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The lithium-ammonia overreduction of 1l-oxo-5a,14/3-cholest-8-en-3/3-ol (1) was shown to give equal amounts 
of 5a,8a,9a,l4/3-cholestane-3/3,ll/3-diol(2) and 5a,8/3,9a,l4/3-cholestane-3/3,lla-diol(3) by conversion of the diols 
to hydrocarbons of known stereochemistry. In contrast to 14a- and 14/3-steroidalll-ketosapogenins (which are sta- 
ble to base), the 5a,8a,9a,14/3-ll-ones in the present study provided through base equilibration a route to the un- 
known 8a,9/3,14/3 stereochemistry. The CD spectra of the ll-ket0-5a,8~,9a,14/3-, and -5a,8/3,9a,14/3-, and 
-5a ,8a,9/3,14/3-steroids provide evidence for nonchair conformations in rings B and/or C of the steroid skeleton. 

The identification and use of sterane stereochemistry 
have become important in organic geochemistry for such 
problems as source rock/oil correlations,2 oil/oil  correlation^,^ 
and in understanding the mechanism of the processes of for- 
mation of the hydrocarbons of the geo~phere .~  This interest 
in sterane stereochemistry has prompted the synthesis of 
various stereoisomers to evaluate methods of identification 
of steranes from geological sources.B The actual experimental 
details of the synthesis5 of these stereoisomers have not yet 
been published. Because of the interest in stereoisomers of 
steranes6 and a lack of published synthetic  method^,^ we 
present here a synthetic method for generating the hitherto 
unknown 8a ,9a  and 8a,9P B/C ring junctures as well as the 
“normal” 8&9a stereochemistry in steroids with the 14P (C/D 
cis) stereochemistry. 

Recently we had cause to prepare the As-ll-ketone 1 in a 
study of the effect of the 17P-alkyl group on the relative sta- 
bilities of the C/D cis and trans ring junctures7 Additionally, 
this compound was to serve as an intermediate in the synthesis 
of certain deuterium labeled steroidal 8P,Sa,14@hydrocar- 
bons needed for mass spectral studies. A key reaction in these 
labeling experiments was to be the lithium-ammonia reduc- 
tion of 1, which was expected to give the “natural” 8&9a B/C 
ring juncture based on the results of previous studies with 
steroidal sapcgenins.s The unexpected results of the lith- 
ium-ammonia reduction of the unsaturated ketosterol 1 
prompted sukisequent experimental work to establish the 
stereochemistry of the B/C ring juncture as depicted in 
Scheme I. 

The lithium-ammonia complete reduction of 1 gave equal 
amounts of the two C-11 epimeric diols 2 and 3. These two 
diols were separable on silica gel, and the less polar compound 
3 was oxidized under Jones conditions to the 3,11-dione 4, 
which was stable to base. Subsequent Wolff-Kishner reduc- 
tion afforded 14P-cholestane ( 5 ) ,  which was identical in all 
respects with authentic material prepared by a published 
routeg or via the 12-ketone 17 (Scheme I). The stereochemistry 
at  C-8 in compounds 3 and 4 is thus established to be 8P. The 
NMR spectrum of compound 3 displays a broad multiplet 
(3.9-3.4 ppm) for the hydrogens a t  carbons 3 and 11 as well 
as a downfield doublet triplet a t  2.38 ppm. The high-field 
position of the ll-H,l(’ the close distance (-1.8 A) between the 
l l a - O H  and the lP-H,l l  and the very close agreement be- 
tween the observed chemical shifts of the angular C-18 and 
C-19 methyl groups and the values calculated according to the 
tables of Ziircher12 [1.00 ppm (l8-CH3), calcd 0.98 ppm; 0.92 
ppm (19-CH3,, calcd 0.90 ppm] are consistent with the as- 
signed structure and cannot be accommodated by the alter- 
natives. 

’ Toxicology Brmch,  Center for Disease Control, Atlanta, Georgia 30333. 
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Similarly, the diol 2 was oxidized to the 3,11-diketone 
6, which was identical with material synthesized by catalytic 
hydrogenation of 1 to the 3P-hydroxy-11-ketone 7 followed 
by Jones oxidation to the dione 6. This diketone 6, 
when subjected to Wolff-Kishner conditions, afforded the 
k n o ~ n ~ ~ x c , ~ ~  5a,8a,l4/3-cholestane (8) as the major product 
with a minor amount of the hydrocarbon 11. The stereo- 
chemistry a t  C-8 is thus established to be 8a in 2,6,  and 7.” 
There are four stereochemical possibilities for the configu- 
ration at  C-9 and C-11 in compound 2, but two of these, 
9P,11P-H and 9a, l lP-H,  can be ruled out because the 110-H 
NMR signal would be expected to have a narrow half-band- 
width due to three small vicinal couplings. The two remaining 
possibilities, 9P, l la-H and 9a , l la -H,  cannot be distinguished 
on the basis of the half-bandwidth of the l l a - H  since the 
signal should be broad in both stereoisomers. However, a 
differentiation can be made based on the NMR spectrum of 
the polydeuterated analogue 2a, where the dihedral angle 
between 9P-H and l l a - H  is approximately 180’ and that of 
9 a - H  and 11a-H is approximately 60’. In the former config- 
uration a large vicinal coupling constant (8-14 Hz)13 is an- 
ticipated, whereas in the latter a smaller coupling constant 
(1-5 Hz)13 is expected. The observed slightly broadened 
doublet (J = 5 Hz) a t  3.97 ppm in compound 2a is consistent 
with the 90, l la-H stereochemistry for compound 2 shown in 
Scheme 1.” 5a,8a,l4P-Cholestae-3~,ll~-diol (2) was further 
characterized by the di-p-bromobenzoate 2b as well as by the 
diacetate 2c and the monoacetate 2d. 

