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was more intense in partially relaxed spectra due to closer
proximity to 1H nuclei, was less shifted (1.2% less) by Cr{acac);
because these carbons are further from the OH site of Cr-
(acac)s complexation, and was less shifted by the lanthanide
shift reagents Eu(fod); (2.6% less) and Yb(dpm)3 (52% less)
than are C-1 and -6. Although the Eu and Yb compounds can
complex at three sites in kelevan, at carbonyls C-2’ and C-6’
and at the hydroxyl-substituted carbon C-2, the preferred
conformation, due to intramolecular hydrogen bonding be-
tween the OH and C=0 (C-2’), places the site of shift reagent
binding much further from C-3a and -5b than from C-1 and
-6. Shift reagent bound at C-6' has little effect on the relative
chemical shifts of C-3a, -5b, -1, and -6. Preferential binding
of the shift reagents at the C-2’ carbonyl and the hydroxyl
group is indicated by the greater effects of the shift reagents
on the chemical shifts of C-2 and C-2’ than on the chemical
shift of C-6'.

The 13C spectrum of monohydrokelevan 7 was partially
assigned using the same techniques and considerations as for
kelevan (3). The conversion by CrOj oxidation of 7 to
monohydrokepone diol 8 showed that monohydrokelevan had
either of the two structures 16 or 17, which differ in the syn
(16) or the anti (17) orientation of the ring hydrogen to the
hydroxyl group. No doubling of the peaks in the presence of
either Eu(fod)s or Yb(dpm); indicated that only one of these
isomers was present in the major product. The Yb shift re-
agent affected the chemical shift of the CH carbon somewhat
less (8%) than it affected the chemical shifts of the carbons
diagonally opposite it (C-1,6 in 17 or C-3a,5b in 16).

To distinguish between these two possible structures, we
estimated the effects of replacing a chlorine by a hydrogen at
either the 5b or the 6 position on the é¢ values of 3 by calcu-
lating the additive substituent effects!® [6¢(8) — 6¢(9), ppm]
of this replacement in Kepone from the 13C chemical shifts
of Kepone diol 9 and monohydrokepone diol 8. The predicted
0c values for both syn and anti forms of 7 are given with the
observed chemical shifts in Table II. Five chemical shifts
should differ for the two forms; of these, the average deviation
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between predicted and observed shifts is 0.19 ppm for 17 but
1.40 ppm for 16. These data thus show clearly that the anti
form 17 is the major product of the photoreaction.
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50-Cholest-8(14)-ene-30,7£,15¢-triol, a potent inhibitor of sterol biosynthesis in animal cells in culture, has been
shown to be formed in 53% yield upon treatment of 33-benzoyloxy-14a,15a-epoxy-5a-cholest-7-ene with refluxing
aqueous ethanolic KOH [G. J. Schroepfer, Jr., E. J. Parish, H. W. Chen, and A. A. Kandutsch, J. Biol. Chem., 252,
8975 (1977)]. Detailed analyses of the 13C nuclear magnetic resonance spectra of this compound and of other steroi-
dal allylic alcohols and their derivatives have permitted the establishment of configurations of the 7 and 15 hydrox-
yl functions as ¢. The resonances of the individual carbon atoms have been determined for six allylic hydroxysterols
as well as a number of carbamate and acetate derivatives. Treatment of 5-cholest-8(14)-ene-33,7a,15a-triol with
acid gave 15-0x0-5a-cholest-8(14)-en-33-0l in 87% yield. Also described herein are syntheses of 38-benzoyloxy-
8a,14c-epoxy-ba-cholestan-7a-ol, 38-benzoyloxy-8a,9a-epoxy-5a-cholestan-7a-ol, 7-oxo-5a-cholest-8-en-85-0l,
5a-cholest-8(14)-ene 38,15a-diacetate, Sa-cholest-8(14)-ene 33,153-diacetate, 5a-cholest-8(14)-ene 38,7, 15a-tri-

acetate, and 7a,15a-diacetoxy-5a-cholest-8(14)-en-3-one.

Over 20 years ago Barton et al.23 reported that treatment
of 33-acetoxyergosta-7,14,22-triene with perphthalic acid in
ether gave, upon washing of the ether solution with dilute
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aqueous sodium hydroxide, the sodium salt of the half
phthalate ester of 33-acetoxyergosta-8(14),22-dien-7£,15¢-
diol. The product was not characterized as such but, upon
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treatment with dilute acid, gave the corresponding half ester
in the acid form which was characterized by elemental anal-
ysis, optical rotation, and ultraviolet spectral analysis. Heating
of the sodium salt of the half ester with hydrochlioric acid in
methanol gave 3(3-acetoxyergosta-8(14),22-dien-15-one.
Subsequently, Woodward et al.4® reported that treatment of
a mixture enriched with 383-acetoxy-4,4-dimethyl-5a-cho-
lesta-7,14-diene with monoperphthalic acid gave a product
which, on saponification, gave 4,4-dimethyl-5a-cholest-
8(14)-ene-308,7£,15&-triol. The latter compound gave 4,4-
dimethyl-5a-cholest-8(14)-en-33-ol-15-one on treatment with
hydrochloric acid in methanol. More recently, Muccino and
Djerassi® reported that treatment of 5a-cholesta-7,14-diene
with m-chloroperbenzoic acid in ether followed by saponifi-
cation of the crude product with ethanolic KOH gave a
product which was formulated to be 5a-cholest-8(14)-ene-
7£,15¢-diol. The latter compound, which was not characterized
as such, gave the known 5a-cholest-8(14)-en-15-one upon
treatment with hydrochloric acid in ethanol. Akhtar et al.”-8
have also recently reported the preparation of 4,4-dimethyl-
5q-cholest-8(14)-ene-33,7£,15¢-triol by treatment of the
corresponding 7,14-diene with perphthalic acid.

