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Experimental

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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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.
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a-Cyclohexyl-8-hydroxypropionic acid and sixteen 8-substituted a-cyclohexyl-8-hydroxypropionic acids were prepared by

hydrogenation of the corresponding a-phenyl-8-hydroxypropionic acids.

Hydrochlorides and methobromides of the basic

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 g-substi-
tuted a-phenyl-3-hydroxypropionic acids have been
reported to be potent antispasmodics.®~® During
this investigation, basic esters of a-cyclohexyl-g-
hydroxypropionic acid and B-substituted a-cyclo-
hexyl-8-hydroxypropionic acids have been synthe-
sized. Each a-cyclohexyl acid was prepared by
low pressure hydrogenation of the corresponding «a-

phenyl-8-hydroxypropionic acid? in the presence of
platinum oxide catalyst.

We know of only two reports which describe the
hydrogenation of a-phenyl-3-hydroxy acids or their
derivatives to the corresponding a-cyclohexyl
compounds: Miescher and Hoffmann® hydrogen-
ated catalytically salts of atropine and scopolamine
to the corresponding hexahydroatropine and hexa-

TABLE I

a-CYCLOHEX YL-8-HYDROXYPROPIONIC ACID AND 3-SUBSTITUTED a-CYCLOHEXVYL-8-HYDROXYPROPIONIC ACIDS,
CsH,CH(COHRR')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,® Neut. equiv, Carbon Hydrogen
R R’ °C. % Formula Caled. Found Caled. Found Caled. Found
1 H H 89-90 90 CoHi60s 172.2 171.9 62.77 62.69 9.36 9.43
2 H CH; 140-142 84 CyoH 1505 186.2 186.7 64.49 64.80 9.74 9.56
3 H C.H; 99-101 83 CnHa200; 200.3 200.0 65.97 65.82 10.07 10.43
4 H CsHy 99-100 76 C12H20; 214 .3 213.4 7.25 67.00 10.35 10.23
5 H 7-C3H; 119-121 79 Ci2H2205 214.3 214.8 67.25 67.55 10.35 10.49
6 H C;Hy 98-99 88 C1:H20; 242 .3 241.5 69.38 69.28 10.81 10.71
7 H CsHy" 184-186 89 Ci5H260; 254 .4 253 .4 70.82 70.63 10.30 10.02
8 H CeHis 93-94 81 C5sH205 256 .4 256.1 70.27 70.39 11.01 11.25
9 CH; CHs, 107-108 93 CnH204 200.3 200.6 65.97 65.76 10.07 10.14
10 CH; C.H; 89-90 72 Ci2H2204 214.3 214.7 67.25 67.46 10.35 10.46
11 CH; CeHybre 141-143d. 72 CheH 2305 268.4 268.0 71.60 71.35 10.52 10.60
12 C.H; CqH; 84-86 82 Ci3H240s 228.3 229.1 68.39 68.37 10.59 10.56
13 C;H; C:H; 116-118 91 C5H2s04 256 .4 255.4 70.27 70.59 11.01 10.97
14 —CH(CH,);CH,— 156-157 85 CisH2405 240.4 239.3 69.97 70.13 10.07 10.09
15 —CH.CH(CH;)- 142-144 71 Ci5H260; 254 .4 254.9 70.82 70.63 10.30 10.36
(CH,).CH,—
16 —CH.CH.CH- 159-160 73 C15H250; 254.4 254.0 70.82 70.83 10.30 10.41
(CH;)CH.CHy—
17 —CHy(CH,);CHy—  147-149 67 CsHasO; 268 .4 268.0 71.60 71.53 10.52 10.53

@ In five instances (compounds 1, 2, 14, 16 and 17) hydrogenation was also carried out at 60-70°; in each case the crude

reaction product proved more difficult to purify, and the yield of pure product was lower.
prepared from the corresponding a,B8-diphenyl acid by hydrogenation of both aromatic rings.

