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limited accuracy of the potentiometric method, the best 
visual fit was made to first-order plots and standard devia
tions were calculated from the deviations of the experimental 
points from the lines. 

With the very slowly reacting chlorides, complications 
were introduced by the reaction of the liberated hydrochloric 
acid with the ethanolic medium, particularly in the later 
stages. This was particularly true with syre-7-chIoronor-
bornene ( I I ) and 7-chloronorbornane (I) which gave compli
cated rate curves in consequence of the substantial contam
ination with nortricyclyl chloride, the reaction between 
ethanol and hydrochloric acid and the very low reactivities 
of the chlorides themselves. Figure 1 shows a typical plot of 
— log (a — x) against time. The steep initial slope results 
from a relatively rapid initial liberation of hydrochloric acid 
by the contaminating nortricyclyl chloride. When the con
centration of nortricyclyl chloride becomes small, the hy
drochloric acid concentration passes through a maximum 
because the rate of reaction of the acid with ethanol is faster 
than the solvolysis of I I . With approximate reaction rates 
obtained for hydrochloric acid with ethanol under the ex
perimental conditions at three separate initial acid concen
trations comparable to those calculated to be present a t the 
maximum in Fig. 1, it was possible to make a rough empirical 
correction of the rate data and obtain tipper limits for the 
rate constants of I I . A similar procedure was followed for I . 

Products from the Solvolyses of syn- and anti-7-Cbloro-
rxo-norbornyl £-Toluenesulfonates (IV and V) in Acetic 
Acid.—Two 25-ml. aliquots of a 0.0322 M solution of syn-7-
chloro-exo-norbornyl ^-toluenesulfonate (IV) in dry acetic 
acid containing 0.0308 M potassium acetate were heated at 
78.2° for 45 minutes and 6 hours, respectively. Titration 
with perchloric acid showed that acetolysis had occurred in 
the two solutions to the extent of 10 and 70%, respectively. 
The reaction mixtures were diluted with water, neutralized 
with sodium carbonate and extracted with ether. The ether 
extracts were dried over sodium sulfate, evaporated to dry
ness and the chloronorbornyl acetates removed by trituration 
with cold pentane. The infrared spectra of the residues 
showed only IV to be present in the material from the 45-min. 
reaction while that from the 6-hour reaction showed both 
IV and V to be present, approximately in the ratio of 4 : 1 . 

Identical experiments starting with anti-7-chloro-exo-nor-
bornyl p-toluenesulfonate (V) showed no significant re
arrangement after 10% reaction and afforded about a 1:5 
mixture of IV and V after 70% acetolysis. 

A solution of 2.0 g. (0.0066 mole) of the sulfonate ester 
IV and 1.0 g. (0.010 mole) of potassium acetate in 50 ml. of 
dry acetic acid was heated for 24 hours at 100°. The mix-

in 1953,3 attention was drawn to the fact that 
certain C14-labeled organic compounds underwent 
self-induced radiation damage and, subsequently,4 

this reaction has been studied in detail. At that 
time it also was reported that Chaikoff and his co-
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(4) R. M. Lemmon, Nucleonics, 11, No. 10, 44 (1953); C. D. Wag
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Fig. 1.—Solvolysis rate curve for jyrc-7-chloronorbornene in 

50% ethanol at 99.7°. 

ture was cooled, the acetic acid neutralized with aqueous 
sodium carbonate solution and the products extracted with 
ether. The ether extract was dried over sodium sulfate, 
the ether evaporated and the residue distilled through a semi-
micro column. A mixture of chloronorbornyl acetates (0.81 
g.) was obtained, b .p . 70-80° (4 mm.), M25D 1.4808. 

Anal. Calcd. for C9Hi3O2Cl: C, 57.29; H, 6.94; Cl, 
18.80. Found: C, 57.57; H, 6.02; Cl, 18.47. 

Sulfonate ester V was carried through the same procedure 
and afforded 0.82 g. of chloronorbornyl acetate mixture, b .p . 
80-88° (4-5 mm.), « » D 1.4811. 

Anal. Calcd. for C9Hi3O2Cl: C, 57.29; H, 6.94; Cl, 
18.80. Found: C, 57.31; H, 6.82; Cl, 18.75. 

