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was hydrogenatedlO in the presence of 0.3 g. of palladium-on- 
charcoal (5%) catalystI7 under an initial pressure of 30 
pounds until the required amount of hydrogen had been ab- 
sorbed. The residue, obtained after removal of the cata- 
lyst and the solvent, was mixed with 500 cc. of 48% hydro- 
bromic acid and was stirred and refluxed for 48 hours. The 
mixture was poured into ice-water, the layers were sepa- 
rated and the aqueous layer was extracted with ether. The 
combined organic layer and ether extract were washed with 
water and then extracted with sodium bicarbonate solution. 
The alkaline solution was washed with ether, cooled in an 
ice-bath and made strongly acidic with dilute sulfuric acid. 
The oily precipitate was separated and the aqueous layer 
was extracted with ether. From the combined dried oil and 
extract, 31 g. of product was obtained, b.p. 208-210" (732 
mm.). Anal. Calcd. for C7H1402: neut. equiv., 130.2. 
Found: neut. equiv., 131.2. The infrared spectrum was 
identical with that of the product V obtained from crotonic 
acid and isopropylmagnesium chloride. 

The amide (m.p. and mixed m.p. 137-138') and the anil- 
ide (m.p. and mixed m.p. 110-11l0) were prepared from 
the acid chloride. 
a-( I-Hydroxycyclohexy1)-p-isopropylbutyric Acids (VI)  .- 

Crotonic acid (17.2 g.), dissolved in 400 cc. of ether, was 
added slowly to isopropylmagnesium chloride prepared from 
10.7 g. of magnesium, 50 cc. of isopropyl chloride and 100 
cc. of ether. After the addition of a solution of 23.5 g. of 
cyclohexanone in 100 cc. of ether, the mixture was refluxed 
for 4 hours. The material was poured into cold ammonium 
chloride solution and treated in the usual manner. Strong 
acidification of the aqueous layer yielded a white solid 
(18.2 g.)  which was triturated with 150 cc. of ice-cold petro- 
leum ether (30-40'). The material was extracted with 200 
cc. of boiling petroleum ether (90-100') and then filtered. 
After this process had been repeated, the residue (8.9 g.) 
was recrystallized from methyl ethyl ketone; m.p. 194- 
196" dec. 

Anal. Calcd. for C13H2403: C, 68.38; H, 10.59; neut. 

(17) Purchased from Wilkens-Anderson Company, Chicago, Ill. 

equiv., 228.3. Found: C, 68.10; H, 10.41; neut. equiv., 
227.8. 

The combined petroleum ether extracts were refrigerate: 
whereupon 6.4 g. of product precipitated, m.p. 131-135 
dec. after recrystallization from petroleum ether (90-100'). 

A-nal. Calcd. for C13H2403: C, 68.38; H, 10.59; neut. 
equiv., 228.3. Found: C, 68.23; H, 10.69; neut. equiv., 
227.3. 

a-( Phenylcarbamy1)-8-isopropylbutyric Acid (VII) .- 
After the preparation of isopropylmagnesium chloride from 
5.4 g. of magnesium, 25 cc. of isopropyl chloride and 50 cc. 
of ether, the solution was stirred and 8.6 g. of crotonic acid, 
dissolved in 300 cc. of benzene, was added. The mixture 
was refluxed for 18 hours, a solution of 14.4 g. of phenyl 
isocyanate in 50 cc. of benzene was added and the mixture 
was refluxed for 4 hours. The material was poured into an 
ice-cold solution of 20 cc. of concentrated sulfuric acid in 
250 cc. of water. The aqueous layer was extracted with 
ether, the extract was combined with the organic layer, the 
solution was washed with water and then extracted with 400 
cc. of 10% potassium carbonate solution. The alkaline ex- 
tract was washed with ether, cooled in an ice-bath, stirred 
and 15 cc. of concentrated sulfuric acid dissolved in 150 cc. 
of water was added. The gummy precipitate was ex- 
tracted with ether and the solvent was removed from the 
dried extract under an air je t .  The residue was washed 
with cold petroleum ether (30-40') and crystallized from 
150 cc. of benzene; yield 9.0 g. The product sintered a t  
128' and melted a t  134" dec. after recrystallization from 
benzene. 

Anal. Calcd. for C14Hl902X: C, 67.44; H, 7.68; N, 
5.62; neut. equiv., 249.3. Found: C, 67.34; H, 7.84; N, 
5.56; neut. equiv., 247.8. 