The Jones oxidation of 2 and 3 to the diketones 4 and 6 
presumably took place without epimerization at  C-9. This 
method has been used previously for oxidation of alcohols to 
enolizable ketones without epimerization of a chiral center a 
to the ketone function.14 Subsequent base-catalyzed equili- 
bration of 6 gave an equilibrium mixture consisting of 73% 6 
and 27% 9P epimer 9.15 Likewise, equilibration of the catalytic 
hydrogenation product 7 gave an equilibrium mixture con- 
sisting of 74% 7 and 26% 9P epimer 10.15 The diketones 6 and 
9 as well as the monoketones 7 and 10 show large differences 
in their mass spectral fragmentation patterns from the 
“normal” (80,ga) B/C ring juncture diketone 4 (14P config- 
uration), which in turn is quite different from the “normal” 
(8@,9a,14a) diketone 19. The latter dione was synthesized by 
Jones oxidation of ll-oxo-5a-cholestan-3a-ol( 18).16 Deute- 
rium labeling studies which allowed the elucidation of the 
mechanism for the major fragmentations of these 11-ketones 
will be published e1~ewhere.l~ 

Figure 1 displays the CD spectra of the various 11-ketones 
from Scheme I. The octant projection 20 [(e) atoms in rear 
positive octant; (0) atoms in rear negative octant; (A) atoms 
in front octant], which is applicable to compounds 4, 13, 18, 
and 19, would predict a positive Cotton effect in these com- 
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Scheme I 

H H H 

2 , R  = R ,  = R; = H 
Za, R = D; R ,  = R: = H 
2b. R = H :  R. = R. = o-BrBz 
2c. R = H ,  R; = R: = A c  
2d, R = R ,  = H. R. = Ac 

3 1 I01 

H H 
15 14 

pounds. Compounds 18 and 19 in the 14a series show a mild 
positive Cotton effect in accord with the predictions of 20 and 
previous m e a s u r ~ ? m e n t s ~ ~ J ~  on l4a-11-ones. Compounds 4 

2 0  # 21 
X I  , 

and 13 both show a negative Cotton effect, which is in accord 
with previous measurements on 14P-ll-ketosteroids.la The 
opposite sign of the Cotton effect has been attributed to an 
“abnormal” conformation of ring C in these c o m p o ~ n d s . ~ ~ ~ ~ 0  
The  twist conformation 21 would rationalize the relatively 
large negative Cotton effect in compound 13 since nearly all 
of the atoms lie in negative octants. 

The octant projection 22, which is applicable to compounds 
9 and 10, would predict a negative Cotton effect, and the large 
positive effect observed could be accounted for by the alter- 
nate twist conformation 23 in which nearly all of the atoms lie 
in positive octants. 

The octant projection 24 clearly predicts a large negative 
Cotton effect, while compounds 6 and 7 both show moderately 
positive Cotton effects (Figure 1). The ring B “boat” confor- 
mation 26 or the ring C “twist” conformation 25 could account 

----- ky3’e-J-- 
26 

for the observed Cotton effect. While the arguments used to 
assign stereochemistry in the diols 2 and 3 were based on all- 
chair conformations,” the above proposed deviations in ring 
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Table I. Relative Mass Spectral Intensities for Isomers of Cholestane 

- mass spectra 
70 eV 15 eV lm* (70 eV) 

compd 2 18/2 17 151/149 218/217 151/149 2 18/2 17 ref0 
5 
5 
8 
8 
1 1  
20 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

1.72 
1.82 
0.76 
0.81 
0.53 
0.66 
0.75 
0.55 
0.48 
0.46 
0.40 
0.43 
1.67 
1.96 
1,72 
1 1 6  
1.52 
1.56 
1.56 

0.17 
0.30 
0.17 
0.18 
0.17 
0.20 
0.22 
0.21 
0.15 
0.34 
1.07 
1.31 
0.47 
0.64 
0.57 
0.32 
0.18 
0.14 
0.14 

2.98 

1.02 

0.71 
1.05 

0.25 

0.25 

0.22 
0.27 

0.79 1 
3 

0.43 1 

0.72 
0.52 

3 
1 
1 
3 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 

1 = present work, MS-9 (probe); 2 = Mulheirn and Ryback,5a AEI MS-30 (GC inlet); 3 = Mulheirn and Ryback,5c MS-9 (probe); 
4 = Seifert and Moldowan,6 GC/MS (40 eV), Nuclide 12-90-G, these authors have assigned stereochemistries based on mass spectra 
and GC retention times. 

W 
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Figure 1. Circular dichroism curves (25 “C, absolute methanol) of 
4,6,7,9,10, 13, 18, and 19. 

C and/or B for compounds 4,6,7,9,10, and 13 may be due to 
the change in hybridization (sp? to sp2) a t  C-11. The energy 
difference, for example, between the chair and flexible forms 
in cyclohexanone is only about half as much as in cyclo- 
hexane.21 

Wolff-Kishner reduction of an equilibrium mixture of the 
diones 6 and 9 furnished a mixture of two hydrocarbons, the 
knownsaSc 5a,8a,l4/?-cholestane (8) and 11, which could be 
separated by preparative GLC or reverse-phase high-pressure 
liquid chromatography. The assigned structure of this new 
hydrocarbon, 5a,8a,9P,14P-cholestane (1 1),11 is supported 
by the synthetic method (Scheme I) and by the fact that  its 
spectroscopic properties are different from the other 15 ste- 

reoisomers of cholestane which have been reported516 (see 
Table I and supplementary material for Table 11). The ep- 
imers with a m/z 218/217 ratio greater than 1 at 70 eV (Table 
I) all have the 8p,14p stereochemistry in common. The small 
value of this ratio for 11 suggests the 8a,14p stereochemistry. 
This 8a,14P stereochemistry then requires the 90-H config- 
uration since 9a-H would give compound 8.11 Further support 
for the stereochemical assignments in 11 can be obtained by 
an examination of Figure 2 (see supplementary material), 
which depicts the mass spectra for compounds 20,5,8, and 11. 
The m/z 149 ion (which represents C ring cleavage)22 increases 
in importance in the 5a,140 series a t  70 eV (11,250 6.4% > 8, 

H 

H 
20, 5a, 8P,9a,14ff, 17a,20R 
21, 5a,8P,9a,14a,17a,20S 
22, 5a,80,90, 14a, 170,20R 
23, 5a,Bb,9a,14a, 17P, 20s 
24, 5P,8P,9a,14a,17a,20R 
25, 5P,BP,9a,14a,l7a,20S 
26, 5P,8P,9a,14p, 17a, 20R 
27, 5P,8~,9a,14~,17a, 20s 

J 

28, 5P,8P,9~~,14P,l7P,20S 
29, 50,8P,9&, 14/3,17P,20R 
30, 5a,8P,9a, 140,17fl,20S 
31, 5a,BP,9~1,14P,17P,20R 
32, 5&,8P,9a,14fl,17a, 20s 
5, 5&,8fl,9~~,14P,l7a, 20R 
8, 5&,8@,9a,l4P, 17a, 20R 

11, 5a,Ba,9P,14P,17a,2OR 

250  5.6% > 5, 2 5 0  3.2%). The differences are even more pro- 
nounced at lower (15 eV) ionizing energy (11, &o 7.6% > 8, 250 
5.5% > 5, 2 5 0  2.3%). This order of C ring cleavage is what 
would be predicted based on a conformational analysis8 of the 
B/C ring epimers. In particular, the 5a,8a,9/?,14/3 stereo- 
chemistry in 11 requires that ring B be in a “boat” confor- 
mation (while 8 and 5 can exist in all-chair conformationsll), 
and cleavage through ring C (mlz 149) would reduce the in- 
herent strain in the B/C ring juncture. 

