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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 signi?cantly 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 at, ,8 or ‘)1 
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 in?ammation conditions. 

I have also found that the compounds of this inven 
tion are effective in the treatment of in?ammation and 
the control of arthritic conditions associated with in 
?ammation. 

l have further found that a, B 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 a, B 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-, ,B- 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 

tron: 

10 

25 

35 

45 

50 

65 

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; 

R i 

(CH)n-(.I——(fH)m-COZ - 1 
Ra Ra 

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, 
kyl, cyano or acetyl: 

Ra , RB and Ry are hydrogen or loweralkyl; 
X is in the a'-, B- or y-position and is halo, mercapto, 
loweralkylthio, acylthio, aroylthio, sulfo, sulfino, 
loweralkylsulfinyl, loweralkylsulfonyl, thioacylthio, 
thiosulfo, thiocyanato, amidinothio, carbamylthio, 
loweralkylcarbamylthio, ' diloweralkylcarba 
mylthio, loweralkoxythiocarbonylthio, loweralkox 
ycarbonylthio, dilowcralkylthiocarbamylthio, 
arloweralkoxycarbonylthio, carboxyaroylthio, car 
boxyacylthio, cyano, amino or substituted amino; 

Z is hydrogen, ——OH, loweralkoxy, arloweralkoxy, 
-NH2, loweralkylamino, diloweralkylamino, cy 
cloloweralkylamino, 

haloloweral 

-n 
v 

(where A is loweralkylidenyl or heteroloweralkylide 
nyl), —NHOH, —NHNH2 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 I may be 
obtained as racemic mixtures of their dextro (+) and 
levorotatory (—) isomers. It is to be understood that 
said d and I isomers as well as the dl mixtures thereof 
are embraces within the scope of this invention. 
More speci?cally, the chemical compounds of this 

invention which have particular usefulness as antiin 
flammatory, analgesic and antipyretic agents are de 
scribed by formulae II-IV: 
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Those compounds whose properties are preferred are 
described by formulae V-Vll: ' ‘ 30 

25 

where Alk is alkyl having 3-7 carbon atoms 40 

where .r is 0-2 
50 

pin-f-t'c'rnm "I 
N I’ It‘l I 55 I 

Those compounds whose properties are even more 
preferred are described by formulae V-Vll where 60 
Y is hydrogen or halo, .r = l and ‘ ‘ 

R0, . R3 and RY are hydrogen. 
Compounds which are most preferred are those 

where X is in the 02- or B-position. r 
A special embodiment of this invention describes a 

method for inhibiting in?ammation and the treatment 
of pain and fever associated with 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 in?ammation indication. This 
method affords relief by the administration of a com 
pound of Formula I 
where 
X is loweralkoxy, loweracyloxy, aroyloxy, car 
bloweralkoityoxy, carbamyloxy, loweralkylcar 
bamyloxy. diloweralkylcarbamyloxy. loweralk 
anesulfonyloxy. benzcnesulfonyloxy. tolucnesul 
fonyloxy, carboxyacyloxy, carboxyaroyloxy. halo. 
mercapto. loweralkylthio. acylthio‘ aroylthio, 
sulfo. sulfino, loweralkylsul?nyl. loweralkylsulfo 
nyl, thioacylthio, thiosulfo. thiocyanato. amidi 
nothio, carbamylthio, loweralkylcarbamylthio. 
diloweralkylcarbamylthio, loweralkoxythiocarho 
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. ‘ ' 

“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 varo 

matic group but preferably phenyl. _ 
“acyl” 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 v6 carbon 
atoms. 
“heteroloweralkylidenyl” refers to a loweralkylide 

nyl hydrocarbon group containing from about 2 to 5 
carbon atoms and having one or morehetero 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 react with 
the carboxyl group to form ammonium salt ofthc struc 
ture given in the formula. The ammonium salts are 
formed with a (l) loweralkylamincs such as methyl 
amine, diethylamine, triethylaminc; (2) hydrox 
yloweralkylamines such as B-hydroxyethylaminc; (3) 
heteroeyclic amines such as Z-aminopyridinc. pipera 
zine, piperidine; (4) aralkylamines such as a-mcthyl 
benzylamine, phenethylamine; (5) cycloalkylamincs 
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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-chlor0-y-(m-t0lyl)butyric acid 
a-chl0r0-y-(p-t0lyl)butyric acid 
a-chl0ro-y-(p-cthylphenyl)butyric acid 
a-chloro/y-(p-propylphenyl)butyric acid 
oz-chl0ro-'y—(p-i-propylphenyl)butyric acid 
oz-chloro-y-(p-butylphenyl)butyric acid 
a-chloro-y-(p-i-butylphenyUbutyric acid 
a-chloro-y~(p~sec-butylphenyl)butyric acid 
oz-chl0ro-y-(p-t-butylphenyUbutyric acid 
a-chloro-y-(p~pentylphenyl)butyric acid 
a-chlor0'y-(p~vinylphenyl)butyric acid 
a-chl0r0-'y~(p-allylphenyl)butyric acid 
a-chloro-‘y-(p-cyclopentylphenyl)butyiic acid 
a~chloro-y-(p_cyclohexylphenyl)butyric acid 
a-chloro-y-(p-cycloheptylphenyl)butyric acid 
a-chlor0-y-(p-cycl0pent~l-enylphenyl)butyric acid 
a-chloro-y-(p-cyclohex~l-enylphenyl)butyric acid 
'oz-chloro-y-(p-cyclohept-l-enylphenyl)butyric acid 
a-chloro-y-(p-cycloheX-3-enylphenyl)butyric acid 
a-chloro-y-(p-cyclohex~l,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-(Z'-chlorobiphenylyl)lbutyric acid 
a-chl0ro1y{p-(3'-chlorobiphenylyl)]butyric acid 
a-chloro-y:[p114’-chlor0biphenylyl)]butyric' acid 
a-chloro-y-[p-(2’-nitr0biphenylyl)lbutyric acid 
oz-chloro-y-(2-chlor0-4~biphcnylyl)butyric acid 
a-chloro-y-(3-chloro-4-biphenylyl)butyric acid 
a-chlor0-7—(2,6-dichl0ro-4-biphenylyl)butyric acid 
a-chl0r0-y-(2-methyl-4-biphenylyl)butyric acid 
a-chloro-y*(2-br0mo-4-biphenylyl)butyric acid 
a-chloro-y-(2-?uor0-4‘biphenylyl)butyric acid 
a-chloro-y-(2-i0d0-4-biphenylyl)butyric acid 
a-chl0ro-y-(2-nitro-4-biphenylyl)butyric acid 
oz-chloro-y~(Z-amin0-4-biphenylyl)butyric acid 
a-chloro-y'(Z-acetylamin0-4-biphenylyl)butyric acid 
a-chloro‘y-(2-ethylamino-4-biphenylyl)butyric acid 
a-chloro-y-(Z-dimethylamin0-4'biphenylyl)butyric 