# Cyclohexyl. ¢ This acid was
This acid, m.p. 141-143°,

was obtained by refluxing the recrystallized hydrogenation product (m.p. 129-132°) with a 1009, excess of 2% sodiumn

hydroxide solution, followed by acidification.

(1) This paper represents part of a dissertation submitted by R. H.
Cox in partial fulfiliment of the requirements for the Ph.D. degree in
the University of Michigan, 1954,

(2) Sterling—Winthrop Fellow.

(3) A, W. Weston and R. W. DeNet, Tais JournaLn, 73, 4221
(1851).

(4) G.R. Treves and F. C. Testa, sbid., T4, 46 (1952).

(5) F. F. Blicke and H. Raffelson, ibid., 74, 1730 (1952).

(8) T. T, Blicke und R, H, Caux, rbid., 7T, 5399 (1955).

hydroscopolamine salts; Raffelson® hydrogenated
a,a-diphenyl-3-hydroxypropionic acid to a-phenyl-
a-cyclohexyl-8-hydroxypropionic acid.

(7) The a-phenyl-8-hydroxypropionic acids which were hydro-
genated have been described previously .56

(8) K. Miescher and K. Hoffmann, U. S. Patent 2,265,185; C.A..
36, 1737 (1942).

(9) 1. Raflelson, Dissertation, University of Michigan, 1951,



TABLE I
HyproCHLORIDES AND METHONALIDES OF 8-DIETHYLAMINOETHYL [ESTERS OF B-SUBSTITUTED o-CYCLOHREXYL-3-HYDROX YPROPIONIC ACIDS,
Col I CHCOOCHLCHLN(CuH;) + HCL or CH,X

RR’COH

Componnds 1, 2, 4, 10, 11, 18, 20, 24 and 28 were reerystallized from methyl ethyl ketone; 3 from ethanol ethyl acetate; 5, 15, 22 and 33 from isopropyl alcohol cther; 6 from
methyl ethyl ketonc cther; 7 and 16 from isopropyl alcohol-muethyl ethyl ketone; 8 and 9 from isopropyl alcohol-acetone; 11 and 31 from acetone—ctlier; 12, 26, 30 and 32 from
isopropyl alcoliol: 13, 19, 21, 27 aud 29 from etlinol ether; 17 and 23 from acetone; 25 from ethanol dsopropyl aleohol.

