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PHENYL BUTYRIC ACIDS AND DERIVATIVES
THEREOF

SUMMARY OF THE INVENTION

This invention describes novel halo and thio butyric
acids and their derivatives and their use in therapeutic
compositions. In addition, this invention describes the
preparation of these halo and thio butyric acids and
their derivatives. When the compounds of this inven-
tion are administered to mammals, they afford signifi-
cant treatment for the relief of inflammation and asso-
ciated pain and fever.

They further provide analgesic and antipyretic meth-
ods for the relief and treatment of pain and fever.

BACKGROUND OF THE INVENTION

Continued studies have been carried out in research
to develop drugs which would significantly inhibit the
development of inflammation and relieve the pain and
fever associated with it. While much of this effort has
been carried out in the steroid field these have been
compounds developed which are non-steroidal and
have included such as the alkanoic acids derived from
biphenyl, stilbene, indole, naphthylene and various
heteryl rings. While many of these compounds have
been found to be effective, they have had the drawback
of causing various side effects or being effective only
on a specific disorder.

I have unexpectedly found that when a halo or thio
group or derivative thereof is present in the «, 8 or vy
postion-of the side chain of a substitutedphenylbutyric
acid molecule, pharmacological properties exist in the
molecule which are useful for the relief and inhibition
of inflammation conditions.

[ have also found that the compounds of this inven-
tion are effective in the treatment of inflammation and
the control of arthritic conditions associated with in-
flammation.

I have further found that a, 8 or y halo and thio phe-
nylbutyric acids and their derivatives are novel.

I have also found that the compounds of this inven-
tion possess useful analgesic and antipyretic properties
and are useful in the treatment of pain and fever.

I have still further found an entirely new class of anti-
inflammatory, analgesic and antipyretic pharmaceuti-
cal compositions which contain an «, 8 or y-halo or thi-
ophenylbutyric acid or derivative thereof as active in-
gredient.

I have also found a convenient method for synthesiz-
ing these compounds.

DESCRIPTION AND PREFERRED EMBODIMENTS

This invention comprises a class of novel chemical
compounds which have a phenylbutyric acid group or
derivative to which is attached a halo, mercapto, or
thio derivative at the a-, 8- or y-position. Also the phe-
nyl ring may further be substituted.

This invention also describes a new method for treat-
ing inflammation as well as pain and fever and also
novel therapeutic compositions.

The following numbering system is used in this inven-
tion:
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except with respect to the biphenylyl compounds which

The compounds of this invention can be represented
by the generic structure which is described by the gen-
eral formula I;

: ;
(@)0-C—(ih 007 - |
Rg Ry

where:

R is alkyl, cycloalkyl, cycloalkenyl, aryloxy, arylthio,
aryl or substituted aryl where the substituent is Y;

Y is hydrogen, alkyl, halo, nitro, amino, acylamino,
mono and diloweralkylamino, mercapto, acylthio,
loweralkylthio, loweralkylsulfinyl, loweralkylsulfo- -
nyl, hydroxy, loweralkoxy, acyloxy, haloloweral-
kyl, cyano or acetyl: )

n+m=2;

R, . Rg and Ry are hydrogen or loweralkyl;

X is in the a-, B- or y-position and is halo, mercapto,
loweralkylthio, acylthio, aroyithio, sulfo, sulfino,
loweralkylsulfinyl, loweralkylsulfonyl, thioacylthio,
thiosulfo, thiocyanato, amidinothio, carbamylthio,
loweralkylcarbamylthio, diloweralkylcarba-
mylthio, loweralkoxythiocarbonylthio, loweralkox-
ycarbonylthio, diloweralkylthiocarbamylthio,
arloweralkoxycarbonylthio, carboxyaroylthio, car-
boxyacylthio, cyano, amino or substituted amino;

Z is hydrogen, —OH, loweralkoxy, arloweralkoxy,
—NH,, loweralkylamino, diloweralkylamino, cy-
cloloweralkylamino,

A0

-/

(where A is loweralkylidenyl or heteroloweralkylide-
nyl), —NHOH, —NHNH,; or —OM (where M is an
alkali, alkaline earth or aluminum metal or an am-
monium salt).

The compounds of this invention contain at least one
asymmetric carbon atom in the butyric acid side chain.
As a result, the above compounds of formula | may be
obtained as racemic mixtures of their dextro (+) and
levorotatory (—) isomers. It is to be understood that
said d and / isomers as well as the d/ mixtures thercof
are embraces within the scope of this invention.

More specifically, the chemical compounds of this
invention which have particular usefulness as antiin-
flammatory, analgesic and antipyretic agents are de-
scribed by formulae [I-1V:
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Those compounds whose propertics are preferred are
described by formulae V-VIL: ' 30
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where Alk is alkyl having 3-7 carbon atoms 0

X -
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Those compounds whose properties are even more
preferred are described by formulae V-VII where

Y is hydrogen or halo, v = 1 and 60

Ry . Ry and Ry arc hydrogen.

Compounds which are most preferred are those
where X is in the a- or B-position. b

A special embodiment of this invention describes a
method for inhibiting inflammation and the treatment
of pain and fever associated w‘ith inflammation as well

65

4

as having analgesic and antipyretic effectiveness for the
relief and treatment of pain and fever not symptomati-
cally related to an inflammation indication. This
method affords relief by the administration of a com-
pound of Formula |

where

X is loweralkoxy, loweracyloxy, aroyloxy, car-
bloweralkokxyoxy, carbamyloxy, loweralkylcar-
bamyloxy, diloweralkylcarbamyloxy, loweralk-

anesulfonyloxy, benzenesulfonyloxy, toluenesul-
fonyloxy, carboxyacyloxy, carboxyaroyloxy, halo,
mercapto, loweralkylthio, acylthio, aroylthio,
sulfo, sulfino, loweralkylsulfinyl, loweralkylsulfo-
nyl, thioacylthio, thiosulfo, thiocyanato, amidi-
nothio, carbamylthio, loweralkylcarbamylthio,
diloweralkylcarbamylthio, lowcralkoxythiocarbo-
nylthio, loweralkoxycarbonylthio, diloweralkylthi-
ocarbamylthio, arloweralkoxycarbonylthio, car-
boxyaroylthio, carboxyacylthio, cyano, amino or
substituted amino.

In the descriptive portions of this invention the fol-
lowing definitions apply:

“alkyl” refers to a loweralkyl hydrocarbon group
containing from 1 to about 7 carbon atoms which may
be straight chained or branched.

“alkenyl” refers to an unsaturated or partially unsat-
urated hydrocarbon group containing from 2 to about
7 carbon atoms which may be straight chained or
branched. o

“cycloalkyl” refers to a hydrocarbon ring having up
to about seven carbon atoms.

“cycloalkenyl” refers to a partially unsaturated hy-
drocarbon ring having up to about seven carbon atoms.

“aryl” refers to any benzenoid or non-benzenoid aro-
matic group but preferably phenyl. ,

“acy!l” refers to any organic radical derived from an
organic acid by the removal of its hydroxyl group such
as formyl, acetyl, propionyl, 3-carboxy-2-propcnoyl,
camphoryl, benzoyl, toluoyl or heteroyl such as pyri-
dinoyl, piperidinoyl, thenoyl; etc.

The preferred “aroyl” is: benzoyl, loweralkylbenzoyl
such as toluoyl or halobenzoyl such as p-chlorobenzoyl,
etc.

“alkoxy” refers to a loweralkoxy group containing
from 1 to about 6 carbon atoms which may be straight
chained or branched. _

“loweralkylidenyl” refers to a loweralkylidenyl_ hy-
drocarbon group containing from 2 to about 6 carbon
atoms.

“heteroloweralkylidenyl” refers to a loweralkylide-
ny! hydrocarbon group containing from about 2 to 5
carbon atoms and having one or more hetero atoms in
the chain selected from O, N or S, such a piperidinyl,
morpholinyl, etc.

The preferred “‘alkali” or “‘alkaline earth’ metals are
sodium, potassium, calcium and magnesium.

The term ‘“‘ammonium salt” refers to the cation
formed when ammonia or an organic amine rcact with
the carboxyl group to form ammonium salt of the struc-
ture given in the formula. The ammonium salts are
formed with a (1) loweralkylamines such as methyl-
amine, diethylamine, triethylamine; (2) hydrox-
yloweralkylamines such as B-hydroxyethylamine; (3)
heterocyclic amines such as 2-aminopyridine. pipera-
zine, piperidine; (4) aralkylamines such as a-methyl-
benzylamine, phenethylamine; (5) cycloalkylamines
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such as cyclohexylamine; (6) alkaloids such as quinine,
cinchonidine, cinchonine, ephedrine.
Representative compounds of this invention which
are particularly useful are as follows:
a-chloro-y-(o-tolyl)butyric acid
a-chloro-y-(m-tolyl)butyric acid
a-chloro-y-(p-tolyl)butyric acid
a-chloro-y-(p-ethylphenyl)butyric acid
a-chloro-y-(p-propylphenyl)butyric acid
a-chloro-y-(p-i-propylphenyl)butyric acid
a-chloro-y-(p-butylphenyl)butyric acid
a-chloro-y-( p-i-butylphenyl)butyric acid
a-chloro-y-(p-sec-butylphenyl)butyric acid
a-chloro-y-(p-t-butylphenyl)butyric acid
a-chloro-y-(p-pentylphenyl)butyric acid
a-chloro-y-(p-vinylphenyl)butyric acid
a-chloro-y-(p-allylphenyl)butyric acid
a-chloro-y-(p-cyclopentylphenyl)butyric acid
a-chloro-y-(p-cyclohexylphenyl)butyric acid
a-chloro-y-(p-cycloheptylphenyl)butyric acid
a-chloro-y-(p-cyclopent-1-enylphenyl)butyric acid
a-chloro-y-(p-cyclohex-1-enylphenyl)butyric acid
‘a-chloro-y-(p-cyclohept-1-enylphenyl)butyric acid
a-chloro-y-(p-cyclohex-3-enylphenyl)butyric acid
a-chloro-y-(p-cyclohex-1,3-dienylphenyl)butyric
acid
a-chloro-y-(m-phenoxyphenyl)butyric acid
a-chloro-y-(p-phenylthiophenyl)butyric acid
a-chloro-y-(p-biphenylyl)butyric acid
a-chloro-y-[p-(2'-chlorobiphenylyl) ]butyric acid
a-chloro-H{p-(3’ -chlorobiphenylyl)ibutyric acid
a-chloro-y-[p-(4'-chlorobiphenylyl) Jbutyric acid
a-chloro-y-[p-(2'-nitrobiphenylyl) Jbutyric acid
a-chloro-y-(2-chloro-4-biphenylyl)butyric acid
a-chloro-y-(3-chloro-4-biphenylyl)butyric acid
a-chloro-y-(2,6-dichloro-4-biphenylyl) butyric acid
a-chloro-y-( 2-methyl-4-biphenylyl)butyric acid
a-chloro-y-(2-bromo-4-biphenylyl)butyric acid
a-chloro-y-(2-fluoro-4-biphenylyl)butyric acid
a-chloro-y-(2-iodo-4-biphenylyl }butyric acid
a-chloro-y-( 2-nitro-4-biphenylyhbutyric acid
a-chloro-y-(2-amino-4-biphenylyl)butyric acid
a-chloro-y-( 2-acetylamino-4-biphenylyl)butyric acid
a-chloro-y-(2-ethylamino-4-biphenylyl)butyric acid
a-chloro-y-( 2-dimethylamino-4-biphenylyl)butyric
acid
a-chloro-y-(2-mercapto-4-biphenylyl)butyric acid
a-chloro-y-(2-acetylthio-4-biphenylyl) butyric acid
a-chloro-y-(2-methylthio-4-biphenylyl)butyric acid
a-chloro-y-( 2-methylsulfinyl-4-biphenylyl)butyric
acid
a-chloro-y-(2-methylsulfonyl-4-biphenylyl)butyric
acid
a-chloro-y-(2-hydroxy-4-biphenylyl)butyric acid
a-chloro-y-(2-methoxy-4-biphenylyl)butyric acid
a-chloro-y-(2-acetoxy-4-biphenylyl)butyric acid
a-chloro-y-( 2-trifluoromethyl-4-biphenylyl)butyric
acid
a-chloro-y-(2-cyano-4-biphenylyl)butyric acid
a-chloro-y-(2-acetyl-4-biphenyl)butyric acid
a-chloro-y-(p-i-butylphenyl)butyric acid
a-chloro-y-(p-cyclohexylphenyl)butyric acid
a-chloro-y-(3-chloro-4-cyclohexylphen yDbutyric
acid
a-chloro-y-(3-chloro-4-i-butylphenyl)butyric acid
a-chloro-a-methyl-y-( p-biphenylyl)butyric acid
a-chloro-B-methyl-y-(p-biphenylyl)butyric acid
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6
a-chloro-y-methyl-y-(p-biphenylyl)butyric acid
a-chloro-a,B8-dimethyl-y-(p-biphenylyl)butyric acid
a-chloro-a,y-dimethyl-y-(p-biphenylyl)butyric acid
a-chloro-8, y-dimethyl-y-(p-biphenylyl)butyric acid
a-chloro-a,8,y-trimethyl-y-(p-biphenylyl)butyric

acid
a-chloro-a-methyl-y-(m-phenoxyphenyl)butyric
acid
a-bromo-y-( p-biphenylyl)butyric acid
a-fluoro-y-(p-biphenylyl)butyric acid
a-iodo-y-(p-biphenylyl)butyric acid
a-mercapto-y-(p-biphenylyl)butyric acid
a-methylthio-y-(p-biphenylyl)butyric acid
a-acetylthio-y-(p-biphenylyl)butyric acid
a-benzoylthio-y-(p-biphenylyl)butyric acid
a-sulfo-y-(p-biphenylyl)butyric acid
a-sulfino-y-(p-biphenylyl)butyric acid
a-methylsulfinyl-y-(p-biphenylyl)butyric acid
a-methylsulfonyl-y-(p-biphenylyl)butyric acid
a-thioacetylthio-y-(p-biphenyl)butyric acid
a-thiosulfo-y-(p-biphenylyl)butyric acid
a-thiocyanato-y-(p-biphenylyl)butyric acid
a-amidinothio-y-(p-biphenylyl)butyric acid
a-carbamylthio-y-(p-biphenylyl)butyric acid
a-ethylcarbamylthio-y-(p-biphenylyhbutyric acid
a-diethylcarbamylthio-y-(p-biphenylyl)butyric acid
a-methoxythiocarbonylthio-y-(p-biphenylyl)butyric
acid
a-dimethylthiocarbamylthio-y- (p blphcnylwl)butym
acid
a-benzyloxycarbonylthio-y-(p- blphenylyl)butvnc
acid
a-(o-carboxybenzoylthio)-y-(p- bxphenylyl)buu ric
acid
a-cyano-y-(p-biphenylyl)butyric acid
a-dimethylamino-y-(p-biphenylyl)butyric acid
a-(4-carboxybutyroyloxy )-y-(p-biphenylyl)butyric
acid
a-(4-carboxybut-2-enyloxy)-y-(p-biphenylyl)butyric
acid
c-acetylthio-y-(p-i-butylphenyl)butyric acid
a-acetylthio-y-(3-chloro-4-i-butylphenyl)butyric
acid
a-acetylthio-y-(p-cyclohexylphenyl)butyric acid
a-acetylthio-y-(3-chloro-4-cyclohexylphenyl)butyric
acid
a-acetylthio-y[p-(2’-chlorobiphenylyl)Jbutyric acid
a-acetylthio-y-(2-chloro-4-biphenylyl)butyric acid
a-acetylthio-a-methyl-y-(p-biphenylyl)butyric acid
a-acetylthio-a-methyl-y-(2-chloro-4-
bilphenylyl)butyric acid
a-acetylthio-a-methyl-y-(3-chloro-4-cyclohexyl-
phenyl)butyric acid
a-acetylthio-3-methyl-y-(p-biphenylyl)butyric acid
a-acetylthio-y-methyl-y-(p-biphenylyl)butyric acid
a-acetylthic-a-methyl-y-(3-chloro-4-i-
butylphenyl)butyric acid
methyl a-chloro-y-(p-biphenylyl)butyrate
ethyl a-chloro-y-(p-biphenylyl)butyrate
benzyl a-chloro-y-(p-biphenylyl)butyrate
N-methyl e-chloro-y-(p-biphenylyl)butyramide
N,N-dimethyl a-chloro-y-(p-biphenylyl)butyramide
N-cyclopropyl a-chloro-y-(p-biphenylyl)butyramide

N,N-pentamethylene a-chloro-y-(p-
biphenylyl)butyramide
N,N-oxydiethylene a-chloro-y-(p-

biphenylyl)butyramide
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N,N-thiotrimethylene a-chloro-y-(p-
biphenylyl)butyramide
a-chloro-y-(p-biphenylyl)butyric acid, sodium salt
a-chloro-y-( p-biphenylyl)butyric acid, potassium salt
a-chloro-y-(p-biphenylyl)butyric acid, calcium salt
a-chloro-y-(p-biphenylyl)butyric acid, aluminum salt
a-chloro-y-(p-biphenylyl)butyric acid, diethylam-
monium salt
a-chloro-y-(p-biphenylyl)butyric
ylammonium salt
a-chloro-y-(p-biphenylyl)butyric acid, B-hydroxye-
thylammonium salt
a-chloro-y-(p-biphenylyl)butyric acid, piperazinium
salt :
a-chloro-y-(p-biphenylyl)butyric acid, methylben-
zylammonium salt
methy! a-acetylthio-y-(p-biphenylyl)butyrate
ethyl a-acetylthio-y-(p-biphenylyl)butyrate
benzyl a-acetylthio-y-(p-biphenylyl)butyrate
N-methyl a-acetylthio-y-(p-biphenylyl)butyramide
N,N-dimethyl a-acetylthio-y-(p-
biphenylyl)butyramide
N-cyclopropyl '
biphenylyl)butyramide
N,N-pentamethylene
biphenylyl)butyramide
N,N-oxydiethylene
biphenylyl)butyramide
N,N-thiotrimethylene
biphenylyl)butyramide
a-acetylthio-y-(p-biphenylyl)butyric
salt
a-acetylthio-y-(p-biphenylyl)butyric acid, potassium
salt
a-acetylthio-y-(p-biphenylyl)butyric acid, calcium
salt
a-acetylthio-y-(p-biphenylyl)butyric acid, aluminum
salt '
a-acetylthio-y-(p-biphenylyl)butyric
thylammonium salt
a-acetylthio-y-(p-biphenylyl)butyric acid, cyclohex-
ylammonium salt
a-acetylthio-y-(p-biphenylyl)butyric acid, B-hydrox-
yethylammonium salt
a-acetylthio-y-(p-biphenylyl)butyric
piperazinium salt
a-acetylthio-y-(p-biphenylyl)butyric - acid, methyl-
benzylammonium salt
B-chloro-y-(o-tolyl)butyric acid
B-chloro-y-(m-tolyl)butyric acid
B-chloro-y-(p-tolyl)butyric acid -
B-chloro-y-(p-ethylphenyl)butyric acid
B-chloro-y-(p-propylphenyl)butyric acid
B-chloro-y-(p-i-propylphenyl)butyric acid
B-chloro-y-(p-butylphenyl)butyric acid
B-chloro-y-(p-i-butylphenyl)butyric acid
B-chloro-y-(p-sec-butylphenyl)butyric acid
B-chloro-y-(p-t-butylphenyl)butyric acid
B-chloro-y-(p-pentylphenyl)butyric acid
B-chloro-y-(p-vinylphenyl)butyric acid
B-chloro-y-(p-allylphenyl)butyric acid
B-chloro-y-(p-cycloheptylphenyl)butyric acid
B-chloro-y-(p-cyclohexylphenyl)butyric acid
B-chloro-y-(p-cycloheptylphenyl)butyric acid
B-chloro-y-(p-cyclopent-1-enylphenyl) butyric acid
B-chloro-v-(p-cyclohex- I-enylphenyl)butyric acid
B-chloro-y-(p-cyclohept-1-enylphenyl)butyric acid

acid, cyclohex-

a-acetylthio-y-(p-
a-acetylthio-y-(p-
a-acetylthio-y-(p-
a-acetylthio-y-(p-
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8
B-chloro-y-(p-cyclohex-3-enylphenyl)butyric acid
B-chloro-y-(p-cyclohex-1,3-dienylphenyl)butyric