acid 
a-chloro-y-(2-mercapto-4-biphenylyl)butyric acid 
a-chloro-y-(Z-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-7-(2-hydroxy-4-biphenylyl)butyric acid 
a-chlor0-y-( 2-methoxy-4-biphenylyl)butyric acid 
a-chlor0-y-(2-acetoxy-4-biphenylyl)butyric acid 
a-chl0ro-y-(Z-trifluoromethyl-4-biphenylyl)butyric 

acid 
a-chl0r0-y-(2-cyan0-4-biphcnylyl)butyric acid 
a-chloro-y-(2-acetyl-4-biphenyl)butyric acid 
a-chloro-y-(p-i-butylphenyl)butyric acid 
a-chl0ro-y-(p-cyclohexylphenyl)butyric acid 
a-chl0r0-y-( 3-chlor0-4~cyclohexylphenyl)butyric 

acid 
a-chl0ro-7-( 3-chlor0-4-i-butylphenyl)butyric acid 
a—chloro-a-methyl-y-(p-biphenylyl)butyric acid 
a-chlor0-B-methyl-y-(p~biphenylyl)butyric acid 

45 

55 
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a-chloro-y-methyl-y-(p-biphenylyl)butyric acid 
a-chloro-a,B-dimethyl-y-(p-biphenylyl)butyric acid 
a-chloro—a,y-dimethyl-y-(p-biphenylyl)butyric acid 
a-chloro-?, y-dimethyl-y-(p-biphenylyl)butyric acid 
oz-chloro-a?,y-trimethyl-y-(p-biphenylyl)butyric 

acid 
a-chloro-a-methyl-y-(m-phenoxyphenyl)butyric 
acid 

a-bromo-y-(p-biphenylyl)butyric acid 
aafluoro-y-(p-biphenylyl)butyric acid 
a-iodo-y-(p-biphenylyl)butyric acid 
a-mercapto-y-(p-biphenylyl)butyric acid 
a-mcthylthi0-y-(p-biphenylyUbutyric acid 
oz-acetylthi0=y—(p-biphenylyl)butyric acid 
a-benzoylthio-y-(p-biphenylyl)butyric acid 
a-sulfo-‘y-(p-biphenylyl)butyric acid 
oz-sulfino-y-(p'biphenylyl)butyric acid 
a-methylsul?nyl-y-(p-biphenylyl)butyric acid 
a-methylsulfonyl-y-(p-biphcnylyUbutyric acid 
a-thioacetylthio-y<(p-biphenyl)butyric acid 
a-thi0sulf0-y-(p-biphenylyl)butyric acid 
a-thiocyanat0-y-(p-biphenylyl)butyric acid 
a-amidinothi0—y-(p‘biphenylyl)butyric acid 
a-carbamylthio-y-(p-biphenylyl)butyric acid 
a-ethylcarbamylthio-y-(p-biphenylyl)butyric acid 
a-diethylcarbamylthi0-'y-(p~biphenylyl)butyric acid 
a-mcthoxythi0carb0nylthi0-y-(p-biphcnylyl)butyric 

acid 
a-dimethylthiocarbamylthi0-y-(p-biphenylyl)butyric 

acid ~ ' 

a-benzyloxycarbonylthio-y-(p-biphenylyl)butyric 
acid - . - 

a-(o-carboxybenzoylthio)-y'(p-biphenylyl)butyric 
acid 

oz-cyan0-y-(p-biphenylyl)butyric acid 
a-dimethylamino-y-(p-biphcnylyUbutyric acid 
a-(4-carboxybutyroyloxy)-'y-(p-biphenylyl)butyric 

acid 
a-(4-carb0xybut-2-enyl0xy)-y-(p‘biphenylyl)butyric 

acid 
a-acetylthio-y-(p-i-butylphenyl)butyric acid 
a-acetylthio-7-(3-chl0ro-4—i-butylphenyl)butyric 

acid 
a-acetylthio-y-(p-cyclohexylphenyl)butyiic acid 
a-acetylthio-y-(3-chl0ro-4-cyclohexylphenyl)butyric 

acid 
a-acetylthio-y[p-(2'-chlor0biphenylyl)]butyric acid 
a-acetylthio-y-(2-chloro-4-biphenylyl)butyric acid 
oz-acetylthio'oz-methyl-y~(p-biphenylyl)butyric acid 
a-acetylthio-a-methyl-y-(2-chlor0-4 

bilphenylyl)butyric acid 
a-acetylthio-a-methyl-y-(3-chl0r0-4-cyclohexyl 
phenyl)butyric acid 

a-acetylthio-B-methyl-y-(p-biphenylyl)butyric acid 
a-acetylthio-y-methyl-y-(p-biphenylyl)butyric acid 
a-acetylthio-a-methyl-y-( 3-chl0ro-4-i 

butylphenyl)butyric acid 
methyl a-chloro-y-(p-biphenylyl)butyrate 
ethyl a-chl0r0-'y-(p-biphenylyl)butyratc 
benzyl a-chloro-y-(p-biphenylyl)butyrate 
N-methyl a-chloro-y-(p-biphenylyl)butyramidc 
N,N-dimethyl a-chloro-y-(p-biphenylyl)butyramide 
N-cyclopropyl oz-chloro-y-(p-biphenylyl)butyramide 
N,N-pentamethylene a-chloro-y-( p 
biphenylyl )butyramidc 

