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Gregory J. Bevelock (GB6605) Liza M. Walsh

DECOQTIIS, FITZPATRICK, COLE & Christine 1. Gannon

WISLER, LLP CONNELL FOLEY LLP
Gilenpointe Centre West 85 Livingston Avenue

500 Frank W. Burr Boulevard Roseland, New Jersey 07068-1765
Teaneck, New Jersey 07666 {973) 535-0500 _

(201) 528-1100

Attorneys for sanofi-aventis U.S. LLC
Attorneys jor Plaintiff Albany Molecular
Research, Inc.

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

)}
ALBANY MOLECULAR RESEARCH, INC., )
and sanofi-aventis U.S. LLC, )
)

Plaintiffs, g Civil Action No. 09cv4638 (GEB)(MCA)

V- g FIRST AMENDED COMPLAINT

DR. REDDY’S LABORATORIES, LTD. and )
DR, REDDY’S LABORATORIES, INC., )
' )
Defendants. )
)

Plaintiffs Albany Molecular Research, Inc. (“AMRI") and sanofi-aventis U.S. LLC
(“Aventis”) (collectively “Plaintiffs”), by their attorneys, for their Complaint against Dr. Reddy’s
Laboratories, Ltd. and Dr. Reddy’s Laborato;ies, Inc. (collectively “Reddy” or “Defendants™)
alleges as follows: '

Nature of the Action ,

1. This is an action for patent infringement arising under the patent laws of the
United States, Title 35, United States Code, Sections 100 ef seg. This action relates to generic
versions of ALLEGRA® and ALLEGRA-D® drug products for which Reddy is seeking or has

obtained marketing approval from the U.S. Food and Drug Administration (“FDA") and which
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Reddy has marketed or intends to market int the United States after FDA approval and expiration

of any statutory or regulatory stays.
The Parties

2. AMRI is a corporation organized and existing under the laws of Delaware with a
principal place of business at21 Corporate Circle, Albany, New York 12212,

3. Aventis is a corporation organized and existing under the laws of Delaware,
having its principal place of business at 300 Somerset Corporate Boulevard, Bridgewater, New
Jersey 08807, Aventis sells drug products containing fexofenadine hydrochloride in the United
States under the trademarks ALLEGRA® and ALLEGRA-D®.

4, Upon information and belief, Dr. Reddy’s Laboratories, Inc. is a corporation
organized and existing under the laws of New Jersey, has its principal place of business at 200
Somerset Corporate Boulevard, Building 11, 7th Floor, Bridgewater, New Jersey 08807, and has
a regular and established place of business at 1 Park Way, Upper Saddle River, New Jersey
07458,

5. Upo; information and belief, Dr. Reddy’s_ Laboratories, Ltd. is a corporation
organized and existing under the laws of India, has its principal place of business at 7-1-27
Ameerpet, Hyderabad 500016, Andhra Pradesh, India, and has a regular and established place of
business at 1 Park Way, Upper Saddle River, New Jersey 07438,

Jurisdiction and Venue

6. This Court has jurisdiction over the subject matter of this action pursuant to 28
U.S.C. §§ 1331, 1338(a), 1400(b), 2201 and 2202,
7. This Court has personal jurisdiction over Defendants by virtue of their presence in

New Jersey, and their continuous and systematic contacts with New Jersey relating to the subject
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matter of this action, and their course of conduct that is designed to cause the performance of
tortious acts that will result in foreseeable harm in New Jersey.
8. Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391 and 1400(b).

The Patent

2. United States Patent No. 7,390,906 (the *“’906 patent”) duly and legally issued on
June 24, 2008 to inventor Thomas E. D’Ambra. A copy is attached as Exhibit A. The *906
patent was initially assigned to AMR Technology, Inc., a subsidiary of AMRI. AMR
Technology, Inc, subsequently assigned the *906 patent to AMRI, AMRI is now the owner of
the *906 patent. Aventis is the exclusive licensee of the *906 patent.

Acts Giving Rise to this Action

10.  Reddy has submitted to the FDA Abbreviated New Drug Applications
(“*ANDAS™), including ANDAs Nos. 76-502, 76-667, and 79-043 under Section 505()(1) of the
Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355(j)(1)) and New Drug Applications
(*NDAs”) 21-581 and 21-634 under Section 505(b)(2) of the Federal Food, Drug and Cosmetic
Act (21 U.8.C. § 355(b)(2)), seeking approval to engage in the commercial manufacture, use,
and sale of, among other things, 30 mg, 60 mg and 180 mg fexofenadine hydrochloride tablets,
60 mg fexofenadine hydrochloride/120 mg pseudoephedrine hydrochloride tablets, and 180 mg
fexofenadine hydrochloride/240 psendoephedrine hydrochloride tablets (collectively the “ANDA
and NDA Products™) containing a fexofenadine hydrochloride drug substance. Reddy has
received approval from the FDA to market certain of Reddy’s ANDA and NDA Products, and
has marketed some of those ANDA and NDA Products in the United States,

11.  Reddy has used and sold certain of its ANDA or NDA Products in the United

States, including upon information and belief, 30 mg, 60 mg, and 180 mg fexofenadine tablets.
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12. Reddy continues to intend to engage in the commercial manufacture, use and sale
of fexofenadine hydrochloride drug substances and Reddy’s ANDA or NDA Products in the
future.

13, The *906 patent claims, among other things, a process for making fexofenadine
hydrochloride using a cyclopropyl ketone intermediate (“CPK intermediate™),

14.  Upon information and belief, Reddy manufactures its fexofenadine hydrochloride
drug substance and Reddy’s ANDA and NDA Products using fexofenadine hydrochloride made
by a process using a CPK intermediate within the scope of claims of the 906 patent.

15.  Reddy’s commercial manufacture, importation, use or sale of its fexofenadine
hydrochloride drug substance, and Reddy’s commercial manufacture, importation, use or sale of
its ANDA and NDA Products, infringe one or more claims of the *906 patent under 35 U.S.C,
§271(a) and (g).

16.  On information and belief, Reddy has submitted all information to the FDA
necessary to obtain marketing approval for its ANDA and NDA Products not yet on the market,
On information and belief, marketing approvals for those Reddy’s ANDA and NDA Products are
imminent, subject only to statutory or regulatory stays. The advanced stage of Reddy’s ANDAs
and NDAs, and Reddy’s intention to engage in further commercial manufacture, use, offer to sell
or sale of its ANDA and NDA Products promptly upon receiving final FDA approval or the
expiration of the section 505()}{5)}(b)(iil) regulatory stay, also create an actual case or
controversy with respect to infringement of the *906 patent for which declaratory relief and/or
preliminary injunctive relief is appropriate.

17.  Reddy’s infringement has been, and continues to be, willful and deliberate.
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18.  Plaintiffs will be substantially and irreparably damaged and harmed if Reddy’s
infringement is not enjoined. Plaintiffs do not have an adequate remedy at iaw,

19.  Plaintiffs have also suffered damages from Reddy’s infringement.

WHEREFORE, Plaintiffs respectfully request the following relief:

(8) A judgment declaring that Reddy has infringed, and that Reddy’s
commercial making, using, selling, offering to sell or importing the ANDA and NDA Products
will infringe, the *906 patent;

(b) A judgment preliminarily and permanently enjoining Reddy from making,
using, selling, offering to sell, or importing fexofenadine hydrochloride or the ANDA and NDA
Products until after the expiration of the 906 patent;

{c) For Reddy’s actual commercial manufacture, use; offer to sell or sale of its
ANDA and NDA Products prior to the expiration of the 906 patent, a judgment awarding
Plaintiffs’ damages resulting from such infringement, increased to treble the amount found or
assessed, together with interest;

(d)  Aftorneys’ fees in this action pursuant to 35 U.S.C. § 285;

()  Costs and expenses in this action; and

H Such further and other relief as this Court may deem just and proper.




Dated: March {8, 2010

DECOTIIS, FITZPATRICK, COLE &
WISLER, LLP

By: /
Gregory 3 Bevklock (GB6603)

OF COUNSEL:

Andrew P. Zappia

NIXON PEABODY LLP

1100 Clinton Square

Rochester, New York 14604-1792
{585) 263-1600

Attorneys for Plaintiff
Albany Molecular Research, Inc,
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CONNELL FOLEY LLP

By: ,LML/M ﬁ/ﬁM

lea . Walsh

OF COUNSEL.