acid
B-chloro-y-(p-phenoxyphenyl)butyric acid
B-chloro-y-(p-phenylthiophenyl)butyric acid
B-chloro-y-(p-biphenylyl)butyric acid
B-chloro-y-[p-(2'-chlorobiphenylyl)Ibutyric acid
B-chloro-y-[p-3'-chlorobiphenylyl) Jbutyric acid
B-chloro-y-[p-(4’-chlorobiphenylyl) Jbutyric acid
B-chloro-y-[p-(2'-nitrobiphenylyl) Jbutyric acid
B-chloro-y-(2-chloro-4-biphenylyl)butyric acid
B-chloro-y-(3-chloro-4-biphenylyl)butyric acid
B-chloro-y-(2,6-dichloro-4-biphenylyhbutyric acid
B-chloro-y-(2-methyl-4-biphenylyl)butyric acid
B-chloro-y-(2-bromo-4-biphenylyl)butyric acid
B-chloro-y-(2-fluoro-4-biphenylyl)butyric acid
B-chloro-y-(2-iodo-4-biphenylyl)butyric acid
B-chloro-y-(2-nitro-4-biphenylyl)butyric acid
B-chloro-y-(2-amino-4-biphenylyl)butyric acid
B-chloro-y-(2-acetylthio-4-biphenylyl)butyric acid
B-chloro-y-(2-ethylamino-4-biphenylyl)butyric acid
B-chloro-y-(2-dimethylamino-4-biphenylyl)butyric
acid
B-chloro-y-(2-mercapto-4-biphenylyl)butyric acid
B-chloro-y-(2-acetylthio-4-biphenylyl)butyric acid
B-chloro-y-(2-methylthio-4-biphenylyl)butyric acid
B-chloro-y-(2-methylsulfinyl-4-biphenylyl)butyric
acid
,B-chloro-'y-(2-methylsulfonyl-4-biphenylyl)butyric
acid . '
B-chloro-y-(2-hydroxy-4-biphenylyl)butyric acid
B-chloro-y-(2-methoxy-4-biphenylyl)butyric acid
B-chloro-y-(2-acetoxy-4-biphenylyl)butyric acid
B-chloro-y-(2-trifluoromethyl-4-biphenylyl)butyric
acid ’
B-chloro-y-(2-cyano-4-biphenylyl)butyric acid
B-chloro-y-(2-acetyl-4-biphenylyl)butyric acid
B-chloro-y-(p-i-butylphenyl)butyric acid
B-chloro-y-(p-cyclohexylphenyl)butyric acid
B-chloro—y-(3-chloro-4-cyclohexylphenyl)butyric
acid
B-chloro-y-(3-chloro-4-i-butylphenyl)butyric acid
a-methyl-B-chloro-y-(p-biphenylyl)butyric acid
B-chloro-B-methyl-y-(p-biphenylyl)butyric acid
B-chloro-y-methyl-y-(p-biphenylyl)butyric acid
B-chloro-,B-dimethyl-y-(p-biphenylyl)butyric acid
B-chloro-a,B,y-trimethyl-y-(p-biphenylyl)butyric
acid - '
B-chloro-B-methyl-y-(m-phenoxyphenyl}butyric
acid
B-bromo-y-(p-biphenylyl)butyric acid
B-fluoro-y-(p-biphenylyl)butyric acid
B-iodo-y-(p-biphenylyl)butyric acid
B-chloro-I'-(p-biphenylyl)butyric acid
B-mercapto-y-(p-biphenylyl)butyric acid
B-methylthio-y-(p-biphenylyl)butyric acid
B-acetylthio-y-(p-biphenylyl)butyric acid
B-benzoylthio-y-(p-biphenylyl)butyric acid
B-sulfo-y-(p-biphenylyl)butyric acid
B-sulfino-y-(p-biphenylyl)butyric acid
B-methylsulfinyl-y-(p-biphenylyl)butyric acid
B-methylsulfonyl-y-(p-biphenylyl)butyric acid
B-thioacetylthio-y-(p-biphenylyl)butyric acid
B-thiostilfo-y-(p-biphenylyl)butyric acid
B-thiocyanato-y-(p-biphenylyl)butyric acid
B-amidinothio-y-(p-biphenylyl)butyric acid
B-carbamylthio-y-(p-biphenylyl)butyric acid
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B—ethylcarbamylthio-y-(p-biphenylyl)butyric acid
B—diethylcarbamylthio-y-(p-biphenylyl)butyric acid
B-methoxythiocarbonlythio-y-(p-biphenylyl)butyric

acid B-methoxythiocarbonylthio-y-(p-
biphenylyl)butyric acid
B-dimethylthiocarbamylthio‘y-(p-biphenylyl)butyric
acid
B-benzyloxycarbonylthio-y-(p-biphenylyl)butyric
acid
B-(o-carboxybenzoylthio )-y-( p-biphenylyl)butyric
acid
B-cyano-y-(p-biphenylyl)butyric acid
B-dimethylamino-y-(p-biphenylyl)butyric acid
B-(4-carboxybutyroyloxy)—y-(p-bipheny]yl)butyric
acid
B-(4-carboxybut-2-enyloxy)-y-(p-biphenylyl)butyric
acid
B-acetylthio-y-(p-i-butylphenyl)butyric acid
B-acetylthio-y~(3-chlor0-4-i-butylpheny1)butyric
acid
B-acetylthio-y-(p-cyclohexylphenyl)butyric acid
B-acetylthio-'y-(3-chloro-4-cyclohexylphenyl)butyric
acid
B-acetylthio-y-[p-(2'-chlorobiphenylyl)Jbutyric acid
B-acetylthio-y-(2-chloro-4-biphenylyl) butyric acid
B-acetylthio-a-methyl-'y-(p-biphenylyl)butyric acid
B-acetylthio-a-methyl-y-(2-chloro-4-
biphenylyl)butyric acid
B-acetylthio-a-methyl-'y-(3-chloro-4~cyc]ohexyl-
phenyl)butyric acid
B-acetylthio-y-methyl-y-(p-biphenylyl) butyric acid
B-acetylthio-a-methyl-y-(3-chloro-4-i-
butylphenyl)butyric acid
methyl B-chloro-y-(p-biphenylyl)butyrate
ethyl B-chloro-y-(p-biphenylyl)butyrate
benzyl B-chloro-y-(p-biphenylyl)butyrate
N-methy! B-chloro-y-(p-biphenylyl)butyramide
N,N-dimethyl B-chloro-y-(p-biphenylyl)butyramide
N-cylopropyl B-chloro-y-(p-biphenylyl)butyramide
N,N-pentamethylene B-chloro-y-(p-
biphenylyl)butyramide ’
N,N-oxydiethylene
biphenylyl)butyramide
N,N-thiotrimethylene
biphenylyl)butyramide _
B-chloro-y-(p-biphenylyl)butyric acid, sodium salt
B-chloro-y-(p-biphenylyl)butyric acid, potassium salt
B-chloro-y-(p-biphenylyl)butyric acid, calcium salt
B-chloro-y-(p-biphenylyl)butyric acid, aluminum salt
B-chloro-y-(p-biphenylyl)butyric acid, diethylam-
monijum salt
B-chloro-y-(p-biphenylyl)butyric
ylammonium salt
B-chloro-y-(p-biphenylyl)butyric
thylammonium salt
B-chloro-y-(p-biphenylyl)butyric
salt
B-chloro-y-(p-biphenylyl)butyric acid, methylben-
zylammonium salt
methyl B-acetylthio-y-(p-biphenylyl)butyrate
ethyl B-acetylthio-y-(p-biphenylyl)butyrate
benzyl B-acetylthio-y-(p-biphenylyl)butyrate
N-methyl B-acetylthio-y-(p-biphenylyl)butyramide
N,N-dimethyl B-acetylthio-y-(p-
biphenylyl)butyramide
N-cyclopropyl
biphenylyl)butyramide

B-chloro-y-(p-

B-chloro-y-(p-

acid, cyclohex-
acid, B-hydroxye-

acid, piperazinium

B-acetylthio-y-(p-
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N,N-pentamethylene B-acetylthio-y-(p-
biphenylyl)butyramide
N,N-oxydiethylene
biphenylyl)butyramide
N,N-thiotrimethylene
biphenylyl)butyramide
B-acetylthio-y-(p-biphenylyDbutyric acid, sodium
salt
B-acetylthio-y-(p-biphenylyl)butyric acid, potassium
salt
B-acetylthio-y-(p-biphenylyl)butyric acid, calcium
salt
B-acetylthio-y-(p-biphenylyl)butyric acid, aluminum
salt
B-acetylthio-y-(p-biphenylyl)butyric
thylammonium salt
B-acetylthio-y-(p-biphenylyl)butyric acid, cyclohex-
ylammonium salt
B-acetylthio-y-(p-biphenylyl)butyric acid, B-hydrox-
yethylammonium salt
B-acetylthio-y-(p-biphenylyl)butyric
piperazinium salt
B-acetylthio-y-(p-biphenylyl)butyric acid, methyl-
benzylammonium salt
y-chloro-y-(o-tolyh)butyric acid
y-chloro-y-(m-tolyl)butyric acid
y-chioro-y-(p-tolyl)butyric acid
y-chloro-y-(p-ethylphenyl)butyric acid
y-chloro-y-(p-propylphenyl)butyric acid
~v-chloro-y-(p-i-propylphenyl)butyric acid
v-chloro-y-(p-butylphenyl)butyric acid
y-chloro-y-(p-i-butylphenyl)butyric acid
y-chloro-y-(p-sec-butylphenyl)butyric acid
v-chloro-y-(t-butylphenyl)butyric acid
v-chloro-y-(pentylphenyl)butyric acid
v-chloro-y-(p-vinylphenyl)butyric acid
y-chloro-y-(p-allylphenyl)butyric acid
v-chloro-y-(cyclohexylphenyl)butyric acid
y-chloro-y-(cyclopentylphenyl)butyric acid
vy-chloro-y-(p-cycloheptylphenyl)butyric acid ,
v-chloro-y-(p-cyclopent-1-enylphenyl)butyric acid
y-chloro-y-(p-cyclohex-1-enylphenyl)butyric acid
y-chloro-y-(p-cyclohept-1-enylphenyl)butyric acid
y-chloro-y-(p-cyclohex-3-enylphenyl)butyric acid
y-chloro-y-(p-cyclohex-1,3-dienylphenyl)butyric
acid
y-chloro-y-(p-phenoxyphenyl)butyric acid
y-chloro-y-(p-phenylthiophenyl)butyric acid
v-chloro-y-(p-biphenylyl)butyric acid
v-chloro-y-[P-(2'-chlorobiphenylyl) Jbutyric acid
~-chloro-y-[P-(3’-chlorobiphenylyl)]butyric acid
y-chloro-y-[p-(4'-chlorobiphenylyl) Jbutyric acid
v-chloro-y-[p-(2’-nitrobiphenylyl) Jbutyric acid
y-chloro-y-(2-chloro-4-biphenylyl)butyric acid
v-chloro-y-(3-chloro-4-biphenylyl)butyric acid
y-chloro-y-(2,6-dichloro-4-biphenylyl)butyric acid
y-chloro-y-(2-methyl-4-biphenylyl)butyric acid
y-chloro-y-(2-bromo-4-biphenylyl)butyric acid
y-chloro-y-(2-fluoro-4-biphenylyl)butyric acid
v-chloro-y-(2-iodo-4-biphenylyl)butyric acid
y-chloro-y-(2-nitro-4-biphenylyl)butyric acid
~-chloro-y-(2-amino-4-biphenylyl)butyric acid
v-chloro-y-(2-acetylamino-4-biphenylyl)butyric acid
y-chloro-y-(2-ethylamino-4-biphenylyl)butyric acid
v-chloro-y-(2-dimethylamino-4-biphenylyl)butyric
acid
v-chloro-y-(2-mercapto-4-biphenylyl)butyric acid

B-acetylthio-y-(p-

B-acetylthio-y-(p-

acid, die-

acid,
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y-chloro-y-(2-acetylthio—4-biphenylyl)butyric acid
y-chloro-y-(2-methylthio-4-bipheny1y1 Ybutyric acid
'y-ch]oro-y-(2—methylsulfinyl-4-biphenylyl)butyric

acid
y-chloro-y-(2-methylsulfonyl-4-biphenylyl)butyric 5

acid
v-chloro-y-(2-hydroxy-4-biphenylyl )ybutyric acid
y-chloro-y-(2-methoxy-4-bipheny1yl)butyric acid
y-chloro-'y-(2~acetoxy—4—biphenylyl)butyric acid
'y-ch]oro-'y-(2-trifluoromethyl-4-biphenylyl)butyric 10

acid
v-chloro-y-(2-cyano-4-biphenylyl)butyric acid
v-chloro-v-(2-acetyl-4-biphenylyl)butyric acid
y-chloro-y-(p-i-butylphenyl)butyric acid
y-chloro-y-(p-cyclohexylphenyl)butyric acid 15
'y-chloro-'y—(3-chloro-4-cyc]ohexylphenyI)butyric

acid
y-chloro-y-(3-chloro-4-i-butylphenyl)butyric acid
y-chloro—a-methyl-y-(p-biphenylyl)butyric acid
y-chloro-B-methyl-y-(p-biphenylyl)butyric acid 20
y-chloro-'y-methyl-'y-(p-biphenylyl)butyric acid
'y-chloro—a,B-dimethyl-y-(p-biphenylyl)butyric acid
y-chloro-a,'y-dimethyl-y-(p-biphenylyl)butyric acid
y-chloro-B,y-dimethyl-y-(p-biphenylyl)butyric acid
y-chloro-a.B,'y-trimethyl-y-(p-biphenylyl)butyric

acid
y-chloro-a-methyl-'y-(m-phenoxyphenyl)butyric acid
y-bromo-y-(p-biphenylyl)butyric acid
y-fluoro-y-(p-biphenylyl)butyric acid
y-iodo-y-(p-biphenylyl)butyric acid
y-mercapto-y-(p-biphenylyl)butyric acid
y-methylthio-y-(p-biphenylyl)butyric acid
y-acetylthio-y-(p-biphenylyl)butyric acid
y-benzoylthio-y-(p-biphenylyl)butyric acid
y-sulfo-y-(p-biphenylyl)butyric acid
y-sulfino-y-(p-biphenylyl)butyric acid
v-methylsulfinyl-y-(p-biphenylyl)butyric acid
y-methylsulfonyl-y-(p-biphenylyl)butyric acid
vy-thioacetylthio-y-(p-biphenylyl)butyric acid
vy-thiosulfo-y-(p-biphenyly)butyric acid
v-thiocyanato-y-(p-biphenylyl)butyric acid
y-amidinothio-y-(p-biphenylyl)butyric acid
y-carbamylthio-y-(p-biphenylyl)butyric acid
'y-ethylcarbamylthio-y-(p-biphenylyl)butyric acid
y-diethylcarbamylthio-'y-(p-biphenylyl)butyric acid
y-methoxythiocarbonylthio-'y-(p-biphenylyl)butyric

acid
y-dimethylthiocarbamylthio-y-(p-biphenylyl)butyric

acid
'y-benzyloxycarbonylthio-'y-(p-biphenylyl)butyric 0

acid
y-(o-carboxybenzoylthio)—y-(p-biphenylyl)butyric

acid »
y-cyano-y-(p-biphenylyl)butyric acid 55
v-dimethylamino-y-(p-biphenylyl)butyric acid
7-(4-carboxybutyroyloxy)-'y-(p-biphenylyl)butyric

acid
y-(4-carboxybut-2-enyloxy)-y—(p-biphenylyl)butyric

acid 60
v-acetylthio-y-(p-i-butylphenyl)butyric acid
y-acetylthio-y-(3-chloro—4-i-butylphenyl)butyric

acid
y-acetylthio-y—(p-cyclohexylphenyl)butyric acid
'y-acetylthio-'y—(3-chloro—4-cyclohexylphenyl)butyric 65

acid
y—acetylthio-'y-[p-(Z’-chlorobiphenylyl)]butyric acid
y-acetylthio-'y-(2-chloro-4-biphenyly])butyric acid
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vy-acetylthio-a-methyl-y-(p-biphenylyl)butyric acid
y-acetylthio-a-methyl-y-(2-chloro-4-

biphenylyl)butyric acid
y-acetylthio-a-methyl-y-(3-chloro-4-cyclohexyl-
phenyl)butyric acid
vy-acetylthio-B-methyl-y-(p-biphenylyl)butyric acid
y-acetylthio-y-methyl-y-(p-biphenylyl)butyric acid
y-acetylthio-a-methyl-y-( 3-chloro-4-i-
butylphenylyl)butyric acid
methyl y-chloro-y-(p-biphenylyl)butyrate
ethyl y-chloro-y-(p-biphenylyl)butyrate
benzyl y-chloro-y-(p-biphenylyl)butyrate
N-methyl y-chloro-y-(p-biphenylyl)butyramide
N,N-dimethyl y-chloro-y-(p-biphenylyl)butyramide
N-cyclopropyl v-chloro-y-(p-biphenylyl)butyramide

N,N-pentamethylene y-chloro-y-(p-
biphenylyl)butyramide
N,N-oxydiethylene y-chloro-y-(p-

biphenylyl)butyramide
N,N-thiotrimethylene

biphenylyl)butyramide
v-chloro-y-(p-biphenylyh)butyric acid, sodium salt
~v-chloro-y-(p-biphenylyl)butyric acid, potassium salt
y-chloro-y-(p-biphenylyh)butyric acid, calcium salt
y-chloro-y-(p-biphenylyl)butyric acid, aluminum salt

y-chloro-y-(p-

y-chloro-y-(p-biphenylyl)butyric ~ acid, diethylam-
monium salt
y-chloro-y-(p-biphenylyl)butyric  acid, cyclohex-

ylammonium salt

~y-chloro-y-(p-biphenylyl)butyric acid, B-hydroxye-
thylammonium salt

y-chloro-y-(p-biphenylyl)butyric acid, piperazinium
salt

y-chloro-y-(p-biphenylyl)butyric acid, methylben-
zylamimonium salt '

methyl y-acetylthio-y-(p-biphenylyl)butyrate

ethyl y-acetylthio-y-(p-biphenylyl)butyrate

benzyl y-acetylthio-y-(p-biphenylyl)butyrate

N-methyl y-acetylthio-y-(p-biphenylyl)butyramide

N,N-dimethyl v-acetylthio-y-(p-
biphenylyl)butyramide

N-cyclopropyl
biphenylyl)butyramide

N,N-pentamethylene
biphenylyl)butyramide

N,N-oxydiethylene
biphenylyl)butyramide

N,N-thiotrimethylene
biphenylyl)butyramide

y-acetylthio-y-(p-biphenylyl)butyric
salt

y-acetylthio-y-(p-biphenylyl)butyric acid, potassium
salt

y-acetylthio-y-(p-biphenylyl)butyric acid, calcium
salt

y-acetylthio-y-(p-biphenylyl)butyric acid, aluminum
salt

v-acetylthio-y-(p-biphenylyl)butyric acid, diethylam-
monium salt

y-acetylthio-y-(p-biphenylyl)butyric acid, cyclohex-
ylammonium salt

v-acetylthio-y-(p-biphenylyl)butyric acid, 8-hydrox-
yethylammonium salt

v-acetylthio-y-(p-biphenylyl)butyric
piperazinium salt

y-acetylthio-y-(p-biphenylyl)butyric acid, methyl-
benzylammonium salt

y-acetylthio-y-(p-
y-acetylthio-y-(p-
y-acetylthio-y-(p-
y-acetylthio-y-(p-

acid, sodium

acid,
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The a-position

Claisen condensation of a substituted benzaldehyde
with an active acid ester (preferably a loweralkyl or
benzy! ester) in the prescnce of a metal alkoxide results
in a B-acrylic acid ester. The aldehyde may also be sub-
jected to a Perkin reaction with acetic anhydride and
an acetic acid salt or through a Knoevenagel condensa-

5

14
to obtain a substituted B-acrylic acid. Hydrogenation of
the double bond in the presence of a heterogeneous
catalyst results in the propionic acid or ester. Conver-
sion of the propionic acid to the acid halide followed
by Rosenmund reduction in the presence of a sup-
ported catalyst results in the propionaldehyde This in
turn is treated with cyanohydrin to afford the propion-
aldehyde cyanohydrin which is then Itydrolyzed to the
a-hydroxybutyric acid. The ester or amide may also be

tion using malonic acid and ammonia in an amine base 1o prepared in the same manner.
R R
CHO CHLCOOR" CH=CHCOOR"
NaOR" ’
Y Y
mz(COOH)z Hz
N3
R R )
CH=CHCOOH CHCOOR"
2
Y Y
Hy S0C1
R R
CHoCHLCOO0H SOZC'I CHi,CHaCOCT
Y Y
Hz/ Pd-Bas0y
CHZCHgCHO
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The a-alkyl-a-hydroxy-y-substituted phenyl butyric
acid may be prepared by reacting a S-substituted phe-
nyl propionic acid ester with an alkyl Grignard reagent
to obtain a l-substituted phenyl-3-butanone which on
reaction with sodium cyanide in the presence of sodium
bisulfite yields the I-substituted phenyl-3-butanone cy-
anohydrin. Hydrolysis gives the desired acid, ester or
amide. '

16

The y-alkyl-e-hydroxy-y-substituted phenyl butyric
acids may be prepared as previously described for the
a-hydroxy-y-substituted phenyl butyric  acid com-
pounds. The reaction sequence starting material is a
substituted phenyl alkyl ketone upon which a Refor-
matsky reaction is performed with an a-halo acetate in
the presence of zinc. The resultant B-hydroxy-B-alkyl-
B-substituted phenyl propionate is then dehydrated

, : o 0
R " R u
CH,CHpCO0R" R Mgl CH,CHaC-R,
Y

| nacn

NaHSO3

'y I
R CH,CH (': COOH 0/HCY R CH,C-CN
2 - H ; C-
2 | 2. Bkl Zl
R R
Y a . Y [ ]

The B-alkyl-a-hydroxy-y-substituted phenyl butyric
acids may be prepared as previously described for the
a-hydroxy-y-substituted phenyl butyric acid com-
pounds by starting with an a-alkylmalonic acid in the
Knoevenagel condensation to obtain an a-alkyl-8-
substituted acrylic acid.

Rg
R (CH(COOH), R

O Wi,
y N .
R
CHgHo0CT 50,01
Y
NaCN R
R cuzrqcno NaHSO0,

with acid at raised temperatures to the B-alkyl-8-
substituted phenylacrylic acid. This may also be ac-
complished by carrying out a Doebner modification of

30 the Perkin reaction on a substituted phenyl alkyl ke-

tone with malonic acid in the presence of pyridine to
obtain the B-alkyl-B-substituted phenyl acrylic acid.

mzt:com

Joibion
h

Hp0/HC1

‘ CHZ?HZ:COOH

Rg
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This. in turn, is then reacted as previously described to Grignard conditions results in the substituted phenyl
obtain the desired y-atkyl-a-hydroxy-y-substituted phe- magnesium bromide. When this is condensed with 2,3-

nyl butyric acid. epoxypropyl chloride the resultant product is 1-chloro-

R 2 : ?u
C=0 Hal CHchOR" _mzmu
VT |
: In ’
Y v R
CH,{COOH),
pyridine 2 ¢ acid
A
R , R
A B
50,C1
R Ha/ Pd-BaS0, R
CHCH,COC1 —S——) i:-lcuzmo
v Ry
OH
(cﬂa)zl-cu-
neTel
HCN
OH
® CH !ZHCOCH .H 0/HCY ® CHCH ﬁﬂl
2 2
e et )
Y Y Y %
A combination of the previously described reactions 3-substituted phenylpropan-2-ol. Reaction of the latter
affords di- and tri-substitution in the side chain. chlorohydrin with an aqueous solution of potassium cy-

anide affords the 1-cyano-3-substituted phenylpropan-

2-ol which on hydrolysis and esterification results in the

.. y-substituted phenyl-8-hydroxybutyrate. Acid hydroly-

The p-position sis of this ester gives the y-substituted phenyl-B-

Reaction of a substituted bromobenzene under hydroxybutyric acid.

r mﬂ 3 MgBr
Y . Y

|cren cH—an,
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¢ KN
0

CHZLHCHZCN Ho

R"OH~H,0
HCT

\'%
OH

Y

When the a-alkyl-8-hydroxy-y-substituted phenyl
butyric acid is desired 1-methyl-2,3-epoxypropyl chlo-
ride is used. The corresponding B-alkyl compound is
prepared when the starting material is 2-methyl-2,3-
cpoxypropyl chloride and the vy-alkyl compound results
when the starting material is 2,3-epoxybutyl chloride.

