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6,10-dimethyldeca-5,9-dien-2-one. This ketone was converted 
to the labeled methyl farnesoate XII Ia  as described above for 
XII Ib  and then to the terminal epoxy farnesoate VI also as de- 
scribed above for V. V I  had nmr S 1.18 (s, 3 H, epoxy CHI), 
1.21 (6, 3 H, epoxy CHI), 1.51 (m, 2 H, epoxy CHI), 1.61 (d, 
3 H, CH3C=C), 2.14 [m, 7 H, CH&=CHCD&HI(CHI)C=C], 
2.47 (t, 1 H, epoxy H), 3.59 (s, 3 H, COOCHI), 5.12 (broad s, 1 
H, C=CH), 5.58 (m, 1 H, CHCOOCHI); M+ 268 (>98% dz). 

Methyl ld,lW,1R,lW',lW',lR'-de-lO,ll-Epoxy-trans,trans-farnes- 
oate (IV).-ds-Acetone was reduced with lithium aluminum hy- 
dride and the resulting alcohol was converted to 1 ,I,l,S,S,S-d& 
bromopropane according to the conditions of  wile^.^^ The bro- 
mide was mixed with an equimolar amount of triphenylphos- 
phine and heated a t  130' for 2 days to give (1,1,1,S,b,S-da-iso- 
propropy1)triphenylphosphonium bromide (XXVI) in 30yo yield. 
Methyl lO,ll-ep~xy-trans,trans-farnesoate~~ was converted to 
methyl trans,trans-3,7-dimethyl-9-oxonona-3,6-dienoate (XX) 
as described above for XVI. The aldehydo ester XX (0.5 g) 
was added to the dark red ylide (1 equiv), derived from the phos- 

(33) G. A. Wiley, R.  L. Hershkowitz, B. M. Rein, and B. C. Chang, J. 

(34) A generous sample was provided by Dr. Clive Henriok, Zoeoon 
Amer. Chem. Soc., 86, 964 (1964). 

Corp. 

phonium salt XXVI in ether, and the mixture was stirred a t  reflux 
overnight. Work-up in the usual manner and bulb-to-bulb 
distillation (0.5 Torr) gave the de-labeled methyl farnesoate. 
After purification by preparative vpc, this trans,trans-farnesoate 
was converted to the l0,ll-epoxy compound I V  (as described 
above for V): nmr same as for VI except for absence of the 
methyl singlets a t  6 1.18 and 1.21, and the presence of nine allylic 
protons a t  6 2.14; M+ 272 (9lYo da), 271 (9yc ds). 

Registry No.-111, 5299-1 1-6; IV, 34603-22-0; V, 
34635-39-7; VI, 34603-23-1; IXa, 34603-24-2; IXb, 
34603-32-2 ; Xa, 34603-25-3; Xb, 34603-24-2 ; XI, 
34603-26-4; XIb, 34603-27-5; XII ,  34603-28-6; XIIb, 
34635-40-0; XIII ,  3675-00-1 ; XIIIb, 34603-30-0; 
XVI, 24603-31-1. 
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Addition of vinyl Grignard to  the known 1 6 ~ 4  17a-oxidopregnenolone acetate followed by reduction of the 
epoxide, conversion of the product to a 3,5-cyclo steroid, and epoxidation of the remaining double bond yields a 
C-22 epimeric mixture of epoxides which, when condensed with sec-butyllithium and reconverted to the 3p-hy- 
droxy-A6-sterols, yield the title compounds. 

Interest in the preparation of compounds which are 
postulated intermediates in the catabolism of choles- 
terol to Czl and C19 hormones has led numerous inves- 
tigators to synthesize cholesterol derivatives possessing 
hydroxyl groups at  C-17, C-20, and C-22. Specifically, 
the syntheses of (22R)-22-hydroxycholesterol and its 
C-22 epimer, 3--5 20a-hydroxycholesterol16 20P-hydroxy- 
chole~terol,~ and (20R122R)- and (20R122S)-20,22-di- 
hydroxycholestero18~9 have been described previously. 

In  recent years, the suggestion that cholesterol can 
be enzymatically cleaved between C-17 and C-20 to 
yield dehydroepiandrosterone1O-l2 has prompt'ed the 
synthesis of side-chain hydroxylated cholesterols which 
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could serve as substrates for this transformation. 
Compounds of importance in this series include 17a,- 
20a-dihydroxycholesterol, its C-20 epimer,13 and 17a- 
hydro~ycholesterol.~~ We now describe the synthesis 
of (20X,22R)-17a,20,22-trihydroxycholesterol (21) and 
(20S,22S)-17a,20,22-trihydroxycholesterol (23), sterols 
which could conceivably undergo desmolytic cleavage 
between C-20 and (3-22 to yield 17a-hydroxypreg- 
nenolone. Alternatively, oxidative cleavage between 
C-17 and C-20 could occur to yield dehydroepiandros- 
terone, as suggested for a direct biosynthetic pathway 
from cholesterol to the C19 hormones.1° 

The stereospecific introduction of hydroxyl groups 
at  (3-17, (3-20, and C-22 of the cholesterol side chain 
presents a problem of some complexity. Of immediate 
interest was the preparation of a 17,2O-glycol possessing 
a two-carbon, unsaturated side chain which, after 
epoxidation, can be treated with a suitable alkyllithium 
to produce the desired 17,20,22-hydroxylation pattern 
(see Scheme I) .  The preparation of 17a120-dihydroxy- 
sterols can be easily accomplished by the addition of 
Grignard reagents to 17a-hydroxypregnenolone acetate 
29. However, this method of preparation is unsuitable 
for our purposes, as the only alcohol obtained has been 

(13) N. K.  Chaudhuri, ,J. G. Williams, R. C. Nickolson, and M .  Gut ,  
J .  Om. Chem., 34, 3759 (1969); for information concerning the metabolism 
of these 17,20-dihydroxycholesterols see S. Burstein, H. L. Kimball, N. K. 
Chaudhuri, and M. Gut, J. Bid.  Chem., 243, 4417 (1968). 

(14) N. K. Chaudhuri, R. C. Niokolson, and M. Gut, Steroids, 16, 495 
(1970). 
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SCHEME I 
PLAN FOR THE CONSTRUCTION OF THE 

17,20,22-GLYCEROL SIDE CHAIN 

20a-triol 6, involving initially the condensation of 
vinylmagnesium bromide with 16a,l7a-oxidopreg- 
nenolone acetate (l), was attempted (Scheme 11). 
Previous work has shown13 that a mixture of C-20 epi- 
meric alcohols is formed when the epoxy ketone is re- 

OH 
t 

acted with Grignard reagents. The ratio of 20a- to  
20p-alcohol which results depends markedly on the size 
and reactivity of the particular alkylmagnesium halide 
used. For instance, addition of isohexyl Grignard re- 
sults in predominant formation of the 20p-alcohol 

.*-OH 
P+l f l H  - RLi @R 

..q 

AcO do I 

XR 

SCHEME I1 
SYNTHESIS OF c-22 EPIMERIC ~~LY,~~~,~~-TRIHYDROXYCHOLESTEROLS 

OCH, 
16, R = H 

18, R = CsH5COC0 
19, R = C6H5C(OH)C0 

17, R = CsHbCO 
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I 23, R = H  
24, R = AC CZH, 

previously shown13 to possess the unnatural 20p stereo- 
chemistry. l5 

In  view of this unfortunate stereochemical conse- 
quence, an alternate synthesis of the “natural1’ 3/3,17a,- 

(15) Sterols possessing a 20whydroxy group belong to the natural series 
and correspond in configuration to that of cholesterol in which the 20 H is 
a oriented. Both the a,@ nomenclature (L. F, Fieser and M. Fieser, “Ster- 
oids,” Reinhold, NQW York, N. Y . ,  1959, p 344) and the R,S sequence rule 
(E. L. Eliel, “Stereochemistry of Carbon Compounds,” McGraw-Hill, 
New York. N. Y . .  1962. D 92) will be used to designate the configuration of 
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11, R = H 
12, R = C,H,CO 
13, R = C,H,COCO 
14, R CsH&(OH)CO 

I 

I 
CH3 

C2Hb 

15, R= CGH5CHC0 

( a l p  = l/,J, whereas use of ethyl Grignard produces a 
preponderance of the 20a-alcohol ( a l p  = 3/ /2) .  It was 
expected that addition of vinyl Grignard would produce 
a substantial yield of the 20a-alcohol 4 which, after 
separation from its 20p epimer 2, could be treated with 
lithium aluminum hydride to produce the desired 
17a,20a-glycol 6 (see Scheme 111). Fortunately, the 
addition of vinylmagnesium bromide to the epoxy ke- 
tone 1 was found to proceed with greater than 90% 
stereoselectivitv to give the elsoxy diol 4, possessing the 

- 1  . _  the side chain carbons. ” -  



SUBSTITUTED TRIHYDROXYCHOLESTEROL J .  Org. Chem., Vol. 37, No. I S ,  1972 2121 

SCHEME I11 
CORRELATION OF CONFIGURATION AT (3-20 

- c 

ACO RO 
29 3 0 , R = H  

31, R = Ac 
32, R =H 
33, R - Ac 

5 26 . 