Paul H. Berghoff

James C. Gumina
McDONNELL BOEHNEN
HULBERT & BERGHOFF LLP
300 S, Wacker Drive

Chicago, Illinois 60606

{312) 913-0001

Attorneys for Plaintiff sanofi-aventis U.S. LLC
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EXHIBIT A
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a2 United States Patent (10) Patent No.: US 7,390,906 B2
D*Ambra @5y Date of Patent; *Jun, 24, 2008
(54) PIPERIDINE DERIVATIVES AND PROCESS su [486058 A3 971986
FOR THEIR PRODUCTION {Continued)
(75) Inventor: Theomas E. D’Ambra, Wynansskill, NY OTHER PUBLICATIONS
(Us) K. Y. Chan, etal,, “Direct enantiomeric separation of terfenadine and

. its major acid metabolite by high-performance liquid chromatogra-

(73) Assignee: AMR Technology, Inc., Manchester, VT phy, nnd the lack of stereosclective tarfenadine enantiomer

(Us) bistransfonmation in man” J, Chromafog., 271:291-97 (1991).
{*) Notice:  Subject to any disclaimer, the term of this (Continued)

patent is extended or adjusted under 35 Primary Examiner—Celia Chang :

U.5.C. 154(b) by 0 days, (74) Attorney, Agem, or Firm—Feslin Rothenberg Farley &

Mesiti P.C.
This patent is subject to a terminal dis-
claimer. (5N ABSTRACT

The present invention selates to substantially pure piperidine

(21)  Appl. No.: 11/d55,531 derivative compounds of the formulac:

(22) Filed:  Jun.19,2006
B
{65) Prior Publication Data D
US 2006/0241303 Al Oct, 26, 2006 Q
Related U.S. Application Data =R,

(63) Continuation of application No. 11/250,924, filed on R
Cct. 14, 2005, now Pat. No. 7,238,834, which is a
continnation of application No. 10/918,247, filed on

Aug, 13, 2004, now Pat, No. 7,022,880, which is a N o $ -
continnation of application No, 10/235,052, filed on | i @ | 3
Sep. 4, 2002, now Pat. No. 6,797,826, whick is a con- {CH)—C C—R3
tinnation of application Ne. 09/758,724, filed on Jan. ]
11, 2001, now abandoned, which is a continuation of CHz
application No. 09/356,172, filedon Jul. 16, 1999, now o
abaadoned, which is a continuation of application No. B
08/994,357, filed on Dec. 19, 1997, now Pat. No. D
5,994,549, which is a continuation of application No. O
08/382,649, filed on Feb. 2, 1995, now Pat. No. 5,750,
703, which is a continuation of application No., 08/083, Tty
102, filed on Jun. 24, 1993, now abandoned. i
R;
(51) - Int. CL. . !
ce7D 21122 {2006.01) A
CO7D 211740 {2004.01) N ol CH;
(52) US.CL cvvirireniennns — 546/240; 546/236; 546/234 :
(58) Field of Classification Searchh ... 5467239, (CH)y—CH ?_Ri
546/240, 236, 237, 340; 560/8, 115, 159, .
560/160; 562/450, 555, 5641156, 157, 158,
564/169
See application file for complete scarch history. wherein
(56) References Clied %; :: l]:;;dzgz;or Bydroxy;
U.8. PATENT DOCUMENTS or R, and R, (aken together form a second bond between
the carbon atoms bearing R, and Ry;
oy g g R Cooior—COor,
v, BT & A1 R, has 1 to 6 carbon atoms;
g’gig'g? ‘: Igj:g;i g:e;ta:iét a A, B, and D are the substituents of their respective rings
3:352: 173 A V1975 Cametal ench of which may be different or the same and are
3,878,217 A 411975 Carr et al. hygrqgen,lhalogens, alky], hydroxy, GH(OXY, or other
substituents.

(Continued) A process of preparing such piperidine derivative componnds
FOREIGN PATENT DOCUMEBENTS in substantially pure form is also disclosed,

EP 843052689 371985 9 Claims, No Drawings
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U.5. PATENT DOCUMENTS

3,898,271 A 8/1%75 Sheehan et al.
3922276 A [1/1975 Duncan et al
393L197 A 171576 Carr et al.
3.941,795 A 311976 Carrct al.
3946022 A 31976 Carretal.

3,956,296 A 51976 Duncan et al,
3,965,257 A 61976 Carretal.
4,028,404 A 6/1977 Baysetal
4,254,129 A 31981 Carretal
4,254,130 A 31981 Camretal.
4,285,957 A 81981 Cametal.
4,285,958 A 8/1981 Cametal
AA07,823 A 10/1983 Kirsch et al.
4,550,146 A 10/1985 Sotoetal.
4702175 A 5/1988 Fawcott ot al.
5375693 A 121994 Woosley cf al.
5,578,610 A 11/1996 D'Ambna
55810t A 121996 D’Ambra
5,580,487 A 1271996 DAmbra
5663412 A 971997 D*Ambra
5,750,703 A ¥ 5/1998 D'Ambra ....covirireeen. 5461240
6,147.216 A 11/2000 Krausetal.
FOREIGN PATENT DOCUMENTS

wo WO 9321156 1041993

wOo WO 403170 A 2/1994

WO WO OSQ0450 A 1/1995

wo WO 95/00482 1/1995

OTHER PUBLICATIONS

EJ. McCarty, et al.. "Central Depressants. Phosphoramidates
Dierived from o, a-Disubstituted 4-Piperidinemethanols” Depart-
ment gf Organic Research, Sciemtific Laboratories, 26:4084-
4088{1961).
Chemica) Abstract, vol. 94, 1981, pp. 644, 94:156758¢.
Chemical Abstract, vol. 110, 1989, pp. 762, 113:173057¢,
Waoosley, R.L., et al. “Mechagism of the Cardiotoxic Actions of
Terfenadine,! JAMA 269 (12):1532-36 (Mar. 1993).
Honlg, PK., e al. ‘“Terfenndine-ketoconazole Interaction.
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of Humans Following Terfenadine (Seldane) Administration Using
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Zamani, K., et al,, “Enantiomaric Analysis of Terfenadine in Rat
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Eller, M.G., etal,, “Absenceof Food Effects on the Phanmacokinetics
of Tesfenadine,” Blopharar. Drug Dispos. 13(3):171-7 (Apr. 1992).
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Major Acid Metabolite by High-Performance Liquid Chromatogra-
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Ellar, M.G., et al,, "Pharmacokinetics of Terfenadine in Healthy
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PIPERIDINE DERIYATIVES AND PROCESS carboxylic acid metabolite slso possesses anti-histaminic
FOR THEIR PRODUCTION activity in animal models and may lack the cardiac side
effects seen with terfenadine.
CROSS REFERENCE TO RELATED Piperidine derivatives related to the terfenadine carboxylic
APPLICATIONS $ acid metabolite are disclosed in the following U.8. patents:

This application ic a continuation of U.S. patent applica-
tion Ser. No. 11/250,924 filed on Oct, 14,2005, pow U.S, Pat.
No. 7,238,834 which is a continuation of U.8. patent appli-
cation Ser. No. 10/918,247 fited on Aug. 13, 2004 now U.S.
Pat. No. 7,022,880, which is a continuation of 1.5, patent
application Ser. No, 10/235,052, filed on Sep. 4, 2002, now
U.S. Pal. No. 6,797,826, which is a continuation of U8,
patent application Ser. No. 09/758,724, filed Jan. 11, 2001
now abandoned, which is a continuation of U.8. patent apphi-
catjon Ser. No. 09/356,172, filed Jul. 16, 1999, now aban-
doned, which is a continnation of U.S. patent application Ser.
No.08/994,357, filed Dee, 19, 1997, now U.8. Pat, No. 5,994,
549, which is a continuation of 1.3, patent application Ser,
No. 08/382,648, filed Feb. 2, 1993, now U.S. Pat. No, 5,750,
703, which is a continuation of U.8. patent application Ser.
No. 08/083,102, fited Jun. 24, 1993, now abandoned, which
are hereby incorporatesd by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to piperidine derivatives and
a process for their production,

BACKGROUND OF THE INVENTION

Terfenadine,  1-(p-tert-butylphenyl)-4-[4-(c-hydroxy-
diphenylmethyl)-1'-piperidinyl}-butancl is & non-sedating
anti-histamine, It is reported to be a specific Hj-recepior
antagonist that is also devoid of any anticholingeric, anti-
serofoninergic, and anti-adrenergic effects both in vitre and in
vivo, See D, McTavish, K, L. Goa, M. Ferrili, Drugs, 1990,
19, 552; C. R. Kingsolving, N. L. Monroe, A. A. Carr, Phar-
macolagise, 1973, 15, 221; 1. K, Weodward, N, L. Muaro,
Arznelm-Forsch, 1982, 32, 1154; K, V. Mann, K. J. Tietze,
Clin, Pharm. 1988, 6, 331. A great deal of effort has been
made investigating structure-activily relationships of terfena-
dine analogs, and this is reflected in the large number of U.8,
patents disclosing this compound and related structures as
follows: , ’

U.8. Pat. No. 3,687,956 10 Zivkovic

1.8, Pat. No. 3,806,526 to Carr, et al,

1.8, Pat, No. 3,829,433 1o Carr, et. al.

