
US006407119B1 

(12) United States Patent (16) Patent N63 US 6,407,119 B1 
Ayers et al. (45) Date of Patent: Jun. 18, 2002 

(54) ANTIHISTAMINIC PIPERIDINE JP 60-115545 6/1995 
DERIVATIVES AND INTERMEDIATES FOR W0 9500480 5/1995 
THE PREPARATION THEREOF W0 9500482 5/1995 

WO 9635667 11/1996 

(75) Inventors: Timothy A. Ayers, Loveland, OH (US); 
Paul W. Brown, LeaWood, KS (US) OTHER PUBLICATIONS 

Archiv der PharmaZie, 306, 807—813 (1973). 
Morrison & Boyd, Organic Chemistry, Allyn and Bacon, 
Inc. , 1973, p. 528. 

( * ) Notice; Subject to any disclaimer, the term of this J aeu et”al., “Synthesis of the enantiomers of reduced halo 
patent is extended or adjusted under 35 pendol > CAllS (15); 158935m> 1991~ 

(73) Assignee: Aventis Pharmaceuticals Inc., 
BridgeWater, NJ (US) 

U_S_C_ 154(()) by() days_ J. Pharm. Biomed. Anal., vol. 9 (10—12), pp. 929—933 
(1991). 

(21) APPL NO; 09/723,799 Tetrahedron, vol. 34, 1651—1660 (1978). 
_ Journal of Organic Chemistry, vol. 50 (25), 5446—5448 

(22) Filed: NOV. 27, 2000 (1985) 

Related US Application Data .(Jplglgrgl of the Chemical Society, Dalton Trans., 1091—1097 

(63) Continuation of application No. 09/344,024, ?led on Jun. 6, “A Guide to the Chemical Basis of Drug Design”, Alfred 
1999, now abandoned. Burger, p. 15 (1984). 

(60) lgg‘gsional application NO' 60/155,244’ ?led on Jul' 2’ Journal of the American Chemical Society, vol. 91(11), 
' 3028—3034 (1969). 

(51) Int. Cl.7 ................... .. A61K 31/445; C07D 211/20 Journal of Organic Chemistry, 52, 2033_2()36, (1987)_ 
(52) US. Cl. ..................... .. 514/317; 546/239; Journal of Applied Electrochemistry, 18, 109 (1988)' 

T t h d L tt 33 43 6499—6502 1992 . 
(58) Field Of Search ........................ .. 514/317; 546/239, e m e to“ e ers’ ( )’ ( )V 

546/240, 241 (List continued on next page.) 

(56) References Cited Primary Examiner—Ceila Chang 
U_S_ PATENT DOCUMENTS (74) Attorney, Agent, or Firm—Bolcsak, James W. Gupta, 

Balaram 
3,839,431 A 10/1974 Sheehan et a1. .......... .. 562/460 
3,898,271 A 8/1975 Sheehan et a1. ............ .. 560/57 (57) ABSTRACT 
3,965,257 A 6/1976 Carr et a1. .................. .. 424/45 _ _ _ _ _ _ _ _ 

3,978,071 A 8/1976 Nakanishiet a1_ 546/121 ThlS Invention relates to novel piperidme derivatives of 
4,028,404 A 6/1977 Bays et a1_ _____ __ 514/570 formula (I) and a process for the preparation thereof. 
4,105,790 A 8/1978 Hughes et a1. . 514/541 
4,254,129 A 3/1981 Carr et al. ................ .. 514/317 

4,254,130 A 3/1981 Carr et al. ................ .. 514/317 

4,285,957 A 8/1981 Carr et a1. 514/317 
4,285,958 A 8/1981 Carr et a1. 514/317 
4,381,394 A 4/1983 TakiZaWa et al. . 548/161 OH 
4,407,823 A 10/1983 Kirsch et al. ............. .. 514/569 

4,432,182 A 2/1984 Cruickshank et al. ..... .. 514/640 OH 

4,452,985 A 6/1984 Santilli et al. ..... .. 548/131 

4,550,116 A 10/1985 $616 et a1. ...... .. 514/327 N 
4,686,018 A 8/1987 Chaussard et al. 205/440 OH 
4,990,658 A 2/1991 Stahly et al. 562/406 
5,214,047 A 5/1993 Ostersehlt et a1. 514/257 
5,618,940 A * 4/1997 King et al. ..... .. 546/240 R 

5,654,433 A 8/1997 King et al. ............... .. 546/241 1 R2 

FOREIGN PATENT DOCUMENTS 

AU 2015088 2/1989 wherein 

AU 3860893 8/1989 R1 is H or C1—C6a1kyl Wherein the C1—C6alkyl moiety is 
DE 2134743 7/1971 straight or branched; 
DE 2432410 1/1975 , . . 

DE 2653635 6/1977 R2 is —COOH or —COOalkyl wherein the alkyl moiety 
DE 3010752 10/1980 has from 1 to 6 carbon atoms and is straight or 
DE 3730718 3/1989 branched; or 
EP 0301421 2/1989 stereoisomers or pharmaceutically acceptable acid addition 
EP 0571253 11/1993 Salt thereof 
EP 0723958 7/1996 
JP 52-87193 7/1977 
JP 58-8081 1/1983 10 Claims, NO Drawings 



US 6,407,119 B1 
Page 2 

OTHER PUBLICATIONS 

Journal of Medicinal Chemistry, 16(5), 487—490 (1973). 
Journal of Organic Chemistry, vol. 31, 1090—1093 (1966). 
Journal of Organic Chemistry, vol. 29, 2490—2491 (1964). 
Journal of Organic Chemistry, vol. 236, 2773—2776 (1971). 
Reynold C. Fuson et el, Reactions of Mesityl Cyclopropyl 
and Propenyl Ketones Oct. 1948, pp. 3255—3257. 
Roche et al, Sulfur Lett., vol. 15, No. 3, 1992, pp. 127—133. 
Kimura et al., J. Am. Chem. Soc., (1994), 116(9) pp. 
4087—4088. 
GonZaleZ et al, Heterocycles (1992), 34(7) pp. 1311—1315. 
Okamoto et al, Bull. Chem. Soc. Jpn. (1992), 65(6), pp. 
1731—1733. 
Itoh et al, Bull. Chem. Soc. Jpn. (1991), 64(10), pp. 
2965—2977. 
Kalyanam et al, J. Chem Soc., Chem Commun. (1987), (13), 
pp. 1028—1029. 
Shridhar et al. Indian J. Chem., Sect. B (1982), 21B(6), pp. 
602—604, (EXRV). 
Masuoka et al., Physiol. Chem. Phys. (1981), 13(2), pp. 
145—152, (EXRV). 
Uchida et al, Chem. Phar. Bull(1989), 37(4), pp. 958—961. 
Madesclaire et al, Synthesis (1981), (10), pp. 828—829. 
Colah et al, Bull Haffkine Inst. (1977), 5(1), pp. 20—22,. 
(EXRV). 
Sundberg et al, J. Heterocycl. Chem, (1988), 25(1), pp. 
129—137. 

Gyongyi et al, J. Chem Res. (S) (1978), (5), p. 155 (EXRV). 
Boyer et al, Synthesis (1988), (12), pp. 980—981. 
Schaal et al, Bull. Soc. Chim. Fr. (1971), (8), pp. 3064—3070 
(in French) (translation C40) Translation Ordered Nov. 18, 
1994. 

Ruotsalainen et al, Suom. Kemistilehti B. (1970), 43(2), pp. 
91—97, (EXRV). 
Bull Soc. Chim. Fr. (1984), (7—8, Pt. 2) pp. 285—291, Khalaf 
et al. (EXRV). 
Heidbuchel et al, Bull Soc. Chim Belg. (1968), 77(304), pp. 
149—152. 

Shridhar et al, Indian J. Chem., Sect. B(1983), 22B(3), pp. 
297—299 (EXRV). 
Kim et al, Synth. Commun (1990), 20(11), pp. 1625—1629, 
(EXRV). 
McPherson et al, J. Labelled Compound. Radiopharm. 
(1990), 28(8), pp. 877—899. 
Kane et al, J. Heterocycl. Chem (1988), 25(5), pp. 
1471—1474. 

Schaal et al, Bull. Soc. Chim. Fr. (1971), (8), pp. 3064—3070 
(English trans. of C32). 
Davis et al, Journal of Org. Chem. 1993, 58, 6843. 
Rovnyak et al, Journal of Medicinal Chemistry, 1973, vol. 
16, N0. 5, pp. 487—490. 

* cited by examiner 



US 6,407,119 B1 
1 

ANTIHISTAMINIC PIPERIDINE 
DERIVATIVES AND INTERMEDIATES FOR 

THE PREPARATION THEREOF 

This application is a continuation of appln. Ser. No. 
09/344,024 ?led Jun. 6, 1999 noW abandoned Which claims 
bene?t of Provisional appln. Ser. No. 60/155,244 ?led Jul. 2, 
1998. 

BACKGROUND OF THE INVENTION 

This invention relates to novel piperidine derivatives of 
formula (I) and a process for the preparation thereof. 

OH 

OH 

R1 

Wherein 
R1 is H or C1—C6alkyl Wherein the C1—C6alkyl moiety is 

straight or branched; 
R2 is —COOH or —COOalkyl Wherein the alkyl moiety 

has from 1 to 6 carbon atoms and is straight or 
branched; or 

stereoisomers or pharmaceutically acceptable acid addition 
salt thereof. 

Terfenadine, ot-[4-(1,1-dimethylethyl)phenyl]-4 
(hydroxydiphenylmethyl)—1-piperidinebutanol, is a knoWn 
antihistaminic agent Which is currently available commer 
cially under the name Seldane® With a recommended dos 
age of 60 mg bid. (See PHYSICIAN’S DESK 
REFERENCE, 52nd Edition, 1998, pp. 1238—1244, Medical 
Economics Data, a division of Medical Economics 
Company, Inc. Montvale, N.J Terfenadine is disclosed in 
US. Pat. No. 3,878,217, issued Apr. 15, 1975. Sorken and 
Heel have provided a revieW of the pharmacodynamic 
properties and therapeutic efficacy of terfenadine [Drugs 29, 
34—56 (1985)]. 