6 

20a-hydroxyl group, which could be isolated in pure 
form by crystallization in 70Oj, overall yield. Reduc- 
tion of the epoxy diol 4 or the epoxy diol acetate 5 with 
lithium aluminum hydride gave the 3p,17a,20a-triol 
6, which was compared with an authentic sample of the 
3p,17a,20/3-tri01'~ 30, the C-20 epimer of 6. The two 
triols 6 and 30 exhibited similar nmr spectra and could 
not be separated on thin layer chromatography. The 
melting points, infrared spectra, and crystalline prop- 
erties arc, however, different and a clean separation of 
these epimeric triols could be effected by partition 
chromatography (see Experimental Section). The 
triol 6 possessing the 20a-hydroxyl group was found to  
be homogeneous and free from contamination with the 
20p epimer. 

Selective hydrogenation of the terminal olefinic bond 
converted the triols 6 and 30 into their respective 22,23- 
dihydro derivatives, 27 and 32 (see Scheme 111), whose 
nmr spectra are readily distinguishable. In  particular, 
there is noted a 2 and a 4 cps difference in the chemical 
shifts of the 18- and 21-methyl resonances, respectively, 
A simple diagnostic procedure based on these nmr char- 
acteristics was used to routinely monitor the approxi- 
mate purity of the triol 6. 

(16) A sample of this triol was prepared by addition of vinyl Grignard 
to 170-hydroxypregnenolone acetate (as). 

27,R-H 
28, R = AC 

The addition of vinyl Grignard to epoxypregnenolone 
acetate (1) was not totally stereospecific as there was 
obtained from the mother liquors some material which 
is an evident mixture of C-20 epimeric epoxy diols 2 
and 4. The mother liquors from the crystallization of 
the epoxy diol 4 were acetylated and the acetate, after 
chromatography, gave a solid. The nmr spectrum of 
this material exhibited two 18-methyl resonances ap- 
pearing at  58 and 54 cps attributable to the 20a- and 
20p-hydroxy epimers, respectively. The mixture of 
epoxy diol acetates 3 and 5 was converted to known com- 
pounds by selective hydrogenation of the 22,23 double 
bond to produce the dihydro derivatives 25 and 26, fol- 
lowed by reduction of the epoxides with lithium alumi- 
num hydride and reacetylation, yielding the triol ace- 
tates 33 and 28. All nmr data were found to be con- 
sistent with that reported by Chaudhuri, et a1.,13 for a 
similar mixture of dihydroepoxy diol acetates and triol 
acetates prepared by a different route. 

On the basis of the above evidence, there can be no 
question that the epoxy diol 4 isolated in predominant 
yield from the vinyl Grignard condensation is a single 
pure isomer possessing the desired stereochemistry a t  
C-20 (205). Reduction of this epoxy diol with lithium 
aluminum hydride gave, in nearly quantitative yield, 
the unsaturated triol 6 which is converted to the 3,5- 
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cyclo steroid 8, in order to protect the 5,6 double bond 
from the subsequent epoxidation. 

The nmr spectra of all compounds containing the 
22,23 double bond exhibited a characteristic ABX pat- 
tern in the olefinic region very similar in appearance to 
the vinyl proton resonances of 17a-vinylestradiol. l7 

Completion of the synthesis follows the scheme out- 
lined in Scheme 11. Epoxidation of the 22,23 olefin 
produces a new center of asymmetry at  C-22. Treat- 
ment of a methylene chloride solution of the unsatu- 
rated cyclo steroid 8 with 3 molar equiv of m-chloro- 
perbenzoic acid converted the olefin quantitatively to 
the epoxides 9 and 10, which were purified by chroma- 
tography over alumina. Elution with 15% ethyl ace- 
tate in benzene gave an oil which appeared as a homo- 
geneous single spot on thin layer chromatography. 
The nmr spectrum, however, exhibited two widely sep- 
arated 21-methyl resonances (at 79.3 and 86 cps) and a 
similar, but less pronounced splitting of the Wmethyl 
resonances (appearing at  59 and 57 cps) indicative of a 
C-22 epimeric mixture. The mixture was chromato- 
graphed on a Bush A partition system yielding the 
22R- and 22s-epoxides 9 and 10 in a 2: 3 ratio, respec- 
tively. 

Condensation of the epoxides with sec-butyllithium 
gave the C-22 epimeric alcohols 11 and 16, the configu- 
rations of which were determined by comparing the CD 
spectra of the respective (2-22 benzoates 12 and 17 with 
C-22 benzoyloxy steroids of known configuration (see 
Discussion under “Determination of Configuration at 
C-22”). Each epoxide isolated in pure form by parti- 
tion chromatography was condensed separately with 
sec-butyllithium. From the less abundant epoxide 9 
there was isolated the 2222-alcohol 11 (mp 160°), 
whereas from the more abundant epoxide 10 there was 
isolated a higher melting alcohol 16 (mp 169”) possess- 
sing the 228 configurat’ion. 

The separation of the C-22 epimers can be deferred 
to this stage of the synthesis. The mixture of C-22 
epimeric epoxides can be treated directly with sec- 
butyllithium and the epimeric alcohols which result 
can be easily purified by chromatography over alumina. 

Completion of the synthesis involves solvolysis of the 
6-methoxy-3,5-cyclo steroid moiet’y to regenerate the 
3p-hydroxy-A%terols 21 and 23. Treatment with 
acid1* is known to .  effect this conversion; however, 
mild conditions had to  be developed which would leave 
the 17,20,22-glycerol side chain intact. After some 
experimentation, it was found that aqueous dimet’hyl 
sulfoxide containing 0.3% perchloric acid was an ideal 
reagent to effect the retro cyclo steroid reaction. In  
separate experiments both methoxy triols 11 and 16 
were converted t’o their corresponding cholesterol de- 
rivatives 21 and 23 possessing the indicated stereo- 
chemistry at  C-22. 

Support for the assigned structures was obtained 
from degradation experiments and sp.ectra1 data (mass 
and nmr). Each of the tetrols, when oxidized with 
lead tet’raacetate in acetic acid, gave a high yield of 
17a-hydroxypregnenolone (isolated as the 3-acetate) 
and isocaproaldehyde, l9 thereby confirming t’he pres- 

(17) N. S. Bhacca and D. H. Williams, “Applications of NMR Spectros- 

(18) S. Winstein and R. ddams, J .  Amer.  Chem. Soc., 70, 838 (1048). 
(19) We are indebted to Dr. Shlomo Burstein of the Institute for Muscle 

Disease, New York, for performing the gas chromatographic analysis of the 
isocaproaldehyde. 

copy in Organic Chemistry,” Holden-Day, San Francisco, Calif., 1964, p 85. 

ence of a normal steroid skeleton and hydroxy groups 
at  C-17, (2-20, and C-22. No trace of dehydroepi- 
androsterone acetate, the product which would result 
if glycol cleavage had occurred between C-17 and (2-20, 
was found. 