2.8, Pat. No. 3,862,173 to Can, et. 41,

U.S. Pat. No, 3,878,217 to Cam, et. al.

1.8, Pat. No. 3,922,276 to Duncan, et. al,

U.S. Pat. No. 3,931,197 10 Casr, et, al.

U.8. Pat, No. 3,941,795 to Carm, et. al.

.8, Pat. No. 3,946,022 1 Carm, et. al.

U.S. Pat, No. 3,956,296 to Duncan, et. al.

U8, Pat, No. 3,965,257 to Cary, et. al.

{J.8. Pat. No. 4,742,175 to Faweer, ot al.

Terfenadine has been linked to potentially fatal abnormal
heart thythms in some patients with liver disease or who also
take the antifungat drug ketoconazele or the antibiotic eryth-
romycin. I aaimal and human metabolic studies, terfenadine
was shown to uadergo high first-pass effect, which resvlts in
readily measurable plasma-concentrations of the major
metabolite 4-[4-{4-(hydroxydiphenyimethy])-1-piperidinyl}-
1-hydroxybutyl]-o,a-dimethylphenylacetic acid, also known
as terfenadine carboxylic acid metabolite. The terferadine

—_
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—
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U.8. Pat, No. 4,254,129 to Carr, et. al,
.S, Par. No. 4,254,130 to Carm, et, al,
U.8. Pat, No. 4,285,957 o Carr, et. al.
{1.8. Pal. No. 4,285,958 1o Carm, et, al.

In these patents, 4-[4-[4-(bydroxydiphenylmethyl)-1-pip-
eridinyl]-1-hydroxybutyl]-c,o-dimethylbenzeneacetic acid
and related compounds are prepared by alkylation of a sub-
stituted piperidine derivative of the formula:

Q

C=—R,

Rz

i

with an w-halkalky! substituted phenyl ketone of the formula:
CHy

b,

&,

ha]o-'-"(ClIz}n'""é

wherein the subsfitvents halo, R, Ry, n, 2, and R4 are
described, in column 6 of U.8, Pat, No. 4,254,130,

It is further described that the w-haloalky! substituted phe-
nyl ketone wherein Z is hydrogen are prepared by reacting an
appropriate straight or branched lower alkyl C, 4 ester of
o~-a-dimethylphenylacetic acid with the compound of the
following formula:

halo-—(CHz)m—!!—ha!o

under the general conditions of a Friedel-Crafts acylation,
wherein halo and m are described in column 11 of U.S. Pat.
N, 4,254,129, The reaction is carried out in carbon disulfide
as the preferred solvent.

Applicant has discovered that the preparation of ethyl 4-(4-
chloro-1-oxobutyl)-c,a-dimethylphenylacetate by reaction
of 4-chlorobutyry] chloride, aluminum chioride, and ethyl
o, c-dimethylphenylacetate in carbon disulfide, as described
in Bxample 1 of 1.8, Pat. Nos. 4,254,130 and 4,285,958
provides an inseparable mixture of monosubstituted aromatic
regioisomers of the formuta:

CHz

‘ﬁ (:3“"(30102}[5
Cl-—-(CH;);—c_@/ Cl

179
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wherein the chlorobutyl substitnent is attached at cither ofthe
three aromatic carbons which are meta or pam to the dim-
ethylacetate substituent. These regioisomers are pot sepa-
rable by standard techniques of thin layer chromatography, or
column chromatography, and low field proton nuclear mag- 3

netic resonance spectroscopy is inconclusive in identifying R,
the praduct of this reaction as a mixture, When the mixture of
monosubstituted aromatic regioisomers of the preceding for- Ry

mula is reacted with a piperidine of the formula: o CcH
1

!i? OH ot (i:— COOH
bor b s

C—R]

1 Although the second mixture of regicisomers and the third
mixture of regioisomers can be analyzed by HPLC experi-
ments, a practical separation to obiain, In quantities of sub-
stantially pure regioisomers has not been achieved. Bach mix-

B ap fUrO (including the first), would be expected 1o contain 33% of
the para isomer and 67% of the meta isomer. Since these
components are inseparable, it has not been possible to obtain -

a second mixfure of aromatic regioisomers js obtained of the  &itker of the regicisomers in each mixture in substantially

formula: pure farm.
2 SUMMARY OF THE INVENTION
The present invention relates to substantially pure piperi-
ey, dine derivative compounds of the formulae:
30

Ry

T
N 0 C—COOCsHs
i I | C""RJ
{CH—C CH; 35
Ry

wherein the monosubstituted meta, para mixture of regioiso-
is obtained « 4 é
mers is 0 d. . {CH g —3y
It is known in the art that & monoalkyl substituent on a
benzene ring is ortho, pama directing in electrophilic uromatic

substitution reactions such as a Friedel-Crafis reaction. Thus,
it wonld be expected that the Friedel-Crafis reaction of 5

a-chiorobutyryl chloride with ethy] a,a-dimethylphenylac-
etate would yield predominantly the para substituted product :
of the formula:

o] CH; C—R,
| Q | 50
Cl——(CHy)y—C i—coos: Ry
Hi A
N OH CH3
L 55 J:
because of the electron donating, para-directing character of (CHy)s—CH Ry
the dimethylalkyl snbstituent combined with the steric hin- H
drance associated with reaction of the ortho positions. In 3
practice, the inductive electronic withdrawing effect of the wherein
carboxylic ester of ethyl a,a-dimethylphenylacetate counter- g R, is hydrogen or hydroxy;
acts the expected alky] electron dopating effect, resulting in R, is hydrogen;
no significam directing effect for the aromatic substitution or R, and R, taken together form a second bond between
reaciion, For the described reaction, a statistival mixture of the carbon atoms bearing K, and R;
meta to para regioisomers regults, with the two meta positions R; is ~~COOH or —COOR;
predominating, 5 R, is an alkyl with 1 to 6 carbon atoms;
The above second mixture of regloisomers can be con- A, B, and D are the substituents of their rings, each of

verted 1o a third mixture of regicisomers of formula: which may be different or the same, and are selected
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from the group consisting of hydrogen, halogens,

alkyl, hydroxy, alkoxy, or other substituents
or a salt thereof. These compounds are useful in pharmacen-
1ical compositions, particularly as antihistamines, antiallergy
agents, and bronchodilators,

The piperidine derivative compound is prepared by a pro-

cess which is initinted by providing a substantially pure
regioisomer of the following formula:

5

CH.
G, 3
\
\ 1

Pao

The substantially pure regioisomer is converted to the piperi-
dine derivative having a keto group with a piperidine com-
pound of the formula:

C—Rg

CHz i5

20

25

A number of synthetic pathways for preparing the substap- 30
tially pure regioisomer and for reacting it with the piperiding
compound having a keto group are disclosed. The piperidine
derivative having a keto group can be converted fo the above
piperidine derivative having & hydroxyl group by reduction.
Although a wide varisty of piperidine derivatives can be 35
produced by the process of the present invention, it is particu-
Jarly useful in forming 2 hydroxylated piperidine derivative of

the formula;
Q Q o
C=0H
45
17 i
(CH:)S—'?—O—-IC':“CDOH
H CHy 50

Alternatively, the process of the present invention can beused
to produce a piperidine derivative with a keto group of the

following formuia:
C=—0H
0
N a CH;

téﬂm——g—Q-iwcoon

H

o
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to substantially pure piperi-
dine derivative compounds of the formulae:

QY

R3

N CEl3

| 'u'*_@.}_
Qo

C“"‘R]
R;
A
LT i
(CH;);—'CHQC_‘“R;
b,
wherein
R, is hydrogen or hydroxy;

R, is hydrogen;
or R, and R, taken together form a second bond between
the carbon atoms bearing R, and Ry;

R, is--COOH or —COOR;

R, is an aiky] with 1 to 6 carbon atoms;

A, B, and D are the substitments of their rings, each of
which may be different or the same, and are selected
from the proup consisting of hydrogen, halogens,
alkyl, hydroxy, alkoxy, or other substituents

or a salt thereof,

“These substantially pure piperidine derivative compounds
may be in the form of 4-diphenylmethylpiperidine derivatives
represented by the following formulae:

QO
ég_"_Q_f_.