We have recently found that a number of 15-oxygenated
sterols are very potent inhibitors of sterol synthesis in animal
cells in culture.®-13 In the course of this research we pursued
the chemical synthesis of a 3,7,15-trihydroxysterol for bio-
logical testing. A key precursor for the preparation of the de-
sired compound was 38-benzoyloxy-14a,15a-epoxy-5a-cho-
lest-7-ene which was obtained in 96% yield by treatment of
pure 33-benzoyloxy-5a-cholesta-7,14-diene with m-chloro-
perbenzoic acid.}* Unambiguous establishment of structure
was based upon the results of X-ray crystallographic analysis
of 38-p-bromobenzoyloxy-14a,15a-epoxy-ba-cholest-7-ene.1?
Treatment of 38-benzoyloxy-14a,15a-epoxy-5a-cholest-7-ene
with refluxing ethanolic KOH gave, in 53% yield, 5a-cho-
lest-8(14)-ene-33,7£,15¢-triol which was characterized by
infrared, NMR, and mass spectroscopy and by conversion to
5a-cholest-8(14)-ene-3,7,15-trione. The A804-33,7£,15¢-triol
was found to be a potent inhibitor of sterol synthesis.12 Apart
from the high activity of this compound in the inhibition of
sterol biosynthesis, the triol is of considerable interest since
we have now found that 5a-cholest-8(14)-ene-33,7£,15¢-triol,
upon treatment with hydrochloric acid in ethanol, gives 5a-
cholest-8(14)-en-35-0l-15-one in high (87%) yield. The latter
compound and several of its derivatives have been found to
have significant hypocholesterolemic activity in rats and
mice.18~19 In view of the potency of the triol in the inhibition
of sterol biosynthesis, its utility as an intermediate in the
chemical synthesis of 5a-cholest-8(14)-en-383-0l-15-one, and
the unresolved status of the absolute stereochemistry of this
and related A8()-33,7.15-triols, we have pursued determi-
nation of the establishrent of the structure of the concerned
triol. For the solution of this problem we have primarily used
13C NMR spectroscopy. Presented herein are 13C NMR data
on A8(19_gterol diols and triols and analyses with respect to
allylic alcohol substituent effects and their acetylation and
trichloroacetyl isocyanate (T'AI) shifts. The configurations
of the C-7 and C-15 hydroxyl functions of 5a-cholest-8(14)-
ene-33,7¢,15&-triol have been determined by evaluation of the
hydroxyl substituent effects obtained during the course of this
investigation.

Results and Discussion

The determination of the structure of 5a-cholest-8(14)-
ene-303,7£,15¢-triol by »3C NMR required the syntheses (re-
ported herein) of A81%)-allylic hydroxysterols containing each
possible (« and 8) hydroxyl substituent at carbon atoms 7 and
15. Eggert et al.2® have reported the results of studies of the
effects of hydroxyl functions at C-7 and at C-15 on the 13C
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NMR spectra of androstane and cholestane. The cbserved
substituent effects were greatly influenced by the position and
configuration of the hydroxyl function. The 13C NMR
chemical shifts have also been reported for 3-cyclohexenol,
a cyclic allylic alcohol.?! The assignments reported herein of
resonance peaks of carbon atoms in close proximity to the
hydroxy! substituent were based, to a large extent, on the data
for hydroxyl substituent effects reported by Eggert et al 20
and, in addition, on shifts induced upon acetylation and upon
trichloroacetyl isocyanate formation.22 Additional evidence
in support of the assignments was obtained not only by sin-
gle-frequency off-resonance decoupling (SFORD) spectra but
also from protic solvent induced shifts and spectral compar-
isons with a selectively deuterated compound.

It is well established that acetylation of hydroxyl functions
in cyclic alcohols causes a downfield shift of the a-carbon
resonances (~3 ppm), an upfield shift of the 8-carbon reso-
nances (~4 ppm), and a smaller upfield shift of the y-carbon
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Table 1. 13C Chemical Shifts of A%(14)-Sterols

1lac¢ 4ad 5a¢ 3a/ 2a¢ labh le!