OH 

HO & AcaO 
pyridine 

21,23 

vo 

+ OHC\ 

The mass spectra of the (3-22 epimeric alcohols are 
qualitatively identical. Both exhibited peaks of high 
relative abundance resulting from cleavage of carbon- 

m/e 416 

carbon bonds adjacent to hydroxyl groups. The base 
peak, appearing at m/e 271, is characteristic not only 
of the tetrols but of all compounds prepared in this 
series containing hydroxyl groups at C-17 and (2-20. 

The chemical shift data for the 18,19 and 21-methyl 
protons are shown below (Table I). The 18- and 21- 
methyl resonances are deshielded (relative to choles- 
terol) and their low field positions are indicative of a 
hydroxylated side chain. 

The tetrols 21 and 23 are highly crystalline solids 
which give variable elemental analyses depending on 
the degree of solvation. The corresponding 3,22-di- 
acetates 22 and 24 are crystallized from ether-hexane 
or acetone-hexane mixtures and show no tendency to 
cocrystallizc with these solvents. Accordingly, their 
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TABLE I 
NMR DATA FOR QUATERNARY METHYL RESONANCES 

(IN CYCLES PER SECOND DOWNFIELD FROM TMS) 
OF THE TETROLS AND METHOXYTRIOLS 

16 CDCla 62 62 80 
Compd Solvent 18-CHa 19-CHa 21-CHs 

CeD6N 83 72 108 
23 CeDsN 82 66 110 
11 CDCls 51 62 74 

CeD6N 65 72 93 
21 CeDsN 62 65 91.5 

elemental analyses are in excellent agreement with the 
calculated composition. 

The metabolism of these tetrols is now under study 
and will be the subject of subsequent communications. 

Determination of Configuration at C-22. -Experi- 
ments to determine the configuration a t  C-22 were per- 
formed using the cyclo steroid alcohols 11 and 16 
rather than the free tetrols 21 and 23 in order to avoid 
complications arising from the presence of an additional 
asymmetric secondary hydroxyl group at  C-3. Of the 
methods available for the determination of configura- 
tion of secondary alcohols, two approaches were tried, 
namely, the Prelog atrolactate synthesis2Olz1 and the 
Horeau a-phenylbutyric acid method2212a but both 
failed to give significant optical data which would per- 
mit an unequivocal assignment. 

Application of the Prelog method to the (3-22 epi- 
meric alcohols was performed following well-standard- 
ized procedures. The benzoyl formate esters 13 and 
18 were formed in quantitative yield and treated with 
4.5 equiv of methylmagnesium iodide to give the atro- 
lactates 14 and 19. Hydrolysis of the esters resulted 
in recovery of 95% of the theoretical amount of atro- 
lactic acid (based on starting alcohol). The atrolactic 
acid formed from the lower melting alcohol 11 was de- 
void of optical activity (c 2.2, ethanol, I = 2) whereas 
the acid isolated from the C-22 epimeric alcohol 16 ex- 
hibited a slightly positive rotation, [ a ] ~  +1.4O (c 5.4, 
ethanol, 1 = 2) which corresponds to a 4% asymmetric 
synthesisnZ4 

A priori, it was expected that difficulties would be 
encountered using the Prelog method to determine the 
configuration of these particular secondary alcohols. 
Even if the atrolactic acid isolated from these deter- 
minations had possessed significant activity, the capa- 
bility of the method to yield reliable information con- 
cerning the configuration of a secondary alcohol which 
is in the proximity of two tertiary alcohols (at (2-17 and 
C-20) is in serious doubt. The (3-22 benzoylformyloxy 
group is expected to  be severely constrained and the 
transition state leading to  attack of methyl Grignard 
to a preferred orientation of the a-keto ester moiety is 
probably influenced by factors other than the relative 
steric arrangement of groups around the chiral carbon. 

Formally, the Prelog generalization applies only to 
those secondary alcohols in which the chiral carbon is 
is attached to  hydrocarbon residues. Extension of the 

(20)  V. Prelog, Bull. SOC. Chim. Fr., 987 (1956). 
(21) V. Prelog, E. Philbrin, E. Watanabe, and M. Wilhelm, Helu. Chim. 

(22) A. Horeau and H. B. Kagan, Tetrahedron, 20,2431 (1964). 
(23) A. Horeau and J. K. Sutherland, J .  Chem. Soc. C, 247 (1966). 
(24) Based on ( R ) - (  -)-atrolactic acid, [ o L ] ~ * . * D  -37.7O (cf. J. D. Morrison 

and H.  Mosher, “Asymmetric Organic Reactions,” Prentice-Hall, Englo- 
wood Cliffs, N. J., 1971, p58) .  

Acta, 89, 1086 (1956). 

Prelog method to  more complex systems, e.g., dihydro- 
codeine,26 has been made with reservations. 

Application of the method developed by Horeau to 
determine the configuration of these alcohols was also 
unsuccessful. Briefly, the method involves reaction of 
an optically active secondary alcohol with racemic a- 
phenylbutyric anhydride to form the a-phenyl butyrate 
esters 15 and 20. Alcohols with the R configuration 
react preferentially with the R-(-)  antipode of a- 
phenylbutyric acid, resulting in the accumulation of 
the (8)-(+)-a-phenylbutyric acid. If the acid isolated 
after esterification exhibits a positive rotation, the 
original alcohol possesses the R configuration. Con- 
versely, if the acid isolated is laevorotatory, the original 
alcohol possesses the S configuration. 

The alcohols 11 and 16 were dissolved in pyridine 
containing a 3-mol excess of a-phenylbutyric anhydride 
and allowed to stand for 10 hr. The excess anhydride 
is hydrolyzed and the extent of ester formation was 
determined by titration of the liberated acid. I n  
neither instance did the yield of a-phenyl butyrate esters 
15 and 20 exceed 10%. The recovered a-phenylbutyric 
acid from both determinations exhibited no significant 
rotation. The poor chemical yield coupled with a 
small optical yield was the obvious cause of failure. 

Determination of the C-22 configuration was secured 
by examination of the ORD/CD spectra26 of the 22- 
benzoate esters 12 and 17. From previous investiga- 
tions, there were available a number of C-22 epimeric 
alcohols of known configuration; specifically, (22R)- 
and (22S)-22-hydroxycholesterol and the pair of 2012,- 
22-dihydroxycholesterols. The 22-monobenzoate es- 
ters of each of these compounds were prepared, and the 
CD and ORD spectra were obtained and compared to 
the CD spectra of the benzoates 12 and 17 of unknown 
configuration. 

RI  R2 R3 
(22R)-22-Hydroxycholesterol H OH H 
(22X)-22-Hydroxycholesterol OH H H 
(20R,22R)-20,22-Dihydroxycholesterol H OH OH 
(20R,22S)-20,22-Dihydroxycholesterol OH H OH 

Analysis of the CD spectra obtained from the com- 
pounds of known stereochemistry showed a positive 
Cotton effect in the 226-233-mp region followed by a 
negative Cotton effect a t  218 mp to be indicative of the 
22s configuration, whereas mirror image Cotton curves 
were exhibited by the benzoates of opposite (22R) 
chirality. 

The 22-benzoate prepared from the lower melting 
(mp 160’) methoxy triol 11 exhibited a trough at 238 
mp followed by a pronounced peak at  218 mp, thus 
establishing its configuration as belonging to the 22R 
series, whereas the benzoate of the higher melting 
(169’) cyclo steroid 16 exhibited a peak at  239 mp fol- 

(25) K. W. Bentley and H. M. E. Cardwell, J .  Chem. SOC., 3252 (1955). 
(26) The full details of this method and its extension to  other alcohols 

will be presented in a subsequent paper. 
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lowed by a trough at  220 mp indicating the 22s  con- 
figuration. 

Experimental Section 
Melting points are uncorrected. Nmr spectra were obtained 

in deuteriochloroform solution (unless otherwise stated) 011 a 
60-RIc Varian Associates DA-60 spectrometer using tetramethyl- 
silane as an internal reference. Mass spectra were determined 
on a Varian Associates AI-66 mass spectrometer. 