Infrared spectra of the two chloronorbornyl acetate mix
tures from IV and V were very similar. Lithium aluminum 
hydride reduction of each chloronorbornyl acetate mixture 
yielded mixtures of colorless, waxy solids which were puri
fied by short-path distillation at 128° (4 mm.) . Compari
son of the infrared spectra of the reduction products with 
those of synthetic mixtures of chlorohydrins VI and VII re
vealed that each was approximately a 1:1 mixture of the 
two chloronorborneols. 

PASADENA, CALIFORNIA 

workers, in the Department of Physiology of the 
University of California, had found that C14-la-
beled cholesterol possessing a specific activity of 
<~6.5 ,uc./mg. underwent decomposition over a pe
riod of approximately 18 months to the extent of 
40%. The extremely large amount of transforma
tion of this important sterol was unexpected and 
it was of importance to identify the products 
formed and to evaluate the role of the radiation in 
the transformation process. 

The first samples of C14-cholesterol investi
gated had been stored in a screw-cap vial and had 
been exposed to the atmosphere at frequent inter-
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When C'Mabeled cholesterol is stored in the presence of air, it is oxidized on and about the 5,6-double bond and, in the 
main, the epimeric 7-hydroxy, the 7-keto and the 5a,6(3-dihydroxy derivatives are formed. Such an oxidation reaction re
quires both radiation and oxygen since unlabeled cholesterol in air or CH-labeled cholesterol in vacuo are stable 
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vtils in the 18 months period. Some preliminary 
experiments5 indicated tha t rather than the molecu
lar fission found in compounds such as choline, 
oxidation of the sterol had occurred. For exam
ple, it was found t ha t the aged cholesterol possessed 
a band in the infrared at 5.9-6.0 n, characteristic of 
a carbonyl group, and tha t the intensity of this 
band decreased after the material had been treated 
with Girard reagent. Isotopic dilution experi
ments showed tha t the carbonyl-containing ma
terial was not cholestenone. Furthermore, not all 
of the decomposition products could be simply ke-
tonic derivatives of cholesterol since approximately 
40%> of the radioactivity would not precipitate 
with digitonin and the presence of a carbonyl group 
a t C6, C7 or C2O does not interfere with this specific 
precipitation reaction.6 

Ever since Schulze and Winterstein7 showed tha t 
cholesterol upon exposure to air and sunlight under
went decomposition, there has been discussion as 
to the stability of cholesterol.8 Thus, this present 
study has been concerned with three points: first, 
the exact nature of the compounds formed in the 
C1 '-cholesterol; second, the role of air and solvents; 
and third, the role of radiation. 

With regard to the chemical changes induced, 
from what is known about the oxidation of choles
terol or its esters by mild oxidizing agent such as 
manganese dioxide in petroleum ether9 or oxygen 
in the presence of a metal catalyst,10 the oxidation 
products of cholesterol would be expected to have 
oxygen functions a t positions 5, 6 or 7. Further
more, when cholesterol is irradiated in solid form 
with ultraviolet11 light or in a polar solvent with X-
rays,12 the only products are compounds with oxy
gen functions at positions 5, 6 or 7. I t is of interest 
to note tha t when cholesterol in a non-polar sol
vent is irradiated with X-rays,1 3 the only isolable 
compound is the starting cholesterol. 

In the present study, the amount of aged C14-
cholesterol was too small to permit direct isolation 
of the various products and so the mixture was ana
lyzed using the isotopic dilution technique. The 
following oxidation products of cholesterol were 
measured: 7-ketocholesterol, la- and 7/J-hydroxy-
cholesterol, cholestane-3,/3,5a,6/3-triol and 3,0,5a-
diol-0-one. I t was found tha t crystalline choles
terol labeled with C14 in the C4-, C24- or Co6-posi-
tions and stored in a manner so tha t it had contact 
with air, underwent decomposition, the amount of 
which depended upon both the time and the spe-

(5) I. L, Chaikofl and G. L. Torakins, private communications. 
(Ii) R. M. Haslan and W. Klyne, Biochem. J., 55, 340 (1953). 
(7) E. .Schulze and E. Winterstein, Z. physiU. Chem., 43, 310 

(1904); 48, 540 (1900). 
(8) Discussions by R. D. H. Heard, E. Schvvenk and T. F. Gallagher 

in "Recent Progress in Hormone Research," Academic Press, Inc., 
Xew York, K". Y., 1954, Vol. IX, p. 451. 