When the acid (1.5 9.) was heated for 1 hour in an oil- 
bath (200'), a gas was evolved. The solidified residue, p-iso- 
propylbutyranilide, was recrystallized from petroleum ether 
(90-100'); yield 1.0 g., m.p. and mixed m.p. 110-111". 

ANN ARBOR, MICH. 
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Eighteen salts of P-diethylaminoethyl ,+substituted a-phenyl-B-hydroxypropionates have been described. The required 
acids were obtained by the Ivanov reaction. The antispasmodic activity has been reported. 

A number of  investigator^^-^ have shown that 
basic alkyl esters of P-substituted a-phenyl-P-hy- 
droxypropionic acids are potent antispasmodics. 
The required acids were obtained from phenylacetic 
acid by the use of the Ivanov reaction. 

During this investigation, we prepared a number 
of P-substituted a-phenyl-P-hydroxypropionic acids 
(Table I) by interaction of the Ivanov reagent, 
CsHbCH (MgC1) COOMgC1, with the following alde- 
hydes and ketones : hexaldehyde,6 anisaldehyde, 2- 
methyl- and 3-methylcyclohexanone, cycloocta- 
none,7 propiophenone and 2-acetylthiophene. By 
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the Horenstein and Pahlicke procedure* some of 
the acids were converted into hydrochlorides of 
their P-diethylaminoethyl esters; a variety of qua- 
ternary bromides of the esters were also prepared 
(Table 11). 

An attempt to obtain P-diethylaminoethyl a,P- 
diphenyl-P-hydroxyvalerate from the required acid 
and P-diethylaminoethyl chloride, by the Horen- 
stein and Pahlicke process, yielded only P-diethyl- 
aminoethyl phenylacetate and propiophenone. P- 
Diethylaminoethyl a-phenyl- a- (1 -hydroxycyclo- 
octy1)-acetate was obtained in 73% yield from the 
required acid and the basic alkyl halide; however, a 
small amount of cyclooctanone was present in the 
reaction mixture which showed that some cleavage 
of the acid or ester had occurred. 

When a-phenyl-a-( 1-hydroxycyclohexyl) -acetic 
acid was distilled under 15 mm. pressure, cyclohex- 
anone was present in the distillate; however, the 
bulk of the acid distilled unchanged. 

(8 )  H. Horenstein and H. Pahlicke, Ber.,  71, 104.1 (1938). 
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The antispasmodic activity of the compounds in 
Table 11, based on that of atropine sulfate, was deter- 
mined at  the Sterling-Winthrop Research Institute. 

(9) The  concentration of atropine suliate, determined from dose 
response curves, which is expected t o  reduce by 50'7, the  height of the 
contracture of the isolated rabbit ileum induced by 1 : 1 000,000 acetyl- 
choline (effective concentrationso or ECao), usually falls within the range 
of 1 :50,000,000 t o  1 :70,000,000. However, the sensitivity of intestinal 
strips is so variable tha t ,  in a given test, it is not uncommnn t o  find 
the maximum effective dilution is much greater or much less than the 
range mentioned above. 

I n  order t o  obtain valid data  with respect t o  the activity of a com- 
pound in comparison with the  activity of atropine, the prncedure, 
described by F. P. Luduena and A .  M .  Lands f J .  P h n r m a c o l .  E x p .  
T h c m p . ,  110, 282 (1954)), was adopted. When a compound was 
tested for activity, the same segments of t he  intestine were used t u  
determine the ECso for atropine sulfate. The  ECso found fur atropine 
sulfate divided by the ECao found for t he  compound tested, multiplied 
by  100, gave the  activity of t h e  compound in terms of per cent. of 
atropine sulfate activity. For  example 

'% Activity of t he  
compd. tested (X) 1/50.0~Oj~J( (ECso of At.S.)  imp^ ,flfl ~ rin'" 
based un atropine i,/L'n,ofln,nn0 f73Cj, c , r  9) 
sillfat? ( A t . S . )  = 

- 
c c 
r- Eo 

U Z  
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Experimental propylmagnesium chloride obtained from 1 mole of magne- 
sium, 1.15 moles of isopropyl chloride and 1200 cc. of ether, 
was allowed to react with 0.55 mole of the required alde- 
hyde Or ketone* 
ANN ARBOR, MICH. 

The yields of the acids reported in Table I were those ob- 
tained when the Ivanov reagent, prepared from 0.5 mole of 
phenylacetic acid dissolved in 300 cc. of benzene and iso- 
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a-Cyclohexyl-P-hydroxypropionic acid and sixteen p-substituted a-cyclohexyl-8-hydroxypropionic acids were prepared by 
Hydrochlorides and methobromides of the basic hydrogenation of the corresponding a-phenyl-8-hydroxypropionic acids. 

esters of these acids have been described and the antispasmodic activity of some of the compounds has been reported. 