(20S)-16~,17~,Oxido-24-norchola-5,22-diene-3~,2O-diol (4),- 
A solution of vinyl Grignard was prepared by the dropwise addi- 
tion of a solution of 77.0 g of vinyl bromide in 500 ml of tetra- 
hydrofuran to 17.3 g of magnesium shavings. The Grignard 
solution was refluxed for 0.5 hr and then cooled to -10'. A 
solution of 50.0 g of 16a,l7a-oxidopregnenolone acetate (1) in 
900 ml of tetrahydrofuran (precooled to -10') was added to  
the Grignard reagent, care being taken to  maintain the tempera- 
ture of the solution below 6'. After addition was complete, 
the mixture was stirred vigorously for 10 min while cooling, after 
which time the Grignard complex was decomposed by the cau- 
tious addition of iced, saturated ammonium chloride solution. 
The contents of the reaction flask were transferred to a separatory 
funnel and the tetrahydrofuran layer was removed. The aqueous 
layer was extracted with two 500-ml portions of ethyl acetate, 
and the organic extracts were combined, washed with water and 
saturated brine, and dried over anhydrous sodium sulfate. Ex- 
cess solvent was removed by vacuum distillation until the residue 
amounted to ca. 600 ml. The solid material which precipitated 
during evaporation of the solvent was redissolved by addition of 
hot benzene and the epoxy diol 4 is allowed to crystallize from 
this solvent mixture. Concentration of the mother liquors and 
subsequent crystallizations afforded two additional fractions of 
suitable purity for further transformation (total yield 35.2 9). 
An analytical sample was prepared by crystallization from ben- 
zene: s 190°, mp 199-202'; nmr 58 (18 CHB), 61 (19 CHS), 
84 (21 CHP), 206 (l6p H) ,  208 (3a H) ,  320 (6 H) ,  315 (23 H)  and 
367 cps (22 H) ;  mass spectrum m/e (re1 intensity) 358 (M+, BO), 

297 (325 - CnHd, 30), 287 (RI  - C4H70, base peak). 
Anal. Calcd for C2aHsaO3: C, 77.05; H ,  9.56. Found: C, 

76.76; H ,  9.41. 
The 3-acetate 5 was prepared by dissolving the epoxy diol 4 in 

pyridine and adding an excess of acetic anhydride. The solu- 
tion was allowed to  stand overnight, after which time water was 
added and the mixture was extracted with ethyl acetate. After 
the pyridine was removed by extraction with iced dilute acetic 
acid, the ethyl acetate layer was washed two times with water, 
once with saturated bicarbonate solution, and once with saturated 
brine. The organic solution was dried over anhydrous sodium 
sulfate and evaporated in oacuo, yielding a solid residue which 
was dissolved in benzene and chromatographed over alumina. 
Elution with lO-l5% ethyl acetate in benzene yielded the desired 
acetate 5 .  An analytical sample was prepared by crystalliza- 
tion from methanol: mp 180-181"; nmr 58 (18 CH3), 62 (19 
CH,), 85 (21 CHI), 122 (acetate methyl), 207 (166 H) ,  276 (3a H) ,  
314 (23 H) ,  324 (6 H) ,  and 366 cps (22 H) ;  mass spectrum mle 
(re1 intensity) 340 (M - CH~COZH, base peak), 325 (340 - 

Anal. Calcd for C2jHQ604: C, 74.96; H, 9.06. Found: 
C, 7435; H,  9.13. 

The epoxy diol 4 obtained in the manner described above was 
a single (3-20 epimer as shown by its nmr spectrum and thin layer 
and paper chromatogram (see Experimental Section under 
"Correlation of Configuration at  C-20;" physical constants and 
other pertinent data are reproduced therein). 

Evidence for a mixture of C-20 epimeric alcohols 2 and 4 was 
found by analyzing the residue remaining after isolation of the 
major crystalline product. Acetylation of the mother liquors 
followed by chromatography over alumina yielded 3.3 g of epoxy 
acetates 3 and 5, the nmr of which exhibited two distinct 18- 
methyl resonances (58 cps, 18 CHI of 205 epimer; 54 cps, 18 
CH3 of 20R epimer), a broadened 21-methyl resonance, and two 
resonances appearing at 207 and 211 cps attributable to  the 16P 
proton of the 205  and 20R hydroxy epimers, respectively. Selec- 
tive hydrogenation of the 22,23 double bond converted the initial 
mixture of epoxy acetates 3 and 5 into the corresponding side 
chain saturated derivatives 25 and 26, whose nmr spectrum was 
identical with that obtained for a similar mixture prepared pre- 
v i o u ~ l y ~ ~  by the reaction of an ethyl Grignard with 16a,l7a- 

343 (AI - CH3,40), 340 (31 - HnO, l5),  325 (340 - CHI, 45), 

CH3,22), 307 (325 - H20, l l) ,  269 (340 - CdH70,28). 

oxidopregnenolone acetate (1) followed by acetylation: nmr 57 
(18 CH3 of 205 epimer), 58 (18 CH3 of 20R epimer), 62 (19 
CH3), 78 (21 CHI), 121 (acetate methyl), 203 (16p H of 20s 
epimer), 208 (166 H of 20R epimer), 275 (3a H) ,  and 324 cps 
(6 H) .  

Further correlation of the dihydro epoxides 25 and 26 with com- 
pounds of known stereochemistry was achieved by treatment of 
the mixture with lithium aluminum hydride, followed by acetyla- 
tion, to  produce a mixture of the respective 17a,20-diol acetates 
28 and 33: nmr 52 (18 CH3 of 205 epimer), 54 (18 CH3 of 20R 
epimer), 62 (19 CH3), 73 (21 CH2 of 20R epimer), 77 (21 CH3 
of 205 epimer), 122 (acetate methyl), 275 (301 H), and 324 cps 
(6 HI. 

(205)-24-Norchola-5,22-diene-3P,17a,20-triol (6).-To the so- 
lution of 26 g of epoxy diol 4 in 1.6 l .  of tetrahydrofuran was 
added 7.5 g of lithium aluminum hydride and the suspension 
was allowed to reflux for 8 hr. Excess lithium aluminum hy- 
dride was then decomposed by the dropwise addition of 2 N 
sodium hydroxide. The white, granular lithium salts were 
filtered and washed with hot ethyl acetate. Evaporation of the 
filtrate yielded 26 g of crude triol 6, which was recrystallized 
from ethyl acetate, yielding 23 g of material. An analytioal 
sample was prepared by two more recrystallizations from the 
same solvents: mp 193-195'; nmr 52 (18 CH3), 61 (19 CHs), 
83 (21 CH3), 210 (3a H) ,  313 (23 H) ,  324 (6 H )  and 371 cps 
(22 H) ;  mass spectrum m/e (re1 intensity) 342 (M - H20, 8), 

289 (AX - C4H,0, 45), 271 (289 - HzO, base peak), 253 (271 

Anal. Calcd for Cz&aeO$: C, 76.62; H,  10.07. Found: 
C, 76.83; H, 10.23. 

The 3-acetate 7 was made in the usual manner. Crystalliza- 
tion from hexane gave an analytical sample: mp 167-168'; 
nmr 52.5 (18 CHa), 62 (19 CHB), 83.5 (21 CHO), 270 (3a H) ,  313 
(23 H) ,  324 (6 H), and 370 cps (22 H) ;  mass spectrum m/e 
(re1 intensity) 384 ( R l  - HzO, l),  342 (M - CH~COQH, l), 324 
(342 - HsO, 4), 271 (342 - CaHTO, base peak), 253 (271 - 

(205)-24-Norchol-5-ene- 
3P,17a,ZO-triol (27) by Selective Catalytic Reduction of (ZOS)-24- 
Norchol-5,22-diene-3p, 17a-20-triol (6).-To the solution of 361 
mg of triol 6 in 20 ml of 95% ethanol was added 40 mg of 5% 
palladium on calcium carbonate and the suspension was stirred 
under an atmosphere of hydrogen. Uptake of hydrogen was 
rapid but ceased abruptly after 1 mol was absorbed (ca. 15 rnin). 
The ethanol suspension was filtered through Celite, the filtrate 
was evaporated, and the crude dihydrotriol 27 was crystallized 
from acetone: mp 229-236'; nmr 52 (18 CH,), 61 (19 CHa), 77 
(21 CH3), 210 (3a H) ,  and 324 cps (6 H) ;  mass spectrum m/e 
(re1 intensity) 344 (M - HzO, 6),  326 (M - 2Hz0, 3), 315 (344 
- CzHs, 5), 311 (326 - CH3,4), 297 (326 - CzHj, 4), 289 (M - 
C4H,0, 50), 271 (344 - CaH90, base peak), 253 (271 - H20, 
65%). 