POFC

Anti-
spasmodic
activity;
) Analyses, ¥, %% of
M.p., Yield, Carbon Hydrogen 1lalogen atropine
" e Salt 2. [ foripla Caled. 1round Caled. Fonnel Caled. Foread sulfate”
1 I I HCI1 92 D" 71 CiH O3 NCl 3.52 58.60 .82 9.95 11.52 11.47 5.9
3 H H CH;Br BREDIE Ci! 105 NBr 45 52 . H) 881 8.80 21.82 21.79 19 4
3 H CH, CiLl 9295 Cirt 13,05 N1 77 17.59 8.02 707 29.70 29.5¢
4 It C,H; HCI1 103-105 HY) Ci7H;3,03NC1 .78 61.07 10.21 10.50 10.55 10,148 !
5 H G, CH;Br 125 -126 Cisl 1303 NBr 54.81 55.16 9.20 9.50 20.27 20 .12 23.2
[ I CyH; HCI1 100 -102 5o CisH360; NC1 61.78 61.68 10.37 10.51 10. 14 10. 14 5.6
7 H C;H; CH,Br 121--122 CigH303N Br 55.87 55.88 9.38 9.52 19.57 1943 4.0
8 I 1-CyH; HCI 139 -141 66 CislLisO3 NCl 61.78 61.72 10.37 10 41 10.14 10.28 3.1
9 1f i-Cyltly CH4Br 191) -192¢ CioHs03NBr 55 .87 55.71 .38 9.306 19.57 19146 13.7
14} i3 Gy, HCl 105--107 &0 CuyH,c03NC1 63.54 63.56 10.67 10.82 9.38 9 .29 1.3
11 H CsHu ClL;Br 101--103 CuH O3 NBr H7.78 58.03 9.70 9.91 1831 18. 10 18.5
12 11 CoH ICl1 165-168 80 CaH O3 NCI 64.68 6-4.53 10 34 10.50 9.09 8.98 2.3
13 H CeHyy? CH;Br 135 -13%8 CuH;:03NBr 58.92 58.90 9 11 9.50 17 .82 17.78
14 I CsH,: IICl 109 -111 68 C. H,:0,NCI 64.34 64 .43 10.80 10.77 & 0 8495 0.5
15 H CelHs CH,Br 100-103 Cue ;O3 NBr 58.65H 5837 9.85 9.81 17.74 17.65 18.5
16 CH; CH; HCI 139 -141 s Ci7H;;,04NC1 60.78 61.16 10.21 10.35 10.55 10. 47 1.6
17 CH; CH; CH,Br 125 -130 CisH3eO3 N Br 5481 55.02 9 20 D17 20.27 20.18 14.0
18 CH; GH, 1Ct 116 -117 67 Cis1304NC1 61.78 61 74 10.37 10.55 1. 14 10.08 21.0
19 CIL, C.ll; Ci;Br 112 -144 Cy»H05 NBr 55.87 55.80 9.38 9.42 19.57 19 .36 18.0
20 CH; CH, 4 HCl1 117 -149 66 C.H,.03NCI 65.40 65.44 1048 1014 8.77 8.89
21 CH; CeH i CIl;Br 194195 Ca: O3 NBr A9.72 59.42 9.59 9.068 17.28 17.15 3.2
22 C.Hs C.H; HCl 129--131 s CiyH 303N C1 62.69 62.62 10.53 10.78 9. 74 9.71 6.8
23 C,oH; CyH; CH;Br 150 -152 CuyH O3 NBr 56.87 56.63 9.54 9.51 18.92 18.78 32.0
24 CsH: CiH; HCI 123 -125 67 CuHy 04 NCI 64.34 64.48 10.80 1083 9.04 8.98 0.2
25 Gl CyH; C',Br 183 -185 Cal14,O3sNBr 58.65 5.8 9 .85 10.07 17.74 17.59 0.8
26 —-CHsCH,),CIL - ¢l 176178 82 Cal I;s04NC1 63.80  63.92 1019 10 42 0.13 0.37 9.5
27 -—CH(CH,);CH,— CHL;Br 1:345-138 Cy, HyO:NBr 53.05 57 .87 9 .28 9 41 1840 18.29 62 .0
23 —CHCH(CH;)(CH.).CIH, HCl 159 -161 63 Cul1»O3NCI 64.68 64.78 10,31 10 35 9.09 9.01
29 —CH,CH(CH;,)(CH,).CH — CH;Br 149 -151 Cs:H 1201 NBr 58.92 5867 9 44 9.65 17.82 17.63
30 — CH,CH,CIH(CH,)CH,CIL., - HCl1 183-185 I Cy,HuO,NCI 64.68 64.69 10.34 10.25 9.09 916 2.8
31 —CILCHCH(CIL,)CII.CH.,— CH;Br 155157 CaaH O3 NBr 58.92 59.20 9.14 9. 42 17.82 17.71 20.6
32 --CH,(CH; sCH, — HCI 175-176 et Cu:H 03 NC1 65.40 65. 18 1018 10.25 877 8.75 1.8
33 —-CH,(CIHL, ;CIs—- CILBr 139 -1.12 CusH O NBr 59.72 54.49 9.59 9.65 17.28 17.12 7.6

e See I, I, Blicke and R. H. Cox, Tiis JorrNar, 77, 5399 (1955)

decomposition

¢ Cyclohexyl.

, footnote 9

& A mixture of compound 1 (9 parts) and compound 2 (1 part) melted at 62-82°.