Experimental  Section 
General Information. Microanalyses were performed by E. H. 

Meier, Department of Chemistry, Stanford University. All melting 
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points are uncorrected and were taken with a Thomas-Hoover cap- 
illary melting point apparatus. Infrared spectra were obtained for 
solutions in chloroform with a Perkin-Elmer 700 spectrometer. NMR 
spectra were recorded under the supervision of Dr. L. J. Durham on 
a Varian Associates T-60 or XL-100 spectrometer with deuter- 
iochloroform as solvent and tetramethylsilane as internal reference. 
Routine optical rotations were recorded with a Perkin-Elmer Model 
141 spectropolarimeter for solutions in hexane or chloroform. Circular 
dichroism curves were determined for solutions in absolute methanol 
by Mrs. R. Records with a JASCO 5-40 circular dichrometer. Low- 
resolution mass spectra were determined by Mr. R. G. Ross with an 
AEI MS9 spectrometer operating a t  70 eV by the use of the direct inlet 
system. Exact masses were determined by Miss Annemarie Wegmann 
on a Varian-Mat 711 high-resolution mass spectrometer. 

The progress of all reactions and column chromafographies was 
monitored by thin-layer chromatography on silica gel (HF-254) mi- 
croplates. The spots were detected by spraying with a 2% solution of 
cerium(1V) sulfate in 2 N sulfuric acid, followed by heating. Prepar- 
ative thin-layer chromatoplates had a thickness of 0.75 mm of silica 
gel (HF-254), and the bands were detected either visually or by 
viewing under ultraviolet light. Gas-liquid phase chromatography 
(GLC) was performed on a Hewlett-Packard Model 402 high effi- 
ciency instrument using 6-ft glass columns packed with 1% OV-25 on 
Gas-Chrom Q (100-120 mesh) using helium as the carrier gas. Pre- 
parative LC was performed using a Haskel Model 28303 pump, a 
0-5000 psi Ashrof gauge, and a Waters Associates dual cell refrac- 
tometer. The separations were carried out on a Whatman Partisil M9 
10/50 ODs-2 column (50 cm X 8 mm i d . ,  mobile phase was absolute 
methanol). 

Lithium-Ammonia Reduction of ll-Oxo-5a,14/3-cholest-8- 
en-38-01 (1). A solution of 330 mg of 1 in 7 mL of dry ether was added 
dropwise to 110 mg of lithium in 200 mL of undistilled liquid am- 
monia. After complete addition, the mixture was stirred for an addi- 
tional 2 h, excess lithium was destroyed with methanol, and after the 
mixture was stirred for an additional 30 min, 190 mg of lithium was 
added. The mixtbre was then stirred for an additional 75 min, excess 
lithium was destroyed with solid ammonium chloride, and the am- 
monia was allowed to evaporate. The crude product (330 mg) obtained 
by dilution with water and ether extraction was chromatographed on 
25 g of TLC mesh silica gel and eluted with 100% ether. The first 
material (20 mg) to elute from the column was a mixture of two 
compounds (-55.45) by GLC analysis which could not be separated 
on silica gel. The IR spectrum showed no carbonyl stretch, and 
GC/MS (oven temperature 276 "C) of the mixture showed the same 
fragment ions (m/z 384,369,351,271,253,230,215 (BP), 197) for both 
compounds. However, in the short retention time peak the principal 
fragment ions were more intense. The mixture was unaffected by 
prolonged heating under reflux in a basic solution. Oxidation of this 
material under Jones conditions afforded a clear glass which was 
homogeneous by 'TLC (UV-active spot) and showed a single peak by 
GLC. The mass spectrum of this oxidation product (M+, m/z 398) is 
consistent with 5a,l4~-cholest-8-ene-3,ll-dione. The original 
mixture probably consists of the two allylic alcohols a t  C-11, 
5a,l4/3-cholest-8-ene-3@,ll@-diol and 5a,14~-cholest-8-ene-  
B@,lla-diol. 

The second cornpound to elute from the column, 5a,l4&choles- 
tane-3@,lla-diol (3), provided 161.2 mg of a white powder: mp 63-66 
"C; NMR 6 3.9-3.4 (m, 2 H, l IP-H,  3a-H),  2.38 (dt ,  1 H,  lP-H,  J = 
13, 3.5, 3.5 Hz), 1.00 (s, 3 H, 18-CH3; calcd0.98),0.92 (s, 3 H, 19-CH3; 
calcd 0.90); GLC (265 "C) relative retention time (rrt) 0.82 (rrt of 2, 
1); mass spectrum, m/z (rel. intensity) 386 (77), 371 (35), 353 (8), 302 
(321,273 (191, 255 1141, 220 (461,206 (64), 193 (100). 

The third compound to elute from the column, 5a,8a,14&cho- 
lestane-3~,llj3-diol(2), provided 148.3 mg of white crystalline ma- 
terials: mp 100-103 "C; [ ( Y ] * ~ D  + 32" (c 0.42); NMR 6 3.96 ( l l a - H ,  

3 H,  CH3); mass spectrum, m/z (rel. intensity) 386 (72), 371 (57), 353 
(171, 302 (61,273 (62), 255 (141, 220 (321,206 (57), 193 (100). 
5a,8a,l4~-Cholestane-38,1l~-diol-7,7,12,12,14-d~ (2a). 11- 

Oxo-5cr-cholest-8. en-3P-01 benzoate7 (50.4 mg, 0.1 mmol) was heated 
under reflux in e.n atmosphere of nitrogen for 16 h in 10 mL of 
methanol-0-d to which had been added 69 mg of sodium metal. The 
solvent was then distilled, fresh methanol-0-d was added, and heating 
under reflux was continued for a further 26 h followed by concentra- 
tion under reduced pressure, dilution with anhydrous ether, washing 
(DzO), drying (M1:S04) and evaporation to give a light yellow glassy 
solid. Crystal1izai;ion from MeOD/D20 afforded 11-oxo-5a,148- 
cholest-8-en-38-01-7,7,12,12,14-d~ (3% dp, 8% d4,86% d5, 3% d6, 37.0 
mg, 91%) as a white powder which exhibited physical and spectro- 
scopic properties identical with those of authentic unlabeled material.7 

Wl/p 22 Hz) ,  3.60 (3a-H, W1/p == 20 Hz), 0.95 (s, 3 H,  CH3), 0.90 (s, 

The NMR spectrum, however, showed no signals for the 12a and 12p 
hydrogens which were both resolved doublets a t  2.14 and 2.48 ppm, 
respectively, in the unlabeled compound. The lithium-ammonia re- 
duction of this labeled compound as described previously provided, 
after purification, 2a which had physical and spectroscopic properties 
consistent with unlabeled 2: NMR 6 :3.97 (br d, 1 H, l l a - H ,  J = 5 Hz), 
3.60 (3a-H, W1/2 = 22 Hz), 0.95 (s, 3 H,  CH3), 0.90 (s, 3 H, CH3); mass 
spectrum, m/z (rel. intensity) 391 (36), 376 (30), 358 (71,307 (4), 306 
(4), 278 (38), 260 (7), 223 (21), 208 (261,194 (100). 
5a,8a,l4@-Cholestane-3@,1 18-diol Di-p-bromobenzoate (2b). 