Terfenadine undergoes extensive (99%) ?rst pass metabo 
lism to tWo primary metabolites (fexofenadine) and an 
inactive dealkylated metabolite. Fexofenadine, a.k.a. 4-[1 
hydroxy-4—[4-(hydroxydiphenylmethyl)-1-piperidinyl] 
butyl-ot,ot-dimethyl-benZeneacetic acid, has been disclosed 
as an antihistaminic agent having oral activity in US. Pat. 
No. 4,254,129, issued Mar. 3, 1981. It is currently available 
commercially under the name Allegra® (See PHYSI 
CIAN’S DESK REFERENCE, 52nd Edition, 1998, pp. 
1189—1190, Medical Economics Data, a division of Medical 
Economics Company, Inc. Montvale, N.J.). 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide novel 
piperidine derivatives of formula (I) useful for the treatment 
of allergic disorders. It is a further object to provide a 
process for the preparation of said derivatives and to provide 
novel intermediates useful for preparation of the same. 
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2 
Additionally, it is an object of the present invention to 

provide a method of treating a patient suffering from an 
allergic disorder comprising administering to said 10 patient 
an effective antiallergic amount of a compound of formula 

(1) 

Furthermore, it is an object of the present invention to 
provide a composition comprising an assayable amount of a 
compound of formula (I) in admixture or otherWise in 
association With one or more pharmaceutically acceptable 
carriers or excipients. 

Another object of the present invention is to provide novel 
processes for the preparation of intermediates useful for the 
synthesis of fexofenadine and related compounds. 

Upon further study of the speci?cation and appended 
claims, further objects and advantages of this invention Will 
become apparent to those skilled in the art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Compounds of the formula (I) can be prepared using 
techniques and procedures Well knoWn and appreciated by 
one of ordinary skill in the art. 

As used herein, straight or branched alkyl groups having 
from 1 to 6 carbon atoms as referred to herein are methyl, 
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert 
butyl, and straight- and branched-chain pentyl and hexyl. 

The piperidine derivatives of the formula (I) can form 
pharmaceutically acceptable salts. Pharmaceutically accept 
able acid addition salts of the compounds of this invention 
are those of any suitable inorganic or organic acid. Suitable 
inorganic acids are, for example, hydrochloric, 
hydrobromic, sulfuric, and phosphoric acids. Suitable 
organic acids include carboxylic acids, such as, acetic, 
propionic, glycolic, lactic, pyruvic, malonic, succinic, 
fumaric, malic, tartaric, citric, cyclamic, ascorbic, maleic, 
hydroxymaleic, and dihydroxymaleic, benZoic, 
phenylacetic, 4-aminobenZoic, 4-hydroxybenZoic, 
anthranillic, cinnamic, salicyclic, 4-aminosalicyclic, 
2-phenoxybenZoic, 2-acetoxybenZoic, and mandelic acid, 
sulfonic acids, such as, methanesulfonic, ethanesulfonic and 
[3-hydroxyethanesulfonic acid. Non-toxic salts of the com 
pounds of the above-identi?ed formula formed With inor 
ganic or organic bases are also included Within the scope of 
this invention and include, for example, those of alkali 
metals, such as, sodium, potassium and lithium, alkaline 
earth metals, for example, calcium and magnesium, light 
metals of group IIIA, for example, aluminum, organic 
amines, such as, primary, secondary or tertiary amines, for 
example, cyclohexylamine, ethylamine, pyridine, methy 
laminoethanol and piperaZine. The salts are prepared by 
conventional means, as for example, by treating a piperidine 
derivative of formula (I) With an appropriate acid or base. 

The novel process for preparing the piperidine derivatives 
of formula (I) is set forth in Scheme A. in Scheme A, R1, and 
R2 are C1—C6alkyl Wherein the C1—C6alkyl moiety is straight 
or branched; R3 is H or C1—C6alkyl Wherein the C1—C6alkyl 
moiety is straight or branched; and X is Cl, Br or I. 
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Scheme A provides a general synthetic procedure for 
preparing the compounds of formula 

In step A, a phenylacetyl halide (1) Wherein X is Cl, Br, 
or I, is reacted With N-O-dimethylhydroxylamine hydro 
chloride to provide N-methoxy-N-methyl benZeneacetamide 
(2) 

For example, a suitable phenylacetyl halide (1) is con 
tacted With a molar excess of potassium carbonate in a 
suitable solvent such as toluene. Suitable phenylacetyl 
halides include phenylacetyl chloride, phenylacetyl bromide 
or phenylacetyl iodide. A preferred phenylacetyl halide is 
phenylacetyl chloride. A molar equivalent of N-O 
dimethylhydroxylamine hydrochloride dissolved in Water is 
then added. The reaction mixture is stirred for a period of 
time ranging from 1 to 24 hours at a temperature range of 
from 0° C. to 60° C. Apreferred stirring time is 3 hours. A 
preferred temperature is 25° C. N-methoxy-N-methyl 
benZeneacetamide is (2) is recovered from the reaction Zone 
by extractive methods as are knoWn in the art. 

In step B, N-methoxy-N-methyl-benZeneacetamide (2) is 
acylated With a suitable 4-halo-substituted butyrylhalide of 
the formula 

0 

XMX 
Wherein each X is independently Cl, Br or I; under Friedel 
Crafts conditions to give a mixture of para, meta substituted 
u)-halo-(x-keto-benZeneacetamide Surprisingly, the para 
isomer is readily isolated by subsequent crystalliZation as set 
forth in step C. 
For example, in step B, N-methoxy-N 

methylbenZeneacetamide (2) is contacted With suitable 
4-halo-substituted butyrylhalide under the general condi 
tions of a Friedel-Crafts acylation using a suitable LeWis 
acid. Examples of suitable 4-halo-substituted butyrylhalides 
include 4-chlorobutyrylchloride, 4-bromobutyrylbromide, 
and the like. A preferred 4-halo-substituted butyrylhalide is 
4 chlorobutyrylchloride. The reaction is carried out in a 
solvent, such as carbon disul?de, 1,2-dichloroethane, 
n-hexane, acetonitrile, 1-nitropropane, nitromethane, diethyl 
ether, carbon tetrachloride, methylene chloride, tetrachloro 
ethane or nitrobenZene With dichloromethane being the 
preferred solvent. The reaction time varies from about 1/2 
hour to 25 hours at a temperature range of from 0° C. to 40° 
C. Apreferred stirring time is 6 hours. Apreferred tempera 
ture is 40° C. The mixture of para, meta substituted (1)-halo 
ot-keto-benZeneacetamide (3) is recovered from the reaction 
Zone by an aqueous quench folloWed by extractive methods 
as are knoWn in the art. 

Suitable Lewis acids for the acylation reaction described 
in step B are Well knoWn and appreciated in the art. 
Examples of suitable LeWis acids are boron trichloride, 
aluminum chloride, titanium tetrachloride, boron tri?uoride, 
tin tetrachloride and Zinc chloride. The selection and utili 
Zation of suitable LeWis acids for the acylation reaction of 
step B is Well knoWn and appreciated by one of ordinary 
skill in the art. 

The para-substituted (1)-halo-(x-keto-benZeneacetamide 
(3) is puri?ed by recrystalliZation techniques as set forth in 
step C. 

For example, the product of the extractive methods as set 
forth in step B is stirred in a suitable organic solvent such as 
a mixture of heptane/ethyl acetate (ca. 4:1) and collected. 
The solid is dissolved in a suitable solvent Such as ethyl 
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6 
acetate at a temperature range of from 25° C. to 76° C. A 
preferred temperature is 76° C. The solution is then con 
tacted With charcoal. This mixture is then ?ltered and diluted 
With a suitable solvent such as heptane. The resultant slurry 
is then heated until a homogenous solution is obtained. 
Substantially pure para-substituted uu-halo-ot-keto 
benZeneacetamide (4) crystalliZes upon standing at room 
temperature. 

In step D, the substantially pure para-substituted (1)-halo 
ot- keto-benZeneacetamide (4) is hydrolyZed to give the 
4-(cyclopropylcarbonyl)benZeneacetic acid 

For example, the substantially pure para-substituted 
u)-halo-(x-keto-benZeneacetamide (4) is contacted With a 
molar excess of an appropriate base such as potassium 
hydroxide in a suitable solvent such as ethanol. The reac 
tants are typically stirred together for a period of time 
ranging from 1 to 24 hours at a temperature range of from 
0° C. to 78° C. A preferred stirring time is 18 hours. A 
preferred temperature is 25 ° C. The 4-(cyclopropylcarbonyl) 
benZeneacetic acid (5) is recovered from the reaction Zone 
by acidi?cation and extractive methods as are knoWn in the 
art. 

In step E, the 4-(cyclopropylcarbonyl)benZeneacetic acid 
(5) is esteri?ed to give the corresponding 
4-(cyclopropylcarbonyl)benZeneacetic acid ester 

For example, the appropriate 4-(cyclopropylcarbonyl) 
benZeneacetic acid (5) is reacted With an excess of an 
appropriate C1—C6 alcohol Which is straight or branched in 
the presence of a catalytic amount of mineral acid, such as 
hydrochloric acid or sulfuric acid, hydrochloric acid being 
preferred, at a temperature range of from 25° C. to 78° C. 
The reactants are typically stirred together for a period of 
time ranging from 2 to 72 hours. Apreferred stirring time is 
24 hours. Apreferred temperature is 25° C. The correspond 
ing 4-(cyclopropylcarbonyl)benZeneacetic acid ester (6) is 
recovered from the reaction Zone by basi?cation and extrac 
tive methods as are knoWn in the art. It can be puri?ed by 
silica gel chromatography. 

In step F, the appropriate 4-(cyclopropylcarbonyl) 
benZeneacetic acid ester (6) is acylated With the appropriate 
acylating agent to give the corresponding 
[4(cyclopropylcarbonyl)phenyl]propanedioic acid diester 
(7). 

For example, the appropriate 4-(cyclopropylcarbonyl) 
benZeneacetic acid ester (6) is reacted With a slight molar 
excess of a suitable acylating agent. Suitable acylating 
agents include dialkylcarbonates, such as, dimethylcarbon 
ate or diethylcarbonate; or chloroformates, such as, methyl 
chloroformate or ethyl chloroformate. The reaction is typi 
cally conducted in a suitable aprotic solvent in the presence 
of a suitable non-nucleophilic base from about 0.5 hour to 7 
days and at a temperature of about 0° C. to the re?ux 
temperature of the solvent. A preferred stirring time is 3 
days. Apreferred temperature is 25° C. Suitable solvents for 
the acylation reaction include tetrahydrofuran, dioxane, or 
tert-butyl methyl ether. Apreferred solvent is tetrahydrofu 
ran. Suitable non-nucleophilic bases for the acylation reac 
tion include inorganic bases, for example, sodium 
bicarbonate, potassium bicarbonate, or hydrides, for 
example, sodium hydride or potassium hydride or alkoxides, 
for example, potassium tert-butoxide. A preferred base is 
sodium bis(trimethylsilyl)amide. 
The derivative formed upon acylation is optionally alky 

lated With a suitable alkylating agent in situ subsequent to 
the acylation. Suitable alkylating agents include alkyl 
halides, such as, iodomethane, chloromethane or bro 
momethane; or dialkylsulfates, such as, dimethylsulfate or 
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diethylsulfate. The reactants are typically stirred together for 
a period of time ranging from 1 to 48 hours at a temperature 
range of from 0° C. to 30° C. Apreferred stirring time is 24 
hours. A preferred temperature is 25° C. 