¢ Melted with
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The  a-cyclohexyl-8-hydroxypropionic  acids
which were synthesized are reported in Table I.10
Two of these acids (compounds 7 and 9) contained
a cyclohexyl substituent in the S3-position; each
compound was prepared from the required «,3-di-
phenyl-8-hydroxy acid by hydrogenation of both
aromatic rings.

Two transformations were carried out which con-
tributed to the confirmation of the structures of the
acids. a-Cyclohexyl-8-hydroxypropionic acid (com-
pound 1) was oxidized with alkaline potassium per-
manganate to the previously reported cyclohexyl-
malonic acid.!' «-Cyclohexyl-a-(1-hydroxycyclo-
hexyl)-acetic acid (compound 14) was dehydrated
by fusion in the presence of anhydrous copper sul-
fate; catalytic hydrogenation of the crude dehy-
dration product yielded the known dicyclohexyl-
acetic acid.!%13

In addition to the a-cyclohexyl acids prepared,
B,8-dicyclohexyl-8-hydroxypropionic acid, a struc-
tural isomer of compound 7, was synthesized by
hydrogenation of 8,3-diphenyl-8-hydroxypropionic
acid.!

The basic ester hydrochlorides were synthesized
by reaction of the required acid and basic alkyl
chloride in isopropyl alcohol by a gemneral proced-
ure.’® The methohalides were obtained by treat-
ment of the ester base, dissolved in ether, with a
fourfold excess of the methyl halide.

We observed that in the case of 8,5-disubstituted
a-phenyl-g-hydroxypropionic acids and the salts
of their basic esters, decomposition took place af-
ter a period of time at room temperature; evidence
of this decomposition was the ketonic odor and the
depression of the original melting point. In the
case of the a-cyclohexyl analogs described in this
paper, no evidence of decomposition, under the
same conditions, has been noticed. A study?!® of
the base-catalyzed cleavage of 8-hydroxy acids has
shown definitely that the 8-substituted a-phenyl-g-
hydroxypropionic acids decompose much more
readily than the a-cyclohexyl analogs.

We are indebted to the Sterling-Winthrop Re-
search Institute for the pharmacological data (Ta-
ble II).

Experimental

a-Cyclohexyl-g-hydroxypropionic Acids. General Pro-
cedure.—The required a-phenyl-g8-hydroxypropionic acid
(0.025 mole), dissolved in about 60 cc. of acetic acid, was
hydrogenated under an initial pressure of 50 pounds in the
presence of 0.3 g. of platinum oxide catalyst. The catalyst
was filtered and the acetic acid was removed under 15 mm.
pressure.
In some instances (Table I, compounds 14~17), the solu-
bility of the hydrogenation product was limited to such an

(10) The only acid of this type mentioned in the literaturet is a-
cyclohexyl-8-hydroxypropionic acid; however, no description of the
acid was reported.

(11) E. Hope and W. H. Perkin, J. Chem. Soc., 95, 1360 (1909).

(12) R. Willstatter and E. Waldschmidt-leitz, Ber., 54, 1420
(1921).

(13) E. Venus-Danilova, ibid., 81, 1954 (1928).
(14) H. Rupe and E. Busoit, 7bid., 40, 4539 (1807).
(15) H. Horenstein and H. Pahiicke, tbid., T1, 1644 (1938).
(16) To be published.
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extent that some of the product appeared as a crystalline
precipitate during the course of the hydrogenation. When
the hydrogenation was completed, the precipitated material
was dissolved by the addition of either acetone or more ace-
tic acid, and the catalyst was removed.

The two «,B8-diphenyl-8-hydroxy acids, which upon hydro-
genation yielded compounds 7 and 11, were sparingly soluble
in acetic acid; therefore, an appreciable amount of the origi-
nal acid remained suspended at the beginning of the hydro-
genation. This limited solubility did not appear to have
any appreciable effect upon the rate or completeness of tlie
hydrogenation.

