their ability

to inhibit the binding of 3H-prazosin to a4 adrenoceptors (Hyttel, J. et al, J. Neuro-

chem., 1985, 44, 1615; Skarsfeldt, T. et al, Eur. J. Pharmacol., 1986, 125, 323) and
the binding of 3H-spiroperidol to D, receptors (Hyttel et al, J. Neurochem., 1985,

44, 1615).

Some of the compounds of the present invention showed high selectivity for the 5-

Page 262



WO 94/13659 . PCT/DK93/00414

10

15

20

30

38

HT,4 receptor, while other compounds of the invention showed mixed binding
profiles. A certain class of compounds within this invention showed high affinity to

both 5-HT;4 receptors and D, receptors. All the mentioned types of compounds are

beneficial in the treatments of various diseases.

It is seen from the above tables 1, 2 and 3 that the present compounds have high
affinities for the 5-HT 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-DMT test and very low efficacies in the 8-OH-DPAT cue test. Furthermore,
some of the compounds show both high affinity to 5-HT1A and dopamine D2

receptors and show high efficacy effects in the 8-OH-DPAT cue test.

Formulation Examples

The pharmaceutical formulations of the invention may be prepared by conventional

methods in the art. .
For example: Tablets may be prepared by mixing the 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 the like.
Any other adjuvants or additives usually used for such purposes such as colour-
ings, flavourings, preservatives etc. may be used provided that they are compaiible
with the active ingredients. ‘ ‘ ) 4

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 and filling in
suitable ampules or vials. Any suitable additive conventionally used in the art may
be added, such as tonicity agents, preservatives, antioxidants, etc.

Typical examples of recipes for the formulation of the invention are as follows:

1) Tablets containing 5.0 mg of Compound 1a calculated aé the free base:
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Compound 1a 5.0 mg
Lactose 60 mg
Maize starch 30 mg
Hydroxypropylcellulose 2.4 mg
Microcrystalline cellulose 19.2mg
Croscarmellose Sodium Type A 2.4 mg
Magnesium stearate ' 0.84 mg

PCT/DK93/00414

Tablets containing 0.5 mg of Compound 1f calculated as the free base:

Compound 1f 0.5 mg
Lactose 46.9 mg
Maize starch 23.5mg
Povidone 1.8 mg
Microcrystalline cellulose 14.4 mg
Croscarmellose Sodium Type A 1.8 mg
Magnesium stearate 0.63 mg

Syrup containing per millilitre:

Compound 2bb 2.5mg
Sorbitol _ 500 mg
Hydroxypropyicellulose ' 15mg
Glycerot | 50 mg
Methyl-paraben 1mg
Propyl-paraben 0.1 mg
Ethanol _ 0.005 m!
Flavour ' 0.05 mg
Saccharin natrium 0.5 mg
Water ad 1 ml

Solution for injection containing per millilitre:

Compound 2e - 05mg
Sorbitol 51 mg
Acetic acid 0.08 mg
Water for injection ad 1 ml
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CLAIMS

1. A fused benzo compound characterised in that it is a compound of the

s general Formula X

/I <
v’ N—A—@-R’
R3

wherein A is a 2 to 6 membered spacer group selected 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, SOz, and a group of Formula II,

/z\
—N N—

)1

wherein W is O or S, and Z is selected from —(CHj),— n being 2 or 3, -CH=CH—,
~COCHo~, -CSCH2—, or 1,2-phenylene optionally substituted with halogen or trifluo-

II

15

romethyl;

U is N or CH; the dotted line designates an optional bond, and if it designates a
20 bond U is C; "

X is selected from the group of divalent 3 - 4 membered groups consisting of

/ \ / \ / \ / \ /
o O o o » ( 0 s 9
\ coee ’ \ ceme / ----" \~.-’ ---.4‘ 4

k/ E
U,)/\
N2
0™
o
w\
[
’ m\
>

/ \ / \ / N /N \
SH HN > & N O NH ¢ s
\ ’ \ ’ ----0' ‘L-_.l' \----’ -
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AN, b &oonw &) NLOON DIRG
Y N7 TNT NN N
/ N/ \O S/ \N N/ \ HN/ \N N/ \
oM N o N o N NH

wherein the dotted lines indicate optional bonds; ihereby forming a carbocyclic or
heterocyclic ring fused with the benzene ring ;

R1 is alkyl, alkenyl, cycloalk(en)yl, aryl, cycloalk(en)ylalk(en/yn)yl, arylalkyl d:phe-
nylalkyl, any alkylgroup optionally being substituted with one or two hydroxy
groups, with the proviso that if Z is 1,2-phenylene and U is N, then R1 is selected
from aryl and substituted aryl; :

R2 and R3 are independently hydrogen, lower alkyl 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, lower alkyl, lower alkoxy, hydroxy, lower alkylthio, lower alkylamino or di-.
lower-alkylamino, cyano, nitro, trifluoromethyl and trifluoromethyithio;

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 ~COORS and a group —CONR10R11, Rs, 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 trifluorométhylthio;

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 B is SO, SO» or a
group of Formula II, as defined in Claim 1 wherein W is O and Z is selected from

—(CHa)y— n being 2 or 3, ~CH=CH- and 1,2-phenylene optionally substituted with

halogen or trifluoromethyl.

4. A compound according to Claim 1, characterised in that X is selected from
the group of divalent 3 — 4 membered groups consisting of

O<—>O 4\/\0 o/\) <__> NH/\) el \NH
4 N/\S // \\ /\) (/\

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,
phenyl, phenyl substituted with one of the substituents as defined in Claim 1, C5-Cg

cycloalkyl, adamantyl, phenyli-lower alkyl optionally substituted with one of the -
substituents as defined in Claim 1 or naphthyl.

7. A compound according to Claim 1, characterised in that R2 and R3 are both

hydrogen.

8. A compound according to Claim 1, characterised in that R4, R5, and R6 are
each selected from the group consisting of hydrogen and halogen.

9. A compound according to Claim 1, characterised in that R7 and R8 independent-

ly selected from the group consisting of hydrogen, lower alkyl, aryl, a group
~COORS9, R9 being hydrogen or lower alkyl and a group —CONH,.
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10. A compound according to Claim 9, characterised in that R7 and R8 are

independently selected from the group consisting of hydrogen, lower alkyl, phenyl
optionally substituted with one of the substituents as defined in Claim 1, a group

5 —COORS9 RS9 being hydrogen or lower alkyl and a group —CONHa.

10

15

11. A pharmaceutical composition characterised in that it comprises at least one
novel fused benzoderivative according to any of Claims 1-10 or a pharmaceutically
acceptable acid addition salt thereof in a therapeutically effective amount and in

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, cardiovascular disorders, side effects induced by conventional

antipsychotic agents and senile dementia. -

Page 268



1
INTERNATIONAL SEARCH REPORT

Intcrnational application No.

PCT/DK S3/00414

A. CLASSIFICATION OF SUBJECT MATTER

According 1o Internationat P

IPC5: COo7D 319/18, CO7D 307/18, CO7D 405/12, CO7D 405/14, CO7D 417/12,
Co7D 401/12, C07D 233/36, CO7D 409/12, A61K 31/495, A61K 31/54

atent Classification (IPC) or to both national classification and IPE

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by

IPCS: CO7D

classification syn;bols)

Documentation searched other than minimum documentation to the

SE,DK,FI,NO classes as above

extent that such documents are included in the fields searched

Blectronic data base consulted during the international search (name

CAS-ONLINE

of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

transfected HelLa cells", THE

1992 (22.06.92), (Columbus, Ohiop, USA),

Boddeke Hendrikus W.G.M. et al: "Agonist/antagonist
interactions with cloned human 5-HT1A receptors:
variations in intrinsic activity studied in

Naunyn-Schmiedeberg's Arch. Pharmacol. 1992,
345(3), 257-63, see reg.number 141533-35-9

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X,P EP, Al, 0526434 (BOEHRINGER INGELHEIM ITALIA 1-12
S.P.A.), 3 February 1993 (03.02.93), see
especially compound 20, 22 and 29
A EP, Al, 0343050 (SYNTHELABO), 23 November 1989 1-12
€23.11.89), see the whole document
A Chemical Abstracts, Volume 116, No. 25, 22 June 1-12

ABSTRACT No 249160s,

Further documents are listed iq the continuation of Box

C. E See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular reievance

eriier document but published on or after the international filing date
document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
spedial reason (as specified)

document referting to an oral disclosure, use, exhibition or other
means

document published prior to the interpational filing date but later than
the priority date claimed

-p-
L

0"

P

“T* later document publithed after the international filing date or priority
date acd not in conflict with the spplication but cited to understand
the principle or theory underiying the invention

document of particular relevance: the claimed invention cannot be
idered novel or be idered to involve an inventive

step when the document is taken alone

document of particular reievance: the claimed invention cannot be

considered to involve an inventive step whea the document is

combined with oge or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

X

ye

&

Date of the actual completion of the international search

17 February 1994

Date of mailing of the international search report

Name and mailing address of the ISA/

Swedish Patent Office
Box 5055, S-102 42 STOCKHOLM
Facsimile No. + 46 8 666 02 86

1 4 2

Authorized officer

Goran Karlsson
Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 {second sheet) (July 1992)

Page 269




@ . ®

INTERNATIONAL SEARCH REPORT International application No.

PCT/DK 93/00414

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Chemical Abstracts, Volume 109, No. 15,
10 October 1988 (10.10.88), (Columbus, Ohio, USA),
Glennon Richard A. et al: “Arylpiperazine
derivatives as high-affinity 5-HT1A serotonin
1igands", THE ABSTRACT No 128953z,
J. Med. Chem. 1988, 31(10), 1968-71,
see reg.numbers 115 338-25-5 and 115 338-33-5

GB, A, 1456253 (BOEHRINGER INGELHEIM GMBH),
24 November 1976 (24.11.76), see especially
compound 41 and 61

1-12

1-12

Form PCT/ISA/210 (continuation of second sheet) {(July 1992)

Page 270




I ‘appliczﬁon No.

INTERNATIONAL SEARCH REPORT j
PCT/DK 93/00414

Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This international search report has not been estsblished in respect of certain claims under Article 17(2)(2) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.: 1-2

because they relate to parts of the internstional application that do not comply with the prescribed requirements to such
an extent that no meaningful international sczrch can be carried out, specifically:

Claims 1-2 are so broadly formulated, including long lists of variable
substituents, that a complete search is impossible. The search has thus
been confined to the scope covered by synthesized examples.

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows: .

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims, .

2. D As all searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment
of any additional fee. :

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 1992)
Page 271



. J"

INTERNATIONAL SEARCH REPORT

International application No.
Information on patent family members

28/01/94 PCT/DK 93/00414
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP-Al- 0526434 03/02/93 AU-A- 2427592 02/03/93

' WO-A- 9303016 18/02/93
EP-A1- 0343050 23/11/89 SE-T3- 0343050

AU-B- 614135 22/08/91

AU-A- 3484389 23/11/89

DE-U- 6890368 14/01/93

FR-A,B- 2631625 24/11/89

JP-A- 2138266 28/05/90

“US-A- 4950670 21/08/90

GB-A- 1456253 24/11/76 AT-B- 338271 10/08/77

AT-A,B- 338801 12/09/77

AT-A,B- 338802 12/09/77

AT-A,B- 338803 12/09/77

AT-A,B- 338804 12/09/77

AT-A,B- 338805 12/09/77

AT-A,B- 338806 12/09/77

AT-A,B- 338807 12/09/77

AT-A,B- 338808 12/09/77

AT-B- 339320 10/10/77

AU-A- 6397773 03/07/75

BE-A- 809041 21/06/74

CH-A- 605872 13/10/78

CH-A- 616667 15/04/80

i CH-A- 616668 15/04/80

CH-A- 616669 15/04/80

CH-A- 616670 15/04/80

CH-A- 616673 15/04/80

CH-A- 616674 15/04/80

CH-A- 616675 15/04/80

CH-A- 616676 15/04/80

CH-A- 616677 15/04/80

DE-A- 2263211 04/07/74

FR-A,B- 2211252 19/07/74

JP-A- 49094688 09/09/74

JP-A- 59076067 28/04/84

JP-A- 59076070 28/04/84

JP-A- 59076074 28/04/84

LU-A- 69064 20/08/75

NL-A- 7317469 -25/06/74

SE-B,C- 417516 23/03/81

Us-A- 3941789 02/03/76

US—A- 4000274 28/12/76

US-A- 4038279 26/07/77

US-A- 4100282 11/07/78

US-A- 4136185 23/01/79

Form PCT/ISA/210 (palent family annex) (July 1992) Page 272




.@:m

Europaisches Patentamt

Office européen des brevets

o> European Patent Office

() DEMANDE DE BREVET EUROPEEN

@) Numéro de dépot: 91403378.2

@2 Date de dépot: 13.12.91

e
TR

(1) Numéro de publication: 0 490 772 A1

' 56/]0,'*/"/37

6D Int. c1.5: CO7D 319/18, CO7D 321/10,
CO7D 307/79, A61K 31/495

Priorité : 14.12.90 FR 9015631

Date de publication de la demande :
17.06.92 Bulletin 92/25 :

(84) Etats contractants désignés :
AT BE CH DE DKES FRGB GRIT LI LU NL SE

@) Demandeur : ADIR ET COMPAGNIE
1 rue Carle Hébert
F-92415 Courbevoie Cédex (FR)

@ Inventeur : Peglion, Jean-Louis
5 Allée des Bégonias
F-78110 Le Vesinet (FR)
Inventeur : Millan, Mark
179 Bid. Malesherbes
F-75017 Paris (FR)

Inventeur : Rivet, Jean-Michel
160 Rue de la Source
F-92000 Nanterre (FR)

Mandataire : Reverbori, Marcelle
Adir et Compagnie, 1, rue Carle Hébert
F-92415 Courbevole Cédex (FR)

EP 0 490 772 A1

@ Piperazines 1,4-disubstiuées, loeur procédé de préparation ot les compositions pharmaceutiques les

renfermant.

6?) Nouvelles pipérazines 1,4-disubsituées, utilisables comme médicament et répondant a la formule :

/N

X b . N
X2 ~E
x .

1
(
3
dans laquelle :
Xy, Xz X3y Ry, *=- E -,

m, p et -A-B- ont les significations définies dans la description,
sous formes racémiques et optiquement actives ;
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La présente invention a pour objet de nouvelles pipérazines 1,4-disubstituées, leur procédé de préparation -
et les compositions pharmmaceutiques les renfenmant.
Elle conceme particuli¢rement les pipérazines 1,4-disubstituées de formule générale | :

X1 b (CH2)p— N N
S E (1)
X2 >< o B
~N,a -
(CH2)m R} A
X3

dans laquelle :

- Xy, X et Xa:
- identiques ou différents, représentent chacun : un atome d’hydrogéne ou d’halogéne, un radical alkyle
en chaine droite ou ramifiée contenantde 1 & 5 atomes de carbone, un radical hydroxy, un radical alcoxy
ou alkylthio-contenant chacun de 1 & 5§ atomes de carbone en chaine droite ou ramifiée, un radical tri-
fluorométhyle, un radical nitro, un radical amino, ou un radical acétamido, ou
- deuxd’entre eux pris en position adjacente forment ensemble un radical méthylénedioxy ou un radical
éthylénedioxy ;

- R, représente un atome d’hydrogéne ou un radical alkyle en chaine droite ou ramifiée contenant de 1 a

5 atomes de carbone ;

~ -D == E-représente : -(CH;),(CH,)- ou -CH=CH-

~ m et n représentent chacun les valeurs zéro, un, deux ou trois & condition que m + n soit = 1.
-~ p représente zéro ou un nombre entier de 1 4 6, et

— -A-B- représente un des radicaux de formule :

“(CH2)0O- ; (CH,)3-O- ; -CH=CH- ; -CH,CH,- et

-ﬁ-CH:CH—
o)

Certains dérivés de formule générale | renferment un atome de carbone asymétrique et de ce fait peuvent
étre dédoublés en isomeéres optiques lesquels sont également inclus dans la présente invention.

L’état antérieur de la technique dans ce domaine est illustré notamment par 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 ne décrit ni suggére les dérivés objet de la présente invention, lesquels dérivés
ont une activité phamacologique du type antagoniste 5 HT, A, ce qui n'est pas le cas des dérivés de I'état
antérieur de la technique ci-dessus cité.

La présente invention a également pour objet le procédé de préparation des dérivés de formule générale
I, caractérisé en ce que I'on condense :

- une pipérazine N-monosubstituée de formule générale il :

(11)

dans laquelle le groupe -A-B- a la signification précédemment définie, avec :
— un dérivé de formule générale Il :
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X 5 \((Cﬂz)p - X
X2 “E
) (111)
(CHZ)mX R)
X3

dans laquelle

— X4, X2, X3, Ry, -D — E -, m et p ont les significations précédemment définies
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 toluéne, ou le diméthyiformamide en pré-
sence d'un accepteur de |'acide formé au cours de la réaction, a une température de 20 4 150°C. Comme accep-
teur, on peut employer par exemple un carbonate de métaux alcalins comme le carbonate de sodium ou une
amine tertiaire comme la triéthylamine. _

De plus, les dérivés de formule générale | dans laquelle p prend les significations autre que zéro, c’est &
dire les dérivés répondant plus précisément a la formule générale I' : ’

X o (CH2)p'— y N
X2 Vg (1)
X °.,.°B
(CH2)m " Ry A
X3

dans laquelle :

— X4, X2, Xa, Ry, - D :== E -, m et -A-B- ont les significations précédemment définies et
=~ p’ représente un nombre entier de 1 & 6, ont également 6té préparés selon une variante du procédé pré-
cédent caractérisée en ce que :
'on condense :
— la pipérazine N-monosubstituée de formule générale Il précédemment définie, avec
— un dérivé de formule générale IV :

X3 b (CH2)p' _ 4 — COOH

X2 ><E (1V)
(CHZ)m Ry
X3

dans laquelie :

= Xy, X2. X3, Ry, - D E -, m et p’ ont les significations précédemment définies ; et
- I'on réduit I'amide ainsi obtenue de formule générale V :
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/N
X1 5 (CH2)p' 4 ~co —N N

X2 >
(CH2)m > Ry N7 v)
X3

dans laquelle :

- X4, X2, X3, Ry, - D — E -, m, p’ et -A-B- ont les significations précédemment définies .

