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Gregory J. Bevelock

DECOTIIS, FITZPATRICK, COLE & WISLER, LLP
Glenpointe Centre West

500 Frank W. Burr Boulevard

Teaneck, New Jersey 07666

(201) 928-1100

Attorneys for Plaintiff Albany Molecular Research, Inc.

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

ALBANY MOLECULAR RESEARCH, INC,,
Plaintiff,
Civil Action No.
- V -
COMPLAINT
SANDOQZ, INC. and
DR. REDDY’S LABORATORIES, LTD.,
Defendants.

Plaintiff Albany Molecular Research, Inc. (“AMRI” or “Plaintiff”), by its attorneys, for
its Complaint against Defendants Sandoz, Inc. (“Sandoz™) and Dr. Reddy’s Laboratories, Ltd.
(“Reddy”) 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 Sandoz is seeking or has
obtained marketing approval from the U.S. Food and Drug Administration (“FDA”) and which
Sandoz intends to market in the United States immediately upon either FDA approval or

expiration of any statutory or regulatory stays.
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The Parties

2. AMRI is a corporation organized and existing under the laws of Delaware with a
principal place of business at 21 Corporate Circle, Albany, New York 12212.

3. Upon information and belief, Sandoz is a corporation organized and existing
under the laws of Colorado, having a principal place of business in this judicial district at
2400 Route 130 North, Dayton, New Jersey 08810 and at 506 Carmegie Center, Suite 400,
Princeton, New Jersey 08540. Sandoz is in the business of marketing pharmaceutical products,
including generic pharmaceutical products.

4. Upon information and belief, Reddy 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 Rj\?er, New Jersey 07458.

Jurisdiction and Venue

5. 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.

6. This Court has personal jurisdiction over Sandoz by virtue of its continuous and
systematic contacts with New Jersey, its contacts with New Jersey relating to the subject matter
of this action, and its course of conduct that is designed to cause the performance of tortious acts
that will result in foreseeable harm in New Jersey.

7. This Court has jurisdiction over Reddy by virtue of its presence in New Jersey,
and its continuous and systematic contacts with New Jersey relating to the subject matter of this
action, and its course of éonduct 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).

-2-
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The Patent

9. 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 AMRL. AMR
Technology, Inc. subsequently assigned the ’906 patent to AMRI. AMRI is now the owner of

the "906 patent.

Acts Giving Rise to this Action

10.  On information and belief, Sandoz has submitted Abbreviated New Drug
Applications (“ANDAs™) 76-707 and 77-999, pursuant to Section 505(j)(1) of the Federal Food,
Drug and Cosmetic Act (21 U.S.C. § 355(j)(1)), secking approval to market 30 mg, 60 mg and
180 Img fexofenadine hydrochloride tablets, and 60 mg fexofenadine hydrochloride/120 mg
pseudoephedrine hydrochloride tablets (collectively the “ANDA Products”).

11.  The ’906 patent claims, among other things, a process for making fexofenadine
hydrochloride using a cyclopropyl ketone intermediate (“CPK intermediate”).

12.  On information and belief, Reddy is the approved supplier for fexofenadine
hydrochloride active pharmaceutical ingredient (“APT”) to Sandoz for its ANDA Products. The
API manufactured by Reddy was made by a process using a CPK intermediate within the scope
of claims of the *906 ;Jatent.

13.  Reddy manufactures the infringing APY with knowledge and intent that it will be
imported into the United States. On information and belief, Reddy directs and controls such
importation.

14, On information and belief, Sandoz intends to engage in commercial manufacture
and sale of the ANDA Products, which contain the infringing API, immediately upon receiving

FDA approval to do so.
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15. On information and belief, Sandoz’s commercial manufacture, importation, use or
sale of its ANDA Products, which contain the infringing API, will infringe one or more claims of
the *906 patent under 35 U.S.C, §271(a) and (g).

16. On information and belief, Sandoz has submitted all information to the FDA
necessary to obtain marketing approval for its ANDA Products. On information and belief
marketing approval for Sandoz’s ANDA Products is imminent, subject only to statutory- or
regulatory stays. The advanced stage of Sandoz’s ANDAs, and its intention to engage in the
commerciai manufacture, use, offer to sell or sale of its ANDA Products promptly upon
receiving FDA approval, create an actual case or controversy With respect to infringement of
the 906 patent.

17. Sandoz’s infringement has b.een, and continues to be, willful and deliberate.

18.  Plaintiff will be substantially and irreparably damaged and harmed if Sandoz’s
infringement is not enjoined. Plaintiff does not have an adequate remedy at law.

WHEREFORE, Plaintiff respectfully requests the following relief:

(a) A judgment declaring that Defendants’ commercial manufacture,
importation, use or sale of the infringing AP], and Sandoz’s commercial manufacture,
importation, use or sale of its ANDA Products, infringes the ‘906 patent;

(b) A judgment permanently enjoining Defendants from making, using,
selling, offering to sell, or importing the infringing API or the ANDA Products until after the
expiration of the 906 patent;

(c) If Defendants engage in the commercial manufacture, use, offer to sell or

sale of the infringing API or Sandoz’s ANDA Products prior to the expiration of the “906 patent,
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a judgment awarding Plaintiff damages resulting from such infringement, increased to treble the
amount found or assessed, together with interest;

(@ Attorneys’ fees in this action pursuant to 35 U.S.C. § 285;

(e) Costs and expenses in this action; and

) Such further and other relief as this Court may deem just and proper.
Dated: September 9, 2009

DECOTIIS, FITZPATRICK, COLE &
WISLER, LLP

By:  /s/ Gregory J. Bevelock
Gregory J. Bevelock

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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CERTIFICATION PURSUANT TO LOCAL CIVIL RULE 11.2

I hereby certify that to the best of my knowledge the matter in controversy is related to

the following actions pending before the Honorable Joseph A. Greenway, Ir., U.S.D.}.

Aventis v. Impax, No. 02-1322 (JAG) (D.N.])

Aventis v. Mylan, No. 03-1179 (JAG) (D.N.J.)

Aventis v. Dr. Reddy's, No. 03-1180 (JAG) (D.N.J.}

Aventis v. Dr. Reddy’s, No. 03-5108 (JAG) (D.N.J.)

Aventis v. Dr. Reddy’s, No. 03-5829 (JAG) (D.N.J.)

Aventis v. Sandoz, No. 04-222 (JAG) (D.N.J)

Aventis and AMR v. Dr. Reddy’s, No. 04-1075 (JAG) (D.N.J.)
Aventis and AMR v. Impax, No. 04-1076 (JAG) (D.N.J.)
Aventis and AMR v. Mylan and Amino, No. 04-1077 (JAG) (D.N.J.)
Aventis and AMR v. Amino, No. 04-1078 (JAG) (D.N.J.)
Aventis v. Mylan, No. 04-2305 (JAG) (D.N.J.}

Aventis v. Dr. Reddy, No. 04-3194 (JAG) (D.N.].)

Aventis v. Sandoz, No. 04-3944 (JAG) (D.N.J.)

Aventis v. Mylan, No. 05-4255 (JAG) (D.N.J.)

Aventis v. Sandoz, No. 06-1277 (JAG) (D.N.J.)

Amino and DiPharma v. Aventis, No. 06-5463 (JAG) (D.N.J.)
Aventis v. Sandoz, No. 07-2454 (JAG) (D.N.J.)

Aventis v. Mylan, No. 07-5054 (JAG) (D.N.].)

Aventis v. Dr. Reddy’s, No. 07-5180 (JAG) (D.N.J.)

Aventis v. Sandoz, No. 08-0254 (JAG) (D.N.J.)