Ra
@—-mar c1-!:|-|-cu-
B
R |
R@——ﬁsr c1-L-|2-c{-\cnz\ i
Y

R
@M@r ¢ -cnz-é}H-RY X )

=
<@<

Sl

~
@~
N
‘:u

iy

<

20
OH

R |
9CHCH,C1
Y .

: OH
R g i NaOH {
— CH,CHCH,COOR" ~H,0 7 CH.,CHCH.,COOH
244 2 2y
: Y

Again, using the desired epoxyalkylchloride the corre-
sponding di or tri alkyl substituted compound results.

The y-position

2 . . . .
25 Friedel-Crafts reaction of a substituted benzene with

alkyl succinyl chloride or succinic anhydride results in

2CH fHC'I

CH ?.l o=Cl
zL ‘

E CH2C1

2

-COOoH

:o—-n-

o "'SE‘
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formation of a y-substituted phenyl-y-keto butyric acid
ester or the acid. Reduction of the y-keto group may
then be carried out in the presence of a metal catalyst
or sodium borohydride to obtain the y-substituted phe-
nyl-y-hydroxy butyric acid ester with is then hydro-
lyzed to the corresponding acid.

i
C1 -C-CHZ-CHZ-COOR" .
AIC14

R

5

22
The  a-alkyl-y-substituted phenyl-y-hydroxybutyric
acid or B-alkyl-y-substituted phenyl-y-hydroxybutyric
acid may be prepared by analogous procedures using
the appropriately substituted alkyl succinyl chloride or
succinic anhydride.

i
C-CH,CH,CO0R"

Hz(Pt)
or NaBH4

oH oH
R . R
~CHaCHaCO0H ,_alcKOH : ~CH,CH, COOR"
Y Y

0 ’l :L 0 0
R I I
: C-CH,CH,,COOH
aCl,
Hy(Pt)
r NaBH,;
OH
R éﬂ-cuzwzcow
Y
R
e\
CICCH,CHOOOR" C1CCHCH,COOR”
AICI, AIC1
0 0
R R I
cuztl:ﬂcoon" C(I:HCH?_COOR"
Y s Y e
Hy(Pt) Hy(Pt)
of NaBHg of NaBHj
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R P R ¥
CHZ(IZHCOOR" CH({‘HCH2C00R"
) R
Y Ry 8
5
alckOH alcKOH
R ¥
CH ZIZCOOH HEHCHZCOOH 1
: 8

B : Y

)

The 'y-alkyl-y-substitutcd-‘y-hﬁroxybutyric acid is
prepared from the y-keto butyric acid and an alky!
Grignard reagent. 15

C oM

24
O

]
(fu)n-i-(cu)m-coou
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Reaction of a substituted phenylbutyric acid ester

0 ) . . s

R 1 R | . X ;
CHpCH COOR" R, MgX CCHaCH,COOR" with a nitrogen base such as ammonia, loweralkyla-
. !1, mine, diloweralkylamine, cycloloweralkylamine, a ni-

Y Y 20 trogen containing hetero compound such as piperidine,

morpholine, piperazine, hydroxylamine and hydrazine

The hydroxybutyric acids may further be reduced to gives the corresponding amide, hydroxamic acid, or hy-
an aldehyde through a Rosenmund reduction in the drazide.

Y

where R" is lower alkyl

?H
(CH)n-?-(?i)m-coon"—
. @ ‘L R &, _

Ny, . R ‘ ?"

— \@"(P)n-?-(fu)m-conuz
Y R, RgR,

NH,R"

—— @- -( H)m -CONHR"

3 a

HN(R"), R '
— @’(cu)n-r(in)m-CON(R")z
Y k ,RB Ry
! OH
HN (CHp), R
3 (G, \@__(CH)H_L( o0 co@zm
oy L, &

g Ry

AL R\@_(im"-g(cmmm@
Y Ry 8. Lr.\

oo R
HaNOR @(cu)n-g(iH)m-CONHOH
R

B8 Ta

|
rooR

HzNNHZ
E— @- H)r,- —(ca)m - CONHBH,

conventional manner. The acid halide is-first formed as The butyric acid esters may be hydrolyzed to the cor-
above and this is then catalytically reduced in the pres- responding acids. Reaction of the hydroxybutyrate or

~ 0wooae Lo . hiadeaveakhitiimin nald with am anld Akbawida VIO (6 naid
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anhydride X'OX’ in the presence of a tertiary amine
such as pyridine, picoline, or quinoline results in the
formation of an hydroxy derivative of the butyrate. Ex-
amples of X'Cl and X'OX' include acetyl chloride,
acetic anhydride, propionyl chloride, butyryl chloride, 5

R
(B {- () -COOR'
RY RB Ra
alckOH
x'cl
?i),,-%—((l:mm-coon g':ox'
RY RB Ru
"X'C1 or v
Xtox'
ox'
R R |
@—(?ﬂ)-c (EM - COOH cn)n-f-(fu)m-cooa"
0 .
] OCOAr
qer R ) r(cn) COOH(R")
(A"g)zo TH"[ [ '
’ R‘Y - hg Ru
0
f 00R"
CICOR" R L coontrn)
w0
Y Yotk
I NHp
CYCONH, R
> ﬁ)n-i-(?a)m-coon(m
R o Ry
Y Y
R"
c]lelRll )2
fﬂ) f T m-COOH(R")

(?l),,-{:-(?),,-COOH(R") |
Ry
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succinic anhydride, maleic anhydride, phthalic anhy-
dride, benzoyl chloride, benzoic anhydride, benzyl
chlorocarbonate, ethyl chlorocarbonate, dimethylcar-
bamyl chloride, dibutylcarbamyl chloride, benzenesul-
fony] chloride, methanesulfonyl chloride.
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where
R* is loweralkyl and CISO,R" R 0%
Ar is phenyl or : ?")n-i-(tz#)m-cooﬂ(ku)
~ substituted phenyl Y Ry 8 "o
‘ - 02Ar
. CISOAr R
L ?*)n-c-(?ﬂ)m-;om(n")
Y R'y 8 Ra
CIR" R QCOR"
(R_"c——?)zo f':H)n-'-(CH)m-coon(R")
il ! R, RgR,
R Cl‘lzCHzCOOH
: )n-f-(?')m-COOH(R")
*Q“ Rg Ry
Y
o ,
R ]
(f")ﬂ'f'(f")""m"”(“")
R Rk,
. R , CH=CHCOOH
== CH) -C~(CH) ,~COOH(R")
-0 | |
Y %R
where -
' - OCOCgHaCOOH
R* is Tower alkyl R | 674
(?)n-f-(?ﬁ)m-coou(rz")

=0
< R, RgRy
@:c{\_o Y .

When a substituted hydroxybutyrate is reacted with-  where R"’ is lower alkyl;

a phosphorus trihalide, phosphorus pentahalide, phos- where Hal is chloro, bromo or iodo.
phorus oxyhalide, sulfurylhalide, thionyl halide, or sul- Reaction of a sulfonate derivative with a metal halide
fur halide, the corresponding substituted halo butyrate gg (preferably an alakli halide) results in the correspond-
is prepared. ing halo compound.

OH Hal

R » R |
?i)n-i-(lcu)m-cooa" — \@g)n-z-(fu)m-coow-
I R, RgR v Ry RgRy
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R
CH)

:

where Z is as described on page ‘4.

The corresponding halo butyric acid may be pre-
pared by heating the ester with acctic acid containing
the corresponding hydrogen halide.

MHal
- -(rv)m-coz —_—

B8 "a

i

R Hal
- : HOAc R
CH)_~C-(CH) ,-COOR" ——
n HHal

where R' is lower alkyl.
The substituted fluoro compounds may also be ob-

tained from the corresponding iodo, bromo or chloro 25

compounds by rcaction with potassium fluoride at
about 130-200°C.

30
Hal

CH) -C=(CH) ,~COZ

8 a

ide, potassium carbonate, sodium bicarbonate, magne-
sium bicarbonate, etc.). Also, the aluminum salts of the
instant products may be obtaincd by trcating the corre-
sponding sodium salt with an appropriate aluminum

0

complex such as aluminum hydroxy chloride hexahy-
drate, etc. The ammonium salts may be madc by reac-
tion with the corresponding amine such as methyl-
amine, diethylamine, B8-hydroxyethylamine, piperazine,
piperidine, a-methylbenzylamine, c¢yclohexylamine,

"Hal
R I
(':H)“ f -(C ) -COOH -—-——9 —(CH) -C (CH)m -COoOM
R R
} Ry Re
R triethylamine, phenethylamine, etc.
CH)" (CH) —COOR" 40 ‘Reaction of a substituted halo putyrute ester wit.h a
nitrogen base such as ammonia, loweralkylamine,
k' diloweralkylamine, cycloloweralkylamine, a nitrogen
Y containing hetero compound such as piperidine. mor-
pholine, piperazine results in the corresponding amide.
KF 45 The butyrate ester with hydroxylaminc gives the corre-
F sponding hydroxamic acid, and with hydrazine gives
R | the corresponding hydrazide.
CH) —C-(CH)M-CDOR"
h "
' Y RB o 50
Hal -Hal
R
fﬂ)n—f-(?i)m-coorz" _— cu)n-| -(CH) -coz
Rﬁ RB Ru RB
Y Y @
The acid addition salts may be formed by the action Where:
of one equivalent of a suitable base with the substituted Z is —NH,,
halo butyric acid. Suitable bases thus include for exam- loweralkylamine,
ple the alkali metal alkoxides such as sodium methox- diloweralkylamino,
ide, etc., and the alkali metal and alkaline earth metal cycloloweralkylamino,
hydroxides, carbonates, bicarbonates, etc. (such as so- ~
dium hydroxide, potassium hydroxide, calcium hydrox- 'U
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(where B is loweralkylidenyl or heteroloweralkylide- The halo butyramides, butyrhydroxamic acids or
nyl), butyrhydrazides can be prepared from the correspond-
—NHOH or ing hydroxy butyramides with thionyl halides according
—NHNH,. to the mcthod of I. A. Smith, Chem. Berichte 71B:634
5 (1938).

- “Hs . !l-lal
— (I,‘H)n-c—((lZH)m-CONHz
m " R Ta1
—— \@“(fn)n-f-(fu)m-com"
Y Ry Rg Ry
' Hal :
HN(R") :
——2 ('cn),,-}-(in)m-cor«(k")g

Y OR RgR,

Hal
(CH) tl:a(cu) COOR"——{HN (CH,)p R ™ ((ch)
L'"l ) " —20 \@(CH)n-C—(f")m- ﬁj"
Rg Ry I ‘l
Y R, ReRy

@(E)n-i-(in)m-cov
8 "a )

' Hal
HoNOH R
. _ 2 @‘1CH)“-: (‘(l:H)m-CONHOH
vk

)

where R" is lower alkyl

C-
Rg R

a

Hal
HoNNHy R |
—— (f”)n'cl‘(‘i“)m'co"'”“‘*z
Y R, RgR,
S I Hal
R | SOpHal R ]
(CH) - -(fﬂ)m—CONHz — (CH) ,=C-(CH)p=CONHy
l N
YR Rk VR ReR,
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R I’ 50, Hal Hal
-C-(CH)_-CONHR® -(- - "
f ) ] (!l )n (R")z“——) ICH)" # (i:H)m comzsu)z
PW Rg a Y RY Rg Fu.
Hal
R ~ 502H31 R ~
EH)n-i (‘llﬂ)m-CUN B — "(r)n'#-(fﬂ)m-CoU
Y . A Ra Y » RB Ry
(I}l al
((IJH)n-(ll (CH) ~CONHOH '———") ?H)n'f ((I:H) ~CONHOH
RY
Hal
R é S05Hal L
(CH)n- -((IIH) - CONHNH? -——--—-) ((l:H)n—'-(iH)m-CONHNHz
Y 8 Ru . Y K{ RB o ’
OH
R | @2) S0,Hal @ In
(CH)"—(I:-(fH)m-COU —'2—-) —(CH) -C-(CH)m-COU
RB Ru

The substituted halo butyric acids and acid deriva-
tives such as such as their salts, amides or esters may
be reacted with various nucleophilic reagents which
will replace the halogen group. Thus, for example, an
alkali hydrosulfide, alkali thioalkanoate, alkali thioben-
zoate, alkali loweralkylxanthate, thiourea, alkali thio-

where:

Ry 1s alkyl or aryl.

Y

45

R |
(CH) y-C~ (CH) ;- COOR——
| i | MSCOR" R
Ry RgR T
Y
Y

cyanate, alkali thiosulfate, alkali loweratkylmercaptide,
alkali sulfite or an alkali sulfinate may be reacted with
the chloro, bromo or iodo butyric acid to for the corre-
sponding derivative of the mercapto butyric acid. This
may also be carried out on the sulfonate compounds.

SH
MSH R i
— [':H)n-c-(([.‘H)m_COOH
‘ I R, ’13 R,

R
MSR" R
— @(m)nj-(%ﬂ)m-cooﬂ
Y Ly LB Ru
Hal(0S02Ry)
SCOR"

Q

cn)n-é-(?H)m-coon
LT

COAr

S
¢ é-(CH) ~COOH
bR

MSCOAr

L H)

n



35

Hal (OSOZR])
Cﬂ)n-c-((':l'l)m-com-—
8 Ra

The mercapto butyric acids may the

a loweralkyl chlorocarbonate, an alkali isocyanate in

the presence of hydrogen chloride, a
myl chloride, a diloweralkylcarbamyl
verted to the metal salt which will re

3,867,434

s
MSCR" CR"
"———‘) CH) -C- (?H) -COOH
RY B a.
o SN
— lCH)“-c-(tiH)m-COOH
& 8 Ru.
Y

S03M

JL iB(?:)m ~COOH

MSOM R

Y
SSOM
MSSOM R |
—3 fu)n-?-(cn)m-coon
RY RB 'La
M
NH H A
i . S NH2
HSCNH, R
4 CH) -C- ( CH) - COOH
Y B o
S
S |
i SCOR"(Ar)
MSCOR"(Ar) R
Riasdh il 4 ?H)n-l-(CH)m-COOH
R Rg Ry
60

n be reacted with

loweralkylcarba-
chloride or con-

act with a carba- 65 sponding derivative.

36

SOoM
—’EO—ZM———) ju)n-t':-(cu)m-com
‘ . Y LB ’ Lu |

myl chloride to form the corresponding mercap-
tobutyric acid derivatives. The mercaptobutyric acid
may also be reacted with succinic anhydride, maleic
anhydride or phthalic anhydride to form the corre-
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CICOOR" (R CO0%"
T \@(E)"-'&f)m‘m

Y Rg

a

scoun2
| “—> \@—m)n (fu),,,—coomm
CICONHR" R R
S @"T?ﬂ)n~f-(fﬂ)m'°°°"(”)
Y R RgR
C1CONR” TR
—2 \@—m) -C- (fﬂ)m -COOH(M)

l
R,
' scocnzmgcom
) \@"?ﬂ) c-(?u) -COOH
Rg Ry

ook

. Sc0cH-CHCOOH
? @ﬂ?u)n-?-(iu)m-COOH

Y RY RB#

@/\S SC0C6H4C00H '
—————9\@—104) -C-( H) -COOH

The loweralkylmercapto butyric acid may further be
oxidized to the loweralkylsulfmyl and loweralkylsulfo-

nyl groups.

Rll

[+ 3

Y
where R" is lower alkyl.

" T
?)n-i-(lcmm-cooﬂ——
Ry RgR

ORu ‘
'—2—9 @ﬂcn) ~C-(CH),,~COOH

sozk"
IN),,- -(ca)m-coon

H202 R
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fn an analogous manner the various mercaptobuty- salts may be prepared from the corresponding halobu-
rates, mercaptobutyramides and mercaptobutyric acid tyrates, halobutyramides and halobutyric acid salts.
SH
MSH R |
(!ZH) n-C- (CH)p-C0Z
y
SR"
MSR N R |
CH)n-(':-(CIIH)m-COZ
v RB R,
Hal (OSOZR])
{CH) -C-(CH)~CO0Z MSCOR" R S|CORlI
-C- n-C0Z——
o — {CH)  ~C-(CH)-C0Z
Ry Rg Ry | FI{
oy Ry 8 "a
SCOAr
MSCOAr
‘ (l)H)n-C-((iH)m-COZ
2
where

35 R, is alkyl or aryl.

40
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S
I
SCR"
nsca" |
\@—«I:H)n-c-(w)m-coz
Rv 8 Ta
MSCN R Ha
| ? \@(m) -%—(TH) -0z
k RB o

SO-M
‘ !GEZM R
cu),,—f—(fﬂ)m-coz
Rg R
a1 (0S0,Ry) SO
T 27 HSOaM R l "
E)n'?'(?‘”.‘coz——‘ r)n' ‘(E‘)m-COZ
' Rg Ry | &s -
‘ SS0.M
MSSOM R | %
—3—y CH) -?-((I,‘H)m-COZ
N RB Ra
NH
b |
" SCwo
HSCNH R
—t CH) G- (OH)g-007
RY Rg R,
S
s o
o SCOR"(Ar)
MSCOR"(Ar) R l
SR _—(fn)n-i-(cn)m-coz
y _ Ry\ 8 'L
wherein: » . Ryis alkyl or aryl.
M is an alkali metal salt; 60 Reaction of a substituted halo butyric acid derivative
R'" is lower alkyl; with an alkali cyanide produces the corresponding sub-
Ar is phenyl or tolyl; stituted cyano butyric acid derivative.

a

a (CH),, % (?H) -COOR"————-) \@-(fu) -C- (CH) -COOR"
: Ly Rs Ra Ru
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The corresponding acids, acid salts, esters and am- oxime over a platinum catalyst. The oxime is obtained
ides of the foregoing cyano butyric acids may be pre- from the substituted glyoxylic or pyruvic acid with hy-
pared according to the previously described proce- droxylamine.
0 N-OH
R ] NH,OH R i
CH) C-(CH) -COOH ——— CH)n‘-C-((':H)m—COOH
Y RY Ru Y Ra
H2(Pt) |
R NH,

CH)n-C-(-(IEH)m-COOH

Y o
dures or the replacement of the halo group with the Treatment of the amino butyric acid or acid derivatives
cyano group may be carried out on the desired acid 20 with an acyl halide results in the corresponding acyl-

salt, ester or amide. amino butyric acid or corresponding derivative.

R l

E) n-C- (cn) -COOR" ————% H) - -(cu) -COOR"

Y Lﬂ a RB a
Substituted amino butyric acids and their acid deriva— Appropriately desired end products having various Y
tives are prepared from substituted ketobutyric acids 30 subsitutents can be prepared by using suitable reactions
by reaction with ammonia or a loweralkylamine and in order to convert one group to another. Thus, for ex-
hydrogen over a Raney nickel or platinum catalyst. ample, the hydroxybutyrates may be alkylated, haloge-

3 M3 R TIZ /
?)"-c-(t).—m — ?H),‘CH-(?H)m-COOH
Y N oy % f
@Fﬂ ~C-(GH) - COOH L T @ "2
cu),,-cu (cu)m-coon

Substituted amino butyric acids may also be prepared nated or nitrated to obtain substitution in the phenyl
by hydrogenation of a substituted ketobutyric acid rings as desired.
R
> CH) (- (CH)p- COOR"

m~COOR"

82
SR
d Syt

!I

w
Sl

=3
- ]
5
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An aminophenyl-hydroxybutyrate may also be diazo- anhydrides to the acyloxy compound in the presence of
tized to the diazonium fluoroborate which is then ther- a tertiary amine such as pyridine.
OH

(z)n-i-(rlm)m-cooa" ——-—) @—(m) ~C-{H)y-CO0R”
8 Ra

NH2
R"C1 or R"COCI
pyridine
@E - -(CH) -COOR"
(COR“

25 ) ‘
mally decomposed to the fluorophenyl- A nitrophenyl-hydroxybutyrate may be hydroge-
hydroxybutyrate. nated to the corresponding amine.

OH 30
| HNO,
, (fH)n ? (?‘)m'COOR" Br—
HBF
: R ReR :
R OH
2 35 R

| H
l'.|:H)n-C—((|:H)m7-COOR“ —25

R@-(m i.'( ‘) cooR" "2 A
[ ekt B . 40
N

My R R,
A m
i 45 R l
: Yn-C-(CH) COOR"
" (o) -?'j(cu) ~CooR" z b, t "
1
F 8 o , 50

The aminophenylhydroxybutyrate may be diazotized
and heated in an aqueous medium to form the hydroxy-
phenyl compound or heated in an alcohol to form the
alkoxyphenyl compound. The hydroxyl group may also’ An aminophenyl-hydroxybutyrate may then be
be alkylated with loweralkyl halides or sulfates to the mono- or dialkylated with loweralkyl halides or sulfates
alkoxy group or acylated with loweracyl chlorides or or acylated with loweracyl chlorides or anhydrides.

60
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(f‘l)n-?-( -CODR" ——'}R@—x n" (G’!)m-COOR"
HHZ Ry ' NHR"
R"COCT or R"X
(R"C0),0
( )~ COOR” R r' B
f‘ (T")R'L"(?")m'mow'
| ) e, e
An aminophenyl-hydroxybutyrate may be diazotized 20 The aminophenyl-hydroxybutyrate may be diazo-
followed by a Sandmeyer type reacton to yleld the halo tized followed by reaction with potassium ethylxan-
group. thate followed by hydrolysis to obtain mercaptophenyl-
: L
(?‘l) -C-{CH) ,-COOR" ‘—‘—‘—') )n-C-(?!)m-COOR"
) i
M, R’
HNO, )
CuCl

?r),,-;t(?n,-m" | '@«?’)H-F(r)wm--
Ry Rg Ry v | I Ry ‘RB a

or diazotized and heated with an aqueous solution of 45 hydroxybutyric acid which can be esterified to a buty-

€1

potassium iodide to prepare the idophenyl- rate. This in turn can be lower alkylated to the lower
hydroxybutyrate. alkylthio and oxidized to the loweralkylsulfinyl and
Qe @i
Y Re Ra

It may further be diazotized and followed by addition loweralkylsulfonyl groups or acylated to the acylthio
of cuprous cyanide to obtain the cyanophenyl- compounds.
hydroxybutyrate. 60

u@t).,-E(E).-M"————-) .\@—Jz)n- -(Z),.-cow
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O
),,-&!—(cu)m-coon" CH) -C-( CH) p-C00R" §
n n
i gs k 1) HNO ull &, (H)
- e 5;'4*
WS s o
2 . .
" 5
g8
=&
R
(lw ~COOR" (-—-——— t)n-i;( ),-oaon"
SoR* &
K20, Ha0p or
KMnOy
R .
'f“),‘- -(?‘),.-COOR" R
. ! ?‘)n i (CN) -COOR" &
: a
SQ,R* RY s Ry
A halo compound in which halo is chloro or bromo When R’ is phenyl then nitration, halogenation and
or iodo may be be reacted with cuprous cyanide in alkylation may be carried out as above which in turn
quinoline at about 150°C to produce a cyano com- 35 may be converted from one group to another as previ-
pound: ously described.
. ?' ™
" L
CH}p,~C-(CH),,~COOR" "‘—'——') R@'ﬂfﬂ)“ | (CH)p~COOR"
Y A
Hal B o
45
or reacted with trifluoromethyliodide and copper pow- Thus, for example, when R’ is phenyl the following
der at about 150°C in dimethylformamide to obtain a reactions may take place:
trifluoromethyl compound: [as described in Tetrahe-
dron Letters: 47, 4095 (1959)]
50

- _ OH
| CFal R
.@-{ Ja~ -(?'!)-GNR" -C:——é @-( ) G- (CH) ,-COOR"
E Iﬁ Rc E Lﬁ
Hal O3

A halo compound may also be reacted with cuprous
methanesulfinate in quinoline at about 150°C to obtain g
a methylsulfonyl compound.