La condensation des dérivés 1l et IV s’effectue de fagon particuliérement adéquate en opérant dans un
solvant approprié comme par exemple le chlorure de méthyléne, en présence de carbonyidiimidazole.

La réduction de I'amide V s’effectue avantageusement au moyen d'un hydrure double de lithium-aluminium
dans un solvant adéquat comme par exemple I'éther ou le tétrahydrofurane.

Ce dernier procédé de préparation des dérivés I’ est également inclus dans la présente invention.

De plus, les amides de formule générale V sont des produits intermédiaires nouveaux qui font, a ce titre,
partie de la présente invention.

Les matidres premiéres de formules i, Il et IV sont soit des produits connus, soit des produits préparés
a partir de composés connus selon des procédés connus, comme précisé dans les exemples ci-apras.

Les dérivés de formule générale | donnent des sels avec les acides physiologiquement tolérables. Ces
sels sont également inclus dans la présente invention.

Les dérivés de la présente invention possadent des propriétés phamacologiques et thérapeutiques inté-
ressantes. En effet, les essais pharmacologiques ont démontré que les composés de l'invention se comportent,
in vitro et in vivo, comme des ligands trés puissants et trds sélectifs des récepteurs de la sérotonine SHTa
avec une activité antagoniste de ce neurotransmetteur au niveau du systdme nerveux central, démontrée par
I'étude pharmacologique ci-aprés exemplifiée.

Cette activité permet I'utilisation des dérivés de la présente invention dans le traitement des maladies du
systéme nerveux central, notamment de I'anxiété, la douleur, la dépression, la psychose, la schizophrénie, la
migraine, les troubles de la cognition, le stress et I'anorexie et des maladies neuroendocriniennes comme le
diabéte. -

La présente invention a également pour objet les compositions pharmaceutiques contenant comme prin-
cipe actif un dérivé de formule générale 1 ou un de ses sels physiologiquement tolérables, mélangé ou associé
a un excipient pharmaceutique approprié, comme par exemple, le gluoose le lactose, le talc, I'éthylcellulose,
le stéarate de magnésium ou le beurre de cacao.

Les compositions pharmaceutiques ainsi obtenues se présentent généralement sous forme dosée et peu-
vent contenir de 0,1 &4 100 mg de principe actif. Elles peuvent revatir, par exemple, la forme de comprimeés,
dragées, gélules, suppositoires, solutions injectables ou buvables et 8tre selon les cas, administrées par voie
orale, rectale ou parentérale & la dose de 0,1 & 100 mg de principe actif 1 & 3 fois par jour.

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) :

N CH2 — N
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On mélange 4 g (16,4.10-2 mole) d'iodure de (benzocyciobutan-1-yl)méthyle, 3,61 g (16,4.10 mole) de
N-(benzodioxan-5-yl}- piperazine, 6,95 g (65,5.10-3 mole) de Na,COs et 100 ml de méthylisobutylcétone ; et
chauffe le tout a reflux que I'on maintient pendant 24 heures sous agitation. On concentre le mélange réac-
tionnel & I'évaporateur rotatif, reprend le concentrat par CH,Cl,. Aprés lavage & I'eau, on extrait la phase orga-
nique avec une solution nomale d’acide chlorhydrique. On alcalinise la phase aqueuse puis I'extrait au CH,Cl,.
Aprés séchage et concentration on obtient 4,4 g d'une huile que I'on cristallise dans I'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 ;
1H (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. A

La N-(benzodioxan-5-yl)-pipérazine de départ a été préparée selon 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 (19563), 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-yl)éthyi]pipérazine (R,S) et son dichlorhydrate P.F.
(M.K) : 215-226°c (avec sublimation & partir de 192°C) (Rendement : 56 %), & partir du bromure de 2-(ben-
zocyclobutan-1-yl)éthyle (lui-méme préparé a partic de I'alcool correspondant comme décrit dans la
demande de brevet frangais déposée le 7 novembre 1989 sous le n° 89.14571) et de la N-(benzodioxan-
5-yl) pipérazine, en présence de Na,CO; par chauffage a reflux dans la méthylisobutylcétone pendant 8
heures.

3) La 4-[benzo(1,5)dioxépin-6-yi}-1-{2-(benzocyciobutan-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-yi)éthyl] 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, elle-méme préparée, avec un rendement de 49 %, selon la
méthode décrite dans J. med. Chem (1988) 31, 1934 A partir du chlorhydrate de di-(2-chloroéthyl)amine
et du chlorhydrate de 7-aminobenzofurane lui-méme obtenu par réduction du 7-nitrobenzofurane.

Ce demier a été préparé a partir du 2-éthoxycarbonyl-7-nitrobenzofurane lui-méme obtenu a partir du 2-
hydroxy-3-nitro benzaldéhyde lui-mé&me formé par nitration du 2- hydroxybenzaldéhyde.

5) La 4-(benzodioxan-5-yl)-1-{2-(3-chlorobenzocyclobutan-1-yl)éthyl] pipérazine (R,S) et son dichlorhy-
drate P.F.(M.K) : 207-211 °C (cyanure de méthyle) & partir du bromure de 2-(3-chlorobenzocyclobutan-1-yl)
éthyte (huile Eb/o,y mmHg : 80 °C) et de la N-(benzodioxan-5-yl) pipérazine (Rendement : 54 %).

Le bromure de 2-(3-chlorobenzocyclobutan-1-yl)éthyle a 6té préparé a partir de I'acide (3-chlorobenzocy-
clobutan-1-yl) carboxylique, qui, traité par LIAIH, puis le chlorure de tosyle, donne le tosylate de (3-chio-
robenzocyclobutan-1-yl)méthyle P.F (K) : 60-62 °C (Rendement : 84 %), lequel traité par le cyanure de
sodium dans le diméthylsulfoxyde, puis par Phydroxyde de potassium dans une solution aqueuse d'éthanol
et enfin réduit en acide (3-chlorobenzocyciobutan-1-yl) méthyl carboxylique, P.F (K) : 94-96 °C, lequel est
alors traité par LIAIH, puis PBr; dans le benzéne pour donner le 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) :

/N
N CHp — N N

N/

o} 0
\ /
(CH2)3

On mélange 4 g (13,8.10-2 mole) de tosylate de (benzocyclobutan-1-yl)méthyle, 3,3 g (13,8.10- mole) de
N-benzo(1,5)dioxépin-6-yl)pipérazine, 3,9 mi (27,6.10-3 mole) de triéthylamine et 50 m! de toluéne : et chauffe
le tout a reflux que 'on maintient pendant 24 heures. On concentre le mélange réactionnel 4 I'évaporateur rotatif
et reprend le concentrat par H,O et CH,Cl,. On extrait la phase organique avec une solution normale d’acide
chlorhydrique. On alcalinise la phase aqueuse puis I'extrait au CH,Cl,. Aprés séchage, on obtient 2,1 g d’'un
solide que I'on dissout dans 20 ml d’éthanol. A cette solution éthanolique on ajoute 1,7 mi d*éther chlorhydrique
3,5 N et abandonne le tout au réfrigérateur pendant 48 heures. Le précipité formé est filtré, 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 & partir de 190°C), Rendement : 37 %, qui a ét4 chromatographié sur cou-
che mince (solvants : chlorure de méthyléne-méthanol, 95-5).

De la méme fagon ont été préparés les dérivés objets des exemples 7 & 10.

Exemple 7-10 :

7) La 4-(benzodioxan-5-yi)-1-(indan-2-yl)pipérazine, P.F. (M.K.) : 168-171°C, & 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-y1)-1-[4-(benzocyclobutan-1-yl)butyi] pipérazine (R,S) et son fumarate P.F (M.K) :

180-183 °C (éthanol), & partir du mésylate de 4-(benzocyclobutan-1-yi)butyle (huile) et du dichlorhydrate

de N-(benzodioxan-5-yl)pipérazine. (Rendement : 44 %).

Le mésylate de 4-(benzocyclobutan-1-yl) butyle a lui-mé&me été préparé, avec un rendement de 96 %, en
traitant le 4-(benzocyciobutan-1-yl)butanoi (huile) par CH,SO,Cl en présence de triéthylamine dans le chlorure
de méthyléne.

9) La 4{benzo(1,5)dioxépin-6-yl]-1-(indan-2-yl)pipérazine, P.F (M.K) : 138-140 °C, & 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-yl)-1-(indan-2-yl)pipérazine, P.F (M.K) : 162-163 °C (acétonitrile) & 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 été obtenue a partir du dérivé nitré correspondant selon Archiv. der Pamazie,
(1963), 296 (6), 365-369 ; :
lequel dérivé nitré a lul-méme é6té préparé & partir de I'o-hydroxybenzaldéhyde, selon Fort. Hase Papers (1975),
6 (2), 109-118.
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Exemple 11 :

4-(Benzodioxa n-5-y1)-1-[(3-chlorobenzocyclobutan-1-yl)méthyl] pipérazine (R,S)

/N
CHp — N N
__/
0 0

n__/

Cl
/
NN

a) premiére étape :

A 0,1 mole d'acide (3-chlorobenzocyciobutan-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 3 goutte rapide, 0,1 mole de N-(benzodioxan-5-yl)pipérazine
en solution dans 50 ml de chlorure de méthyléne. On laisse en contact sous agitation durant une nuit. Puis on
évapore, reprend le résidu a I'éther, extrait la phase organique avec une solution normale d’acide chlorhydrique,
puis alcalinise les phases aqueuses 2 froid.

Aprés évaporation et chromatographie de I'huile résiduelle (solvants : chlorure de-méthyléne-acétate
d’éthyte, 90-10), on obtient la 4-(benzodioxan-5-yl)-1-{(3—chlorobenzocyclobutan—1-yl)carbonyl] 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 4 6,5 ppm (d) ;
1H, 4,5 ppm (m) ; 4H, 4,25 4 4 ppm (m) ; 4H, 3,85 ppm ;

2H, 3,85 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 le n° 90.403145.7, & partir-du 3-chloro-1-
cyanobenzocyclobutane lul-mé&me décrit dans le brevet européen 119.107.

b) deuxiéme étape

-A une suspension de 0,1 mole d’hydrure de lithium aluminium dans 50 m! de tétrahydrofurane, on coule
goutte a goutte, sous atmosphere d*azote, 0,1 mole de 4-(benzodioxan-5-yl)-1-[(3-chlorobenzocyclobutan-1-
yl)carbonyl] pipérazine (R,S), préparée comme ci-dessus décrit, dans 100 mi de tétrahydrofurane. On laisse,
une nuit, sous agitation, & température ambiante. On décompose, au bain de glace, par H,O : 2,6 m|, NaOH
420%:2,1ml et H,0: 9,5 ml.

On filtre le précipité, évapore le filtrat. On chromatographie I'huile résiduelle sur silice fine en éluant avec
le systéme : CH,Cl, CH,OH (95-5) pour obtenirla 4-(benzodioxan-5-yl)-1-{(3-chlorobenzocyclobutan<1-yl)mé-
thyl] pipérazine (R,S), avec un rendement de 72 %.

- RMN (solvant : CDCl,) :

3H, 7,2 4 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 a 3,25 ppm (m) ;
4H, 3,1 ppm (m) ; 6H, 3 4 2,7 ppm (m).

Une solution de 0,05 mole de la base ainsi obtenue dans 20 ml d’éther est maintenue sous agitation pen-
dant 15 minutes avec 10 ml d'acide chlorhydrique normal. Puis on filtre, rince a I'éther et recristallise de I'eau
le chlorhydrate de 4-(benzodioxan-5-yl)-1-[(3-chlorobenzocyclobutan-1-yl)méthyl] pipérazine (R,S), P.F. (K):
> 260°C avec sublimation. (Rendement : 30 %).

Exemples 12 4 29 :

En apérant comme décrit dans I'exemple 11, ont été préparés les dérivés objets des exemples ci-aprés :
12} La 4-(benzodioxan-5-yl)-1-{(3-fluorobenzocydobutan-1 -yl)méthyl] pipérazine (R,S) et son chlorhydrate

7
Page 279



10

15

20

25

55

EP 0490 772 A1

P.F. (K) : 254-256°C avec sublimation, par réduction de la 4(benzodioxan-5-yl)-1-{(3-fluorobenzocyclobu-
tan-1-yl)carbonyl] pipérazine (R,S), (Rendement : 48 %), elle-méme préparée avec un rendement de 40
%. a partir de I'acide (3-fluorobenzocyclobutan-1-yl)carboxylique [lui-méme préparé selon la méthode
décrite dans Tetrahedron (1974), 30, 1053, & partir de la 3-fluorobenzaldéhyde] et de la N-(benzodioxan-
S5-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-mé&me préparée avec un rendement de 37 %, & partir de I'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-yi}-1-[(indan-2-yl)carbonyl] pipérazine, P.F. (K) : 160-162°C (Rende-
ment : 43 %), elle-mé&me préparée avec un rendement de 37 %, & partir de I'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)carbonyl] pipérazine (Rendement : 70 %), elle-méme préparée avec
un rendement de 41 %, & partir de I'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-méthoxybenzocyciobutan-1-yl)éthyl} pipérazine (R,S) (produit huileux)
et son chlorhydrate 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-mé&me préparée, avec un ren-
dement de 72 %, a partir de lacide 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 correspondant, lequel est obtenu, avec un ren-
dement de 97 % & partir du tosylate correspondant, lui-méme préparé, avec un rendement de 76 %, a partir
de I'alcool correspondant et 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-mé&me préparée, avec un rendement
de 51,5 %, & partir de I"acide 2-(4,5-diméthoxybenzocyclobutan-1-yl)acétique, et de la N-(benzodioxan-5-
yl)pipérazine.

L'acide 2-(4,5-diméthoxybenzocyclobutan-1-yl) acétique, P.F. (K) : 136-139°C, a lui-méme été obtenu,
avec un rendement de 96 %, selon la méthode décrite dans J.A.C.S. (1975), 347, partir du nitrile corres-
pondant, P.F. (K) : 110-112°C.

18) La 4-(benzodioxan-5-yl)-1-[2-(ind-1-én-1-yl)éthyl]pipérazine et son chiorhydrate P.F (K) : 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 I'acide 2-(ind-1-én-1-yl)acétique [P.F (K) : 92-94
°C] et de la N-(benzodioxan-5-yl)pipérazine. '

L'acide 2-(ind-1-én-1-yl)acétique a &té 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-yliddne)acétats d'éthyle, luirméme
préparé avec unrendement de 48 % a partir d’indan-1-one et de (C¢Hs)s P=CH-COOC,H; dans le toluéne.
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)-14{2-(5,6-diméthoxyindan-1-yl)acé-
tyllpipérazine (Rendement : 25 %), elle-mé&me préparée, avec un rendement de 98 %, & partir de I'acide
2-(5,6-diméthoxyindan-1-yl)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 été préparé avec un rendement de 79 % & partir de I'ester
éthylique correspondant (huile) lequel a été obtenu avec un rendement de 97 % a partir du 2-(5,6-dimé-
thoxyindan-1-ylidéne)acétate d’'éthyle, lui-méme préparé avec unrendement de 25 % a partir de 5,6-dimé-
thoxyindan-1-one et de (CgHs); P=CH-COOC,H; dans le toludne.

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-5-yi)-1-[2<{indan-2-yl)acétyllpipérazine (huile) (Rendement : 64 %) elle-mé&me préparée,
avec un rendement de 90 % 2 partir de I'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 I'ester éthylique commespondant (huile) lequel a été
obtenu avec un rendement de 98 % par hydrogénation du 2-(indan-2-ylidéne)acétate d'éthyle (huile), lui-
méme préparé avec un rendement de 74 % a partir d'indan-2-one et de (CgHs)s P=CH-COOC,H; dans le
toludne. :
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21)La 4-(benzofuran-7-yl)-1-[3-(benzocydobutan—1-yl)pmpyl]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 -y)propionyl]pipé-
razine (huile) (Rendement : 47 %), elle-méme préparée, avec un rendement de 57 %, a partir de I'acide
3-(benzocyclobutan-1-yi)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-yI)éthyI]pipérazine (R,S) et son chlorhydrate P.F (K) : 220-222
°C, par réduction de la 4-(benzodioxan-5-yt) 1-[2-(indan-1-yl)acétyl]pipérazine (Rendement : 44 %), elle-
méme préparée, avec un rendement de 75 %, a partir de I'acide 2-(indan-1-yl)acétique et de la N-(benzo-
dioxan-5-yl)pipérazine.

23) La 4-(benzodioxan-5-y1)-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-y|)—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
(huile) et de la N-(benzodioxan-5-yi)pipérazine.

L'acide 3-(indan-1-yl)propionique a &té préparé comme suit : 27 g d’ester méthylique de I'acide 1-indane
carboxylique [obtenu selon la méthode de F.M Nongrun et B. Myrboh, Synthesis (1987) 9, 845-846), dans
200 m! d’hydroxyde de sodium et 200 mi d'éthanol, sont agités une nuit & température ambiante. Aprés
acidification a I'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 2 température ambiante.
Aprés hydrolyse par 1,07 ml d"eau puis 0,86 ml d’hydroxyde de sodium a 20 %, et enfin 4 mi d’eau, éva-
poration du solvant, le résidu est distillé au Kigelrohr. On obtient 4,3 g de 1-indane méthanol (huile-Eb/g o5
mmHg : 70-75 °C) (Rendement : 58 %).