N,N-oxydiethylene C!—ChlOr0-'y-( p_ 
biphe nylyl )butyramide 
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N,N-thiotrimethylene a-chloro-y-(p 
biphenylyl)butyramide 

a-chloro-y-(p-biphcnylyl)butyric acid, sodium salt 
a-chloro-’y-(p-biphcnylyl)butyric acid, potassium salt 
a-chloro-y-(p-biphenylyl)butyric acid, calcium salt 
a-chloro-7-( p-biphenylyUbutyric 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 

methyl 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-biphcnylyl)butyramide 
N,N-dimethyl a~acetylthio-y-(p 
biphenylyl)butyramide 

N-cyclopropyl I 

biphenylyhbutyramide 
N,N-pentamethylene 
biphenyIyUbutyramide 

N,N-oxydiethylene 
biphenylyl)butyramide 

N,N-thiotrimethylene 
biphenylyhbutyramide 

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-7-(o-t0lyl)butyric acid 
B-chloro-y-(m-tolyl)butyric acid 
B—chl0r0-'y-(p-tolyl)butyric acid > 
B-chloro-y-(p-ethylphenyl)butyric acid 
B-chloro-y-(p-propylphcnyl)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-chlor0-y-(p-t-butylpheny])butyric acid 
B-chloro-y-(p-pcntylphenyDbutyric acid 
B-chloro-y-(p-vinylphenyl)butyric acid 
B-chloro-y-(p-allylphenyUbutyric acid 
B-chloro-‘y-(p-cycloheptylphenyl)butyric acid 
B-chloro-7-(p-cyclohexylphenyl)butyric acid 
B-‘chloro-y-(p’cycloheptylphenyl)butyric acid 
B-chloro-y-(p-cyclopent-l-enylphenyl)butyric acid 
B-chloro-y-(p-cyclohex- l-enylphenyl)butyric acid 
B-chloro-y-(p-cyclohept- l -enylphenyl ) butyric acid 

acid, cyclohex 

a-acetylthio-y-( p 

a-acetylthio-y-( p 

a-acetylthio-y-( p 

oz-acetylthio-y-(p 

acid, sodium 

acid, die~ 

acid, 
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8 
,B-chloro-y-(p-cyclohex-3-enylphenyl)butyric acid 
B-chloro-y-(p-cyclohcx-l ,3-dienylphcnyl )butyric 

acid 
B-chloro-y-(p-phenoxyphenyl)butyric acid 
B-chloro-y-(p-phenylthiophcnyl)butyric acid 
B-chloro-y-(p-biphenylyl)butyric acid 
,8-chloro-y-[p-(2’-chlorobiphenylyl)lbutyric acid 
B-chloro'y-[p-3'-chlorobiphenylyl)lbutyric acid 
B-chloro-y-[p-(4’-chlorobiphenylyl)]butyric acid 
B-chloro-y-[p-(2'-nitrobiphenylyl)]butyric acid 
B-chloro-y-(2-chloro-4-biphenylyl)butyric acid 
,8-chloro-y-(3-chloro-4-biphenylyl)butyric acid 
B-chloro-y-(2,6-dichloro-4-biphcnylyl)butyric acid 
B-chloro-y-(2-methyl-4-biphenylyl)butyric acid 
,B-chloro-‘y-(2-br0mo-4-biphenylyl)butyric acid 
B-chloro~‘y—(2-?uoro-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-(Z-ethylamino-4-biphenylyl)butyric acid 
l3-chloro-y-(2-dimethylamino-4-biphenylyl)butyric 

acid 
B-chloro~'y-(2-mercapto-4-biphenylyl)butyric acid 
B-chloro-7-(2-acetylthio-4-biphenylyl)butyric acid 
B-chloro-y-(Z-methylthio-4-biphenylyl)butyric acid 
B-chloro-y-(2-methylsulfinyl-4—biphenylyl)butyric 

acid 
,B-chloro-y-(Z-methylsulfonyl-4-biphcnylyl)butyric 

acid . ' 

,8-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-(Z-tri?uoromethyl-Al-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-fy-(p-cyclohexylphenyl)butyric acid 
B-chloro-y-(3-chloro-4-cyclohexylphenyl)butyric 

acid 
B-chloro-y-(3-chloro-4-i-butylphenyl)butyric acid 
a-mcthyl-B-chloro-y-(p-biphenyly])butyric acid 
l3-chloro-l3-mcthyl-y-(p-biphcnylyl)butyric acid 
,B-chloro~y-methyl-'y-(ap-biphenylyl)butyric acid 
B-chloro-a,B-dimethyl-y-(p-biphenylyl)butyric acid 
B-chl0ro-a,B,y-trimethyl-y-(p-biphenylyl)butyric 

acid ‘ ' 