C-1 36.5 36.2 36.1 36.3 36.4 36.2 37.9
C-2 31.5 31.3 31.4 31.3 31.3 31.3 37.4
C-3 71.0 70.8 70.9 70.9 70.9 70.8 211.3
C-4 38.2 37.7 37.6 37.9 37.9* 37.6 43.9
C-5 44.2 37.1 42.0 44.2 44.2 37.6 39.7
C-6 28.9 35.5 40.1 28.8 28.9%* 35.1 350.2
o7 29.6 66.5 73.6 30.9 29.2%* 66.7 66.1
C-8 126.1 128.1 127.9 134.1 133.2 136.2 135.0
C-9 49.2 44.0 48.4 494 49.2 45.3 44.5
C-10 36.7 36.6 36.5 37.1 37.0 36.4 36.4
C-11 19.9 19.3 20.1 19.9 19.8 19.6 19.5
C-12 37.2 36.7 36.8 37.5 37.3 37.2 37.
C-13 42.6 42.8 44.3 43.1 42.0 43.2 43.1
C-14 142.4 147.9 144.2 147.2 145.2 151.2 151.9
C-15 25.7 25.0 27.8% 70.0 69.8 70.2 69.9
C-16 27.0 26.8 27.4* 38.5 38.0* 39.1 38.9
C-17 56.8 56.3 55.6 53.5 54.6 53.1 53.1
C-18 18,2 17.9 18.7 19.0* 19.0*** 19.0* 18.9*
C-19 12.8 11.9 12.9 12.9 12.7 12.1 11.2
C-20 34.4 34.3 33.9 33.6 34.3 33.6 33.5
C-21 19.0 19.0 19.4 19.2% 19.2*** 19.3* 19.3*
C-22 5.9 35.8 35.9 36.0 35.7 36.0 35.9
C-23 23.7 23.6 23.8 23.8 23.6 23.8 23.8
C-24 195 39.4 39.5 39.4 39.3 39.4 39.3
C-25 N 27.9 28.0 27.9 27.9 28.0 27.8
C-26 22.5 22.5 22.5 22.5 205 22,4
C-27 22.7 22.8 22.7 22.7 22.8 22.7

@ In ppm downfield trom Me,Si; 6(MesSi) = (CDCly) + 76.9 ppm. Assignment of chemical shifts for close-lying peaks marked with
an asterisk in any vertical column may be reversed although those given here are preferred. ® 0.03 M (saturated) solution. ¢ Registry
no. 566-99-4. ¢ Registry no. 69140-06-3. ¢ Registry no. 65164-27-4. / Registry no. 26758-45-2. # Registry no. 26660-51-5. h Registry

no. 69177-17-9. ' Registry no. 69140-07-4.

resonances (~0.3 ppm).23 In contrast, acetylation of the hy-
droxyl function of allylic alcohols effects a downfield shift of
the a-carbon (sp?) resonance (~3 ppm), a large upfield shift
of the 8-carbon (sp?) resonance (~5 ppm), and a large down-
field shift of the y-carbon (sp?) resonance (~3 ppm).2* These
characteristic acetylation-induced shifts have provided strong
evidence in support of the peak assignments of the quaternary
olefinic carbons (C-8 and C-14) of the various A814)-hydrox-
ysterols (Tables III and IV). TAl-induced shifts?? were also
studied to confirm the peak assignments of carbon atoms in
close proximity to the hydroxyl substituents and, in some
cases, as a substitute for analyses of an acetate derivative
(Table IV). The resonances of carbon atoms five or more
bonds removed from the hydroxyl group were, in general, only
slightly shifted from the parent sterol, 5a-cholest-8(14)-en-
38-0l (11a), and the peak assignments were usually carried
over. The assignments of the individual chemical shift values
to specific carbon atoms are presented in Table I and were
based upon our assignments of the individual carbon atoms
in the spectrum of the parent sterol (11a).252% In 4a and 5a
the assignments for C-1 and C-12 were supported by shift
comparisons with the corresponding carbon shifts of 1a, lc,
and 11a and consideration of the magnitudes of the e-shift
effect (less than 1 ppm) of the 7-hydroxyl group. Assignments
for C-4 (37.7 ppm) and C-6 (35.5 ppm) of 4a were derived from
the small shift values for the corresponding carbon atoms of
5a in which C-4 was not expected to change by more than 1.0
ppm as a result of configurational differences of the hydroxyl
group at C-7 (6 effect). Assignments of C-15 (25.0 ppm) and
C-16 (26.8 ppm) of 4a were derived from a comparison of shift
values from the corresponding carbon atoms of the parent
sterol (11a). The e-shift effect of the Ta-hydroxyl group on
C-16 in 4a should be less than 1.0 ppm.2¢ Although the exact
assignments of C-15 and C-16 (27.4 and 27.8 ppm) of 5a could
not be resolved due to the small shift difference, the remark-

able downfield shift effect (6 effect) on the C-15 resonance (2.1
or 1.7 ppm) is significantly greater than the value observed
for the corresponding carbon (C-15) of 1la and 4a. This
finding was interpreted in terms of a &; effect from the 743-
hydroxyl group.2? The assignments for C-18 (18.7 ppm) and
C-21 (19.4 ppm) of 5a are in satisfactory agreement with the
expected e-shift effect of the 753-hydroxyl group on C-18 and
were confirmed by a lanthanide induced shift (LIS) experi-
ment. In the presence of Eu(fod)s (0.07 M in CDClg; 5a, 0.31
M) the induced downfield shifts (Aérrs) for C-18 and C-21
were observed at 1.09 and 0.39 ppm, respectively.