CuSOpCH, R :
t)..-':-(cu) R ——— @—«E)r -(rf)m-m"
S0,CH3 *
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HBF

> @ri-

Dedpe 2 @@y
% | . r Y |

—2—
Cul or KI

1)

o

2) NaOH

where:

R’ is loweralkyl

Of course it will be understood by one skilled in the
art that variations in the above procedures can be em-
ployed which will give that sequence of reactions which
will result in the desired substituents.

The products of this invention are obtained as race-
mic mixtures of their dextro and levorotatory isomers
since at least one carbon is asymmetric. When, the a,
Bor y-carbon is also substituted with an alkyl group,
two or three asymmetric carbon atoms may be present
and the product may exist as a mixture of these diaste-

60

65
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P

TR

(r‘)rCOOR"

mz . . . )
;u—cu——) @@(fﬂ) -C-(IN) o~COOR
CN Y

)p~C-(CH),,~COOR"
f“ " ")
Ry Rg Ry

reomers, each based on syn and anti configurations.
These diastereomers may be separated by fractional
crystallization. Each diastereomer may then be re-
solved into dextro and levorotatory optical isomers by
conventional methods.

One method of resolution that may be employed is
combining the racemic compound with an optically ac-
tive compound by salt formation, ester formation, or
amide formation to form two diasterecomeric products.
If the instant acids are added to an optically active
base, then two diastereomeric salts are produced which
possess different properties and different solubilities
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and can be separated by fractional crystallization.
When the salts have been completely separated by re-
peated crystallization, the base is split off by acid hy-
drolysis and the pure d or / acids are obtained. Prefera-
bly, the butyric acid is reacted in alcoholic or acetone
solution with an equivalent amount of the optically ac-
tive primary, secondary or tertiary amine such as cin-
chonidine, cinchonine, quinine, ephedrine, a-methyl-
benzylamine, sec-butylamine, sec-amylamine, etc. The
diastercomeric amine salts produced thereby, are sepa-
rated by fractional crystallization and each optically ac-
tive salt is hydrolyzed with dilute mineral acid to pro-
duce the dextro or levo form of the butyric acid. Each
optical isomer may be reacted then with X'—Cl or
XOX' to produce the corresponding optically active
alcoholic derivative. Alternatively, an butyrate ester
may be reacted with an optically active primary or sec-
ondary amine such as ephedrine, a-methylbenzyla-
mine, sec-butylamine, etc., to produce a mixture of
diastereomeric butyrates which may be separated by
fraction crystallization. Each optically active amide
may be hydrolyzed with mineral acid to its respective
optically active acid.

Alternatively, a butyrate may be reacted with an opti-
cally active alcohol such as 1-menthol or d-borneol, or

1-a-methylbenzylaleohol, to produce a mixture of dias-.
tereomeric butyrate esters which may be separated by’

fractional crystallization. Each optically active ester
may be hydrolyzed with mineral acid or alkali to its re-
spective optically active acid. The optically active acids
can also be recovered from the a-methylbenzyl esters
by hydrogenolysis in the presence of palladium. In this
manner the «, 8 or y-oxy, halo, thio, cyano or amino
isomers may be prepared.

I have found that the compounds of this invention ex-
ercise a useful degree of anti-inflammatory activity in
mammals and are effective in the treatment of associ-
ated pain and fever and in like conditions which are re-
sponsive to treatment with anti-inflammatory agents. In
general, the compounds of this invention are indicated
for a wide variety of mammalian conditions where the
symptoms of inflammation and associated fever and
pain are manifested. Exemplary of such conditions are:
rheumatic diseases such as rheumatoid arthritis, osteo-
arthritis and other degenerative -joint diseases; soft-
tissue rheumatism such as tendinitis; muscular rheuma-
tism such as sciatica; pdin and inflammation associated
with dental surgery and similar human and veterinary
disease conditions exhibiting the foregoing symptoms
requiring the use of an anti-inflammatory, analgesic
and/or an antipyretic agent.

For these purposes, the compounds of this invention
are normally administered orally, topically, parenter-
ally or rectally. Orally, these may be administered in
tablets, capsules, suspensions or syrups; the optimum
dosage, of course, depending on the particular com-
pound being used and the type and severity of the con-
dition being treated. In any specific case the appropri-
ate dosage selected will further depend on factors of
the patient which may influence response to the drug;
for example, general health, age, weight, etc. Although
the optimum quantities of the compounds of this inven-
tion to be used in such manner will depend on the com-
pound employed and the particular type of disease con-
dition treated, oral dose levels of prepared compounds
when administered to a mammal in dosages of 0.5 to
100 milligrams per kilogram of body weight per day are
particularly useful. The preferred range is 0.5 to 15
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mg/Kg. Comparative dosages may be used in topical,
parenteral or rectal administration.

Dosage forms may be prepared according to any
method known to the art for the manufacture of phar-
maceutical compositions and such compositions may
contain one or more agents; for example, sweetening
agents, flavoring agents, coloring agents, preserving
agents, etc. Further, the active butyric acids or their de-
rivatives may be administered alone or in admixture
with antacids such as sodium bicarbonate, magnesium
carbonate, magnesium hydroxide, aluminum hydrox-
ide, magnesium silicate, etc., and non-toxic pharma-
ceutically acceptable excipients. Such excipients may
be, for example, inert diluents such as calcium carbon-
ate, lactose, etc:, granulating and disintegrating agents;
for example, magnesium stearate, talc, etc., binding
agents; for example, starch gelatin, etc., suspending
agents; for example, methylcellulosc, vegetable oil,
etc., dispersing agents; for example, lecithin, etc.,
thickening agents; for example, beeswax, hard paraffin,
etc., emulsifying agents; for example, naturally-
occurring gums, etc., and non-irritating excipients; for
example, cocoa butter and polyethylene glycols.

Various tests in animals can be carried out to show
the ability of the butyric acids and derivatives of this
invention to exhibit reactions that can be correlated
with anti-inflammatory activity in humans.  One such
test is the Carrageenan paw edema test, which shows

‘the ability of the instant compounds to inhibit edema

induced by injection of an inflammatory agent such as
carrageenan into the tissues of the paw of a rat against
non-inflammed controls. This carrageenan testing
method is known to correlate well with anti-
inflammatory activity in humans and is a standard test

" used to determine anti-inflammatory activity. This cor-
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relation can be shown by the activities of compounds
known to be clinically active including such as aspirin,
phenylbutazone, cortisone, hydrocortisone and pred-
nisolone. In view of the results of this test, the butyric
acids and derivatives can be considered to be active an-
ti-inflammatory agents. _

One method for measuring the pain threshold of the
butyric acids and derivatives is the Randall-Selitto test.
Analgesic activity is shown by antinocieceptive testing
of the inflammed foot of rats and a measurement of
their pain response.

Antipyretic assay is carried out by yeast-induced
fever tests of subcutaneously injected rats. The meas-
urement of rectal temperature is carried out to deter-
mine the response by the test compounds.

In view of the results of the above tests, the butyric
acids and derivatives of this invention are considered to
have valuable analgesic and antipyretic properties.

Other tests which can be correlated to show signifi-
cant activities are the “phenylquinone writhing” test
for analgesia, “polyarthritis in rats” and *‘ultra-violet
erythema in guinea pigs”.

The following are detailed examples which show the
preparation of the compounds of this invention. They
are to be construed as illustrations of said compounds
and are not intended to be limitations thereof.

EXAMPLE i
4-(2'-Chlorophenyl)cinnamic acid

A mixture of 21.6 g. (0.1 mole) of 4-(2'-chloro-
phenyl)benzaldehyde is heated on a stcam bath with
13.2 g. of malonic acid and 95 ml. of pyridine contain-
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ing 5 drops of piperidine. The mixture is heated for four
hours until the liberation of carbon dioxide ceases. The
cooled mixture is poured into a mixture of 110 ml. con-
centrated hydrochloric acid and 500 ml. of ice water.
The solid which separates is filtered, washed and 15 ml.
portions of cold water and then resuspended in 200 m}.
of cold water, filtered, washed with cold water and
dried at 40°C. The residue is then recrystallized from
ethanol to obtain 4-(2’-chlorophenyl)cinnamic acid.
A. When malonic acid is replaced in the above exam-
ple by methylmalonic acid or ethylmalonic acid then
the products prepared are
a-methyl-4-(2'-chlorophenyl)cinnamic acid
a-ethyl-4-(2'-chlorophenyl)cinnamic acid
B. When 4-(2'-chlorophenyl)benzaldehyde in the
above example is replaced by the compounds of Table
I below, then the corresponding product of Table Il
below is prepared. :

TABLE ]

4-(4'-chlorophenyl)benzaldehyde
4-(2'-nitrophenyl)benzaldehyde
4-(4'-nitrophenyl)benzaldehyde
4-(2'-methylphenyl)benzaldehyde
4-(4'-methylphenyl)benzaldehyde
4-(2'-bromophenyl)benzaldehyde
4-(4'-bromophenyl)benzaldehyde
2-chloro-4-biphenylcarboxaldehyde
2-nitro-4-biphenylcarboxaldehyde
2-methyi-4-biphenylcarboxaldehyde
2-bromo-4-biphenylcarboxaldehyde
4-toluaidehyde
4-i-propylbenzaldehyde
4-t-butylbenzaldehyde
4-cyclopentylbenzaldehyde
4.cyclohexylbenzaldehyde
4-cycloheptylbenzaldehyde
4-cyclohex-1-enylbenzaldehyde
4-phenoxybenzaldehyde
4-phenylthiobenzaldehyde
4-anilinobenzaldehyde
4-benzoylbenzaldehyde
4-(2-thienyl)benzaldehyde
4-(3-furyl)benzaldehyde
4-(2-pyridyl)benzaldehyde
4-(4-pyridyl)benzaldehyde
4-(2-pyrazinyl)benzaldehyde
4-(2-pyrimidinyl)benzaldehyde
4-(3-pyridazinyl)benzaldehyde
4-(2-triazinyl)benzaldehyde
4-(3-isoxazolyl)benzaldehyde
4-(3-isothiazolyl)benzaldehyde
4-(2H-pyrrol-3-yl)benzaldehyde
4-(2-imidazolyl)benzaldehyde
4-(1-pyrazolyl)benzaldehyde
4-((2H-pyran-2-yl)benzaldehyde
4-(1-pyrrolyl)benzaldehyde
4-(2-imidazolin-4-yl)benzaldehyde
4-(2-imidazolidinyl)benzaldehyde
4-(1-pyrazolidinyl)benzaldehyde
4-(2-pyrrolidinyl)benzaldehyde
4-(2-pyrrolin-3-yl)benzaldehyde
4-(2-piperidinyl)benzaldehyde
4-(4-piperidinyl)benzaldehyde
4-(1-piperazinyl)benzaldehyde
4-(2-piperazinyl)benzaldehyde
4-(3-morpholinyl)benzaldehyde
4-(4-morpholinyl)benzaldehyde
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TABLE II

4-(4'-chlorophenyl)cinnamic acid
4-(2'-nitrophenyl)cinnamic acid
4-(4'-nitrophenyl)cinnamic acid
4-(2'-methylphenyl)cinnamic acid
4-(4’-methylphenyl)cinnamic acid
4-(2'-bromophenyl)cinnamic acid
4-(4'-bromophenyl)cinnamic acid
4-(2-chlorophenyl)cinnamic acid
4-(2-nitrophenyl)cinnamic acid
4-(2-methylphenyl)cinnamic acid
4-(2-bromophenyl)cinnamic acid
4-methylcinnamic acid
4-i-propylcinnamic acid
4-t-butylcinnamic acid
4-cyclopentylcinnamic acid
4-cycloheptylcinnamic acid
4-cyclohexylcinnamic acid
4-cyclohex-l-enylcinnamic acid
4-phenoxycinnamic acid
4-phenylthiocinnamic acid
4-anilinocinnamic acid
2-anilinocinnamic acid
4-benzoylcinnamic acid
4-(2-thienyl)cinnamic acid
4-(3-furyl)cinnamic acid
4.(2-pyridyl)cinnamic acid
4-(4-pyridyl)cinnamic acid
4-(2-pyrazinyl)cinnamic acid
4.(2-pyrimidinyl)cinnamic acid
4-(3-pyridazinyl)cinnamic acid
4-(2-triazinyl)cinnamic acid
4-(3-isoxazolyl)cinnamic acid
4-(3-isothiazolyl)cinnamic acid
4-(2H-pyrrol-3-yl)cinnamic acid
4-(2-imidazolyl)cinnamic acid
4-(1-pyrazolyl)cinnamic acid
"4-(2H-pyran-2-yl)cinnamic acid
4-(1-pyrrolyl)cinnamic acid
4-(2-imidazolin-4-yl)cinnamic acid
4-(2-imidazolidinyl)cinnamic acid
4-(1-pyrazolidinyl)cinnamic acid
4-(2-pyrrolidinyl)cinnamic acid
4-(2-pyrrolin-3-yl)cinnamic acid
4-(2-piperidinyl)cinnamic acid
4-(4-piperidinyl)cinnamic acid
4-(1-piperazinyl)cinnamic acid
4-(2-piperazinyl)cinnamic acid
4-(3-morpholinyl)cinnamic acid
4-(4-morpholinyl)cinnamic acid
When 4-(2'-chlorophenyl)benzaldehyde is replaced
in the above example by the compounds of Table I and
malonic acid is replaced by the compounds of part A
then the corresponding product is prepared.

EXAMPLE 2
B-(2'-Chloro-4-biphenylyl)propionic acid

A suspension of 100 g of p-(2-chlorophenyl)cin-
namic acid in 1 1. of 95% ethanol is hydrogenated at at-
mospheric pressure using platinum oxide catalyst (1 g).
The uptake of hydrogen ceases when approximately
9-10 1. of hydrogen is consumed. The catalyst is then
filtered off and the reaction evaporated to dryness to
give B-(2'-chloro-4-biphenylyl)propionic acid.

A. When p-(2-chlorophenyl)cinnamic acid is re-
placed by the cinnamic acid compounds of Table 1.
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Example 1 then the cor;esboflding propionic acid is
prepared.
EXAMPLE 3

B-(2'-Chloro-4-biphenylyl)propionyl chloride

B-(2'-chloro-4-biphenylyl)propionic acid (26 g.) is
treated with thionyl chloride (18 g.) at 0°-5°C. After 10
mins the temperature is raised to 60°C for 30 mins,
then the residue is distilled at 0.05 mm to give 8-(2'-
chloro-4-biphenylyl)propionyl chloride.

A. When 3-(2'-chloro-4-biphenylyl)propionic acid in
the above reaction is replaced by the propionic acids of
Example 2, then the corresponding propionyl chloride
is prepared.

EXAMPLE 4

B-(2'-Chloro-4-biphenylyl)propionaldehyde

B-(2'-chloro-4-biphenylyl)propionyl chloride (28 1
g.) in 500 ml glyme is treated dropwise with a solution
of lithium tri-t-butoxyaluminum hydroxide (25.5 g.) in
500 ml. diglyme while maintaining the reaction temper-
ature at —70°C with dry ice. When addition is com-
plete, the mixture is allowed to come to room tempera-
ture, is diluted with ether, and washed with water, di-
lute HC1 and brine. The solvent is dried over sodium
sulfate, evaporated under vacuo and the residue dis-
tilled to give B-(2'-chloro-4-
biphenylyl)propionaldehyde.

A. When B-(2'-chloro-4-biphenylyl)propionyl chlo-
ride in the above reaction is replaced by propionyl
chloride of Example 3, then the corresponding propi-
onaldehyde is prepared.

EXAMPLE 5§
4-(2'-Chloro-4-biphenylyl)butan-2-one

A solution of  B-(2’-chloro-4-biphenylyl)propionyl
chloride (28 g.) in anhydrous ether 1 1. is cooled to
~70°C. To it is added dropwise a solution of 3M meth-
ylmagnesium bromide in ether (34 ml.). The reaction
is stirred vigorously throughout. When addition of the
grignard is complete (approx. 1 hr), the mixture is al-
lowed to come to room temperature and is decom-
posed by adding carefully a saturated ammonium chlo-
ride solution (approx. 500 ml). The ether phase is
washed with brine, dried over sodium sulfate, evapo-
rated in vacuo and the residue distilled to yield 4-(2'-
chloro-4-biphenylyl)butan-2-one.

A. When B-(2'-chloro-4-biphenylyl)propionyl chlo-
ride in the above reaction is replaced by propionyl
chloride of Example 3, then the corresponding prod-
ucts are obtained.

EXAMPLE 6
a-Hydroxy-y-(2'-chloro-4-biphenylyl)butyronitrile

B-(2'-chloro-4-biphenylyl)propionaldehyde (10 g.)
is treated with 50 ml aqueous saturated sodium bisulfite
solution in 80 ml. absolute ethanol. The addition com-
plex is filtered off, washed with water, ethanol, then
ether. The dry material is added to 40 ml. dimethylsulf-
oxide and treated with excess (cu 5 g.) of powdered so-
dium cyanide. After 3 hours the mixture is poured into
water and extracts are washed with brinc, dried over
sodium sulfate and evaporated to dryness after a trace
of sulfuric acid is added to obtain a-hydroxy-y-(2'-
chloro-4-biphenylyl)butyronitrile.

A. When B-(2'-chloro-4-
biphenylyl)propionaldehyde in the above procedure is
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replaced by the propionaldehydes or ketones of Exam-
ples 4 and 5, then the corresponding products are ob-
tained.

EXAMPLE 7
p-(2-Chlorophenyl)phenylmagnesium bromide

4-bromo-2'-chlorobiphenyl (54 g) in ether (70 ml) is
added in portions to clean magnesium turnings (4.8 g.).
After the first 5 ml. of the solution, a crystal of iodine
is added and 3 drops of ethyl iodide to initiate the reac-
tion. When reaction is proceeding, the remainder of the
solution is added as rapidly as possible without quench-
ing the reaction. When addition is complete, the mix-
ture is refluxed with stirring until only a trace of metal
remains, when formation of the grignard reagent is ad-
judged complete.

1-Chloro-3-(2'-chloro-4-biphenylyl)-2-propanol

The grignard solution of the above procedure is
cooled to 0°C in an ice bath and to it is added dropwise
with stirring a solution of freshly distilled epichlorohy-
drin (18.0 g.) in ether (100 ml.) at such a rate the tem-
perature does not rise about 5°C. When addition is
complete, the reaction is allowed to come to room tem-
perature then excess saturated ammonium chloride so-
lution is added. The ether phase is separated, washed
with brine, dried and the solvent evaporated to give the
crude product 1-chloro-3-(2’-chloro-4-biphenylyl)-2-
propanol which may be reacted directly or distilled at
very low pressures to obtain I-chloro-3-(2'-chloro-4-
biphenylyl)-2-propanol.

A. When epichlorohydrin in the above example is re-
placed with 2-chloro-3,4-epoxybutane, I-chloro-2-
methyl-2,3-epoxypropane or I-chloro-2,3-
epoxybutane then the products obtained are

2-chloro-4-(2'-chloro-4-biphenylyl)-3-butanol

1-chloro-2-methyl-3-(2'-chloro-4-biphenylyl)-2-
propanol '

1-chloro-3-methyl-3-(2'-chloro-4-biphenylyl)-2-
propanol.

B. When 2’-chloro-4-biphenylylmagnesium bromide
in the above procedure is replaced by the Grignard rea-
gents of Table I, below then the corresponding product
of Table II, below is prepared.