B-chloro-B-_methyl-7-(m-phenoxyphenyl)butyric 
acid 

,B-bromo-y-(p-biphenylyl)butyric acid 
B-?uoro-y-(p-biphenylyl)butyric acid 
B-iodo-y-(p-biphenylyl)butyric acid 
B-chloro-F-(p-biphenylyl)butyric acid 
,B-mercapto-y-(p-biphenylyl)butyric acid 
,8-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-thiosulfo-7-(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-biphcnylyDbutyric acid 
B-diethylcarbamylthio-y-(p-biphenylyl)butyric acid 
B-mcthoxythiocarbonlythio-y-(p-biphenylyl)butyric 

acid B-methoxythiocarbonylthio-y-(p 
bi'phenylyl)butyric acid 

B-dimcthylthiocarbamylthio‘7-(p-biphenylyl)butyric 
acid 

B-bcnzyloxycarbonylthio-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 
,8~(4-carboxybutyroyloxy)-y-(p-biphcnylyl)butyric 

acid 
B—(4-carboxybut-2-cnyloxy)-y-(p-biphcnylyl)butyric 

acid 
B-acetylthio~y-(p-i-butylphenyUbutyric acid 
,8-acetylthio-y-(3-chloro-4-i-butylphenyl)butyric 

acid 
,8-acetylthio-y-(p-cyclohexylphenyl)butyric acid 
B~acetylthio-'y-(3-chloro-4-cyclohexylphenyl)butyric 

acid 
B-acctylthio-y-[p-(2'-chl0robiphenylyl)]butyric acid 
B-acetylthio—y~(2-chlor0-4-biphenylyl)butyric acid 
B-acetylthio-a-methyl-y-(p-biphenylyl)butyric acid 
B~acetylthio-a-methyl-y-(2-chloro-4 

biphenylyl)butyric acid 
B-acctylthi0-a-mcthyl-y-(3-chloro-4~cyclohexyl 
phenyUbutyric acid 

B'acetylthio-y-methyl-y-(p-biphenylyUbutyric acid 
B-acctylthio-a-mcthyl-y-(3-chloro-4-i 
butylphenyhbutyric acid 

methyl ,B-chloro-y-(p-biphenylyl)butyratc 
ethyl B~chloro-'y-(p-biphenylyl)butyrate 
benzyl B-chloro-y-(p-biphenylyl)butyrate 
N-methyl [3-chloro-y-(p-biphenylyUbutyramide 
N,N-dimethyl B-chloro-y-(p-biphenylyl)butyramide 
N-cylopropyl B~chlor0-y»(p-biphenylyl)butyramide 
N,N-pcntamcthylenc B-chloro-y-(p 
biphenylyUbutyramidc ’ 

N,N-oxydiethylene 
biphenylyl)butyramide 

N,N-thiotrimethylene 
biphenylyhbutyramide _ 

B-chloro-7-(p—biphenylyl)butyric acid, sodium salt 
,8-chl0ro-y-(p-biphenylyl)butyric acid, potassium salt 
/3—chloro-'y-(p»biphenylyl)butyric acid, calcium salt 
,B-chloro-y-(p-biphenylyl)butyric acid, aluminum salt 
,8-chloro-y-(p-biphenylyl)butyric acid, diethylam 
monium salt 

,B-chloro-y-(p-biphenylyl)butyric 
ylammonium salt 

B-chloro-y-(p-biphenylyl)butyric 
thylammonium salt 

IB-chloro-y-(p-biphcnylyDbutyric 
salt 

B-chloro~-y-(p-biphenylyl)butyric acid, methylben 
zylammonium salt 

methyl ,8-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 
biphenylyhbutyramide 

N~cyclopropyl 
biphenylyl)butyramide 

B-chloro-y-( p 

acid, cyclohex 

acid, ,B-hydroxye 

acid , pipcrazinium 

5 
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N,N-pentamethylene ,B-acetylthio-y-(p 
biphenylyl)butyramide 

N,N-oxydiethylenc 
biphenylyl)butyramide 

N,N-thiotrimethylene 
biphenylyl)butyramide 

,B-acetylthio-y-(p-biphenylyl)butyric acid, sodium 
salt 

B-acctylthio-7-(p-biphenylyl)butyric acid, potassium 
salt 

,B-acetylthio-fy-(p-biphenylyUbutyric acid, calcium 
salt 

B-acetylthio-y-(p-biphcnylyl)butyric acid, aluminum 
salt 

B-acctylthio-'y—(p-biphenylyl)butyric 
thylammonium salt 

B-acctylthio-y-(p-biphcnylyl)butyric acid, cyclohcx 
ylammonium salt 

B-acetylthio-y-(p-biphenylyl)butyric acid. ,B-hydrox 
yethylammonium salt 

B-acetylthio-y-(p-biphcnylyl)butyric 
piperazinium salt 

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

y-chloro-y-(o-tolyl)butyric acid 
y-chl0ro~-y-(m-tolyl)butyric acid 
'y-chloro—'y-(p-tolyl)butyric acid 
7-chloro-y-(p-ethylphenyl )butyric acid 
y-chl0ro-y-(p-propylphcnyl)butyric acid 
y-chloro-y-(p-i-propylphcnyl)butyric acid 
'y-chloro-ylp-butylphenyl)butyric acid 
y-chloro-y-(p-i-butylphcnyl)butyric acid 
7-chloro-y-(p-sec-butylphcnyl)butyric acid 
y-chl0r0-y-(t-butylphenyl)butyric acid 
y-chloro-y-(pentylphenyl)butyric acid 
7-chloro-y-(p-vinylphcnyl)butyric acid 
y-chloro-y-(p~allylphenyl)butyric acid 
y-chloro-y-(cyclohexylphenyl)butyric acid 
'y-chlor0-y-(cyclopcntylphenyl)butyric acid 
y-chloro-y-(p-cycloheptylphenyl)butyric acid 
'y-chloro-y-(p‘cyclopent-l-enylphenyl)butyric acid 
'y~chloro-'y-(p-cyclohex-l-enylphenyUbutyric acid 
y-chloro-y-(p-cyclohept‘1-cnylphenyl)butyric acid 
y-chloro-7-(p-cyclohex-3-enylphenyl)butyric acid 
y-chloro-y-(p~cyclohex-l ,3'dienylphenyl)butyric 