Assignments for C-4 (37.9 ppm) and C-16 (38.5 ppm) of 3a
were based on the expectation of identical chemical shift
values for the carbon atoms of ring A in the two 15-hydroxy
epimers (2a and 3a). While ambiguity exists for the assign-
ments of C-4 and C-16 in 2a (Table I), the assignments for C-4
and C-16 in 3a can be made with some assurance. Irrespective
of the precise assignments for C-4 and C-16 in 3a, the chemical
shift deviations (Ad) for C-1 through C-5 between 2a and 3a
are within 0.1 ppm. However, if the assignment for C-4 and
C-16 in 3a were reversed, the shift deviation (Ad) for C-4
would be 0.5 or 0.6 ppm. Such a large A¢ for C-4 between the
two epimeric (at C-15) sterols (2a and 3a) would not be an-
ticipated. The assignment of C-7 in 3a was derived directly
from a comparison of the spectrum of the 7a-deuterated de-
rivative (3¢). The peak at 30.8 ppm in the spectrum of 3a was
absent in the spectrum of 3c. The assignment of C-6 in 3a was
confirmed by observation of an upfield deuterium isotope shift
(0.1 ppm) at 28.8 ppm. Definitive assignments for C-6 and C-7
in 2a and its acetate and carbamate derivatives could not be
achieved due to the small shift deviations observed.

A summary of the allylic substituent effects is presented in
Table II. The introduction of a hydroxyl substituent at the C-7
or C-15 allylic positions produced downfield shifts (1.8-8.0
ppm) in the 3 and v carbons relative to the values observed
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Table I1. Allylic Hydroxyl Substituent Effects (in ppm)
7-hydroxyl substituent 15-hydroxyl substituent
substituent carbon effects (allyl)® carbon effects (allyl)®
effects atom T-a 7-8 atom 15-a 15-8
@ C-7 36.9 44.0 C-15 44.3 44.1
3 C-6 6.6 11.2 C-14 4.8 2.8 sp?
C-8 2.1 1.8 sp? C-16 11.5 11.0
Y C-5 -7.1 —-2.2 C-8 8.0 6.0 sp?
C-9 -5.1 -0.6 C-13 0.5 -0.6
C-14 5.5 1.75 sp? C-17 -3.3 —-2.2
1) C-4 —-0.5 -0.6 C-7 1.3 -0.4 or —0.7
C-10 -0.1 -0.2 C-9 0.4 0.0
C-11 -0.6 0.2 C-12 0.3 0.1
C-13 0.2 1.7 C-18 0.8-1.0 0.8-1.0
C-15 -0.7 2.1or1.7 C-20 -0.8 -0.1
a A§ = §{da orBa) - o(11a). ® A6 = 6(2a or 3a) — 6(11a).

in the parent sterol (11a). The magnitude of the downfield
shift was, in general, larger for the 7-olefinic carbon than for
the 3-olefinic carbon (with the notable exception of 5a). These
downfield shifts for allylic hydroxyl substituents on the ole-
finic carbons of the A814).gterols are opposite to the corre-
sponding substituent. effects for olefinic carbon atoms of
acyclic allylic alcohols?”28 in which the downfield shift effect
on the (-olefinic carbon atom is larger than that on the
~-carbon atom. While the precise reason for this difference
is not clear, it most probably results from the differences, in
the two systems, in the degree of rotational freedom of the
carbinol group which controls the through space and through
bond effects on resonances of the olefinic carbon atoms. 2930

As mentioned above, the olefinic carbon chemical shifts of
allylic alcohols are quite sensitive to configurational and
conformational changes. Acetylation shift effects on olefinic
carbon atoms of allylic alcohols have been found to be very
useful in distinguishing these olefinic carbon resonances. The
allylic hydroxyl substituent effects on the olefinic carbon
resonances of C-8 and C-14 of 1a and the shift effects observed
upon acetylation are noteworthy. The C-8 olefinic resonance
is affected by the 8 effect of the C-7 allylic hydroxyl and by
the v effect of the C-15 allylic hydroxyl while the C-14 olefinic
resonance is affected by the 8 effect of the C-15 allylic hy-
droxyl and the v effect of the C-7 allylic hydroxyl. The pre-
dicted olefinic carbor: chemical shifts for C-8 and C-14 of 1a,
assuming additivity of the allylic hydroxyl substituent effects
observed for the olefinic carbons of compounds 2a-5a, are
136.2 and 152.7 ppm, respectively. The observed values for C-8
and C-14 of la were 136.2 and 151.2 ppm, respectively. A
similar calculation of the expected carbon chemical shifts for
C-8 and C-14 of the triacetate 1b gave 131.8 and 149.1 ppm,
respectively. The observed chemical shift values for C-8 and
C-14 of 1b were 131.8 and 147.3 ppm, respectively.

The carbon signals at 35.1 and 37.6 ppm in the spectrum of
the triol 1a were initially attributed to C-4 or C-6. Both reso-
nances showed strong upfield shifts (2.2 and 1.5 ppm, re-
spectively) upon acetylation of 1a to give 1b. Upon oxidation
of the 38-hydroxyl function of 1a, the signal due to C-4 would
be expected to be shifted downfield significantly (~6
ppm).20-31 The signal at 43.9 ppm in the spectrum of l¢ was
therefore assigned to C-4 and the peak at 35.1 ppm in the
spectra of 1a and le¢ was accordingly assigned to C-6.