Aventis v. Sun Pharma, No. 09-325 (JAG) (D.N.J.)

I certify under penalty of perjury that the foregoing is true and correct.

Dated: September 9, 2009

/s/ Gregory J. Bevelock
Gregory J. Bevelock
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EXHIBIT A
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TR0 O

7390
a» United States Patent 10 Patent No.:  US 7,390,906 B2
D’Ambra (45) Date of Patent: *Jun, 24, 2008
(54) PIPERIDINE DERIVATIVES AND PROCESS su 1486058 A3 9/1986
FOR THEIR PRODUCTION (Contined)
(75) Invemor: Thomas E, D>Ambra, Wynantskill, NY OTHER PUBLICATIONS

(Us)

(73) Assignes: AMR Technolegy, Inc., Manchester, VT
(Us)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 33

U.8.C. 154(b) by 0 days.

This patent is subject lo a terminal dis-
claimer,

(21) Appl. No.: 11/455,531

{22) Filed: Jun. 19, 2006
(65) Prior Publication Data
U8 2006/0241303 Al Oct. 26, 2006

Related U.S. Application Data

{63) Continuation of application No. 11/250,924, filed on
Qct. 14, 2005, now Pat, No. 7,238,834, which is a
continuation of application No., 10/918,247, filed on
Aug. 13, 2004, now Pat, No. 7,022,830, which is a
continuation of application No. 10/235,052, filed on
Sep. 4, 2002, now Pai. No. 6,797,826, which is a con-
tinuation of application No. 09/758,724, filed on Jan.
11, 2001, now abandoned, which is a confinuation of
application No. 09/356,172, filed on Jul. 16, 1999, now
abandoned, which is a continuation of application No.
08/994,357, filed on Dec. 19, 1997, now Pat, No.
5,994,549, which is a continuation of application No,
08/382,649, filed on Feb. 2, 1995, now Pat. Ne. 5,750,
703, which is a continuation of application No. 08/083,
102, filed on Jun. 24, 1993, now abandoned.

(51) Int.CL
CO7D 211/22 {2006.01)
CO7D 211/40 (2006.01)
(52) US. Cle oo S86/240; 546/236; 546/234

(58) Field of Classification Search ................ 546/239,
546240, 236, 237, 340; 560/8, 115, 159,
560/160; 562/450, 555, 564/156, 157, 158,
564/169
See application file for complete search history.
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(57 ABSTRACT

The present invention relates to substantially pure piperidine
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wherein
R, is hydrogen or hydroxy;
R, is hydrogen;
~or R, and R, taken together form a second bond between

{he carbon atoms bearing R, and R,;

R, is —COOH or—COOR;

R, has 1 ta 6 carbon atoms;

A, B, and D are the substituents of their respective rings
cach of which may be different or the same and are
hydrogen, halogens, alkyl, hydroxy, alkoxy, or other
substitnents.

A process of preparing such piperidine derivative compounds
in substantially pure form is also disclosed.
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PIPERIDINE DERIVATIVES AND PROCESS carboxylic acid metabolite also possesses anti-histaminic
FOR THEIR PRODUCTION activity in animal models and may Jack the cardiac side

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. Mo. 11/250,924 filed on Oct. 14, 2005, now 1.8, Pat.
Wo. 7,238,834 which is a continuation of 1.8, patent appli-
cation Ser, No. 10/918,247 filed on Ang. 13, 2004 now U.S.
Pat. No. 7,022,880, which is a continnation of U.S. patent
application Ser. No. 10/235,052, filed on Sep. 4, 2002, now
U.S. Pat. No. 6,797,826, which is a continuation of 1.8,
patent application Ser. No. 00/758,724, filed Jan. 11, 2001
now abandoned, which is a continuation of 1.8, patent appli-
cation Ser, No. 09/356,172, filed Jul. 16, 1999, now aban-
doned, which is a contimuation of U.S. patent application Ser.
No. 08/994,357, filed Dec. 19, 1997, now 1.8, Pat. No. 5,994,
549, which is a continuation of U.S. patent application Ser.
No, 08/382,640, filed Feb. 2, 1995, now U S, Pat. No. 5,750,
703, which is & comtinvation: of U.S. patent application Ser.
No. 08/083,102, filed Jun. 24, 1993, now abandoned, which
are hereby incorporated by reference in their entivety.

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 a non-sedating
anti-histamine, It is reported to be a specific H,-receptor
altagonist that is also devoid of any anticholingeric, anti-
serotoninergic, and anti-adrenergic effects both in vitroand in
viva. See D. McTavish, K. L. Goa, M. Ferrill, Drugs, 1990,
39, 552; C. R. Kingsolving, N. L. Monroe, A. A. Cart, Phar-
macelagist, 1973, 15, 221; 1. K. Woodward, N. L.. Munro,
Arzneim-Forsch, 1982, 32, 1134; K. V. Mann, K. J. Tielze,
Clin. Pharm. 1989, 6, 331, A great deal of eifort has been
ade investigating structure-activity relationships of terfena-
dine analogs, and this is reflected in the large number of U.S,
patents disclosing this compound and related structures as
follows:

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

U.S. Pat. No. 3,806,526 to Carr, et. al.

. Pat. No. 3,829,433 to Cary, et. al.
. Pat. No. 3,862,173 1o Car, et. al.
. Pat. No. 3,878,217 to Carr, et. al.
. Pat. No. 3,922,276 to Duncan, et. al.
1J.8. Pat. No. 3,931,197 to Carr, et. al.
. Pat. No. 3,941,795 1o Carr, et. al.
. Pat. No. 3,946,022 1o Catr, et. al.
. Pal. No. 3,956,296 1o Duncan, el. al,

1.8, Pat. No. 3,965,257 to Carr, et. al.

U.S. Pat. No. 4,742,175 to Fawcett, et. al.

Terfenadine has been linked to potentially fatal abnormal
heart rhythms in some patients with liver disease or who also
take the antifungal drug ketoconazole or the antibiotic eryth-
romycin. In animal and human metabolic studies, terfenadine
was shown to undergo high first-pass effect, which results in:
readily measurable plasma-concentrations of the major
metabolite 4-{4-{4-(hydroxydiphenylmethyl)-1-piperidinyl]-
1-hydroxybutyl]-o,0-dimethylphenylacetic acid, also known
as terfenadiine carboxylic acid metabolite. The terfenadine
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effects seen with terfenadine.
Piperidine derivatives related to the terfenadine carboxylic
acid metabolite are disclosed in the following U.S. patents:
U.S. Pat. No. 4,254,129 to Carr, et. al,
U.S. Pat, No. 4,254,130 1o Carr, et. al.
U.S. Pat. No. 4,285,957 to Cair. et. al.
U.8. Pat. No. 4,285,958 to Carr, el. al.