acid 
y-chloro-y-(p-phenoxyphcnyl)butyric acid 
y-chl0ro—'y-(p-phenylthiophenyl)butyric acid 
'y-chloro-y-(p-biphenylyl)butyric acid 
y-chlor0-y-[P-(2’-chlorobiphcnylyl)]butyric acid 
'y-chloro-y-[P-(3’-chlorobiphenylyl)]butyric acid 
'y-chlor0-7-[p-(4'-chl0robiphcnylyl)]butyric acid 
'y-chloro-y—[p-(2'-nitrobiphenylyl)lbutyric acid 
y-chloro-y-(2-chloro-4-biphcnylyl)butyric acid 
'y-chloro-y-(3-chloro-4-biphcnylyl)butyric acid 
y-chlor0-y-(2,6‘dichloro-4-biphenylyl)butyric acid 
y-chloro-7-(2-mcthyl-4-biphenylyl)butyric acid 
'y-chloro-y-(2-bromo-4-biphenylyl)butyric acid 
'y-chloro-y-(2-?uoro-4-biphenylyl)butyric acid 
y-chlor0-y-(2-iodo-4-biphenylyl)butyric acid 
'y-chloro-y-(2_nitro-4-biphenylyl)butyric acid 
'y-chl0ro-y-(2-amin0-4-biphenylyl )butyric acid 
y-chloro-y-(2-acetylamino-4-biphenylyl)butyric acid 
'y-chloro-7-(2-cthylamino-4-biphenylyl)butyric acid 
'y-chloro-y-(2-dimethylamino-4-biphenylyl)butyric 

acid 
~y-chloro-y-(2-mercapto-4-biphenylyl)butyric acid 

B-acetylthio-y-(p 

acid, dic 

acid, 
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y-chloro-y-(2-acetylthio-4-biphenylyl)butyric acid 
y-chloro-7-(Z-methylthio-4-biphenylyl )butyric acid 
'y-chloro-y~(2-methylsulfinyl-4-biphenylyl)butyric 

acid 
7-chloro-y-(Z-methylsulfonyl-4-biphenylyl)butyric 

acid 
'y-chloro‘y-(2-hydroxy-4-biphenylyl )butyric acid 
y-chloro-y-(2-methoxy-4-biphenylyl)butyric acid 
y-chloro-y-(2~acetoxy-4'biphenylyl)butyric acid 
'y‘chloro-y-(2-trifluoromethyl-4-biphcnylyl)butyric 

acid 
y-chloro-y-(2-cyano-4-biphenylyl)butyric acid 
'y-chloro-y-(2-acetyl-4-biphenylyl)butyric acid 
'y-chloro~y-(p-i-butylphenyl)butyric acid 
y-chloro-y-(p-cyclohexylphenyl)butyric acid 
'y-chloro-y-(3-chloro-4-cyclohexylphenyl)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 
y-chloro-y-methyl-y-(p-biphenylyl)butyric acid 
'y-chloro-a,B-dimethyl-y-(p-biphenylyl)butyric acid 
y-chloro-aq-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—7-(p-biphcnylyl)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 
y-methylsulfinyl-y-(p-biphcnylyUbutyric acid 
'y-methylsulfonyl-y-(p-biphenylyl)butyric acid 
'y—thioacetylthio-y-(p-biphenylyl)butyric acid 
y-thiosulfo-y-(p-biphenylyl)butyric acid 
'y-thiocyanato-y-(p-biphenylyl)butyric acid 
y-arnidinothio_'y-(p'biphenylyhbutyric 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 

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

acid ' 

-y-cyano-'y-(p-biphenylyl)butyric acid 
'y-dimethylamino-y-(p-biphenylyl)butyric acid 
'y-(4-carboxybutyroyloxy)-'y-(p-biphcnylyl)butyric 

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

acid 
'y-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 

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

biphenylyl)butyric acid 
y-acetylthio-a-methyl-y-(3-chloro-4-cyclohexyl 
phenyDbutyric acid 

y-acetylthio-/3-methyl-y-(p-biphenylyl)butyric acid 
y-acetylthio-y-methyl-y-(p-biphenylyl)butyric acid 
y-acetylthio-a-methyl-y-( 3-chloro-4-i 
butylphcnylyhbutyric acid 

methyl y-chloro-y-(p-biphenylyl)butyrate 
ethyl 'y-chloro-y-(p-biphcnylyl)butyrate 
benzyl y-chloro-y-(p-biphenylyl)butyrate 
N-methyl 'y-chloro-y-(p-biphenylyl)butyramide 
N,N-dimethyl 'y-chloro~y-(p-biphenylyl)butyramidc 
N-cyclopropyl y-chloro-y-(p-biphcnylyl)butyramidc 
N,N-pentamethylene 'y-chloro-y-( p 

biphenylyl )butyram ide 
N,N-oxydiethylene 'y-chl0rQ.y_( p 
biphenyIyDbutyramide 

N,N-thiotrimethylene 
biphenylyl)butyramide 

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

y-chloro-y-(p 

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

y—chloro-y—(p-biphenylyl)butyric acid, cyclohcx 
ylammonium salt 

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

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

'y-chloro-y-(p-biphenylyl)butyric acid, methylbcn 
zylammonium salt I 

methyl y~acetylthio-'y~(p-biphenylyl)butyrate 
ethyl 'y~acetylthio-y-(p-biphenylyl)butyrate 
benzyl 'y-acetylthio-y-(p-biphenylyl)butyratc 
N-methyl 'y-acetylthio-'y~(p-biphcnylyl)butyramide 
N,N-dimethyl 'y-acetylthio-y-(p 
biphenyIyDbutyramide 