Hs
A
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-continued -continued
B D B 3] |
QO . OO0
cH c '
10
A
T i Tr T
(CH;);“&H—‘C>—C“R3 (CH;)]WCH‘GC—"R;
1 (l:H] 13 (LH;

where A, B, D, R, are defined above. The substantizlly pure

piperidine derivative compounds include 4-(hydroxydiphe-

eylmethyl}piperidine derivatives according to the following

formulae: 20
B

QQ
*m_“@}im

s
A

30

is
B D

ofs

C—O0H

li! OH CH,
(CHz);mt]:H—©>—+"- R
CHy
A
where A, B, I, R, are defined above. Another useful class of 50

piperidine derivative compounds are 4-diphenylmethylene-
piperidine derivatives in accordance with the following for-

40

43

mitlae:
B D
Qj @ 58
0
60
A

O
(Cth—‘(lbo—(iLf‘“‘R: 65

CH3

where A, B, D, R, are defined above, Examples of R, are
straight, or branched alkyl groups, including methyl, ethyl,
A-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl,
neopentyl, and n-hexyl groups.
Tlustrative examples of compounds of the present inven-
tion are as follows:
4-[4-[4-Chydroxydiphenylmethyl)-1-piperidinyl]-1-hy-
droxybutyl]-o,c-dimethylbenzeneacetic acid;
4-[4-[4-(diphenyimethy])-1-piperidinyl]-1 -hydroxybu-
tyl]-ot,c-dinzetkylbenzeneacetic acid;
4-[4-[4-(diphenylmethylene)-1 -piperidinyl]-1-hydroxy-
butyl)-a,0-dimethylbenzeneacetic acid;
4-[4-[4-(hydroxydiphenylmethyl)-1 -piperidinyl]-1-hy-
droxybutylj-o,a-dimethyl-3-hydroxybenzeneacetic
acid;
4-[4-[4-(hydroxydiphenylmethyl)- | -piperidiny]]-1-hy-
droxybutyl]-a,n-dimethyl-2-hydroxybenzeneacetic
acid;
4-[4-[4-(diphenylmethylene)-1-pipeddinyl]-1-hydroxy-
butyl-or, ct-dimethyl-3-hydroxybenzeneacetic acid;
5-[4-[4-(diphenylmethylene)-1 -piperidinyi]-1 -hydroxy-
butyl)-c,c-dimethylbenzeneacetic acid;
ethyl 4-]4-f4-(hydroxydiphenylmethyl)-1-piperidiayl}-1-
hydroxybutyl]-o,c-dimethylbenzenesceric;
n-pentyl -[4-[(diphenylmethyl)-1-piperidinyl}-1-hydroxy-
butyl]-e, e-ditethylbenzeneacetate;
ethyl  4-[4-[4-(diphenylmethylene)-i-piperidinyl]-1-hy-
droxybutyl]-a,a-dimethylbenzeneacetate;
methy! 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidiny?]-
1-hydroxybutyl}-o,a-dimethylbenzeneacetate;
ethyl- 4-[4-[4-(hydroxydiphenyimethyl-I-piperidiayl]-1-
hydroxybutyl]-a,o-dimethyl-(3-hydroxybenzene)ac-
etate;
n-propyl  4-[4-[4-Chydroxydiphenylmethyl)-1-piperidi-
nyl]-1-hydroxybutyl] -o, a-dimethyt-(2-hydroxyben-
zene)acelate;
n-bexyl  4-[4-[4-(diphenylmethylene)-1-piperidinyl]-1-
hydroxybutyl]-,ce-dimethyl-(3-kydroxybenzene)ac-
etate;
ethyl  5-[4-[4-(diphenylmethylene)-1-piperidinyl]-1-hy-
droxybutyl]-a,o-dimethylbenzencacetate;
a,o-diphenyl-1-(4-{4-tert-butyl-2- hydroxy)phenyl)-4-hy-
droxybutyl-4-piperidinemethanol;
o, a-diphenyl-1-(4-(4-tert-butyl-3-hydroxy)pheayl)-4-hy-
droxybutyl-4-piperidinemethanol;
a,o-diphenyl-1-(3-(4-tert-butyl-2-hydroxy)phenyl)-3-hy-
droxypropyl-4-piperidinemethanol;
a,0-~diphenyl-1-{5-(4tert-butyl-2-acetyloxy)phenyi)-5-
hydroxypentyl-4-piperidinemethanol;
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o,a-diphenyl-1-(4-(4-hydroxy-tert-butyl-2-hydroxy)-
phenyl-4-hydroxybutyl-4-piperidinemethanol;
a,a-diphenyl-1-{4-(4-hydroxy-tert-butyl-3-hydroxy)-
phenyl)-4-hydroxybutyl-4-piperidinemethanol;
o,et-diphenyl-1-(3-(4-hydroxy-tert-butyl-2-hydroxy)-
pheny]}-3-hydroxybutyl-4-piperidinemethanol;
a,c-diphenyl-1-(4-(4  hydroxy-tert-butyl)phenyl)-4-hy-
droxybuyl-4-piperidinemethanot;
1-(4-tert-butyl-2-hydroxyphenyl}-4-{4-diphenylmethyl-
ene)-1-(piperidiny[)butanol;
I-{4-tert-butyl-3-hydroxyphenyly-4-(4-diphenylmethyl-
ene)-1-(piperidinyl)butanol;
1-(4-tert-butyl-3-hydroxyphenyl)-2-(4-diphenylmethyl-
ene)-1-(piperidinyl)butanc];
1-(4-tert-butyl-2-butyryloxyphenyl)-6-(4-{diphenylm-
ethyl)-1-piperidinylhexanol;
1-{4-hydroxy-tert-butyl-2-hydroxypheayl)-4-(diphenyim-
ethylene)-1-(piperidinyl Youtanol;
1-(4-bydroxy-tert-butyl-3-hydroxyphenyl}-4-(4-(diphe-
nylmethylene)-1-(piperidinyl}butangl;
1-(4-hydroxy-tert-butyiphenyl}-4-(4-(diphenylmethyl-
ene)-1-(piperidiny])butanol;

Particularly preferred are compounds of the formulee:

C=CH

CH;

(caﬂs_é_Q_i_cm
o

Cc=—0H

T 0 0
(CHz):w-c—@— Qe COOH
L,

Cptionally, both dipheny! groups from the piperidine com-
pound may be alkyl (e.g., methyl) substituted at the position
para to the methylene,

This invention also includes pharmaceutically accepiable
salts in the form of inorganic or organic acid or base addition
salts of the above compounds. Suitable inorganic acids are,
for example, hydrochlaric, hydrobromic, suifuric, and phos-
phoric acids. Suitable crganic acids include carboxylic acids,
such as, acelic, propionie, glycolic, lactic, pyruvie, malonic,
succinic, fumaric, malie, tartade, citde, eyclamic, ascorbic,
malele, hydroxymaleic, dihydroxymaleie, benzoie, pheny-
lacetic, 4-aminobenzoic, anthranjllic, cinnamie, salicychc,
4-aminosalicyclic, 2-phenoxybenzoic, 2-acetoxybenzoic,
and mandelic acid. Sulfonic acids, such as, methanesolfonic,
ethanesnifonic, and B-hydroxyethane-sulfonic acid are also
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suitable acids. Non-toxic salts of the compounds of the
above-identified formulas formed with inorganic and organic
bases include, for example, those alkali metals, such as,
sodivm, potassivm, and I:ﬂnum, alkaline earth metals, for
example, calcium and magnesium, light metals of group I0A,
for example, alummum. organic amines, such as, primary,
secondary, or tertiary amines, for example, cyclohexylamine,
ethylamine, pyridine, methylaminoethanal, and piperazine.
These salts are prepared by conventionat means, for example,
by treating the piperidine derivative compounds of the for-

Ao

Co

. A

N Q CH;
| [ |

CHy)—C ‘|3"'R3

CHy
or
:3
OO
=R,

Ry

CHy

(CH,,,_zH@yLR,

where R,, R,, and R, are defined above, with an appropriate
acid or base.

The piperidine derivative compounds of the present inven-
tion can be utitized as the biologically active components in
pharmaceutical compositions. The compounds of this inven~
tion are usefirl as antihistamines, antiallergy agents, and bron-
chodilators, They may be administered alone or with svitable
pharmaceutical carriers, and can be in solid or liquid form
such as, tablets, capsules, powders, solutions, suspensions or
emulsions.

The compounds of this invention can be administered
orally, parepterally, for example, subcutaneously, intrave-
pously, intramusculerly, intraperitoneally, by intranasal
instillation or by application 1o mucous membranes, such as,
that of the nose, throat and bronchial tobes, Such application
to mucons membranes can be achieved with an agrosol spray
conlaining small particles of 3 compound of this invention in
a spray or dry powder form.

The quantity of the compound of the present invention
administered will vary depending on the patient and the mode
of administration and can be any effective amount, The quan-
tity of the compound administered may vary over a wide
range to provide in a unit dosage an effective amount of from
about 0.01 10 20 me/kg of body weight of the patient per day
ta achieve the desired effect. For example, the desired anti-
hislamine, antiallergy, and bronchodilator effects can be
obtained by vonsumption of 2 unit dosage form such as a
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tablet containing 1 to 50 mg of the compound of the present
invention taken 1 to 4 times daily.