TABLE I

-4'-chloro-4-biphenylylmagnesium bromide
2'-nitro-4-biphenylylmagnesium bromide
4'-nitro-4-biphenylylmagnesium bromide
2'-methyl-4-biphenylylmagnesium bromide
4'-methyl-4-biphenylylmagnesium bromide
4'-bromo-4-biphenylylmagnesium bromide
2-chloro-4-biphenylylmagnesium bromide
2-nitro-4-biphenylylmagnesium bromide
2-methyl-4-biphenylylmagnesium bromide
4-tolylmagnesium bromide
4-i-propylphenylmagnesium bromide
4-cyclopentylphenylmagnesium bromide
4-cyclohexylphenylmagnesium bromide
4-cycloheptylphenylmagnesium bromide
4-cyclohex-I-cnylphenylmagnesium -bromide
4-phenoxyphenylmagnesium bromide
4-phenylthiophenylmagnesium bromide
4-(2-thienyl)phenylmagnesium bromide
4-(3-furyl)phenylmagnesium bromidc
4-(2-pyrazinyl)phenylmagnesium bromide
4-(3-pyridazinyl)phenylmagnesium bromide
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4-(3-isoxazolyl)phenylmagnesium bromide
4.(3-isothiazolyl)phenylmagnesium bromide
4-(2-imidazolyl)phenylmagnesium bromide
4-(1-pyrazolyl)phenylmagnesium bromide
4-(2H-pyran-2-yl)phenylmagnesium bromide
4-(2-imidazolin-4-yl)phenylmagnesium bromide
4-(2-imidazolidinyl)phenylmagnesium bromide
4-(1-pyrazolidinyl)phenylmagnesium bromide
4-(4-morpholinyl)phenylmagnesium bromide

TABLE Il

1-chloro-3-(4'-chloro-4-biphenylyl)-2-propanol
1-chloro-3-(2'-nitro-4-biphenylyl)-2-propanol
1-chloro-3-(4'-nitro-4-biphenylyl)-2-propanol
1-chloro-3-(2'-methyl-4-biphenylyl)-2-propanol
1-chloro-3-(4'-methyl-4-biphenylyl)-2-propanol
1-chloro-3-(2'-bromo-4-biphenylyl)-2-propanol
1-chloro-3-(4'-bromo-4-biphenylyl)-2-propanol
1-chloro-3-(2-chloro-4-biphenylyl)-2-propanol
1-chloro-3-(2-nitro-4-biphenylyl)-2-propanol
1-chloro-3-(2-methyl-4-biphenylyl)-2-propanol
1-chloro-3-(2-bromo-4-biphenylyl)-2-propanol
1-chloro-3-(4-tolyl)-2-propanol
1-chloro-3-(4-i-propylphenyl)-2-propanol
1-chloro-3-(4-t-butylphenyl)-2-propanol
1-chloro-3-(4-cyclopentylphenyl)-2-propanol
1-chloro-3-(4-cycloheptylphenyl)-2-propanol
1-chloro-3-(4-cyclohexylphenyl)-2-propanol
1-chloro-3-(4-cyclohex-1-enylphenyl)-2-propanol
1-chloro-3-(4-phenoxyphenyl)-2-propanol
1-chloro-3-{4-phenylthiophenyl)-2-propanol
1-chloro-3-[{4-(2-thienyl)phenyl]-2-propanol
1-chloro-3-[4-(3-furyl)phenyl]-2-propanol
1-chloro-3-[4-(2-pyrazinyl)phenyl]-2-propanol
1-chloro-3-pyridazinyl)phenyl}-2-propanol
1-chloro-3-[4-(3-isoxazolyl)phenyl]-2-propanol
1-chloro-3-{4-(3-isothiazolyl )phenyl]-2-propanol
1-chloro-3-[4-(2-imidazolyl)phenyl]-2-propanol
1-chloro-3-[4-(1-pyrazolyl)phenyl]-2-propanol
1-chloro-3-[4-(2H-pyran-2-yl)phenyl}-2-propanol
1-chloro-3-[4-(2-imidazolin-4-y!}phenyl]-2-
propanol
1-chloro-3-[4-(2-imidazolidinyl)phenyl]}-2-propanol
1-chloro-3-[4-( I-pyrazolidinyl)}phenyl]-2-propanol
1-chloro-3-[4-(4-morpholinyl)phenyl]-2-propanol
C. When the above procedure is followed using the
Grignard reagent of Table ['and the epoxy compounds
of Part A, then the corresponding product is prepared.

EXAMPLE 8
B-Hydroxy-vy-(2'-chloro-4-biphenylyl) butyronitrile

The crude I-chloro-3-(2'-chloro-4-biphenylyl)-2-
propanol from Example 12 is dissolved in-dimethylsulf-
oxide (100 g.) and treated with powdered sodium cya-
nide (20 g.). After stirring at room temperature for 24
hours, the mixture is warmed to 60°C for 4 hours then
poured into water and extracted with ether. The ether
extracts are washed thoroughly with water, sodium bi-
carbonate solution, brine, and dried over sodium sul-
fate. Evaporation of the solvent and distillation of the
residue at 0.01 to 0.05 m.m. yields B-hydroxy-y-(2'-
chloro-4-biphenylyl)butyronitrile. '

A. When I-chloro-3-(2'-chloro-4-biphenylyl)-2-
propanol in the above reaction is replaced by 2-chloro-
4-(2'-chloro-4-biphenylyl)-3-butanol, 1-chloro-2-
methyl-3-(2'-chloro-4-biphenylyl)-2-propanol and 1-
chloro-3-methyl-3-(2'-chloro-4-biphenylyl)-2-
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propanol, then the products prepared are:
a-methyl-B-hydroxy-y-(2'-chloro-4-
biphenylyl)butyronitrile,
B-methyl-B-hydroxy-y-(2’-chloro-4-
biphenylyl)butyronitrile and
B-hydroxy-y-methyl-y-(2'-chloro-4-
biphenylyl)butyronitrile.
B. When the propanol and butanol compounds of Ex-
ample 7 are used in the foregoing procedure, then the
corresponding butyronitrile product is obtained.

EXAMPLE 9
a-Hydroxy-y-(2'-chloro-4-biphenylyl)butyric acid

A mixture of a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyronitrite from. Example 14 (10 g.
crude) is treated with 250 ml. acetic acid and 150 ml
conc. HCL. The mixture is stirred on the steam bath for
4 hours, cooled, diluted with water (500 ml.) and ex-
tracted with benzene. The benzene extract is washed
with brine, dried (Na,SO,) and evaporated to dryness.
The residue is dissolved in ether, and the organic phase
extracted with sodium bicarbonate (three washes).
Acidification of the bicarbonate extracts affords a pre-
cipitate of the biphenylyl butyric acid, which is dis-
solved in ether, washed with brine and on evaporation
of the solvent results in a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid.

A. When a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyronitrile in the above procedure is re-
placed by the nitrilés of Examples 6 and 8, then the cor-
responding carboxylic acid products are obtained. A
representative list of the compounds thus prepared is

~shown below.
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a-hydroxy-y-(4'-chloro-4- blphenylyl) butync acid
-biphenylyl)butyric
a-hydroxy-y-(2'-nitro-4- blphenylyl)butyrlc acnd
a-hydroxy-y-(4'-nitro-4-biphenylyl)butyric acid
a-hydroxy-y-(2'-methyl-4-biphenylyl)butyric acid
a-hydroxy-y-(4'-methyl-4-biphenylyl)butyric acid
a-hydroxy-y-(2'-bromo-4-biphenylyl)butyric acid
a-hydroxy-y-(4’-bromo-4-biphenylyl)butyric acid
a-hydroxy-y-(2-chloro-4-biphenylyl)butyric acid
a-hydroxy-y-(2-nitro-4-biphenylyl)butyric acid
a-hydroxy-y-(2-methyl-4-biphenylyl)butyric acid
a-hydroxy-y-(2-bromo-4-biphenylyl)butyric acid
a-hydroxy-y-(4-tolyl)butyric acid
a-hydroxy-y-(4-i-propylphenyl)butyric acid’
a-hydroxy-y-(4-t-butylphenyl)butyric acid
a-hydroxy-y-(4-cyclopentylphenyl)butyric acid
a-hydroxy-y-{4-cycloheptylphenyl)butyric acid
a-hydroxy-y-(4-cyclohexylphenyl)butyric acid
a-hydroxy-y-(4-cyclohex-1-enylphenyl)butyric acid
a-hydroxy-y-(4-phenoxyphenyl)butyric acid
a-hydroxy-y(4-phenylthiophenyl)butyric acid
a-hydroxy-y-(4-anilinophenyl)butyric acid
a-hydroxy-y-(2-anilinophenyl)butyric acid
a-hydroxy-y-(4-benzoylphenyl)butyric acid
a-hydroxy-y-[4-(2-thienyl)phenyl]butyric acid
a-hydroxy-y-[4-(3-furyl) phenyllbutyric acid
a-hydroxy-y-[ 4-(2-pyridyl)phenyl]butyric acid
a-hydroxy-y-[4-(4-pyridyl)phenylbutyric acid
a-hydroxy-y-[4-(2-pyrazinyl)phenyl Jbutyric acid
a-hydroxy-y-[4-(2-pyrimidinyl)phenyl [butyric acid
a-hydroxy-y-[ 4-(3-pyridazinyl)phenyl[butyric acid
a-hydroxy-y-[4-(2-triazinyl)phenyl | butyric acid
a-hydroxy-y-[4-(3-isoxazolyl)phenyl]butyric acid
a-hydroxy-y-{4-(3-isothiazolyl)phenylJbutyric acid



3,867,434

63

a-hydroxy-y-[4-(2-imidazolyl)phenyl]butyric acid
a-hydroxy-y-{4-(1-pyrazolyl)phenyl]butyric acid
a-hydroxy-y-[4-(2H-pyran-2-yl)phenyl}butyric acid
a-hydroxy-y-{4-(1-pyrrolyl)phenyl]butyric acid
a-hydroxy-y-[4-(2-imidazolin-4-yl)phenyl]butyric
acid
a-hydroxy-y-[4-(2-imidazolindinyl)phenyl) Jbutyric
acid
a-hydroxy-y-[4-(1-pyrazolidinyl)phenyl]butyric acid
a-hydroxy-y-[4-(2-pyrrolidinyl)phenyl]butyric acid
a-hydroxy-y-[4-(2-pyrrolin-3-yl)phenyl]butyric acid
a-hydroxy-y-[4-(2-piperidinyl)phenyl]butyric acid
a-hydroxy-y-[4-(4-piperidinyl)phenyl]butyric acid
a-hydroxy-y-[4-( | -piperazinyl)phenyl]butyric acid
a-hydroxy-y-[4-(2-piperazinyl)phenyl]butyric acid
a-hydroxy-y-[4-(3-morpholinyl)phenyl]butyric acid
a-hydroxy-y-[4-(4-morpholinyl )phenyl]butyric acid
a-hydroxy-a-methyl-y-(2’-chloro-4-
biphenylyl)butyric acid
a-hydroxy-a-methyl-y-(2'-nitro-4-biphenylyl)butyric
acid
a-hydroxy-a-methyl-y-(2'-bromo-4-
biphenylyl)butyric acid
a-hydroxy-a-methyl-y-(4’-nitro-4-biphenylyl)butyric
acid
a-hydroxy-a-methyl-y-(4’-chloro-4-
biphenylyl)butyric acid
a-hydroxy-a-methyl-y-(4'-bromo-4-
biphenylyl)butyric acid
a-hydroxy-a-methyl-y-(2-chloro-4-
biphenylyl)butyric acid
a-hydroxy-a-methyl-y-(2-nitro-4-biphenylyl)butyric
acid
a-hydroxy-a-methyl-y-(2-bromo-4-
biphenylyl)butyric acid '
a-hydroxy-a-methyl-y-(4-i-propylphenyl)butyric
acid
a-hydroxy-a-methyl-y-(4-cyclohexylphenyl)butyric
acid
a-hydroxy-a-methyl-y-{4-( 1 pyrrolyl)phenyl]butyric
acid .
a-hydroxy-B-methyl-y-(2'-chloro-4-
biphenylyl)butyric acid
a-hydroxy-B-methyl-y-(2'-nitro-4-biphenylyl)butyric
acid
a-hydroxy-y-methyl-y-(2'-bromo-4-
biphenylyl)butyric acid '
a-hydroxY-B-methyl-y-(4'-nitro-4-
biphenylyl)butyric acid
a-hydroxy-B-methyl-y-(4'-chloro-4-
biphenylyl)butyric acid
a-hydroxy-B-methyl-y-(4'-bromo-4-
biphenylyl)butyric acid
a-hydroxy-B-methyl-y-(2-chloro-4-
biphenylyl)butyric acid
a-hydroxy-B-methyl-y-(2-nitro-4-biphenylyl)butyric
acid
a-hydroxy-B-methyl-y-(2-bromo-4-
biphenylyl)butyric acid
a-hydroxy-8-mcthyl-y-(4-i-propylphenylybutyric
acid
a-hydroxy-B-methyl-y-(4-cyclohexylphenyl)butyric
acid
a-hydroxy-B-methyl-y-{4-(1-pyrrolyl)phenylibutyric
acid
a-hydroxy-y-methyl-y-(2'-chloro-4-
biphenylyl)butyric acid
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a-hydroxy-y-methyl-y-(2'-nitro-4-biphenylyl)butyric
acid
a-hydroxy-y-methyl-y-(2'-bromo-4-
biphenyly!)butyric acid
a-hydroxy-y-methyl-y-(4'-nitro-4-biphenylyl)butyric
acid
a-hydroxy-y-methyl-y-(4'-chloro-4-
biphenylyl)butyric acid
a-hydroxy-y-methyl-y-(4'-bromo-4-
biphenylyl)butyric acid
a-hydroxy-y-methyl-y-(2-chloro-4-
biphenylyl)butyric acid
a-hydroxy-y-methyl-y-(2-nitro-4-biphenylyl)butyric
acid
a-hydroxy-y-methyl-y-(2-bromo-4-
biphenylyl)butyric acid
a-hydroxy-y-methyl-y-(4-i-propylphenyl)butyric
acid
a-hydroxy-y-methyl-y-(4-cyclohexylphenyl)butyric
acid
a-hydroxy-y-methyl-y-[4-(1-pyrrolyl)phenyl]butyric
acid
B-hydroxy-y-(2'-chloro-4-biphenylyl)butyric acid
B-hydroxy-y-(4'-chloro-4-biphenylyl)butyric acid
B-hydroxy-y-(2'-nitro-4-biphenylyl)butyric acid
B-hydroxy-y-(4'-nitro-4-biphenylyl)butyric acid
B-hydroxy-y-(2'-methyl-4-biphenylyl)butyric acid
B-hydroxy-y-(4'-methyl-4-biphenylyl)butyric acid
B-hydroxy-y-(2-bromo-4-biphenylyl)butyric acid
B-hydroxy-y-(4'-bromo-4-biphenylyDbutyric acid
B-hydroxy-y-(2-chloro-4-biphenylyl)butyric acid
B-hydroxy-y-(2-nitro-4-biphenylyl)butyric acid 8-hy-
droxy-y-(2-methyl-4-biphenylyl)butyric acid
B-hydroxy-y-(2-bromo-4-biphenylyl)butyric acid
B-hydroxy-y-(4-tolyl)butyric acid
B-hydroxy-y-(4-i-propylphenyl)butyric acid
B-hydroxy-y-(4-t-butylphenyl)butyric acid
B-hydroxy-y-(4-cyclopentylphenyl)butyric acid
B-hydroxy-y-(4-cycloheptylphenyl)butyric acid
B-hydroxy-y-(4-cyclohexylphenyl)butyric acid
B-hydroxy-y-(4-cyclohex-1-enylphenyl)butyric acid
B-hydroxy-y-(4-phenoxyphenyl)butyric acid

. B-hydroxy-y-(4-phenyithiophenyl)butyric acid

B-hydroxy-y-(4-anilinophenyl)butyric acid
B-hydroxy-y-(2-anilinophenyl)butyric acid
B-hydroxy-y-(4-benzoylphenyl)butyric dcid
B-hydroxy-y-[4-(2-thienyl)phenyl]butyric acid
B-hydroxy-y-[4-(3-furyl)phenyl]butyric acid
B-hydroxy-y-[4-(2-pyridyl)phenyl}butyric acid
B-hydroxy-y-[4-(4-pyridyl)phenyl]butyric acid
B-hydroxy-y-[4-(2-pyrazinyl)phenyl]-butyric acid
B-hydroxy-y-[4-(2-pyrimidinyl)phenyl]butyric acid
B-hydroxy-y-[4-(3-pyridazinyl)phenyl]butyric acid
B-hydroxy-y-[4-(2-triazinyl)phenyl]butyric acid
B-hydroxy-y-[4-(3-isoxazolyl)phenylibutyric acid
B-hydroxy-y-[4-(3-isothiazolyl)phenyl]butyric acid
B-hydroxy-y-[4-(2H -pyrrol-3-yl)phenyl]butyric acid
B-hydroxy-y[4-(2-imidazolyl)phenyl]butyric acid
B-hydroxy-y[4-(1-pyrazolyl)phenyl|butyric acid
B-hydroxy-y-[4-(2H-pyran-2-yl)phenyl [butyric acid
B-hydroxy-y-[4-( | -pyrrolyl)phenyl [batyric acid
B-hydroxy-y-14-(2-imidazolin J-yliphenyl [butyrie
acid
B-hydroxy-y-[4-(2-imidazolindinyl)phenyl [butyric
acid
B-hydroxy-y-[4-(1-pyrazolidinyl)phenyl [butyric acid
B-hydroxy-y-[4-(2-pyrrolidinylyphenyljbutyric acid
B-hydroxy-y-[4-(2pyrrolin-3-yl)phenyl [butyric acid
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B-hydroxy-y-[4-(2-piperidinyl)phenyl]butyric acid
B-hydroxy-y-[4-(4-piperidinyl)phenyl]butyric acid
B-hydroxy-y-[4-( 1-piperazinyl)phenyl]butyric acid
B-hydroxy-y{4-(2-piperazinylphenyl]butyric acid
B-hydroxy-y-[4-(3-morpholinyl)phenyl]butyric acid 5
B-hydroxy-y-{4-(4-morpholinyl)phenyl]butyric acid
a-methyl-B-hydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid

a-methyl-8-hydroxy-y-(2'-nitro-4-biphenylyl)butyric
acid

a-methyl-B-hydroxy-y-(2'-bromo-4-
biphenylyl)butyric acid

a-methyl-B-hydroxy-y-(4'-nitro-4-biphenylyl)butyric
acid

a-methyl-B-hydroxy-y-(4'-chloro-4-
biphenylyl)butyric acid

a-methyl-B-hydroxy-y-(4'-bromo-4-
biphenylyl)butyric acid

a-methyl-B-hydroxy-y-(2-chloro-4-

10

biphenylyl)butyric acid 20
a-methyl-g8-hydroxy-y-( 2-nitro-4-biphenylyDbutyric
acid
a-methyl-8-hydroxy-y-(2-bromo-4-
biphenylyl)butyric acid ’s

a-methyl-8-hydroxy-y-(4-i-propylphenyl)butyric
acid

a-methyl-B-hydroxy-y-(4-cyc]ohexylpheny1)butyric
acid

a-methyl-8-hydroxy-y-[4-(1-pyrrolyl)phenyllbutyric
acid 30

B-methyl-B-hydroxy-y-(2'-chloro-4-biphenyl)butyric
acid

B-methyl-B-hydroxy-y-(2'-nitro-4- blphenylyl)butyrlc
acid

B-methyl-B-hydroxy-y-(2'-bromo-4-
biphenylyl)butyric acid

B-methyl-B-hydroxy-y-(4'-nitro-4- blphenylyl)butyrlc
acid

B-methyl-8-hydroxy-y-(4'-chloro-4-
biphenylyl)butyric acid

B-methyl-B-hydroxy-y-(4'-bromo-4-
biphenylyl)butyric acid

B-methyl-B8-hydroxy-y-(2-chloro-4-
biphenylyl)butyric acid

B-methyl-B-hydroxy-y-(2-nitro-4-biphenylyl)butyric
acid

B-methyl-B-hydroxy-y-(2-bromo-4-
biphenylyl)butyric acid

B-methyl-B-hydroxy-y-(4-i-propylphenyl)butyric
acid

B-methyl-B-hydroxy-y-(4-cyclohexylphenyl)butyric
acid

B-methyl-B-hydroxy-y-[4-( I-pyrrolyl)phenyl]butyric
acid

B-hydroxy-y-methyl-y-(2'-chloro-4-
biphenylyl)butyric acid

B-hydroxy-y-methyl-y-(2'-nitro-4-biphenylyl)butyric
acid

B-hydroxy-y-methyl-y-(2'-bromo-4-
biphenylyl)butyric acid

B-hydroxy-y-methyl-y-(4'-nitro-4- blphenylyl)butyrlc
acid

B-hydroxy-y-methyl-y-(4'-chloro-4-
biphenylyl)butyric acid

B-hydroxy-y-methyl-y-(4'-bromo-4-
biphenylyl)butyric acid

B-hydroxy-y-methyl-y-(2-chloro-4-
biphenylyl)butyric acid

35

40

45

50

55

60

65

66
B-hydroxy-y-methyl-y-(2-nitro-4-biphenylyh)butyric
acid
B-hydroxy-y-methyl-y-(2-bromo-4-
biphenylyl)butyric acid
B-hydroxy-y-methyl-y-(4-i-propylphenyl)butyric
acid
B-hydroxy-y-methyl-y-(4-cyclohexylphenyl)butyric
acid
B-hydroxy-y-methyl-y-[4-(1pyrrolyl)phenyl]butyric
acid

EXAMPLE 10
Ethyl y-keto-y-(2'-chloro-4-biphenylyl)butyrate

2-Chlorobiphenyl 57 g. (0.33 mole) and (0.37 mole)
of succinyl chloride ethyl ester are dissolved in 200 mlL
of dry 1,1,2,2-tetrachloroethane. Anhydrous aluminum
chloride 52 g. (0.39 mole) is added in small portions to
the reaction mixture with stirring over 2 hours. During
the addition, the tecmperature of the mixture is main-
tained between 16°~18°C. The mixture is stirred for an
additional hour and allowed to stand overnight. The so-
lution is then slowly poured into 1500 ml. of iced saline
solution with stirring. After standing. two layers form.
The aqueous layer. is extracted with 500 ml. of cther
and the ether extract is combined with the organic
layer which is dissolved in 1500 ml. of ether and sepa-
rated. The ether solution is washed with 10 X 100 ml.
portions of a 1:1 mixture of saturated sodium chloride
solution and 10% HCI solution, and 5.X 100 ml. por-
tions of water. The ether solution is then dried over an-
hydrous magnesium sulfate for 1 hour and filtered. The
solvents are removed by distillation under reduced
pressure and the residue distilled to obtain ethyl y-ket-
o-y-(2'-chloro-4-biphenylyl)butyrate.

A. When succinyl chloride ethyl ester is replaced in
the above example by the compounds of Table I below,
then the corresponding product of Table Il below is
prepared.

TABLE I

a-methylsuccinyl chloride ethylester
B-methylsuccinyl chloride ethylester
a,B-dimethylsuccinyl chloride ethylester

TABLE I
ethyl a-methyl-y-keto-y-(2'-chloro-4-
biphenylyl)butyrate o
ethyl B-methyl-y-keto-y-(2’-chloro-4-
biphenylyl)butyrate
ethyl a.B-dimethyl-y-keto-y-(2'-chloro-4-
biphenylyl)butyrate

B. When 2-chlorophenyl is replaced in the above ex-
ample by the compounds of Table III below, then the
corresponding product of Table IV below is prepared.