Oxidation of a-Cyclohexyl-8-hydroxypropionic Acid.—
The acid (1.7 g.) was dissolved in a solution of 2.1 g. of
sodium carbonate in 20 cc. of water, and 2.5 g. of potassium
permanganate was added. The solution was heated on a
steam-bath for 20 minutes, cooled in an ice-bath, adjusted
to a pH of 5.8 with hydrochloric acid aud extracted immedi-
ately with ether. The cyclohexylmalonic acid (1.2 g., 65%).
obtained from the dried ethereal extract, melted at 176~
177° dec." after recrystallization from formic acid.

Caled. for CgH.O4: neut. equiv., 186.2. Found: neut.
equiv., 186.6.

Dehydration of «-Cyclohexyl-a-(1-hydroxycyclohexyl)-
acetic Acid Followed by Hydrogenation.—A mixture of 4.8
g. of the finely powdered acid and 7.5 g. of anhydrous copper
sulfate was stirred occasionally and heated at 195-200° (bath
temperature) for 20 minutes. Tlie organic residue, ob-
tained from tlie ethereal extract, was dissolved in a mixture
of 50 cc. of acetic acid and 50 cc. of acetic anhydride and
was hydrogenated in the presence of 0.3 g. of platinum ox-
ide catalyst under an initial pressure of 50 pounds. The
product was recrystallized from benzene-petroleum ether
(90-100°); the dicyclohexylacetic acid weighed 2.8 g. (62%);
m.p. 134-135°.18

Caled. for C14H24022
neut. equiv., 224.8.

8,8-Dicyclohexyl-g8-hydroxypropionic Acid.—This acid
was obtained in 81 9% yield by hydrogenation of 8,8-diphenyl-
B-hydroxypropionic acid'4 in the manner described above;
m.p. 135-137° after recrystallization from toluene.

Anal. Caled. for CsH2O;: C, 70.82; H, 10.30; neut.
equiv., 254.4. Found: C, 70.84; H, 10.00; neut. equiv.,
254.9.

B-Piperidinoethyl o-Cyclohexyl-a-(1-hydroxycyclohexyl)-
acetate Hydrochloride,—This salt melted at 195-196° after
recrystallization from isopropyl alcohol-methy! ethyl ketone;
yield 77%.

Anal. Caled. for C,H3O3NCl: C, 65.01; H, 9.87; N,
3.61; Cl, 9.14. Found: C, 65.07; H, 10.03; N, 3.57; Cl,
9.01.

v-Dimethylaminopropy! a-Cyclohexyl-a-(1-hydroxycyclo-
hexyl)-acetate Hydrochloride.—This compound melted at
151-153° after recrystallization from isopropyl alcohol-
methyl ethyl ketone; yield 649,.

Anal. Caled. for CyHz;03NCl: C, 63.05; H, 10.02; N,
3.87; (1, 9.80. Found: C, 62.80; H, 10.09; N, 3.89; Cl,
9.71.

g-Diethylaminoethyl §,8-Dicyclohexyl-g-hydroxypropion-
ate Hydrochloride and Methobromide.—The hydrochloride
melted at 126-127° after recrystallization from toluene-
petroleum ether (90-100°); yield 739%,.

Anal. Caled. for CyH«O;NCl: C, 64.68; H, 10.34;
N, 3.59; (1, 9.09. Found: C, 64.50; H, 10.35; N, 3.62;
Cl, 8.99.

The methobromide melted at 178~179° after recrystalli-
zation from isopropy! alcoliol-methyl ethy!l ketone.

Anal. Caled. for CuH,:O3;NBr: C, 58.92; H, 9.44; N,
3.12; Br, 17.82. Found: C, 59.02; H, 9.40; N, 3.17;
Br, 17.65.

ANN ARBOR, MICH.

neut. equiv., 224.3. Found:

(17) Ref. 11, m.p. 176-178° deec.
(18) Ref. 12, m.p. 137°; ref. 13, m.p. 134-135°.