10 g de cet alcool et 19 g de p-toludne sulfochlorure sont agités dans 80 ml de pyridine pendant 18 heures.
Aprés évaporation du solvant, le milieu est lavé a P'eau et extrait & CH.Cl,. 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'éthano! sont ajoutés au mélange de 3,2 g de malonate
de diéthyle lui-méme ajouté goutte a goutte & une solution d"éthylate de sodium obtenue & partir de 0,46
g de sodium dans 10 m! d’éthanol. Le milieu réactionnel est alors amené et maintenu au reflux pendant
18 heures. Aprés dilution a I'acide chlorhydrique, on extrait le produit & I'acétate d'éthyle et le purifie sur
colonne de silice en éluant avec CH,Cl./cyciohexane (40/60). On obtient ainsi, avec un rendement de 56
%, I'ester éthylique de I'acide 3-(indan-1-yl)-2-éthoxycarbonyl propionique.

On porte a reflux 2,3 g de cet ester dans 5 ml d’eau et 2,5 g d’hydroxyde de potassium pendant 2 heures.
Aprés acidification par HCI, on obtient 1,8 g d'acide 3-(indan-1-yl)-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.
On obtient, aprés dilution A I'eau et extraction a I'éther, 1,3 g d'acide 3-(indan-1-yl)propionique sous forme
d’huile, avec un rendement de 89 %.

24) La 4-[benzo(1 »5)dioxépin-6-yi}-1 -[3-(benzocyclobutan-1-yi)propyi] pipérazine (R,S) et son chlorhydrate
P.F (M.K) : 262-265 °C, par réduction de la 4-[benzo(1,5)dioxépin-6-yl}-1-[3-(benzocyclobutan-1-yl) propio-
nyllpipérazine (huile) (Rendement : 37 %), elle-méme préparée avec un rendement de 30 % & partir de
I'acide 3-(benzocyclobutan-1-yl)propionique et de la N-benzo(1,5)dioxépin-8-yl]pipérazine.

25) La 4-(benzodioxan-5-yl)-1-[3-(indan-2-yl)propyl]pipérazine et son chlorhydrate P.F (K) : 210 °C, par
réduction de la 4-(benzodioxan-5-yt)-1-{3-(indan-2-yl)propionyi]pipérazine {Rendement : 50 %), elle-méme
préparée avec un rendement de 86 % & partir de I'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 % & partir de I"acide 3-(indan-
2-yl)-2-carboxy propionique, lequel a été préparé, avec un rendement de 44 %, & partir du diéthyl ester
correspondant, qui est lui-mé&me obtenu, avec un rendement de 69 %, & partir du mésylate d’(indan-2-yi-
)éthyle et du di(éthoxycarbonyl)méthane.

26) La 4-(benzodioxan-5-yl)-1 -3-(3-chlorobenzocyclobutan-1-yl) propyl] piperazine (R,S) et son dichior-
hydrate P.F (M.K) : 223-226 °C, par réduction de la 4-(benzodioxan-5-y{}-1-[3-{3-chiorobenzocyclobutan-
1-yl)propionyl]pipérazine P.F (K) : 135-140 °C (Rendement : 84 %) elle-mé&me préparée, avec un
rendementde 74 %, & partir de I'acide 3-(3-chlorobenzocydobutan-1-yl)propionique (huile) et de la N-(ben-
zodioxan-5-yl)pipérazine.

L’acide 3-(3-chlorobenzocyclobutan-1-yl)propionigue a été préparé, avec un rendement de 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 correspondant lui-mé&me obtenu, avec un ren-
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dement de 30 %, & 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-yl) éthyl] pipérazine (R,S) et son chlorhy-
drate P.F instantané : 250-252 °C (acétonitrile) parréduction de la 4-(benzodioxan-5-yi)-1-[2-(1,2,3,4-tétra-
hydronaphtalén-1-yl)acétyllpipérazine . elle-méme préparée a partir de I'acide
(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 luirméme été préparé a partir du 1-éthoxycarbonyl-
méthyl 1,2,3,4-tétrahydronaphtaléne lequel est obtenu a partir du 1-éthoxycarbonyiméthyl 3,4-dihydro-
naphtalene [cf. J. Chem. Soc. (1960), 4115-4120], Iuviméme préparé a partir de
1,2,3,4-tétrahydronaphtalén-1-one.

28) La 4-(benzodioxan-5-yl}-1-[2-(benzocycloheptan-1-yl)éthyilpipérazine (R,S) et son dichlorhydrate P.F
(M.K) : 179-186 °C, par réduction de la 4-(benzodioxan-5-yl)-1-(2«(benzocycloheptan-1-yl)acétyl]pipéra-
zine, elle-méme préparée a partir de I'acide (benzocycloheptan-1-yl)acétique et de la N-(benzodioxan-5-
yl)pipérazine. '

L'acide {(benzocycioheptan-1-yl)acétique a été préparé a partir de 1-éthoxycarbonylméthyl benzocyclohep-
tane, lui-mé&me préparé a partir de benzocycloheptan-1-one.

29) 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-mé&me préparée A partir de I'acide (benzocyclohept-1-én-1-yl)acétique et de la N-(benzodioxan-
5-yl)pipérazine..

L'acide (benzocyclohept-1-én-1-yl)acétique a été préparé a partir du 1-éthoxycarbonylméthyl benzocyclo-
hept-1-&ne, lui-mé&me préparé 2 partir de benzocycloheptan-1-one traité par

0
1]

(C2H50)2 -P~CH2-CO0C2H5

et NaH dans le tétrahydrofurane, puis séparation des deux isomeéres exocycdliques insaturés cis et trans
également formés, en opérant par chromato-flash sur silice en éluant avec le toluéne.

Exemplo 30 :

ETUDE PHARMACOLOGIQUE

Les dérivés de la présente invention ont été étudiés comparativement & 1a Buspirone, produit de référence
connu & titre de ligand des récepteurs sérotoninergiques 5 HT a.

A) Méthodologile :

Les essais ont été réalisés sur des rats Wistar males de 200 a 220 g ayant libre accés a leur nourriture et
&'leur eau de boisson, dans des cages standards.

Les animaux sont isolés individuellement pour les essais d’hypothermie, de secrétion de corticostérone et
de position affaissée du corps (Flat Body Posture) ou réunis par goupes de trois pour le test des battements
de la queus (Tail-Flicks).

La température du laboratoire est maintenue a 21 + 1 °C sous une humidité de 60 + 5 %. s sont soumis
& un cycle lumiére/obscurité de 12 heures/12 heures (le cycle lumiére commengant & 7 h 30 du matin).

1) Etude in vitro - Test de Binding;

LUhippocampe issu des cerveaux de rats décapités a 6té immédiatement congélé sur glace carbonique puis
conservé a - 80 °C jusqu'a la préparation des membranes. Le tissus a ét6 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 été définie par 10 pmole de 5
HT. Les essais ont été terminés par filtration rapide a 'aide d’un collecteur de Brande! sur des filtres en fibre
de verre prétraités avec 0,1 % de polyéthyiéne imine.

- Pour chaque ligand froid, on a pris en compte un minimum de 3 valeurs produisant une inhibition entre 20
et 80 % de la liaison du ligand chaud. Les valeurs de concentrations inhibitrices 50 (ICso) ont été déterminées
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selon le procédé 8 de Tallarida R.J et Murray R.B., Manual of Phammacological calculations with computer pro-
grams, Springer Cerlag, New York, (1987). :
Le pKi a été calcuilé selon la fomule :

ICs0

PKi = - log | — 7%

1+[L)/Kd

dans laquelle [L] est la concentration du ligand chaud ([13]H-8-OH-DPAT, 0,4 nM) et Kd est la constante de
dissociation apparente déterminée 2 partir des expériences de saturation.
Les substances étudiées ont été solubilisées dans le tampon d’incubation.

2) Etude in vivo
a/ Processus généralvé‘o}tcemant les tests d'activités agonistes et antagonistes sur les récepteurs 5HT,,.

Les composés 2 étudier ont été administrés par voie sous-cutanée (s.c) 60 minutes avant le début du test
c'est & dire 30 minutes avant le solvant (réponses agonistes) ou le 8-OH-DPAT (réponses antagonistes).

Dans tous les essais le solvant est utilisé en paralléle comme contréle. Les animaux ont &té 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 ml/kg s.c. 30 minutes avant le début du test. Pour les études antagonistes, on
a choisi des doses de 8-OH-DPAT induisant des réponses sous-maximales soit des doses de 0,63-0,16-0,16
et 0,16 mg/kg s.c. respectivement pour les 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 mé@mes animaux ont été employés pour évaluer I'influence des composés étudiés sur le FBP et sur la
détermination de la concentration plasmatique de CS. Tous les essais ont 6té réalisés le matin entre 10 h 30
et 12 h 30, soit lorsque les taux circadien de CS sont les plus faibles.

25 minutes aprés le traitement (soit 5 minutes avant la décapitation) les animaux sont observés dans leurs
cages et on note la présence ou non de FBP.

La présence de FBP est définie par une position caractéristique de I'animal. Celui-ci est alors en position
de decubitus ventral avec les membres postérieurs nettement en extension. 5 minutes aprés I'observation de
FBP, les animaux sont décapités et le sang du tronc est recueilli dans des tubes refroidis contenant 50 wl d'une
solution de EDTA & 10 % . Aprés centrifugation 4 4000 tours/mn, le plasma est prélevé et conservé a - 30 °C
jusqu'au dosage.

La CS a été déterminée en utilisantun dosage radio-compétitif pour une protéine plasmatique fixant la CS :
la trancortine. Celle-ci est obtenue a partir d'un sérum de singe. La séparation des complexes CS-transcortine
de la CS libre a été réalisée au moyen d'une solution de Dextran et de charbon-actif. La limite de détection
était de 50 pgftube. Les variations de dosage intra- et inter-expériences étaient respectivement de 5 et 15 %
[cf Rivet J.M. et al, Eur. J. Pharmacol., 183, 634-635 (1990)].

Les taux de base de CS dans le plasma n"étant jamais zéro, on a utilisé, pour calculerle pourcentage d'inhi-
bition de CS plasmatique induite par 8-OH-DPAT, la formule suivante :

- e (Antagoniste + Agoniste)- Antagopiste seul
% d'inhibition = 100x (Solvant + Agoniste)-Solvant Sim

¢/ Température corporelle (CT)

Les rats sont immobilisés et un thermomatre digital lubrifié (Thermistoprobe de Testotherm, Bale, suisse)
est inséré dans le rectum a une profondeur de 5 cm. 30 secondes apreés l'insertion, la température est lue sur
une échelle digitale. Le pourcentage d’inhibition est calculé a I'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 dans des cylindres en plastique

opaque horizontaux, la queue des animaux pendant librement sur le bord de la 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 3 un niveau supérieur  celui de I'axe du corps [Millan M.J. et al., J. Pharmacaol.
Exp. Ther., 256, 973-982 (1990)).

e/ Analyse des résultats in vivo

- En général, aprés analyse de variance, les résultats sont soumis au test de Dunett. Les résultats sont
tenus pour significatifs si p<0,05. ‘

- Pourl'analyse des courbes dose-réponse concernant!’induction des STF, CS et Hypothermie, on a déter-
miné la dose efficace minimale (M.E.D) en mg/kg, c'est a dire la dose qui induit une réponse significative-
ment différente de celle produite par le solvant.

- Pourl'analyse des courbes dose-réponse concernantl'inhibition de STF, CS, et Hypothermie, les valeurs
IDso -en mg/kg (dose réduisant de 50 % I'action de 8-OH-DPAT) ont été calcutées ainsi que les limites de
confiance & 95 % en utilisant une méthode inspirée de la méthode de Finney (1 964).

— Pour la dose-réponse d'induction et d'inhibition du FBP, les doses efficaces 50 (EDs,) (doses pour les-
quelles 50 % des animaux montrent une réponse) ont été calculées par la méthode de Litchfield et Wil-
coxon. :

f/ Composés étudiés

Les doses des composés testés sont toutes exprimées en terme de base. Sauf mention contraire, tous les

composés ont 6té dissous dans de l'eau stérile (additionnée si nécessaire de quelques gouttes d'acide lactique)
et administrés a un volume de 1 ml/kg s.c.

B) Résultats :

Les résultats sont regroupés dans les tableaux 1 et 2 ci-apras.
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Tableau 1

-

Binding des récepteurs 5 HT,

MOLECULE AP(F:KNiI)TE
Produit de référence: 7,93
BUSPIRONE
Exemple 1 8,74
Exemple 2 9,21
Exemple 3 8,94
Exemple 4 8,85
Exemple 5 8,65
Exemple 7 8,75
Exemple 8 8,80
Exemple 9 8,42
Exemple 12 8,75
Exemple 13 9,35
Exemple 14 8,47
Exemple 15 8,70
Exemple 16 8,85
Exemple 17 8,46
Exemple 18 9,09
Exemple 19 8,83
Exemple 20 9,18
Exemple 21 8,55
Exemple 22 8,80
Exemple 23 9,21
Exemple 24 9,10

13
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C) Conclusion :

L'examen des résultats repertoriés dans les tableaux 1 et 2 montre que les composés de la présente inven-
tion ont un comportement antagoniste des récepteurs 5HT,, contrairementala buspirone qui, bien que se fixant
également sur fes récepteurs SHT 1A, a un comportement agoniste.

D'ot I'intérét des composés de la présente invention dans le traitement des maladies du systéme nerveux
central et des maladies neuroendocriniennes.

Revendications

1) Les pipérazines 1,4-disubstituées de formule générale | : bio e'a\',
(1)
X2 o) B
NA 7

X3

dans laquelle :
=Xy, Xaet Xs:

- identiques ou différents, représentent chacun : un atome d’hydrogéne ou d’'halogéne, un radical atkyle
en chaine droite ou ramifiée contenant de 1 2 5 atomes de carbone, un radical hydroxy, un radical alcoxy
ou alkyithio 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
- deuxd’entre eux pris en position adjacente forment ensemble un radical méthylénedioxy ou un radical
éthylénedioxy ;

— Ry représente un atome d’hydrogéne ou un radical alkyle en chaine droite ou ramifiée contenant de 1 &

§ atomes de carbone ;

—--D = E-représente : -(CH,),~(CH,)- ou -CH=CH-

— m et n représentent chacun les valeurs zéro, un, deux ou trois a condition que m + n soit = 1.
- p représente zéro ou un nombre entier de 1 & 6, et

- -A-B- représente un des radicaux de formule :

-(CH2)z-0- ; -(CH)3-0- ; -CH=CH- ; -CH,-CH- et

we-n r'.-.»AJ

~C-CH=CH- SN
0

sous formes racémiques et optiquement actives.

2) Les sels physiologiquement tolérables des dérivés de la revendication 1 avec des acides appropriés.

3) La 4~(benzodioxan-5-yl)-1-(2-(benzocyclobutan-1-yl)éthylpipérazine (R,S) et son dichlorhydrate.

4) La 4-(benzodioxan-5-yl)-1-(2-(3-chlorobenzocyclobutan-1-yl)éthyl] pipérazine (R.S) et son dichlorhy-
drate.

5) La 4-(benzodioxan-5-yl)-1-(indan-2-yl)pipérazine.

6) La 4-(benzodioxan-5-yi)-1-(4-(benzocyclobutan-1-yl)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)éthyllpipérazine et son chiorhydrate.

9) La 4{benzodioxan-5-yl)-1-(2-(indan-1-yl)éthyl]pipérazine (R,S) et son chlorhydrate.

10) Le procédé de préparation des dérivés de la revendication 1 caractérisé en ce que I'on condense :

— une pipérazine N-monosubstituée de formute générale Il :

15
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(I1)

dans laquelle le groupe -A-B- a la signification définie dans la revendication 1,
-~ avec un dérivé de formule générale Il :

- X1 DX(CHZ)p“x
X2 NE
(CH2)mXR1 : - I
X3

dans laquelle :

- Xy, X2, X3, Ry, - D — E-, m et p ontles 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 I'on effectue la condensation
des dérivés Il et lll dans un solvant approprié, a une température comprise entre 20 et 150°C, en présence
d'un accepteur de I'acide formé au cours de la réaction.

12) Le procédé de préparation des dérivés de la revendication 1 répondant A la formule générale I’ :

X3 (CH2)p'— N N
P3 __/
X2 >g‘l-: o (1)
X ~ e
X3

dans laquelle :

— X4, X2, Xas Ryy - D — E -, m et -A-B- ont les significations définies dans la revendication 1, et
— p’ représente un nombre entier de 1 A 6,
caractérisé en ce que :
- I'on condense :
— la pipérazine N-monosubsituée de formule générale 1l définie dans la revendication 10, avec
— un dérivé de formuie générale IV ;

X1 D‘X(CHZ)p'_] — COOH
X2 WE
K (1v)
X3
16
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dans laquelle ;
= X4y X2, X3, Ry, - D — E -, metp’ ontles significations précédemment définies ; et
— I'on réduit I'amide ainsi obtenue de formule générale V:

/TN
X1 p. CH2p'y —co—n N

X2 "E

(CH2)m " R4 ~Na 7 (v)
X3 :

dans laquelle
- X1 X2, Xa, Ry, -D — E-,m, p’ et -A-B- ont les significations précédemment définies.

13) Le procédé de préparation sefon larevendication 12 caractérisé en ce que I'on effectue ia condensation
des dérivés Il et IV dans le chlorure de méthyléne en présencé de carbonyldiimidazole. :

14) Le procédé de préparation selon la revendication 12 caractérisé en ce que I'on effectus 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 & 9 avec des excipients pharmaceutiques appropriés.

16) Les compositions pharmaceutiques selon la revendication 15, présentées sous une forme convenant
notamment pour le traitement des maladies du systéme nerveux central et des maladies neuroendocriniennes.