(9) P. Meunier, G. Zwingelstein and J. Jouanneteau, Bull. soc. ehim. 
biol. (France), 35, 495 (1953). 

(10) A. H. Cook, / . Chem. Soc, 1774 (1938); S. V. Nedzvetskyi, 
Kiokhimiya, 6, 425 (1941); C. .4., 36, 0551 (1942); S. Bergstrom 
and O. Wintersteiner, J. Biol. Chem., 145, 309 (1942); S. Bergstrom, 
AiHv Kcmi, 16A, No. 10 (1943); E. H. Mosbach, N. Nierenberg and 
I'. IC. Kendall, THIS JOURNAL, 75, 2358 (1953). 

(11) A. Windaus, K. Bursian and U. Riemann, Z. physiol. Chem., 
271, 177 (1941). 

(12) M. Keller and J. Weiss. J. Chem Soc., 2709 (1950). 
(13) R. Tnlhanl, Cnmpl rend., 225, 544 (1947); Ann. pharm. franc, 

5. OI 9 (19 17) 

cific activity. All of the above mentioned oxygen
ated cholesterol derivatives were formed. For ex
ample, a sample of cholesterol-26-C14 which was ap
proximately 24 months old had decomposed to the 
extent of 4 4 % and the oxygenated products ac
counted for 4 0 % of this change. The product 
composition was approximately 5 8 % cholesterol, 
1 1 % 7-ketocholesterol, 14% 7a-hydroxycholesterol, 
10% 7/3-hydroxycholesterol, 5 % cholestane-3/3,-
5a,6/3-triol and 2 % eholestane-30,5a-diol-6-one. 
For comparison, it has been found tha t X-ray ir
radiation yields mostly the triol12 while metal-
catalyzed oxidation gives mostly 7-oxygenated 
derivatives.10 The position of the label made no no
ticeable difference in the composition of the de
composition products. 

Such a radiation-induced oxidation requires a 
source of oxygen either from atmospheric oxygen or 
water. To investigate whether other changes 
would occur due to the radiation alone, a highly 
dried and sublimed sample of cholesterol-4-C14 

was stored in vacuo for a period of 2.5 months and 
no change was observed. A similar storage pe
riod in air brought about a change of S% of the 
cholesterol. This stability of solid cholesterol in 
vacuo toward radiation also has been reported when 
the radiation is either 2-4 Mv. e~ or 1.3 Mev. y 
(Co60).14 

To evaluate the autoxidation of cholesterol in 
the absence of radiation, unlabeled cholesterol was 
stored under the same conditions in which the la
beled substance underwent decomposition. I t was 
found tha t after a period of one year, although a 
slight yellow color had developed, the infrared 
spectrum of cholesterol had not changed. This 
finding clearly established the fact tha t cholesterol 
itself when stored in the presence of air but in the 
absence of ultraviolet light is quite stable and tha t 
the presence of the C14 is essential for the fac
ile oxidation of the solid material. 

Thus, it can be concluded tha t cholesterol is sta
ble in air when stored in the absence of ultraviolet 
light and is stable toward radiation when stored in 
vacuo. However, when cholesterol is in the pres
ence of oxygen-containing compounds, such as air 
and water, it is very susceptible to radiation and 
undergoes oxidation on and about the 5,6-double 
bond. From a consideration of the extent of this 
radiation-induced oxidation and the amount of ra
diation available from the C14 present, it must be 
concluded tha t the reaction is of the chain type. 

This establishment of a radiation sensitivity of 
cholesterol makes it imperative for workers utiliz
ing C14-labeled material to exert great care in its 
storage and to establish the past history of the 
sample. Since the 7-hydroxycholesterols, the ma
jor products of the oxidation reaction, are of the fast 
reaction type in the Liebermann-Burchard test as 
modified by Baumann. Moore and Idler,15 this color 
test allows one to measure rapidly the puri ty of the 
labeled cholesterol sample. 