The diol 2 was allowed to sit a t  room temperature for 46 h in a mixture 
of p-bromobenzoyl chloride and pyridine followed by conventional 
workup to  give material which was purified by column chromatog- 
raphy and crystallization from acetone/methanol to afford fine nee- 
dles: mp 146-148 "C; NMR 6 5.42 ( I l a - H ,  WI/p = 22 Hz), 4.88 (3a-H, 
WllZ = 24 Hz), 1.06 (s, 3 H,  18-CH3 or 19-CH3), 1.01 (s, 3 H, 19-CH3 
or 18-CH3), 0.85 (d, 6 H ,  26,27-CH3). 

Anal. Calcd for C41H5404Br2: C, 63.90; H,  7.06; Br, 20.74. Found: 
C, 63.74; H,  6.95; Br, 20.52. 
5a,8a,l4@-Cholestane-3/3,1 I@-diol Diacetate  (212). The diol 2 

(33.3 mg) was added to a mixture of 0.75 mL of pyridine and 0.75 mL 
of acetic anhydride; after 10 min a t  0 "C, the mixture was warmed to 
room temperature (10 min) followed by conventional workup to give 
a clear syrup. This material was purified by preparative TLC (60% 
etherhexane) to give 2.3 mg of the diacetate 2c as a clear glass which 
was homogeneous by GLC and TLC (Rf 0.7,55% etherhexme): NMR 

2.01 (3 H, OAc), 1.99 (3 H,  OAc), 0.97 (s, 3 H, 18-CH3 or 19-CH3), 0.93 
(s, 3 H ,  19-CH3 or 18-CH3), 0.86 (d, 6 H, 26,27-CH3). 

The chromatography also provided 5.5 mg of 5a,Sa,l4@-choles- 
tane-38,Il&diol3&acetate (2d) as a clear glass which was homo- 
geneous by GLC and TLC (Rf  0.4,55% ether/hexane): NMR 6 4.64 

0.95 (s, 3 H,  l8-CH3 or 19-CH3), 0.89 (s, 3 H, 19-CH3 or 18-CH3), 0.86 

In addition, the chromatography provided 5.8 mg of an unidentified 
material which was probably 5a,8a,l4&cholestane-3~,ll~-diol 
118-acetate (Rf  0.2, 55% ethedhexane) as well as 11.5 mg of the 
starting diol 2 ( R f  0.1,55% ether hexane). 

5a,l4&Cholestane-3,1l-dione (4), Jones reagent (1.0 mL) was 
added dropwise to an ice-cooled solution of 161 mg of 3 in 30 mL of 
acetone. After 2 min at  0 "C, the solution was allowed to warm to room 
temperature and then was diluted with water. The usual workup gave 
160 mg of white crystalline compound, mp 99-102 "C. Recrystalli- 
zation from aqueous methanol afforded flat plates: mp 106-107 "C; 
NMR 6 1.08 (s, 3 H,  19-CH3; calcd 1.21), 1.03 (s, 3 H, 18-CH3; calcd 

GLC (265 "C) rrt 0.74 (rrt of 6 , l ) ;  mass spectrum, m/z (rel. intensity) 
400.3355 (M+, 70; calcd for Cp7H4402, 400.3341), 385 (12), 382 (16), 
342 (5), 289 (loo), 263 (91,246 (32), 229 (8), 219 (lo),  193 (76). 

Anal. Calcd for C27H4402: C, 80.94; H, 11.07. Found: C, 80.64; H, 
10.91. 

5a,l4,!?-Cholestane (5). The dione 4 (147 mg, 0.37 mmol) was 
dissolved in 10 mL of diethylene glycol and 3 mL of n-butyl alcohol 
to which was added 1.3 mL of 97% anhydrous hydrazine, and the 
mixture was heated under reflux for 1 h. Upon cooling the mixture 
to about 100 "C, 810 mg of KOH dissolved in 1 mL of water was added 
and heating was continued without a reflux condenser until the 
temperature reached 205 "C. After being heated under reflux between 
200 and 215 "C for an additional 210 min, the reaction mixture was 
cooled and poured into water. The aqueous phase was extracted five 
times with ether, and the ether extracts were washed with water, dried 
(MgS04), and evaporated to give a clear oil. Purification by thin-layer 
chromatography on silica gel [benzene/hexane (1:1)] afforded 100 mg 
of a clear liquid (lit.5a liquid): [ a ] 2 0 ~  +9l0  (c 0.11); NMR (CDCI3) 6 
0.98 (s, 3 H, 18-CH3; calcd 0.94; lit.5a 0.981), 0.87 (d, 6 H ,  26,27-CH3; 
lit.5a 0.8653, 0.83 (d, 3 H, 21-CH3; lit.ja 0.8351, 0.75 (s, 3 H, 19-CH3; 
calcd 0.75; lit.5a 0.753); NMR (benzene-&) 6 1.07 (s, 3 H,  18-CH3; lit.5a 
1.07),0.95 (d, 3 H, 21-CH3; lit.5a0.948), 0.92 (d, 6 H, 26,27-CH3; lit.5a 
0.92), 0.77 (s, 3 H, 19-CH3; lit.5a 0.771); GLC (209 "C) rrt 0.84 (rr t  of 
14a-cholestane, 1); mass spectrum, m/z (rel. intensity) 372.3758 (M+, 
36; calcd for C27H4s1372.3756), 357 (20), 262 (5), 259 ( I l ) ,  232 ( 7 ) ,  219 
(421, 218 (loo), 217 (581, 203 (17), 175 (lo),  163 (16), 151 (6), 149 
(36). 