The corresponding [4-(cyclopropylcarbonyl)phenyl] 
propanedioic acid diester (7) is recovered from the reaction 
Zone by extractive methods as are knoWn in the art. It can be 
puri?ed by silica gel chromatography and/or recrystalliZa 
tion. 

While not necessary for utiliZation in the acylation and 
subsequent alkylation in step F, the keto functionality of the 
4-(cyclopropylcarbonyl)benZeneacetic acid ester (6) may be 
protected With a suitable protecting group. The selection and 
utiliZation of suitable protecting groups for the keto group of 
structure (6) is Well knoWn by one of ordinary skill in the art 
and is described in “Protective Groups in Organic 
Synthesis”, Theodora W. Greene, Wiley (1981). For 
example, suitable protecting groups for the keto functional 
ity include acyclic ketals such as dimethyl ketal; cyclic 
ketals such as 1,3-dioxanes and 1,3-dioxalanes; acyclic 
dithioketals such as S,S-dimethyl ketal; cyclic dithio ketals 
such as 1,3-dithiane and 1,3-dithiolane derivatives; acyclic 
monothio ketals; cyclic monothio ketals such as 1,3 
oxathiolanes. 

In step G, the appropriate [4-(cyclopropylcarbonyl) 
phenyl]propanedioic acid diester (7) is ring-opened to give 
the corresponding [4-(4-halo-1-oxo-butyl)phenyl] 
propanedioic acid diester 

For example, the appropriate [4-(cyclopropylcarbonyl) 
phenyl]propanedioic acid diester (7) is contacted With a 
suitable hydrogen halide such as hydrogen chloride, hydro 
gen bromide, or hydrogen iodide in a suitable organic 
solvent or in the absence of solvent. Suitable organic sol 
vents include alcohol solvents, such as, ethanol, methanol, 
isopropyl alcohol, or n-butanol; hydrocarbon solvents, such 
as, benZene, toluene or xylene; halogenated hydrocarbons, 
such as chlorobenZene, chloroform or methylene chloride or 
dimethylformamide or acetic acid or dioxane at a tempera 
ture range of from 0° C. to 100° C. The absence of solvent 
is preferred. The reactants are typically stirred together for 
a period of time ranging from 1 hour to 24 hours. Apreferred 
stirring time is 4 hours to 16 hours. Apreferred temperature 
range is 60° C. to 80° C. If solvent is present, the [4-(4 
halo-1-oxo-butyl)phenyl]propanedioic acid diester (8) is 
recovered from the reaction Zone by extractive methods as 
are knoWn in the art and subsequent evaporation of the 
solvent. 

In step H, the halo functionality of the appropriate [4-(4 
halo-1-oxo-butyl)phenyl]propanedioic acid diester (8) is 
alkylated With ot-(4-pyridyl)benZhydrol (commercially 
available from Aldrich Chemicals) to give the corresponding 
[4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]1 
oxobutyl]phenyl]propanedioic acid diester 

For example, the alkylation reaction is carried out in a 
suitable solvent preferably in the presence of a non 
nucleophilic base and optionally in the presence of a cata 
lytic amount of an iodide source, such as potassium or 
sodium iodide. The reaction time varies from about 4 hours 
to 7 days and the reaction varies from about 25° C. to the 
re?ux temperature of the solvent. Apreferred stirring time is 
3 days. Apreferred temperature is the re?ux temperature of 
the solvent. Suitable solvent for the alkylation reaction 
include alcohol solvents such as, methanol, ethanol, isopro 
pyl alcohol, or n-butanol; ketone solvents, such as, methyl 
isobutyl ketone; hydrocarbon solvents, such as, benZene, 
toluene or xylene, and mixtures thereof With Water; haloge 
nated hydrocarbons, such as, chlorobenZene or methylene 
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8 
chloride or dimethylformamide. A preferred solvent is 
toluene/Water (10:4). Suitable non-nucleophilic bases for the 
alkylation reaction include inorganic bases, for example, 
sodium bicarbonate, potassium bicarbonate, or potassium 
carbonate or organic bases, such as, a trialkylamine, for 
example, triethylamine, or pyridine, or an excess of ot-(4 
pyridyl)benZhydrol may be used. A preferred base is potas 
sium carbonate. 
The corresponding [4-[4-[4-(hydroxydiphenylmethyl)-1 

piperidinyl]-1-oxobutyl]phenyl]propanedioic acid diester 
(9) is recovered from the reaction Zone by extractive meth 
ods as are knoWn in the art. It can be puri?ed by silica gel 
chromatography. 
While not necessary for the utiliZation in the alkylation of 

step H, the keto functionality of the [(4-halo-1-oxo-butyl) 
phenyl]propanedioic acid diester (8) may be protected With 
a suitable protecting group. The selection and utiliZation of 
suitable protecting groups for the keto group of structure (8) 
is Well knoWn by one of ordinary skill in the art and is 
described in “Protective Groups in Organic Synthesis”, 
Theodora W. Greene, Wiley (1981). For example, suitable 
protecting groups for the keto functionality include acyclic 
ketals such as dimethyl ketal; cyclic ketals such as 1,3 
dioxanes and 1,3-dioxalanes; acyclic dithioketals such as 
S,S-dimethyl ketal; cyclic dithio ketals such as 1,3-dithiane 
and 1,3-dithiolane derivatives; acyclic monothio ketals; 
cyclic monothio ketals such as 1,3-oxathiolanes. 

In step I, the appropriate [4-[4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl] 
phenyl]propanedioic acid diester (9) is reduced selectively 
to the corresponding 4-[1 -hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-benZeneacetic acid ester (10). This is 
accomplished by utilizing a suitable selective reducing 
agent. A suitable selective reducing agent is a reagent or 
combination of reagents Which Will selectively reduce only 
one ester of the propanedioic acid diester functionality to the 
corresponding hydroxymethyl moiety While not reducing 
the second ester of the propanedioic acid diester function 
ality. Suitable selective reducing agents include lithium 
tri-tert-butoxyaluminohydride or the combination of a suit 
able silane and a suitable titanocene-based catalyst. 
For example, the appropriate [4-[4-[4 

(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl] 
phenyl]propanedioic acid diester (9) is contacted With a 
suitable selective reducing agent such as lithium tri-tert 
butoxyaluminohydride in a suitable solvent such as 
tetrahydrofuran, diethyl ether, or dioxane. A preferred sol 
vent is tetrahydrofuran. The reactants are typically stirred 
together for a period of time ranging from 0.5 hours to 168 
hours at a temperature range of from 0° C. to 65° C. A 
preferred stirring time is 48 hours. A preferred temperature 
is 25° C. 

Catalytic reduction may also be employed in the prepa 
ration of 4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-0t-(hydroxymethyl)-benZeneacetic acid 
ester (10) from an appropriate [4-[4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl] 
phenyl]propanedioic acid diester (9), using, for example, a 
suitable titanocene-based catalyst in Which a suitable silane, 
such as, polymethylhydrosiloxane, serves as the stoichio 
metric reductant. Suitable titanocene-based catalysts include 
the active catalytic species commonly knoWn as “Cp2TiH”. 
It is Well knoWn by one of ordinary skill in the art that the 
active catalytic species “CpZTiH” may be generated, for 
example, by the addition of 2 equivalents of ethyl magne 
sium bromide to 1 equivalent of Cp2TiCl2 in a suitable 
solvent such as tetrahydrofuran. 
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For example, the catalytic reduction is carried out in a 
suitable solvent such as tetrahydrofuran or diethyl ether or 
dioxane at temperatures ranging from about 25° C. to the 
re?ux temperature of the solvent. A preferred temperature 
for use With the catalytic reduction is 65° C. The reaction 
time varies from about 8 hours to 24 hours. A preferred 
stirring time is 18 hours. The 4-[1-hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-benZeneacetic acid ester (10) is recovered 
from the reaction Zone after Work-up With BU4NF and 
utiliZation of extractive methods as are knoWn in the art. It 
can be puri?ed by silica gel chromatography. 

In addition, a chiral catalytic reduction may also be 
employed in the preparation of enantiomerically pure 4-[1 
hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl] 
butyl]-ot-(hydroxymethyl)-benZeneacetic acid ester (10) 
from an appropriate [4-[4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]-1-oxobutyl]phenyl]propanedioic acid diester 
(9), using an appropriate chiral titanocene system, such as, 
for example, is described in Journal of the American Chemi 
cal Society, 116, 11667—11670 (1994). 
As one skilled in the art Would appreciate, the [4-[4-[4 

(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl] 
phenyl]propanedioic acid diester (9) Wherein the keto group 
is protected must be reacted With an appropriate deprotect 
ing reagent prior to the reduction reaction described in step 
I. The selection and utiliZation of appropriate deprotecting 
reagents is Well knoWn by one of ordinary skill in the art and 
is described in “Protective Groups in Organic Synthesis”, 
Theodora W. Greene, Wiley (1981). For example, cleavage 
of a dimethylketal protecting group on the keto functionality 
of the [4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1 
oxobutyl]phenyl]propanedioic acid diester (9) can be 
achieved by using iodotrimethylsilane or dilute acid as is 
knoWn in the art. 

In step J, the appropriate 4-[1-hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-benZeneacetic acid ester (10) is optionally 
hydrolyZed to the corresponding 4-[1-hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-benZeneacetic acid (11). 