‘The solid unit dosage forms can be of the conventional
type: This, the solid form can bea capsule, such 2 an ordinary
gedatin typecontaining the compound of the present invention
and a carrier, for example, lubricants and inert fillers such as,
lactose, sucrose, or comstarch. In another embodiment, these
compounds are tableted with conventional tablet bases such
as lactose, sucrose, or cornstarch in combination with binders
like acacia, comnstarch, or gelatin, disintegrating agents such
as, cornstarch, posato starch, or alginic acid, and a lubricant
like stearic acid or magnesium stearate.

The compounds of this invention may also beadministered
in injectabie dosages by solution or suspension of the com-
pounds of the present invention in a physiologically accept-
able diluent with a pharmaceuiical camier. Such carriers
include sterile liquids such as water and oils, with or without
the addition of a surfactant and other pharmaceutically
acceptable adjuvants. Ibstrative oils are those of petroleum,
anima], vegetable, or synthetic origin, for example, peanut
oil, soybean ofl, or mineral oil. In general, water, saline,
agueous dextrose and related sugar solution, and glycols such
as, propylene glycol or polyethylene glycol, are preferred
liquid carriers, particularly for injectable solutions.

For use as acrosols the compounds of this invention in
solution or suspension may be packaged in a pressurized
aerosa] container together with suftable propellants, for
exarnple, hydrocarbon propellants like propane, butane, or
isobutane with conventional adjuvants. The compounds of
the present inventicn also may be administered in a non-
pressurized form such as in a nebulizer or atomizer.

The compounds of the present invention can be used to
treat warm Yooded animals, birds, and mammals, Examples
of such beings include humans, cats, dogs, horses, sheep,
cows, pigs, lambs, rats, mice, and guinea pigs.

- The piperiding derivative componnds of (he present ioven-
tion are prepared by providing a substantially pure regioiso-
mer of the following formula:

>

and then converting the substantiaily pure regioisomer to the
piperidine derivative compounds of the invention having 2
keto group with a piperidine compound of the formula:

Q

C=~R
R;

The resulting piperidine derivative compounds with a keto
group can be converied by reduction to the above-described
piperidine compounds with a hydroxy! group,

There are severzl fechniques of providing these substan-
tially pure regicisomers,

3
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Process One for Producing Substantially Pure Regioisomer

In one embodiment of the present invention, the substan-
tially pure regioisomer is formed by initially acylating a start-
iog compound of the formula:

Hy

wherein
Rg is —OR4, —N{Rg)s, and —8R,, and
Rsis an alkyl with 1 to 6 carbons,

with a compound of the formula:

Bl COX

wherein
X is a halogen,

under conditions effective 1o produce a first mixture of regioi-
somers of the formula:

&
r
Ot
¢ iy
Q

Such conditions include those conventionally utilized in a
Fiedel-Crafts acylation reaction catalyzed by, for example,
AICI;. The reaction is carried out in a solvent such as, carbon
disulfide, tetrachloroethane, or nitrobenzene with carbon dis-
ulfide being the preferred solvent, The reaction is carried out
fur a time period of ¥ to 12 hours, preferably 3 to 5 hours, at
o temperature of 0 10 25 C.

The first mixture of regioisomers can be hydrolyzed under
conditions effective to form a second mixture of regicisomers
of the formula:

A
CH;
<__:>—{ll— COOH
b,
C

Typically lhis reactlion is carried out by base hydrolysis pro-
cedures which are well known in the art. For example, the first
mixture of regioisomers can be treated with aninorganic base,
such as, sedivm hydroxide or potassium hydroxide, in an
aqueous lower alcohol solvent. Suitable solvents include
aqueous methanol, ethanacl, isopropanol, or r-butanol solu-
tions. Hydrolysis is carried our at refiux temperatures of the
solvent for ¥2 to 12 hours,

Following such hydrolyzation, the substantially pure
regioisomer of the formula;

1 CH

0 3
%—@—t}-—-m‘mn

4 CH;3
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15 recovered from the second mixture of regioisomers. Such
recovery is carried out by crystallizing the substentially pure
regicisomer salt of the formula:

SO

CHy

wherein
i3 a Lewis Acid

Such erystallization is carried out by fractional crystallization
techmiques known in the art. Generally, such procedures
involve disselving the second mixture of regicisomers in &
solvent containing a salt at temperatures of 20 C to the reflux
temperature of the solvent. The resulting solution is then
slowly cooled to temperatures of —20 to 25 C,

Suitable solvents for fractional crystallization include:
alcohol solvents, like methanol, ethanol, isopropyl alcchol,
and n-butanol; ketone solvents, such as acetone or methyl
ethyl ketone; ester-containing solvents, like ethyl acetate or
isopropy] acetzte; ethereal solvents such as tetrahydrofuran;
acetonitrile; and dimethylformamide. Ethyl aceiate is pre-
ferred,

Suitable salts for fractional crystallization are those where
K* is an alkal] metal salt, like sodivm and potassivm salts, or,
more preferably, ammonium selts of the form NR,R;Ry,
where R,, Ry, and R, is hydrogen or a straight or branched
atkyl of 1 to 6 carbon atoms which may be substitutest at any
position with a phenyl ring or a substituted phenyt ring, The
ammonium salt can also be cinchonidine, quinine, quinidine,
quinuclidine, brucine, thebaine, or cinchonine. Of these solt
complexes, cinchonine is preferred.

The substantially pure regioisomer sali is then isolated by
filtration and converted to the substantially pure regioisomer
of the formula:

<{ ‘@"f”“"“

by procedures well known in the arl, Typically, such conver-
sion is accomplished by treatment with acid.
Process Two for Producing Substantially Pure Regioisomer

In another embodiment ofthe process afthe present inven-
tiom, the substantially pure regicisomer is produced by acy-
lating a starting compound of the formula:

CH;

©_¢_R,

R, is -—COOH, —COOQalkyl, —CON(atkyh),, —COS-
alky) where the alkyl moieties have 1 1o 6 carbon
atorns and are straight or branched

20

55

60
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with a compound of the formula:
c—Cc=0

wherein
X, is a halogen, trialkyl tin, trialkyl borate, &iflate, or
organometallic reagents of lithium or magnesium
derived from bromineor iodine, with any alkyl groups
having 1 to 4 carbon stoms and being straight or
branched wnder conditions effective to produce the
substantinlly pure regioisomer of the formula:

CHy

T

CH;

This acylation reaction is carried out in a suitable solvent in
the presence of an appropriate catalyst for zbowt 1 to 120
hours and at temperatures of about 0 C to the reflux tempera-
ture of the solvent. Suitable selvents for acylation include:
hydrocarbon solvents, such as benzene, toluene, xylene, or
cyclohexane; halogenated hydrocarbons, such as chloroben-
zene, dichloroethane, methylene chloride, chloroform, orcar-
bon tetrachioride; carbon disulfide; dimethylformamide;
ethereal solvents, like tetrahydrofuran and diethylether; or
dioxane,

A variety of catalysts may be utilized when A is hydrogen.
Suitable catalysis inciude palladinm catatysts, ke palladium
chloride, palladinm acetate, tetrakis(triphenylphosphine)pal-
ladinm(0), dichlorobis(triphenylphosphine paltadivm(Il), or
benzylchlorobis(iriphenylphosphine}palladinm(IL); or
nickel-phosphine catalysts. Acylation may also be carried out
in the presence of added lithinm chloride or triphenylphos-
phine, The latter acylation reaction is known in the art as
organometallic oross coupling reactions and are condusted by
the general procedures of D, Milstein, et al., /. Org, Chen.,
1979, 44, 1613; 1. W. Labadie, et al,, /. Org. Chem., 1983, 48,
4634; C. Sahlberg, et al., ferrahedron Letters, 1983,24, 5137;
D. Milstein, etal,, /. Am, Chem. Scc., 1978, 100, 3636; and K.
Tamao, et al., Feirahedron, 1982, 38, 3347,

Process Three for Producing Substantially Pure Regicisomer

In another embodiment of the process of the present inven-
tion, the substantially pure regioisemer is produced by acy-
lating & starting componnd of the formula:

A
CH;3
O
CHz
wherein
R, is —OR,, —N(R¢),, and —SRg, and
Ry is an alkyl with 1 to § carbon atoms
with a compound of the formula;
Ci—LC=0




Case 2:09-cv-04638-GEB-MCA Document 35 Filed 03/19/10 Page 18 of 23 PagelD: 186

US 7,390,906 B2

15

under conditions effective to produce & first mixture of regioi-
somers of the formuta:
A

oL

C

A

Typically, such acylation is carried out by a Friedel-Crafts
reaction, as described above in Process One for Producing
Substantially Pure Regioisomers.