Alternatively, 5 could also be synthesized by the addition of boron 
trifluoride etherate (0.2 mL) to a solution of the dione 4 (160 mg, 0.4 
mmol) in 1.5 mL of ethanedithiol. After being stirred a t  room tem- 
perature for 7 min, the mixture was diluted with methanol and the 
solid material was collected by filtration. Recrystallization from 
hexane/methanol furnished the thioketall2 as long fine needles (167.4 

65.16(dt,IH,lla-H,J=ll,5.5,5.5H~),4.68(3~1-H, W1/2=24H~) ,  

(3a-H, Wl/p % 24 Hz), 3.90 ( I l a - H ,  WI/p 

(d,  6 H,  26,27-CH3). 

22 Hz), 2.01 (s, 3 H,  OAC), 

0.95),0.91 (d, 3 H, 21-C&), 0.86 (d, 6 H, 26,27-CH3); CD [8]3og -8607; 
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mg): mp 142-142.5 "C; IR 5.86 Fm. 
The  thioketal 12 (167.4 mg, 0.351 mmol), which was dissolved in 

95% ethanol (100 mL), was stirred a t  room temperature with fresh 
W-7 Raney nickel (prepared from 25 g of alloy) for 2 h followed by 
heating under reflux for 1 h. The catalyst was removed by filtration 
and washed well with ethanol. To  the ethanol solution was added 100 
mL of benzene, and the solvents were evaporated to give the desired 
ketone 5a,l4@-cholestan-ll-one (13; 132.5 mg, 98%) as a clear glass 
which was homogeneous by TLC and GLC: NMR 6 2.30 (d, 1 H, J = 
13 Hz), 2.13 (d, 1 H,  J = 13 Hz), 1.00 (s, 3 H, 19-CH3; calcd 0.97), 0.90 
(s, 3 H, 18-CH3; calcd 0.91); CD [/I1308 -20 265; mass spectrum, mlt 
(rel. intensity) 386.3541 (M+, 100; calcd for C27H460r 386.3549), 371 
(15), 289 (76), 276 (32), 261 ( l l ) ,  232 (26), 219 (12), 218 (9), 217 (a), 
206 (81,193 (38), 177 (a), 149 (19), 135 (19), 122 (36), 109 (37), 95 (43), 
81 (54). The  ketone 13 could also be synthesized from the dione 4 by 
the Wolff-Kishner procedure described above using 85% hydrazine 
hydrate and heating under reflux between 200 and 215 "C for 150 
min. 

To the 11-ketone 13 (132.5 mg) in 50 mL of ether was added excess 
lithium aluminum hydride, and the mixture was heated under reflux 
for 2 h followed by the dropwise addition of saturated Na2S04 until 
all solid material was white and a t  the bottom of the flask. Filtration, 
washing of the solid material, and evaporation of the combined ether 
solution furnished 130.8 mg of a clear glass. The  crude product was 
chromatographed on 9 g of TLC mesh silica gel with 2% etherhexane 
to give 5a,l4@-cholestan-ll@-ol(14,110.5 mg) as a clear glass which 
was homogeneous by TLC and GLC: NMR 6 4.22 ( l l a - H ,  W ~ / Z  = 8 
Hz), 1.22 (s, 3 H, 18-CH3; calcd 1.18), 1.00 (s, 3 H, 19-CH3; calcd l.Ol), 
0.86 (d, 6 H,  26,27-CH3), 0.84 (d, 3 H,  21-CH3); mass spectrum, m/z 
(rel. intensity) 388 (M+. 23) ,  370 (761,355 (48), 286 (91,257 (34), 230 
(24), 217 (93), 216 (loo), 215 (33), 201 (27) ,  193 (141,192 (la), 161 (27), 
149 (34), 147 ( 2 8 ) ,  135 (37), 121 ( S O ) ,  109 (79), 95 (71), 81 (86). 

A solution of the sterol 14 (19.0 mg) in pyridine ( 2  mL) a t  0 "C was 
slowly treated with phosphoryl chloride (15 drops) and kept at  0 " C  
for 105 min. The mixture was then poured onto ice and extracted with 
ether, and the ether extracts were washed, dried, and evaporated to 
give the olefin 5a,14@-cholest-9(11)-ene (15; 17.5 mg, 97%) as a clear 
oil which was homogeneous by TLC and GLC: NMR 6 5.14-5.28 (m, 
1 H, 11-H), 2.38 (1 H, Wllr = 20 Hz), 0.92 (s, 3 H, 19-CH3; calcd 0.892), 
0.89 (s, 3 H,  18-C1&; calcd 0.875); mass spectrum, mlz (rel. intensity) 
370,3582 (M+, 43: calcd for C?iH46,370.3599), 355 (721, 286 (99), 271 
(14), 257 (57), 220 (12),  217 (13), 216 (161,215 (17), 206 (21), 193 (261, 
17'6 ( 3 8 ) ,  161 (39). 149 (27). 147 (401, 135 (26), 121 (33), 109 (43), 107 
146), 105 (45), 95 (601, 81 (100). 

Chromium trioxide (7'2.1 mg, 0.724 mmol) was suspended in dry 
(distilled from PzO5) methylene chloride (10 mL) at  -23 " C  and 
3,5-dimethylpyrazole (69.6 mg, 0.724 mmol) was added in one portion. 
After the mixture was stirred at -23 " C  for 15 min, the steroid 15 (13.4 
mg, 0.0362 mmol) dissolved in 2 mL of CHZC12 was added and the 
mixture was allowed to stir at -23 " C  for 4 h. The mixture was then 
diluted with ether and passed through a column of Florisil (60-100 
mesh) followed by evaporation of the ether to give an oil. Preparative 
TLC (8% ether/hexanej and isolation of only UV-active bands gave 
1.3 mg of a clear glass ( R f  0.60,10% ether/hexane) which is probably 
11&cholest-8-en-ll-one: NMR 6 2.48 (d,  1 H,  J = 13 Hz), 2.12 (d. 
1 H,  J = 13 Hz), 1.12 (s, 3 H, 19-CH3), 1.00 (s, 3 H, l8-CH3), 0.88 (d, 
.3 H ,  2l-CH3) 0.813 (d, 6 H,  26,27-CH3); mass spectrum, m/z (rel. in- 
tensity) 384 (M+ loo), 369 (371, 356 (13), 355 (151, 271 (4) ,  243 (5), 
232 (161, 219 ( 7 ) ,  218 (51, 217 (6), 193 (6), 190 (6), 177 (121,161 (10). 
'The NMR and niass spectra of this compound are consistent with 
those reported for compound 1 when the lack of oxygen at  C-3 is taken 
into account. 