Anal. Calcd for C&&: C, 76.19; H, 10.57. Found: 
C, 76.10; H ,  10.58. 

The 3-acetate 28 was prepared in the usual manner. Crystal- 
lization from acetone-hexane gave an analytical sample: mp 
183-186"; nrnr 52 (18 CHs), 62 (19 CH,), 77 (21 CHs), 27s 
(3a H) ,  and 324 cps (6 H) ;  mass spectrum m/e (re1 intensity) 

327 (342 - CHI, 2), 324 (342 - H20, 2 ) ,  309 (324 - CH3, 4), 

- HzO, 70). 

HzO, 75). 
Correlation of Configuration of C-20. 

386 (RI  - H20, l ) ,  344 (M - CHICO~H, l ) ,  331 (M - C4Hg0, 
6), 326 (386 - CHBCOtH, lo) ,  297 (326 - C2Hs, 14), 271 (344 - 
C4H90, base peak), 263 (326 - C,H,O, 66). 

Anal. Calcd for C26H4004: C, 74.21; H, 9.97. Found: 
C, 74.28; H, 9.97. 

For comparison purposes i t  was desirable to  synthesize the 
triols 30 and 32, which are C-20 epimers of the triols 6 and 27 
described above. Synthesis of the C-20 epimeric triols can be 
readily accomplished by reaction of 17a-hydroxypregnenolone 
acetate (29) with vinyl Grignard followed by selective reduction 
of the 22,23 double bond, as described below. 

(20R)-24-Norchola-5,22-diene-3p, 17a,20-triol (30) and Its Con- 
version to (20R)-24-Norchol-5-ene-3p,l7a,2O-triol (32).-To a 
solution of vinyl Grignard (prepared from 10.7 g of vinyl bromide 
in 60 ml of tetrahydrofuran and 2.40 g of magnesium shavings) 
was added 7.48 g of 1701-hydroxypregnenolone acetate in 200 ml 
of tetrahydrofuran over the course of 20 min. The solution was 
allowed to stir a t  ice temperature for 30 min and then brought to 
reflux for 4 hr. The solution was cooled and the Grignard com- 
plex was decomposed by addition of iced, saturated ammonium 
chloride solution. The contents of the flask were transferred to 
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a separatory funnel, the tetrahydrofuran layer was removed, 
and the aqueous solution was extracted two times q i th  ethyl 
acetate. The organic extracts were combined, washed with 
water and saturated brine, and dried over anhydrous sodium 
sulfate. The solvent was evaporated to yield 10 g of semisolid 
residue. This material was triturated with boiling hexane and 
the resulting suspension was filtered and washed with another 
portion of hexane. The hexane filtrate was discarded and the 
solid which remains was crystallized from aqueous methanol: 
mp 167-169'; nmr 51 (18 CH,), 60 (19 CH,), 81 (21 CHI), 
210 (3a H) ,  315 (23 H ) ,  324 (6 H) ,  and 374 cps (22 H) ;  mass 
spectrum m/e (re1 intensity) 342 (31 - HzO, 32), 324 (342 - 

HzO, base peak), 253 (271 - HzO, 65). 
Anal. Calcd for Cz&,03: C, 76.62; H, 10.07. Found: 

C, 76.53; H,  10.23. 
The 3-acetate 31 was prepared in the usual way. An analytical 

sample was prepared by crystallization from acetone-hexane: 
mp 199-204'; nmr 51 (18 CHI), 62 (19 CH3), 81 (21 CHI), 122 
(acetate methyl), 275 (3a H) ,  314 (23 H) ,  324 (6 H) ,  and 374 cps 
(22 H ) ;  mass spectrum m/e (re1 intensity) 342 (M - CH~COZH, 

X), 279 (297 - HzO, 21). 271 (342 - C4H70r base peak), 253 

HzO, I) ,  309 (324 - CHI, 3), 289 ( M  - C4H70, 25), 271 (289 - 

l),  324 (342 - Hz0, 7), 314 (342 - CzHa, 18), 297 (324 - CzH3, 
.~ 

(271 - H ~ 0 , 6 6 ) .  
Anal. Calcd for C Z ~ H ~ B O ~ :  C, 74.59; H,  9.52. Found: 

C, 74.67; H ,  9.67. 
The nmr spectra of the (2-20 epimeric triols 6 and 30 were al- 

most identical. There is noted a 3-cps difference in the chemical 
shift of the vinyl protons associated with the 22,23 unsatura- 
tion; however this shift is only of qualitative significance and 
cannot be used to estimate the relative amounts of each isomer 
which may be present in a mixture. These triols behave similarly 
on thin layer chromatography (Rr 0.32) in a benzene (65)-ethyl 
acetate (33)-methanol (2) solution. However, a clean separa- 
tion was achieved using paper partition chromatography (205 
epimer, Ri 0.91; 20R epimer, Rr 0.96) in a hexane (60)-benzene 
(40)-methanol (80)-water (20) system. 

Conversion of the triol 30 to the 22,23-dihydro derivative 32 
was accomplished by catalytic hydrogenation using the same 
procedure as was used to reduce its (3-20 epimer 6. An analytical 
sample was prepared by crystallization from acetone: mp 197- 
201'; nmr 54 (18 CHI), 61 (19 CHI), 72 (21 CHI), 210 (3a H) ,  
and 324 cps (6 H) ;  mass spectrum m/e (re1 intensity) 344 (M - 
HzO, 9), 326 (h1 - 2 HzO, go), 311 (326 - CHs, base peak), 

12). 
Anal. Calcd for C Z ~ H ~ ~ O ~ :  C, 76.19; H, 10.57. Found: 

C, 76.40; H ,  10.67. 
The 3-acetate 33 was prepared in the usual manner. An 

analytical sample was prepared by crystallization from acetone- 
hexane: mp 183-186'; nmr 54 (18 CHI), 62 (19 CHI), 72 (21 
CH$j, 122 (acetate methyl), 275 (301 H), and 324 cps (6 H) ;  mass 
spectrum m/e (re1 intensity) 386 (M - Hz0, l ) ,  344 (M - 

293 (311 - H20,25), 271 (344 - CaH90,31), 253 (326 - C~HQO,  

CHkCOzH, I ) ,  331 (XI - C~HQO,  4), 326 (344 - Hz0, lo),  311 
(326 - CH3, l ) ,  308 (326 - HzO, 2), 297 (326 - CsHo, 14), 271 
(344 - CdHiO, base peak), 253 (271 - H20,65). 

Anal. Calcd for C2:HpOO4: C, 74.21; H, 9.97. Found: 
C, 74.28; H, 9.97. 

As stated in the text, the nmr spectra of the two (2-20 isomeric 
dihydrotriols 27 and 32 are quite distinctive (in regard to the 
chemical shifts of their respective 18- and 21-methyl resonances) 
and can be used to routinely analyze each (3-20 isomer for con- 
tamination with the other (see ref 13). 

The unsaturated triol 6 possessing the natural stereochemistry 
a t  c-20 (208) was subjected to partition analysis in the system 
described previously before being converted to the cyclo steroid 
8. Only that material which was demonstrably free of the 20R 
isomer was used in succeeding steps of the synthesis. 