17) A titre de produits intermédiaires nouveaux utilisables dans la synthése des dérivés I, les amides de
formule générale V :

‘ £\
X1 o. (CH2)p'_y —co—n N

X2 "E

(CHZ)m R‘l ~ (V)

X3
dans laquelle :
- Xy, X2, X3, Ry, -D = E-.m, p’ et -A-B- ont les significations définies dans la revendication 12.
Revendications pour I’Etat contractant sulvant : ES

1) Le procédé de préparation des pipérazines 1,4-disubstitudes de formule générale | : 4

N\
g (1)
X2 >< o 8
(CH2)m "N g, e
X3

dans laquelle :
- X1. X2 et X3 :
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— identiques ou différents, représentent chacun : un atome d’hydrogéne ou d’halogéne, un radical alkyle
en chaine droite ou ramifiée contenant de 1 a 5 atomes de carbone, un radical hydroxy, un radical alcoxy
ou alkylthio contenant chacun de 1 & 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 adjace nte forment ensemble un radical méthylénedioxy ou un radical
éthyiénedioxy ;
- R, représente un atome d’hydrogéne ou un radical allyle en chaine droite ou ramifiée contenant de 1 2
5 atomes de carbone ;

-~ D = E-représente : {CH,),-(CH,)- ou -CH=CH-

- m et n représentent chacun les valeurs zéro, un, deux ou trois 4 condition que m +.n soit = 1.
— p représente zéro ou un nombre entier de 1 3 6, et

- -A-B- représente un des radicaux de formule :

-(CH2)2-O- ; {(CH)3-O- ; -CH=CH- ; -CH,-CH,- et

-C-CH=CH- .
n
o)
sous formes racémiques et optiquement actives,
ainsi que leurs sels physiologiquement tolérables avec des acides appropriés,

caractérisé en ce que I'on condense :
— une pipérazine N-monosubstituée de formule générale Il :

(11)

dans laquelle le groupe -A-B- a la signification précédemment définie ,
— avec un dérivé de formule générale Il :

X2 NE
II
(CHZ)me (111)
X3

dans laquelle : .

- Xy, X2, X3, Ry, - D — E -, m et p ont les significations précédemment définies ,
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 donner les 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 |l et lll dans un solvant approprié, a une température comprise entre 20 et 150°C, en présence
d’un accepteur de I'acide formé au cours de la réaction.

3) Le procédé de préparation des dérivés (1) répondant & la formule générale I :

18
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VAR
X ) (CH2)p'— y N
"E (1)
0 B

(CH2)m "N g, a7

5 X2

X3

10
dans laquelle :

= X4 X2, X3, Ry, -D === E -, met-A-B-ont les significations définies dans la revendication 1, et
— p’ représente un nombre entier de 1 a 6,
15  caractérisé en ce que :
~ I'on condense :
- la pipérazine N-monosubsituée de formule générale Il définie dans la revendication 1, avec
- un dérivé de formule générale IV :

20

~
~

X2 A\
KE (1V)
25 (CHZ)m R‘]

X3

dans laquelle :
30 — X1, X2, X3, Ry, -D — E-,metp ontles significations précédemment définies ; et
- I'on réduit I'amide ainsi obtenue de formule générale V :

35 / \
X1 - (CH2)p' _y —co —n N

X2 "E

40 (CH2)m "N g, Na 7 (v)
X3 '

dans laquelle :
45 = 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 donner les sels
d’addition acides comrespondants.
4) Le procédé de préparation selon la revendication 3 caractérisé en ce que I'on effectue la condensation
des dérivés Il et IV dans le chiorure de méthyléne en présence de carbonyldiimidazole.
50 5) Le procédé de préparation selon la revendication 3 caractérisé en ce que I'on effectue la réduction de
Iamide V au moyen d'un hydrure double de lithium-aluminium dans un solvant approprié.
6) Le procédé de préparation des amides de formule générale V :

55
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X1 o (CH2)p' 4 —co—n N
X2 "E
(CH2)m R ~Na 7 (v)

X3

dans laquelle

- Xy X2, X3, Ry, - D — E-,m, p’ et-A-B- ont les significations définies dans la revendication 3,
caractérisé en ce que I'on condense les dérivés 1l et Ill commae inclus dans la revendication 3.

Revendications pour I’Etat contractant suivant : GR

1) Le procédé de préparation des pipérazines 1,4-disubstituées de formule générale | :

X2 SE (1)
X °o_ B
(CH2)m "™ g, ~a”
X3

dans laquelle :
- X1, Xz et & .
- identiques ou différents, représentent chacun : un atome d’hydrogéne ou d’halogéne, un radical

alkyle

en chaine droite ou ramifiée contenant de 1 & 5 atomes de carbone, un radical hydroxy, un radical alcoxy
ou alkylthio contenant chacun de 1 & § 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 atome d’hydrogéne ou un radical alkyle en chaine droite ou ramifiée contenant de 1

5 atomes de carbone ;

—-D = E - représente : {CH,),-(CH,)- ou -CH=CH-

— m et n représentent chacun les valeurs zéro, un, deux ou trois a oondmon que m + n soit = 1.
— p représente zéro ou un nombre entier de 1 4 6, et

— -A-B- représente un des radicaux de formule :

-(CH2)-0- ; -(CH2)5-0O-~ ; -CH=CH- ; -CH,-CH,- et

-C-CH=CH- .
"
0
sous formes racémiques et optiquement actives,
ainsi que leurs sels physiologiquement tolérables avec des acides appropriés,

caractérisé en ce que I'on condense :
— une pipérazine N-monosubstituée de formuie générale Il :

20
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0 B
~N a e

dans laquelle le groupe -A-B- a la signification précédemment définie ,
— avec un dérivé de formule générale Il :

x«] D (CH2)p—X
X2 NE
(Cﬂa)mxa, (I11)
X3

dans laquelle ;

- X1, X2, X3, Ry,-D— E-, met p ont les significations précédemment définies R
et
- X représente un atome d’halogane, ou un radical mésyloxy ou tosyloxy ;

- et si on le désire, on traite les dérivés | ainsi obtenus avec des acides appropriés pour donner les 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 1l et Ill dans un solvant approprié, a une température comprise entre 20 et 150°C, en présence
d’'un accepteur de I'acide formé au cours de la réaction.

3) Le procédé de préparation des dérivés (1) répondant A la formule générale I’ :

o D X(CH”P'— N N
X2 “E (I')
X o,
X3 .

dans laquelle ;

= X4, X2, X3, Ry, - D= E -, met-A-B- ont les significations définies dans la revendication 1, et
— P’ représente un nombre entier de 1 4 6,
caractérisé en ce que :
- I'on condense :
~ la pipérazine N-monosubsituée de formule générale Il définie dans la revendication 1, avec

— un dérivé de formule générale IV : )

21
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X1 p..  (CH2)p'_y — coon

~
a

x2 AN E
X (1v)

X3

dans laquelle :
= X4, X2, X3, Ry, - D == E -, m et p’ ont les significations précédemment définies ; et
~ I'on réduit 'amide ainsi obtenue de formule générale V :

_ , T\
X1 b .- (CH2)p' 4 —co —n N

. X \ /

X2 >

(CH2 ) R ~Na 7 (V)
X3

dans laquelle :
- X4, 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 donner les sels

d'addition acides correspondants.

4) Le procédé de préparation selon la revendication 3 caractérisé en ce que I'on effectue la condensation
des dérivés Il et IV dans le chlorure de méthyléne en présence de carbonyldiimidazole.

5) Le procédé de préparation selon la revendication 3 caractérisé en ce que I'on effectue la réduction de
I'amide V au moyen d’un hydrure double de lithium-aluminium dans un solvant approprié.

6) Le procédé de préparation des amides de formule générale V :

X1 o. (CH2)p' 3 —co—nN N

X2 "E

(CH2)m " Ry ~a” (V)
X3 :

dans laquelle ‘

= X4, X2, X3, Ry, - D= E -, m, p’ et -A-B- ont les significations définies dans la revendication 3,
caractérisé en ce que I'on condense les dérivés Il et Il comme inclus dans la revendication 3.

22
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PIPERIDINES AND PIPERAZINES

Summary of the Invention
The invention relates to novel piperidine and piperazine

derivatives of the formula I

VARREEY
Ind-Q- Z-R1 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-é6-yl or chromen-
4-on-6-yl, which is unsubstituted or monosubstituted by
CN, CH,OH, CH,0A or CORZ?, '

Q is C.H,.,
Z is N or CR?,
A is alkyl having 1-6 C atoms,

Hal is F, Cl1l, Br or I,

R2 is OH, OA, NH,, NHA or NA,,
R3 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 5-HTP in the nuclei raphes (Seyfried et
al., European 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: . g.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 di-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 COH,
F, €1, Br, I, CH,JNH,, CONHA or CONA,, where A preferably
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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,0H, -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, 2 is N and R! is 2,3-dihydrobenzofuran-5-yl;

in If, 2 is N and R! is chroman—6¥yl;

in Ig, Z 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 1Ig, 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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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,) ,-X? III
wherein
X? and X*
can be identical or different and are each X if X' = NBH,

or are together NH in other cases, and

2 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), v

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
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
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 dgroup is
converted into another Ind and/or Ar group, and/or in
that a resulting base or acid of the formula I 4is
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 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-1- 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
IITa hereafter). _

Some of the compounds of the formulae II and,
in particular, III are known; the unknown compounds of
the formulae IXI 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-chlor6-
ethyl)amine or bis(2-chloroethyl)ammonium chloride with
S~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 (X? and X*® = X in each case)
can be prepared; e.qg. by reducing diesters of the formula
alkylOOC-CH,~ZR!~CH,-COO-alkyl to give compounds of the
formula HO-CH,-CH,-ZR!-CH,-CH,0H (III, X? = X® = OH), this
being followed, if desired, by reaction with SOCl, or
PBr,.

, 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, isoprdpanol 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 II1Ia. The feaction time 1is be-
tween about a few wminutes and 14 days, depending on the
conditions wused, 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,
(V).

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 BN(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 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 T 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
VAR

Ind-L-N Z-R! Vi1
7
wherein
Ind’ is an Ind radical which can additionally be substituted
in the l-position by an arylsulfonyl group or an alkyl-
oxycarbonyl group,
L is Q or a chain which corresponds to the radical Q 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,),-C0O-], 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-X* VII

wherein

R!, Ind’, L and X' are as defined above,

under the conditions indicated above for the reaction of II
with IIT.
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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 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
aluminum-nickel alloy in aqueous-alkaline solution,
ethanol being added if necessary. Sodium amalgam or
aluminum amalgam in agueous-alcoholic or agueous 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
LialH,, NaBH,, - diisebutylaluminum 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.q.,
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 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 hydraziné 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 compouhds of the formula I. A

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 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 aryl-
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 pexr
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.qg.,
a carbodiimide such as dicyclohexylcarbodiimide or else
N-(3-dimethylaminopropyl)-N-ethylcarbodiimide, or pro-
panephosphonic anhydride (gq.v. Angew. Chem. 392, 129
(1980)), diphenylphosphoryl azide or 2-ethoxy-N-ethoxy-
carbonyl-1l,2~dihydroquinoline, in an inert solvent, e.qg.,
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 1is
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 1l-hydroxybenztriazole or
N-hydroxysuccinimide.

Furthermore, cyano-substituted indol-3-y1
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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
POCl, (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, ecitric
acid, gluconic acid, ascorbic acid, nicotinic acidg,
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
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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, creams'or
powders are used for topical administration. The novel
compounds can also be 1lyophilized 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. f

The compoundé 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 «-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 c¢f 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 whatsocever.

In the foregoing and in the following examples, all
temperatures are set forth uncorrected in degrees Celsius and
unless otherwise indicated, all parts and perxcentages 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 S0Cl,] and 1.9 g of

1-(2-hydroxymethylbenzofuran-5-yl)piperazine [obtainable

by reaction of N,N-bis(2-chloroethyl)amine with

2-hydroxymethyl-5-aminobenzofuran] are dissolved in

200 ml of acetonitrile and the mixture is stirred at room

temperéture for 10 hours. Customary working up gives

1-[4-(5-methoxyindol—3-y1)butyl]—4—(2—hydroxymethy1-

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-

benzofuranFS-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-ﬁ-yl)—
piperazine, m.p. 220-222°;

of 3-(4-chlorobutyl)-5-methoxyindole with l1-(chroman-

6-yl)piperazine: .
1-[4-(5-methoxyindol-3—yl)butyl]-4-(chroman-6-yl)-
piperazine, m.p. 129-130°;

of methyl 3-(4-chlorobutyl)~5-indolecarboxylate with

l-(chroman-6-yl)piperazine:
1—[4-(5—methoxycarbonylindol-3-yl)butyl]-4—(chroman—
6-yl)piperazine;

of ethyl 3-(4~-chlorobutyl)-5-indolecarboxylate with

l1-(benzofuran-~5-yl)piperazine:
l—[4—(S—ethoxycarbonylindol—3-yl)butyl]—4—(benzo~
furan-5-yl)piperazine;

of 3-(4-chlorobutyl)-5-methoxyindole with l-(benzofuran-

5—yl)piperaziﬁe:
1-[4-(5-methoxyindol-3~yl)butyl}-4-(benzofuran-

5-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~yl)butyl)-4-(chromen-
4-on-6-yl)piperazine;

of 3-(4-chlorobutyl)-5-cyanoindole withll—(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:
l1-[4~(5-methoxycarbonylindol-3-yl)butyl]-4-(2,3-di-
hydrobenzofuran-5-yl)piperazine;

of 3~ (4-chlorobutyl)-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:
l1-[{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:
l1-[4-(5,6~-dimethoxyindol=-3~-yl)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:
l-[{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
l1-[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-5-yl)piperazine: '
1-[4~-(5-carboxyindol-3-yl)butyl]-4-(benzofuran-
S5~-yl)piperazine:

from 1-[4~-(5-methoxycarbonylindol-3-yl)butyl]=-4-(chromen—

4-on-6-yl)piperazine: ,
l1-[4~(5-carboxyindol-3-yl)butyl]-4-(chromen-4-on-
6-yl)piperazine;

from 1-[4~(5-methoxycarbonylindol-3~yl)butyl]-4-(2,3~-di-

hydrobenzofuran-5¥yl)piperazine:
l1-[{4-(5-carboxyindol-3-yl)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;
l1-{4-(5-carboxyindol-3-yl)butyl]}-4-(2,3-dihydro-
bénzofuran-s-yl)-4-hydroxypiperidine.

Example 3

2.8 g of l-[4-(5-carboxyindol-3-yl)butyl}-
4-(2,3-dihydrobenzofuran-5-yl)piperazine are suspended in
100 ml of N-methylpyrrolidine. 3.2 g of 2-chloro-
l-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
l1-{4-(5-carbamoylindol-3-yl)butyl}-4-(2,3-dihydro-
benzofuran-5-yl)piperidine, m.p. 155-157°;

from 1-[4-(5-carboxyindol-3-yl)butyl]-4-(2,3-dihydro-

benzofuran-5-yl)-4-hydroxypiperidine
l1-[{4-(5-carbamoylindol-3-yl)butyl}-4-(2,3~-dihydro-
benzofuran-5-yl)~4-hydroxypiperidine, m.p. 69°
(dec.);

from 1—[4-(5—carboxyinddl—3-yl)butyl]-4-(chroman-6-yl)—

piperazine
1-[4~-(5-carbamoylindol-3-yl)butyl]-4-(chroman-6-yl)-

piperazine.

Example 4

Analogously to Example 3, starting from
1—[4-(5—cyanoindol-3-y1)butyl]-4-(2-carboxybenzofuran—
5~yl)piperazine reaction with 2-chloro-l1-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-aminoethyl)-5-cyano-
indole ([obtainable by reaction of 5-cyanocindole with
2-chloroacetyl chloride to give 3—(2-chloroacety1)-
5-cyanoindole, subsequent reduction with diborane,
reaction with phthalimide and hydrolysis] and one equiva-
lent of 5-[N,N-bis(2-chlorocethyl)amino]benzofuran
[obtainable by reaction of 2—chloroacétyl 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-yl)ethyl]—4-(benzofuran-s—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-aminocethyl)-5-methoxyindole:
1-[2-(5-methoxyindol-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:
l1-[2-(5-ethoxycarbonylindol-3~-yl)ethyl}-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-cyanocindole:
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-chlorocacetyl 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-yl)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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l1-[(3-(5-methoxycarbonylindol-3-yl)propyl]-
4~ (chroman-6-yl)piperazine;

with ethyl 3-(2-amincethyl)-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-cyanocindole:
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]=-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 1-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 l1-(4-(5-cyanoindol~3-yl)butyl]-4~(2-carboxybenzo-

furan~-5~-yl)piperazine:
l-[(4-(5-cyanoindol=-3-yl)butyl)]-4-(2-N-tert-butyl-~
carbamoylbenzofuran-5-yl)piperazine.

Example 8

A mixture of 2.1 g 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
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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)butyl]-4-(benzofuran-

5-yl)piperazines:
1-[(4-(5-hydroxyindol-3-yl)butyl]-4-(benzofuran-
S-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-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-

S5-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-cyanocindole [obtainable by reaction
of 5-cyanoindole with 4-chlorobutyryl chloride to give
3-(4-chlorobutyryl)-5-methoxyindole and subsequent
reduction with NaAlH,(OCH,CH,0CH,),] by reaction with
1-(2-ethoxycarbonylbenzofuran;S-yl)piperazine [obtainable
by reaction of N,N-bis(2-chlorcethyl)amine with 2-ethoxy-

carbonyl-5-aminobenzofuran] gives, after customary
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working up, 1-[4-(5-cyanoindol-3-yl)butylj-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-s—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;

of methyl 3-(4-chlorobutyl)-6-indolecarboxylate with

l1-(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-yl)piperazine:
1-[4-(6-chloroindol~-3-yl)butyl)]-4~(chromen-4-on-
6-yl)piperazine;

of 3-(2-chloroethyl)-5-cyanoindole w1th l-(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

l-(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: ‘
l1-({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:
l1-(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;
l1-[{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-yl)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-(S—methoxycarbonylindol—3—yl)propyl]—4—(chroman-

6-yl)piperidine
1—[3-(S-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-yl)ethyl]-4—(chroman-
6-yl)piperidine.

Example 11 .
HCl gas is passed into a boiling solution of
2.5 gof1—[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—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-yl)butyl]-4-(2-carboxybenzofuran-
5-yl)piperazine:
l-[4-(5-cyanoindol—3-yl)butyl]-4-(2—methoxycarbonyl-

benzofuran-5-yl)piperazine.