The chromatography also provided 7 mg of a clear glass ( R f  0.45, 
10% ether/hexane) which was slightly contaminated by a lower Rf  
material ( R f  0.42, 10% ether/hexane). Purification of this material by 
reverse-phase LC (100% methanol, 560 psi) gave the desired unsatu- 
rated ketone 5a,14~-cholest-9(11)-en-l2-one (16; 6.2 mg, 45%) as 
a clear glass which was homogeneous by TLC, GLC, and LC (retention 
time ( r t )  = 45 min; rt of unidentified impurity (0.4 mg) = 30 min): 

4 H, 18-CH3 or 19-CH3), 1.05 (s, 3 H, 19-CH3 or l8-CH3), 0.94 (d, 3 
H, 21-CH3), 0.87 (d,  6 H, 26,27-CH3). The mass spectrum showed m/z 
,384 as the molecular ion. In addition, the mass spectrum showed no 
m/z  218 (which is characteristic of ~holest-8(14)-en-7-one),~~~ no mlz 
216 (which is characteristic of choles t -8-en-7-0ne) ,~~~ and also no 
peaks characteristic of c:holest-8(14)-en-l5-0ne.~~~ The principal 
fragment ions of 16 are m/z  369 (M - CH3), 271 (M -side chain), and 
121. 

The  19(11~-12-c~ne 16 (1.6 mg) in 25 mL of ethyl acetate and 10 mg 
of 10% palladium on carbon was stirred under hydrogen gas at  room 

NMR 6 5.75 (d, 11-H, J = 2.5 Hz), 2.74 (1 H, W ~ / Z  20 Hz), 1.06 (s, 

temperature for 19 h followed by conventional workup to give a clear 
glass which was purified by reverse-phase LC (100% methanol, 700 
psi) to give 5a,l4@-cholestan-12-one (17) as a clear glass (LC rt  = 
41 min). The stereochemistry of 17 was confirmed by Wolff-Kishner 
reduction of this ketone to give 5a,l4@-cholestane (5,0.6 mg) as the 
exclusive hydrocarbon product whose GLC retention time, mass 
spectrum, and NMR were identical with those of authentic 5. The 
catalytic hydrogenation of 16 is apparently controlled by the angular 
methyl groups on the p face of the skeleton (as in the 14a seriesIz4 
even though models indicate that the 148 configuration causes 
shielding of the CY face by ring D. 
5a,8a,l4@-Cholestane-3,1l-dione (6). Jones oxidation of 2 as 

previously described gave a quantitative yield of a clear glass which 
was crystallized from aqueous methanol to give a white crystalline 
compound: mp 80-83 "C; NMR 6 1.14 (s, 3 H, CHS), 0.92 (s, 3 H, CH3), 
0.86 (d, 6 H, 26,27-C&); CD [/I1300 +8405; mass spectrum, m/z (rel. 
intensity) 400.3338 (M+, 100; calcd for C2iH4402,400.3341), 385 (81, 
382 (5), 342 (21), 289 (53), 263 (39), 246 (30), 229 (451, 219 (35j, 193 
(90). 

Anal. Calcd for C27H4402: C, 80.94; H,  11.07. Found: C,  80.98: H,  
10.88. 

5a,8a,14&Cholestane (8) and  5a,8a,9@,14~-Cholestane ( 11 ). 
The dione 6 was subjected to Wolff-Kishner reduction as described 
for 5cu,l4/3-cholestane (5) to give an oil which was a mixture (88:12) 
of two compounds. Preparative GLC afforded the predominant 
component 5a,8a,l4@-cholestane (8) as a clear liquid (lit.5a liquid): 
[aI2O0 + 84" (c 0.038); NMR (CDC13) 6 0.90 (d, 3 H, 21-CH3; lit.5a 
0.90), 0.89 (s, 3 H,  l8-CH3 or 19-CH3; lit.5a 0.888). 0.86 (d, 6 H,  
26,27-C&; lit.ja 0.8611, 0.85 (s, 3 H, 19-CH3 or 18-CH3; lit.5a 0.848); 
NMR (benzene-&) 6 1.02 (d, 3 H, 21-CH3; lit.5a 1.014), 0.92 (s, 3 H, 
18-CH3 or 19-CH3; lit.5a 0.908), 0.92 (d, 6 H, 26.27-CH3; lit.5a 0.917), 
0.89 (s, 3 H,  19-CH3 or 18-CH3; lit.5a 0.885); GLC (209 "C) rrt 1.00 (rrt 
of 14a-cholestane, 1.00); mass spectrum, mlz (rel. intensity) 372.3759 
(M+, 37; calcd for CziH48, 372,37561,357 (32), 262 (101, 259 (4), 232 
( la) ,  219 (18), 218 (76), 217 (loo), 203 (23), 175 ( l l ) ,  163 (9). 151 (12) ,  
149 (67). 

The second compound, 5a,8a,98,14,9-cholestane (1 I) ,  which 
probably resulted from epimerization a t  C-9 prior to reduction, was 
isolated by preparative GLC and represented 12% of the mixture: clear 
liquid; NMR (CDC13) 6 0.92 (d,  3 H ,  21-CH3),0.876 (s, 3 H, 18-CH:I 
or 19-CH3), 0.87 (d, 6 H,  26,27-CH3), 0.80 (s, 3 H, 19-CH3 or 18-CH3); 
NMR (benzene-de) 6 1.05 (d, 3 H, 21-CH3), 0.91 (d, 6 H, 26,27-CH3). 
0.91 (s, 3 H, 18-CH3 or 19-CH3), 0.89 (s, 3 H, 19-CH2 or 18-CH3); GLC 
(209 "C) rrt 0.71 (rrt of 14a-cholestane, 1); mass spectrum, mlz irel. 
intensity) 372 (M+, 53), 357 (38), 262 (111,259 (131.232 (20). 219 (15). 
218 (53), 217 (99), 203 (21), 175 (14) ,  163 (lt5), 151 ( I ? ) ,  149 (100). 

The  dione 6 could also he equilibrated in base followed by U'olff- 
Kishner reduction to afford 5a,8a,143-cholestane (8) and 
5n,8a,9P,14P-cholestane (1 1). 
5a,8a,9@,14@-Cholestane-3,1l-dione (9). The dione 6 was heated 

under reflux in 10% sodium methoxide for 122 h followed by a con- 
ventional workup to give a clear glass which was a mixture consisting 
of 73% of the 8a,9a-dione 6 and 27% of the 9$-epimer 9. This material 
was purified by preparative TLC (40°/0 ether:hexane) to give the 
original dione 6 with identical physical and spectroscopic properties 
with those of the starting dione 6 as well as a new dione 9 as a clear 
glass: NMR 6 1.28 (s, 3 H, CH:3), 0.87 (d,  6 H, 26.27-CH:j), 0.79 (s, 3 H, 
CH3); CD [/I1303 +22 133; GLC (260 "C) rrt 0.71 irrt of 6, 1); mass 
spectrum, m/z 400 (M+). 