The substantinfly pure regioisomer salt is recoverad by
fractionsl crystallization, isolation, and converting, as
described above with reference to Process One for Producing
Substantially Pure Regioisomers.

Once the substantially pure regioisomer-of the present
invention is produced by one of the above (or some other)
process, there are & number of procedures for using that
compound to produce the piperidine derivatives of the present
invention,

Process One of Converting the Substantially Pure Regioiso-
mer to the Substantially Pure Piperidine Derivative having a
Keto Group

According to one aspect of the present invention, the sub-
stantially pure regioisomer can be halogenated vnder condi-
tions effective fo form a first intermediate compound of the
formula:

A

®

Suiteble balogens inciude chlorine, bromine, and fodine.
Suitable conditions for carrying out such halogenating
include reacting the substantially pure regioisomer with a
halogen nucleophile and a Lewis Acid. The ring opening
reaction is carried out in a suitable solvent, optionaily in the
presence of a catalytic amount of base for abomt 0.5 10 24
hours and a temperature of aboul ~40 degrees C. to the reflux
temperature of the solvent. Suitable halogen nucleophiles
include sodium iodide, sodium bromide, potassium fodide,
potassinm bromide, cesium jodide, cesinm bromide, trimeth-
ylsilyl iodide, manganese iodide, cerium lodide, magresinm
bromide, magnesium icdide, magnesium carbonate, calcium
bromide, and calcium icdide. Suitable Lewis Acids include
silicon compounds such as frimethylsily] chioride and trim-
ethylsily] iodide; aluménum compounds such as aluminum
chloride, trimethy] aluminum, dicthylammonium chloride,
ethyl aluminum dichloride, and diethyl aluminum cyanide;
magnesium salts; and boron salts. Suitable sclvenis for the
ring opening reaction include hydrocarbon solvents, such as,
benzene, toluene, xylene, or cyclohexane; ethereal solvents
such as ether, tetrahydrofuran, dioxane, or dimethoxyethane;
or halogenated hydrocarbons, such as, chlorobenzene, meth-
ylene chloride, carbon tetrachloride, chloreform, or dichlo-
rocthane.

Afier such halogenation, the first intermediate compound
is reacted with a piperidine compound of the formula:

CHz
{3 R;a
CH,

o]

wherein X is a halogen.
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R

QO

C""""R1
Ra

B

under conditions effective to form the piperidine derivative
compound having a keto group of the formula:

B
O
7R,
Rz
A
N o CHy
| (L
(CH)y—C Rty
!:H]

This alkylation reaction is carried out in 2 snitable solvent
preferably in the presence of a base and, optionatlly, in the
presence of a catalylic amount of potassinm iodide for about
4 to 120 hours at a temperature of about 70 C to the reflux
temperature of the solvent. Suitable solvents for the alkyla-
tion reaction incinde aleghol solvents, such as, methanod,
ethanol, isopropyl alcohol or n-butancl; ketone solveats, such
as, methy] isobuty] ketone; hydrocarbon solvents, such as,
benzene, toluene, or Xylene; halogenated hydrocarbons, such
as, chlorobenzene or methylene chioride; or dimethylforma-
mide. Sujtable bases for the alkylation reaction include inor-
ganic bases, for example, sodium bicarbonate, potassium car-
bonate, or potassium bicarbonate or organic bases, such as a
trialkylamine, for cxample, triethylamine or pyridine, or an
excess of the piperidine compound can be used.

When R, is —COOQalkyl, the alkylation reaction is fol-
lowed by base hydrolysis to convert R, substituents thet are
—CO0alkyl groups to —COOH groups, Such base hydroly-
sis involves treatment of the substantiafly pure piperidine
derivative with an inorganic base, such as, sodivm hydroxide
m an squeous lower ajcohol solvent, such as, aqueous metha-
nol, ethanol, isopropy! alcohol, or n-butanoy! at refux-tem-

~ perature for about ¥ hour to 12 hours.

Piperidine compounds where each of R, and R, is hydro-
gen or wherein R, is hydroxy and R, is hydrogen are com-
mercially available or may be prepared according to proce-
dures well known in the art {e.g. F. J. McCarty, C. H. Tilford,
M. G. Van Campen, J Am. Chem. Soc., 1961, 26, 4084).
Piperidine compounds wherein R, and R, form a second bond
between the carbon atoms bearing R, and R, may be prepared
bydehydration ofthe corresponding compound wherein R, is
hydroxy by procedures generally known in the art.
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Second Process for Converting Substantially Pure Regioiso-
merto Substantially Pure Piperidine Derivative having a Keto
Group
In another emsbodiment of the present invention, the sub-
stantially pure regioisomer of the formula:

A
0 CH,
JC{H-M

CHa

is reacted directly with a piperidine compound of fhe formula:

Qo

nnder conditions effective to form the piperidine derivative
compound having a keto group of the formula;

QO

TRy
R;
A
N [+] CH;
i Il < > |
[CHp)y——C: C—R3
b,

This alkylation reaction is earried out in a suitabie solveat
preferably in the presence of a base and optionally in the
presence of a Lewis Acid such as magnesium, cesinm, or
calcium salts or trimethylsilyl chlorde or in the presence ofa
catalytic amount of potassium jodide for about 4 to 120 hours
atatemperatare of about 70 € to the reflux temperature of the
solvent, Suitable solvents for the alkylation reaction include
alcohol solvents, such as, methanol, ethanol, isopropyl alco-
Bol, or n-butancl; ketone solvems, such as, methyl isobutyl
ketone; hydrocarbon solvents, such as, benzene, toluens, or
xylene; and halogenated hydrocarbons, such as, chloroben-
zene or methylene chloride; or dimethylformamide. Sujtable
bases of the alkylation reaction include inorganic bases, for
example, sodinm bicarbonate, potassivm carbonate, or potas-
sium bicarbonate or organic bases, such as, a trialkylamine,
for example, triethylamine or pyridine, or an excess of a2
compound of the piperidine compound may be used.

Processes for Reduction of Keto Group in Substantially Pure
Piperidine Derivative

As discussed above, the process of the present invention js
useful in producing substantially pure piperidine derivalives
with either a keto group or a iydroxy] group, Derivatives with
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keto groups can be converted to similar compounds with
hydroxyt groups by reduction reactions which are well known
iz the art.

Reduction can be carried out with sodiuvm borohydride or
potassium borohydride in fower alcohol solvents, such as,
methanol, ethanol, isopropyl alcohol, or n-butancl.

When lithivm aluminum hydride or diborape are used as
reducing agents, stitable solvents are ethers, for example,
diethyl ether, tetrahydrofuran, or dioxene. These reduction
reactions are carried out at temperatures ranging from about 0
C to the reflux temperzture of the solvenl, and the reaction
time varies from about 0.5 to 8 hours.

Catalytic reduction may also be employed using, for
example, Raney nickel, patladivm, platinum or rhodivm cata-
lysts in lower alcohol solvents, such as, methanol, ethanol,
isopropy] alechol, or n-butanol or acetic acid or their aqueous
mixtires, or by the nse of aluminum isopropoxide in isopro-
py!l alcohol. Reduction using sodinm borohydride is gener-
ally preferred over catalytic reduction when forming car-
boxylic acids or esters. When the starting material is an ester,
lithium aluminum hydride is the preferred reducing agent,
while diborane is preferred when starting with an acid.

When esters with hydroxyl groups have been formed, base
hydrolysis can be used to produce a carboxylic acid. Such
procedures are well known and generally involve treamment
with an inorganic base, such as, sodivm hydroxide or potas-
sium hydroxide, in an aqueous lower aleoholic solvenr, such
as aquepus methanol, ethanol, isopropyl alcohol, or n-bu-
tanol, Base hydralysis is carried cut at gbout the selvent reflux
temperature for about 42 heur to 12 hours,

EXAMPLES
Example 1

Preparation of Bthyl 3- and 4-(4-chloro-1-oxobutyl}-
o, o-dimethylphenylacetate

Aluminum chloride (44 g; 0.33 mol) was added slowly in
portions to a solution of freshly distilled 4-chlorobutyryl
chloride {17 ml; 9.15 mol) in 460 mL. of carbon disulfide at
~10 C under a nitrogen atmosphere. The mixture was stirred
for 15 minutes, then the cooling bath was removed and the
mixture waz allowed to warm to smbient temperatore. The
mixture was stirred then for 15 minutes more, then cooled
again 10 ~10 C and a solution of ethyl a,o-dimethylphenyl
acetate (26.6 g; 0,14 mol) in 70 mL of carbon disulfide was
added dropiwise. The mixture was maintained with stirding for
3 b, then stirred overnight at room temperatare,

The reaction mixture was pastitioned between H,O and
CHCI,. The combined organic portions were washed with
saturated aqueous NaHCQ; sclution, dried over MgSC,, fil-
tered and concentrated in vacuo, The residue was dissolvedin
CH,Cl, and filtered through a plug of 510, eluting with 10%
ETOAc in hexane. Concentration of the product-containing
fractions afforded 39.4 g of ethyl 3- and 4-(4-chioro-1-0x-
obutyl)-o,a-dimethylphenylacetate as a mixtere of aromatic
regioisomers.