Example A: Injection wvials
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,O, 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 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 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, omne 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

N\
Ind-Q-N Z-R1 I
7
wherein
Ind is unsubstituted indol-3-y1, indol-3-y1

Rl

Q
Z

A
Hal
R2
R3

m

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;

is benzofuran-5-vyl, w-rs-dihydrehenzofuran—s—

Al RO T Gyt chroman-4-on-6-yl, 3-

chromen-6-yl or chromen-4-on-6-yl, which in
each case is unsubstituted or monosubstituted
by CN, CH,OH, CH,0A or COR?;

is C.H..:

is N-—enu-ahRs;

isnélkyl 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; 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]l-4-(2-

hydroxymethylbenzofuran-5-yl)piperazine or a physiologically

acceptable salt thereof;
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Q,;é) 1-[4-(5-cyanoindol-3-yl)butyl] -4-(2-
ethoxycarbonylbenzofuran-5-yl)piperazine or a physiologically
acceptable salt thereof;’\

(’/?') 1-[(4-(5-cyanocindol-3-yl)butyl]-4-(2-
carbamoylbenzofuran-5-yl)piperazine or a physioclogically
acceptable salt thereofh}

~F— I~ (5—methoxyimdsT=3=yIybutyl] —4—fchroman—6=—

L £z 37 b a -] b | e e D
(h) dcpl=tS=hydroryindet=3—ipl-butydd==4=—(chxroman—6—

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

@_, benzofuran-5-yl1,

chroman-4-on-6-yl which, in each case is unsubstituted or

monosubstituted by -CH,0OH, -CONH,, -CO,A or -CO,NHA.

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

9. A compound accor claim 1, wherein Z is -N-,

-C(OH) - or -CH-.

;/.‘ A compound according to claim 1, wherein Ind is
indol-3-yl substituted in the 5-position by OH or OA.
/O’
1¥. A compound according to claim 1, wherein Ind is
indol-3-yl substituted in the S5-position by CONH, or CN.

iL-
32. A compound according to claim 1, whe-rein-z—i-s-*-sa_ﬂd- p
R!' is unsubstituted benzofuran-5-yl omﬁitutgd

by CN, CH,0H, CH,0A or CORZ. 7~

e

13. A compound according to claim 1, wherein
-CH(OH} - .

14. A compound accordi aim 1, wherein Z2 is N and

R is 2,3-dihydrobenzof
/

s chroman-6-yl.
|
;E ;LG/ A compound according to claim 1, wherein -Z—iss=N—afd=—

R! is chromen-4-on-6-yl.
M A pharmaceutical composition comprising a compound

according to claim 1 and a pharmaceutically acceptable

carrier.
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187 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, psycheoSis
or side effects associated with the treattient of
hypertension, comprising administering a compotdnd 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 acco¥ding to claim 1.

21. A of treating wmigraines, 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

— md-Q-N ZR! I
[ (ST —
< wherein
5 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-y1,
chroman-6-yl, chroman-4-on-6-yl, 3-chromen-6-yl or
chromen-4-on-6-yl, which is unsubstituted or

10 monosubstituted by CN, CH,0H, CH,0A or COR?,

Q is C.H.n,

Z is N or CR?,

A is alkyl having 1-6 C atoms,

Hal is F, Cl, Br or I,

15 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 i

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.

Minchen, den 15. April 1994
Der Prdsident des Deutschen Patentamts
Im Auftrag

\‘\ gga

P 43 33 254.4 Rdske
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Merck Patent Gesellschaft
mit beschrinkter Haftung

64271 Darmstadt

Piperidine und Piperazine
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10

15
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25

(9

30

35

\

Piperidine und Piperazine

Die Erfindung betrifft neue Piperidin- und Piperazinderivate der Formel I

/— \
Ind-Q-N Z-R1 _ L
| -
worin
Ind einen unsubstituierten oder einen ein- oder zweifach durch OH,
OA, CN, Hal, COR2 oder CH,R2? substituierten Indol-3-yl-rest,
R! unsubstituiertes oder einfach durch CN, CH,OH, CH,0A oder
COR?2 substituiertes Benzofuran-5-yl bzw. 2,3-Dihydrobenzo-
furan-5-yl, Chroman-6-yl, Chroman-4-on-6-yl, 3-Chromen-6-yl
oder Chromen-4-on-6-yl,
Q CuHon,
VA N oder CR3,
A Alkyl mit 1-6 C-Atomen,
Hal F, Cl, Broder 1,
R2 OH. OA, NH,, NHA oder NA,,
R3 H, OH oder OA und
m 2,3 oder 4

bedeuten,

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 und ihre physio-

5 logisch unbedenklichen Saureadditionssalze wertvolle pharmakologische
Eigenschaften besitzen. So zeigen sie insbesondere Wirkungen auf das
Zentralnervensystem, vor allem 5-HT4-agonistische und 5-HT-Reuptake
hemmende Wirkungen. Die Verbindungen zeigen ferner serotonin-agoni-
stische und -antagonistische Eigenschaften. Sie hemmen die Bindung von

10 tritiierten Serotoninliganden an hippocampale Rezeptoren (Cossery et al.,
European J. Pharmacol. 140 (1987), 143-155). AuBerdem treten Verinde-

) rungen der DOPA-Akkumulation im Striatum und der 5-HTP-Akkumulation
h in N. raphe auf (Seyfried et al., European J. Pharmacol. 16Q (1989), 31-41).
' Weiterhin treten analgetische und blutdrucksenkende Wirkungen auf; so

15 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 Bekiimpfung der Folgen cerebraler Infarkt-

20 geschehen (apoplexia cerebri) wie Schlaganfall und cerebraler Ischimien.

Verbindungen der Formel I und ihre physiologisch unbenklichen Siure-

additionssalze konnen daher als Arzneimittelwirkstoffe fiir Anxiolytika,

Antidepressiva, Antipsychotika, Neuroleptika und/oder Antihypertonika und
! @ 25 auch als Zwischenprodukte zur Herstellung anderer Arzneimittelwirkstoffe
verwendet werden.

Gegenstand der Erfindung sind die Piperidin- und Piperazinderi\/atc der
Formel I sowie ihre physiologisch unbedenklichen Siureadditionssalze.

30
Der Rest 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
35
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-3

oder tert.-Butoxy. NHA ist vorzugsweise Methylamino, ferner Ethylamino,
Isopropylamino, n-Butylamino, Isobutylamino, sek.-Butylamino oder tert.-
Butylamino. NA; 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.

Der Rest 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.
Weiterhin ist eine Substitution in 1- oder 2-Stellung méglich. Bevorzugte
Substituenten am Indol-3-ylrest sind OH, OA, CN, CONH,, CH,OH, aber
auch CO;H, F, Cl, Br, I, CH,NH,, CONHA oder CONA,, wobei A
bevorzugt Methyl oder Ethyl entspricht.

Der Rest R1 bedeutet vorzugsweise unsubstituiertes oder einfach durch
-CH;0H, -CONHjy, -CO»A oder -CO,NHA substituiertes Benzofuran-5-yl,
2,3-Dihydrobenzofuran-5-yl, Chroman-6-yl oder Chromen-4-on-6-yl.

Q ist vorzugsweise -(CH,),-, aber auch -(CHj),- oder -(CH,)3-, wihrend Z
bevorzugt -N-, -C(OH)- oder -CH- bedeutet.

Dementsprechend sind Gegenstand der Erfindung insbesondere diejenigen
Verbindungen der Formel 1, in denen mindestens einer 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 Ia bis Ig ausgedriickt
werden, die der Formel I entsprechen und worin die nicht niher 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;

inlb Ind einen in 5-Stellung durch CONH, oder durch CN
-5 substituierten Indol-3-yl-rest bedeutet;
in Ic Z gleich N ist und R1 substituiertes oder unsubsti-

tuiertes Benzofuran-5-yl bedeutet;

10 inId Z gleich -C(OH)- ist und R1! substituiertes oder un-
substituiertes Benzofuran-5-yl bedeutet;

Q/ inle Z gleich N ist und R! 2,3-Dihydrobenzofuran-5-yl
bedeutet;
15
in If Z gleich N ist und R! Chroman-6-yl bedeutet;
inIg Z gleich N ist und R1 Chromen-4-on-6-yl bedeutet.
20 Insbesondere sind bevorzugt Verbindungen der Teilformeln Ih sowie Iah bis
Igh, die den Teilformeln I sowie Ia bis Ig entsprechen, worin jedoch zusitz-
lich
Q -(CH2)4-
: 25
- bedeutet.

Gegenstand der Erfindung ist ferner ein Verfahren zur Herstellung von
Indolderivaten der Formel I sowie von deren Salzen, dadurch gekenn-

30 zeichnet, daB man eine Verbindung der Formel II
Ind-Q-X1 ‘ I
worin
35
X1 X oder NH, und
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X Cl, Br, I, OH oder eine reaktionsfihig funktionell abgewandelte
OH-Gruppe bedeuten und

Ind und Q die angegebenen Bedeutungen haben, mit einer Verbindung der
Formel III

X2-(CH3)2-ZR1-(CH,),-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 R1 die angegebenen Bedeutungen haben,
umsetzt

oder daB man zur Herstellung einer Verbindung der Formel I, worin Z gleich

- N ist, eine Verbindung der Formel IV

Ind-Q-N(CH,-CH;-X), v
worin

X, Q und Ind die angegebenen Bedeutungen haben, mit einer Verbindung
der Formel V :

RI-NH, | v
‘worin
R! die angegebene Bedeutung hat,

umsetzt
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oder daB8 man eine sonst der Formel I entsprechende Verbindung, die jedoch
anstelle eines oder mehrerer Wasserstoffatome eine oder mehrere reduzier-
bare Gruppe(n) und/oder eine oder mehrere zusitzliche C-C- und/oder C-N-
Bindungen(en) enthilt, mit einem reduzierenden Mittel behandelt

oder daB man eine sonst der Formel I entsprechende Verbindung, die jedoch
anstelle eines oder mehrerer Wasserstoffatome eine oder mehrere solvo-
lysierbare Gruppe(n) enthilt, mit einem solvolysierenden Mittel behandelt.

und/oder daB 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 eine erhaltene
Base oder Sdure der Formel I durch Behandeln mit einer Siure oder Base in
eines ihrer Salze umwandelt.

Die Herstellung der Verbindungen der Formel I erfolgt im iibrigen nach an
sich bekannten Methoden, wie sie 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,
wie sie fiir die genannten Umsetzungen bekannt und geeignet sind. Dabei
kann man auch von an sich bekannten, hier nicht niher erwihnten Varianten
Gebrauch machen.

Die Ausgangsstoffe fiir das beanspruchte Verfahren kénnen gewiinschten-
falls auch in situ gebildet werden, derart, daB man sie aus dem Reaktions-
gemisch nicht isoliert, sondern sofort weiter zu den Verbindungen der
Formel I umsetzt.

In den Verbindungen der Formel II ist X! vorzugsweise X; dementsprechend
sind in der Verbindungen der Formel ITI X2 und X3 vorzugsweise zusammen
NH. Der Rest X ist vorzugsweise Cl oder Br; er kann jedoch auch 1, OH
oder eine reaktionsfihig 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 (nachstehend als IITa bezeichnet) erhiltlich.

Die Verbindungen der Formel II und insbesondere II sind zum Teil bekannt;
die nicht bekannten Verbindungen der Formeln II und IIT kénnen leicht |
analog zu den bekannten Verbindungen hergestellt werden.

Primire Alkohole der Formel Ind-Q-OH sind z.B. durch Reduktion der
entsprechenden Carbonsiuren oder ihrer Ester erhiltlich. Behandeln mit
Thionylchlorid, Bromwasserstoff, Phosphortribromid oder #hnlichen
Halogenverbindungen liefert die entsprechenden Halogenide der Formel
Ind-Q-Hal. Die entsprechenden Sulfonyloxyverbindungen sind erhiltlich aus
den Alkoholen Ind-Q-OH durch Umsetzung mit den entsprechenden Sulfon-
sdurechloriden.

Die lodverbindungen der Formel Ind-Q-I sind z.B. durch Einwirkung von
Kaliumiodid auf die zugehorigen p-Toluolsulfonsiureester erhiltlich. Die
Amine der Formel Ind-Q-NH, sind z.B. aus den Halogeniden mit Phthali-
midkalium oder durch Reduktion der entsprechenden Nitrile herstellbar.

Die Piperazinderivate ITla sind groBtenteils bekannt und z.B. erhildich 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-
tuierten Derivat der genannten Verbindungen. Verbindungen der Formel I
(X2 und X3 = jeweils X) sind z.B. herstellbar durch Reduktion von Diestern
der Formel AlkylOOC-CH,-ZR1-CH,-COOQalkyl zu Verbindungen der
Formel HO-CH;-CH,-ZR1-CH,-CH,OH (III, X2 = X3'= OH) und
gegebenenfalls anschlieBende Umsetzung mit SOCI, bzw. PBr;.

‘Die Umsetzung der Verbindungen II und III verliduft nach Methoden, wie sie

fiir die Alkylierung von Aminen aus der Literatur bekannt sind. Man kann
ohne Gegenwart eines Losungsmittels die Komponenten miteinander ver-
schmelzen, gegebenenfalls im geschlossenen Rohr oder im Autoklaven. Es
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ist aber auch méglich, die Verbindungen in Gegenart eines indifferenten
Losungsmittels umzusetzen. Als Losungsmittel eigenen sich z.B. Kohlen-
wasserstoffe, wie Benzol, Toluol, Xylol; Ketone wie Aceton, Butanon;
Alkohole wie Methanol, Ethanol, Isopropanol, n-Butanol; Ether wie
Tetrahydrofurém (THF) oder Dioxan; Amide wie Dimethylformamid (DMF)
oder N-Methyl-pyrrolidon; Nitrile wie Acetonitril, gegebenenfalls auch
Gemische dieser Losungsmittel untereinander oder Gemische mit Wasser.
Der Zusatz eines sidurebindenden Mittels, beispielsweise eines Alkali- oder
Erdalkalimetall-hydroxids, -carbonats oder -bicarbonats oder eines anderen
Salzes einer schwachen Séure 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 Formel I11a kann giinstig 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°.

Ferner ist es moglich, eine Verbindung der Formel I zu erhalten, indem man
eine Verbindung der Formel Ind-Q-N(CH,-CH,-X), (IV) mit einer Verbin-
dung der Formel R!-NH, (V) umsetzt.

Die Verbindungen der Formeln V sind zum gréBten Teil bekannt; die nicht
bekannten Verbindungen kénnen leicht in Analogie zu den bekannten herge-
stellt werden. Sie lassen sich beispielsweise ausgehend von den entspre-
chend substituierten 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 sekundiren Aminen
der Formel HN(CH,-CH,-X), herstellen.
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Die Umsetzung der Verbindungen IV und V verlduft nach Methoden wie sie
fiir die Alkylierung von Aminen aus der Literatur bekannt sind und bereits
oben angegeben werden.

Es ist ferner moglich, eine Verbindung der Formel I zu erhalten, indem man
ein Vorprodukt, das anstelle von Wasserstoffatomen eine oder mehrere
reduzierbare Gruppe(n) und/oder eine oder mehrere zusitzliche C-C-
und/oder C-N-Bindungen(en) enthilt, mit einem reduzierenden Mittel
behandelt, vorzugsweise bei Temperaturen zwischen -80 und +250° in
Gegenwart mindestens eines 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-Benzyl.

Es ist grundsitzlich moglich, Verbindungen, die nur eine, oder solche, die
nebeneinander zwei oder mehr der oben angefiihrten Gruppen bzw. zusiitz-
lichen Bindungen enthalten, reduktiv in eine Verbindung der Formel I iiber-
zufiihren; dabei konnen gleichzeitig Substituenten in der Gruppe Ind, die in
der Ausgangsverbindung enthalten 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 Ausgangsstoffe fiir die Reduktion entsprechen beispielsweise
der Formel VI -

Ind'-L-N Z-R1 VI
N/
worin
Ind’ einen Rest Ind, der zusitzlich 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 -CH,-Gruppe(n) durch -CO- und/oder ein oder
mehrere Wasserstoffatome durch eine oder mehrere OH-
Gruppe(n) oder eine Doppelbindung ersetzt sind, bedeuten und

R1 die angegebene Bedeutung besitzt
worin jedoch nicht gleichzeitig Ind' = Ind und L = Q sein konnen.

In den Verbindungen der Formel VI ist L bevorzugt -CO-(CH3),-2-CO- [im
einzelnen -COCO-, -COCH,CO-, -CO-(CH,),-CO-, -CO-(CH,)3-CO-}, -
-(CH2)y.1-CO- [im einzelnen -CH,-CO-, -CH,CH,-CO-, -(CH,);-CO- oder
-(CH3)4-CO-], ferner z.B. -CO-CH,CHj-, -CO-(CH»)3-, -CH,-CO-CH,CH,-
oder -CH2CH2-CO-CH2-.

Vefbindungcn der Formel VI sind z.B. herstellbar durch Umsetzung von 4-
Rl-piperazin oder -piperidin mit einer Verbindung der Formel VII

Ind'-L-X1 vl
worin

R1, Ind’, L und X1 die oben angegebenen Bedeutungen haben, unter den
Bedingungen, die zuvor fiir die Umsetzung von II mit ITI angegeben sind.

Wird als Reduktionsmittel nascierender Wasserstoff verwendet, so kann man
diesen z.B. durch Behandlung von Metallen mit schwachen Siuren oder mit
Basen erzeugen. So kann man z.B. ein Gemisch von Zink mit Alkalilauge
oder von Eisen mit Essigsiure verwenden. Geeignet ist auch die Verwen-
dung von Natrium oder einem anderen Alkalimetall gelost in einem Alkohol
wie Ethanol, Isopropanol, Butanol, Amyl- oder Isoamylalkohol oder Phenol.
Man kann ferner eine Aluminium-Nickel-Legierung in alkalisch-wisseriger
Ldsung, gegebenenfalls unter Zusatz von Ethanol, verwenden. Auch
Natrium- oder Aluminiumamalgam in wisserig-alkoholischer oder
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wiisseriger Losung sind zur Erzeugung des nascierenden Wasserstoffs
geeignet. Die Umsetzung kann auch in heterogener Phase durchgefiihrt
werden, wobei man zweckmiBig eine wisserige und eine Benzol- oder
Toluol-Phase verwendet.