In these patents, 4-{4-[4-(thydroxydiphenylnethyl)-1-pip-
eridinyl]-1-hydroxybutyl}-a,a-dimethylbenzeneacetic acid
and rejated compounds are prepared by alkylation of a sub-
stituted piperidine derivative of the formula:

C=—R,
(5]{:

N

H

with an w-haloalky! substituted plienyl ketone of the formula:

o CH;
halo—(CHz)—C C—Rg
CH;

™~

wherein the substituents halo, R;, R,, n, 2, and R, are
described, in column 6 of .S, Pat. No. 4,254,130,

Tt is further described that the a-haloalkyl substituted phe-
nylketone wherein Z is hydrogen are prepared by reacting an
appropriate straight or branched lower alkyl C, ¢ ester of
o-o-dimethylphenylacetic acid with the compound of the
following formula:

halo—(CH}——C—halo

under the general conditions of a Friedel-Crafts acylation,
wherein halo and m are described in column 11 of U.S. Pat.
No. 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)-o,a-dimethylphenyiacetate by reaction
of 4-chlorobutyryl chiloride, aluminum chloride, and ethyl
a.a-dimethylphenylacetate in carbon disulfide, as deseribed
in Example 1 of U.S. Pat. Nos. 4,254,130 and 4,285,958
provides an inseparable mixture of monosubstituted aromatic
regivisomers of the formula:

9]
'O
Cl—({CHy—C

CH;

C_COQC3H5

CH;

11
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wherein the ¢hlorobutyl substituent is attached at either of the
three aromatic carbons which are meta or para (o the dim-
ethylacetate substituent. These regioisomers are not sepa-
rable by standard techniques of thin layer chromatography, or
column chromatography, and low ficld proton nuclear mag-
netic resonance spectroscopy is inconclusive in identifying
the product of this reaction as a reixture. When the mixture of
monosubstituted aromatic regicisomers of the preceding for-
mula is reacted with a piperidine of the fornmla:

C=—R,

a second mixture of aromatic regioisomers is obtained of the
formula:

CH3

N Q C=—C00CHs

i l I
(CHaly—C CH

wherein the monosubstituted meta, para mixture of regicise-
mers is obtained.

It is known in the art that a monoalky! substituent on a
benzene ring is ortho, para directing in electrophilic aromatic
substilution reactions such as a Friedel-Crafis reaction. Thus,
it would be expected that the Friedel-Crafls reaction of
o-chiorobutyryl chloride with ethyl a.o-dimethylphenylac-
etate would yield predeminantly the para substituted product
of the formula:

CHx

Q ;
If |
Cl—(CHaly—C (I:—coom

because of the electron donating, para-directing character of
the dimethylalkyl substituent combined with the steric hin-
drance associated with reaction of the ortho positions. In
practice, the inductive electronic withdrawing effect of the
carboxylic ester of ethyl o, 0-dimethylphenylacetate counter-
acts the expected alkyl electron donating effect, resulting in
no significant directing effect for the aromatic substitution
reaction. For the described reaction, a statistical mixture of
meta to para regioisomers results, with the two meta positions
predominating.

The above second mixture of reginisomers can be con-
vertedt 1o a third mixture of regioisomers of formula:

3
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CE=R,
Ry
fo:c
N O -~ C—CO0H

|
((l?Hz)g'—(lIH—O CH;

Although the second mixture of regioisomers and the third
mixture of regioisomers can be analyzed by HPLC experi-
Iments, a practical separation to obtain. In quantities of sub-
stantially pure regioisomers has notbeen achieved. Bach mix-
ture (including the first), would be expected to contain 33% of
the para isomer and 67% of the meta isomer. Since these
components are inseparable, it has not been possible to obtain
either of the regioisomers in cach mixture in substantially
pure form.

SUMMARY OF THE INVENTION

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

B
OC
C—R,
By
A
N G CH,
| | |
(CHylg==nC (l‘-—Rs
CHy
or
I3
OC
C—R;
Ry
A
(I T
(CHz)j—CH‘O—TmRS
{H;

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 alkyl with 1 to 6 carbon atoms;
A, 3, and D) are the substituents of their rings, each of
which may be different or the same, and are selecied

12
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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 pharmaceu-
tical compositions, particularly as antihistamines, antiallergy
agents, and bronchodilators.
The piperidine derivative compound is prepared by a pro-
cess which is initiated by providing a substantially pure
regivisomer of the following formuia:

A CH

1) 3
-

<{ (Illiz

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

QO

Ra

N
I

A number of synthetic pathways for preparing the substan-
tially pure regicisomer and for reacting it with the piperidine
compound having a keto group are disclosed. The piperidine
derivative having a keto group can be converted to the above
piperidine derivative having a hydroxyl group by reduciion.

Although a wide variety of piperidine derivatives can he
produced by the process of the present invention, it is particu-
larly uselulin forming a ydroxylated piperidine derivative of
the formula:

C—0H
I"Ia' ?H ([lﬁ:l
(CH:);--—'(!:—<©>—C—COOH
H ([:H_q

Alternatively, the process of the present invention can be used
to produce a piperidine derivative with a keto group of the
following formula:

QO

i OH

0 Cly
I l ]
(CH )y (l:-—coon

CHy
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DETAILED DESCRIPTION OF THE INVENTION

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

el

Ry

A
CHz

N O £
(CHp);—C ?—R;

ClL
B
O
e,
Ry
A
LT i
(CH;};“CH‘Q—T“R;
Cll

wherein
R, is hydrogen or hydroxy;
R, is hydrogen;
or R, and R, taken together form a second bond berween

the carbon atoms bearing R, and R,;

R, is —COOH or —COOR 4

R, is an alkyl with 1 to 6 carbon atoms;

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

or a salt thereof.

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

CH
N 8] CH;
| I |
(CHz)3—C (lj—"' Rz
CH;
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-continued ~continued
B D B b
el - QO
CH c
10
A
T alm CHy 1|\ TH chH;
(Cl{g)g-——CI-i‘Q—JZ—R; {CHJJJMLHO%——M
(I:HJ 13 - CH,
A

where A, B, [J, R, are defined above. 'The substantially pure
piperiding derivalive compounds include 4-thydroxydiphe-
nylmethyl)piperidine derivatives according to the following

formulae:
QC—OII
N 0 CH;
{CHz)y=—C C—Ry
ng '
A
Qc—ou
T clm <I:H3
(CHz)x““CH—C>—Ci‘—R:
CH;

A

where A, B, D, R, are defined above. Another useful class of
piperidine derivative compounds are 4-diphenylmethylene-
piperidine derivatives in accordance with the following for-

N

o] C
| I |
{CH—C i

CH;