For example, hydrolysis may be achieved using methods 
knoWn in the art such as potassium carbonate in methanol, 
methanolic ammonia, potassium carbonate, potassium 
hydroxide, calcium hydroxide, sodium hydroxide, magne 
sium hydroxide, sodium hydroxide/pyridine in methanol, 
potassium cyanide in ethanol and sodium hydroxide in 
aqueous alcohols, With sodium hydroxide being preferred. 
The reaction is typically carried out in an aqueous loWer 
alcohol solvent, such as methanol, ethanol, isopropyl 
alcohol, n-butanol, 2-ethoxyethanol or ethylene glycol or 
pyridine. Apreferred solvent is a mixture of tetrahydrofuran/ 
methanol/Water (321). The reaction is typically carried out 
at temperatures ranging from room temperature to the re?ux 
temperature of the solvent. Apreferred temperature is 65° C. 
The reactants are typically stirred together for a period of 
time ranging from 1 to 24 hours. Apreferred stirring time is 
4 hours. The 4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl) 
1-piperidinyl]butyl]-ot-(hydroxymethyl)-benZeneacetic acid 
(11) is recovered from the reaction Zone by acidi?cation and 
extractive methods as are knoWn in the art. 
Of course it is understood that the compound of formula 

(I) may exist in a variety of stereoisomers. The compound 
has more than one chiral center. For example, the benZylic 
carbon to Which the carboxyl, hydroxymethyl and methyl 
groups attach may exist in the (R) or the (S) form. In 
addition, the benZylic carbon to Which the hydroxy, hydro 
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gen and alkyl amino groups attach may exist in the (R) or the 
(S) form. It is further understood that the present invention 
encompasses those compounds of formula (I) in each of 
their various structural and stereo isomeric con?gurations as 
individual isomers and as mixtures of isomers. 
An alternative novel process for the preparation of 

4-(cyclopropylcarbonyl)benZeneacetic acid is set forth in 
Scheme B. This compound is useful for the synthesis of 
compounds of formula (I) as Well as fexofenadine and 
related compounds. In Scheme B, R1 is C1—C6alkyl and the 
C1—C6alkyl moiety is straight or branched. 

Scheme B 

O 
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In step a of Scheme B, the appropriate benZeneacetic acid 
ester (1) Wherein R1 is C1—C6alkyl and the C1—C6alkyl 
moiety is straight or branched, is acylated With a suitable 
4-halo-substituted butyrylhalide of the formula 

0 

XMX 
Wherein each X is independently Cl, Br, or I, under Friedel 
Crafts conditions to give a mixture of the corresponding 
para, meta substituted u)-halo-(x-keto-benZeneacetic acid 
ester (2) Wherein X is Cl, Br, or I. 

For example, in step a, the appropriate benZeneacetic acid 
ester (1) is contacted With a 4-halo-substituted butyrylhalide 
under the general conditions of a Friedel-Crafts acylation 
using a suitable LeWis acid. Examples of suitable 4-halo 
substituted butyrylhalides include 4-chlorobutyrylchloride, 
4-bromobutyrylbromide, and the like. A preferred 4-halo 
substituted butyrylhalide is 4-chlorobutyrylchloride. The 
reaction is carried out in a solvent, such as carbon disul?de, 
1,2-dichloroethane, n-hexane, acetonitrile, 1-nitropropane, 
nitromethane, diethyl ether, carbon tetrachloride, methylene 
chloride, tetrachloroethane or nitrobenZene With dichlo 
romethane being the preferred solvent. The reaction time 
varies from about 1/2 hour to 25 hours at a temperature range 
of from 0° C. to 40° C. Apreferred stirring time is 6 hours. 
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Apreferred temperature is 40° C. The mixture of para, meta 
substituted uu-halo-ot-keto-benZeneacetic acid ester (2) is 
recovered from the reaction Zone by an aqueous quench 
followed by extractive methods as are known in the art. 

Suitable Lewis acids for the acylation reaction described 
in step a are Well knoWn and appreciated in the art. Examples 
of suitable LeWis acids are boron trichloride, aluminum 

chloride, titanium tetrachloride, boron tri?uoride, tin tetra 
chloride and Zinc chloride. The selection and utiliZation of 
suitable LeWis acids for the acylation reaction of step a is 
Well knoWn and appreciated by one of ordinary skill in the 
art. 

In step b of Scheme B, the mixture of meta- and para 
substituted uu-halo-ot-keto-benZeneacetic acid ester (2) is 
hydrolyZed to give a mixture of meta- and para-substituted 
(cyclopropylcarbonyl)benZeneacetic acid 

For example, the mixture of meta- and para-substituted 
u)-halo-ot-keto-benZeneacetic acid (2) is contacted With a 
molar excess of an appropriate base such as lithium hydrox 
ide or potassium hydroxide in a suitable solvent such as 
ethanol. The reactants are typically stirred together for a 
period of time ranging from 1 to 24 hours at a temperature 
range of from 0° C. to 78° C. Apreferred stirring time is 18 
hours. A preferred temperature is 25° C. The meta- and 
para-substituted (cyclopropylcarbonyl)benZeneacetic acid 
(3) is recovered from the reaction Zone by acidi?cation and 
extractive methods as are knoWn in the art. 

Surprisingly, the substantially pure para isomer is readily 
isolated by subsequent crystalliZation as set forth in step c of 
Scheme B. 

For example, the product of the extractive methods as set 
forth in step b is dissolved in a suitable organic solvent such 
as a mixture of heptane/ethyl acetate (ca. 4:1) With heating 
to re?ux. The solution is treated With charcoal and ?ltered. 
Upon cooling, the resultant solid is collected and recrystal 
liZed from a suitable organic solvent such as ethyl acetate/ 
heptane. Substantially pure para-substituted 
(cyclopropylcarbonyl)benZeneacetic acid (4) crystalliZes 
upon standing at room temperature. 

As shoWn previously herein, 4-(cyclopropylcarbonyl) 
benZeneacetic acid has utility as an intermediate in the 

synthesis of compounds of formula 4-(Cyclopropylcarbonyl)benZeneacetic acid may also be 

used as an intermediate in the process of preparing com 
pounds of formula (7) as shoWn in Scheme C. Compounds 
of formula (7) include fexofenadine and related compounds. 

SCHEME C 
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In step a of Scheme C, the 4-(cyclopropylcarbonyl) 
benZeneacetic acid (1) is esteri?ed to give the corresponding 
4-(cyclopropylcarbonyl)benZeneacetic acid ester (2) 
Wherein R1 is C1—C6alkyl and the C1—C6alkyl moiety is 
straight or branched, under conditions as set forth in Scheme 
A, Step E. 

In step b of Scheme C, the 4-(cyclopropylcarbonyl) 
benZeneacetic acid ester (2) is alkylated With a suitable 
alkylating agent to provide a corresponding alkylated [4 
(cyclopropylcarbonyl)phenyl]benZeneacetic acid ester (3) 
Wherein R1 is as previously de?ned in step a and R2 and R3 
are each independently C1—C6alkyl Wherein the C1—C6alkyl 
moiety is straight or branched. 

For example, the reaction is typically conducted in a 
suitable aprotic solvent in the presence of a suitable non 
nucleophilic base. Suitable solvents for the alkylation reac 
tion include diglyme, tetrahydrofuran, dioxane, or tert-butyl 
methyl ether. A preferred solvent is diglyme. Suitable non 
nucleophilic bases for the alkylation reaction include sodium 
bis(trimethylsilyl)amide, inorganic bases, for example, 
sodium bicarbonate, potassium bicarbonate, or hydrides, for 
example, sodium hydride or potassium hydride or alkoxides, 
for example, potassium tert-butoxide. A preferred base is 
potassium tert-butoxide. Suitable alkylating agents include 
alkyl halides, such as, iodomethane, chloromethane or bro 
momethane; or dialkylsulfates, such as, dimethylsulfate, or 
diethylsulfate. The reactants are typically stirred together for 
a period of time ranging from 1 to 48 hours at a temperature 
range of from 0° C. to 80° C. 

In step c of Scheme C, the appropriate alkylated [4 
(cyclopropylcarbonyl)phenyl]benZeneacetic acid ester (3) is 
ring opened to provide the corresponding [4-(4-halo-1-oxo 
butyl)phenyl]benZene acetic acid ester (4) Wherein R1, R2 
and R3 are as previously de?ned in step b and X is Cl, Br or 
I. The reaction occurs under conditions set forth in step G of 
Scheme A. 

In step d, the appropriate [4-(4-halo-1-oxo-butyl)phenyl] 
benzene acetic acid ester (4) is alkylated With ot-(4-pyridyl) 
benZhydrol to produce a [4-[4-[4-(hydroxydiphenylmethyl) 
1-piperidinyl]-1-oxobutyl]phenyl]benZeneacetic acid ester 
(5) Wherein R1, R2and R3 are as previously de?ned in step 
b, under conditions that Were previously disclosed in US. 
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Pat. No. 4,254,129, the disclosure of Which is herein incor 
porated by reference. 

In step e of Scheme C, the appropriate [4-[4-[4 
(hydroxydiphenylmethyl)- 1-piperidinyl]-1-oxobutyl] 
phenyl]benZeneacetic acid ester (5) is reacted With a suitable 
reducing agent to produce a 4-[-1hydroxy-4-[4 
(hydroxydiphenylmethyl)- 1-piperidinyl]butyl] 
benZeneacetic acid ester (6) Wherein R1, R2 and R3 are as 
previously de?ned in step b, under conditions that Were 
previously disclosed in US. Pat. No. 4,254,129. Suitable 
reducing agents include, for example, sodium borohydride 
or potassium borohydride. Catalytic reduction using, for 
example, Raney nickel, palladium, platinum, or rhodium 
catalysts, may also be employed in step e of Scheme C. 

In step f of Scheme C, the 4-[1-hydroxy-4-[4 
(hydroxydiphenylmethyl)- 1-piperidinyl]butyl] 
benZeneacetic acid ester (6) is optionally hydrolyzed to 
produce the 4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]benZeneacetic acid (7) Wherein R2 and R3 
are as previously de?ned in step b, under conditions that 
Were previously disclosed in US. Pat. No. 4,254,129. 

While not necessary for utiliZation in alkylation steps b 
and d, the keto functionality of the 4-(cyclopropylcarbonyl) 
benZeneacetic acid ester (6) may be protected With a suitable 
protecting group. The selection and utiliZation of suitable 
protecting groups for the keto group of structure (6) is Well 
knoWn by one of ordinary skill in the art and is described in 
“Protective Groups in Organic Synthesis”, Theodora W. 
Greene, Wiley (1981). For example, suitable protecting 
groups for the keto functionality include acyclic ketals such 
as dimethyl ketal; cyclic ketals such as 1,3-dioxanes and 
1,3-dioxalanes; acyclic dithioketals such as S,S-dimethyl 
ketal cyclic dithio ketals such as 1,3-dithiane and 1,3 
dithiolane derivatives; acyclic monothio ketals; cyclic 
monothio ketals such as 1,3-oxathiolanes. 
The folloWing examples present typical syntheses as 

described in Schemes A B and C. Starting materials for use 
in Schemes A, B and C are readily available to one of 
ordinary skill in the art. These examples are understood to be 
illustrative only and are not intended to limit the scope of the 
present invention in any Way. As used herein (throughout the 
speci?cation), the folloWing terms have the indicated mean 
ings: “g” refers to grams; “mmol” refers to millimoles; “mL 
refers to milliliters; “bp” refers to boiling point; “mp” refers 
to melting point; “° C.” refers to degrees Celsius; “mm Hg” 
refers to millimeters of mercury; “ML” refers to microliters; 
“pg” refers to micrograms; and “MM” refers to micromolar. 