(20S)-3~,5-Cyclo-24-nor-5~-chol-22-ene-6p,17~,20-triol 6- 
Methyl Ether @).-To a solution of 22.1 g of triol 6 in 400 ml of 
pyridine was added 20 g of p-toluenesulfonyl chloride. The 
solution was allowed to stand for 24 hr, after which time it was 
cooled to ice temperature and excess tosyl chloride was decom- 
posed by slowly adding ice water. The crude tosylate crystal- 
lized from the aqueous pyridine solution and was filtered. After 
the residue was washed with water, the material was dried at  
50" for 12 hr. The weight of crude tosylate amounted to 28 g 
and was dissolved in 145 rnl of pyridine and 1960 ml of methanol. 
The solution was refluxed for 3 hr, after which time the excess 
methanol was removed by distillation in wacuo. Water was then 

added and the solution was extracted two times with ethyl ace- 
tate. The organic extracts were combined and washed with 
sufficient dilute, iced acetic acid to remove all pyridine. The 
ethyl acetate layer was washed two times with water and once 
with saturated bicarbonate and saturated brine. After drying 
over anhydrous sodium sulfate and evaporation of solvent, there 
was obtained 24 g of oil which was dissolved in benzene and chro- 
matographed on 400 g of alumina. The desired cyclo steroid 
was eluted with 8-10% ethyl acetate in benzene and was crystal- 
lized from hexane, giving 17.5 g of needles: mp 90-91'; nmr 
54 (18 CHI), 61 (19 CHI), 83 (21 CHI), broad multiplet a t  20-40 
(cyclopropyl hydrogens), 167 (6a H) ,  200 (6p OCHI), 312 (23 
H )  and 372 cps (22 H ) ;  mass spectrum m/e (re1 intensity) 342 

271 (342 - C4Hi0, base peak), 253 (271 - HzO, 65). 
Anal. Calcd for C24H3803: C, 76.96; H,  10.23. Found: 

C, 76.81; H, 10.08. 
(20S,22R)-3~,5-Cyclo-~2,23-oxido-24-nor-5~-cholane-6~, 17a,- 

20-triol 6-Methyl Ether (9) and (205,22S)-3a,5-Cyc10-22,23- 
oxido-24-nor-5a-cholane-6p, 17a,20-triol 6-Methyl Ether (10) .- 
To a solution of 9.1 g of unsaturated cyclo steroid 8 in 180 ml of 
methylene chloride cooled to ice temperature was added 10.0 g 
of m-chloroperbenzoic acid and the solution was allowed to stand 
overnight a t  ,5'. The methylene chloride solution was extracted 
with 150 ml of iced 2 Ar sodium hydroxide solution. The aqueous 
layer was back-extracted with two 50-ml portions of methylene 
chloride, and the organic extracts were combined and washed 
with water ( to  neutrality) and saturated brine. After drying 
over anhydrous sodium sulfate and evaporation of solvent there 
was obtained 14 g of oily residue which was dissolved in benzene 
and chromatographed on alumina. The desired diol epoxides 
9 and 10 are eluted with 12-159& ethyl acetate in benzene. Com- 
bination of appropriate fractions and evaporation of solvent 
yielded 6.7 g of oil, whose thin layer chromatogram showed 
only one spot (Rr 0.40, 2070 ethyl acetate in benzene). The 
nmr spectrum, however, exhibited two 18-methyl resonances 
(at 57 and 59 cps) and two 21-methyl resonances (at  79.5 and 
86 cps) indicative of a 3:2 mixture of C-22 epimeric epoxides. 
The epoxide mixture (120 mg) was partition chromatographed 
using a 4 X 110 cm Celite column on a Bush A (heptane-meth- 
anol-water, 10: 8:2) system. Separation in this manner gave 
40 mg of the (22R)-epoxy diol 9 (fractions 70-79) and 61 mg of 
the (225)-epoxy diol 10 (fractions 83-94). 

The oxides, either as the mixture or in pure form, are non- 
crystalline oils. Data for (22R)-epoxide 9 follow: nmr 59 
(18 CHI), 62 (19 CHI), 80 (21 CHI), broad multiplet a t  20-40 
(cyclopropyl hydrogens), 167 (6a H), 170 (23 H) ,  195 (22 H )  
and 200 cps (6p OCH,); mass spectrum m/e (re1 intensity) 358 

271 (358 - C4H7O2, base peak), 253 (271 - HzO, 66). Data 
for (225)-epoxide 10 follow: nmr 57 (18 CH,), 62 (19 CHI), 86 
(21 CH3), broad multiplet a t  20-40 (cyclopropyl hydrogens), 167 
(6a Hj,  170 (23 H) ,  195 (22 H )  and 200 cps (6P OCH,); mass 
spectrum m/e (re1 intensity) 390 (M+, 4), 37,5 (M - CH3, 9), 

(M - CHIOH, 3), 324 (342 - HzO, 2), 309 (324 - CHI, 6), 

(M - CH,OH, 11), 343 (358 - CHI, 5), 335 (M - C4H7, 8 ) ,  

372 (M - HzO, 2) 358 (M - CH30H, 40), 343 (358 - CHI, 16), 
335 (M - C4H7, 20), 297 (372 - CzH30 - CHIOH, 7), 271 
(358 - CdH702, base peak), 253 (271 - HzO, 60). 

Anal. Calcd for Cz4H3804: C, 73.80; H,  9.81. Found: 
C, 74.02; H,  9.76. 

(20~,22R)-3~,5-Cyclo-5~-cholestane-6~,17~,20,22-tetrol 6- 
Methyl Ether (11) and (20S,22S)-3a,5-Cyclo-5~-cholestane- 
6/3,17a,20,22-tetrol 6-Methyl Ether ( 16).-sec-Butyllithium2' 
was prepared by direct metalation of the corresponding bromide 
(Eastman reagent grade). The sec-butyl bromide was washed 
three times with concentrated sulfuric acid, two times with 
water, and once with saturated bicarbonate. The bicarbonate- 
washed bromide was shaken with water and saturated brine and 
dried for 24 hr over anhydrous calcium chloride. The bromide 
was decanted, distilled two times (bp 91-93'), and stored over 
anhydrous calcium chloride. sec-Butyl bromide, purified in 

(27) Commercial see-butyllithium purchased from two sources (Alfa 
Inorganics and Foote Mineral Ccrp.) was found to be unsatisfactory for 
completion of the synthesis of the cholesterol side chain. The nmr spec- 
trum of the product resulting from condensation of the commercial lithium 
reagent with the epoxides did not exhibit the characteristic signals for the 
26,27-methyl groups (doublet at 52 cps, J = 6 Ha). The lack of secondary 
methyl resonances would seem to indicate the attachment of a straight chain 
alkyl residue to  C-23 of the epoxide. The structure of the commercial re- 
agent WES not investigated further, as i t  was more convenient to prepare 
sec-butyllithium in the manner described above. 
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this manner, can be used without any further treatment for 
preparation of the sec-butyllithium. 

In a flask flushed with argon and protected from atmospheric 
moisture was placed 15 ml of ether and 70 mg of lithium ribbon. 
The ether suspension of lithium was cooled to -15" in a Dry 
Ice-acetone bath and 725 mg of sec-butyl bromide was added 
over 1.5 hr. After addition of all bromide, the solution was 
stirred a t  -10' for 30 min, after which the temperature of the 
solution was increased to 10' and the mixture was stirred for an 
additional 30 min. A solution of 390 mg of 22R epoxide 9 in 
30 ml of anhydrous ether was added at  once to the solution of 
sec-butyllithium (precooled to -20"). The temperature of 
the solution was maintained between - 10 and - 15" for 30 min 
and gradually raised to room temperature over 15 min. The 
lithium complex was decomposed by cautious addition of iced 
saturated ammonium chloride solution. The contents of the 
flask were transferred to a separatory funnel and the aqueous 
layer was extracted two times with ethyl acetate. The organic 
extracts were combined and washed with saturated brine, dried 
over anhydrous sodium sulfate, and evaporated in vacuo. The 
residue was dissolved in benzene and chromatographed over 
alumina and the desired methoxy triol 11 was eluted with 30- 
40% ethyl acetate in benzene. An analytical sample was pre- 
pared by crystallization from methylene chloride-hexane, giving 
140 mg of pure compound: mp 160-162"; nmr 51 (18 CH3), 
62 (19 CH3), 74 (21 CH3j, broad multiplet a t  20-40 (cyclopropyl 
hydrogens), doublet centered at  54 ( J  = 6 Hz, 26, 27 CH,), 
167 (60r H),  200 (60 OCHI), and 225 cps (22 Hj;  nmr (pyridine- 
&) 65 (18 CH,), 72 (19 CH3), 93 (21 CH,), broad multiplet a t  
20-40 (cyclopropyl hydrogens), doublet centered at  54 ( J  = 6 
Ha, 26,27 CHI), 165 (60r H),  200 (6P OCHI), and cps 242 (22 H);  
mass spectrum m/e 416 (RI - CHZOH, 7), 315 (416 - CeH130, 
39), 297 (315 - HzO, 68), 271 (416 - C&Oz, base peak), 253 

Anal. Calcd for CZ8Hi804: C, 74-95; H, 10.78. Found: 
C, 75.04; H ,  10.70. 