where A, B, D, R, are defined above. Examples of R, are
straight, or branched alkyl groups, including methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-peatyl,
neopentyl, and n-hexyl groups.
Tllustrative examples of compounds of the present inven-
rion are as follows:
4-{4-[4-(hydroxydiphenylmethyl)- 1-piperidinyl]-1-hy-
droxybuiyl]-a.c-dimethytbenzeneacetic acid;
4-[4-[4-(diphenylmethyl)-1-piperidinyl]-1-hydroxybu-
tyl]-o,o-dimethylbenzeneacetic acid;
4-[4-[4-(diphenylmethylene)-1-piperidinyl]-1-hydroxy-
butyl]-o,c-dimethylbenzeneacetic acid;
4-[4-[4-(hydroxydiphenylmethyl)- 1 -piperidinyi]- 1-hy-
droxybutyl]-o,ct-dimethyl-3-hydroxybenzeneacetic
acid;
4-[4-[4-(hydroxydiphenylmethyl)- 1-piperidinyl]-1-hy-
droxybutyl]-a,a-dimethyl-2-hydroxybenzeneacetic
acid;
4-[4-[4-(diphenyimethylene)-1-piperidinyl] -1 -hydroxy-
butyl]-o,o-dimethyl-3-hydroxybenzeneacetic acid,
5-[4-[4-(diphenylmethylene)-1-piperidingl)-1-hydroxy-
butyl]-c a-dimethylbenzeneacetic acid;
ethyl 4-[4-[4-Chydroxydiphenylmethyl)-1-piperidinyl]-1-
hydroxybutyl]-c..a-dimethyibenzencacetic:
n-pentyl «[4-[(diphenylmethyl)-1 -piperidinyt]-1-hydroxy-
butyll-,a-dimethylbenzeneacetate;
ethyl 4-[4-[4-(diphenyimethylene)-1-piperidinyi]-1 -hy-
droxybutyl]-o.a-dimethylbenzeneacetate;
methyl 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-
1-hydroxybutyl -, c-dimethylbenzeneacetate;
ethyl  4-[4-[4-(hydroxydiphenyimethyl-1-piperidinyl]-I-
hydroxybutyl]-o,a-dimethyl-(3-hydroxybenzenejac-
etate;
n-propyl  4-[4-[4-(hydroxydiphenylmethy])-1 -piperidi-
nylj-1-hydroxybutyt]-a,o-dimethyl-(2-hydroxyben-
zene)acetate;
n-hexyl  4-[4-[4-(diphenylmethylene)-1 -piperidinyi]-1-
hydroxybutyl}-c,ce-dimethyl-(3-hiydroxybenzene)ac-
ctate; .
ethyl  5-[4-[4-(diphenylnethylens)-1-piperidinyl]-1-hy-
droxybutyl]-oc-dimethylbenzeneacetate;
a,a-diphenyl-1-(4-(4-tert-butyl-2-hydroxy)phenyl)-4-hy-
droxybutyl-4-piperidinemethanol;
a,ee-diphenyl-1-(4-(d-tert-butyl-3-hydroxy)phenyl}-4-hy-
droxybutyl-4-piperidinemethanol;
aa-diphenyl-1-(3-(d-tert-butyl-2-hydroxy)pheny])-3-hy-
droxypropyl-4-piperidinemethanol;
aa-diphenyl-1-{5-(4tert-butyl-2-acetyloxy )phenyi)-5-
hydroxypentyl-4-piperidinemethanol;
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o, o-diphenyl-1-(4-(4-hydroxy-tert-butyl-2-hydroxy)-
phenyl-4-lydroxybutyl-4-piperidinemethanol;
o a-diphenyl-1-(4-(4-hydroxy-tert-butyl-3-hydroxy)-
phenyl)-4-hydroxybutyl-4-piperidinemecthanol,
o,c-diphenyl-1-(3-(4-hydroxy-tert-butyl-2-hydroxy)-
phenyl)-3-hyrdroxybutyl-4-piperidinemethanol;
a,c-diphenyl-1-{4-(4  hydroxy-tert-butyhphenyl}-4-hy-
droxybutyl-4-piperidinemethanol;
1-(4-tert-butyl -2 -hydroxyphenyl)-4-(4-diphenylmethyl-
ene)-1-(piperidinyl)butanok;
1-(4-tert-butyl-3-hydroxyphenyl)-4-(4-diphenylmethyl-
ene)-1-(piperidinyl)butanol;
1-(4-tert-butyl-3-hydroxypheny!)-2-(4-diphenylmethyl.
ene)-1-(piperidinyDbutanol;
1-(4-1ert-butyl-2-butyryloxyphenyl)-6-(4-(diphenylm-
ethyl)-1-piperidinyl}hexanal;
1-(4-hydroxy-tert-butyl-2-hydroxyphenyl)-4-{diphenylm-
ethylene)-1-(piperdiny])butanol;
1-(4-hydroxy-tert-butyl-3-hydroxyphenyl)-4-(4-(diphe-
nylmethylene)-1-(piperidinylJbutanol;
-(4-hydroxy-tert-butylphenyl}-4-(4-(diphenylmethyl-
ene)-1-(piperidinyl)butanol;

Panticularly preferred are compounds of the formulae:

OH

o
¢ T P
(Ci‘Iﬂg“‘“?‘@“C{“COOH

H T,

and
C—0H
(j O CHj;
| I < > |
(CHy—C T e COOH
CH;

Optionaily, 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 acceptable
salts in the form of inorganic or organic acid or base addition
salts of the above compounds. Suitable inorganic acids are,
for examiple, hydrochloric, hydrobromic, sulfuric, and phos-
phoaric acids. Suitable organic acids include carboxylic acids,
such as, acetic, propionic, glveolic, lactic, pyruvie, malonic,
suceinie, fumarie, malic, lartarie, citric, cyclamie, ascorbic,
maleic, hydroxymaleic, dihydroxymaleic, benzoic, pheny-
lacetic, 4-aminobenzoic, anthranillic, cinnamic, salicyclic,
4-aminosalicyclic, 2-phenoxybenzoic, 2-acetoxybenzoic,
and mandelic acid. Sulfonic acids, such as, methanesukfonic,
ethanesulfonic, and B-hydroxyethane-salfonic acid are also
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10

suitable acids. Non-foxic salts of the compounds of the
above-identified formulas formed with inorganic and organic
bases include, for example, those alkali metals, such as,
sadivm, porassium, and lithium, alkaline earth metals, for
example, calcin and magnesiom, Bght metals of group TEA,
for example, aluminum, organic amines, such as, primary,
secondary, or tertiary amines, for example, cyclohexylamine,
ethylamine, pyridine, methylaminoethanol, and piperazine.
These salts are prepared by conventional means, for example,
by treating the piperidine derfvative compounds of the for-
mula:
B

O

C—R]
R;
A
N 0 CHy
| I < ‘/\ |
{CHy)ymm (ll“—Rs

CH;

D

or

oges
[Jj_@.ém

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

‘The piperidine derivative componnds of the present inven-
tion can be utilized as the biologically active components in
pharmacentical compositions. The componnds of this inven-
ton are usefol as antihistamines, antiallergy agents, and bron-
chodilators. They may be administered alone or with suitable
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, parenterally, for example, subcotaneously, intrave-
nously, intramuscularly, intraperitoneally, by intranasaf
instilation or by application to mucous membranes, such as,
that of the nose, threat and bronchial tubes. Such application
10 mucons membranes cain be achieved with an aerosol spray
containing small particles of a compound of this invention in
a spray or dry powder form.

The quantity of the compound of the preseni invention
administered will vary depending on the patient and the mode
of adininistratior: and can be any effective amount. The quan-
tity of the compound administered may vary over a wide
range lo provide in a unit dosage an effective mnount of from
about 0.01 fo 20 mg/kg of body weight of the patient per day
to achieve the desired effect. For example, the desired anti-
histamine, antiallergy, and bronchodilator effects can be
oblained by consumpiion of a unil 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 be a capsule, such as an ordinary
gelatin type containing the compound of the present invention
and a carrier, for example, lubricants and inert fillers such as,
lactose, sucrose, or cornstarch. In another embodiment, these
compounds are tableted with conventional tablet bases such
as lactose, sucrose, or comnstarch in combination with binders
like acacia, cornstarch, or gelatin, disintegrating agents such
as, comnstarch, potsto starch, or alginic acid, and a lubricant
like stearic acid or magnesium stearate.

The compounds of this invention may also be administered
in injectable dosages by solution or suspension of the com-
pounds of the present invention in a physiologically accept-
able diluent with a pharmaceutical carrier. Such carriers
include sterile liquids such as water and oils, with or without
the addition of a surfactant and other pharmaceutically
acceptabile adjuvants. Hiustrative oils are those of petroleum,
animal, vegetable, or synthetic origin, for example, peam
oil, soybean oil, or mineral oil. In gereral, water, saline,
aqueous dextrose and related sugar solution, and glycols such
as, propylene glycol or polyetliylene glycol, are preferred
liquid catriers, particularly for injectable sohutions.

For use as aerosols the compounds of this invention in
solution or suspension may be packaged in a pressurized
aerosol container together with suitable propellants, for
example, iydrocarbon propellants like propane, butane, or
isobutane with conventional adjuvants. The compounds of
the presernt invention 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 blooded animals, birds, and mammals. Examples
of such beings include humans, cats, dogs, horses, sheep,
cows, pigs. lambs, rats, mice, and guinea pigs,

The piperidine derivative compounds of the present inven-
tion are prepared by providing a substantially pire regloiso-
mer of the following formula:

A CH:
Q, 3
<r CI‘HJ

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

C"“"R]

Ry

oz

The resulting piperidine derivative compounds with a keto
group can be converted by reduction to the above-described
piperidine compounds with a hydroxyl group.