EXAMPLES OF SYNTHESIS SET FORTH IN 
SCHEME A 

Step A: Preparation of N-Methoxy-N-methyl 
benZeneacetamide 

Dissolve potassium carbonate (100 g, 720 mmol) in Water 
(100 mL). Add a solution of phenylacetyl chloride (50 g, 320 
mmol) in toluene (250 mL). Then add a solution of N-O 
dimethylhydroxylamine hydrochloride (32 g, 330 mmol) in 
Water (100 mL) dropWise over one hour. After three hours, 
carefully add 10 to hydrochloric acid (250 mL) and tert 
butyl methyl ether (125 mL). Separate the organic phase, 
Wash With 10% hydrochloric acid and saturated sodium 
hydrogen carbonate solution. Dry over anhydrous magne 
sium sulfate and concentrate to give the title compound (55 
g, 95%). 

Step B: Preparation of [4-(4-Chloro-1-oxobutyl)] 
N-methoxy-N-methyl BenZeneacetamide 

Cool a slurry of aluminum chloride (87 g, 650 mmol) in 
methylene chloride (100 mL) With an ice bath. Add 
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4-chlorobutyryl chloride (51 g, 360 mL) dropWise over 0.5 
hours. Add N-methoxy-N-methyl-benZeneacetamide (53 g, 
300 mmol) over 0.5 hours. Allow the resultant solution to 
Warm to room temperature. Then heat at re?ux for 6 hours. 
Cool the solution to room temperature. Pour the solution into 
ice (1 L) and add methylene chloride (1 L). Separate the 
organic phase. Extract the aqueous phase With methylene 
chloride (2x500 mL). Dry the combined organics over 
anhydrous magnesium sulfate and concentrate to provide a 
solid Which contains a ca. 1:1 mixture of the title compound 
and the meta isomer. 

Step C: Crystallization of [4-(4-Chloro-1 
oxobutyl)]-N-methoxy-N-methyl-benZeneacetamide 

Slurry the solid obtained in step B in heptane/ethyl acetate 
(ca. 4.1) and then collect it. Dissolve the solid in hot ethyl 
acetate and treat the resultant solution With ca. 5 g of 
charcoal. Filter through diatomaceous earth and add heptane 
(60 mL). Heat the slurry until a homogenous solution is 
obtained. AlloW the solution to stand overnight at room 
temperature. Filter the resultant crystalline solid and Wash 
With heptane to provide puri?ed [4-(4-chloro-1-oxobutyl)] 
N-methoxy-N-methyl-benZeneacetamide (20 g). AlloW the 
mother liquor to stand for 5 days and collect a second crop 
of the crystalline solid (3.0 g) to obtain a total of 23 g (28%) 
of the puri?ed [4-(4-chloro-1-oxobutyl)]-N-methoxy-N 
methyl-benZeneacetamide. 

Step D: Preparation of 4-(Cyclopropylcarbonyl) 
benZeneacetic Acid 

Add puri?ed [4-(4-chloro-1-oxobutyl)]-N-methoxy-N 
methyl-benZeneacetamide (9.4 g, 330 mmol) to a solution of 
potassium hydroxide (22.0 g) in ethanol (160 mL). Stir 18 
hours. Pour the solution into dilute hydrochloric acid (30 mL 
of concentrated hydrochloric acid in 500 mL of Water). 
Extract the solution With three 500-mL portions of ethyl 
acetate. Dry the combined organic phases over anhydrous 
magnesium sulfate and concentrate to give the title com 
pound (6.4 g, 95%). 

Step E: Preparation of 4-(cyclopropylcarbonyl) 
benZeneacetic Acid, Ethyl Ester 

Dissolve 4-(cyclopropylcarbonyl)benZeneacetic acid in 
ethanol (150 mL) containing concentrated sulfuric acid (10 
drops). Stir 24 hours. Add triethylamine (2 mL) and con 
centrate the solution. Dissolve the residue in Water/ethyl 
acetate. Wash the organic phase With saturated sodium 
hydrogen carbonate solution, dry over anhydrous magne 
sium sulfate and concentrate. Purify by silica gel chroma 
tography (400 mL silica gel, 20% ethyl acetate/heptane as 
eluent) to give the title compound (7.0 g, 88%). 

Step E: Preparation of 4-(cyclopropylcarbonyl) 
benZeneacetic Acid, Methyl Ester 

Dissolve 4-(cyclopropylcarbonyl)benZeneacetic acid in 
methanol (100 mL) containing concentrated sulfuric acid 
(10 drops). Stir 24 hours. Add triethylamine (2 mL) and 
concentrate the solution. Dissolve the residue in Water/ethyl 
acetate. Wash the organic phase With saturated sodium 
hydrogen carbonate solution, dry over anhydrous magne 
sium sulfate and concentrate. Purify by silica gel chroma 
tography (400 mL silica gel, 20% ethyl acetate/heptane as 
eluent) to give the title compound (4.6 g, 68%). 

Step F: Preparation of [4-(cyclopropylcarbonyl) 
phenyl]methyl-propanedioic Acid, Diethyl Ester 

Dissolve 4-(cyclopropylcarbonyl)benZeneacetic acid, 
ethyl ester (6.5 g, 28 mmol) and diethylcarbonate (4.0 g, 34 
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mmol) in tetrahydrofuran (100 mL). Add 62 mL (62 mmol) 
of a 1.0 molar solution of sodium bis(trimethylsilyl)amide in 
tetrahydrofuran over 0.5 hours. Stir 28 hours. Add 
iodomethane (5.3 g, 35 mmol). Stir 2 days. Add Water and 
ethyl acetate. Wash organic phase With brine, dry over 
anhydrous magnesium sulfate and concentrate. Purify by 
?ash chromatography (200 g silica gel, ethyl acetate/heptane 
as eluent) to give the title compound (1.43 g, 17%). 

Step F: Preparation of [4-(cyclopropylcarbonyl) 
phenyl]methyl-propanedioic Acid, Dimethyl Ester 

Dissolve 4-(cyclopropylcarbonyl)benZeneacetic acid, 
methyl ester (1.5 g, 6.0 mmol) and dimethylcarbonate (930 
mg, 10.3 mmol) in tetrahydrofuran (10 mL). Add 20 mL (20 
mmol) of a 1.0 molar solution of sodium bis(trimethylsilyl) 
amide in tetrahydrofuran over 0.5 hours. Stir 3 days. Add 
iodomethane (5 .3 g, 35 mmol). Stir 24 hours. Add Water and 
ethyl acetate. Wash organic phase With brine, dry over 
anhydrous magnesium sulfate and concentrate. Purify by 
?ash chromatography (50 g silica gel, ethyl acetate/heptane 
as eluent) to give the title compound (315 mg, 16%). 
Additionally, the folloWing compounds can be prepared by 
the synthetic procedure depicted in Step F: 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, ethyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, methyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, butyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, methyl pentyl diester 

I:4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, hexyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, ethyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, butyl ethyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, ethyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, ethyl hexyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, dipropyl ester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, butyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, pentyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, hexyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, dibutyl ester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, butyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, butyl hexyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, dipentyl ester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, hexyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic 
acid, dihexyl ester 

[4-(cyclopropylcarbonyl)phenyl]ethyl-propanedioic acid, 
diethyl ester 
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[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, diethyl ester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, dimethyl ester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, ethyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, methyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, butyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, methyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, hexyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, ethyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, butyl ethyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, ethyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, ethyl hexyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, dipropyl ester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, butyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, pentyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, hexyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, dibutyl ester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, butyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, butyl hexyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, dipentyl ester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, hexyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]pentyl-propanedioic 
acid, dihexyl ester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, diethyl ester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, dimethyl ester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, ethyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, methyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, butyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, methyl pentyl diester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, hexyl methyl diester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, ethyl propyl diester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, butyl ethyl diester 

[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 
acid, ethyl pentyl diester 
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[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, ethyl hexyl diester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, dipropyl ester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, butyl propyl diester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, pentyl propyl diester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, hexyl propyl diester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, dibutyl ester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, butyl pentyl diester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, butyl hexyl diester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, dipentyl ester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, hexyl pentyl diester 
[4-(cyclopropylcarbonyl)phenyl]hexyl-propanedioic 

acid, dihexyl ester 

Step G: Preparation of 4-(4-chloro-1-oxobutyl) 
phenyl]methyl-propanedioic Acid, Diethyl Ester 

Bubble hydrogen chloride gas through a solution of 
[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic acid, 
diethyl ester (570 mg, 2.0 mmol) in ethanol (4 mL) for 5 
minutes. Heat the solution to re?ux. After 18 hours, cool the 
solution to room temperature and bubble nitrogen through 
the solution for 1 hour. Add ethyl acetate and Water to the 
residue. Dry the organic phase over anhydrous magnesium 
sulfate and concentrate. Dissolve the crude product in etha 
nol (50 mL) and bubble hydrogen chloride gas through the 
solution for 10 minutes. Heat the solution to re?ux. After 
stirring 2 days, concentrate the solution. Add Water and ethyl 
acetate to the residue. Dry the organic phase over anhydrous 
magnesium sulfate and concentrate. Purify by ?ash chro 
matography (150 g silica gel, 20% ethyl acetate/heptane as 
eluent) to give the title compound (409 mg, 59%). 

Step G: Preparation of [4-(4-chloro-1-oxobutyl) 
phenyl]methyl-propanedioic Acid, Dimethyl Ester 

Bubble hydrogen chloride gas through a solution of 
[4-(cyclopropylcarbonyl)phenyl]methyl-propanedioic acid, 
dimethyl ester (315 mg, 1.1 mmol) in ethanol (3 mL) and 
toluene (9 mL) for 10 minutes. Heat the solution to 68° C. 
After 4 hours, cool the solution to room temperature and 
bubble nitrogen through the solution for 1 hour. Add ethyl 
acetate and Water to the residue. Dry the organic phase over 
anhydrous magnesium sulfate and concentrate to give the 
title compound (321 mg, 91%). 
Additionally, the folloWing compounds can be prepared by 
the synthetic procedure depicted in Step G: 

[4-(4-bromo-1-oxobutyl)phenyl]methyl-propanedioic 
acid, diethyl ester 

[4-(4-iodo-1-oxobutyl)phenyl]methyl-propanedioic acid, 
diethyl ester 

[4-(4-bromo-1-oxobutyl)phenyl]methyl-propanedioic 
acid, dimethyl ester 

[4-(4-iodo-1-oxobutyl)phenyl]methyl-propanedioic acid, 
dimethyl ester 

Furthermore, compounds derived from all permutations of 
substituents as set forth in the illustrative examples folloW 
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ing Step F can be prepared by the synthetic procedure 
depicted in Step G. 