Example 2

Preparation of 4-Cyclopropyl-oxo-methyl)-a,o-dim-
ethylphenylacetic acid

To a solution of 39.4 g of ethyl 3- and 4(4-chloro-1-oxobu-
tyD)-o,a-dimethylphenylacetate obtained in Example 1 dis-
solved in 800 mL of CH,OH and 200 mL of H,O was added
40 g of NaOH The resulting mixture was reBuxed for one
hour. The cooled mixture was then concentrated in vacuo to
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remove the CH,0OH, The concentrate was diluted with H,O
and washed with two pertions of FtOA¢. The aqueous Jayer
was acidified with concentrated HCl and extracted with two
portions of EtQAc, The extracts were dried over MgSO,,

filtered, and concentrated in vacuo to afford 303 gof crude

produet.

The crude product was dissolved in 600 mL of EtOAc, 38
g of cinchonidioe was added, and the mixture was stirred
overnight. The resulting solids were filtered and washed with
BtOAc and sucked dry under a rubber dam to afford 25 g of'a
tan solid,

The solids were partitioned between E¥QAc and 2N HCI,
Theagueous layer was extracted with BtOAc. The combined
organics were dried over MgSO,, filtered, and concentrated
in vacuo to afford 10.6 g of an oif (33% from ethyl a,a-
dimethyl-phenylacetate),

Example 3

Preparation of 4-(4-Indo-1-oxobutyl)-a1,ct-dimeth-
ylphenylacetic acid

A sohution of 10.5 g of 4-{cyclopropyl-oxo-methyl}-c.,c-
dimethylphenylacetic acid, prepared in accordance with
BExample 2, in 250 mL of CH,Cl, was cooled in an ice-MeOH
bath and 25 g of rimethylsilyliodide was then added rapidly
via pipette. The mixture was stirred in the ice bath for one
howr, warmed o ambient temperatare, and stirred for one
hour. A solution of aqueous sodium bisulfite was then added
and the mixture was stirred well. The phases were partitioned
and the aqueous layer was extracted with CH,Cl,. The com-
bined organics were washed with saturated aqueous NaCl,
dried over MgS8O,, filtered, and concentrated in vacuo {o
afford 12.6 g (77%) of 4-(4-iodo-1-oxobutyl)-o,a-dimeth-
ylphenylacetic acid.

Example 4

Preparation of Methyl 4-{4-lode-1-oxobutyl)-a,0-
dimethylphenylacetate .

To a sofution of 12,6 g of 4-{(4-iodo-1-oxobutyl)-a,c-dim-
ethylphenylacetic acid, prepared in accordance with Example
3,in 100 mL of B0 cooled in anice bath, was added 40ml,
of ethereal CHN.. The mixture was stirred at 0 C for few
minutes, then let stand for 2 hr, A few drops of AcOH were
added to decompose excess CH;N,, then the mixture was
filtered and siripped 1o afford 12.6 g (96%4) of methy) 4-{4-
ioda-1-oxobutyD-e,o-dimethylphenylacetate.

Example 5

Preparation of Methyl 4-[4-[4-(Hydroxydiphenylm-
ethyl)-I-piperidiny}]-1-oxobutyl]-o,0-dimethylphe-
nylacetate

A solution ol 12.6 g of methyl 4-(4-iodo-1-oxobutyl)-o,c-
dimesthylphenylacetate, propared in acecordance  with
Example 4, in S60 mL of toluene in g one liter three neck flask
with mechanical stirring was added 8.8 g of 4-(o,x-diphenyl)
piperidinemethanol and 23 g of K,CO, and the mixture was
refluxed for 7 hr. The cooled reaction mixture was then fil-
tered and concentrated in vacoo. The residue was dissolved in
Et,0 and treated with excess ethereal HCL The mixture was
then concentrated to a solid. The solid was treated with
EtCAce and collected by filtration. Ths product was then par-
fitioned between B{OAc and 2N Na,CO,. The organics were
dried over Mg80,, filtered, and concentrated in vacuo to
afford 135 g (79%) of methyl 4-[4-[4-(hydroxydiphenylm-
ethyl)-1-piperidinyi]-1-oxobutyl]-o,o-dimethylphenylac-
etate,
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Example 6

Preparation of Metity! 4-{4-[4-Hydroxydiphenyim-
ethy])-1-piperidinyi]-1-bydroxybutyl}-c,c-dimeth-
ylphenylacetate

A solution of 135 g of meth y! 4-{4-[4-(hydroxydiphenyl-
methy)-1-piperidinyl]-1-oxobutyl}-c,c-dimethylphenylac-
etate, prepared in aceordance with Example 5, in 250 mL of
CH,0H was cooled in an ice-CH,OH bath and 1.8 g of
NaBH, was added in portions. After 1 by, the mixture was
concentrated to a solid. The residue was partitioned between
E1OAc and saturated aqueous NaHCO,, The aqueous portion
was extracted with EtOAc. The combined organics were
washed with saturated aqueous NaCl, dijed over MgSQ,,
filtered, and concentrated in vacuo 1o afford 9.5 g (70%) of
methy! 4-{4-[4-(bydroxydiphenylmethyl)-1-piperidinyl]-1-
hydroxybutyl}-o,o-dimethylphenylacetate as a foam.

Example 7

Preparation of 4-[4-[4-Hydroxydiphenylmethyl)-I-
piperidiny]]-1-hydroxybutyl]-o,c-dimethylpheny-
tacetic Acid

To a solution of 9.5 g of methyl-4-f4-{4-Chydrodipheny!-
methyl-1-piperidinyl]-1 -hydroxybutyl}-a,a-dimethylpheny-
lacetate, prepared in accordance with Example 6, in 300 mL
of CH;O0H and 1 50 mL, of 1,0 was added 1 0 g of NaOH. The
mixture was refluzed for 1 br, then cooled, The CH,OH was
removed in vacuo, The concentrate was difuted with H,O and
CHC, and the pH adjusted to approximately 3.5 to 6.0, The
phases were separated and the aqueous phase was extracted
with CHCl,. The combined organics were dried over MgSO,,
filtered, and stripped to afford 9.0 g of crude product,

The crude product was dissolved in CH,Cl; and chromato-
graphed on Davisil Grade 633 Si0, ¢luting with a gradient of
CHCl;, to 10% CH3OH in CHCI,, to 23% CH,OH in CHCI,.
The product containing fractions were concentrated to afford
5.2 g of white crystals. An analytical sample was prepared by
treatment of the product with EtOAc, mp 199-203 C Cale. for
CyHyoNO,: C, 76,62, H, 7.84; N, 2.79. Found: C, 76.24; H,
776, N, 2,75,

Example 8

Preparation of Methyl 4-{4-[4-(Bis(4-methylphenyl}
hydroxymethyl)-1-piperidinyl]-oxobutyl}-o,a-dim-
ethylphenylacetate

To a solution of 6.4 g (0.017 mob) of methyl 4-(4-iodo-1-
oxobuiyl)-a,a-dimethylphenylacetate, prepared in accor-
dance with Example 4, in 500 mL of toluenc in a one liter
round bottorn flask equipped with & mechanical stirrer was
added 5.1 g (0.017 mol) of 4-(a,-bis(4-methylphenyl)-pip-
eridinemethanol, followed by 11.8 g (0.086 mol) of solid
potassium carbonate, The solution was heated to reflux for 24
hy, After cooling, the mixture was filtered snd the toluene was
removed in vacuo, The residue was partitioned between ethyl
acetate and 2 N sodium bicarbonate selution, The aqueous
{ayer was extracted twice with ethyl acetate, the combined
organic layers weare dried with sodium sulfate and the ethyl
acetate was removed in vacuo to provide 6.8 g (73%) of
methy] 4-[4-[4-(bis(4-methylphenylhydroxymethyl)-1-pip-
eridinyl}-1-oxobulyl]-o,a-dimethylphenylacelate as a vis-
cous, dark colored oil.
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Example 9

Preparation of Methyl 4-[4-[4-Bis(4-Methylphenyl)
hydroxymethyl}-1-piperidinyl)-1-hydroxybutyl]-e,
o-dimethylphenylacetate

To a ~10 C solution of 6.8 g {0,013 mol) of methyl 4-[4-
[4-(bis(4-methyiphenylJhydroxymethyl)-1-piperidinyl}-1-
oxobutyl] -a,a-dimethylphenylacetate, prepared in accor-
dance with Example 8, in 150 ml, of methanol in a 500 mL
round bottore flask equipped with 4 mechanical stirrer was
slowly added 0.86 g (0.023 mol) of sodiurn borohydride, and
the reaction was stirred for 2 hr. The methanol wag removed
in vacuo and the residue was partitioned between ethyl
acetate and aqueous sodium bicarbonate solution. The aque-
ous layer was extracted with ethyl acetate, the combined
organic layers were dried with sodium sulfate, and the-ethyl
acetate was removed In vacuo to provide 6.9 g of a dark
colored foam, The resultant material was purified by column
chromatography (Davisil grade 633 silica get packed in meth.
ylene chloride, material applied in chloroform, and eluted
with a gradient of 2% methanol to methylene chloride to 5%
methancl to methylene chloride) to afford 5.3 g (77%6) of
methyl 4-[4-[4-(bis(4-methylphenyYhydroxymethyl)-1-pip-
eridinyl)- 1 -hydroxybutyl]-c,e-dimethylphenylacetate.