There are several techniques of providing these substan-
tially pure regioisomers.

12
Process One for Preducing Substantially Pure Regioisomer
In one embodiment of the present invention, the substan-
tially pure regioisomer is formed by initially acylating a start-
ing compound of the formula:

A
?1-13

CH;

0

wherein
R; is —ORs —N{Rg)n, and —SR,, and
R, is an alky! with 1 to 6 carbons,

15 with a compound of the formula:

O - COX

wherein
X is a halogen,

under conditions effective to prodnce a first mixture of regioi-
somers of the fornnila:

A
-1
O
i &,
(8]

Such conditions inclnde those conventionally utilized in a
Friedel-Crafts acylation reaction catalyzed by, for example,
AIC],. The reaction is carried out in a solvent such as, carbon
35 disulfide, tetrachloroethsane, or nitrobenzene with carbon dis-
ulfide being the preferred solvent. The reaction is catried out
for a time period of ¥4 to 12 hours, preferably 3 to 5 hours, at
a temperatore of 0 to 25 C,
The first mixture of regioisomers can be hydrolyzed under
conditions effective to form a second mixture of regioisomers
of the formula:

A
THB
(\__‘>'.(|J'—'COOH
CH;
C

Typically this reaction is carried out by base hydrolysis pro-
cedures which are well known in the art. Por exaniple, the first
niixture of regicisciners can be treated with aninorganic base,
such as, sodium hydroxide or potassinm hydroxide, in an
aqueous lower alcohol solvent. Suitable solvents include
55 aqueous methanol, ethanol, isopropancl, or n-butano! soln-
tions, Hydrolysis is carried out at reflux temperatures of the
solvent for ¥ to 12 hours,

Following such hydrolyzation, the substantially pure
regioisomer of the formula:
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is recovered from the second mixture of regicisomers. Such
recovery is carried out by crystallizing the substantially pure
regioisomer salt of the formula:

A
0, CHs
\\ 4@}‘ I. - 1
C fl.—‘C(JO X
e

wherein
X" is a Lewis Acid

Such erystallization is carried out by fractional crystallization 3

techniques known in the ad, Genemlly, such procedures
involve dissolving the second mixture of regioisomers in a
solvent containing a salt at temperatures of 20 C to the reflux
temperature of the solvent. The resulting solution is then
slowly cooled 1o tenyperatures of -20 to 25 C,

Suitable solvents for fractional crystallization include:
alcohol selvents, like methanol, ethanol, isopropyl alcohol,
and n-butanol; ketone solvents, such as acetone or methyl
ethyl ketone; ester-containing solvents, like ethyl acetate or
isopropyl acefate; ethereal solvents such as tetrahydrofaran;
acetonitrile; and dimethylformamide. Blhyl acetate is pre-
ferred.

Suitable salts for fractional crvstallization are those where
X* is an alkali metal salt, like sodium and potassium salts, or,
more preferably, ammonium salts of the form NR,RgR,,
where R;, Ry, and R, is hydrogen or a straight or branched
alkyl of 1 1o 6 carbon atoms which may be substituted at any
position with a phenyl ring ot a substituied phenyl ring. The
ammoniun salt can also be cinchonidine, quinine, quinidine,
guinuclidine, brucine, thebaine, or cinchonine. Of these salt
complexes, cinchonine is preferred.

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

[

5

&

L=

14
with a compound of the formula:
Cl—C==0

wherein
X, is a halogen, trialkyl tin, irialkyl borete, wiflate, or
organometallic reagents of lithinm or magnesium
derived from bromine oriodine, with any alkyl groups
having 1 to 4 carbon atoms and being straight or
branched under conditions effective to produce the
substantially pure regioisomer of the formula:

A
0, CH;
O
<{ Cl‘H_;

This acylation reaction is carried oul in a suitable solvent in
the presence of an appropriate catalyst for abont 1 to 120
hours and at temperatures of about 0.C to the reflux tempera-
mre of the solvent. Suijlable solvents for acylation include:
hydrocarbon solvents, such as benzene, toluene, xylene. or
cyclohexane; halogenated hydrocarbons, such as chloroben-
zene, dichloroethane, methylene chioride, chloroform, orcar-
Bwon tetrachloride; carbon disulfide; dimethylformamide,
ethereal solvents, like tetrmhiydrofuran and diethylether; or
dioxane.

A variety of catalysts may be utilized when A is hydrogen.
Suitable catalysts include palladium catalysts, like palladium
chioride, palladinm acetate, tetrakis(iriphenylphosphine)pal-
ladium(0), dichlorobis(triphenylphosphine palladium(II), or
benzylchlorobis{iriphenylphosphinejpallacium(i1); or
nickel-phosphine catalysts, Acylation may also be carried out
in the presence of added hithium chloride or triphenylphos-
phine. The latier acylation reaction is known in the art as
omanometallic cross conpling reactions and are conducted by
the general procedures of D. Milstein, et al., J Org. Chem.,
1979, 44, 1613; 1. W. Labadie, et al., /L Org. Chenr,, 1983, 48,
4634; C. Sahlberg, et al,, Tetrahedron Letters, 1983, 24,5137,
D. Milstein, et al., J. Am. Chem. Soc., 1978, 100, 3636 and K.
Tamao, et al., Terrahedron, 1982, 38, 3347,

A
O CHy
A ]
¢ C—COoH
| 45
CHz

by procedures well known in the art. Typically, such conver- s0
sion is accomplished by treatment with acid.
Process Two for Producing Substantially Pure Regioisomer

In another embodiment of the process of the present inven-
fion, the substantially pure regioisomer is produced by acy- 5
lating a starting compound of the formula:

A
()
e C—Ryg
| 60
wherein

R, is —COOH, —COOalkyl, —CON(alkyl),, —CO8- 4
alkyl where the alkyl moieties have 1 to 6 carbon
atoms and are straight or branched

Process Three for Producing Sabstantially Pure Regivisomer

In another embodiment of the process of the present inven-
tion, the substantially pure regioisomer is produced by acy-
lating a starting compound of the fornmla:

wherein
Rs is —ORg, —N(R4),, and —8R,, and
R is an alkyl with 1 to 6 carbon atoms

with a compound of the formula:
Cl—-{==0
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under conditions effective to produce a first mixture of regioi-
somers of the fornwla:

A
(_I (l.‘m
C—CORs
e \_>_ |

CH;

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

The substantially pure regioisomer salt is recovered by
fractional corysiatlization, isolation, amd converling, as
described above with reference to Process One for Producing
Substantially Pure Regioisomers.

Once the substaniially pure regjoisomer-of the present
invention is produced by one of the above {(or some other)
process, there are a number of procedures for using that
compound to produce the piperidine derivadives of the present
invention.

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

According 10 one aspect of the present invention, the sub-
stantially pure regioisomer can be halogenated under condi-
tions effective to form a first intermediate compound of the
formula:

A
CH;

C_R3

CH;
o

wherein X is a halogen.