These present findings of radiation-induced oxida
tion of cholesterol are of special interest in view of 

(14) B. M. Tolbert and R. M. I.emmon, Radiation Research, 3, 
52 (1955). 

(15) P. R Moore and C A. Baumann, J. Biol. Chem., 195, 015 
(1952); I) R Idler and C A Baumann ibul., 195, 023 (1952) 
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the recent report of Fieser and his collaborators'6 

that 6/3-hydroperoxycholest-4-ene-3-one is a carcino
genic compound. It is well-known that radia
tion can induce tumor formation and since choles
terol, a normal body constituent, can be oxygenated 
at C6 in the presence of radiation, it is suggestive 
that perhaps cholesterol is the link between irradia
tion and tumor initiation. 

Experimental" 
Preparation of Steroids, (a) Unlabeled Materials.—7-

Ketocholesterol was prepared from cholesteryl acetate by 
oxidation with i-butyl chromate18 followed by hydrolysis 
with potassium carbonate.19 7/3-Hydroxycholesterol was 
obtained by LiAlH4 reduction of 7-ketocholesteryl acetate20 

and purified via its benzoate.20-21 7a-Hydroxycholesterol 
was prepared from the 7/3-epimer by acid-catalyzed equili
bration .22 Commercial cholesterol was purified by bromina-
tion and debromination with zinc.23 Cholestane-3/3,5a,6(3-
triol was prepared by hydroxylation of cholesterol with hy
drogen peroxide in formic acid24 and subsequent oxidation 
of the triol with N-bromosuccinimide gave cholestane-3(3,5o:-
diol-6-one.24 It was found that the diolone prepared by 
this method was contaminated with some triol. This was 
detected by careful chromatography (see procedure below) 
on alumina and under our conditions, the diolone was eluted 
with CHCl3 containing 1.0% MeOH and the triol was ob
tained with CHCl3 containing 1.5% MeOH. Since the 
melting points of these two compounds lie close together and 
the reported values vary widely and, also, since there is 
little or no depression in a mixed melting point experiment, 
the identity of the fractions in the chromatogram was veri
fied by forming the monoacetate of the diolone and the di-
acetate of the triol. The melting points found for the pure 
diolone and triol are 233-235° and 229-233°, respectively. 
Purification of the crude diolone also could be achieved by 
treatment of the material with bromine in aqueous ethanol.25 

(b) Labeled Steroids.—Cholesterol-4-C14 and cholesterol-
26-C14 were prepared as described earlier26'2' and cholesterol-
24-C14 was prepared by a modified procedure described else
where.28 The labeled materials were purified via chromatog
raphy and dibromide formation before use. 

Radioactivity Determinations.—AU samples were oxi
dized under reduced pressure with the oxidation mixture of 
Van Slyke and Folch.29 The carbon dioxide was collected 
in NaOH solution and the BaCO3 precipitated and counted in 
the usual fashion.30 

Infrared Spectra.—All spectra were taken in CS2 solution 
at a concentration of 50 mg./ml. using a 0.1-mm. thick cell. 
In the case of the aged samples of cholesterol, in addition 
to the usual sharp band at 2.7 u. which is characteristic of 
the hydroxyl, a broad band appeared between 2.8-3.1 ^. 

(16) L. F. Fieser, T. W. Greene, F. Bischoff, G. Lopez and J. J. 
Rupp, THIS JOURNAL, 77, 3928 (1955). 

(17) Oxidations of CI4-labeled materials to carbon dioxide were 
performed by the Microanalytical Laboratory of the Department of 
Chemistry and Chemical Engineering, University of California. All 
melting points are corrected. 

(18) R. V. Oppenauer and H. Oberrauch, Anal. asoc. qitim. argen
tine, 37, 246 (1949); K. Heusler and A. Wettstein, HeIv. Chim. Ada, 
35, 284 (1952). 

(19) J. Barnett, B. E. Ryman and F. Smith, J. Ckem. Soc, 526 
(1946). 