Example 10

Preparation of 4-[4-{4-(Bis(4-methyiphenylhy-
droxymethyl)-1-piperidinyl]-1-hydroxybutyll-c,a-
dimethylphenylacetic Acid .

To 350 mL of methanol in a 1 L round bottom flask
equipped with a mechanical stirrer was added 53 g (9.8
mmol) of methyl 4-{4-[4-(bis(4-methylphenyl)hydroxym-
ethyl»1-piperidiny]]-1-hydroxybutyl]-oo-dimethylpheny-
lacetate, prepared in accordance with Example 9, 5.1 g (0.13
mol) of solid sodinm hydroxide, and 100 mi, of water, The
mixture was heated o reflux for 3 hr After cooling, the
methanol was removed in vacuo, and § N hydrochloric acid
was added dropwise until the solution was no longer basic
(pH=7). The solution was extracted three times with ethyl
acetate. The organic layers were combined and & white crys-
talline solid precipitated out of solution. The solid was
washed with ether to provide 1.8 g (34%) of 4-[4-[4(bis(4-
methyiphenyl)hydroxymethyl)- 1 -piperidinyl]- 1-hydroxybu-
tyil-o,c-dimethylphenylacetic acid, as the dibydrate, mp
208-215 C. Analysis. Caled. for Co HyaNO,-2{H,0): C,
72.18; H, 8.37; N, 2.47. Found: C, 72.02; H, 8.36; N, 2.41,

Example 11

Preparation of 4-(1-Hydroxy-4-iodobutyl)-a,o-dim-
ethylphenylacetic acid

To a solution of 50 mg of 4-(4iodo-1-0xobutyl)-c,a-dim-
ethylphenylacetic acid, prepared in accordance with Example
3, in 3 mL of methanol was added 56 mg of NaBH,. The
mixture was stirred for 30 minutes, acidified with 2N HCI,
and the metbanol removed in vacuc. The concentrate was
extracted with EtOAc. The organics were dried over N2 SO,
filtered, and concentrated to afford 40 mg of 4-(1-hydroxy-
4-iodobutyl)-o,c-dimethylphenylacetic acid.

Example 12
Preparation of 4-[4-[4-(Hydroxydiphenylmethyl)-1-

piperidinyl]-1-oxobutyl]-e,a-dimethylphenylacetic
acid

A mixture of 800 mg of 4-(4-iodo-1-oxobutyl)-o,0-dim-
ethiylphenylacetic acid, prepared in accordance with Example

—

5

22
3, 800 mg of 4-(ct,a-diphenyl)piperidinemethancl, and 2.4 g
of K,C0; in 25 mL of toluene was stirred for 48 hours at room
temperature, The mixlwe was concentrated in vacuo. The
residue was treated with EtOAc, filtered, and concentraied to
afford  4-[4-[4-(hydroxydiphenyhmethyl)-1-piperidinyl]-1-
oxobutyl]-a,c-dimethylphenylacetic acid.

BExample 13

Preparation of 4-[4-[4-HydroxydiphenylmethyD-1-
piperidiny1]-1-hydroxybutyll-c,a-dimethylpheny-
lacetic Acid

A mixtwre of 4-[4-]4-(hydroxydiphenylmethyl-1-piperidi-
nyl]-1-oxobatyl]-a,a-dimethylphenylacetic acid, prepared
in accordance with Example 12, and 300 mg of NaBH, in 25
ml of CH,OH was stitred overnight at room temperature,

" ‘The mixture was then concentrated in vacuo. The residue was
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pertitioned between EiQAc and H,O. The agueous portion
was treated with concentrated HCl until pH 6, then extracted
with BtOAe. The organics were concenirated in vacuo, The
resitdue was dissolved in EIOAg, filiered, and concentrated in
vacuo 1o an oil. The pil was dissolved in CH;OH and concen-
trated to a s0lid. The solid was slurried with EtOAg, filtered,
and rinsed with BtOA< 1o afford 4-[4-[4-hydroxydiphenyim-
ethyl)-1-piperidiny]]- [ -hydroxybutyl]-a,a-dimethylpheny-
lacetic acid.

Although the invention has been described in detail for the
purpose of illustration, it is understood that such detail is
solely for that purpase, and variations can be mede therein by
those skilled in the art witkout departing from the spirit and
scope of-the invention which is defined by the following
claims.

What is claimed;

1. A process of preparing a piperidine derivative compound
of the formula:

Q

C'—"R]
R;
N el CHy
i 1 {
{CHy—C ?""Rs
CH;
wherein
R, is hydroge or hydroxy;
R, is hydrogen;
or R, and K, taken together form a second bond between the
carbon atoras bearlng R, and R;

R; is —COOH or —COOR;
R, has 1 to 6 carbon atoms;
said process comprising:
providing a regicisomer of the following formuia:

Q CHy
A ]
c cl:-—— EN
4 =
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canverting the regioisomer ta the piperidine derivative com-
pound with a piperidine compound of the formula:

QO

C""'R]

R,

¥

2. A process according to claim 1, wherein said providing
comprises:
acylating a starting compound of the formula:

wherein
R; is OR g4, —N(Rg),, and —3R, and
Rg is an alkyl with 1 to 6 carbons, with a compound of the
formula:

CJWCQX

wherein

X is a halogen, under conditions effective to producea first
mixmre of regioisomers of the formula:

CH;

f
O

CHj;3
o]

hydrolyzing the first mixture of regivisomers under condi-
tions effective to form a second mixture of a regioiso-
mers of the formula:

T
O
CHy

(o]

recovering from the second mixture of regioisomers the
regioisomer of the formula:

O

we

1%

E

in

]

24

3. A process according to claim 2, wherein said recovedng
comprises;
crystallizing from the second mixture of regioisomers a
regioisomer salt of the formula;
CH;

wherein X* is a Lewis Acid;
isolating the regicisomer salt; and
converting the regioisomer salt fo the regioisomer of the

formula:
0, CHy
%—chl:— Rs
g

4. A process according to claim 3, wherein X* is an alkali
metal salt or an ammonium salt of the form NR, R R, wherein
Ry, Rg, 8nd Ry are individually hydrogen or a straight or
branched alkyl of 1 to 6 carbon atoms, or an alkyl substituted
atany position with a phenyl ring or a substituted pheny] ring.

§, A provess according 1o claim 2, wherein said acylating is
carried out by a Friedel-Crafts reaction using AICl; catalyst.

6. A process according to claim 1, farther comprising:

reducing the piperidine derivaiive under condjtions effec-

tive to form a hydroxylated piperidine dervative of the

formula:
C™Ry
Rz
N H CHy
(CHpy—CH: (r-k;.
CH;

7. A process according to claim 6, wherein the hydroxy-
lated piperidine derivative has the formula:

C=—CH

OH CH;

(CH;):'—E:.)—@"C“CO{JH

H
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8. A process according ta claim 1, wherein said converting 9, A pracess aceording to claim 1, wherein said converiing
comprises: ] comprises:

halogenating the regioisomer of the following formula: reacling the regioisomer of the following formnla:

0, CHy 5

\ [

c (f: R crz;
St O

under conditions effective to form a first intermediate com-
pound of the formula:

Q

wherein X 15 a halogen and
reacting the first intermediate compound with a piperidine
compound of the formula:

QO

C"‘_‘R[

R;

P

15

20

under conditions effective to form the piperidine derivative of 35

the following formula:
Ry
Ry
N Q CHz
I I I
{CHaly—C (IJ-—R;.
CH;

43

50

with a piperidine compound of the formuta;

Qe

CaRy

i

under conditions effective to form the piperidine derivative of
the formula:

QO

c— R.]

Rz

(Lz,,.._ﬁ.Q_ER,