Step H: Preparation of [4-[4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl] 
phenyl]methyl-propanedioic Acid, Diethyl Ester 

Mix together [4-(4-chloro-1-oxobutyl)phenyl]methyl 
propanedioic acid, diethyl ester (380 mg, 1.1 mmol), potas 
sium carbonate (450 mg, 3.2 mmol), ot-(4-pyridyl) 
benZhydrol (500 mg, 1.9 mmol), Water (4 mL) and toluene 
(10 mL). Heat the mixture to re?ux. After 7 days, cool to 
room temperature. Add ethyl acetate and Water. Wash the 
organic phase With brine, dry over anhydrous magnesium 
sulfate and concentrate. Purify by ?ash chromatography 
(200 g of silica gel, 10% methanol/chloroform as eluent) to 
give the title compound (627 mg, 99%). 

Step H: Preparation of [4-[4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl] 
phenyl]methyl-propanedioic Acid, Dimethyl Ester 

Mix together [4-(4-chloro-1-oxobutyl)phenyl]methyl 
propanedioic acid, dimethyl ester (300 mg, 0.92 mmol), 
potassium carbonate (350 mg, 2.5 mmol), ot-(4-pyridyl) 
benZhydrol (500 mg, 1.9 mmol), Water (3 mL) and toluene 
(7 mL). Heat the mixture to re?ux. After 5 days, cool to 
room temperature. Add ethyl acetate and Water. Wash the 
organic phase With brine, dry over anhydrous magnesium 
sulfate and concentrate. Purify by ?ash chromatography 
(150 g of silica gel, 10% methanol/chloroform as eluent) to 
give the title compound (387 mg, 76%). 
Additionally, compounds derived from all permutations of 
substituents as set forth in the illustrative examples folloW 
ing Step F can be prepared by the synthetic procedure 
depicted in Step H. 

Step I: Preparation of 4-[1-hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-ot-methyl-benZeneacetic Acid, 

Ethyl Ester 

Dissolve [4-[4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]-1-oxobutyl]phenyl]methyl-propanedioic acid, 
diethyl ester (515 mg, 0.88 mmol) in tetrahydrofuran (5 mL) 
and cool the solution With an ice bath. Add lithium tri-tert 
butoxyaluminohydride (10 mL of a 1 molar solution in 
tetrahydrofuran, 10 mmol) portionWise over 20 minutes. 
After 2 hours, alloW the solution to Warm to room tempera 
ture. After 48 hours, cool the solution With an ice bath and 
add a 10% potassium hydrogen sulfate aqueous solution (10 
mL). Wash the organic phase With brine, dry over anhydrous 
magnesium sulfate, and concentrate. Purify by ?ash chro 
matography (150 g of silica gel, 5% methanol/chloroform as 
eluent) to give the compound (321 mg, 67%). 
Additionally, the folloWing compounds can be prepared by 
the synthetic procedure depicted in Step 1: 
4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 

piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid, methyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid, propyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid, butyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid, pentyl ester 
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4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 

piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid, hexyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-ethyl 
benZeneacetic acid, methyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-ethyl 
benZeneacetic acid, ethyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-ethyl 
benZeneacetic acid, propyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-ethyl 
benZeneacetic acid, butyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-ethyl 
benZeneacetic acid, pentyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-ethyl 
benZeneacetic acid, hexyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-propyl 
benZeneacetic acid, methyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-propyl 
benZeneacetic acid, ethyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-propyl 
benZeneacetic acid, propyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-propyl 
benZeneacetic acid, butyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-propyl 
benZeneacetic acid, pentyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-propyl 
benZeneacetic acid, hexyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-butyl 
benZeneacetic acid, methyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-butyl 
benZeneacetic acid, ethyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-butyl 
benZeneacetic acid, propyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-butyl 
benZeneacetic acid, butyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-butyl 
benZeneacetic acid, pentyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-butyl 
benZeneacetic acid, hexyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-pentyl 
benZeneacetic acid, methyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-pentyl 
benZeneacetic acid, ethyl ester 
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4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-pentyl 
benZeneacetic acid, propyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-pentyl 
benZeneacetic acid, butyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-pentyl 
benZeneacetic acid, pentyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-pentyl 
benZeneacetic acid, hexyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-hexyl 
benZeneacetic acid, methyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-hexyl 
benZeneacetic acid, ethyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-hexyl 
benZeneacetic acid, propyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-hexyl 
benZeneacetic acid, butyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-hexyl 
benZeneacetic acid, pentyl ester 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-hexyl 
benZeneacetic acid, hexyl ester 

Step J: Preparation of 4-[1-hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-ot-methyl-benZeneacetic Acid 

Dissolve 4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid, ethyl ester (200 mg, 0.37 mmol) in 
methanol (8 mL) and tetrahydrofuran (12 mL). Add 1.6 mL 
(1,6 mmol) of a 1 molar solution of aqueous sodium 
hydroxide. After 4 hours, cool the solution to room tem 
perature and add 10% hydrochloric acid (ca. 1 mL) dropWise 
until pH is 5—6. Concentrate the solution and purify by ?ash 
chromatography (50 g of silica gel, methanol/chloroform 
gradient elution) to give the title compound (127 mg, 66%). 
Additionally, the folloWing compounds can be prepared by 
the synthetic procedure depicted in Step J: 
4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 

piperidinyl]butyl]-ot-(hydroxymethyl)-ot-ethyl 
benZeneacetic acid 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-propyl 
benZeneacetic acid 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-butyl 
benZeneacetic acid 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-pentyl 
benZeneacetic acid 

4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-hexyl 
benZeneacetic acid 

EXAMPLES OF SYNTHESIS SET FORTH IN 
SCHEME B 

To a slurry of AlCl3 (210 g, 1.6 mol) in methylene 
chloride (200 mL) cooled in an ice bath is added 
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4-chlorobutyryl chloride (121 g) dropWise While maintain 
ing the pot temperature beloW 10° C. After 10 minutes, ethyl 
benZeneacetic acid (118 g, 0.72 mol) is added dropWise 
maintaining the pot temperature beloW 10° C. The mixture 
is stirred at room temperature for 1 hour, then heated to 40° 
C. After 4 hours, the solution is cooled to room temperature 
and poured onto crushed ice (2 L). Methylene chloride (1 L) 
is added. The organic phase is separated. The aqueous phase 
is extracted With tWo 1 L portions of methylene chloride. 
The combined organics are dried (MgSO4) and concen 
trated. Toluene (1 L) is added and the solution is concen 
trated to ca. 500 mL. Ethanol (500 mL) is added. The 
solution is heated to 70° C. and HCl (g) is bubbled through 
for 20 minutes. The solution is sparged With N2 and con 
centrated. Chromatography through silica gel (2.5 L) using 
an ethyl acetate/heptane gradient gives a 1:1 mixture of 
meta, para ethyl (4-chloro-1-oxobutyl)benZene acetic acid 
(119 g). To a slurry of LiOH (23.5g, 0.56 mol) in Water (100 
mL) and ethanol (100 mL) is added the 1:1 mixture of meta, 
para ethyl (4-chloro-1-oxobutyl)benZene acetic acid (50g, 
0.19 mol). The reaction becomes exothermic and is cooled 
With an ice bath. After 1 hour, the solution is alloWed to 
Warm to room temperature. After 18 hours, the mixture is 
concentrated. Water (400 mL) and conc. HCl are added 
(until pH 4). Ethyl acetate (600 mL) is added. The organic 
phase is separated, Washed With brine and dried (MgSO4). 
The solution is heated on a steam bath and charcoal (ca. 3 
g) is added. The mixture is ?ltered through Celite and 
concentrated. The residue is dissolved in ethyl acetate (300 
mL) and heptane (600 mL) With heating. Seed crystals are 
added. After cooling an organic oil appears. Heptane (500 
mL) is added and the mixture is heated to re?ux, treated With 
charcoal (ca. 5 g), ?ltered and seeded. A solid forms and is 
collected. 1H NMR shoWs ca. 4:1 mixture of para:meta 
isomers. Recrystallization from ethyl acetate/heptane gives 
4 (cyclopropylcarbonyl)benZeneacetic acid (4.3g, 11%). 

EXAMPLES OF SYNTHESIS AS SET FORTH IN 
SCHEME C 

Step a: Preparation of 4-(cyclopropylcarbonyl) 
benZeneacetic Acid, Ethyl Ester 

See preparation under Step E, Scheme A, disclosed pre 
viously herein. 

Step b: Preparation of [4-(cyclopropylcarbonyl)]-ot 
ot-dimethylbenZeneacetic Acid, Ethyl Ester 

In a 2 L, glass, jacketed reactor is loaded the 
4-(cyclopropylcarbonyl)benZeneacetic acid, ethyl ester (232 
g, 1 mole), diglyme (150 mL) and methyl chloride (127 g, 
2.5 mole). In a heated addition vessel is loaded potassium 
tert-butoxide (182.4 g, 1.6 mole) and diglyme (1050 mL). 
The jacket for the reactor is set at —10° C. and the addition 
vessel contents are heated to 60° C. The base solution is 
added to the reactor at a rate Which keeps the internal 
temperature of the reaction beloW 25° C. After the base 
addition, sodium ethoxide as a 21% solution in ethanol (86 
g, 0.3 mole) is added to quench any excess methyl chloride. 
The entire reaction mixture is then agitated With toluene 
(900 mL) and Water (1200 mL) containing sodium bicar 
bonate (8.4 g). The phases are separated and the organic 
layer is Washed With additional Water (200 mL) to remove 
any residual potassium chloride salts. Without phase 
separating, the entire solution is then acidi?ed to pH=3 With 
concentrated HCl. The organic is then stripped of solvents to 
afford the title compound. 