Suitable halogens inchude chlorine, bromine, and iodine.
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-suvitable sofvent,-optionally in the

“h

20
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B
O
C— R}
Ra
N
H

under conditions effective 1o form the piperidine derivative
compound having a keto group of the formula:
B

CIR,
Ry
A
N o) CHs
[ H ]
(CHa)yC T""Rs

This alkylation reaction is carried out in a suitable solvent
preferably in the presence of a hase and, optionally, in the
presence of a catalytic amount of potassium 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 include zlcohol solvents, such as, methanol,
ethanol, isopropyl aleohol orn-butanol; ketone solvents, such
as, methy! isobuty! ketone; hydrocarbon solvents, such as,
benzene, toluene, or xylene; halogenated hydrocarbons, such
as, chlorobenzene or methylene chloride; or dimethylforma-
mide. Suitable bases for the alkylation reaction include inor-
ganic bases, for example, sodivm bicarbonate, potassium car-

presence of a calalytic amount of base for about 0.5 © 24
hours and a temperature of about -40 degrees C. to the reflux
temperature of the solvent. Suitable halogen nucleophiles
include sodium iodide, sodium bromide, potassium iodide,
potassium bromide, cesium iodide, cesium bromide, trimeth-
ylsilyl iodide, manganese todide, cerium jodide, magnesium
bromide, magnesium iodide, magnesium carbonate, caleium
bromide, and calcium jodide. Suitable Lewis Acids include
silicon compounds such as trimethylsilyl chloride and trim-
cthylsilyl icdide; aluminum compounds such as alumimim
chloride, trimethyl aluminum, diethylammonium chloride,
ethyl aluminum dichloride, and diethyl aluminum cyanide;
magnesium salts; and boron salts. Suitable solvents for the
ring opening reaction include hydrocarbon solvents, such as,
benzene, toluene, xylene, or cyclohexane; ethereal solvents
such as eiher, tetrahydrofuran, dioxsne, or dimethoxycthane;
or halogenated hydrocarbons, such as, chlorobenzene, meth-
ylene chloride, carbon tetrachloride, chloroform, or dichlo-
roethane.

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

30

53

60

63

bonate, or potassium bicarbonate or organic bases, such as a
wialkylamine, for example, triethylamine or pyridine, or an
excess of the piperidine compound can be nsed.

When R, is —COOalkyl, the alkylation reaction is fol-
lowed by base hydrolysis to convert R, substituents that are
—CO0alkyl groups 1o —COOH groups. Such base hydroly-
sis involves treatment of the substantially pure piperidine
derivative with an inarganic base, such as, sodinm hydroxide
m an agqueous lower alcohol solvent, such as, agueous metha-
nol, ethanol, isopropyl alcohol, or n-bulanoyl at reflex-tem-
perature for about %2 hour fo 12 hours.

Piperidine componnds 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 4m. Chkem. Soc., 1961, 26, 4084).
Piperidine compounds wherein R and R; form a second bond
between the catbon atoms bearing R, and R, may be prepared
by dehydration ofthe corresponding compound wherein R is
hydroxy by procedures generally known in the art.
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Second Process for Canverting Substantially Pure Regioiso-
mer to Substantially Pure Piperidine Derivative having a Keto
Group
In another embodiment of the present invention, the sub-
stantially pure regioisomer of the formuda:

A
s} CH;
N\ I
\c G Ry
<

is reacted directly with a piperidine compound of the formula:

BUD

wunder conditions effective to form the piperidine derivative
compound having o keto group of the formula:

g,
Ry
A
N 0 CHy
| | |
(CHz)yC fll'—Rs
CH;

22
o
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keto groups can be converted to similar compounds with
hydmxyl groups by reduction reactions which are well known
in the art,

Reduction can be carried out w:th sodium borohydride or
petassium borohydride in lower alcohol solvents, such as,
methancl, ethanol, isopropyl alechol, or n-butanol.

When lithium alaminum hydride or diborane are used as
reducing agents, suitable solvents are ethers, for example,
diethy} ether, tetrahydrofuran, or dioxane. These reduction
reactions are carfied onf at femperatures ranging from about-0
C to the reflux temperatare of the solvent, and the reaction
time vaties from about 0.5 to 8 hours.

Catalytic reduction may also be employed using, for
example, Raney nickel, palladium, platinum or rhedium cata-
lysts in lower alcohol solvents, such as, methanol, ethanol,
isopropyl alcohol, or n-butanol or acetic acid or their aqueous
niixtures, or by the use of aluminum isopropoxide in isopro-
pyl ateohol. Reduction using sodian borohydride is gener-
ally preferred over catalytic redoction when forming car-
boxylic acids or esters. When the starting material is an ester,
lthium aluminum hydride is the preferred reducing agent,
while diborane is preferred when starting with an acid,

When esters with hydroxy] groups have been formed, base
liydrolysis can be used to produce a carhoxylic acid. Such
procedures are well kuown and generally involve treatment
with an inorganic base, such as, sodium hydroxide or potas-
sium hydroxide, in an aqueous lower alcoholic solvent, such
as aquecus methonol, ethanol, isopropyl alcohol, or n-bu-
tanol. Base hydrolysis is carried out at about the solvent refiux
temperature for about Y2 hour to 12 hours.

EXAMPLES
Example 1

Preparation of Bthyl 3- and 4-(4-chloro-1-oxcbutyl)-
o, o-diniethylphenylacetate

Aluminum chioride (44 g; 0.33 mol) was added slowly in
portions to a solution of freshly distilled 4-chlorobutyryl
chloride (17 mL; 0.15 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 was allowed to warm to ambient temperature, The
mixture was stirred then for 15 minutes more, then cooled
again to ~10 C and a solution of ethyl e,c-dimethylphenyl
acetate (26.6 g; 0.14 mol) in 70 mL of carbon disulfide was

This a]kylation reaction-is canied out in-a suitablesolvent
preferably in the presence of a base and optionally in the
presence of a Lewis Acid such as magnesium, cesium, or
calcium salts or trimethyisily! chioride or in the presence of a
catalytic amount of potassium iodide for about 4 to 120 hours
at a temperature of about 70 C to the reflux temperature of the
solveni. Suitable solvents for the alkylation reaction include
alcohol solvents, such as, methanol, ethanol, isepropyl alco-
hol, or n-butanol; ketone solvents, such as, methyl isobutyl
ketone; hydrocarbon solvents, such as, benzene, toluene, or
xylene; and halogenated hydrocarbons, such as, chloroben-
zene or melhylene cliloride; or dimethylformamide, Suitable
bases of the alkylation reaction include inorganic bases, for
example, sodium bicarbonate, patassium carbonate, or potas-
sium bicarbonate or organic bases, such as, a trialkylamine,
for example, iethylamine or pyridine, or an excess of a
componnd 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 is
wsetlil in producing substantiaily pure piperidine derivatives
with either a keto group ora hydroxyl group. Derivatives with

50

55

60

65

gdded dropwise. The mixture was maintained with stirring for
3 hr, then stired overnight at room temperature,

The reaction mixture was partitioned between H,0 and
CHCl,. The combined arganic portions were washed with
saturated aqueous NaHCQ, solution, dried over Mg3Q,, fil-
tered and concentrated in vacuo, The residue was dissolved in
CH,Cl, and filtered through a plug of 8i0;, eluting with 10%
ETOAc in hexane. Concentration of the product-containing
fractions afforded 39.4 g of ethyl 3- and 4-(4-chloro-1-ox-
obutyl)-o,c-dimethylphenylacetate as a mixmre of aromatic
TCEIOISOMers,

Example 2

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

To a solution of 39.4 g of ethyl 3- and 4(4-chioro- [ -oxobu-
tyl)-a.a-dimethylphenylﬂcetate obtained in HExample 1 dis-
solved in 800 mL of CH,OH and 200 mL. of H,(O was added
40 g of NaOH The resultmg mixture was refluxed for one
ltour. The cooled mixture was then concentrated in vacuo 1o
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remove the CH;OH. The concentrate was diluted with H,O
and washed with two portions of EtQAe. The aqueous laver
was acidified with concentrated HCl and extracted with two
portions of EtQAc. The extracts were dried over MgSO,,

filtered, and concentrated in vacuo 1o afford 30.3 gof crude 4

product.