N-cyclopropyl 
biphenylyl)butyramide 

N,N-pentamethylene 
biphenylyl)butyramide 

N,N-oxydiethylene 
biphenylyhbutyramide 

N,N-thiot_rimethylene 
biphenylyllbutyramide 

'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 

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

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

'y-acetylthio-y-(p-biphenylyl)butyric acid, ,B-hydrox 
yethylammonium salt 

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

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

acid, sodium 

acid, 



3,867,434 
13 

The oz-position 

(‘laisen condensation of a substituted benzaldehyde 
with an active acid ester (preferably a loweralkyl or 5 
benzyl ester) in the presence ofa 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 

14 
to obtain‘ a substituted ?-acrylie 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 hydrolyzed to the 
a-hydroxybutyric acid. The ester or amide may also be 

tion using malonic acid and ammonia in an amine base 10 prepared in the same manner. 

R R 
CH COOR" wgmcookn 

men" ‘ 

Y Y 

ulzi‘mllz "z 
"'3 

R R . 

cu-cucoou ZCHZCOOR" 

Y Y 

"2 50261 

R R 7 

cnzcuzcoon S0261 CHZCHZCOCI 

Y Y 

H2/Pd-BaS04 

CHZCHZCHO é 
. Y 

" NaCN I 

Nill‘iSCl3 

on 
I R @mZcHZCHCN 

Y + 

y (H 
l a . ' 

\@>— CHZCHZCHEOW 
v 
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The a-alkyl-a-hydroxy-y-substituted phenyl butyric 
acid 'may he prepared by reacting a Lil-substituted phe 
nyl propionic acid ester with an alkyl (irignard reagent 
to obtain a l-suhstituted phenyl-3-butanonc which on 
reaction with sodium cyanide in the presence of sodium 
bisulfite yields the Lsubstituted phenyl-3-butanone cy 
anohydrin. Hydrolysis gives the desired acid, ester or 
amide. ' 

16 
The y-ulkyl-0z-hydroxy-‘y-substituted phenyl butyric 

acids may be prepared as previously described for the 
a-hydroxy-y-substitutcd phenyl butyric acid com 
pounds. The reaction sequence starting material is a 
substituted phenyl alkyl kctone 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 

. - v a o 

R II R n 
CHZCHZCOOR RaMgI CHZCHZC-RG 

1 

‘ma 
msoa 

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

l" 
R .ctt(cooH)2 ' R 

cuo _ m3 

’ y 

'R 

ciizlcucoci 502C] 
Y 

mu R 

R cuzricno mmsoa 

with acid at raised temperatures to the B-alkyl-B- 
substituted phenylacrylic acid. This may also be ac— 
eomplished 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. 

CHZKCOOH 
zculucu 
la 

HZO/HCT 

_ CHZtF-IIICOOH 
Rs 
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This, in turn, is then reacted as previously described to 
obtain the desired y-alkyl-a-hydroxy-y-substituted phe 
nyl butyric acid. 

R 
C==0 rm cnzcooa" 
“a 

Ly - Zn 
Y 

uncoun pyridine 2 )2 

18 
(irignard conditions results in the substituted phcnyl 
magnesium bromide. When this is condensed .with 2,3 
epoxypropyl chloride the resultant product is l-chloro 

l 
a, 

acid 

R . 

@?oucoou ' H2 R\@-fu.mow 
v “~ ~ ,, s 

502C] 

x H2/Pd-BaS04 R CHCHZCOCI —---———) fucuzcno 
RY 

“‘ - l" 
R cu lcncoou n OIHC‘l R CHCH CHCN 

‘I! z E 2 p I 2 

Y Y r R’ 

A combination of the previously described reactions 
affords di- and tri~substitution in the side chain. 

The B-position 
Reaction of a substituted bromobenzene under 

3-substituted phenylpropan-Z-ol. Reaction of the latter 
chlorohydrin with an aqueous solution of potassium cy 
anide affords the l-cyano‘3-substituted phenylpropan 
2-ol which on hydrolysis and esterification results in the 
7-substituted phenyl-B-hydroxybutyrate. Acid hydroly 
sis of this ester gives the 'y-substituted phenyl-B 
hydroxybutyric acid. 

~J.d_) HgBr 
Y 
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°" 6 m l" R L K R 
CH2 HCHZCN H20 ZCHCHZC'I 

Y > Y - 

R"0H-H20 
HCl 

1''‘ Y , l‘“ R HIM 

' cuzcacuzcoon" H20 p\@>—cuzcucuzcoon 
Y - Y 

When the oz-alkyl-B-hydroxy-y-substituted phenyl Again, using the desired epoxyalkylchloride the corre— 
butyric acid is desired l-methyl-2,3-epoxypropyl chlo- sponding di or tri alkyl substituted compound results. 
ride is used. The corresponding B~alkyl compound is h _ _ 
prepared when the starting material is 2-methyl-2,3< 7 T c y'posmon 
cpoxypropyl chloride and the y-alkyl compound results “5 Friedel-Crafts reaction of a substituted benzene with 
when the starting material is 2,3-epoxybutyl chloride. alkyl succinyl chloride or succinic anhydride results in 

i” 
cuzcu-p-lci 

Ru 
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formation of a y-suhstituted phenyl-y~keto butyric acid The a-alkyl-y-substituted phenyl-'y—hydroxybutyric 
ester or the acid. Reduction of the wketo group may acid or ,B-alkyl-y-substituted phenyl-y-hydroxybutyric 
then be carried out in the presence ofa metal catalyst acid may be prepared by analogous procedures using 
or Sodium bomhydride to Obtain the y-substitutcd phe- the appropriately substituted alkyl succinyl chloride or 
nyl-y-hydroxy butyric acid ester with is then hydro- 5 succinic anhydride. 
lyzed t0 the corresponding acid. 