Recently, a number of basic esters of p-substi- phenyl-/3-hydroxypropionic acid7 in the presence of 
tuted a-phenyl-P-hydroxypropionic acids have been platinum oxide catalyst. 
reported to be potent  antispasmodic^.^-^ During We know of only two reports which describe the 
this investigation, basic esters of a-cyclohexyl-P- hydrogenation of a-phenyl-6-hydroxy acids or their 
hydroxypropionic acid and (3-substituted a-cyclo- derivatives to the corresponding a-cyclohexyl 
hexyl-P-hydroxypropionic acids have been synthe- compounds : Miescher and Hoff manna hydrogen- 
sized. Each a-cyclohexyl acid was prepared by ated catalytically salts of atropine and scopolamine 
low pressure hydrogenation of the corresponding a- to the corresponding hexahydroatropine and hexa- 

TABLE I 
a-CYCLOHEXYL-P-HYDROXYPROPIONIC ACID AND @-SUBSTITUTED ~-CPCLOHEXYL-@-HYDROXYPROPIONIC ACIDS, 

Ce,HiiCH( C0HRR')COOH 
Compounds 1, 3, 4, 5 ,  6, 9, 12 and 13 were recrystallized from benzene; 2, 7, 8, 11, 14 and 17 from toluene; 10 from 

benzene-petroleum ether; 15 from methyl ethyl ketone; 16 from methyl ethyl ketone-petroleum ether (90-100°), 
Analyses, % 

M.p. ,  Yield,O Neut. equiv. Carbon Hydrogen 
R R' O C .  70 Formula Calcd. Found Calcd. Found Calcd. Found 

1 H  H 89-90 90 CgH1603 172.2 171.9 62.77 62.69 9 .36  9 .43  
2 H  CH3 140-142 84 CloHlsO3 186.2 186.7 64.49 64.80 9.74 9.56 
3 H  CzHj 99-101 83 CliH2003 200.3 200.0 65.97 65.82 10.07 10.43 
4 H  C3137 99-100 76 CizH2203 214.3 213.4 67.25 67.00 10.35 10.23 
5 H  i-C3H7 119-121 79 C12H2203 214.3 214.8 67.25 67.55 10.35 10.49 
6 H  CjHii 98-99 88 C14H2603 242.3 241.5 69.38 69.28 10.81 10.71 
7 H  c6H11"' 184-186 89 Ci~H2603 254.4 253.4 70.82 70.63 10.30 10.02 
8 H  CsH13 93-94 81 C1jH2803 256.4 256.1 70.27 70.39 11.01 11.26 
9 CH3 CH3 107-108 93 CilH2003 200.3 200.6 65.97 65.76 10.07 10.14 

10 CH3 CzH5 89-90 72 CiiH2203 214.3 214.7 67.25 67.46 10.35 10.46 
11 CH3 CaH,ib2c 141-143d. 72 CisHz803 268.4 268.0 71.60 71.35 10.52 10.60 
12 C2H5 C2Hj 84-86 82 C13H2403 228.3 229.1 68.39 68.37 10.59 10.56 
13 C3H7 C3H; 116-118 91 CijH2803 256.4 255.4 70.27 70.59 11.01 10.97 
14 -CH~(CH~)~CHZ-  156-157 85 ClaH2aO~ 240.4 239.3 69.97 70.13 10.07 10.09 
15 -CHzCH(CHj)- 142-144 71 CljH2603 254.4 254.9 70.82 70.63 l(1.30 10.36 

(CH2)zCHz- 

( CHz)CH2CHz- 
16 -CH2CH2CH- 159-160 73 CijH260~ 254.4 254.0 70.88 70.88 10.30 10.41 

17 -CH~(CH~)SCHP- 147-149 67 Ci~H2~03 268.4 268.0 71.60 71.53 10.52 10.53 
a In five instances (compounds 1, 2, 14, 16 and 17) hydrogenation was also carried out a t  60-70"; in each case the crude 

reaction product proved more difficult to purify, and the yield of pure product was lower. Cyclohexyl. This acid w;s 
prepared from the corresponding a,@-diphenyl acid by hydrogenation of both aromatic rings. This acid, m.p. 141-143 , 
was obtained by refluxing the recrystallized hydrogenation product (m.p. 129-132") with a 1 0 0 ~ o  excess of 2% sodium 
hydroxide solution, followed by acidification. 
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