The synthesis of the methoxy triol 16, possessing the 2 2 5  
configuration, is performed in the same manner as described above 
using the epimeric epoxy triol 10 as starting material. The crude 
product was dissolved in benzene and chromatographed on 
alumina. The desired methoxy triol was eluted with 12% ethyl 
acetate in benzene. After combination of the appropriate chro- 
matographic fractions, the solvent was evaporated and the 
residue was recrystallized from methylene chloride-hexane, giving 
plates: mp 169-173"; nmr 62 (18 CH3, 19 CH,), 80 (21 CHI), 
broad multiplet a t  20-40 (cyclopropyl hydrogens), doublet cen- 
tered at  53 ( J  = 6 Hz, 26, 27 CH3), 165 (601 H) ,  200 (6P OCH,), 
and 225 (22 H j  cps; nmr (pyridine-&) 63 (18 CH3), 72 (19 CH3), 
108 (21 CHZ), multiplet a t  20-40 (cyclopropyl hydrogens), 
doublet centered at  53 ( J  = 6 Hz, 26, 27 CHj), 165 (Sa H ) ,  198 
(6p OCH;), and 225 cps (22 H) ;  mass spectrum m/e (re1 in- 
tensity) 416 (RI  - CH,OH, 12), 401 (416 - CH3,6), 330 (401 - 

(416 - CaH1702, base peak), 253 (271 - Hz0, 55). 

(271 - HzO, 50). 

CaHii, 20), 315 (416 - CeH130, 70), 297 (315 - HzO, 95), 271 

Anal. Calcd for Cn8HPS04: C, 74.96; H, 10.78. Found: 
C, 74.80; H, 10.94. . 

Because of the remarkable difference in Dolaritv between the 
methoxy triol 11 and 16, the separation of the C-22 epimers does 
not have to be performed by partition chromatography of the 
epoxides 9 and 10. Alternatively, the C-22 epoxide mixture 
can be condensed with sec-butyllithium to yield the mixture of 
methoxy triol which can be easily separated by chromatography 
over alumina. 

(205,22R)-170r,20,22-Trihydroxycholesterol (21) and (208,- 
22S)-170r,20,22-Trihydroxycholesterol (23).-To 70 ml of di- 
methyl sulfoxide were added 10.0 ml of water and 4.0 ml of 77, 
perchloric acid. The resulting solution was cooled to 0" and 
500 mg of (22R)-methoxy triol 11 was added with stirring to the 
dimethyl sulfoxide solution. If, after 1 kr, the steroid had not 
completely dissolved, 3-4 ml of tetrahydrofuran was added to 
the solution. The mixture was allowed to stand at  room tem- 
perature for 3 days, after which time it was poured onto ice and 
extracted three times with ethyl acetate. These extracts were 
washed thoroughly with water and once with saturated bicar- 
bonate and saturated brine. After drying the organic extracts 
over anhydrous sodium sulfate, decanting the solvent, and evap- 
oration, there was obtained a crystalline residue which was 
washed quickly with 5 ml of cold acetone. Filtration of the 
acetone suspension followed by recrystallization of the solid 
from aqueous acetone gave fine needles: mp 168-170'; nmr 

(pyridine-&) 62 (18 CHs), 65 (19 CHa), 91.5 (21 CHa), doublet 
centered at  53 ( J  = 6 Hz, 26, 27 CHI), 220 (30r H),  240 (22 H) ,  
and 320 cps (6 Hj ;  mass spectrum m/e (re1 intensity) 416 (M - 
Hz0, l ) ,  398 (M - 2 HzO, I ) ,  383 (398 - CH3, I) ,  365 (383 - 
HnO, l),  345 (416 - CsHii, lo),  333 (AT - CeHia0, 7), 316 (416 
- C6Hiz0, 37), 315 (416 - CsHi30, 74), 301 (316 - CH3, 43), 

(271 - HnO, 44). 
297 (398 - CeH130, 71),  271 (416 - CsHl,Oe, base peak), 253 

The (22R)-tetrol analyzed for an acetone of crystallization and 
is reported as such. 

Anal. Calcd for C27H4e04~C3H60:  C, 73.12; H ,  10.64. 
Found: C, 73.58; H ,  10.40. 

The 3,22-diacetate 22 was prepared by allowing a pyridine 
solution of the free tetrol to stand at  room temperature for 48 
hr in the presence of excess acetic anhydride. Isolation in the 
usual manner gave a solid residue which was dissolved in benzene 
and chromatographed on alumina. The diacetate is eluted with 
10% ethyl acetate in benzene and recrystallized from methylene 
chloride-hexane: mp 223-226'; nmr 66 (18 CH,), 61 (19 CH3), 
78 (21 CHs), doublet centered at 52 ( J  = 6 Hz, 26, 27 CHa), 122 
(3P-acetate methyl), 127 (22-acetate methyl), 275 (30r H) ,  308 
(22 H) ,  and 323 cps (6 Hj ;  mass spectrum m/e (re1 intensity) 
500 (M - HzO, a) ,  458 (hl - CH~COZH, l), 440 (500 - CH,- 
COnH, 23), 429 (500 - CeHli, 6), 380 (440 - CHsCOzH, 22), 
357 (500 - CsHi,Oz, 25), 313 (500 - CloH1gO3, 16), 298 (357 - 
CHaCOn, 36), 297 (337 - CHsCOzH, 25), 271 (458 - CioHisOa, 
74), 270 (458 - CloHz003, 78), 253 (271 - HeO, 43), 226 (298 - 
HzO - CaH6, base peak). 

Anal. Calcd for CalH~,oOe: C, 71.78; H, 9.72. Found: C, 
71.93; H ,  9.71. 

The (22S)-methoxy triol 16 was converted to the corresponding 
3P-hydroxy-A6-sterol following the same procedure as was used 
to solvolyze its 22R epimer. The residue remaining after evap- 
oration of the ethyl acetate extracts was washed with 2-3 ml of 
methylene chloride before being crystallized from aqueous meth- 
anol. An analytical sample was prepared by two more crystal- 
lizations from the same solvent, giving needles: mp 192-196"; 
nmr (pyridine-&) 82 (18 CH3), 66 (19 CH3), 110 (21 CH3), doub- 
let a t  53 ( J  = 6 Hz, 26, 27 CH3), 225 (30r H) ,  255 (22 H ) ,  and 
320 cps (6 H ) ;  mass spectrum m/e (re1 intensity) 434 (M+, 0.3), 
416 (M - HzO, 0.4), 398 (416 - Hn0, 0.7), 383 (398 - CH3, 
0.7), 380 (398 - HzO, 0.4), 365 (380 - CH3, 0.9), 345 (416 - 

- HzO, 33), 301 (316 - CH3, 85), 297 (398 - CaHiaO, 50), 271 
CsH11, 3), 333 (h l  - CeH130, I ) ,  316 (333 - OH, 41), 315 (333 

(416 - C?,H17Oz, base peak), 253 (271 - HzO, 42). 
Anal. Calcd for C27H4604.Hzo: C, 71.64; H, 10.69. 

Found: C, 71.45; H ,  10.95. 
The 3,22-diacetate 24 was prepared and purified following ex- 

actly the same procedure as was used to prepare the diacetate 
of the C-22 epimeric tetrol. Recrystallization from hexane- 
ether gave stout needles: mp 185-188'; nmr 53 (18 CHa), 61 
(19 CHa), 74 (21 CHI) doublet centered at  52 ( J  = 6 Hz, 26, 27 
CHI), 121 (3p-acetate methyl), 124 (22-acetate methyl), 275 
(3~r  H),  306 (22 H) ,  and 323 cps (6 H);  mass spectrum m/e 
458 (M - CHgCOnH, l),  440 (458 - HnO, lo),  380 (R'I - 2 
CH,COZH, lo) ,  357 (&I - H20 - CsH1502,46), 313 (M - Hn0 - 
CloH,,Oa, 20), 297 (357 - CHaCOZH, 23), 271 (458 - ClOH1908, 
90), 270 (458 - CloHzoOa, base peak), 253 (271 - HzO, 
77%). 