Als Reduktionsmittel kdnnen ferner besonders vorteilhaft komplexe
Metallhydride, wie LiAlH4, NaBH,, Diisobutylaluminiumhydrid oder
NaAl(OCH,CH,OCH;);H, sowie Diboran eingesetzt werden, falls er-
wiinscht unter Zusatz von Katalysatoren wie BF3, AICl; oder LiBr. Als

Losungsmittel 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 NaBH, sind in
erster Linie Alkohole wie Methanol oder Ethanol, ferner Wasser sowie
wisserige Alkohole als Losungsmittel geeignet. Nach diesen Methoden
reduziert man vorzugsweise bei Temperaturen zwischen -80 und +150°,
insbesondere zwischen etwa O und etwa 100°.

Besonders vorteilhaft lassen sich -CO-Gruppen in Siureamiden (z.B.
solchen der Formel VI, worin L eine -(CH3),. -CO-Gruppe bedeutet) mit
LiAlH,4 in THF bei Temperaturen zwischen etwa 0 und 66° zu CH>-Gruppen
reduzieren. Dabei konnen in 1-Stellung des Indolring befindliche Arylsulfo-
nyl-Schutzgruppen gleichzeitig reduktiv abgespalten werden. N-Benzyl-
gruppen konnen reduktiv mit Natrium im fliissigem Ammoniak abgespalten
werden.

Es ist ferner méglich, eine oder mehrere Carbonylgruppen nach der Methode
von Wolff-Kishner zu CH,-Gruppen zu reduzieren, z.B. durch Behandlung
mit wasserfreiem Hydrazin in absolutem Ethanol unter Druck bei Tempe-
raturen 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 Losungsmittel, 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 Wasser abdestilliert 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 hinaus ist es moglich, bestimmte Reduktionen durch Verwendung
von H-Gas unter katalytischer Wirkung von Ubergangsmetallen, wie z.B.
Raney-Ni oder Pd durchzufiihren. Man kann auf diese Weise z.B. Cl, Br, 1,
SH oder in bestimmten Fillen auch OH-Gruppen durch Wasserstoff er-
setzen. Ebenso kénnen Nitrogruppen durch katalytische Hydrierung mit
Pd/H; in Methanol in NH,-Gruppen umgewandelt werden.

Verbindungen, die sonst der Formel I entsprechen, aber anstelle eines oder
mehrerer H-Atome eine oder mehrere solvolysierbare Gruppe(n) enthalten,
konnen zu den Verbindungen der Formel I solvolysiert, insbesondere
hydrolysiert werden. |

Die Ausgangsstoffe fiir die Solvolyse sind beispielsweise erhiltlich durch
Reaktion von Illa mit Verbindungen, die der Formel II (X! = X) entspre-
chen, aber anstelle eines oder mehrerer H-Atome eine oder mehrere solvo-
lysierbare Gruppe(n) enthalten. So kénnen insbesondere 1-Acylindolderivate
(entsprechend der Formel I, 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 1-
Stellung des Indolringes unsubstituierten Indolderivaten hydrolysiert
werden, z.B. in saurem, besser in neutralem oder alkalischem Medium bei
Temperaturen zwischen O und 200°. Als Basen verwendet man zweckmiBig
Natrium-, Kalium- oder Calciumhydroxid, Natrium- oder Kaliumcarbonat,
oder Ammoniak. Als Lsungsmittel wihlt 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 Wasser allein erfolgen, insbesondere in der Siedehitze.
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Weiterhin kann man eine Verbindung der Formel I nach an sich bekannten
Methoden in eine andere Verbindung der Formel I umwandeln.

Verbindungen der Formel I, worin Ind einen durch CO-R! substituierten
S5 Indol-3-yl-rest bedeutet, konnen 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 verestern. Ferner ist es moglich, Siuren oder
Ester mit primiren oder sekundiren Aminen zu amidieren. Bevorzugt ist die
10 Umsetzung der freien Carbonséure mit dem Amin unter den Bedingungen
einer Peptidsynthese. Diese Reaktion gelingt vorzugsweise in Gegenwart
. eines Dehydratisierungsmittels, z.B. eines Carbodiimids wie Dicyclohexyl-
L carbodiimid oder N-(3-Dimethylaminopropyl)-N-ethyl-carbodiimid, ferner
Propanphosphonséureanhydrid (vgl. Angew. Chem. 92, 129 (1980)), Di- -
15 phenylphosphorylazid oder 2-Ethoxy-N-ethoxycarbonyl-1,2-dihydrochino-
lin, in einem inerten LSsungsmittel, z.B. einem halogenierten Kohlen-
- wasserstoff 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 O und
20 30°. Anstelle der Siure bzw. des Amids kénnen auch reaktionsfihige
Derivate dieser Stoffe in die Reaktion eingesetzt werden, z.B. solche, in
denen reaktive Gruppen intermediir durch Schutzgruppen blockiert sind.
Die Sauren konnen auch in Form ihrer aktivierten Ester verwendet werden,
die zweckmiBig in situ gebildet werden, z.B. durch Zusatz von 1-Hydroxy-
e 25 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.

30 Besonders giinstig ist es aber auch in umgekehrter Weise, durch Wasser-
abspaltung, ausgehend von den Amiden, z.B. mittels Trichloracetylchlorid/
Et;N [Synthesis (2), 184, (1985)] oder mit POCl; (J. Org. Chem. 26, 1003
(1961)), die Nitrile herzustellen.

35
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Eine erhaltene Base der Formel I kann mit einer Siure in das zugehorige
Sédureadditionssalz iibergefiihrt werden. Fiir diese Umsetzung eignen sich
Sduren, die physiologisch unbedenkliche Salze liefern. So kénnen anorga-
nische Sduren verwendet werden, z.B. Schwefelsdure, Halogenwasser-
stoffsduren wie Chlorwasserstoffsiure oder Bromwasserstoffsiure,
Phosphorsiduren wie Orthophosphorsiure, Salpetersiure, Sulfaminsiure,
ferner organische Siuren, im einzelnen aliphatische, alicyclische, arali-
phatische, aromatische oder heterocyclische ein- oder mehrbasige Carbon-,
Sulfon- oder Schwefelsduren, wie Ameisensiure, Essigsiure, Propionsiure,
Pivalinsaure, Diethylessigsdure, Malonsiure, Bernsteinsiure, Pimelinsiure,
Fumarsaure, Maleinséure, Milchsiure, Weinsiure, Apfelsaure, Benzoesiure,
Salicylsdure, 2-Phenylpropionséure, Citronensiure, Gluconsiure, Ascorbin-
saure, Nicotinsdure, Isonicotinsidure, Methan- oder Ethansulfonszure, Ethan-
disulfonsiure, 2-Hydroxyethansulfonsiure, Benzolsulfonsiure, p-Toluol-
sulfonsiure, Naphthalin-mono- und -disulfonsiuren, Laurylschwefelsiure.

Die freien Basen der Formel I kénnen, falls gewiinscht, 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 Molekiil vorliegen. In jenen Fillen, wo die
Verbindungen der Formel I iiber freie Sduregruppen verfiigen, kann durch
Behandlung mit Basen ebenfalls eine Salzbildung erreicht werden. Als
Basen eignen sich Alkalimetallhydroxide, Erdalkalimetallhydroxide oder
organische Basen in Form von priméren, sekundiren oder tertiéiren Aminen.

Gegenstand der Erfindung ist ferner die Verwendung der Verbindungen der
Formel I und ihrer physiologisch unbedenklichen Salze zur Herstellung
pharmazeutischer Zubereitungen, insbesondere auf nicht-chemischem Wege.
Hierbei kénnen sie zusammen mit mindestens einem Triger- 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 Formel I und/
oder eines ihrer physiologisch unbedenklichen Salze. Diese Zubereitungen
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konnen als Arzneimittel in der Human- und Veterinirmedizin eingesetzt
werden. Als Trigersubstanzen kommen organische oder anorganische Stoffe
in Frage, die sich fiir die enterale (z.B. orale), parenterale oder topische
Applikation eignen und mit den neuen Verbindungen nicht reagieren, bei-

5 spielsweise Wasser, pflanzliche Ole, Benzylalkohole, Polyethylenglykole,
Gelatine, Kohlehydrate wie Lactose oder Stirke, Magnesiumstearat, Talk,
Vaseline. Zur enteralen Applikation dienen insbesondere Tabletten, Dra-
gees, Kapseln, Sirupe, Sifte, Tropfen oder Suppositorien, zur parenteralen
Applikation L&sungen, vorzugsweise 6lige oder wisserige Losungen, ferner

10 Suspensionen, Emulsionen oder Implantate, fiir die topische Anwendung
Salben, Cremes oder Puder. Die neuen Verbindungen kénnen auch lyophili-
siert und die erhaltenden Lyophilisate z.B. zur Herstellung von Injektions-

, priparaten verwendet werden.

15 Die angegebenen Zubereitungen kénnen sterilisiert sein und/oder Hilfsstoffe
wie Gleit-, Konservierungs-, Stabilisierung- und/oder Netzmittel, Emulga-
toren, Salze zur Beeinflussung des osmotischen Druckes, Puffersubstanzen,
Farb-, Geschmacks- und/oder Aromastoffe enthalten. Sie kénnen, falls er-
wiinscht, auch einen oder mehrere weitere Wirkstoffe enthalten, z.B. ein

20 oder mehrere Vitamine.

Die Verbindungen der Formel I und ihre physiologisch unbedenklichen -
Salze konnen bei der therapeutischen Behandlung des menschlichen oder

, tierischen Korpers und bei der Bekimpfung von Krankheiten verwendet

25 werden. Sie eignen sich zur Behandlung von Erkrankungen des Zentral-

!l nervensystems wie Spannungszustinden, Depressionen und/oder Psychosen
und von Nebenwirkungen bei der Behandlung der Hypertonie (z.B. mit o-
Methyldopa). Ferner kénnen die Verbindungen in der Endokrinologie und
Gynikologie Verwendung finden, z.B. zur Therapie von Akromegalie,

30 Hypogonadismus, sekundirer Amenorrhoe, primenstruellem Syndrom, uner-
wiinschter puerperaler Laktation, weiterhin zur Prophylaxe und Therapie
cerebraler Stérungen (z.B. Migriine), insbesondere in der Geriatrie dhnlich
wie gewisse Ergot-Alkaloide und zur Bekimpfung der Folgen cerebraler
Infarktgeschehen (Apoplexia cerebri), wie Schlaganfall und cerebraler

35 Ischidmien. 4
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Dabei werden die erfindungsgemiBen Substanzen in der Regel in Analogie
zu bekannten, im Handel befindlichen Priparaten (z.B. Bromocriptin, Di-
hydroergocornin) verabreicht, vorzugsweise in Dosierungen zwischen etwa
0.2 und 500 mg, insbesondere zwischen 0,2 und 50 mg pro Dosierungsein-
heit. Die tigliche Dosierung liegt vorzugsweise zwischen etwa 0,001 und

10 mg/kg Korpergewicht. Die niedrigen Dosierungen (etwa 0,2 bis 1 mg

pro Dosierungseinheit; etwa 0,001 bis 0,005 mg/kg Korpergewicht) kommen
dabei insbesondere fiir die Verwendung als Migrinemittel in Betracht; fiir
die iibrigen Indikationen werden Dosierungen zwischen 10 und 50 mg pro
Dosierungseinheit bevorzugt. Die spezielle Dosis fiir jeden bestimmten
Patienten hingt jedoch von den verschiedensten Faktoren ab, beispielsweise
von der Wirksamkeit der eingesetzten speziellen Verbindung, vom Alter,
Korpergewicht, allgemeinen Gesundheitszustand, Geschlecht, von der Kost,
vom Verabfolgungszeitpunkt und -weg, von der Ausscheidungsgeschwindig-
keit, Arzneistoffkombination und Schwere der jeweiligen Erkrankung,
welcher die Therapie gilt. Die orale Applikation ist bevorzugt.

In den nachstehenden Beispielen bedeutet "iibliche Aufarbeitung": Man gibt,
falls erforderlich, Wasser hinzu, extrahiert mit Dichlormethan, trennt ab,
trocknet die organische Phase iiber Natriumsulfat, filtriert, dampft ein und
reinigt durch Chromatographie an Kieselgel und/oder durch Kristallisation.
Temperaturen sind in °C angegeben. Rf-Werte wurden diinnschichtchroma-
tographisch an Kieselgel erhalten.

Beispiel 1

Man 16st 1,8 g 3-(4-Chlorbutyl)-S-methoxy-indol [erhiltlich durch Diazo-
tierung von p-Methoxyanilin, Umsetzung mit Cyclohexanon-2-carbon-
sdureethylester nach Japp-Klingemann zu 4-(2-Carbethoxy-indol-3-yl)-
buttersidure, Verseifung, Decarboxylierung, Reduktion mit LiAlH4 und
Reaktion mit SOCIl, ] sowie 1,9 g 1-(2-Hydroxymethyl-benzofuran-
5-yl)-piperazin [erhiltlich durch Umsetzung von N,N-Bis-(2-chlorethyl)-
amin mit 2-Hydroxymethyl-5-amino-benzofuran] in 200 ml Acetonitril und
rithrt 10 Stunden bei Raumtemperatur. Nach iiblicher Aufarbeitung erhilt
man l-[4-(5-Methoxy-indol—B-yl)-butyl]~4-(2—hydroxyrhethyl-benzofuran-
5-yI)-piperazin, F. 159°,
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Analog erhiilt man durch Umsetzung

von 3-(4-Chlorbutyl)-5-methoxy-indol mit 1-(2,3-Dihydrobenzofuran-5-yl)-

piperazin:
1-[4-(5-Methoxy-indol—3-yl)-butyl]-4-(2,3—dihydrobenzofuran—5-yl)-
piperazin, F. 111-112°;

von 3-(4-Chlorbutyl)-5-hydroxy-indol mit 1-(Chroman-6-yl)-piperazin:
1-[4-(5-Hydroxy-indol-3-yl)-butyl]-4-(chroman-6-yl)-piperazin,
F. 220-222°,

von 3-(4-Chlorbutyl)-5-methoxy-indol mit 1 -(Chroman-6-yl)-piperazin:
1 —[4-(5-Methoxy-indol—3-yl)—butyl]-4-(chroman-6-yl)—piperazin,
F. 129-130°; ‘

von 3-(4-Chlorbutyl)-5-indolcarbonsiiuremethylester mit 1-(Chroman-6-yl)-
piperazin:
l-[4-(5-Methoxycarbonyl-indol-3-yl)-butyl]-4-(chroman—6-yl)-
piperazin;

von 3-(4-Chlorbutyl)-5-indolcarbons#ureethylester mit 1-(Benzo-furan-

5-yl)-piperazin:
l-[4-(5-Ethoxycarbonyl-indol-3-yl)-butyl]—4-(benzofuran-5-yl)-
piperazin;

von 3-(4-Chlorbutyl)-5-methoxy-indol mit 1-(Benzofuran-5-yl)-piperazin:
1-[4-(5-Methoxy—indol-3-yl)—butyl]-4-(benzofuran-5-yl)-piperazin;

von 3-(4»Chlorbuty1)-5-methoxycarbonyl—indol mit 1-(Chromen-4-on-6-yl)-

piperazin:
1-[4-(S-Methoxyéarbonyl-indol-B-yl)-butyl]-4-(chromen-4-on-6-yl)¥
piperazin;

von 3-(4-Chlorbutyl)-5-cyan-indol mit 1-(Chromen-4-on-6-yl)-piperazin:
1 -[4-(5-Cyan-indol-3-yl)—butyl]-4-(chromen-4-on—6-yl)-piperazin;
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von 3-(4-Chlorbutyl)-5-chlor-indol mit 1-(2,3-Dihydrobenzofuran-5-yl)-

piperazin:
I—[4—(5-Chlor-indol-3-yl)-butyl]-4-(2,3-dihydrobenzofuran-5-yl)—
piperazin;

von 3-(4-Chlorbutyl)-5-methoxycarbonyl-indol mit 1-(2,3-Dihydrobenzo-

furan-5-yl)-piperazin:
1-[4-(5-Methoxycarbonyl-indol-3-yl)-butyl]-4-(2,3-dihydrobenzo-
furan-5-yl)-piperazin;

von 3-(4-Chlorbutyl)-5-methoxycarbonyl-indol mit 4-(2,3-Dihydrobenzo-
furan-5-yl)-piperidin:
1 -[4—(5-Methoxycarbonyl-indol-3-yl)-butyl]—4-(2,3-dihydrobenzo-
furan-5-yl)-piperidin;

von 3-(4-Chlorbutyl)-5-methoxycarbonyl-indol mit 4-(2,3-Dihydrobenzo-

furan-5-yl)-4-hydroxy-piperidin:
1-[4-(5-Methoxycarbonyl-indol-3-yl)-butyl]-4-(2,3-dihydrobenzo-
furan-5-yl)-4-hydroxy-piperidin; A

von 3-(4-Chlorbutyl)-5,6-dimethoxy-indol mit 1-(Chroman-6-yl)-piperazin:
1-[4-(5,6-Dimethoxy-indol-3-yl)-butyl]-4-(chroman-6-yl)-piperazin;

von 3-(4-Chlorbutyl)-5-cyan-indol mit 1-(2-Carboxy-benzofuran-5-yl)-

piperazin:
1-[4-(5-Cyan—indol—3-yl)—butyl]-4-(2-carboxy—benzofuran—5-yl)-
piperazin,

“von 3-(4-Chlorbutyl)-6-fluor-indol mit 1-(2,3-Dihydrobenzofuran-5-yl)-

piperazin:
1-[4-(6-Fluor-indol-3-yl)—butyl]-4-(2,3-dihydrobenzofi1ran—5-yl)—
piperazin.
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Beispiel 2

Man kocht 1,8 g 1-[4-(5-Methoxycarbonyl-indol-3-yl)-butyl}-4-(chroman-6-
yD)-piperazin [erhiltlich nach Beispiel 1] 0,5 Std. mit 100 ml 2n ethano-
lischer KOH, arbeitet wie iiblich auf und erhalt 1-[4-(5-Carboxy-indol-3-yl)-
butyl]-4-chroman-6-yl-piperazin.