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

The solids were partitioned between EtOAc and 2N HClL
The aqueous layer was extracted with EtOAc, The combined
organics were dried over MgSO,, filtered, and concentrated
in vacuo to afferd 10.6 g of an oil (33% from ethyl a.o-
dimethyl-phenylacetate).

Example 3

Preparation of 4-(4-Iodo~1-oxobutyl)-a,c-dimeth-
ylphenylacetic acid

A sofution of 10.5 g of 4-{cyclopropyl-oxo-methyl)-a,0-
dimethylphenylacetic acid, prepared in accordance with
Example 2, in 250 mL of CH,C1, was cooled in an ice-MeOH
bath and 25 g of trimethylsilyliodide was then added rapidly
via pipette. The mixture was stirred in the ice bath for one
hour, warmed o ambient temperature, and stirred for one
hour. A solution of aqueous sodium bisulfite was then added
and the mixture was sticred well, The phases were partitioned
and the aqueous layer was extracted with CH,Cl,. The com-
bined organics were washed with saturated aqueous Na(l,
dried over MgSQ,, filtered, and concentrated in vacuo to
afford 12,6 g (77%) of 4-(4-iodo-1-oxcbutyl)-o,a-dimeth-
ylphenylacetic acid.

Example 4

Preparation of Methyl 4-(4-Tedo-1-oxobutyl)-o.a-
dimethylphenylacetate

To a solution of 12.6 g of 4-(4-jodo-1-oxobutyl)-a, a-dim-
ethylphenylacetic acid, prepared in accordance with Example
3, in 100 mi. of E1,O cooled in an ice bath, was added 40 mE
of ethereal CH,N,. The mixture was stirred at 0 C for few
minutes, then let stand for 2 hr. A few drops of AcOH were
added fo decompose excess CII,N,, then the mixture was
filtered and stripped 1o afford 12.6 g (96%) of methyl 4-(4-

—iode-1-oxobutyD-at:a-dimethylphenylacetate:

30

45
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Example 6

Preparation of Methy! 4-f4-[4-Hydroxydiphenylm-
ethyl)-1 -piperidinyl]-1-hydroxybutyl]-c,a-dimeth-
ylphenylacetale

A solution of 135 g of meth ¥l 4-[4-[4-(bydroxydiphenyl-
methy)-1-piperidinyl]-1-oxobutyl}-a,a-dimethylphenylac-
etate, prepared in accordance with Example 3, in 250 mL of
CH,0H was cooled in an ice-CH,OH bath and 1.8 g of
MaBH, was added in portions. After 1 br, the mixture was
concentrated to a solid. The residue was partitioned betwesn
EtOAc and saturated aqueous NaHCO,. The aqueous portion
was extracted with EfOAc. The combined organics were
washed with saturated agueous NaCl, dried over MgSO.,
filtered, and concentrated in vacuo to afford 9.5 g (7T0%) of
methyl  4-{4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1-
liydroxybutyl]-c.a-dimethylphenylacetate as a foam.

Example 7

Preparation of 4-{4-[4-Hydroxydipheny lmethiyD)- -
piperidinyl]-1-hydroxybutylj-e.c-dimethyiphery-
lacetic Acid

To a solation of 9.5 g of methyl-4-{4-[4-(hydrodiphenyl-
methyl-1-piperidinyl]-1-hydroxybutyl]-a, c-dimethylpheny-
lacetate, prepared in aceordance with Example 6, in 300 mE
of CH,OH and 150 mE of H,O was added 10 g of NaOH. The
mixture was refluxed for 1 hr, then cooled. The CH,OH was
removed in vacuo. The copcentrate was diluted with H,G and
CHCI; and the pH adjusted to approximately 5.5 to 6.0. The
phases were separated and the aqueous phase was extracted

> with CHCl;. The combined arganics weredried aver MgSQ,,

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 633 810, eluting with & gradient of
CHCI,, to 10% CH,0OH in CHCl, 1o 25% CH;OH in CHCI,,
The product containing fractions were concentrated o afford
5.2 g of white crystals. An analytical sample was prepared by
treatment of the product with E1OAe, mip 199-203 C Cale. for
CoalHaaNQ,: C, 76,62, H, 7.84; N, 2.79, Found: C, 76.24; H,
7.76; N, 2.75,

Example 5

Preparation of Methyl 4{4-[4-(Hydroxydiphenylm-
ethyl)-1-piperidinyl]-1-oxobutyl]-a,c-dimethylphe-
nylacetate

A solution of 1 2.6 g of methyl 4-(4-fodo-1-oxobutyl}-c,ct-
dimethylphenylacetate, prepared in gccordance  with
Bxample 4, in 500 mL oftoluene in a ane liter three neck flask
with mechanical stirring was added 8.8 g of 4-(c,ce~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 vacuo, The residue was dissolved in
Et,0 and treated with excess ethereal HCL The mixture was
then concentrated to a solid. The solid was Ireated with
EtOA¢ and collected by filration. The product was then par-
titioned between EtCAc and 2N Na,CO,. The organics were
dried aver Mg80),, filtered, and concentrated in vacuo to
afford 135 g (79%) of methyl 4-[4-[4-(hydroxydiphenylin-
ethyl)- t-piperidinyl]-1.oxobutyl}-c.ci-dimethylphenylac-
etate.

50

35

G5

Hxample-§

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

To a solution of 6.4 g (0.017 mol) of methy] 4-(4-iodo-1-
oxobutyl)-a.a-dimethylphenylacetate, prepared in accor-
dance with Example 4, in 500 mL of toluene in a one liter
round bottom flask equipped with a mechanical stirrer was
added 5.1 g (0.017 mol} of 4-(ct,a-bis(4-methylphenyl)-pip-
eridinemethanol, followed by 11.8 g (0.086 mol) of solid
potassium carbonate. The sohution was heated to reflux for 24
hir. After cooling, the mixture was filtered and the toluene was
removed in vactro, The residue was partitioned between ethyl
acetate and 2 N sodivm bicarbonate solution. The aqueous
layer was extracted twice with ethyl acetate, the combined
organic layers were dried with sodium sulfate and the ethyl
acetate was removed in vacuo to provide 6.8 g (73%) of
methyl 4-[4-[4-(bis(4-methylphenyDhydroxymethyl)-1-pip-
eridinyl]-1-oxobutyl}-o.,-dimethylphenylacetate 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 -hiydroxybutyl]-c,
a-dimethylphenylacetate

To a ~10 C sclution of 6,8 g (0.013 mol) of methy! 4-[4-
[4-(bis(4-methyiphenylhydroxymethy1)-1 -piperidinylj-1-
oxobutyl]-a,o-dimethylphenylacetate, prepared in accor-
dance with Example 8, in 150 mL of methanol in a 500 mL
round boltom flask equipped with a mechanical stirrer was
slowly added 0.86 g {0.023 mol) of sodium borohydride, and
the reaction was stirred for 2 hr. The methancl was removed
in vacuo and the residue was partitioned between ethyl
acetate and agueous sodium bicarbonate solution. The aque-
ous layer was extracted with ethyl acetate, the combined
organic layers were dried with sodium sullate, and the-ethyl
acetate was removed in vacuo to provide 6.9 g of a dark
colored foam. The resultant material was purified by colunmn
chromatography (Davisil grade 633 silica get packed in meth-
ylene chloride, material applied in chioroform, and eluted
with a gradient of 2% methanol to methylene chloride to 5%
methanol w© methylene chioride) w afford 5.3 g {(77%) of
methy] 4-[4-[4-(bis{4-methyphenyDhydroxymethyl)-1-pip-
eridinyl}-1-hydroxybutyl}-ct,ce-dimethylphenylacetate.