Lead Tetraacetate Oxidation of (ZOS,22S)-170r,20,22- and 
(208,22R)-170r,20,22-Trihydroxycholesterols. Isolation and 
Identification of the Glycol Cleavage Products.-To a solution 
of 40 mg of tetrol 21 or 23 in 10 ml of glacial acetic acid was 
added a solution of 80 mg of lead tetraacetate in an additional 
15 ml of glacial acetic acid. The solution was allowed to stand 
for 48 hr, after which time water was added and the resulting 
suspension was extracted with four aliquots of ethyl acetate. 
The ethyl acetate extracts were washed with bicarbonate until 
all acetic acid was removed, followed by two washes with water 
and saturated brine. After the organic extracts were dried over 
anhydrous sodium sulfate and the solvent was evaporated, there 
was obtained 26 mg of solid which was directly esterified by 
treatment with pyridine and acetic anhydride. Work-up in 
the usual fashion gave a solid residue which was crystallized 
from a small amount of ether-hexane and was found to be identi- 
cal in all respects (melting point, ir, nmr) with 17a-hydroxy- 
pregnenolone acetate (29). Thin layer chromatographic analy- 
sis of the crude acetylated material showed no trace of dehydro- 
epiandrosterone acetate. 
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To isolate the isocaproaldehyde which results from treatment Registry No. -4, 34578-46-6; 5, 34578-47-7; 6, 
of the tetrols with tetraacetate, the oxidation was performed 34578-48-8; 7, 34578-49-9; 8,  34578-50-2; 9, 34578- 

51-3; 10, 34578-52-4; 11, 34578-53-5; 16, 34578-54-6; as stated above. After the acetic acid solution was allowed to 
stand for 48 hr, water was added and the suspension was ex- 
tracted two times with methylene chloride. The organic ex- 21, 34578-55-7; 22, 34578-56-8; 23, 34578-57-9; 24, 
tracts were washed with bicarbonate to remove all acetic acid 34625-43-9; 27, 34578-58-0; 28, 21902-63-6; 30, 
and then shaken with water. The methylene chloride solution 34578-60-4; 31, 34578-61-5; 32, 34578-62-6; 33, 
was cooled to 0' and dried over anhydrous sodium sulfate. 
After drving. the organic extract was decanted off, cooled to 

2190242-5. 
I -I 

O " ,  and evaporated to-0.1 ml in a stream of nitrogen. Identifica- 
tion of the isocaproaldehyde as the only volatile product result- 
ing from tetraacetate oxidation of the tetrol side chain was per- 
formed gas chromatographically utilizing the conditions pre- 
viously described by Burstein, et al." 
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14p-Fluoro-17a-hydroxy analogs of testosterone, estrone, and estradiol have been prepared from ring D un- 
Small amounts of saturated 17 ketones via perchloryl fluoride fluorination of the corresponding enol acetates. 

14p-hydroxylated compounds were also isolated from the fluorination mixture. 

For the use of steroid sex hormones in the chemo- 
therapy of certain types of cancer, their primary hor- 
monal activity is usually undesirable and may limit the 
applicable dose level or the duration of treatment. 
Consequently, efforts were directed toward the syn- 
thesis of such analogs of sex hormones that, ideally, 
would be hormonally inactive or a t  least have a favor- 
able ratio of tumor inhibitory vs. hormonal activity. 
In  the hope that substituting the strongly electronega- 
tive and somewhat larger fluorine atom for a hydrogen 
atom might suitably alter receptor site affinity of the 
resulting sex hormone analogs, we have synthesized 
compounds which are related to testosterone, estrone, 
and estradiol but are fluorinated in position 14p of the 
steroid nucleus diff ering from the normal steroid hor- 
mones in the cis juncture of rings C and D. This work 
reports the preparation and characterization of these 
compounds and of their synthetic intermediates. 

The synthesis of the testosterone analog 10 is shown 
in Scheme I. Starting with dehydroepiandrosterone 1, 
the bromo ketone 2 was prepared without attack upon 
the homoallylic group by direct bromination of 1 with 
cupric bromide in me than~ l . l -~  Following dehydro- 
bromination of the bromo ketone 2 with lithium bro- 
mide and lithium carbonate in dimethylacetamide, 
compounds 3 and 4 were separated by fractional crys- 
tallization of the resulting equilibrium mixture. The 
nmr spectrum of the conjugated ketone 3 showed the 
vinylic protons at  ClS and Cl6 as two doublets of dou- 
blets centered at  7.81 and 6.26 ppm (J = 6 and 2.5 H a ) ,  
and the vinyl proton at  Cg (unresolved) a t  5.43 ppm. 
In  the region corresponding to  tho n + T* transition, 
the ORD spectrum of 3 exhibited a positive Cotton 
effect. Sondheimer4 reported the Cotton effect nega- 
tive for 3p-hydroxyandrost-15-en-17-one but found it 
positive for the corresponding l4p-isomeric steroid. 

(1) d .  Koohi, J. Amer. Chem. Soe., 77, 6274 (1955). 
(2) E. R. Glazier, J. Ow. Chem., $7, 2937 (1962). 
(3) D. K. Phillips, P. P. Wickham, G. 0. Potts, and A. Arnold, J .  Med. 

(4) F. Sondheimer, 9. Burstein, and R. Meohoulem, J. Amer. Chem. Soc., 
Chem., 11,924 (1968). 

sa, 3209 (1960). 

Recently, using circular dichroism measurements, 
Crabb6, Cruz, and Iriarte5,6 found analogously oriented 
Cotton effects for a pair of epimeric 3-methoxyestra- 
1,3,5(10),15-tetraen-l7-ones, i .e. ,  negative for the 14a 
and positive for the 14p isomer. The nmr spectrum 
of ketone 4 showed a broad peak at  5.53 ppm due to the 
two vinylic protons at  c6 and CIS. When 4 was ace- 
tylated, the product had the same melting point and 
opposite specific rotation of the same absolute value as 
the acetate described by St. Andre and  coworker^.^ 

The enol diacetate 5 was prepared directly from the 
crude equilibrium mixture of 3 and 4. I ts  nmr spec- 
trum showed the vinyl proton resonances as an unre- 
solved peak at 5.53 ppm (proton at  c6) and as a pair of 
doublets centered at 6 ( J  = 2.1 Hz) and 5.8 ppm (J = 
2.1 Hz). Since the proton at  c16 interacts with, and is 
also somewhat shielded by, the protons of the C17 
acetoxy group, its signal is probably the less well de- 
fined doublet a t  higher field, while the sharper doublet 
a t  6 ppm arises from the proton at  C15 which only inter- 
acts with the proton at  Cl6. The ultraviolet absorp- 
tion spectrum shows a maximum at  268 nm ( E  6700) 
due to the ring D chromophore of 5 .  

Perchloryl fluoride treatment of the enol acetate 5 
in aqueous tetrahydrofuran gave a mixture of fluo- 
rinated and hydroxylated products which were sep- 
arated by column chromatography. The hydroxy ke- 
tone 7, isolated in small amounts from the more polar 
fractions, was identified as androsta-5,15-diene-3p1 14p- 
diol-17-one 3-acetate by its elementary analysis (CW 
H2804), presence of OH-stretching absorption at  2.88 
p ,  and by its nmr spectrum showing two doublets cen- 
tered at 7.63 and 6.08 ppm ( J  = 6 He for both) indi- 
cating the CIS and c16 vinyl protons as well as the ab- 
sence of a proton at C14 since further splitting was 
lacking. Yonreactivity of the product under acetyl- 
ating conditions and observation of a positive Cotton 

(5) P.  Crabbe, 8. Cruz, and J. Iriarte, Chem. Ind. (London), 1522 (1967). 
(6) P. Crabbe, A. Cruz, and J .  Iriarte, Can. J. Chem., 46, 349 (1968). 
(7) A. T. St. Andre, H. B. MacPhillamy, J. A. Nelson, A. C. Shabica, and 

C. R. Scholr, J .  A m w .  Chem. Soc., 74, 5506 (1952). 