(20) L. F. Fieser, M. Fieser and R. N. Chakravarti, THIS JOURNAL, 
71, 2229 (1949). 

(21) O. Wintersteiner and W. L. Ruigh, ibid., 64, 2453 (1942). 
(22) L. Ruzicka, V. Prelog and E. Tagmann, HeIv. Chim. Acta, 27, 

1149 (1944). 
(23) E. Schwenk and N. T. Werthessen, Arch. Biochem. Biopkys., 

40, 334 (1952); L. F. Fieser, THIS JOURNAL, 75, 5421 (1953). 
(24) L. F. Fieser and S. Rajagopalan, ibid., 71, 3938 (1949). 
(25) E. Schwenk, N. T. Werthessen and H. Rosenkrantz, Arch. 

Biochem. Biophys., 37, 247 (1952). 
(20) W. G. Dauben and J. F. Eastham, T H I S JOURNAL, 73, 4463 

(1951). 
(27) W. G. Dauben and H. L. Bradlow, ibid., 72, 4248 (1950). 
(28) W. G. Dauben and P. H. Payot, J. Org. CKm., in press. 
(29) D. D. Van Slyke and J. Folch, J. Biol. Chem., 136, 509 (1940). 
(30) W. G. Dauben, J. C. Reid and P. E. Yankwich, Anal. Chem., 

19, 828 (1947). 

The carbonyl band of the 7-ketocholesterol which appears at 
6.0 /i could only be detected when the compound was present 
to the extent of more than 5%. 

Chromatographic Analysis.—The technique of fractional 
elution of Reichstein and Shoppee31 was followed, using an 
alumina which had been freed from alkali without using ni
tric acid and which had been reactivated at 180-190°.32 

All solvents were highly purified and the following sequence 
of solvents for elution' was followed: pentane, petroleum 
ether (b.p. 40-50°) or hexane, benzene, ether, chloroform 
and methanol. Cholesterol was eluted with benzene-ether 
(5:2), 7-ketocholesterol with benzene-ether (1:1), 7<*-hy-
droxycholesterol with ether-chloroform (1:1) and 7/3-hy-
droxycholesterol with chloroform. The diolone and triol 
solvent sequence is described above. 

General Pattern for the Analysis of Aged C14-Cholesterol 
Using the Isotopic Dilution Technique.—Aged ^ - c h o l e s 
terol (1 mg.) was mixed in chloroform with 49.5 mg. of un
labeled cholesterol (A) and 49.5 mg. of one of the cholesterol 
oxidation products (B). The solvent was evaporated under 
reduced pressure, the residue dried overnight in a high 
vacuum at 70° and then chromatographed on alumina. 
The chromatogram consisted generally of 30-40 fractions, 
from which compounds A and B were recovered. Several 
recrystallizations of each A and B were performed and then 
the specific activities were determined. 

The last mother liquors of these crystallizations were 
freed from solvent and dried. The residues were acetyl-
ated with acetic anhydride and pyridine and the specific 
activities of the purified acetates determined. If the free 
sterol was difficult to purify,33 the acetate mother liquors 
were hydrolyzed with KOH in methanol and the free sterol es-
terified with benzoyl chloride in methylene chloride con
taining a trace of pyridine. The excess benzoyl chloride 
was destroyed by allowing it to react with glycine and the 
purified steroidal benzoates analyzed. 

Analyses of Aged C14-Cholesterol Samples, (a) Choles-
terol-26-C14.—The sample had a specific activity of 3.4 X 
105 c ts . /min. /mg. C (1.53 tic./mg. cholesterol) and had been 
stored in a screw cap vial for a period of two years and had 
been exposed to the air at various intervals. The material 
analyzed as follows: 

Total 
Compound activity, % 

A, Cholesterol 
Cholesteryl acetate 

B, 7-Ketocholesterol 
7-Ketocholesteryl acetate 

A, Cholesterol 
Cholesteryl acetate 

B, Cholestane-3/3,5a,6/3-triol 
Cholestane-3(3,5a,6(3-triol-3,6-diacetate 

A, Cholesterol 
Cholesteryl acetate 

B, Cholestane-3/3,5a-diol-6-one 
Cholestane-3/3,5a-diol-6-one-3-acetate 

A, Cholesterol 
Cholesteryl acetate 

B, 7a-Hydroxycholesterol 
7/3-Hydroxycholesterol-3,7-diacetate 
7(3-Hydroxycholesterol-3,7-dibenzoate 