The shift assignments for C-16 of la and l¢ were based
upon comparisons of the carbon shifts for the carbon atoms
of rings C and D in the two compounds and were confirmed
by acetylation and protic solvent (methanol) induced shift
effects. Peak assignments for the carbon atoms inring A of 1¢
were based upon the empirical shift rules developed for 5c-
cholestan-33-ol and 5a-cholestan-3-one.20:31

A carbon atom bearing a hydroxyl function and carbon

atoms immediately adjacent to such a center can be detected
by observation of changes in chemical shifts induced by protic
solvents.2432 Investigations of protic solvent induced shifts
have been made in the cases of compounds 1a-5a using CDCl5
and CDCIl; containing 20% (v/v) CD30D. These methanol-
induced shifts are presented in Table V. The assignments of
C-6 (35.5 ppm) and C-12 (36.7 ppm) in compound 4a were
based upon the presence of a methanol-induced shift (0.2
ppm) in the case of C-6 and the absence of such an effect on
C-12. Similarly, the assignments of C-4 (37.6 ppm) and C-12
(36.8 ppm) in 5a could be made on the basis of the presence
of a methanol-induced shift on C-4 (—0.4 ppm) and the ab-
sence of the same on C-12, In addition, the assignments of
C-12 {(37.2 ppm) and C-16 (39.1 ppm) of 1a were confirmed
by the presence of a PSIS (0.5 ppm) in the case of C-16 and
the absence of the same in the case of C-12.

The configurations of the C-7 and C-15 hydroxyl groups in
1a can be determined through the use of the shift data pre-
sented in Table II. Chemical shifts of the carbon atoms of ring
B (except the olefinic carbon C-8) of compound 1a should be
affected by the C-7 hydroxyl function and its configuration.
The chemical shift values for C-5 (v), C-6 (8), C-7 (a), and C-9
() of 1a were compared with the values observed for the
corresponding carbon atoms of the A8(14).33 7«-diol (4a) and
the A8(14).33 75-diol (5a). The small Ad values of 1a and 4a
relative to the A6 values of 1a and 5a lead to the conclusion
that the hydroxy! function at C-7 in 1a has the « configuration
(Table VI). The chemical shifts of carbon atoms of ring D
(except the olefinic carbon C-14) of compound 1a should, for
the most part, be governed by the 15-hydroxyl function and
its stereochemical orientation and should be independent of
the hydroxyl function at C-7. The chemical shift values for
C-13 (v), C-15 (), C-16 (B), C-17 (%), and C-20 () of com-
pound la were compared with the values observed for the
corresponding carbon atoms of the’ A8(14-38,15a-diol (3a)
and the A814.33,156-diol (2a) (Table VI). The magnitudes
of the shift differences for C-15 () and C-16 (8) in the two
epimeric A8(14).15-hydroxysterols (2a and 3a) are rather small
relative to the corresponding observed shift differences in-
duced by the C-7 hydroxyl function in the two epimeric
A8(14.7_hydroxysterols on C-7 (o) and C-6 (3) of 4a and 5a.20
However, the smaller Ad values of la and 3a relative to the A
values of 1a and 2a indicate that the hydroxyl function at C-15
of 1a has the a configuration.

The combination of the results presented previously!2 and
those presented herein establish that treatment of 38-ben-
zoyloxy-14a,15x-epoxy-ba-cholest-7-ene with base gives
5a-cholest-8(14)-ene-383,7a,15a-triol. The overall reaction
can be envisioned as proceeding via an SN2’ ring opening of
the 14a,15x-epoxide function, a process involving the entering
nucleophile being syn related such that the hydroxyl ion is
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Table II1. 13C Chemical Shifts of A%(!11)-Sterol Acetates®

11b® 4b¢ 3bd 2be 1b/ 1d/
C-1 36.2 35.9* 36.0 36.0* 35.5 37.8*
C-2 27.5 27.4 27.3 27.3 27.0 37.4*
C-3 73.4 73.2 73.2 73.2 72.7 210.5
C-4 34.0 33.4%* 33.8 33.7 32.9* 43.6
C-5 44.0 311 43.8 43.9 37.4 39.9
C-6 28.7 33.7** 28.5 28.8** 33.2* 33.6
C-7 29.4 69.7 30.2 29.0** 69.6 69.4
C-8 125.8 124.0 135.1 134.7 131.8 131.2
C-9 49.1 44.7 49.2 49.1 44.7 44.5
C-10 36.6 36.5 36.8 37.1 36.8 37.1
C-11 19.8 19.3 19.8 19.6 19.1 19.4
C-12 37.1 36.3 37.1 37.1 36.4 36.6
C-13 42.6 43.0 42.9 42.2 43.3 43.5
C-14 142.5 150.4 141.6 140.4 147.3 148.2
C-15 25.7 25.2 73.0 72.5 72.3 72.4
C-16 26.9 26.7 36.4 36.1* 36.1 36.2
C-17 56.8 56.2 53.7 54.5 52.7 52.9
C-18 18.1 17.8 19.4* 18.2 18.6%* 18.9
C-19 12.6 11.9 12.7 12.4 11.9 11.3
C-20 34.3 34.3 33.5 344 33.2 33.4
C-21 19.0 19.0 18.9% 18.8 18.7%* 18.9
C-22 35.9 35.8* 35.8 35.6 35.5 35.7
C-23 2379 23.8 23.6 23.5 23.4 23.5
C-24 39.4 39.4 39.2 39.3 39.0 39.2
C-25 27.9 279 27.8 27.8 276 27.7
C-26 22.4 225 224 22.4 22.2 224
C-27 22.7 22.8 22.6 226 22.5 22.6
COCH; 170.1 170.1 170.2 170.1 169.3 169.5
170.3 170.5 170.5 169.9 170.5
170.3
COCH; 21.3 21.0 21.2 21.0 21.3
21.2 21.6 21.3 21.2 21.1 21.5
21.5