0 0 
R ll ‘ R ll 

(21 -C-CH2-CH2-C00R" C-CHZCHZCOOR" 
A161 

Y 3 Y 

H2(Pt) 
or NaBH4 

GI GI 
R I . . R 

-CH2CH2C0OH F alcKOH ' -CH2CH2C00R“ 

Y Y 

0 J J: 0 0 
a _’\° - ll 

C-CHZCHZCOOH 
A1613 . 

Y 

H2(Pt) 
r NaBH4 

on 

a én-cuzcuzcoou ~ 

Y . 

R 

l i“ Y ilk” 
CICCHZCHCOOR" _ c1 CCHCHZCOOR" 
A1613 mci3 

o 
R ll R ll 

CH2IIIHCOOR" C(ILHCHZCOOR" 
Y R“ _ Y RB 

a (Pt) ' “2(a) 
0? mm ' or man; 
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CHZCHCOOR“ CHCHZCOOR" kw: 

W9 
The 'y-alkyl-y-substituted-y-hydroxybutyric acid is 

prepared from the y-keto butyric acid and an alkyl 
Grignard reagent. 

0 . ' OH 

R It R l 
CHZCHZCOOR” R'MgX CCHZCHZCOOR" -—-> I 

Y RY 

The hydroxyhutyric acids may further be reduced to 

Y 

an aldehyde through a Rosenmund reduction in the 

CHZHCHZCOOH 

V 

where R" is lower alkyl 

conventional manner. The acid halide is-first formed as 
above and this is then catalytically reduced in the pres 

@t 

l 

with a nitrog 

5 

O 

B 
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R v 

>—(llIH)n 
L RY 

R~®H CH Y i L“ 
I (H 

iZ-(CH)m-CHO 
R 

Y B 

w 

0 

Reaction of a substituted phenylbutyric acid ester 
en base such as ammonia, loweralkyla 

mine, diloweralkylamine, cycloloweralkylamine, a ni 
trogen containing hetero compound such as pipcridine, 
morpholine, piperazine, hydroxylamine and hydrazine 
gives the corresponding amide, hydroxamic acid, or by‘ 
drazide. 

(CHM-Y-(ilimm-coon"~ 
Re Re ' 

.11 

“Help, R , i)H 

(EM-i4 tom-sou 
Y 6% 

EMm-CONHR" 
U 

imm-commz 
R0 

‘ imm-couuon Y R 8 a 

l 
lg 

The butyric acid esters may be hydrolyzed to the cor 
responding ac ids. Reaction of the hydroxybutyrate or 
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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‘ 
umples of X'Cl and X'OX' include acetyl Chloride, 
acetic unhydride, propionyl chloride, hutyryl chloride. 5 

0x‘ or 
R ‘ l R l ‘ 

wawimm-coou \@-lcn)n-f-(fu)m-cooa" 
0 , 

ll OCOAr 

mm ‘ R ) r(0H) CO0H(R") 

(who _ :2 m , 
>0 - Y "Y a 

ll 00 RI! 
CICOR" \ R ) l2 ) comm") 

mi), _ rn-f R m 
0 Y RY ‘ 8 °‘ 

llv ’ NH 
crcouuz \R l,C0 2 

, fmn-i-(ynm-coo?m 
R 8R0" 

on i Y Y 

I 
(enn-f-urnm-cowm ) 0 

Y R, RBRu 
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succinic anhydride, maleic anhydridc, phthalic anhy 
dride, benzoyl chloride, benzoic anhydride, benzyl 
chlorocarbonate, ethyl ehlorocarbonutc, dimethylcar 
bamyl chloride, dibutylcarbamyl chloride, benzenesul 
fonyl chloride, methanesulfonyl chloride, 

l" 
. Y RY 

mko/ 
R R 

)n-f-(clmm-coon" 
B a 

Cl 
Y , ‘Y 
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were 

Rf is lower-alkyl and v CISOZR" R 02R" 

Ar is phenyl or : FlH-E-(I-Om-CDQMR") 
' substituted pheny'l Y P\ B a 

' I‘ C'ISOZAr R i502” 

‘——H fr‘l?n-c-(iiwm-coonm") 
‘L . - Y R-y B Ra 

010R" R Icon" 
W (|IH)n-|-(cH)m-c00H(R") 

ll Y lg RB u 

R I CHZCHZCOOH 

‘ 9 tln-f-(lli?lm-cwllm") o: = \ Y Ra Rm 

0" , 

R I 

(fwn-tli-(tltmmcoomw) 
Y RY Ra Ra cu cucoou 

. R , 

"'J __ ' onn-c-(unm-coomn") 
-@ ' l l 

v' RY 9 °‘ 

where / 

'0C0C5H4C00H 

)- 0 c\/ R, Ra Ra 

(Ole/Lo Y , 

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

R" is lower alkyl I R I I 

L-e (QUn-T-(EHM-COOMR") 

a phosphorus trihalide, phosphorus pentahalide, phos- Where Hall is ChlOrO, brOmO 0r iodo. 
phorus oxyhalide, sulfurylhalide, thionyl halide, or sul- Reaction of a sulfonate derivative with a metal halide 
fur halide, the corresponding substituted halo butyrate 60 (preferably an alakli halide) results in the correspond 
is prepared. ing halo compound. 