Example 10

Preparation of 4-[4-[4-{Bis(4-methyiphenyDiy-
droxymethyl}-1-piperidinyi}-1-hydroxybutyl}-o,o-
dimethylphenylacetic Acid

To 350 mL of methano! in a 1 L round bottom flask
equipped with a mechanical stirrer was added 3.3 g (58
mmel) of methyl 4-[4-[4-(bis(4-methylphenylhydroxym-
ethyl)-1-piperidinyl]-1-hydroxybutyl]-e.,ci-dimethylpheny-
lacetate, prepared in accordance with Example 9, 5.1 g (0.13
mol} of solid sodium hydroxide, and 100 ml. of water. The
mixture was heated to reflux for 3 hr. After cooling, the
methanel was removed in vacuo, and 6 N hydrochloric acid
was added dropwise until the solution was no longer basic
(pH=7). The soluiion was extracted three times with ethyl
acetate. The organie layers were combined and a 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-
methylphenyDhydroxymethyl)-1-piperidinyl]-1-hydroxybu-
tyl-a.c-dimethylphenylacetic acid, as the dihydrate, mp
208-213 C. Analysis. Caled. for C3 H,;NO,-2(H0): C,
72.18; H, 837, N, 2.47. Found: ¢, 72.02; H, 8.36; N, 2.41.

Example 11

Preparation of 4-(1-Hydroxy-4-iodobutyl}-o.o-dim-
ethylphenylacetic acid

To a solution of 30 mg of 4-(4iodo-1-oxobutyl)-o,o-dim-
ethylphenylacetic acid, prepared in accordance with Example
3, in 3 ml of methanol was added 50 mg of NaBH,. The
mixture was skirred for 30 minutes, acidified with 2N FIC],
and the methanol removed in vacuo. The concentrate was
extracted with EIOAc¢. The organics were dried over Na, 80,
filtered, and concentrated to afford 40 mg of 4-(1-hydroxy-
4-iodobutyl)-a,a-dimethylphenylacetic acid.

Example 12
Preparation of 4-[4-[4-{Hydroxydiplienyimethyl)-1-

piperidinyl]-1-oxobuty]]-a,c-dimethylphenylacetic
acid

A mixture of 800 mg of 4-{4-iedo-1-oxobutyl)-ct,a-dim-
ethylphenylacetic acid, prepared in accordance with Example
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3, 800 mg of 4-(a,o-diphenyl)piperidinemethanol, and 2.4 g
of KO0, in 25 mL of toluene was stirred for 48 hours atroom
temperature, The mixture was concentrated in vacuo. The
residue was treated with BtOAc, filtered, and concentrated to
afford  4-{4-[4-(hydroxydiphenylmethyl)-1-piperdinyl]-1-
oxobntyi]-a,a-dimethylphenylacetic acid,

Example 13

Preparation of 4-[4-{4-Hydroxydiphenylmethyl)-1-
piperidinyl]-1-hydroxybutyl]-o,c-dimethylpheny-
lacetic Acid

A mixture of 4-[4-[4-(hydroxydiphenylmethyl-1-piperidi-
nyl]-1-oxobutyl]-a,a-dimethylphenylacetic acid, prepared
in accordance with Example 12, and 300 mg of NaBH,, in 25
mL of CH;OH was stirred overnight at room temperature.
The mixture was then concentrated in vacuo. The residue was
partitioned between EtOAc and [1,0. The aqueous portion
was treated with concentrated HC] until pH 6, then extracted
with EtOAe. The omganics were concentraled in vacuo. The
residue was dissolved in EtOAc, filtered, and concentrated in
vacuo o an oil. The oil was dissolved in CH,OH and concen-
trated to a sofid. The solid was slarried with EtOAc, filiered,
and rinsed with EtOAc 10 afford 4-{4-{4-hydroxydiphenylm-
ethyl)-1-piperidinyl]-1 -hydroxybutylf-o.c-dimethylpheny-
lacetic acid.

Althoogh the invention has been deseribed in detail for the
purpose of illustration, it is understood that such detail is
solely for that purpose, and variations can be made therein by
those skilled in the art without 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 fornula:

CT-R,
Ra
N 0 Cly
J | < :> |
(CHz_)J'-'C T""’Ra
CHz
wherein
R, is hydrogen or hydroxy:
R, is hydrogen;

or R, and R, taken together form a second bond between the
carbon atoms bearipg R, and R.;

R, is —COQOMH or —COOR;

R, has L 10 6 carbon atoms;
said process comprising:

providing a regioisomer of the following formula:

0 ClH;y
4 CH;z
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converting the regioisomer to the pipendine derivative com- 3. A process according to claim 2, wherein said recovering
ponnd with a piperidine compound of the formula: comprises:

crystallizing from the second mixture of regioisomers a

@ regioisomer salt of the formula:
’ - 0 Clly
I\ Q— | -
C C—CO0" X7

"

CHs

.}'} wherein X* is a Lewis Acid,
isolating the regioisomer salt; and
converting the regioisomer salt to the regioisomer of the
2. A process according to claim 1, wherein said providing 15 formula:

comprises:

o CH;

acylating a starting compound of the formula; \\C‘©7(:3—R3‘

CH; CH;y
(li—COR.s

CHs 4. A process according (o claim 3, wherein X* is an alkali

melal salt or an ammonium salt of the form NR,R R, wherein

wherein 25 Ry Rg, and R, are individually hydrogen or a straight or
Ry is ORg, —N(Ry),, and —SR,, and branched alkyl of 1 10 6 carbon atoms, or an alkyl substituted

atany position with a phenyl ring or a substituted phenyl ring.

R, is an alkyl with 1 10 6 carbons, with a compound of the 5. A process according to claim 2, wherein said acylating is

formula: carried out by a Friedel-Crafts reaction using AICL, catalyst.
1 cox 1 6. A process according to claim 1, further comprising:
NN reducing the piperidine derivative under conditions effec-
tive 1o Torm a hydroxylated piperidine derivative of the
formula;
wherein

X is a halogen, under conditions effective 1o produce a first 44

mixmre of regioisomers of the formula:
C>_(I-:Hj

C—CORg C—R)
40
d CH, Ra
o]
. . " . N oH CHy
hydrolyzing the first mixture of regivisomers under condi- 15 | ] |
tions effective to form a second mixture of a regioiso- (CH—CH ?—RJ-
mers of the formula: O
('?HJ s 7. A process according to claim 6, wherein the hydroxy-
Q ¢—coon lated piperidine derivative has the formula:
City
6]
55
recovering from the second niixture of regioisomers the 2 on

regioisomer of the formula:

(E\Hs 60

Q
\\c-—©—?—coou. T TH (fm
<r CHy (Cﬁz)s—tl‘- CE‘—COOI{.

63 H CH;
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8. A process according to claim 1, wherein said converting 9. A process according to claim 1, wherein said converting
comprises: comprises:

halogenaring the regicisomer of the following formuia: reacting the regioisomer of the following formula:

0 CHa 5
\\C'Q—(!?"Rs CH,
I 0\ IP 3
i J@—?—&

10

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

CH;

Clk with a piperidine compound of the formula;

l 15
C_R3
X |
CH;
o}
20 -

wherein X is a halogen and C—R,

reacting the first intermediate compound with a piperidine

compound of the formula: Rz

23 h{

CE-Ry
under conditions effective to form the piperidine derivative of
R w0 the formula:

under conditions effective to form the piperidine derivativeof 33

the following formula: C—R,
Ry
Q
= v g
O
CH;
45
N o CHy
[ ]
(Cty)z—0C (]:—R_—..
CH;
50

*
*
*
*
*
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