TABLE Il

2-nitrobipheny!l
2-bromobipheny!
2-methylbiphenyl
4-nitrobiphenyl
4-chlorobiphenyl
4-bromobiphenyl
4-methylbiphenyl
tolucne
i-propylbenzene
t-butylbenzene
cyclopentylbenzene
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cyclohexylbenzene
cycloheptylbenzene
cyclohex-1-enylbenzene
phenoxybenzene
diphenylsulfide
diphenylamine
benzophenone
2-phenylthiophenone
3-phenylfuran
2-phenylpyridine
4-phenylpyridine
2-phenylpyrizine
2-phenylpyrimidine
3-phenylpyridazine
2-phenyltriazine
2-phenylimidazole
1-phenylpyrazole
3-phenyl-2H-pyran
4-phenyl-2-imidazoline
2-phenylimidazolidine
1-phenylpyrazolidine
2-phenylpyrrolidinyl
2-phenylpiperidine
4-phenylpiperidine
1-phenylpiperazine
2-phenylpiperazine
3-phenyimorpholine
4-phenyimorpholine

TABLE IV
ethyl y-keto-y-(2'-nitro-4-biphenylyl)butyrate
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ethyl y-keto-y-(2'-bromo-4-biphenylyl)butyrate
ethyl y-keto-y-(2'-methyl-4-biphenylyl)butyrate

ethyl y-keto-y-(4'-nitro-4-biphenylyl)butyrate
ethyl y-keto-y-(4'-chloro-4-biphenylyl)butyrate
ethyl y-keto-y-(4'-bromo-4-biphenylyl)butyrate
ethyl y-keto-y-(4'-methyl-4-biphenylyl)butyrate
ethyl y-keto-y-(p-tolyl)butyrate

ethyl y-keto-y-(p-i-propylphenyl)butyrate

ethyl y-keto-y-(p-t-butylphenyl)butyrate

ethyl y-keto-y-(p-cyclopentylphenyl)butyrate
ethyl y-keto-y-(p-cyclohexylphenyl)butyrate
ethyl y-keto-y-(p-cycloheptylphenyl)butyrate
ethyl y-keto-y-(p-cyclohex-1-enylphenyl)butyrate
ethyl y-keto-y-(p-phenoxyphenyl)butyrate
ethyl y-keto-y-(p-phenyithiophenyl)butyrate
ethyl y-keto-y-(o-phenylaminophenyl)butyrate
ethyl y-keto-y-(p-phenylaminophenyl)butyrate
ethyl y-keto-y-(p-benzoylphenyl)butyrate

ethyl y-keto-y-[p-(2-thienyl)phenyl]butyrate
ethyl y-keto-y-[p-(3-furyl)phenyl]butyrate
ethyl y-keto-y-[p-(2-pyridyl)phenyl]butyrate
ethyl y-keto-y-[p-(4-pyridyl)phenyl]butyrate
ethyl y-keto-y-[p-(2-pyrazinyl)phenyl]butyrate
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ethyl y-keto-y-[p-(2-pyrimidinyl)phenyl]butyrate
ethyl y-keto-y-[p-(3-pyridaziny!)phenyl]butyrate

ethyl y-keto-y-[p-(2-triazinyl)phenyl]butyrate
ethyl y-keto-y-[p-(2-imidazoyl)phenyl]butyrate
ethyl y-keto-y-[p-(1-pyrazolyl)phenyl]butyrate

60

ethyl y-keto-y-[p-(2-imidazolin-4-

yl)phenyl]butyrate

ethyl vy-keto-y-[p-(2-imidazolidinyl)phenyl]butyrate
ethyl y-keto-y-[p-(1-pyrazolidinyl)phenyl]butyrate
ethyl y-keto-y-[p-(2-pyrrolidinyl)phenyl]butyrate 65
ethyl y-keto-y-{p-(2-piperidinyl)phenyl]butyrate

ethyl y-keto-y-[p-(4-piperidiny!)phenyl]butyrate

ethyl y-keto-y-[p-(1-piperazinyl)phenyl]butyrate

: 68

ethyl y-keto-y-[p-(2-piperazinyl)phenyl)butyrate

ethyl y-keto-y-[p-(3-morpholinyl)phenyl}butyrate

ethyl y-keto-y-[p-(4- morpholmyl)phenyl]butyratc

C. When 2-chlorobiphenyl is replaced in the above
example by the compounds of Table IIl and malonyl
chloride methyl ester is replaced by the compounds of
Table II then the corresponding product is prepared.

EXAMPLE 11
Ethyl y-keto-y-(2'-chloro-4-biphenylyl)butyrate

Reaction of vy-keto-y-(2’-chloro-4-
biphenylyl)butyric acid with absolute ethanol contain-
ing a small amount of anhydrous hydrochloric acid re-
sults in ethyl y-keto-y-(2'-chloro-4-
biphenylyl)butyrate.

Ethyl
y-hydroxy-y-methyl-y-(2’-chloro-4-
biphenylyl)butyrate

A solution of methylmagnesium iodide is prepared
from 6.7 g. (0.047 mole) of methyl iodide, 1.24 g.
(0.051 g-atom) of magnesium turnings and 40 ml. of
anhydrous ether. This solution is added over a period
of I hour to a solution of (0.05.mole) of ethyl y-keto-y-
(2’-chloro-4-biphenylyl) butyrate. The addition is car-
ried out with vigorous stirring at 0°-5°C. The mixture
is then allowed to warm to room temperature over 10
hours. The mixture is poured into an ice-cold solution
of 0.2 M-sulfuric acid. The ether layer is separated, ex-
tracted with 1% sulfuric acid, dried over magnesium
sulfate, filtered and evaporated to obtain ethyl y-hydro-
xy-y-methyl-y-(2'-chloro-4-biphenylyl)butyrate.

A. When vy-hydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid in the above example is re-
placed by the keto butyric acids or esters of this inven-
tion, then the corresponding products are obtained.

B. When the Grignard reagent used is ethylmag-
nesium iodide, propylmagnesium iodide or butylmag-
nesium iodide then the corresponding product is pre-
pared.

EXAMPLE 12
vy-Hydroxy-(2’-chloro-4-biphenylyl)butyric acid

To a suspension of  <y-keto-(2'-chloro-4-
biphenylyl)butyric acid 8.64 g. (0.031 mole) in 300 ml.
of 90% ethanol is added 1 ml. of 0.1M ferrous sulfate
solution followed by 0.5 g. of platinum oxide catalyst.
The mixture is shaken with hydrogen for 3% hours. The
catalyst is filtered off. The filtrate is distilled under re-
duced pressure to yield vy-hydroxy(2'-chloro-4-
biphenylyl)butyric acid. .

Ethyl y-hydroxy-y-(2'-nitro-4-biphenylyl)butyrate

A sodium borohydride solution (1.142 g., 0.302 mole
in 13 mil. of water containing | drop of 10 N sodium hy-
droxide) is added dropwise to a stirred solution of 0.06
mole of ethyl y-keto-y-(2’-nitro-4-biphenylyl) buty-
rate, methanol (50 ml.) and water (5 ml.) cooled in an
ice-water mixture. The solution is partially neutralized
with urea-active acid solution (15 ml. each of acetic
acid and urea 0.041 mole). The pH after the addition
is near neutral. The pH is then adjusted to acidic by ad-
dition of 18 N sulfuric acid (2.8 ml.). The product is ex-
tracted with ether, washed with 2 X 25 ml. of saturated
sodium bisulfite and then dried over anhydrous sodium
sulfite for 2 hours. The drying agent is removed and the
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y-hydroxy-y-methyl-y-(2'-chloro-4-
biphenylyl)butyric acid
y-hydroxy-y-methyl-y-(2'-nitro-4-biphenylyl)butyric
acid
y-hydroxy-y-methyl-y-(2'-bromo-4-
biphenylyl)butyric acid
y-hydroxy-y-methyl-y-(4’-nitro-4-biphenylyl)butyric
acid

69

solvent is then removed to obtain ethyl y-hydroxy-vy-
(2'-nitro-4-biphenylyl)butyrate.

A. When +y-keto-y-(2'-chloro-4-biphenylyl)butyric
acid and y-keto-y-(2'-nitro-4-biphenylyl)butyric acid
arc replaced in the above procedures by the ketobu- 5
tyric acids or esters of Examples 10 and 11, then the
corresponding products are obtained. A representative
list of the products thus prepared is shown in Table I,

below. y-hydroxy-y-methyl-y-(4'-chloro-4-
10 biphenyly!l)butyric acid
TABLE 1 v-hydroxy-y-methyl-y-(4'-bromo-4-
y-hydroxy-y-(4'-chloro-4-biphenylyl)butyric acid biphenylyl)butyric acid
y-hydroxy-y-(4’-nitro-4-biphenylyl)butyric acid v-hydroxy-y-methyl-y-(2-chloro-4-
y-hydroxy-y-(4'-methyl-4-biphenylyl)butyric acid biphenylyl)butyric acid
y-hydroxy-y-(2'-methyl-4-biphenylyl)butyric acid 15 y-hydroxy-y-methyl-y-(2-nitro-4-biphenylyl)butyric

acid
y-hydroxy-y-methyl-y-(2-bromo-4-
biphenylyl)butyric acid
y-hydroxy-y-methyl-y-(4-i-propylphenyl)butyric

v-hydroxy-y-(2-chloro-4-biphenylyl)butyric acid
v-hydroxy-y-(2-nitro-4-biphenylylybutyric acid
y-hydroxy-y-(2-bromo-4-biphenylyl)butyric acid
a-methyl-y-hydroxy-y-(2'-chloro-4-

biphenylyl)propionic acid 20 acid
B-methyl-y-hydroxy-y-(2'-chloro-4- y-hydroxy-y-methyl-y-(4-cyclohexylphenyl)butyric

biphenylyl)butyric acid acid
y-methyl-y-hydroxy-y-(2'-chloro-4- y-hydroxy-y-methyl-y-[4-(1-pyrrolyl)phenyl]butyric

biphenylyl)butyric acid acid
a,B-dimethyl-y-hydroxy-y-(2'-chloro-4- 25 EXAMPLE 13

biphenylyl)butyric acid
v-hydroxy-y-(4-tolyl)butyric acid . Ethyl
y-hydroxy-y-(4-i-propylphenyh)butyric acid a-hydroxy-y-(3-chloro-4-cyclohexylphenyl)butyrate
y-hydroxy-y-(4-t-butylphenyl)butyric acid Ethyl a-hydroxy-y-(4-cyclohexylphenyl)butyrate
y-hydroxy-y-(4-cyclopentylphenyl)butyric acid 30 0.38 mole and 6.1 g. of iodine (0.048 mole) and dis-
v-hydroxy-y-(4-cycloheptylphenyl)butyric acid solved in 100 ml. of carbon tetrachloride. To this solu-
y-hydroxy-y-(4-cyclohexylphenyl)butyric acid tion is addded a solution of 40.4 g. (0.57 mole) of chlo-
y-hydroxy-y-(4-cyclohex-1-enylphenyl)butyric acid rine dissolved in 365 ml. of carbon tetrachloride over
y-hydroxy-y-(4-phenoxyphenyl)butyric acid a period of 2 hours. During the addition, the tempera-
y-hydroxy-y-(4-phenylthiophenyl)butyric acid 35 ture of the reaction mixture is maintained at 0°C. The
y-hydroxy-y-(4-anilinophenyl)butyric acid mixture is stirred for 3 hours and allowed to stand with
y-hydroxy-y-(2-anilinophenyl)butyric acid gradual warming to room temperature over 15 hours.
y-hydroxy-y-(4-benzoylphenyl)butyric acid The solvent is removed by distillation under reduced
v-hydroxy-y-[4-(2-thienyl)phenyl]butyric acid pressure. The residue is fractionally distilled to obtain
y-hydroxy-y-{4-(3-furyl)phenyl]butyric acid 40 ethyl e-hydroxy-y-(3-chloro-4-cyclohexylphenyl)buty-
v-hydroxy-y-[4-(2-pyridyl)phenyl]butyric acid rate.
7-hydroxy-y-[4-(4-pyridyl-)phenyl]butyric acid A. When bromme is used in place of chlorine in the
y-hydroxy-y-[4-(2-pyrazinyl)phenyl]butyric acid above example then the product obtained is ethyl a-hy-
v-hydroxy-y-[4-(2-pyrimidinyl)phenyl Jbutyric acid droxy-y-( 3-bromo-4-cyclohexylphenyl)butyrate.
y—hydroxy«y-[éi-(3-p).fru§azmyl)phenyl]bqunc_acnd 45 B.In a similar manner the compounds of this inven-
y—hydroxy-y-[4-(2-Fr1azmy1)phenyl]butync' acid tion may be chlorinated or brominated.
y-hydroxy-y-[4-(3-isoxazolyl)phenyl]butyric acid '
y-hydroxy-y-[4-(3-isothiazolyl)phenyl]butyric acid .EXAMPLE 14
y-hydroxy-y-[4-(2H-pyrrol-3-yl)phenyl]butyric acid % Ethyl
y-hydroxy-y-[4-(2-imidazolyl)phenyl]butyric acid g v 3onitro-d- ate
y-hydroxy-y-[4-( 1-pyrazolyl)phenyl Jbutyric acid a-hydroxy-y-(3-nitro-4-cyclohexylphenyl)butyrate
y-hydroxy-y-[4-(2H-pyran-2-yl)phenyl]butyric acid Ethyl a-hydroxy-y-(4-cyclohexylphenyl)butyrate
y-hydroxy-y-[4-( 1-pyrrolyl)phenyl]butyric acid 0.066 mole is added to ice-cold concentrated sulfuric
y-hydroxy-y-[ 4-(2-imidazolin-4-yl)phenylbutyric acid (18 ml.) and stirred with cooling for 5 minutes.

acid 55 Concentrated nitric acid (Sp. G. 1.51) (2.5 ml.) is
y-hydroxy-y-[4-(2-imidazolidinyl)phenyl Jbutyric added dropwise, maintaining the temperature between

acid 30° and 40° by water cooling if necessary. After addi-
y-hydroxy-y-{4-(1-pyrazolidinyl )phenyl]butyric acid tion of the nitric acid is complete, the mixture is stirred
y-hydroxy-y-{4-(2-pyrrolidinyl)phenyl Jbutyric acid for % hour, then poured into water. The mixture is
y-hydroxy-y-[4-(2-pyrrolin-3-yl)phenyl]butyric acid 60 made alkaline with sodium hydroxide, then ex-racted

with ether. The ether extract is washed, dried over so-
dium sulfate, evaporated and the residuc is fractionally
distilled “to obtain ethyl a-hydroxy-y-(3-nitro-4-
cyclohexylphenyl)butyrate.

A. In a similar manner the compounds of this inven-
tion may be nitrated.

y-hydroxy-y-[4-(2-piperidinyl)phenyl]butyric acid
y-hydroxy-y-[4-(4-piperidinyl)phenyl]butyric acid
y-hydroxy-y-[4-( -piperazinyl)phenyl]butyric acid
y-hydroxy-y-[{4-(2-piperazinyl)phenyl]butyric acid
v-hydroxy-y-[4-(3-morpholinyl)phenyl]butyric acid
y-hydroxy-y-[4-(4-morpholinyl)phenyl]butyric acid
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EXAMPLE 15

Ethyl
a-hydroxy-y-(3-trifluoromethyl-4-cyclohexylphenyl)-
butyrate.

To a solution of 0.01 moles of ethyl a-hydroxy-y-(3-
bromo-4-cyclohexylphenyl)butyrate in 50 ml. of di-
methylformamide is added 0.15 moles of trifluoro-
methyl iodide and 0.02 g. of copper powder. The reac-
tion is shaken in a sealed tube for 5 hours at 140°C,
cooled and then filtered and evaporated in vacuo. 200
ml. of water is added to the residue and extracted with
ether. The ether extract is dried, evaporated to dryness
and distilled to obtain ethyl o-hydroxy-y-(3-
trifluoromethyl-4-cyclohexylphenyl)butyrate.

A. In a similar manner the trifluoromethyl com-
pounds of this invention may be prepared.

EXAMPLE 16

. Ethyl v
a-hydroxy-y-(3-amino-4-cyclohexylphenyl)butyrate

A mixture of 0.05 moles of ethyl a-hydroxy-y-(3-
nitro-4-cyclohexylphenyl)butyrate in 100 ml. methanol
containing 0.05 mole citric acid and 1.5 g of 5%
palladium-on-carbon is shaken with hydrogen at 2 atm.
pressure and 27°C -ntil 3 moles of hydrogen are ab-
sorbed. The mixture is filtered, washed with methanol
and the filtrate concentrated in vacuo to obtain ethyl
a-hydroxy-y-(3-amino-4-cyclohexylphenyl)butyrate,
isolated as the citrate salt.

A. In a similar manner the amino compounds of this
invention may be prepared.

EXAMPLE 17

Ethyl a-hydroxy-y-(3-methylamino-4-cyclohexyl-
phenyl)butyrate

To a solution of 0.01 moles of ethyl a-hydroxy-y-(3-
amino-4-cyclohexylphenyl)butyrate in 100 ml. of pyri-
dine is added 0.1 moles of methy! iodide. The reaction
mixture is stirred overnight at room temperature, fil-
tered and concentrated. The residue is distilled to ob-
tain ethyl a-hydroxy-y-(3-methylamino-4-cyclohexyl-
phenyl)butyrate.

A. When 0.01 moles of acetyl chioride is used in
place of methyl iodide in the above example, then the
product prepared is ethyl a-hydroxy-y-(3-acetylamino-
4-cyclohexylphenyl)butyrate.

B. In a similar manner the methylamino and
acetylamino compounds of this invention may be pre-
pared.

EXAMPLE 18

Ethyl
a-hydroxy-y-(3-dimethylamino-4-cyclohexylphenyl)-
. butyrate

A solution of 0.005 moles of ethyl a-hydroxy-y-(3-
nitro-4-cyclohexylphenyl)butyrate and 1.6 ml. of 37%
formaldehyde in SO ml. of methanol is shaken with hy-
drogen over 0.5 g. of 5% palladium-on-charcoal at 42
Ibs. and 27°C until 5 moles of hydrogen are absorbed.
The catalyst is filtered off and the filtrate is evaporated
in vacuo. The residuc is then distilled to obtain ethyl
a-hydroxy-y-(3-:dimethylamino-4-cyclohexylphenyl)-
butyrate.
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A. In a similar manner the dimethylamino com-
pounds of this invention may be prepared.

EXAMPLE 19

Benzyl
a-hydroxy-y-(3-cyano-4-cyclohexylphenyl)butyrate

To 0.1 moles of benzyl a-hydroxy-y-(3-amino-4-
cyclohexylphenyl) butyrate in 35 ml. of 28% hydro-
chloric acid and 100 ml. of cracked ice to maintain the
temperature at 0°C is added a solution of 7.1 g. (0.102
moles) of sodium nitrite in 20 ml. of water. The reac-
tion mixture is then neutralized with sodium carbonate.
This diazonium mixture is added to a cuprous cyanide
solution (prepared from 31.5 g. of copper sulfate and
16.2 of sodium cyanide in 75 ml. of water). 250 ml! of
toluene is also added and the mixture is stirred for %
hour. The reaction is then allowed to stir an additional
2 hours while warming gradually to 50°C. This is then
cooled and the toluene separated, dried over sodium
sulfate and evaporated to dryness to obtain benzyl a-h-
ydroxy-y-(3-cyano-4-cyclohexylphenyl)butyrate.

A. In a similar manner the cyano compounds of this
invention may be prepared.

EXAMPLE 20

Ethyl
a-hydroxy-vy-(3-fluoro-4-cyclohexylphenyl)butyrate

To 0.15 moles of ethyl a-hydroxy-y-(3-amino-4-
cyclohexylphenyl) butyrate is added at 0°C 44 ml. of
1.5 moles of concentrated hydrochloric acid. The reac-
tion mixture is maintained at 0°C and the diazonium
salt is prepared with 23.2 g. (0.32 moles) of 95% so-
dium nitrite in 80 ml. of water. To this mixture is rap-
idly added a solution of 10.4 g. (0.17 moles) of boric
acid dissolved in 22 g. (0.66 moles) of 60% hydroflu-
oric acid. The reaction mixture is then stirred for 1/2
hour and filtered, washed with 3 X 25 ml. of water, 2
X 25 ml. of methanol and 25 ml. of ether. The residual
cake is then treated in vacuo. The trcated cake is then
placed in a distilling flask and heated to permit sponta-
neous decomposition. After the decomposition, the
residue is then fractionally distilled to obtain ethy! a-h-
ydroxy-y-(3-flucro-4-cyclohexylphenyl)butyrate.

A. In a similar manner the fluoro compounds of this
invention may be prepared.

EXAMPLE 21
a-Hydroxy-y-(3-hydroxy-4-cyclohexylphenyl)butyric
acid
To 4.9 g of ethyl a-hydroxy-y-(3-amino-4-

cyclohexylphenyl)butyrate suspension in 125 ml. of
80% hydrochloric acid and cooled to 0°C is added
dropwise a solution of 1.2 g. of sodium nitrite in 15 ml
of water. After about 10 min., 200 ml. of 50% hydro-
chloric acid is added portion wise and stirred for 15
hours. The reaction mixture is then poured onto ice
water and extracted with chloroform, dried over so-
dium sulfate and concentrated in vacuo. The residue is
crystallized  to obtain  a-hydroxy-y-(3-hydroxy-4-
cyclohexylphenyl)butyric acid.

The cthyl ester of the product is formed by reaction
with absolute ethanol containing a smiall amount ol an-
hydrous hydrochloric acid. '

a. In a similar manner the hydroxy compounds of this
invention may be prepared.
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EXAMPLE 22

Ethyl
a-hydroxy-y-(3-methoxy-4-cyclohexylphenyl)butyrate

To a stirred solution of 0.01 moles of sodium hydride
in 25 ml. of dry dimethylformamide which has bcen
cooled to 0°C is added dropwise a solution of 0.01
moles of ethyl a-hydroxy-y-(3-hydroxy-4-cyclohexyl-
phenyl)butyrate in 10 ml. of dimethylformamide. The
reaction is stirred for 15 minutes and 0.015 moles of
methyliodide is then added dropwise. The mixture is
allowed to stir overnight at room tempeérature. 200 ml.
of water is added and the resulting mixture is extracted
well with cther. The ether extract is washed with water,
dried over sodium sulfate, evaporated to dryness and
distilled to obtain ethyl a-hydroxy-y-(3-methoxy-4-
cyclohexylphenyl)butyrate.

methyliodide, When the benzyl ester is used above
and 0.01 moles of acetyl chloride is used in place of
methylthiodide, then the product prepared is benzyl
a-hydroxy-y-( 3-acetyloxy-4-cyclohexylphenyl)buty-
rate.