a In ppm downfield from Me,Si; 6(Me,4Si) = (CDCls) + 76.9 ppm. Assignment of chemical shifts for close-lying peaks marked with
an asterisk in any vertical column may be reversed although those given here are preferred. ® Registry no. 6562-21-6. ¢ Registry no.
34271-12-0. 9 Registry no. 69140-08-5. ¢ Registry no. 69140-09-6. / Registry no. 69140-10-9. # Registry no. 69140-11-0.

Table IV. Acetylation and TAI Shifts for Allyl Alcohol Moiety of A8(14)-Sterols

v(sp?)  B(sp?)
5 = _OR
Y(sp®) Blsp®)
R=H or Ac
acetylation shifts, (Ad) ppm?® ’(FAA:SI) ;lgfrtlsb,
36,7« [4b] 38,15 [3b] 38,158 [2b] 36,78 [5b)
alsp?) 3.2(C-7) 3.0 (C-15) 2.7 (C-15) 6.6 (C-15)
B(sp?) —4,1(C-8) -5.6 (C-14) —4.8(C-14) -6.0(C-14)
3(sp?) —2.1(C-8) (~1.8) -2.1(C-186) -1.9(C-16) ~2.2 (C-16)
vy(sp?) 2.5(C-14) 1.0 (C-8) 1.5 (C-8) 3.3(C-8)
v(sp?) 0.7 (C-9) -0.2 (C-13) -0.1(C-17) -0.3 (C-17)
0.6 (C-5) 0.2(C-17) 0.2 (C-13) 0.2 (C-13)
8(sp?) —0.1(C-10) -0.2 (C-10) -0.1(C-10) -0.1(C-17)
0.0 (C-11) 0.4 (C-12) -0.2 (C-12) ~0.2(C-9)
0.2 (C-13) -0.7(C-7) -0.8 (C-18) —0.7 (C-18)
-0.1 (C-20)
0.2 {C-15) -0.1-0.4 (C-18) 0.1 {C-20) —-0.3(C-12)

a A6 = §(acetate) — 6(free sterol). ® As = 6(TAI derivative) — é(free sterol).

introduced vicinal and cis to the departing oxygen function
at C-14.33-37 In the case under investigation such a process
would involve introduction of the hydroxyl function at C-7 in
the a configuration. The hydroxyl group at C-15 (resulting
from the epoxide ring opening) would then retain its original
« configuration. This proposed mechanism and stereochem-

ical course finds direct analogy in the previously studied re-
ductive rearrangement of 33-benzoyloxy-14a,15a-epoxy-
5a-cholest-7-ene with lithium aluminum hydride or lithium
triethylborohydride.38:39 Other «,8-unsaturated epoxides,40
vinyl alcohols,4! and ethers4! have also been shown to undergo
a similar SN2’ rearrangement upon hydride reduction.
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Table V. Protic Solvent Induced Shift Effects (A, ppm)? on Dihydroxy and Trihydroxy A%(14).Sterols

carbon atom 3o, Tax [4a] 38,78 [5a) 33,15« [3a) 33,158 [2a] 33,7¢,15a [1a]

C-1

C-2 -0.4 -0.45 -0.3 -04 ~{.4

C-3 --0.3} 33 -0.5 } 38 -0.3 {38 -0.3¢ 38 —044} 33

C-4 ~04 -04 -0.3 —-04 —-0.2

C-5 or 0.0

C-6 0.2 0.4 -0.1

C-7 --0.2] T —-04 }7/5 —0.1} Ta

C-8 -0.3 -0.2 +0.4 +0.2 -0.7

C-9 +0.2

C-10

C-11

C-12 +0.2

C-13 +0.2

C-14 -0.7 -0.8 +0.5

C-15 -0.2 —-0.2; 15« —-0.3 ;153 —0.5: 15a

C-16 -0.1 —0.0 —-0.4

C-17 0.2 or 0.4

C-18

C-19 -0.2 -0.2
037MinC 0.18MinC 0.3MinC 0.34MinC 0.03MinC
0.3Min C-M 0.46 M in C-M 0.33 M in C-M 0.39 M in C-M 031 MinC-M

@ Aj(ppm) = 6(C-M) = 8(C). A for any other positions were within 0.1 ppm. C = CDCl; and C-M = CDCl3-CD30D (4:1).