Analog erhélt man durch Verseifung der entsprechenden Ester ausgehend

von 1-[4-(5-Ethoxycarbonyl-indol-3-y])—butyl]-4-(benzofuran-5-yl)-
piperazin:
1-[4-(5-Carboxy-indol-3~yl)-butyl]-4-(benzofuran-S—yl)—piperazin;

von 1-[4-(5 -Methoxycarbonyl-indol-3—yl)—butyl]-4-(chromen-4-on-6-yl)-
piperazin:
1- [4-(5-Carboxy—indol-3~yl)-butyl]-4-(chromen—4-on-6-y1)-piperazin;

von 1-[4-(5-Methoxycarbonyl-indol—3-yl)—butyl]-4-(2,3—dihydrobenzofuran-
5-yl)-piperazin: _
1-[4-(5 -Carboxy-indol-3-yl)-butyl]-4-(2,3-dihydrobenzofuran-5-yl-
piperazin,;

von 1-[4-(5-Methoxycarbonyl-indol-3-yl)-butyl]-4-(2,3-dihydrobenzofuran-

5-yl-piperazin: | |
1-[4-(5-Carboxy-indol-3-yl)-butyl] -4-(2,3-dihydrobenzofuran-5-yl-
piperazin;

von 1-[4-(5-Methoxycarbonyl-indol-3-y1)-butyl]-4-(2,3-dihydrobenzofuran-
S-yD)-4-hydroxy-piperidin:
1 -[4~(5-Carboxy-indol~3-yl)-butyl]-4-(2,3—dihydrobenzofuran~5-yl)—4-
hydroxy-piperidin.
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Beispiel 3

28¢g 1-[4-(5-Carboxy-indol-3-yl)-butyl]-4-(2,3-dihydrobenzo-furan-5-yl)-
piperazin werden in 100 ml N-Methylpyrrolidin suspendiert. AnschlieBend
fiigt man 3,2 g 2-Chlor-1-methyl-pyridiniummethansulfonat hinzu und riihrt
bei Raumtemperatur 12 Stunden. In die entstandene Losung leitet man bis
zur Sittigung getrocknetes NH3-Gas ein und riihrt erneut 10 Stunden. Nach
iiblicher Aufarbeitung erhilt man 1-[4-(5-Carbamoyl-indol-3-yl)-butyl]-4-
(2,3-dihydrobenzofuran-5-yl )-piperazin.

Analog erhilt man durch Amidierung der nachfolgenden Carbonszuren mit
2-Chlor-1-methyl-pyridiniummethansulfonat:

aus 1-[4-(5-Carboxy-indol-3-yl)—butyl]-4-(2,3-dihydrobenzofuran-5—yl)—

piperidin das
l-[4-(5-Carbamoyl—indol-3-yl)—butyl]-4—(2,3-dihydrobenzofuran-S-yl-
piperidin, F. 155-157°;

aus 1-[4—(5-Carboxy-indol-3-yl)-butyl]-4-(2,3-dihydrobenzofuran-5-yl)-

4-hydroxy-piperidin das
l-[4-(5-Carbamoyl-indol~3-yl)—butyl]-4—(2,3-dihydrobenzofuran-S-yl-
4-hydroxy-piperidin, F. 69° (Zers.); |

aus l-[4-(5-Carboxy-indol-3-yl)—butyl]-4-(chroman-6-yl)-piperazin das
1-[4—(5-Carbamoyl-indol-3-yl)—butyl]-4-(chroman-6-yl)-piperazin.

Beispiel 4

Analog Beispiel 3 erhiilt man ausgehend von 1-[4-(5-Cyan-indol-3-yl)-
butyl]-4-(2-carboxy-benzofuran-5-yl)-piperazin durch Umsetzung mit
2-Chlor-1-methyl-pyridiniummethansulfonat das 1-[4-(5-Cyan-indol-
3-yl)-butyl]-4-(2-carbamoyl-benzofuran-5-yl)-piperazin, F. 269-272°
(Hydrochlorid).
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Beispiel 5

Ein Gemischvon 2,6 g 3-(2-Aminoethyl)-5-cyan-indol [erhiltlich durch
Umsetzung von 5-Cyanindol mit 2-Chloracetylchlorid zu 3-(2-Chlor-
acetyl)-5-cyanindol, anschlieBende Reduktion mit Diboran, Umsetzung mit
Phthalimid und Hydrolyse] und einem Aquivalent 5-[N,N-Bis-(2-chlor-
ethyl)-amino]-benzofuran [erhiltlich durch Umsetzung von 2-Chloracetyl-
chlorid mit S-Aminobenzofuran und anschlieBende Reduktion mit Diboran]
in 40 ml Aceton und 40 ml Wasser wird 20 Stunden gekocht und danach wie
iiblich aufgearbeitet. Man erhilt 1-[2-(5-Cyan-indol-3-yl)-ethyl]-4-
(benzofuran-5-yl)-piperazin.

Analog erhilt man durch Umsetzung von 5-[N,N-Bis-(2-chlorethyl)-amino]-
benzofuran

mit 3-(4-Aminobutyl)-5-methoxymethyl-indol:
1-[4-(5-Methoxymeth yl-indol-3-yl)-butyl]-4-(benzofuran-5-y1)-
piperazin,

mit 3-(3-Aminopropyl)-5-hydroxy-indol:

1- [3-(5-Hydroxy-indol-3-yl)—propyl]-4-(benzofuran-5—yl)~ piperazin,;

mit 3-(2—Aminoethyl)-S-meth_oxy-indol:
1-[2-(5-Methoxy—indol—3—y])-ethyl]-4-(benzofuran-S-yl)—piperazin;

mit 3—(3-Aminopropyl)—S.—indolcarbons'ziuremethylestér:
1-[3-(5-Methoxycarbonyl-indol—3-yl)—propyl]-4-(benzofuran-5-yl)-
piperazin;
mit 3-(2—Aminoethyl)-5-indolcarbonsﬁureethy]estcr:
1-[2—(5-Ethoxycarbonyl-indol-3-yl)-ethyl]-4—(bcnzofuran—S-yl)-

piperazin;

mit 3-(4- Aminobutyl)-5-fluor-indol:
1 -[4-(5-Fluor-indol-3-yl)—butyl]-4-(benzofuran-S-yl)-piperazin.
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mit 3-(3-Aminopropyl)-5-cyan-indol:
l-[3—(5—Cyan-indol-3—yl)-propyl]-4-(2-carboxy-benzofuran-S-yl)-
piperazin.

5 Beispiel 6

Analog Beispiel S erhilt man durch Umsetzung von von 3,2 g 3-(2-Amino-
ethyl)-5-methoxy-indol mit 1,3 Aquivalenten 6-[N,N-Bis-(2-chlorethyl)-
amino]-chroman [erhiltlich durch Umsetzung von 2—Chloracetyl-chlorid mit
10 6-Aminochroman und anschlieBende Reduktion mit Diboran] das 1-[2-(5-
Methoxy-indol-3-yl)-ethyl]-4-(chroman-6-yl)-piperazin.

-’ Analog erhilt man durch Umsetzung von 6-[N,N-Bis-(2-chlorethyl)-amino]-

chroman
15

mit 3-(4-Aminobutyl)-5-methoxymethyl-indol:
l-[4-(5-Methoxymethyl-indol-3-yl)-butyl]-4—(chroman—6-yl)—piperazin;

mit 3-(3-Aminopropyl)-5-hydroxy-indol:
20 l-[3-(5-Hydroxy-indol-3-yl)-propyl]-4-(chroman-6-yl)-piperazin'.

| mit 3-(2-Aminoethyl)-5-methoxy-indol:
l-[2-(5—Methoxy-indol-3-yl)-ethyl]—4-(chroman-6-yl)-piperazin;

25 mit 3-(3-Aminopr’opyl)—5-indolcarbonsiiurcmethylestcr:
L 1-[3-(5-Methoxycarbonyl-indol-3-yl)-propyl] -4-(chroman-6-yl)-

piperazin; :

mit 3'(2-Aminoethy1)-5-indolcarbonsﬁureethylester:
30 1-[2-(S-Ethoxycarbonyl-indol-3-yl)-ethyl}-4-(chrom an-6-yl)-piperazin;

mit 3-(4-Aminobutyl)-S-fluor-indol:
1 —[4-(5-Fluor-indol—3-yl)~butyl]-4-(chroman-6-y1)-piperazin.

35
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mit 3-(3-Aminopropyl)-5-cyan-indol:
1-[3-(5-Cyan-indol-3-yl)-propyl]-4-(2-carbox y-chroman-6-yl)-
piperazin.

5 Beispiel 7

Eine Losung von 3,9 g 1-[4-(5-Carboxy-indol-3—yl)-butyl]-4-(2,3-dihydro-
benzofuran-5-yl)-piperazin in 250 ml DMF wird mit 1 g N-Methylmor-
pholin versetzt. Unter Riihren gibt man eine Lsung von einem Aquivalent

10 tert.-Butylamin in 5 ml DMF, 1,3 g 1-Hydroxybenztriazol sowie eine
Ldsungvon 19 g N-(3-Dimethylaminopropyl)-N'-ethyl-carbodiimid-hydro-
chlorid in 20 ml DMF hinzu. Man riihrt 16 Stunden bei Raumtemperatur und

5’ dampft das Filtrat ein. Nach iiblicher Aufarbeitung erhilt man 1-[4-(5-N-
ten.-ButylcarbamoyLindol-3-yl)-butyl]-4-(2,3-dihydrobenzofuran-S-yl)-

15 piperazin.

Analog erhilt man durch Umsetzung mit tert.-Butylamin ausgehend

von l-[4-(5-Carboxy-indol-3-y])-butyl]-4-(chroman-6-y1)-piperazin:
20 1—[4—(5-N—tert.-Butylcarbamoyl-indol-3-yl)—butyl]-4-(chroman—6-yl)-
piperazin;

von 1-[4-(5-Cyan-indol-3-yl)-butyl]-4-(2- -carboxy-benzofuran-S- -yh-
piperazin:
25 1-[4-(5-Cyan-indol-3- yl) -butyl]-4-(2-N-tert.-butyl-carbamoyl-benzo-
, furan-5-yl)-piperazin.

Beispiel 8

30 Eine Gemisch von 2,1 g 1-[4-(5-Methoxy-indol-3-yl)-butyl}-4-(chroman-
6-y1)-piperazin [herstellbar nach Beispiel 1], 1,8 g Pyridinhydrochlorid
sowie 50 ml Pyridin wird 3 Stunden gekocht. Man kiihlt ab, dampft ein,
arbeitet wie tiblich auf und erh:lt 1-[4-(5-Hydroxy-indol-3-yl)-butyl]-
4-(chroman-6-yl)-piperazin, F. 220-222°.

35
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Analog erhilt man

aus l-[4—(5-Methoxy-indo]-3-yl)-butyl]-4-(2.3-dihydrobenzofuran-S-yl)-
piperazin: |
S5 1-[4-(5-Hydroxy-indol-3~yl)-butyl]-4-(2.3-dihydrobenzofuran-S-yl)—
piperazin;

aus l-[4-(5-Methoxy-indol—3-yl)—butyl]-4-(benzofuran-5-yl)-piperazin:
1-[4-(5-Hydroxy-indol-3-yl)-butyl]-4-(benzofuran-5-yl)—piperazin;
10
aus 1-[4-(5—Methoxycarbonyl—indol-3-yl)-butyl]-4-(chromen-4-on-6-y1)—
piperazin:
1 -[4-(5-Hydroxycarbonyl—indol-3-yl)-butyl]-4-(chromen-4—on-6-yl)-
piperazin;
15
aus
l-[4-(5-Methoxymethyl-indol-3-yl)-butyl]-4-(benzofuran-5-yl)-piperazin:
1-[4—(5-Hydroxymethyl—indol-3—yl)-butyl]-4-(benzofuran-5-yl)—
piperazin;
20 ,
aus 1-[2-(5-Methoxy-indol-3-yl)—ethyl]-4—(benzofuran-S-yl)-piperazin:
1-[2-(5-Hydroxy-indol-3-yl)-ethyl]-4-(benzofuran-S-yl)-piperazin; '

aus 1—[2-(5~Mct.hoxy-indol-3-yl)—ethyl]-4-(benzofuran-S-yl)-piperazin:
) 1-[2-(5-Hydroxy-indol-3-yl)-ethyl]-4-(benzofuran-S-yl)-piperazin.

L%

. Beispiel 9

Analog Beispiel 1 erhilt man ausgehend von 3-(4-Chlorbutyl)-5-cyan-indol
30 [erhdldich durch Umsetzung von 5-Cyanindol mit 4-Chlorbutyrylchlorid zu
B 3-(4-Chlorbutyryl)-5-methoxyindol und anschlieBende Reduktion mit
NaAlH(OCH,CH,0CH3),] durch Umsetzung mit 1-(2-Ethoxycarbonyl-
benzofuran-5-yl)-piperazin [erhiiltlich durch Umsetzung von N,N-Bis-
(2-chlorethyl)-amin mit 2-Ethoxycarbonyl-5-amino-benzofuran] nach
35
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ublicher Aufarbeitung das 1-[4-(5-Cyan-indol-3-yl)-butyl]-4-(2-ethoxy~
carbonyl-benzofuran-5-yl)-piperazin, F. 221-223° (Dihydrochlorid).

Analog erhilt man durch Umsetzung

von 3-(4-Chlorbutyl)-5-methoxy-indol mit 1-(2-Cyanbenzofuran-5-yl)-

piperazin:
1-[4-(5-Methoxy-indol-3-yl)‘butyl]-4-(2-cyanbenzofuran-S-yl)-
piperazin;

von 3-(4-Chlorbutyl)-5,6-dimethoxy-indol mit 1-(Chroman-6-yl)-piperazin:
1-[4-(5,6-Dimethoxy-indol-3-y1)—butyl]-4-(chroman-6-yl)-piperazin;

von 3-(4-Chlorbutyl)-5,6-difluor-indol mit 1-(Chroman-6-yl)-piperazin:-
1-[4-(5,6-Diﬂuor-indol-3-yl)-butyl]-4-(chroman~6-yl)-piperazin;

von 3-(4-Chlorbutyl)-6-indolcarbonsiuremethylester mit 1-(Chroman-6-yl)-

piperazin: '
l-[4-(6-Melhoxycarbonyl-indol-3-y1)-butyl]—4-(chroman-6-yl)-
piperazin;

von 3-(3-Chlorpropyl)-6-indolcarbonsiureethylester mit 1-(2-Cyan-benzo-

furan-5-yl-piperazin:
1-[3-(6—Ethoxycarbonyl-indol-3-yl)-propyl]-4-(2-cyan-benzofuran-
5-yD)-piperazin;

von 3-(4-Chlorbutyl)-5-methoxy-indol mit 1-(2-N-Methylcarbamoyl-benzo-

furan-5-yl)-piperazin:
1-[4-(5-Methoxy-indol-3-y1)-butyl]-4-(2-N-methylcarbamoyl-benzo-
furan-5-yl)-piperazin;

von 3-(4-Chlorbutyl)-6-chlor-indol mit 1-(Chromen-4-on-6-yl)-piperazin:
1-[4-(6-Chlor-indol-3- yl)-butyl]-4-(chromen-4-on-6-yl)-piperazin;
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von 3-(2-Chlorethyl)-5-cyan-indol mit 1-(Chromen-4-on-6-yl)-piperazin:
1-[2-(5-Cyan-in'dol-3-yl)-ethyl]—4-(chromen-4-on-6-yl)-piperazin;

von 3-(2-Chlorethyl)-5,6-dichlor-indol mit 1-(2,3-Dihydrobenzofuran-
5-yl)-piperazin:
' l-[2-(5,6-Dichlor-indol-3-y1)—ethyl]-4-(2,3-dihydrobenzofuran-S-yl)-
piperazin;

von 3-(4-Chlorbutyl)-S-methoxycarbonyl-indol mit 1-(2-Carboxy-benzo-

furan-5-yl)-piperazin: '
1-[4-(5-Methoxycarbonyl-indol-3-yl)-butyl]-4-(2-carboxy-benzofuran-
5-yD)-piperazin;

von 3-(2-Chlorethyl)-S-methoxycarbonyl-indol mit 4-(2-Carboxy-benzo-
furan-5-yl)-4-piperidin: _
' 1-[2-(5-Methoxycarbonyl—indol-3-yl)-ethyl]-4-(2-carboxy-benzofuran-
S-yD-piperazin;

von 3-(4—Chlorbutyl)—6-mcthoxycarbonyl-indol mit 4-(3-Carboxy-benzo-
furan-5-yl)-4-hydroxy-piperidin:
1-[4-(6-Methoxycarbonyl-indol-3 -yD)-butyl]-4-(3-carboxy-benzofuran-
5-yD)-4-hydroxy-piperidin;

von 3-(4—Chlorbutyl)-7-methoxycarbonyl-indol mit 4-(3-Carboxy-benzo-

furan-5-yl)-4-hydroxy-piperidin:
l-[4-(7—Methoxycarbonyl-indol-3-yl)—butyl]-4-(3-carboxy-benzofuran-
5-y1)-4-hydroxy-piperidin;

von 3-(4-Chlorbutyl)-5,6-dimethoxy-indol mit 1-(2-Carboxy-benzofuran-

S-yl)-piperazin:
1-[4-(5,6-Dimethoxy-indol-3-yl)-butyl]-4-(2-carboxy-benzofuran-
5-yD)-piperazin.
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Beispiel 10

Zu einer Suspension von 0,6 g Lithiumaluminiumhydrid in 20 ml THF wird
unter Riihren bei Raumtemperatur eine Losung von 3,6 g 1-[4-(5-Methoxy-
carbonyl-indol-3-yl)-butyl]-4-(chromen-4—on-6-yl)—piperazin in 40 ml THF
tropfenweise zugegeben. AnschlieBend riihrt man eine weitere Stunde bei
25°, fiigt 20 ml verdiinnte Natronlauge hinzu, filtriert und arbeitet das Filtrat
wie iiblich auf. Man erhilt 1-[4-(5-Hydroxymethyl-indol-3-yl)-butyl]-4-
(chromen-4-on-6-yl)-piperazin.