Step c: Preparation of 4-(4-chloro-1-oxobutyl)-ot,ot 
dimethylbenZeneacetic Acid, Ethyl Ester 

To a 4 L reactor equipped With a gas inlet, overhead stirrer 
and temperature control, is charged [4 
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(cyclopropylcarbonyl)]-ot,ot-dimethylbenZeneacetic acid, 
ethyl ester (500 g). The oil is heated to 60° C. and the head 
space is evacuated. HCl is then added raising the pressure to 
10 psig. After 4 hours, the excess HCl is vented and the oil 
is sparged With nitrogen for 5 minutes. 

Step d: Preparation of Ethyl 4-[4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1 

oxobutyl]-ot,ot-dimethylbenZeneacetate 
Hydrochloride 

According to the described procedure of Carr et al., US. 
Pat. No. 4,254,129, a mixture of 4.5 g (0.0163 mole) of 
ot,ot-diphenyl-4-piperidemethanol, 6.1 g (0.0205 mole) of 
ethyl 4-(4-chloro-1-oxobutyl)-ot,ot-dimethylphenylacetate, 5 
g (0.05 mole) of potassium bicarbonate and 0.05 g of 
potassium iodide in 50 ml of toluene is stirred and re?uxed 
for 72 hours then ?ltered. Ether then ethereal hydrogen 
chloride is added to the ?ltrate, and the resulting precipitate 
collected and recrystalliZed several times from methanol 
butanone and butanone to give ethyl 4-[4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl]-ot-, 
ot-dimethylbenZeneacetate hydrochloride. M.P. 205.5°—208° 
C. 

Step e: Preparation of Ethyl 4-[4[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1 
hydroxybutyl]-ot,ot-dimethylbenZeneacetate 

According to the described procedure of Carr et al., US. 
Pat. No. 4,254,129, a solution of 5.64 g (0.01 mole) of ethyl 
4-[4[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1 
oxobutyl]-ot,ot-dimethylbenZeneacetate hydrochloride in 
200 ml of absolute ethanol and 50 ml of methanol and 0.5 
g of platinum oxide is hydrogenated at about 50 psi for about 
1 hour until the infrared shoWs no evidence of a ketone 
carbonyl function. The solution is ?ltered and the ?ltrate 
concentrated leaving a residue Which is recrystalliZed from 
butanone and methanol-butanone to give ethyl 4-[4[4 
(hydroxydiphenylmethyl)-1-peperidinyl]-1-hydroxybuty] 
ot,ot-dimethylbenZeneacetate HCl, M.P. 185°—187° C. 

Step f: 4-[4[4-(Hydroxydiphenylmethyl)-1] 
piperidinyl-1-hydroxybutyl]-ot,ot 

dimethylbenZeneacetic Acid 

According to the described procedure of Carr et al., US. 
Pat. No. 4,254,129, to a solution of 0.6 g of ethyl 4-[4[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-hydroxybutyl]-ot, 
ot-dimethylbenZeneacetate in 20 ml of absolute ethanol is 
added 10 ml of a 50% solution of sodium hydroxide. The 
mixture is re?uxed for 31/2 hours and concentrated to a solid 
after Which a minimum amount of methanol to dissolve the 
residue is added. 10% Aqueous HCl is added until pH 7 is 
reached, the methanol removed by evaporation and Water 
(25 ml) is added. The resulting precipitate is recrystalliZed 
from methanolbutanone to give 4-[4[4 
(hydroxydiphenylmethyl)-1-piperidinyl]-1-hydroxybutyl] 
ot,ot-dimethylbenZeneacetic acid, M.P. 195°—197° C. 

The piperidine derivative of formula (I) is used according 
to the present invention as a histamine Hl-receptor antago 
nist and as such Will provide relief of symptoms associated 
With histamine-mediated allergic disorders in patients suf 
fering therefrom. Histamine-mediated allergic disorders are 
diseases or conditions Which have a histamine-mediated 
allergic component such as, for example, seasonal allergic 
rhinitis, perennial rhinitis, idiopathic urticaria, asthma and 
the like. Relief of symptoms of an allergic disorder by 
treatment according to the present invention refers to a 
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decrease in symptom severity over that expected in the 
absence of treatment and does not necessarily indicate a total 
elimination of the disease. 

Antihistaminic potential is measured by affinity of a test 
compound for [3H] pyrilamine binding sites associated With 
the antagonist component of Hl-histaminergic receptors in 
animal brain membranes. Af?nity for this receptor is indica 
tive of the potential of a test compound to interact With 
central and peripheral Hl-histaminergic receptors. 
The folloWing method is used to determine the af?nity of 

test compounds for [3H] pyrilamine binding sites in rat 
cortex. 

The brains of young male rats are removed. The cortici are 
dissected and stored at —20° C. or immediately used. The 
tissue is homogeniZed in 10 ml of ice-cold 50 nM K/NaPO4 
buffer (pH 7.4) using a Polytron (setting 6 for 15 seconds). 
The homogenate is centrifuged at 40,000 g for 15 minutes at 
4° C. The pellet is resuspended in the same buffer in order 
to have 100 mg Wet Weight/ml buffer. The incubation tubes 
contain 50 mM K/NaPO4 buffer, promethaZine (2.10—6M 
?nal) or test compound, 3H pyrilamine (2 nM ?nal) and 
homogenate (10 mg Wet Weight per tube) in a ?nal volume 
of 250—1000 ml. After a 30 minute incubation at room 
temperature each incubation is terminated by rapid ?ltration 
through Whatman GF/B glass ?ber ?lters, presoaked in 
Water When using a Brandel cell harvester, or used as such 
When the ?ltration is performed With a 96 Well Skatron cell 
harvester. The ?lters are rinsed with 3x3 ml 0.9% NaCl 
(Brandel) or preWetted and rinsed for 10 sec With NaCl 
(Skatron). The ?lters are either transferred to scintillation 
vials and 10 ml Quicksafe A is added for liquid scintillation 
spectrometry or a thin layer of solid scintillant is melted onto 
the ?lters and the ?lters then counted using a betaplate beta 
counter. Speci?c binding of 3H pyrilamine is measured as 
the excess over blanks taken in the presence of 2.10—6 M 
promethaZine. Protein content of the membranes is deter 
mined by the method of LoWry et al., J. Biol. Chem. 193, 
265—275 (1951). Displacement curies are analyZed using the 
GraphPad (GraphPad SoftWare, Inc.) or similar program to 
obtain Hill slopes and IC5O values. The K- value is then 
determined With the Cheng-Prusoff equation described by 
Cheng et al., in Biochem. PharmacoL, 22, 3099—3108 
(1973), using the KB for 3H pyrilamine as obtained from 
previous saturation experiments performed under the same 
conditions. 

The K- for 4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl) 
1-piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid is 36x10“7 indicating that the piperidine 
derivative of formula (I) is useful for the treatment of 
histamine-mediated allergic disorders. 
As used herein, the term “patient” refers to an adult 

person Who is suffering from a histamine-mediated allergic 
disorder. It is understood that for purposes of the present 
invention, the term “adult” refers to a person of 12 years of 
age or older Who Would typically be treated for allergic 
disorders With an antihistamine dosage as recommended for 
adults. 
The identi?cation of those patients Who Would bene?t 

from the present invention is Well Within the ability and 
knoWledge of one skilled in the art. A clinician skilled in the 
art can readily identify, by the use of clinical tests, physical 
examination and medical/family history, those patients Who 
are suffering from an allergic disorder that is histamine 
mediated. 
The quantity of novel compound administered Will vary 

depending on the mode of administration and can be any 
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effective antiallergic amount. The quantity of novel com 
pound administered may vary over a Wide range to provide 
in a unit dosage an effective amount of from about 0.01 to 
20 mg/kg of body Weight of the patient per day to achieve 
the desired effect. For example, the desired antihistamine, 
antiallergy and bronchodilator effects can be obtained by 
administering the piperidine compound of formula (I) to a 
patient in a daily amount of from about 10 mg to about 50 
mg. Apreferred daily dose is from about 20 mg to about 40 
mg. The most preferred daily dose is about 30 mg. 

It is of course understood that the daily dose may be 
administered to a patient according to a dosage regimen in 
single or multiple dosage units. For example, a daily dose 
may be administered in a regimen requiring one, tWo, three, 
or four unit doses. Typically, these unit doses Will be of equal 
strength and Will be administered on a time schedule so that 
each dose is approximately equally spaced throughout the 
day. For example, a daily dose requiring a once a day dosage 
regimen may be administered about every 24 hours; a daily 
dose requiring a tWice-a-day dosage regimen may be admin 
istered about every 12 hours; a daily dose requiring a three 
times-a-day dosage regimen may be administered about 
every 8 hours; a daily dose requiring a four times-a-day 
dosage regimen may be administered about every 6 hours. 

The piperidine derivative of formula (I) can be adminis 
tered according to the present invention in any form or mode 
Which makes the compound bioavailable in effective 
amounts, including oral and parenteral routes. For example, 
the piperidine derivative of formula (I) can be administered 
orally, subcutaneously, transdermally, intranasally, and the 
like. Oral administration is preferred. One skilled in the art 
of preparing formulations can readily select the proper form 
and mode of administration depending upon the particular 
characteristics of the compound selected, the disease state to 
be treated, the stage of the disease, and other relevant 
circumstances. 

The compounds can be administered alone or in the form 
of a pharmaceutical composition With pharmaceutically 
acceptable carriers or excipients, the proportion and nature 
of Which are determined by the chosen route of administra 
tion and standard pharmaceutical practice. The piperidine 
derivative of formula (I), While effective itself, may be 
formulated and administered in the form of its pharmaceu 
tically acceptable acid addition salt for purposes of stability, 
convenience of crystalliZation, increased solubility and the 
like. In addition, an individual polymorph, solvate, or indi 
vidual stereoisomer of the piperidine derivative of formula 
(I) [i.e., (R,R)-4-[1-hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-ot-methyl-benZeneacetic acid; (R,S)-4-[1 
hydroxy-4-[4-(hydroxydiphenylmethyl)-1-piperidinyl] 
butyl]-ot-(hydroxymethyl)-ot-methyl benZeneacetic acid; 
(S,S)-4-[1-hydroxy-4-[4-(hydroxydiphenylmethyl)-1 
piperidinyl]butyl]-ot-(hydroxymethyl)-ot-methyl 
benZeneacetic acid and (S,R)-4-[1 hydroxy-4-[4 
(hydroxydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroxymethyl)-ot-methyl-benZeneacetic acid] may be 
used. 

The present invention contemplates compositions com 
prising the piperidine derivative of formula (I) in admixture 
or otherWise in association With one or more inert carriers. 

