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The Preparation of Isomeric Cholesteryl Malonic Acids. 
i-Cholesterylmalonic Acid 

BY J. J. SVARZ AND EMIL KAISER 

II. Isolation of 

In cholesterylmalonic acid B preparations some 
3-cholesterylmalonic acid was shown to be present.1 

Subsequently it was found that the 3-cholesteryl­
malonic acid could be removed completely by 
keeping, petroleum ether solutions of Acid B at 
low temperatures instead of ethyl ether containing 
petroleum ether solutions. 

Fraction B, freed completely from 3-cholesteryl­
malonic acid, was separated into two components, 
Fractions BI and BII. Among these compo­
nents BII proved to be the main fraction, BI was 
present in lesser amounts. 

Fraction BI crystallized out when a methanol 
solution of the Acid B mixture was subjected to 
low temperatures. Repeated recrystallizations 
from methanol yielded preparations of Fraction 
BI which had melting points varying from 52 to 
68° and equivalent weights close to 300. These 
Acid BI preparations were slightly levorotatory 
and did not consume oxygen in the perbenzoic 
acid titration. Carbon dioxide was not given off 
by them when heated to 220°. Fraction BI is 
being purified and studied further to elucidate its 
structure. 

From the mother liquor of the Fraction BI 
crystallization, a second fraction was obtained. 
This fraction, BII, was very soluble in methanol 
but could be crystallized from propylene dichlo-
ride. It proved to be an acid of the equivalent 
weight of 236, the same as the equivalent weight 
of the 3-cholesterylmalonic acid. Oxygen was 
not consumed in the perbenzoic acid titration of 
Fraction BII and carbon dioxide was given off 
when the acid was heated to high temperatures. 
Optical rotation of the acid was (a)25D 4- 65°. 
All these properties suggest that the structure of 
Fraction BII is that of i-cholesterylmalonic acid. 
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Sterol acids, left in the mother liquor after 
removal of Fractions BI and BII, could be sepa­
rated in the form of their amides. 

(1) Kaiser and Svarz, T H I S JOURNAL, 6T, 1309 (1945). 

The melting points, optical rotations, oxygen 
consumption in the perbenzoic acid titration and 
results of the Libermann-Burchard color tests of 
all derivatives obtained in the condensation of 
cholesteryl £>-toluenesulfonate with sodium ma­
lonic ester are listed in Table I. 

Compound 

3-Cholesterylma-
lonic acid 

3-Cholesteryldi-
methylmalonate 

Fraction BI I 

t'-Cholesteryl-
malonic acid 

i-Cholesteryl di-
methylmalonate 

i-Cholesterylinalon-
amide 

TABLE I 

M. p., 
0C. 

202-206" 

88-89 
52-57 
66-686 

173-174" 

69-71 

224-225 

[a]"D 

- 2 2 . 5 

- 2 8 

- 0.17 

+ 6 5 

+ 58.5 

C 

Lieber-
mann-

Oxygen Bur-
con- chard 

sumed test 

1 g. atom + 

1 g. atom -f 

None — 

None — 

None — 

C C 

"Melts with decomposition. b Melting points in dif­
ferent preparations. e Not determined. 

This tabulation clearly shows that only Acid A, 
the 3-cholesterylmalonic acid, and its derivatives 
possess a double bond. The properties of Fraction 
BI indicate that this acid is neither a double bond 
containing sterol, nor does it belong to the i-
cholesteryl series. 

Acknowledgment.—The authors wish to thank 
Professor F. C. Koch for his interest during the 
course of this work. 

Experimental2 

Preparation of the Fractions BI and BII of the Petroleum 
Ether Soluble Cholesterylmalonic Acid (Acid B).—Ninety 
grams of Fraction B (1), previously freed from 3-choles­
terylmalonic acid, was dissolved in 600 cc. of *-propanol 
and the solution decolorized with charcoal. The i-
propanol was removed under reduced pressure, the residue 
dissolved in 400 cc. of methanol and the solution kept for 
two hours in an alcohol-Dry Ice freezing mixture. A 
gelatinous precipitate settled out which was filtered off 
through a Biichner funnel previously chilled with Dry Ice. 
The precipitate was air dried a t room temperature. It 
weighed 7 g. and was labeled Fraction BI . 

The filtrate from Fraction BI was evaporated to dryness 
under reduced pressure on the steam-bath. A viscous 
sirup remained which was dissolved in 500 cc. of propylene 
dichloride. The solution was cooled to room tempera­
ture until needle-like crystals appeared and then kept 
overnight a t —4°. The crystals were filtered off, the 
mother liquor concentrated, chilled again and more 
crystalline material obtained. The combined fractions 

(2) Microanalyses were performed by Dr. G. Oppenheimer at the 
California Institute of Technology, Pasadena, California. 
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were dried a t room temperature; yield 43 g. This sub­
stance was called Fraction BI I . 

The propylene dichloride filtrate from Fraction BI I 
was evaporated to dryness under reduced pressure on the 
steam-bath. A light brown sirup remained, which 
weighed 22 g. Attempts to crystallize this sirup failed. 