Analog erhilt man durch Reduktion

von 1-[4-(57Methoxycarbonyl-indol-3-yl)-butyl]-4—(chroman-6-yl)-
piperazin das
1 -[4-(5-Hydroxymethyl—indol-3-yl)-butyl]-4-(chroman-6-yl)-piperazin;

von 1-[4-(5-Methoxycarbonyl-indol-3-yl)-butyl]-4-(benzofuran-5-yl)-

piperazin das |
1 -[4-(5-Hydroxymethyl-indol-3-yl)-butyl]-4-(benzofuran-S-yl)-
piperazin;

von 1-[3-(S-Methoxycarbonyl-indol-3-yl)-propyl]-4—(chroman-6-yl)—

piperidin das |
1-[3-(5-Hydroxymethyl—indol—3-yl)-propyl]-4-(chr0man-6-yl)-piperidi
n;

von 1—[2—(5-Methoxycarbonyl-indol-3-yl)—ethyl]-4-(chroman-6—yl)-
piperidin das

1-[2-(5-Hydroxymethyl-indol-3-yl)-ethyl]—4-(chroman-6-yl)-piperidin.
Beispiel 11

In eine siedende Losung von 2,5 g 1;[4~(5—Carboxy-indol-3-yl)-butyl]-4-
(2,3-dihydrobenzofuran-5-yl)-piperazin in 50 ml absolutern Methanol wird
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2 Swunden HCI-Gas eingeleitet. AnschlieBend kocht man eine weitere
Stunde, arbeitet wie iiblich auf und erhalt 1-[4-(5-Methoxycarbonyl-
indol-3-y1)-buty1]-4-(2.3—dihydrobenzofuran-S-yl)-piperazin.

Analog erhilt man durch Veresterung

von 1-[4-(5-Carbox y-indol-—3-yl)-butyl]-4—(2,3-dihydrobenzofuran-S-yl)—4-
hydroxy-piperidin:
1 -[4-(5-Mcthoxycarbonyl-indol-3-yl)-butyl]-4—(2,3-dihydrobenzo-
furan-5-yl)-4-hydroxy-piperidin;

von l-[4-(5-Carboxy-indol-3-yl)-butyl]-4-(chroman-6-yl)—piperazin:
1-[4-(5-Methoxycarbonyl-indol-3-yl)—butyl]-4-(chroman-6-yl)-
piperazin;

von 1-[4-(5-Cyan-indol-3-yl)-butyl]-4-(2-carboxy-benzofuran—S-yl)—

piperazin:
1-[4-(5-Cyan-indol—3-yl)—butyl]-4-(2-methoxycarbonyl-benzofuran-
5-yl)-piperazin.

Beispiel A: Injektionsgliser

Eine Losung von 100 g eines Wirkstoffes der Formel I und S g Dinatrium-
hydrogenphosphat in 3 1 zweifach destilliertem Wasser wird mit 2 n Salz-
saure auf pH 6,5 eingestellt, steril filtriert, in Injektionsgliser abgefiillt,
lyophilisiert und steril verschlossen. Jedes Injektionsglas enthilt 5 mg
Wirkstoff.

Beispiel B: Suppositorien
Man schmilzt ein Gemisch von 20 mg eines Wirkstoffes der Formel | mit

100 g Sojalecithin und 1400 g Kakaobutter, gieBt in Formen und 148t
erkalten. Jedes Suppositorium enthilt 20 mg Wirkstoff.
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Beispiel C: Losung

Man bereitet eine Losung aus 1 g eines Wirkstoffes der Formel I, 938¢
NaH>PO4 x 2 H,0, 28.48 g’ Na;HPO4 x 12 H,0 und 0,1 g Benzalkonium-
chlorid in 940 mI zweifach destilliertem Wasser. Man stellt auf pH 6,8 ein,
fillt auf 1 1 auf und sterilisiert durch Bestrahlung. Diese Lésung kann in
Form von Augentropfen verwendet werden.

Beispiel D: Salbe

Man mischt 500 mg eines Wirkstoffes der Formel I mit 99,5 g Vaseline
unter aseptischen Bedinungen.

Beispiel E: Tabletten
Ein Gemisch von 1 kg Wirkstoff der Formel I, 4 kg Lactose, 1,2 kg Kartof-

felstirke, 0,2 kg Talk und 0,1 kg Magnesiumstearat wird in iiblicher Weise
zu Tabletten verpreBt, derart, daB jede Tablette 10 mg Wirkstoff enthilt.

Beispiel F: Dragees
Analog Beispiel E werden Tabletten gepreBt, die anschlieBend in iiblicher

Weise mit einem Uberzug aus Saccharose, Kartoffelstirke, Talk, Tragant
und Farbstoff iiberzogen werden.

Beispiel G: Kapseln

2 kg Wirkstoff der Formel I Werden in iiblicher Weise in Hartgelatine-
kapseln gefiillt, so daB jede Kapsel 20 mg des Wirkstoffs enthilt.

Beispiel H: Ampullen
Eine L&sung von 1 kg Wirkstoff der Formel I in 60 1 zweifach destilliertem

Wasser wird in Ampullen abgefiillt, unter aseptischen Bedingungen lyophi-
lisiert und steril verschlossen. Jede Ampulle enthilt 10 mg Wirkstoff.
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Patentanspriiche

1. Piperidin- und Piperazinderivate der Formel I

S ! )
Ind-Q-N Z-R
-/ I
worin
10 Ind einen unsubstituierten oder einen ein- oder zweifach durch
OH, OA, CN, Hal, COR2 oder CH,R2 substituierten
B Indol-3-yl-rest,
|
R! unsubstituiertes oder einfach durch CN, CH,OH, CH,OA
15 oder COR? substituiertes Benzofuran-5-yl bzw.
2,3-Dihydrobenzofuran-5-yl, Chroman-6-yl, Chroman-4-on-
6-yl, 3-Chromen-6-yl oder Chromen-4-on-6-yl,
Q CmHzm,
20
Z N oder CR3,
A Alkyl mit 1-6 C-Atomen,
25 Hal F, Cl, Br oder I,
®
R2 OH, OA, NH;, NHA oder NA,,
R3 H, OH oder OA und
30
m 2,3 oder 4
bedeuten, .
35 sowie deren physiologisch unbedenkliche Salze.
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10

15

20

25

30

(a)

)

©)

(d

(e)

®

(2)

(h)

1-[4-(5-Methoxy-indol-3-yl)-butyl]-4-(2- hydroxymethylbenzo-
furan-5-yl)-piperazin;

l-[4-(5—Carbamoyl-indol—3-yl)—butyl]-4-hydroxy-4-(2,3-dihydro-
benzofuran-5-yl)-piperidin;

| -[4-(5-Ca1bamoyl-indol-3-yl)-butyl]-4-(2,3-dihydrobenzofuran-
5-yD)-piperidin;

1 -[4-(5-Methoxy-indol-3-yI)-butyl]-4-(2,3-dihydrobenzofuran-
5-yD-piperazin;

l—[4-(5-Cyan-indol-3—yl)-butyl]-4—(2-ethoxycarbonylbenzofuran-
5-yD)-piperazin;

1-[4-(5-Cyan-indol-3-yl)-butyl]-4- -(2-carbamoyl- benzofuran-
S-yl)-piperazin;

1-[4-(5—Methoxy-indol-3-yl)-butyl]-4-(chroman-6-yl)-piperazin;

l-[4-(5-Hydroxy-indol-3-yl)—butyl]-4-(ch:oma.n-6-yl)—piperazin.

Verfahren zur Herstellung von Piperazin- und Piperidinderivaten der
Formel I nach Anspruch 1 sowie von deren Salzen, dadurch
gekennzeichnet, daB man eine Verbindung der Formel I

Ind-Q-X1 _ I,
worin
X1 X oder NH, und
X Cl, Br, I, OH oder eine reaktionsfihig funktionell

35

abgewandelte OH-Gruppe bedeuten und
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10

15

20

25

30

35

I

Ind und Q die angegebenen Bedeutungen haben.

mit einer Verbindung der Formel I1I
X2-(CH;);-ZR!1-(CH,);-X3 Hi,

worin

X2 und X3 gleich oder verschieden sein kénnen und, falls X1 = NHj; ist,
Jeweils X, andernfalls zusammen NH bedeuten und

Zund R! die angegebenen Bedeutungen haben,
umsetzt,

oder daB man zur Herstellung einer Verbindung der Formel I, worin Z
gleich N bedeutet, eine Verbindung der Formel IV

* Ind-Q-N(CH,-CH,-X), v,

worin X, Q und Ind die angegebenen Bedeutungen haben, mit einer
Verbindung der Formel V

Rl 'NHz V;

worin R! die angegebene Bedeutung hat,

- umsetzt

oder daB 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 zusitz-
liche C-C- und/oder C-N-Bindung(en) enthilt, mit einem reduzie-
renden Mittel behandelt
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10

15

20

25

30

35

'

\

oder daB man eine sonst der Formel I entsprechende Verbindung, die
jedoch anstelle eines oder mehrerer Wasserstoffatome eine oder
mehrere solvolysierbare Gruppe(n) enthilt, mit einem solvolysierenden
Mittel behandelt

und/oder daB man gegebenenfalls eine OA-Gruppe unter Bildung einer
OH-Gruppe spaltet und/oder eine Gruppe Ind und/oder eine Gruppe R1
in eine andere Gruppe Ind und/oder R! umwandelt und/oder daB man
eine erhaltene Base oder Siure der Formel I durch Behandeln mit einer
Sdure oder Base in eines ihrer Salze umwandelt.

Verfahren zur Herstellung pharmazeutischer Zubereitungen, dadurch
gekennzeichnet, daB man eine Verbindung der Formel I gemil
Anspruch 1 und/oder eines ihrer physiologisch unbedenklichen Salze
zusammen mit mindestens einem festen, fliissigen oder halbfliissigen
Tréger- oder Hilfsstoff in eine geeignete Dosierungsform bringt.

Pharmazeutische Zubereitung, gekennzeichnet durch einen Gehalt an
mindestens einer Verbindung der allgemeinen Formel I gemal
Anspruch 1 und/oder einem ihrer physiologisch unbedenklichen Salze.

Verwendung von Verbindungen der Formel I nach Anspruch 1 oder
von deren physiologisch unbedenklichen Salzen zur Herstellung eines
Arzneimittels.

Verwendung von Verbindungen der Formel I nach Patentanspruch 1

oder von deren physiologisch unbedenklichen Salzen bei der
Bekdampfung von Krankheiten.
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. ¢

Zusammenfassung

Piperidin- und Piperazinderivate der Formel I

S /\
Ind-Q-N ' Z-Ri i L
worin
10
Ind einen unsubstituierten oder einen ein- oder zweifach durch OH,
. OA, CN, Hal, COR2 oder CH,R2 substituierten Indol-3-yl-rest,
R1 unsubstitﬁiertes oder einfach durch CN, CH,0H, CH,0A oder
15 COR? substituiertes Benzofuran-5-yl bzw. 2,3-Dihydrobenzo-
furan-5-yl, Chroman-6-yl, Chroman-4-on-6-yl, 3-Chromen-6-yl
oder Chromen-4-on-6-yl,
' 20
L Z N oder CR3,
’\{ A Alkyl mit 1-6 C-Atomen,
~’ 25 Hal F, Cl, Broder 1,
R2 OH, OA, NH;, NHA oder NA,,
R3 H, OH oder OA und
30 '
m 2, 3 oder 4
bedeuten,
35 sowie deren physiologisch unbedenkliche Salze, zeigen Wirkungen auf das
Zentralnervensystem.

Page 371



Subciass -

Class

/314734
2% 5(3/

ISSUE CLASSIFICATIC

| 5532241
o /014704 [T o g [T R

ERIAL NUMBER FILING DATE |cLASS SUBCLASS 25 GROUPARTUNIT | EXAMINER
08/314,734 09/29/94 | 336 c4 —~1203 -

T — T Prroe | -'f//

" FHENNING BOTTCHER. DARMSTADT, FED REP GERMANY; CHRISTOPH SEYFRIED,
¢ SEEHEIM-JUGENHE, FED REP GERMANY; GERD BARTOSZYK, DARMSTADT,
FED REP GERMANY; HARTMUT GREINER, DARMSTADT, FED REP GERMANY.

\

**CONTINUING DATA**stxxsexsxssssssssss A INVE .
VERIFIED

‘.i.' .
1
*+FOREIGN/PCT APPLICATIONS**$#t¢ststss
VERIFIED FED REP GERMANY . P 43 33 254.4 09/30/93

wa .
Forelgn priority claimed ¥, Uho STATE OR[SHEETS | TOTAL
35 USC 119 conaltions met B)y: Ono AS RY|ORWGS, | CLAIMS

. FILED
*_Verified-ahd Acknowledged Wm%ng- - | DEX i) 22

FiLING FEE ATTORNEY’S
RECEIVED DOCKET NO,

£754. Q0 MERCKIA17

ﬁ MILLEN WHITE ZELAND AND BRANIGAN
. g ARLINGTON COURTHOUSE PLAZA I SUITE 1400
Q 2200 CLARENDON BOULEVARD
ARLINGTON VA 22201
y PIPERIDINES AND PIPERAZINES
=
£ qENgapEn o
533%5’& Eg:{f? g&g Feaw U.S, DEPT. of COMM.Fat. & TM Office— PTOG36L (rev. 10:78)
T e g LS P !
b D-33-Ye
PARTS OF APPLICATION }W . ( Z&L
FILED SEPARATELY 'Applicalions Examiner
NOTICE OF ALLOWANCE MAILED CLAIMS ALLOWED
o Totat Claims Print Claim
-9z J /
"2 Assistant Examiner / 7
* ISSUE FEE ’ — DRAWING —
. * ‘Amount Due Date Paid / Sheets Drwg. | Figs. Drwg. | Print Fig.
E; o 52 H l ,_(." b ¢ %4 @] o —
/252 3 Ay EMILY BERNHARDT
PRIMARY EXAMINER_ 1ssue
GRoUP 1200 ¥ 107 | BATCH
. Primary Examiner | NUMBER f/
Label PREPARED FOR ISSUE ﬁ'
Area -
WARNING: The intormation disclosed herein may be restricted. Unauthorized disclosure may be p/rombﬂed
by the United States Code Title 35, Sections 122, 181 and 368. Possession outsidé the U.s.
Patent & Ti Office is i to i ploy and rag only.

Form PTO-436A L
(Rev. 8/92) P

(FACE)

v T e




;; PATENT NUMBER e ORtIGINA'L CLASSIFICATION
E . : CLASS SUBCLASS

5 /Yy 5

r: APPLICATION SERIAL NUMBER . CROSS REFERENCE(S)

e - - / SUBCLASS

) / 3/ Y 73 CLASS {ONE SUBCLASS PER BLOCK)

"~ APPLICANT 'S NAME (PLEASE PRINT) _ _ -

: S 9 573

3 o~

Ay 3 &L =/ i
A Ny ) e ; v/ — -

 LOTCHER e o) 9] zas pd

‘ IF REISSUE, ORIGINAL PATENT NUMBER fﬂj

: —

.4 INTERNATIONAL CLASSIFICATION -

JrANANINS 3/ v 75T

o ) = i b G

ﬂ/ (/ / L* e / / 7 V(“ GRO%PN!T ASSISTANT EXAMINER (PLEASE STAMP OR PRINT FULL NAME)
" ART

1 " . B

| ) y 5™ / ® .

( G 7 D L& / ' PRIMARY EXA’I\_/I_INER (PLEASE STAMP OR PRINT FULL NAME)
E / /= 6A a /5///;7 b o &

i U.S. DEPARTMENT OF COMMERCE
d rggv_z;‘_’g,) ISSUE CLASSIFICATION SLIP PATENT AND TRADEMARK OFFICE

, Page 373



SEARCHED

Class Sub. Date Exmr. ’
Saq | 323 |3/5/7| £8
EA AR AN "
{//q/e/u Abre /%7/7!‘ EB R
Uy dotey Hbove o?/a//ﬂ W74
SEARCH NOTES
CAS ovuwe Date | Exmr.”
‘ o |8
INTERFERENCE SEARCHED
Class Sub. Date Exmr.
59y | 31z (e fiv)| €5
/9| A5y ”" 7
o ) (BIGHT OUTSIDE)
L N O A ST s e s i ,»,J,,.wy:..w,'

Page 374



Staple Issue Slip Here

POSITION 1D NO.
CLASSIFIER »
EXAMINER —~ [OAAH
TYPIST =20\ NE=dy
VERIFIER 20
CORPS CORR.
SPEC. HAND
FILE MAINT.
DRAFTING
INDEX OF CLAIMS
Claim Date .
A PATAES ‘ cnaig
ZE[El2|e Ele
S 1517 1% “16
O EKE 51
Al2 ] 52
33 53
yla 54
515 55
If) t;‘ |56
57
A } 2 58
59
q110 = 50
/O 11 - 61
1112 v | = &2
FIN |V 63
25 (a4 64
65
IFIRE = 66
11171V = 67
2V V)= 68
- v 69
MV 70
EACANY 71
- iy Y 72
/324 = 7
&1 25 [-JES 75
2b ; 76
77
a__Alig[ oz 78
§§ SYMBOLS ;:
31 Lm—— Mot 81
32 : (Through numberal) cﬂ:.:\:!:;n 82
33 N 83
% A B4
35 4 85
36 86
37 87
38 86
39 89
40 90
“ 91
42 92
43 93
44 94
45 95
6 96
47 97
8 98
49 99
50 700

(LEFT INSIDE)