B. In a similar manner the methoxy and acetyloxy
compounds of this invention may be prepared.

EXAMPLE 23

a-Hydroxy-y-(3-bromo-4-cyclohexylphenyl)butyric

acid

To 0.044 moles of ethyl a-hydroxy-y-(3-amino-4-
cyclohexylphenyl)butyrate suspension in 225 mi. of
40% hydrobromic acid and cooled to 0°C is added
dropwise a solution of 2.34 g. of sodium nitrite in 30
ml. of water. To this mixture is added a solution of 20
g. of cuprous bromide in 350 ml. of 40% hydrobromic
acid added portion wise and stirred for 15 hours. The
reaction mixture is then poured onto ice water, ex-
tracted with chloroform, dried over sodium sulfate and
concentrated in vacuo. The residue is then crystallized
to obtain a-hydroxy-y-(3-bromo-4-cyclohexylphenyl)-
butyric acid.

The ethyl ester of the product is formed by reaction
with absolute ethanol containing a small amount of an-
hydrous hydrochloric acid.

A. In a similar manner the bromo compounds of this
invention may be prepared.

EXAMPLE 24 .
a-Hydroxy-y-(3-iodo-4-cyclohexylphenyl)butyric acid

To 0.05 moles of ethyl a-hydroxy-y-(3-amino-4-
cyclohexylphenyl)butyrate dissolved in a mixture of 50
g. of ice water and .06 moles of concentrated sulfuric
acid at 0°C is added a solution of 0.05 moles of 95% so-
dium nitrite in 8 ml. of water. Stirring is continued for
% hour and then 1.5 ml. of concentrated sulfuric acid
is added. This solution is poured into an ice-cold solu-
tion of 0.06 moles of potassium iodide in 10 ml. of wa-
ter. To this is added 0.075 g. copper bronze with stir-
ring and the solution is warmed slowly on a water bath
to about 80°C for 2 hours. After cooling to room tem-
perature the reaction mixture is extracted thrice with
15 ml. portions of chloroform. This is then washed with
dilute thiosulfate solution, water, dried over sodium
sulfate and evaporated in vacuo. The residue is crystal-
lized to obtain a-hydroxy-y-(3-todo-4-cyclohexyl-
phenyl)butyric acid.

The ethyl ester of the product is formed by reaction
with absolute ethanol containing a small amount of an-
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hydrous hydrochloric acid.
A.In a similar manner the iodo compounds of this in-
vention may be prepared. ‘

EXAMPLE 25
a-Hydroxy-y-(3-mercapto-4-cyclohexylphenyl)butyric
acid
To 19.5 g of ethyl a-hydroxy-y-(3-amino-4-

cyclohexylphenyl)butyrate in 11.1 ml. of concentrated
hydrochloric acid and 20 g. of ice is added 4.1 g. of so-
dium nitrite in 2 ml. of water. This mixture is stirred for
10 min. and then added gradually to an ice cold solu-
tion of 10.3 g. of potassium ethyl xanthate in 14 ml. of
water. The reaction is gradually heated over 45 min. to
50°C and stirred an additional 45 minutes. The mixture
is then cooled, extracted with ether which is then
washed with water, dilute sodium hydroxide and water,
dried over sodium sulfate and evaporated in vacuo. The
residue is dissolved in 35 ml. of boiling ethanol to
which is added gradually 13 g. of potassium hydroxide.
The reaction is refluxed an additional hour and then
evaporated to dryness in vacuo. The residue is dis-
solved in water and extracted with ether. The alkaline
phase is acidified with 6N sulfuric acid and extracted
with ether. The ether is washed with water, dried over
sodium sulfate and evaporated to dryness to obtain a-h-
ydroxy-y-(3-mercapto-4-cyclohexylphenyl)butyric
acid.

The ethyl ester of the product is formed by reaction
with absolute ethanol containing a small amount of an-
hydrous hydrochloric salt.

A. In a similar manner the mercapto compounds of
this invention may be prepared.

EXAMPLE 26

. Ethyl
a-hydroxy-y-(3-methylthio-4-cyclohexylphenyl)buty-
rate

To 3.9 g. of ethyl a-hydroxy-y-(3-mercapto-4-
cyclohexylphenyl)butyrate in 40 ml. of water contain-
ing 0.65 g. of sodium hydroxide is added 2 ml. of di-
methyl sulfate with stirring. The reaction mixture is
gradually warmed to 40°C and stirred-for 2 hours. The

.mixture is cooled and extracted with ether which is

washed with water, dried and evaporated in vacuo. The
residue is distilled to obtain ethyl e-hydroxy-y-(3-
methylthio-4-cyclohexylphenyl)butyrate.

A. When the benzyl ester of a-hydroxy-y-(3-
methylthio-4-cyclohexylphenyl)butyrate is treated with
30% H,0,, then the resultant product is benzyl e-hydr-
oxy-y-(3-methylsulfinyl-4-cyclohexylphenyl)butyrate
or benzyl a-hydroxy-y-( 3-methylsulfonyl-4-cyclohexyl-
phenyl)butyrate.

B. When an equimolar amount of acetyl chloride is
used in place of dimethyl sulfate in the above reaction
along with the benzy! ester, then the product prepared
is  benzyl a-hydroxy-y-(3-acetylthio-4-cyclohexyl-
phenyl)butyrate.

C. In a similar manner the methylthio, methylsulfinyl,
methylsulfonyl and acetylthio compounds of this inven-
tion may be prepared.

EXAMPLE 27
o-Hydroxy-y-(3-chloro-4-cyclohexylphenyl)butyric
acid

To a solution of 0.144 moles of ethyl a-hydroxy-(3-
chloro-4-cyclohexylphenyl)butyrate dissolved in 220
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ml. of isopropanol is added 38 g. (0.7 mole) of potas-
sium hydroxide. This mixture is then heated at reflux
temperature in a nitrogen atmosphere. The solution is
concentrated in vacuo to a viscous oil, which is then
dissolved in 500 ml. of water and filtered. The filtrate
is acidified with 10% HC! and the precipitate is taken
up in ether. The ether layer is dried, filtered and the fil-
trate concentrated to dryness. Recrystallization of resi-
due from benzene-cyclohexane 1:1 gives a-hydroxy-y-
(3-chloro-4-cyclohexylphenyl)butyric acid.

A. In a similar manner the esters of this invention
may be converted to the corresponding acids.

EXAMPLE 28

a-Hydroxy-y-(3-cyano-4-cyclohexylphenyl)butyric

acid ‘

A solution of 0.01 moles of benzyl a-hydroxy-y-(3-
cyano-4-cyclohexylphenyl)butyrate dissolved 'in 100
ml. of acetic acid and containing 0.01 mole of hydro-
gen chloride is shaken with hydrogen over a 5% Pd car-
bon catalyst until 0.01 moles of hydrogen is absorbed.
The catalyst is then filtered and the solution is evapo-
rated to dryness and crystallized to obtain a-hydroxy-y-
(3-cyano-4-cyclohexylphenyl)butyric acid.

A. In a similar manner the acid may be formed from
the benzyl ester of the various cyano, acetylamino,
acetylthio, ‘acetyloxy, methylsulfinyl and methylsul-
fonyl compounds of this invention.

EXAMPLE 29
1 a-Hydroxy-y-(2'-chloro-4-biphenylyl)butyric acid

To a boiling solution of 0.10 mole of cinchonidine in
1 liter of absolute ethanol is added a boiling solution of
0.10 mole of dlI - eahydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid in 500 ml. of absolute ethanok
The solution is stirred briefly then allowed to cool to
room temperature overnight. The precipitate is col-
lected and washed with 2 X 25 ml. of ethanol and air
dried. Recrystallization from isopropanol gives white
needle crystals. This material is hydrolyzed with 200
ml. of 1.2 N-HCI. The white solid is collected, washed
with 3 X 50 ml. water and dried at 55°C. overnight. Re-
crystallization from benzene-cyclohexane 3:2 gives 1
a-hydroxy-y-(2'-chloro-4-biphenylyl)butyric acid.

A. When modifications of the above resolution pro-
cedure is followed but d1 a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid is replaced by an equimolar
amount of the d1 alkanoic acids of this invention, then
the corresponding l-isomer is prepared.

EXAMPLE 30
d-a-Hydroxy-y-(2'-chloro-4-biphenylyl)butyric acid

The combined ethanol and isopropanol filtrates from
Example 29 are evaporated to dryness. This material is
triturated with 1 liter of boiling acetone. The material
which does not go into solution is filtered off. The fil-
trate is evaporated to dryness-and hydrolyzed with 100
ml. of 1.2 N-HCI. The precipitate is collected, washed
with 3 X 25 ml. of water, and dried at 55°C. Recrystalli-
zation from benzene-cyclohexane 3:2 gives d a-hydrox-
y-y-(2'-chloro-4-biphenylyl)butyric acid.

A. When modifications of the above resolution pro-
cedure is followed but d1 a-hydroxy-y-(2’-chloro-4-
biphenylyl)butyric acid is replaced by an equimolar
amount of the dl alkanoic acids of this invention, then
the corresponding d-isomer is prepared.
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EXAMPLE 31

a-Hydroxy-y-(2'-chloro-4-biphenylyl)butyric acid,
sodium salt

A solution of 12.4 g. of sodium bicarbonate in 135
ml. of water is added dropwise to a stirred solution of
0.164 moles of a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid in 150 ml. of methanol. The
solvent is removed in vacuo and the residue is dried by
repeated distillations with anhydrous ethanol. The crys-
talline residue is- triturated with ether (100 ml.), col-
lected and washed with ether. The residue.is dried in a
vacuum desiccator to obtain a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid, sodium salt.

A. When sodium bicarbonate in the above reaction
is replaced by an equimolar amount of the compounds
listed below, then the corresponding salt is prepared.

sodium hydroxide

calcium hydroxide

magnesium bicarbonate

potassium hydroxide

potassium carbonate

B. When the acid compounds of this invention are
used in the above reaction, the corresponding salt is
prepared.

EXAMPLE 32

a-Hydroxy-y-(2'-chloro-4-biphenylyl) butyric acid
acid, diethylammonium salt

Anhydrous diethylamine (0.11 moles) is added drop-
wise to a stirred solution of a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyric acid (0.10 moles) in 100 ml. of n-
hexane at 0°C. The precipitated diethylammonium salt
is collected on a filter washed with n-hexane and dried
in a vacuum desiccator to obtain a-hydroxy-y-(2’'-
chloro-4-biphenylyl)butyric acid, diethylammonium
salt. . :

A. When diethylamine in the above reaction is re-
placed by an equimolar amount of the compounds be-
low, then the corresponding product is prepared.

dimethylamine

B-hydroxyethylamine

piperazine

piperidine

‘a-methylbenzylamine

cyclohexylamine

triethylamine

phenethylamine

B. When the acid compounds of this invention are
used in the reaction, then the corresponding saltis pre-
pared.

EXAMPLE 33

N-isopropyl
a-hydroxy-y-(2'-chloro-4-biphenylyl)butyramide

Ethyl a-hydroxy-y-(2’'-chloro-4-biphenylyl)butyrate
0.1 mole is stirred with 20 ml. of isopropylamine at
about 35°C with stirring overnight and the temperature
is then raised to reflux for 28 hours. The reaction mix-
ture is evaporated in vacuo and the residue distilled to
obtain . N-isopropyl a-hydroxy-y-(2'-chloro-4-
biphenyly!)butyramide.

A. When isopropylamine in the above reaction is re-
placed by an equimolar amount of the compound be-
low, then the corresponding product is prepared.

diethylamine

ethylmethylamine
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t-butylamine

cyclopropylamine

isothiazolidine

piperidine

morpholine

N-methylpiperazine

N-methylhomopiperazine

When isopropylamine in the above reaction is re-
placed by ammonia, methylamine or dimethylamine
and the reaction carried out in a bomb at 150°C, then
the product prepared is a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyramide, -N-methyl o-hydroxy-y-(2'-
chloro-4-biphenylyl)butyramide or N,N-dimethyl a-hy-
droxy-y-(2'-chloro-4-biphenylyl)butyramide.

B. When the acid compounds of this invention are
used in the above reaction, then the corresponding
amide is prepared.

EXAMPLE 34
Ethyl a-chloro-y-(2'-chloro-4-biphenylyl)butyrate

A mixture of 0.747 mole of ethyl a-hydroxy-y-(2'-
chloro-4-biphenylyl)butyrate is stirred with 106.67 g.
(0.895 mole) of thionyl chloride at room temperature
for 24 hours and then heated to reflux for 6 hours. The
cold reaction mixture is poured into 1125 ml. of ice-
cold water with stirring. The mixture is extracted with
800 ml. of ether. The ethereal solution is washed with
450 ml. of cold saturated sodium hydrocarbonate solu-
tion followed by washing twice, each time with 250 ml.
of cold water. The ethereal solution is dried over anhy-
drous sodium sulfate and filtered. The solvent is re-
moved in vacuo to obtain ethyl a-chloro-y-(2'-chloro-
4-biphenylyl)butyrate.

A. When ethyl a-hydroxy-y-(2'-chloro-4-
biphenylyl)butyrate is replaced in the above procedure
by the hydroxy butyrates of Examples 10-28, then the
corresponding chloro butyrates are prepared. A repre-
sentative list of the products thus prepared is shown in
Table I, below.

TABLE 1

ethyl B-chloro-y-(4'-chloro-4-biphenylyl)butyrate
ethyl B-chloro-y-(4'-nitro-4-biphenylyl)butyrate
ethyl 8-chloro-y-(2'-ch-oro-4-biphenylyl)butyrate
ethyl B-chloro-y-(2'-nitro-4-biphenylyl)butyrate
ethyl B8-chloro-y-(2-chloro-4-biphenylyl)butyrate
ethyl B-chloro-y-(2-nitro-4-biphenylyl )butyrate
ethyl y-chloro-y-(4'-chloro-4-biphenylyl)butyrate
ethyl y-chloro-y-(4’-nitro-4-biphenylyl)butyrate
ethyl y-chloro-y-(2’-chloro-4-biphenylyl)butyrate
ethyl y-chloro-y-(2'-nitro-4-biphenylyl)butyrate
ethyl y-chloro-y-(2-chloro-4-biphenylyl)butyrate
ethy!l y-chloro-y-(2-nitro-4-biphenylyl) butyrate
ethyl a-chloro-y-(4'-chloro-4-biphenylyl)butyrate
ethyl a-chloro-y-(4'-nitro-4-biphenylyl)butyrate
ethyl a-chloro-y-(2'-chloro-4-biphenylyl)butyrate
ethyl a-chloro-y-(2’-nitro-4-biphenylyl)butyrate
ethyl a-chloro-y-(2-chloro-4-biphenylyl)butyrate
ethy! a-chloro-y-(2-nitro-4-biphenylyl)butyrate
ethyl a-chloro-a-methyl-y-(2'-chloro-4-
biphenylyl)butyrate
ethyl a-chloro-B-methyl-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl
biphenylyl)butyrate
ethyl

a-methyl-B-chloro-y-(2'-chloro-4-
biphenylyhbutyrate =~ . .- "

a-chloro-y-methyl-y-(2'-chloro-4-
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ethyl B-chloro-B-methyl-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl B-chloro-y-methyl-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl y-chloro-y-methyl-y-(4’-chloro-4-
biphenylyl)butyrate

ethyl y-chloro-y-methyl-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl y-chloro-y-methyl-y-(2-chloro-4-
biphenylyl)butyrate

ethyl a,y-dimethyl-y-chloro-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl B,y-dimethyl-y-chloro-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl a,B-dimethyl-y-chloro-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl a,B,a-trimethyl-y-chloro-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl a-methyl-B-chloro-8-(2'-chloro-4-
biphenylyl)butyrate

ethyl a-methyl-y-chloro-y-(2’'-chloro-4-
biphenylyl)butyrate

ethyl B-methyl-y-chloro-y-(2'-chloro-4-
biphenylyl)butyrate

ethyl y-chloro-y(p-i-propylphenyl)butyrate

ethyl y-chloro-y-(p-t-butylphenyl)butyrate

ethyl y-chloro-y-(p-cyclohexylphenyl)butyrate

ethyl y-chloro-y-(p-cyclohex-1-enylphenyl)butyrate

ethyl y-chloro-y-(p-phenoxyphenyl)butyrate

ethyl y-chloro-y-(p-phenylthiophenyl)butyrate =

ethyl y-chloro-y-(p-phenylaminophenyl)butyrate

ethyl y-chloro-y-[p-( 2-thienyl)phenyl}butyrate

ethyl y-chloro-y-[p-(3-furyl)phenyl Jbutyrate

ethyl y-chloro-y-[p-(2-pyridyl)phenyl}butyrate

ethyl y-chloro-y-[ p-(4-pyridyl)phenyl]butyrate

ethyl y-chloro-y-[p-( 1-pyrrolyl)phenyl]butyrate

ethyl y-chloro-y-[p-( I-piperazinyl)phenyl]butyrate

ethyl y-chloro-y-[p-(3-morpholinyl)phenylibutyrate

ethyl a-chloro-y-(p-t-butylphenyl)butyrate

ethyl a-chloro-y-(p-cyclohexylphenyl)butyrate

ethyl a-chloro-y-(p-phenylthiophenyl)butyrate

ethyl a-chloro-y-[p-( 2-thieny!)phenyl]butyrate

ethyl a-chloro-y-[p-(4-pyridyl)phenyl]butyrate

ethyl B-chloro-y-(p-i-propylphenyl)butyrate

ethyl B-chloro-y-(p-cyclohexylphenyl)butyrate

ethyl B-chloro-y-(p-benzoylphenyl)butyrate

ethyl B-chloro-y-[p-(3-morpholinyl)phenyl]butyrate

ethyl a-chloro-a-methyl-y-(p-cyclohexylphenyl)bu-

tyrate
ethyl a-chloro-B-methyl-y-(p-cyclohexylphenyl)bu-
tyrate
ethyl a-chloro-y-methyl-y-(p-cyclohexylphenyl)bu-
tyrate
ethyl a-methyl-8-chloro-y-(p-cyclohexylphenyl)bu-
tyrate
ethyl B-chloro-B-methyl-y-(p-cyclohexylphenyl)bu-
tyrate
ethyl B-chloro-y-methyl-y-(p-cyclohexylphenyl)bu-
tyrate
ethyl a-chloro-y-(3-chloro-4-cyclohexylphenyl)buty-
rate
ethyl B-chloro-y-(3-chloro-4-cyclohexylphenyl)buty-
rate
ethyl a-chloro-a-methyl-y-(3-nitro-4-t-butylphcnyl)-
butyrate
ethyl  B-chloro-B-methyl-y-(3-fluoro-4-cyclohexyl-

.- _phenyl)butyrate. - .
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ethyl! a-methyl-B-chloro-y-(3-chloro-4-i-propyl-
phenyl)butyrate

ethyl y-chloro-y-methyl-y- (p-t-butylphenyl)butyrate

ethyl y-chloro-y-methyl-y-(p-cyclohexylphenyl)bu-
tyrate

ethyl y-chloro-y-methyl-y-[p-(3-furyl)phenyl]buty-
rate

ethyl a,y-dimethyl-y-chloro-y-(p-cyclohexylphenyl)-
butyrate

ethyl B,y-dimethyl-y-chloro-y-(p-cyclohexylphenyl)-

butyrate

ethyl a,B8-dimethyl-y-chloro-y-(p-cyclohexylphenyl)-
butyrate

ethyl a,,y-trimethyl-y-chloro-y-(p-cyclohexyl-
phenyl)butyrate

ethyl a-methyl-8-chloro-8-(p-cyclohexylphenyl)pro-
pionate

ethyl a@-methyl-y-chloro-y-(p-cyclohexylphenyl)bu-
tyrate

ethyl Bmethyl-‘y-chloro-y-(p-cyclohcxylphenyl)bu-

tyrate

ethyl y-chloro-y-(3-nitro-4-t- butylphenyl)butyratc

ethyl y-chloro-y-( 3-trifluoromethyl-4-cyclohexyl-
phenyl)butyrate

ethyl y-chloro-y-methyl-y-(3-bromo-4-phenoxy-
phenyl)butyrate

ethyl a-chloro-2-phenylaminophenylbutyrate

ethyl B-chloro-2-phenylaminophenylbutyrate

ethyl y-chloro-2-phenylaminophenylbutyrate

ethyl a-chloro-y-(3-chloro-4-cyclohexylphenyl)buty-
rate

ethyl a-chloro-y-(3-bromo-4-cyclohexylphenyl)bu-
tyrate

ethyl a-chloro-y-(3-nitro-4-cyclohexylphenyl)buty-
rate

ethyl  a-chloro-y-(3-trifluoromethyl-4-cyclohexyl-
phenyl)butyrate

ethyl a-chloro-y-(3- dlmethylammo -4-cyclohexyl-
phenyl)butyrate

ethyl a-chloro-y-(3-cyano-4-cyclohexylphenyl)buty-
rate

ethyl a-chloro-y-(3-fluoro-4-cyclohexylphenyl)buty-
rate

ethyl  a-chloro-y-(3-methoxy-4-cyclohexylphenyl)-
butyrate

ethyl a-chloro-y-(3-iodo-4-cyclohexylphenyl)buty-
rate

ethyl a-chloro-y-(3-methylthio-4-cyclohexylphenyl)-
butyrate

ethyl B8-chloro-y-(3-chloro-4-cyclohexylphenyl)buty-
rate

ethyl B-chloro-y-(3-bromo-4-cyclohexylphenyl)bu-
tyrate

ethyl B-chloro-y-(3-nitro-4-cyclohexylphenyl)buty-
rate

ethyl  B-chloro-y-(3-trifluoromethyl-4-cyclohexyl-
phenyl)butyrate

ethyl B-chloro-y-(3-dimethylamino-4-cyclohexyl-
phenyl)butyrate

ethyl B-chloro-y-(3-cyano-4-cyclohexylphenyl)buty-
rate

ethyl B-chloro-y-(3-fluoro-4-cyclohexylphenyl)buty-
rate
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ethyl B-chloro-y-(3-methylthio-4-cyclohexylphenyl)-
butyrate

ethyl y-chloro-y-(3-chloro-4-cyclohexylphenyl)buty-
rate

ethyl y-chloro-y-(3-bromo-4-cyclohexylphenyl)buty-
rate ‘

ethyl vy-chloro-y-(3-nitro-4-cyclohexylphenyl)buty-
rate

ethyl y-chloro-y-(3-trifluoromethyl-4-cyclohexyl-

phenyl)butyrate

ethyl y-chloro-y-(3-dimethylamino-4-cyclohexyl-
phenyl)butyrate

ethyl y-chloro-y-(3-cyano-4-cyclohexylphenyl)buty-
rate

ethyl y-chloro-y-(3-fluoro-4-cyclohexylphenyl)buty-
rate

ethyl  y-chloro-y-(3-methoxy-4-cyclohexylphenyl)-
butyrate

ethyl y-chloro-y-(3-iodo-4-cyclohexylphenyl)buty-
rate

ethyl y-chloro-y-(3-methylthio-4-cyclohexylphenyl)-
butyrate

EXAMPLE 35

When the procedurc of Example 34 is followed but
ethyl a-hydroxy-y-(2'-chloro-4-biphenylyl)butyrate is
replaced by the amides of Example 33, then the corre-
sponding chlorobutyramide product is prepared.