These compositions are useful, for example, as assay 
standards, as convenient means of making bulk shipments, 
or as pharmaceutical compositions. An assayable amount of 
the piperidine derivative of formula (I) is an amount Which 
is readily measurable by standard assay procedures and 
techniques as are Well knoWn and appreciated by those 
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skilled in the art. Assayable amounts of the piperidine 
derivative of formula (I) Will generally vary from about 
0.001% to about 75% of the composition by Weight. Inert 
carriers can be any material Which does not degrade or 
otherWise covalently react With the piperidine derivative of 
formula Examples of suitable inert carriers are Water; 
aqueous buffers, such as those Which are generally useful in 
High Performance Liquid Chromatography (HPLC) analysis 
organic solvents, such as acetonitrile, ethyl acetate, hexane 
and the like; and pharmaceutically acceptable carriers or 
excipients. 
More particularly, the present invention contemplates a 

pharmaceutical composition in solid unit dosage form com 
prising an amount of the piperidine derivative of formula (I) 
from about 15 mg to about 30 mg in admixture With a 
pharmaceutically acceptable carrier. As used herein, the term 
“solid unit dosage form” contemplates a solid dosage form 
for oral administration such as a tablet, capsule, and the like, 
as Well as solid dosage forms for parenteral administration 
such as a transdermal patch, and the like. 
The pharmaceutical compositions are prepared in a man 

ner Well knoWn in the pharmaceutical art. The carrier or 
excipient may be a solid, semi-solid, or liquid material 
Which can serve as a vehicle or medium for the active 

ingredient. Suitable carriers or excipients are Well knoWn in 
the art. The pharmaceutical composition may be adapted for 
oral or parenteral use and may be administered to the patient 
in the form of tablets, capsules, solutions, suspensions, 
transdermal patch, and the like. 
The piperidine derivative of formula (I) may be admin 

istered orally, for example, With an inert diluent or With an 
edible carrier. It may be enclosed in gelatin capsules or 
compressed into tablets. For the purpose of oral therapeutic 
administration, the piperidine derivative of formula (I) may 
be incorporated With excipients and used in the form of 
tablets, capsules, elixirs, suspensions, syrups, Wafers, cheW 
ing gums and the like. These preparations should contain at 
least 4% of the compound of the invention, the active 
ingredient, but may be varied depending upon the particular 
form and may conveniently be betWeen about 4% to about 
70% of the Weight of the unit. The amount of the compound 
present in compositions is such that a suitable dosage Will be 
obtained upon administration. Preferred compositions and 
preparations according to the present invention are prepared 
so that an oral unit dosage form contains betWeen about 15 
mg to about 30 mg. Most preferred unit doses for oral 
administration are those Which contain about 15 mg to about 
30 mg. 
The tablets, pills, capsules, and the like may also contain 

one or more of the folloWing adjuvants: binders such as 
microcrystalline cellulose, gum tragacanth or gelatin; 
excipients such as starch or lactose, disintegrating agents 
such as alginic acid, PrimogelTM, corn starch, carbonate salts 
such as sodium bicarbonate or calcium carbonate, and the 
like; lubricants such as magnesium stearate or SterotexTM; 
glidents such as colloidal silicon dioxide; and sWeetening 
agents such as sucrose or saccharin may be added or a 

?avoring agent such as peppermint, methyl salicylate or 
orange ?avoring. When the dosage unit form is a capsule, it 
may contain, in addition to materials of the above type, a 
liquid carrier such as polyethylene glycol or a fatty oil. Other 
dosage unit forms may contain other various materials 
Which modify the physical form of the dosage unit, for 
example, as coatings. Thus, tablets or pills may be coated 
With sugar, shellac, or other enteric coating agents. A syrup 
may contain, in addition to the present compounds, sucrose 
as a sWeetening agent and certain preservatives, dyes and 
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colorings and ?avors. Materials used in preparing these 
various compositions should be pharmaceutically pure and 
non-toxic in the amounts used. Preferred excipients are corn 
starch, gelatin, lactose, magnesium stearate and sodium 
bicarbonate. 

Oral unit dosage forms may be formulated to provide 
immediate or sustained release characteristics. These forms 
may be formulated according to conventional techniques 
and procedures to give the desirable dissolution and bio 
availability characteristics. 

In addition, the piperidine derivative of formula (I) may 
be incorporated into a solution or suspension for oral or 
parenteral administration. These preparations should contain 
at least 0.1% of the piperidine derivative of formula (I), but 
may be varied to be betWeen 0.1 and about 50% of the 
Weight thereof. The amount of the piperidine derivative of 
formula (I) in such compositions is such that a suitable 
dosage Will be obtained upon oral or parenteral administra 
tion. 

The solutions or suspensions may also include the one or 
more of the folloWing adjuvants: sterile diluents such as 
Water for injection, saline solution, ?xed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic sol 
vents; antibacterial agents such as benZyl alcohol or methyl 
paraben; antioxidants such as ascorbic acid or sodium 
bisul?te; chelating agents such as ethylene diaminetetraace 
tic acid; buffers such as acetates, citrates or phosphates and 
agents for the adjustment of tonicity such as sodium chloride 
or dextrose. 

Transdermal dosage forms for administering the piperi 
dine derivative of formula (I) can be prepared by conven 
tional techniques Well knoWn in the art of pharmaceutical 
science such as by incorporating the piperidine derivative of 
formula (I) into various polymeric reservoir matrix materi 
als. These polymeric matrix materials may include pressure 
sensitive acrylic, silicone, polyurethane, ethylene vinyl 
acetate copolymers, polyole?ns, and rubber adhesive 
matrices, medical grade silicone ?uids, and medical grade 
silicone elastamers, Which are Well knoWn in the art for 
forming reservoirs for transdermal delivery of drugs. 

It is further contemplated that the piperidine derivative of 
formula (I) according to the present invention, may be 
formulated With a variety of other active ingredients Which 
are commonly combined With antihistamines, such as a 
decongestant, including pseudoephedrine and the like; anal 
gesics such as acetaminophen and the like, non-steroidal 
anti-in?ammatory agents such as ibuprofen and the like. 
What is claimed is: 
1. A compound of the formula 

OH 

OH 

Wherein 
R1 is H or C1—C6alkyl and the C1—C6alkyl moiety is 

straight or branched; 
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R2 is —COOH or —COOalkyl and the alkyl moiety has 

from 1 to 6 carbon atoms and is straight or branched; 
or 

stereoisomers or pharmaceutically acceptable acid addition 
salt thereof. 

2. The compound of claim 1 Wherein R1 is methyl and R2 
is COOCH2CH3. 

3. A process for preparing a compound of the formula 

OH 

OH 

R1 

Wherein 

R1 is H or C1—C6alkyl and the C1—C6alkyl moiety is 
straight or branched; 

R2 is —COOH or —COOalkyl and the alkyl moiety has 
from 1 to 6 carbon atoms and is straight or branched; 
or 

stereoisomers or pharmaceutically acceptable acid addition 
salt thereof, comprising the steps of: 

(a) reacting a compound of the formula 

O 

R1 

RZOZC CO2R3 

Wherein 
R1 is H or C1—C6alkyl and the C1—C6alkyl moiety is 

straight or branched; 
R2 and R3 are each independently C1—C6alkyl and the 

C1—C6alkyl moiety is straight or branched; or 
stereoisomers thereof; 

With a suitable hydrogen halide to produce a [4-(4-halo 
1-oxo-butyl)phenyl]propanedioic acid diester of for 
mula 

R1 
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wherein 

R1 is H or C1—C6alkyl and the C1—C6alkyl moiety is 
straight or branched; 

R2 and R3 are each independently C1—C6alkyl and the 
C1—C6ally moiety is straight or branched; 

X is Cl, Br or I; or 

stereoisomers thereof; 

(b) reacting the [4-(4-halo-1-oXo-butyl)phenyl] 
propanedioic acid diester With a compound of formula 

OH 

to produce a [4-[4-[4-(hydroXydiphenylmethyl)-1 
piperidinyl]-1-oXobutyl]phenyl]propanedioic acid 
diester compound of formula 

OH 

R1 

RZOZC CO2R3 

Wherein 

R1 is H or C1—C6alkyl and the C1—C6alkyl moiety is 
straight or branched; 

R2 and R3 are each independently C1—C6alkyl and the 
C1—C6alkyl moiety is straight or branched; or 

stereoisomers or pharmaceutically acceptable acid addition 
salt thereof; 

(c) reacting the [4-[4-[4-(hydroXydiphenylmethyl)-1 - 
piperidinyl]-1-oXobutyl]phenyl]propanedioic acid 
diester compound With a suitable selective reducing 
agent to give a 4-[1-hydroXy-4-[4 
(hydroXydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroXymethyl)-benZeneacetic acid ester compound 
of formula 
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OH 

OH 

R1 

Wherein 

R1 is H or C1—C6alkyl and the C1—C6alkyl moiety is 
straight or branched; 

R2 is —COOalkyl and the alkyl moiety has from 1 to 
6 carbon atoms and is straight or branched; or 

stereoisomers or pharmaceutically acceptable acid addition 
salt thereof, and 

(d) optionally hydrolyZing the 4-[1-hydroXy-4-[4 
(hydroXydiphenylmethyl)-1-piperidinyl]butyl]-ot 
(hydroXymethyl)-benZeneacetic acid ester compound 
to produce a compound of formula 

OH 

OH 

R2 

Wherein 

R1 is H or C1—C6alkyl and the C1—C6alkyl moiety is 
straight or branched; 

R2 is —COOH, or 

stereoisomers or pharmaceutically acceptable acid addition 
salt thereof; 

With the proviso that each of the keto groups present in the 
compounds described in steps a—b are optionally protected 
or unprotected. 

4. A process according to claim 3 Wherein the suitable 
selective reducing agent is lithium tri-tert 
butoXyaluminohydride. 

5. Aprocess according to claim 3 Wherein the process is 
catalytic. 

6. A process according to claim 3 Wherein the suitable 
selective reducing agent is a suitable silane in combination 
With a suitable titanocene-based catalyst. 
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7. A process according to claim 6 wherein the suitable 
silane is polymethylhydrosiloXane and the suitable 
titanocene-based catalyst is “Cp2TiH”. 

8. A process according to claim 3 Wherein the reduction 
is asymmetric. 

9. A method of treating a patient suffering from a 
histamine-mediated allergic disorder comprising administer 

5 

34 
ing daily to said patient an effective antiallergic amount of 
a compound of claim 1. 

10. A pharmaceutical composition in unit dosage form 
comprising an effective antiallergic amount of a compound 
of claim 1 in admixture With a pharmaceutically acceptable 
carrier. 