This dione 9 could be equilibrated in 10% sodium methoxide to give 
an equilibrium mixture consisting of 70°h 6 and 309.0 9 after 53 h. 

11-0xo-5a,8a,14j3-cholestan-3@-ol ( 7 ) .  l l -Oxo-5a ,14~-cho-  
lest-8-en-3/3-01 (1,100 mg) was hydrogenated over 10% palladium on 
carbon in ethanol at  room temperature and 1 atm pressure for 48 h 
to give, after preparative TLC (70% ether/hexane), 76 mg of white 
crystalline material: mp 103-104.5 " C ;  [CY] '~II  + 74' i c  0.25); NMR 
6 3.56 (3a-H, W112 22 Hzj, 2.59 (d ,  J = 13.5 Hz),  2.37 (d ,  J = 13.5 
Hz) ,  0.97 (s, 3 H,  CH3), 0.91 (s, 3 H, CH1), 0.86 (d,  6 H. 26,27-CH3); 
CD [6']307 +4882; mass spectrum, mlz (rel. intensity) 402.3495 (M+, 
56; calcd for C2iH4602, 402.3498), 384 (12),  369 (101, 366 (131, 351 (81, 
344 (131,324 (81,289 (1001,276 (26). 263 (481,261 (171,253 (34j, 248 
(44), 247 (13), 233 (141,232 (lo),  229 (14), 219 (56), 213 (IO), 206 (17), 
193 (70), 147 (24), 135 (29), 122 (461, 121 (41) .  108 (100). 95 (57),81 

Anal. Calcd for C~iH4602: C, 80.54; H,  11.51 Found: C. 80.69; H,  
11.74. 
11-0xo-5a,Sa,9@,14@-cholestan-3~-oI (10). 11-Oxo- 

5a,8a,14P-cholestan-3/3-01(7) was heated under reflux in IO% sodium 
methoxide for 67 h followed by conventional workup to give a clear 
glass which was a mixture consisting of 7 4 O h  of the 8@,9tvketone 7 and 

(72 ) .  
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26% of the 9P-epimer 10. Th is  mater ia l  was pur i f ied  by preparative 
TLC (70% ether/hexane) t o  give the original ketone 7 w i t h  identical 
physical and spectroscopic properties w i th  those o f  the starting ketone 
7. In addition, chromatography furnished a new ketone 10 as a white 
semicrystalline material: NMR 6 3.60 (3a-H,  W I I ~  = 24 Hz) ,  2.44 (d, 
J = 13.5 Hz), 2.30 (d, J = 13.5 Hz), 1.14 (s, 3 H, CH3), 0.86 (d, 6 H, 
26,27-CH3) 0.77 IS, 3 H, CH3); CD +14 740; GLC (262 "C) rrt 
0.77 (rrt of 7 , l ) ;  mass spectrum, m/z (rel. intensity) 402 (M+, 75), 384 
( l l ) ,  369 (8), 366 (9), 351 (6), 344 (151,324 (4), 289 (941,276 (22), 263 
(50), 261 (12), 253 (28), 248 (12), 247 ( lo ) ,  233 ( lo ) ,  232 (111,229 (61, 
219 ( 5 5 ) ,  213 ( lo) ,  206 (18), 193 (83), 147 (241, 135 (24), 122 (31), 121 
(35), 108 ( loo), 95 (60),81 (80). 
5a-Cholestane-3,ll-dione (19). A crude sample of 1 1-oxo-5a- 

cholestan-3a-01 was pur i f ied by preparative TLC (65% 
etherhexam)  to  give mater ia l  which was crystallized f r o m  aqueous 
methanol t o  give white plates: mp 137.5-138 "C; NMR 6 4.04 (3P-H, 
Wllz = 8 Hz) ,  2.53 (d, 1 H, 12P-H, J = 13 Hz), 2.22 (b r  d due t o  W 
coupling w i t h  18-CH3, l  H, 12a-H,  J = 13 Hz), 1.00 (s, 3 H, 19-CH3; 
calcd 0.992), 0.62 (s, 3 H, 18-CH3; calcd 0.617); CD [8]300 +950; mass 
spectrum, m/z (rel. intensity) 402 (M+, loo), 387 (91,384 (131,369 (81, 
289 (22), 276 (17). 263 (ll), 261 ( l l ) ,  253 (6), 248 (9), 247 (7), 229 (12), 
193 (34), 147 (341, 124 (33), 107 (40),95 (40), 81  (43). 

Anal. Calcd for C27H4602: C, 80.54; H, 11.51. Found: C, 80.57; H, 
11.51. 

This 3a-0118 w,m oxidized under Jones conditions to  material which 
was crystallized f rom aqueous methanol t o  give the dione 19 as white 
plates: mp 135.5-137 "C; NMR 6 1.21 (s, 3 H, 19-CH3; calcd 1.234), 
0.65 (s, 3 H, 18-CH3; calcd 0.651); CD [O]290 +1080; mass spectrum, 
m/z (rel. intensity) 400.3333 (M+, 100; calcd for C27H4402,400.3341), 
385 (12), 382 (7), 372 (7), 289 (lo), 288 (7), 287 (41,276 ( lo ) ,  263 (6), 
259 (14), 245 (19), 191 (12), 163 ( lo ) ,  149 ( lo) ,  137 (16), 135 (131,124 
(36), 95 ( E ) ,  81 (28) .  

Anal. Calcd for C27H4402: C, 80.94; H, 11.07. Found: C, 80.84; H, 

R e g i s t r y  No.--1, 62279-64-5; 2, 69454-64-4; 2a, 69454-65-5; 2b, 

11.19. 

69454-66-6; ZC, 69454-67-7; 2d, 69454-68-8; 3,69483-49-4; 4,69454- 
69-9; 5 ,  40071-70-3; 6, 69483-50-7; 7, 69454-70-2; 8, 55123-81-4; 9, 
69483-51-8: 10, 69483-52-9; 11, 69483-40-5; 12, 69454-71-3; 13, 
69483-53-0; 14, 69454-72-4; 15, 69454-73-5; 16, 69454-74-6; 17, 
69483-54-1; 18, 69483-55-2; 19, 69483-56-3; 20, 481-21-0; 21, 41083- 
75-4; 22,55123-82-5; 23,55176-78-8; 24,481-20-9; 25,69483-41-6; 26, 
69483-42-7; 27, 69483-43-8; 28, 69483-44-9; 29, 69483-45-0; 30, 
69483-46-1; 31, 69483-47-2; 32, 69483-48-3; 5a,l4P-cholest-8-ene- 
3,11-dione, 69454-75-7; 5cu,14~-cholest-8-ene-3~,ll~-diol, 69454-76-8; 
5a,l4~-cholest-8-ene-3~,lla-diol, 69454-77-9; l l -oxo-5a, l4P-cho-  
lest-8-en-3P-01- 7,7,12,12,14-d5, 69454-78-0; 50,8a, 14P-choles tane- 
3 @ , l l p - d i o l  @-acetate, 69454-79-1; 5a,l4/3-cholest-8-en-ll-one, 

S u p p l e m e n t a r y  M a t e r i a l  Avai lab le:  Properties of cholestane 
isomers (Table 111 and mass spectra of 5 , 8 ,  11, and 20 (Figure 2) (2 
pages). Ordering in format ion is given o n  any current masthead 
page. 