When the dl, d and ] butyramides of this invention are
used in the above reaction, then the corresponding
amide is prepared.

EXAMPLE 36 )
a-Chloro-y-(2'-chloro-4-biphenylyl)butyric acid

A mixture of 0.167 moles of ethyl a-chloro-y-(2’'-
chloro-4-biphenylyl)butyrate and 160 ml. of glacial
acetic acid containing 40 ml. of 37% hydrochloric acid
is refluxed for 20 hours. The mixture is concentrated
under reduced pressure to give a gummy residue. The
latter material is dissolved in 300 ml. of n-hexane,
washed with ice-cold water (100 ml. total), dried over
sodium sulfate and filtered. The hexane is removed to
give a-chloro-y-(2'-chloro-4-biphenylyl)butyric acid.

In a similar manner the esters of this invention may
be converted to the corresponding acids.

EXAMPLE 37

a-Chloro-y-(2'-chloro-4-biphenylyl)butyric acid,
sodium salt

A solution of 12.4 g. of sodium bicarbonate in 135
ml. water is added dropwise to a stirred solution of
0.164 moles of a-chloro-y-(2'-chloro-4-
biphenylyl)butyric acid in 150 cc. of methanol. The
solvent is removed in vacuo and the residue is dried by
repeated distillations with anhydrous ethanol. The crys-
talline residue is triturated with ether (100 cc.), col-
lected on a filter, and washed with ether. Drying in a
vacuum desiccator affords a-chloro-y-(2'-chloro-4-
diphenylyl)butyric acid, sodium salt.

A. When an equimolar amount of sodium bicarbon-
ate in the above reaction is replaced by the compounds
below, then the corresponding salt is prepared.

sodium hydroxide -

calcium hydroxide

magnesium bicarbonate



3,867,434

81
potassium hydroxide
potassium carbonate
B. When the chloro alkanoic acid compounds of this
invention are used in the above reaction, then the cor-
responding salt is prepared.

EXAMPLE 38

a-Chloro-y-(2’-chloro-4-biphenylyl)butric acid,
dimethylammonium salt

Anhydrous diethylamine (0.11 moles) is added drop-
wise to a stirred solution of a-chloro-y-(2'-chloro-4-
biphenylyl)butyric acid (0.10 moles) in 100 ml. of n-
hexane at 0°C. The precipitate is collected on a filter,
washed with n-hexane, and dried in a vacuum desicca-
tor to obtain a-chloro-y-(2'-chloro-4-
biphenylyl)butyric acid, diethylammonium salt.

A. When diethylamine in the above reaction is re-
placed by an equimolar amount of the compounds be-
low, then the corresponding product is prepared.

dimethylamine

B-hydroxyethylamine

piperazine

piperidine

a-methylbenzylamine

cyclohexylamine

triethylamine

phenethylamine

B. When the chloro alkanoic acid compounds of this
invention are used in the above reaction, then the cor-
responding salt is prepared. '

EXAMPLE 39

N-isopropy!
a-chloro-y-(2'-chloro-4-biphenylyl)butyramide

A mixture of 5.2 g. (0.016 moles) of ethyl a-chloro-
y-(2'-chloro-4-biphenylyl)butyrate and 5.5 ml. of an-
hydrous isopropylamine are stirred over Linde 4A mo-
lecular sieve for 16 hours at room temperature. The re-
action mixture is taken up in ether and washed three
times with 15 ml. of 10% hydrochloric acid. The ether
layer is dried over sodium sulfate, filtered, and the
ether is removed. The residue is triturated with n-
hexane and the precipitate is collected to obtain N-
isopropyl a-chloro-y-(2’-chloro-4-
biphenylyl}butyramide.

A. When isopropylamine in the above reaction is re-
placed by an equimolar amount of the amines listed be-
low, then the corresponding product is prepared.

diethylamine

ethylmethylamine

t-butylamine

cyclopropylamime

N-methylhomopiperazine

isothiazolidine

piperidine

morpholine

N-methylpiperazine

C. When the chloro butyrates of this invention are
used in the above procedure, then the corresponding
products are prepared.

EXAMPLE 40
Ethy! a-bromo-y-(2'-chloro-4-biphenylyl)propionate

To 15.4 g. (0.0476 moles) of ethyl a-hydroxy-y-(2'-
chloro-4-biphenylyl)butyrate there is added slowly
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with stirring at 40°-50°C 23 g. (0.053 moles) of phos-
phorus pentabromide. The mixture is stirred at room
temperature for 16 hours, then diluted with 70 ml. of
petroleum ether, and poured into 125 ml. of ice-cold
water. The organic phase is separated, washed with sat-
urated aqueous sodium hydrogen carbonate solution,
dried over anhydrous sodium sulfate, filtercd and the
solvent removed ‘in vacuo to obtain cthyl a-bromo-y-
(2'-chloro-4-biphenylyl)butyrate.

A. In a similar manner the hydroxy butyrates or hy-
droxy butyramides of this invention may be converted
to the corresponding bromo butyrates or bromo
butyramides.

EXAMPLE 41

When the bromo butyrates of this invention are hy-
drolyzed according to the procedure of Example 36,
then the corresponding bromo butyric acid compounds
are prepared.

EXAMPLE 42

When the bromo butyric acid compounds of this in-
vention are reacted according to the procedures of
37-38, then the corresponding bromo butyric acid salts
are prepared.

EXAMPLE 43
Ethyl a-fluoro-y-(2’-chloro-4-biphenylyl)butyrate

A mixture of 0.33. moles of ethyl a-bromo-y-(2'-
chloro-4-biphenylyl)butyrate is vigorously stirred at
130°-140°C with 29 g. (0.5 moles) of potassium fluo-
ride in 100 ml. of ethylene glycol for 12 hours. The re-
action mixture is cooled and 400 ml. of water is added
and the crude product separates. The aqueous glycol
mixture is extracted with ether, the ether is then dried,
evaporated to dryness and upon distillation results in
ethyl a-fluoro-y-(2’-chloro-4-biphenylyl)butyrate.

A. When the above procedure is followed using the
various bromo butyrates and butyramides of this inven-
tion, then the corresponding fluoro butyrates and
fluoro butyramides are prepared.

EXAMPLE 44

When the fluoro butyrates of Example 43 are hydro-
lyzed according to the procedure of Example 36, then
the corresponding fluoro butyric acid compounds are
prepared.

EXAMPLE 45

When the fluoro butyric acid compounds of this in-
vention are reacted according to the procedures of Ex-
amples 37-38, then the corresponding fluoro butyric
acid salts are prepared.

EXAMPLE 46
Ethyl a-iodo-y-(2'-chloro-4-biphenylyl)butyrate

A mixture of 0.1 moles of ethyl a-bromo-y-(2’-
chloro-4-biphenylyl) butyrate and 150 gl. of sodium io-
dide in 1 liter of anhydrous acetone is refluxed for 4
hours. The reaction mixture is then evaporated to dry-
ness and extracted with ether. The ether is then washed
with water, dried and evaporated to dryness to obtain
ethyl a-iodo-y-(2'-chloro-4-biphenylyl) butyrate.

A. When the above procedure is followed using the
various bromo butyrates and bromo butyramides of this
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invention, then the corresponding iodo butyrates and
iodo butyramides are prepared.

EXAMPLE 47

When the iodo butyrates of Example 46 are hydro-
lyzed according to the procedure of Example 36, then
the corresponding iodo butyric acid compounds are
prepared.

EXAMPLE 48

When the iodo butyric acid compounds are reacted
according to the procedures of Examples 37-38, then
the corresponding iodo butyric acid salts are prepared.

- EXAMPLE 49
a-Mercapto-y-(2’-chloro-4-biphenylyl)butyric acid

A mixture of 0.05 moles of a-chloro-y-(2'-chloro-4-
biphenylyl) butyric acid and 5 g. of sodium hydrosul-
fide in 100 ml. of absolute ethanol and under a nitrogen
-atmosphere is stirred for 15 hours. The mixture is then
acidified with 6 N hydrochloric acid. The solvent is re-
moved in vacuo and the residue is extracted into ether,
washed with water, saturated sodium chloride solution,
dried and evaporated to dryness to obtain a-mercapto-
v-(2’-chloro-4-biphenylyl)butyric acid.

A. When the chloro butyric acids, chloro butyrates
and chloro butyramides of this invention are used in the
above reaction, then the corresponding mercapto bu-
tyric acids, mercapto butyrates and mercapto butyra-
mides are prepared.

EXAMPLE 50
a-Methylthio-y-(2'-chloro-4 -biphenylyl)butyric acid

Methyl mercaptan is bubbled into a solution of 18.4
g. of potassium t-butoxide in 100 ml. of t-butanol for %
hours and under a nitrogen atmosphere. To this is
added 0.041 moles of a-chloro-y-(2'-chloro-4-
biphenylyl)butyric acid in 60 ml. of dry tetrahydro-
furan. The mixture is then refluxed for 3 hours and al-
lowed to stir at room temperature for 15 hrs, acidified
with 30 ml. of 6 N hydrochloric acid. The solvent is re-
moved in vacuo and the residue extracted into ether,
washed with water, saturated sodium chloride solution,
dried and evaporated to dryness to obtain a-methylthi-
o0-y-(2’-chloro-4-biphenylyl)butyric acid.

A. When the chloro butyric acids, chloro butyrates

and chloro butyramides of this invention are used in the
above reaction, then the corresponding methylthioalk-
anoic acids, methylthioalkanoates and methylthioalk-
anoamides are prepared.

EXAMPLE 51
a-Acetylthio-y-(2'-chloro-4-biphenylyl)butyric acid

To a solution of 600 ml. of anhydrous ethanol and 21
g. (0.317 moles) of potassium hydroxide is added 45
ml. of thioacetic acid dropwise. To this mixture is then
added 79 g. (0.244 moles) of a-chloro-y-(2'-chloro-4-
biphenylyl)butyric acid and stirring is continued for 15
hours. The solid which forms is filtered off and washed
with ethanol. The filtrate is evaporated to dryness and
the residue is dissolved in 500 ml. of ether and washed
several times with water. Drying the ether and evapora-
tion to dryness results in a-acetylthio-y-(2’-chloro-4-
biphenylyl)butyric acid. '

A. In a similar manner, the a-propionylthio~y-(2'-
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chloro-4-biphenylyl) butyric acid compounds are pre-
pared.

B. When the chloro butyric acids, chloro butyrates
and chlorobutyramides of this invention are uscd in the
above reaction, then the corresponding acctylti-
obutyric acids, acetylthiobutyrates and accetylthi-
obutyramides are prepared.

EXAMPLE 52

a-Benzoylthio-y-(2’-chloro-4-biphenylyl)butyric acid

To 17.4 ml. of 2N alcoholic potassium hydroxide so-
lution (0.035 mole) is added 4.84 g. (0.035 mole) of
thiobenzoic acid. The solution is cooled to room tem-
perature and to this is added in ssmall portions 0.035
mole of a-chloro-y-(2'-chloro-4-biphenylyl)butyric
acid. The reaction mixture is stirred at room tempera-
ture for 25 hours, then the solvent is removed, the resi-
due dissolved in ether, filtered and washed with cold
water. The ethereal solution is then dried over magne-
sium sulfate and evaporated to dryness to obtain a-ben-
zoylthio-y-(2'-chloro-4-biphenylyl)butyric acid.

A. When the chlorobutyric acids, chlorobutyrates
and chlorobutyramides of this invention are used in the
above reaction, then the corresponding benzoylthi-
obutyric acids, benzoylthiobutyrates and benzoylthi-
obutyramides are prepared.

EXAMPLE 53

Ethyl
a-thioacetylthio-y-(2'-chloro-4-biphenylyl)butyrate
A mixture of 0.2 moles of sodium dithioacetate and

0.12 moles of ethyl a-chloro-y-(2'-biphenyl)butyrate
4-biphenylyl)buytrate in 300 ml. of absolute ethanol is
stirred at room temperature for 15 hours. The reaction
mixture is filtered, washed with absolute ethanol and
evaporated to dryness in vacuo. The residue is treated
with ether, filtered and evaporated to obtain ethyl a-th-
ioacetylthio-y-(2'-chloro-4-biphenylyl)butyrate.

A. When the chlorobutyric acids, chlorobutyrates
and chlorobutyramides of this invention arc used in the
above reaction, then the corresponding thioacetylthi-
obutyric acids, thioacetylthiobutyrates and thioacetyl-
thiobutyramides are prepared.

B. When sodium dithioformate is used in the above
procedure in place of sodium dithioacetate then the
product prepared is ethyl oa-thioformylthio-y-(2'-
chloro-4-biphenylyl)butyrate.

v EXAMPLE 54
a-Thiocyanato-y-(2'-chloro-4-biphenylyl)butyric acid

To a solution of 300 ml. of anhydrous ethanol and
0.15 moles of sodium thiocyanate is added 0.12 moles
of a-chloro-y-(2'-chloro-4-bipheénylyl)butyric acid and
stirred for 15 hours. The reaction mixture is filtered
and washed with absolute ethanol. The filtrate is evapo-
rated to dryness, the residue is dissolved in 250 ml of
ether and washed several times with water. The ether
is then dried and evaporated to dryness to obtain a-thi-
ocyanato-y-(2'-chloro-4-biphenylyl)butyric acid.

A. When the chlorobutyric acids, chlorobutyrates
and chlorobutyramides of this invention are used in the
above reaction, then the corresponding thi-
ocyanatobutyric acids, thiocycanatobutyrates and thi-
ocyanatobutyramides are prepared.
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EXAMPLE 55

a-Sulfo-y-(2’'-chloro-4-biphenylyl)butyric acid,
disodium salt

To a solution of 250 ml. of anhydrous ethanol and
0.12 moles of sodium sulfite is added 0.1 moles of a-ch-
loro-y-(2'-chloro-4-biphenylyl) butyric acid, sodium
salt. The reaction mixture is stirred for 15 hours, fil-
tered and the residue worked with ethanol. The filtrate
is evaporated to dryness to obtain a-sulfo-y-(2’-chloro-
4-biphenylyl)butyric acid, disodium salt.

A. When sodium sulfinate is used in the above proce-
dure in place of sodium sulfite, then the product ob-
tained is a-sulfino-y-(2’'-chloro-4-biphenylyl)butyric
acid, disodium salt.

B. When the chlorobutyric acids, chlorobutyramides
of this invention are used in the above reactions, then
the corresponding sulfo and sulfinobutyrates and
butyramides are prepared.

EXAMPLE 56

Ethyl a-thiosulfo-y-(2'-chioro-4-biphenylyl)butyrate,
sodium salt

A mixture of 0.023 moles of ethyl a-chloro-y-(2'-
chloro-4-biphenylyl)butyrate and 5.7 g. of sodium thio-
sulfate pentahydrate in 75 ml. of 40.45 water-alcohol
mixture is refluxed for 2 hours. An additional 0.8 g. of
sodium thiosulfate pentahydrate is then added and re-
fluxing continued another % hour. The reaction mix-
ture is then evaporated to dryness in vacuo, azeotroped
with ethanol and evaporated to dryness in vacuo again.
The residue is triturated with ether, filtered and evapo-
rated to drynes. The residue is then triturated with hex-
ane and the resultant gum is dissolved in alcohol and
evaporated to dryness in vacuo to obtain ethyl
a-thiosulfo-y-(2'-chloro-4 - -biphenylyl)butyrate, so-
dium salt.

A. When the chlorobutyrates and chlorobutyramides
of this invention are used in the above reaction, then
the corresponding thiosulfobutyrates and thiosul-
fobutyramides are prepared. '

EXAMPLE 57
a-Amidinothio-y-(2'-chloro-4-biphenylyl)butyric acid,
hydrochloride

Thiourea 15.2 g. (0.2 moles) is dissolved in 150 ml.
of absolute ethanol and to this is added 35.5 g. (0.11
moles) - of a-chloro-y-(2’-chloro-4-biphenylyl)butyric
acid. The mixture is stirred for 15 hours at 0°C. The
mixture is then filtered to obtain a-amidinothio-y-(2'-
chloro-4-biphenylyl)butyric acid, hydrochloride.

A. When the chlorobutyric acids, esters and amides
of this invention are used in the above procedures, then
the corresponding amidinobutyric acids, esters and am-
ides are prepared.

EXAMPLE 58

a-Ethoxythiocarbamylthio-y-(2’-chloro-4-
biphenylyl)butyric acid

Ethylxanthic acid, potassium salt, 3.63 g. (0.22

moles) is dissolved in 150 ml of absolute ethanol with,

stirring. To this solution is added 0.11 moles of a-chlor-
0-y-(2'-chloro-4-biphenylyl)butyric acid and the mix-
turc stirred for 15 hours. The solid which collects is
separated and washed with absolute ethanol. The solid
is then treated with acetone and the insoluble material
filtered off. the filtrate is concentrated to dryness to ob-
tain a-ethoxythiocarbamylthio-y-(2'-chloro-4-
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biphenylyl) butyric acid.

A. When the chlorobutyric acids. esters and amides
of this invention are used in the above procedure, then
the corresponding ethylxanthylbutyric acids, esters and
amides are prepared.

EXAMPLE 59

a-Ethoxycarbonylthio-y-(2'-chloro-4-
biphenylyl)butyric acid
A solution of a-mercapto-y-(2’-chloro-4-
biphenylyl)butyric acid 0.02 moles in 25 ml. of pyri-
dine is cooled in an ice bath. To this is added dropwise

2.1 ml. (0.022 moles) of ethyl chloroformate. The mix-
ture is basified with 10% sodium bicarbonate solution.

‘The alkaline mixture is worked with ether, then acidi-

fied with 10% hydrochloric acid, washed with ether,
dried and filtered, the solvent is removed and the resi-
due is triturated with hexane to obtain a-ethoxycarbon-
ylthio-y-(2’-chloro-4-biphenylyl)butyric acid.

A. When the mercaptobutyric acids, esters and am-
ides of this invention are used in the above procedure,
then the corresponding ethoxycarbonylthiobutyric
acids, esters and amides are prepared.

EXAMPLE 60

a-Diethylcarbamylthio-y-(2'-chloro-4
-biphenylyl)butyric acid

A solution of a-mercapto-y-(2'-chloro-4-
biphenylyl)butyric acid 0.02 moles in 25 ml. of pyri-
dine is cooled in an ice bath. To this is added dropwise
0.022 moles of diethylcarbamyl chloride. The mixture
is then stirred for 2 hours, diluted with ether and fil-
tered. The mixture is then basified with 10% sodium bi-
carbonate solution. The alkaline mixture is washed
with ether, acidified with 10% hydrochloric acid, ex-
tracted with ether which in turn is washed with'cold wa-
ter, dried and evaporated to dryness. Trituration with
hexane results in a-diethylcarbamylthio-y-(2'-chloro-
4-biphenylyl)butyric acid. .

A. When diethylcarbamylchloride is replaced in the
above procedure by carbamyl chloride (prepared in
situ from potassium cyanate and anhydrous hydrogen
chloride in anhydrous chloroform), ethylcarbamyl
chloride or dimethylcarbamyl chloride, then the prod-
ucts prepared are a-carbamylthio-y-(2’-chloro-4 -bi-
phenylyl)butyric  acid, a-ethylcarbamylthio-y-(2'-
chloro-4-biphenylyl)butyric acid or a-dimethylcarbam-
ylthio-y-(2'-chloro-4-biphenylyl)butyric acid.

B. When the mercaptobutyric acids, esters and am-
ides of this invention are used in the above procedure,
then the corresponding carbamylthiobutyric acids, es-
ters and amides are prepared.

EXAMPLE 61

When the procedure of Example 49 is followed but
diethylcarbonate is replaced by succinic anhydride,
maleic anhydride or phthalic anhydride, then the prod-
ucts prepared are  a-butyrylthio-y-(2'-chloro-4-
biphenylyl)butyric acid, a-butenoylthio-y-(2’-chloro-
4-biphenylyl)butyric acid and a-{0-
carboxybenzoylthio-y-(2'-chloro-4-biphenylyl)butyric
acid.

EXAMPLE 62

When a-methylthio-y-(2'-chloro-4-
biphenylyl)butyric acid is treated with 30% hydrogen
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peroxide, then the resultant product is a@-methylsulfiny- Z is selected from the group consisting of —OH and
l-y-(2’-chloro-4-biphenylyl)butyric acid or a-methylsu- lower alkoxy,
Ifonyl-y-(2'-chloro-4-biphenylyl)butyric acid. said compound being a compound selected from the
I claim: group consiting of y-chloro-y-(2'-chloro-4-biphenylyl)
1. A compound of the formula 5 butyric acid and lower alkyl ester thereof.

4. A compound according to claim 1 of the formula

X ' X
L (e —coz * |
(fH)n-I"(?H)m c 10 f“ I:coz
R‘Y RB Ra. RY 8
Y
15 5. A compound according to claim 1 of the formula
where: ‘ '
R is ' X
phenyl or R |
substituted phenyl where the substituent is Y; CH—C—CH—C0Z
Y is hydrogen, 20 'l .
alkyl having from 1-7 carbon atoms or halo; : Ay 8 lla '
n+m=2; Y :
R ,R  and R  are hydrogen or loweralkyl,
;(ilss l?;é?ogen, 25 6. A compound according to claim 1 of the formula
—OH,
loweralkoxy, X
benzyloxy or R
—OM where M is an alkali, alkaline earth or alumi- —CH—CH—CO0Z
num metal an ammonium salt. 30 ||
2. A compound according to claim 1 of the fomula ‘ v - Ry Rg Ry
f 7. A compound according to claim 2 where
35 Y is hydrogen or halo;
?H)"—-C—(CH).-COZ R ,R and R are hydrogen.
1 8. A compound according to claim 7 where
Ry B Ta Y is 2'-chloro, X is chloro and Z is —OH.
9. A compound according to claim 8 where n = 2.
3. A compound according to claim 2, where 40" 10. A compound according to claim 8 where n = |
nis 0 and m is 2; v and m = 1. .
X is chloro; 11. A compound according to claim 8, where m is 2,
Y is chloro; said . compound being vy-chloro-y-(2'-chloro-4-

R and R are hydrogen; and biphenylyl)butyric acid.
*®
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