A, Cholesterol 
Cholesteryl acetate 

B, 7c*-Hydroxycholesterol 
7a-Hydroxycholesterol-3,7-diacetate 
7a-Hydroxycholesterol-3,7-dibenzoate 

° The pure isomeric diols could not be obtained. 
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a 
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11 

(31) T. Reichstein and C. W. Shoppee, Disc. Faraday Soc, 7, 305 
(1949). 

(32) J. v. Euw, A. Lardon and T. Reichstein, HeIv. Chim. Acta, 27, 
1292 (1944). 

(33) The 7-hydroxycholesterols are difficult to crystallize due to the 
formation of solvates, see O. Wintersteiner and J. R. Ritzmann, J. 
Biol. Chem., 136, 697 (1940). 
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(b) Cholesterol-24-C14.—Four separate experiments were 
performed. 1. A freshly prepared sample (m.p. 145-
146°, s.a. 0.18 MC./mg. cholesterol) was analyzed by the 
above described procedure for cholesterol and 7-ketocholes-
terol. Within the limits of experimental error, the entire 
activity resided in the cholesterol fraction; a trace ( < 1 % ) 
was found in the 7-ketocholesterol fraction. 

2. A portion of the same sample (m.p. 145-146°) was 
first dried in a high vacuum at 70° for 12 liours and then 
sealed in a vial and stored in the dark for 15 months. After 
this period of time, the m.p. had dropped to 129-130° and 
the infrared spectrum showed the broad band in the 2.8-3.1 
M region, characteristic of the decomposition products. 
The material was analyzed for cholesterol and 7-ketocholes
terol. The cholesterol was found to possess 9 3 % of the 
total activity and the 7-ketocholesterol 3 % . 

3. A portion of the same sample was kept for a month 
in a screw cap vial filled with air and then sealed into a vial 
under reduced pressure and stored for 14 months in the dark
ness. The aged material sintered 120° and melted at 129-
130°. The infrared spectrum showed the broad band at 2 .8-
3 . 1 M and a questionable indication of a carbonyl band. The 
sample was analyzed for cholesterol and 7-ketocholesterol 
and was found to have 87% of the total activity in the 
former and 7 % of the total activity in the latter. 

4. A portion of the sample was stored in a screw cap vial 
and the vial was opened at least once a week for 15 months 
and the sterol stirred with a glass rod. After this period, 
the m.p. was 126-127° and the infrared spectrum showed 
the broad band at 2.8-3.1 M- The sample was analyzed for 
only three components and the results were: 8 3 % cholesterol, 
5% 7-ketocholesterol and 5 % 7/S-hydroxycholesterol. 

(c) Cholesterol-4-C14.—Two separate experiments were 
performed. 1. A sample of freshly prepared cholesterol 
(m.p. 146-147°, s.a. 3.83 juc./mg. cholesterol) was stored 

In view of a recent publication by Lenhard and 
Bernstein2 describing a method for the preparation 
of 7-keto derivatives of ethylene ketals of A4-3-
ketosteroids, it seems desirable to report a different 
approach to the synthesis of such compounds. 

After the oxidation of A6-androsten-17/3-ol-3-one 
17-acetate 3-ethylene ketal (I)3 with <-butyl chro-
mate, the start ing material I and an (^,^-unsat
urated ketone I I with a high ultraviolet absorption 
maximum (log e 4.1) a t 241 m^ were isolated. The 
high absorption maximum of I I indicated tha t the 
oxidation of I occurred on the allylic center of C-7 
rather than of C-44 and the new product was, 
therefore, formulated as A6-androsten-17/3-ol-3,7-
dione 17-acetate 3-ethylene ketal (II) . 

Following the alkaline hydrolysis of I I , the 

(1) I'ulbright Fellow 1954-1955. Division of Organic Chemistry, 
National Chemical Laboratory, Poona, India. 