References and Notes 

69454-80-4. 

(1) This work was supported by Grants AM 04257 and GM 06840 from the 

(2) W. K. Seifert, Adv. Org. Geochem., Madud, 21-44 (1975). 
(3) W. K. Seifert and J. M. Moldowan, Geochim. @smochim. Acta, 42, 77 

National Institutes of Health 

(1978). 

J .  Org. Chem., Vol. 44, No.  11, 1979 1871 

(4) A. A. Petrov, S. D. Pustil'nikova, N. N. Abriutina, and G. R. Kagramanova, 
Neftekhimiya, 16, 41 1 (1976). 

(5) (a) L. J. Mulheirn and G. Ryback, J. Chem. Soc., Chem. Commun.. 886 
(1974); (b) Nature (London), 256, 301 (1975); (c) Adv. Org. Geochem., 
Madrid, 173-192 (1975); (d) L. J. Mulheirn, Tetrahedron Len., 3175 
(1973). 

(6) The synthetic steranes described in our paper are presently being used 
in studies by Chevron Oil Field Research Co., Richmond, Calif. See W. K. 
Seifert and J. M. Moldowan, "The Effect of Biodegradation on Steranes 
and Terpanes in Crude Oils", Geochim. Cosmochim. Acta, submitted for 
publication. 

(7) D. G. Patterson, C. Djerassi, Y. Yuh, and N. L. Allinger, J. Org. Chem., 42, 
2365 (1977). 

(8) (a) C. Djerassi and G. H. Thomas, J. Am. Chem. Soc., 79, 3835 (1957); (b) 
C. Djerassi, W. Frick, G. Rosenkranz, and F. Sondheimer, bid., 75,3496 
(1953). 
i. Midgley and C. Djerassi. J. Chem. SOC., Perkin Trans. 7, 155 (1973). 
J. Bridgeman, P. Cherry, A. Clegg, J. Evans, R. Jones, A. Kasal, V. Kumar, 
G. Meakins, Y. Morisawa. E. Richards, and P. Woodgate, J. Chem. SOC. 
C, 250 (1970). 
In the diols 2 and 3 the 5cu,8@.9/3,14p and 5a,83,9a,14@ as well as the 
5a,8a,9cu, 14p stereochemistries can exist in an ail-chair conformation 
(this is in contrast to the 14a series where only the 8p,9a epimer c a n  exist 
in an allchair conformation). The conformational analysis is therefore m e  
complex in the 14p series,8b and the stereochemical arguments in our 
paper are made with the assumption that compounds 2 and 3 exist in an 
all-chair conformation. In compound 2 the 5cu,8cu,9p, 14p stereochemistry 
requires that ring B be in a "boat" conformation while rings A and C can 
be in "chair" conformations (this is in contrast to the 14a series where 
the 8a,9@ stereochemistry requires that rings B and C be in "boat" con- 
formations). If major deviations occur in any of the six-membered rings 
from the ideal "chair" conformation, incorrect stereochemistries may then 
be assigned to C-9 and C-11 in Scheme I. These deviations would not, 
however, alter the assignments of the 8p configuration in compound 3 and 
the 8a configuration in compound 2 which are crucial to establishing the 
stereochemistry of the lithium-ammonia reduction at the P-carbon atom. 
In addition, it should be mentioned that the 8cu assignment in 2 is based 
on the identity of the spectroscopic properties of its transformation product 
8 with those previously r e p ~ r t e d ~ ~ , ~  for this compound. The British au- 
t h o r ~ , ~ ~ , '  however, have'never published the synthesis of this compound 
nor the method of arriving at the stereochemical assignment. It is therefore 
clear that the stereochemistry at C-9 in compounds 8 and 11 has not been 
rigorously established. 
R. F. Zurcher. Helv. Chim. Acta, 46, 2054 (1963). 
N. S. Bhacca and D. H. Williams, "Applications of NMR Spectroscopy in 
Organic Chemistry", Holden-Day, San Francisco, 1964, p 51. 
C. Djerassi, P. A. Hart, and E. J. Warawa, J. Am. Chem. Soc.. 86, 78 
(1964). 
This is in contrast to the 8cu,9u,14tu- and 8a,9n,14@-1 I-ketones in the 
sapogenin series (see ref 8b) which were stable to base presumably be- 
cause of the additional trans D/E ring fusion. 
Leslie G. Partridge, Ph.D. Dissertation, Stanford University, 1977, p 21, 
D. G. Patterson, A. Lavanchy. and C. Djerassi. J Org. Chem., submitted 
for publication. 
Pierre Crabbe. "Optical Rotatory Dispersion and Circular Dichroism in 
Organic Chemistry", Holden-day, San Francisco, 1965. Chapter 6. 
C. Djerassi and W. Klyne, Proc. Natl. Acad. Sci. U.S.A., 48, 1093 
(1962). 
(a) C. Djerassi and W. Kiyne, J. Chem. SOC., 4929 (1962); 2390 (1963); 
(b) C. Djerassi, 0. Halpern, V. Haipern. 0. Schindler, and C. Tamm, Helv. 
Chim. Acta, 41, 250 (1958); (c) J. S. Baran, J. Org. Chem., 29, 527 
(1  964). 
E. Eliel. N. Allinger, S. Angyal, and G. Morrison, "Conformational Analysis", 
Wiiey. New York, 1965, p 115. 
(a) H. Budzikiewicz, C. Djerassi, and D. H. Williams, "Structure Elucidation 
of Natural Products by Mass Spectrometry", Voi. 2, Holden-Day, San 
Francisco, 1964, Chapter 21; (b) Z. V.  Zaretskii, "Mass Spectrometry of 
Steroids", Wiley, New York, 1976, Chapter 1 
(a) I. Midgley and C. Djerassi, J. Chem. Soc., Perkin Trans. 7, 2771 (1972); 
(b) ibid., 155 (1973). 
L. G. Partridge, I. Midgley, and C. Djerassi. J. Am Chem. Soc., 99, 7686 
(197.7). 