Table VI. Chemical Shift Deviation Values for Selected Carbon Atoms of A3(14).Allylic Hydroxysterols, Aj(la-4a, 1a-5a,
la-3a, and la-2a) (ppm)

carbon atom Abé(la-4a) Adé(la-5a) carbon atom Ad(la-3a) Ab(la-2a)
C-5 % 0.5 —4.4 C-13 b7 0.1 1.2
C-6 3 -0.4 -5.0 C-15 o 0.2 04
C-7 « 0.2 -6.9 C-16 o) 0.6 1.2
C-9 b7 1.3 -3.1 C-17 % —-0.4 -1.5
C-13 o 0.4 -1.1 C-20 0 0.0 —-0.7

Experimental Section

Procedures and conditions for the recording of melting points,!2
infrared spectra,'? ultraviolet spectra (ethanol solvent),!* optical
rotations (chloroform solvent),!? low resolution mass spectral and
combined gas-liquid chromatography-mass spectral analyses,*?
preparation of trimethylsilyl ether derivatives of the sterols,!3 thin-
layer chromatographic analyses,*3 and gas-liquid chromatographic
analyses!* have been described previously. High resolution mass
spectral measurements were made on a Varian CH-5 spectrometer
(courtesy of Professor C. C. Sweeley). Medium pressure liquid chro-
matography (100 psi) was carried out on columns (118 ¢cm X 1.5 ¢m)
of silica gel (0.032-0.063 mm; ICN Pharmaceuticals, Cleveland, Ohio)
at a flow rate of 4 mL/min using the appropriate solvent. Proton
magnetic resonance spectra (!H NMR) were recorded in CDCl; so-
lution on a Perkin-Elmer HR-12 spectrometer using tetramethylsilane
(Me4Si) as an internal standard. Peaks are reported as ppm (6)
downfield from the MesSi standard. Proton chemical shifts for the
C-18 and C-19 angular methyl resonances were calculated by the
method of Zurcher.** The 13C nuclear magnetic resonance spectra
were recorded on a Varian XL.-100-15 spectrometer operating at 25.2
MHz in the Fourier transform mode using either CDCl3 or CDCls-
CD30D (4:1; v/v) solutions (0.2-0.7 M unless otherwise stated). Data
were accumulated with a maximum of 0.61 Hz per data point. A 5 mm
sample tube was utilized and solvent-signal CDCl; was used as an
internal standard. The chemical shifts (5) are expressed in ppm rel-
ative to MesSi and are estimated to be accurate to £0.05 ppm (6
(Me4Si) = 8§(CDClg) + 76.9 ppm). The probe temperature was ~30
°C. In the case of the mixed solvent, CDCl3—CD30D, the CDCl; res-
onance shifted 0.3 ppm downfield.32 The chemical shift values in the
mixed solvent have been corrected for this shift in the Me,Si reference
as follows: 6(Me;Si) = 6(CDCl3-CD30D) + 77.2 ppm. Variation in
sample concentration was found to have a negligible influence (<0.2
ppm). Trichloroacetyl isocyanate was purchased from Eastman
Kodak and utilized to prepare the corresponding carbamate deriva-
tives2? of the sterols. After recording the 13C NMR spectrum of a given
sterol, the sample tube was cooled in an ice-bath and trichloroacetyl
isocyanate was added dropwise until no further effervescence was

observed. The 13C NMR spectrum of the resulting carbamate deriv-
ative was then recorded. LIS experiments were performed using
commercially available Eu(fod)s. The 13C NMR spectra (in CDCls)
were first recorded in the proton noise-decoupling mode in order to
measure the exact chemical shifts of all of the 13C nuclei present. The
degree of substitution of each carbon atom was determined by a sec-
ond series of spectra in the single frequency off-resonance decoupling
(SFORD) mode. Subsequently, an appropriate amount of Eu(fod)s
was added to the CDCl3 solution and the spectral data in the two
modes were redetermined. The molar ratio of the shift reagent to the
sterol was between 0.2 and 0.3.

50-Cholest-7-en-38-ol, mp 122-123 °C [lit. mp 121.5-122.0 °C,45
122 °C,*6 124125 °C*7], single component on TLC and GLC, was
prepared by catalytic reduction of 7-dehydrocholesterol.*5 33-Ben-
zoyloxy-5a-cholest-7-ene, mp 156-157 °C, clearing at 175 °C [lit. mp
157 °C, clearing at 176 °C%€], was prepared from the free sterol by
treatment with benzoyl chloride in pyridine. 5a-Cholest-8(14)-ene-
38,7a,15a-triol (1a),!? 5a-cholest-8(14)-ene-33,158-diol (2a),48-51
5a-cholest-8(14)-en-38-0l (11a),*” and its 33-acetoxy derivative
(11b)*7 were prepared as described previously. 5a-Cholest-8(14)-
ene-33,15a-diol (3a) and {7a-2H,|-5a-cholest-8(14)-ene-33,15a-diol
(3¢) were prepared from 383-benzoyloxy-14a,15a-epoxy-5a-cholest-
7-ene as described previously.383%