(2) R. H. Lenhard and S. Bernstein, T H I S JOURNAL, 78, 989 (1950). 
(3) R. Antonucci, S. Bernstein, R. Littell, K. J. Sax and J. H. 

Williams, / . Org. Chem., 17, 1341 (1952). 
(4) L. F1 Fieser and M. Fieser, "Natural Products Related to 

Phenanthrene," Reinhold Publ. Corp., New York, N. Y., 1949, p. 191; 
cf., L. Dorfman, Chem. Reus., 53, 47 (1953). 

in a screw cap vial filled with air for a period of three months. 
After this period the m.p. was 129-130° and the infrared 
spectrum showed the broad band at 2.8-3.1 M and a weak 
band at 6.0 M. The sample was only analyzed for choles
terol and 7-ketocholesterol and these compounds possessed 
92 and 7%, respectively, of the total activity. 

2. A portion of the same sample was sublimed in a high 
vacuum and sealed directly in a vial without changing the 
pressure. The material was stored for 10 weeks in the 
darkness. At the end of this period, the material had a 
m.p. of 146-147° and within experimental error, all the ac
tivity was found to reside in the cholesterol when the 
sample was analyzed. 

Experiments with Unlabeled Cholesterol, (a).—Purified 
cholesterol (m.p. 146-147°) was sealed in an evacuated 
vial and stored for one year in the darkness. At the end of 
this period the m.p. had not changed and the infrared spec
trum was identical with that of the material at the start of 
the experiment. 

(b).—Purified cholesterol (m.p. 146-147°) was stored for 
one year in a screw cap vial in the dark. At least once a 
week the vial was opened and the contents stirred with a 
glass rod. After one year, the cholesterol was still colorless 
but the crystals stuck together. After drying the sample, 
both the m.p. and the infrared spectrum were identical with 
that obtained at the start of the experiment. 

(c).—Purified cholesterol (m.p. 146-147°) was stored for 
18 months in a dark bottle equipped with a stirring device. 
The cholesterol was exposed to the atmosphere of the 
laboratory, only protected from the dust. The material 
was stirred intermittently. At the end of the experiment, 
the cholesterol was yellowish but the m.p. , rotation and the 
infrared spectrum were identical with that obtained at the 
start of the experiment. 
BERKELEY 4, CALIFORNIA 

A3;5 - androstadiene - 3 - (/3 - hydroxy) - ethoxy -17/3 - ol-
7-one (III) was isolated. Trea tment of I I with 
methanolic sulfuric acid, followed by alkaline hy
drolysis to ensure complete saponification of the 
17-acetoxy group, yielded A3 '5-androstadiene-3-
methoxy-17;3-ol-7-one (IV) as the only crystalline 
product. This compound had the expected ultra
violet absorption maximum at 311 ITLU, similar to 
the ultraviolet of III.2 '5 

These two hydrolysis experiments indicated tha t 
the formulation of I I was correct. Oppenauer 
oxidation of the 17-hydroxy group in lV yielded 
the A3>5-androstadiene-3-methoxy-7,17-dione (V). 
Following a similar oxidation of the A5-androstene-
3/J,17/3-diol-7-one (VI),6 the A3 '6-androstadiene-
3-ol-7,17-dione (VII) was obtained which, on 
t rea tment with methanolic sulfuric acid, yielded a 
compound identical with V. Inasmuch as V was 

(">) (a) J. Barnett, B. Ii. Ryman and F". Smith, J. Chem. Sac, 
526 (1946); (b) C. W. Greenhalgh, H. B. Henbest and E. R. H. Jones, 
ibid., 2375 (1952); L. Dorfman, ref. 4. 

(0) A. Butenandt, E. Hausmann and J. Paland, Ber., 71, 1310 
(1938); K. Heusler and A. Wettstein, HeIv. Chim. Acta, 38, 284 
(1952). 
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After the oxidation of A5-androsten-17/3-ol-3-one 17-acetate 3-ethylene ketal with /-butyl chromate, the starting material 
and A5-androsten-17/3-ol-3,7-dione 17-acetate 3-ethylene ketal were isolated from the reaction mixture. Several reactions 
carried out with the latter proved the assigned 7-ketone structure. 