GI Ha‘l 
R > 2: R I 

I0") n'L-(lcH)m'cwR" n'Z-( YI'Um-COOR" 
v "1 s R, Y RY a Ru 
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2R(Ar) HIT 
R ml'l R 

E)n-’l-(r1)m-COZ _——) CH)n- -(CH)m-COZ 
Y B ‘I Y B a 

where Z is as described on page '4. ide, potassium carbonate, sodium bicarbonate. magne 
The corresponding halo butyric acid may be prc- l0 sium bicarbonate, etc.). Also, the aluminum salts of the 

pared by heating the ester with acetic acid containing instant products may be obtained by treating the corre 
the corresponding hydrogen halide. sponding sodium salt with an appropriate aluminum 

R , Hal ’ I] 

- I '. HON: R 
ca) -c-( ) -CO0R"--—-—) . til-l) - -(CH) -CO0H n I! n m 

l-Ha‘l l ' 

0 B a a Y RY B Ra 

where R" is lower alkyl. complex such as aluminum hydroxy chloride hexahy 
The substituted fluoro compounds may also be ob- drate, etc. The ammonium salts may be made by reac 

taincd from the corresponding iodo, bromo or chloro 25 tion with the corresponding amine such as methyl~ 
compounds by reaction with potassium ?uoride at amine,diethylamine,B-hydroxycthylamine,piperazinc, 
about l3()—20(l°C. piperidine, a-methylbcnzylamine, cyelohexylamine, 

' Ha‘! Hal 

R l R l 

(‘IH)"-€I-(€H)m-CO0H -—-—-+ —((IIH)n-(’I-((‘IH)m-COOM 
R R R3 R Y RY B a > Y % U 

R Br triethylamine, phenethylamine. etc. 
c") i400 _cmRn 40 Reaction of a substituted halo butyrate ester with a 

n ‘m nitro en base such as ammonia, lowcralkylamine, | g 
Ra diloweralkylamine. cycloloweralkylamine. a nitrogen 

Y _ . containing hetero compound such as pipcridine. mor 

pholine, piperazine results in the corresponding amide. 
KF The butyrate ester with hydroxylaminc gives the corrc~ 

45 . 4 . 

F sponding hydroxamic acid, and with hydrazine gives 
R | - the corresponding hydrazide. 

CH) —C-(Cl'l)m-COOR" 
l " I 

Y T Re a 50 

"ll Hal 
R 

F'IlH-f-(FUM-COOR" ___> coon-l -(cu)m-coz 
"W RB Ru Y R6 3 

The acid addition salts may be formed by the action Where: 
of one equivalent ofa suitable base with the substituted Z is -NH2, 
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 
nyl), 
—NHOH or 

—NHNH2. 

R80 

where R" is ‘lower a'lky] 

a ' i 

(T0,, 
Y 
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The halo butyramides, butyrhydroxamic acids or 
butyrhydrazides can be prepared from the correspond 
ing hydroxy butyramides with thionyl halides according 
to the method of l. A. Smith, Chem. Bcrichtc 718:634 

5 (1938). 

RY 

- 1 

---------5 cu) -C-(CH) -com+2 . I n I m 

Hal 
NHZR" R (?H)n'%'( H)m-CONHR" 

‘Y RY Ra Ra 

HMR“) ' Ha] 

A @qcmn-i-iwm-wmwz 
. v‘ RY RB a 

Hm )n R in] p 
‘wLé (lcHin-c-(fmm 

Y K, ‘Le Ru 

Hal 

G 
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I» S02Ha1 
H) - -(CH) -C(HHR" 5 

i "l a '" (m2 
PW R8 0 

/ 

2 

w H 

N 

H H 

m N 

0 

c C _ . 

m m 

G H 5 

H 

CIR CIR 
1| ( 1 ( 

a _ B a ' B. 

502m R 

m-CONHOH -———~) @4334)" 
Y P3 

502m R 
)m-CONHNHQ ----> (fliH 

Y Kr 

\) a MIR“. mmwiR mirvlRB mil-with» )n )“ ml. RY wiom ( I.‘ 

Thc substituted halo butyric acids and acid dcriva- cyanatc.alkalithiosulfatc,alkali lowcralkylmcrcaptidc, 
tivcs 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 sulfitc or an alkali sulfinatc may be reacted with 
the chloro. bromo or iodo butyric acid to for the corre~ 
sponding derivative of the mcrcapto butyric acid. This 

45 may also be carried out on the sulfonatc compounds. alkali hydrosulfide, alkali thioalkanoate, alkali thiobcn 
zoate, alkali loweralkylxanthate, thiourea, alkali thi0< 

m M m c. 4 4 )m )m )m 

miRa .. Minna MK minus 
H . 8. w _ B m _ B n n n \J \I \) wlnw. HliRY miRY 

MSH R? i : 
Y 

HSR" R 

“Q @W 
Y 

HSCOR" R_ i i : 
Y 

o 
where: 

R1 is alkyl or ary'l. 

Y 
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$503M 
i550 M R I 

—-3? fH)n-i-(CAH)m—C00H 
R7 R8 u. 

M 
m p i 
ll -_ S "H2 

nscm R l 
—?—+ CH)n-C-(CH)m—CO0H 

v 8 °‘ 

S 
s I ll 
II I SCOR"(AY‘) 

HSCOR"(Ar) R 

-__—) (|ZH)n-|-(CH)m—CO0H 
R8 or 

The mercapto butyric acids may then be reacted with 60 myl chloride to form the corresponding mercap 
a loweralkyl chlorocarbonate, an alkali isocyanate in_ tobutyric acid derivatives. The mcrcaptobutyric acid 
the presence of hydrogen chloride, a loweralkylcarba- may also be reacted with succinic anhydride, maleic 
myl chloride, a diloweralkylcarbamyl chloride or con- anhydride or phthalic anhydride to form the corre 
verted to the metal salt which will react with a carba- 65 sponding derivative. 






















