Fifteen grams of the above sirup was dissolved in a mix­
ture of 80 cc. of absolute ether and 80 cc. of anhydrous 
benzene. Three drops of pyridine was added followed by 
15 cc. of freshly distilled thionyl chloride. This mixture 
was allowed to stand at room temperature for five hours. 
The solvents were then distilled off under reduced pressure 
a t about 40 to 45°. The residue was treated twice with 
25-cc. portions of dry benzene, each portion being distilled 
off as before. Finally 150 cc. of anhydrous ether was 
added and anhydrous ammonia gas passed into the ether 
solution for forty-five minutes. Some of the ether 
evaporated and a precipitate separated out, which was re­
moved by filtration. The filtrate was chilled and more 
material obtained. From the concentrated mother liquor 
still more of this substance crystallized out, when petro­
leum ether was added. The fractions were combined, 
washed with water and dried; yield 8 g. 

About 70% of the starting material was recovered in the 
fractionation. The ^-cholesterylmalonic acid amounted 
to about one-half of the weight of the whole Acid B mix­
ture . 

Crystallization of Fraction BI.—Seven grams of Fraction 
BI obtained from the Fraction B mixture was crystallized 
from methanol. After three recrystallizations from meth­
anol a compound melting at 67-68° was obtained. When 
heated to 220° and recrystalhzed from methanol the melt­
ing point remained the same; equivalent weight in two 
different preparations 298 and 310. 

The combined methanol mother liquors were kept over­
night at —4°. The crystalline material had a melting 
point of 52 to 57°; equivalent weight 250. 

Perbenzoic Acid Titration—Fraction Melting 67-68°.— 
One-tenth of a gram dissolved in chloroform did not con­
sume oxygen after seventy-two hours a t —4°. Fraction 
melting 52-57°: one-tenth of a gram dissolved in chloro­
form did not consume oxygen after seventy-two hours a t 
- 4 ° . 

The Fraction BI obtained in the separation procedure 
had an optical rotation of [a] 28D — 0.17° in 9 5 % ethanol. 

Crystallization of i-Cholesterylmalonic Acid.—Fraction 
BI I was twice recrystalhzed from propylene dichloride and 
dried in vacuo a t 100°. The crystalline i-cholesteryl-
malonic acid melts with decomposition at 173-174°. 

Anal. Calcd. for C30H48O4: C, 76.22; H , 10.23; 
neut . equiv., 236.3. Found: C, 76.20; H , 10.70; neut . 
equiv., 236.15; H 2 5 D + 6 5 ° (in 9 5 % ethanol) . 

Perbenzoic acid t i t rat ion: one-tenth of a gram dis­
solved in chloroform did not consume oxygen after seventy-
two hours a t —4°. 

Preparation of Crystalline Dimethyl i-Cholesteryl-
malonate.—Two grams of i-cholesterylmalonic acid was 
dissolved in 20 cc. of methanol. One-half cc. of concen­
trated sulfuric acid was added and the solution refluxed 

for six hours. The ester was isolated in the usual manner 
and crystallized out slowly from methanol after standing 
for several days a t —4°. The white needles were recrys­
talhzed from methanol and dried, m. p . 69-71°. 

Anal. Calcd. for C32H62O4: C, 76.80; H, 10.40. 
Found: C, 76.90; H , 10.98. M2 6D + 5 8 . 5 ° (in 95%; 
ethanol). 

Perbenzoic acid t i t rat ion: one-tenth gram dissolved in 
chloroform did not consume oxygen after seventy-two 
hours at —4°. 

Preparation of f'-Cholesterylmalonamide.—One gram of 
^-cholesterylmalonic acid was dissolved in 20 cc. of abso­
lute benzene and 10 cc. of absolute ether. One drop of 
pyridine was added, followed by one ce. of freshly distilled 
thionyl chloride. The mixture .was allowed to stand for 
four hours at room temperature with occasional swirling. 
The solvents were distilled off under reduced pressure at 
40°, then 10 cc. of anhydrous benzene was added and also 
removed in vacuo. The residue, which remained after 
removal of the benzene, was taken up in 25 cc. of absolute 
ether. The ether solution was filtered and dry ammonia 
gas passed into the filtrate for seventy minutes. The ether 
was removed and the residue washed with water. After 
drying in vacuo the 2-cholesterylmalonamide was crystal­
lized from ethyl acetate, m. p . 224-225°. 

Anal. Calcd. for C30H60N2O2: C, 76.58; H , 10.72; 
N, 5.95. Found: C, 76.23; H , 10.84; N , 6.01. 

Preparation of i-Cholesterylmalonamide from the Frac­
tion B Mixture.—Five grams of the original Acid B mix­
ture was transformed to an acid chloride and treated with 
ammonia as described in the preparation of the amide from 
pure j-cholesterylmalonic acid. The ether-benzene mix­
ture was distilled off under reduced pressure and the resi­
due suspended in ether. The ether was filtered off and 
the solids thoroughly washed with ether. The product 
was dried at 60°, then washed with hot water and dried a t 
100°. The dry substance was crystallized from ethyl 
acetate; yield 2.2 g., melting point 224-225°. When 
mixed with i-cholesterylmalonamide prepared from pure i-
cholesterylmalonic acid no melting point depression was 
observed. 

Summary 
The petroleum ether soluble cholesterylmalonic 

acid fraction was freed from 3-cholesterylmalonic 
acid and thereafter separated into two fractions. 
The first fraction proved to be a sterol acid, which 
does not possess a double bond, nor does it belong 
into the i-series. The second fraction, about 50% 
of the starting material, was the i-cholesteryl-
malonic acid, which was transformed into its 
amide and dimethyl ester. •i-Cholesterylmalona-
mide could also be prepared directly from the pe­
troleum ether soluble cholesterylmalonic acid. 
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