33-Benzoyloxy-8a,l4a-epoxy-5a-cholestan-7a-0l (6) and
368-Benzoyloxy-8a,9a-epoxy-5a-cholestan-7a-0l (7). To 38-
benzoyloxy-5a-cholest-7-ene (5.00 g; 10.2 mmol) in ethanol-free
CHCl; (75 mL) was added m-chloroperbenzoic acid (4.5 g). The re-
action mixture was allowed to stand at 4 °C for 9 days with occasional
stirring. The filtered reaction mixture was washed with 5% NaHCOj;
and dried over MgSQ,. Analysis by TLC indicated two major com-
ponents and trace amounts of starting material. The mixture was
subjected to silica gel (95 g; 60-200 mesh) column (100 cm X 2 cm)
chromatography using 500-mL portions of benzene and 2.5, 5, 7.5, and
10% ether in benzene as the eluting solvents. Fractions 20 mL in vol-
ume (flow rate, ~5 mL/min) were collected. The contents of fractions
39 through 51 were pooled and recrystallized four times from ace-
tone-water to give 6 (1.60 g; 30% yield) melting at 131.0-132.5 °C: IR
Vmax 3500, 1590, 1610, 1280, 1120, 940, and 715 cra~1; 1TH NMR 6 0.95
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(s,6 H, C-18-CHj3 and C-19-CH3), 3.67 (m, 1 H, C-7-H), 5.15 (m, 1
H, C-3-H), 8.10 (m, 5 H, aromatic); MS 522 (M, 3), 5607 (1), 504, (100),
489 (22), 486 (10), 471 (8), 409 (3), 400 (3), 391 (96), 382 (12), 373 (28),
367 (10), 349 (19), 338 (32), 269 (15), and 251 (18); high resolution MS,
522.3694 (calcd for C34H5004: 522.3709); single component on TLC
in three solvent systems. The contents of fractions 53 through 61 were
pooled and recrystallized from acetone-water to give 7 (0.60 g; 11%
yield) melting at 176-177 °C: IR vnq 3500, 1728, 1610, 1590, 1285,
1118, 910,and 712 cm™1; 1H NMR 4 0.69 (s, 3 H, C-18-CHgy), 1.05 (s,
3 H, C-19-CHy), 4.10 (m, 1 H, C-7-H), 5.12 (m, 1 H, C-3-H), and 8.10
(m, 5 H, aromatic); MS 522 (M, 1), 507 (1), 504 (29), 489 (16), 488 (30),
486 (42), 471 (11), 409 (1), 400 (8), 391 (16), 382 (1), 373 (100), 367 (13),
364 (26), 349 (48), 306 (80), 293 (15), and 251 (52); high resolution MS
522.3688 (caled for Cg4H5004: 522.3709); single component on TLC
in three solvent systems.

7-Oxo0-5a-cholest-8(14)-en-38-01 (8) and 7-Oxo-5c-cholest-
8-en-38-o0l (9). To epoxide 6 (1.00 g; 1.9 mmol) in ethanol (175 mL)
was added, with stirring, water (10 mL) and H>SO,4 (30 mL). After
heating under reflux for 18 h, the mixture was cooled to room tem-
perature and its volume was reduced to one-fourth of its initial value.
The mixture was poured into water and thoroughly extracted with
ether containing CH2Cls (10%). The combined extracts were dried
over MgSO4 and evaporated to dryness to yield a light yellow residue
(0.46 g) which was subjected to MPLC (medium pressure liquid
chromatography) using CHCl3 as the eluting solvent. The contents
of fractions 68 through 135 were pooled and recrystallized from
methanol-water to yield 8 (0.32 g; 42% yield) melting at 129-131 °C
[1it.52 mp 129-130 °C]: IR vpmay 3400, 1670, 1590, 1260, 1045, 948, and
864 cm~1; TH NMR 6 0.82 (s, 3 H, C-18-CHg; caled 0.83), 0.93 (s, 3 H,
C-19-CHjg; caled 0.97), 8.65 (m, 1 H, C-3-H); MS 400 (M, 100), 385
(10), 382 (1), 367 (1), 315 (7), 287 (35), 273 (14), 259 (11), 245 (14), 234
(64), 232 (3); high resolution MS 400.3330 (caled for Co7Hy402:
400.3341); UV Apax 262 (¢ = 8500) [lit.52 261]; single component on
TLC using three solvent systems and on GLC. Epoxide 7 (0.40 g; 0.77
mmol) was treated with acid and worked up in an identical fashion
to the case of 6. The light yellow residue (205 mg) thus obtained was
subjected to MPLC using CHClI3 as the eluting solvent. The contents
of fractions 92 through 116 were pooled and, after evaporation of the
solvent, recrystallized from methanol-water to give 9 (170 mg; 55%
yield) which melted at 122-123 °C: IR vpyax 3350, 1660, 1590, 1378,
1268, 1050, and 933 cm~1; 1H NMR 6 0.56 (s, 3 H, C-18-CHg; caled
0.57), 1.18 (s, 3 H, C-19-CHjg; caled 1.21), and 3.70 (m, 1 H, C-3-H);
MS 400 (M, 100), 385 (186), 382 (3), 367 (2), 315 (6), 287 (31), 274 (28),
260 (14), 245 (30), 234 (24), 232 (46), and 214 (12); high resolution MS
400.3342 (caled for CovHy4Og: 400.3341); UV Apax 253 (e = 10 000);
single component on TLC in three solvent systems and on GLC.

5a-Cholest-8(14)-ene-33,78-diol (5a) and 5a-Cholest-8(14)-
ene-383,7a-diol (4a). To ketone 8 (500 mg; 1.25 mmol) in ether (50
mL) was added LiAlH, (1.00 g; 26.4 mmol). The resulting mixture was
stirred at 25 °C for 4 h and, after cooling to 0 °C, ice was cautiously
added to decompose the unreacted hydride. The mixture was poured
into a saturated solution of NH4Cl and thoroughly extracted with
ether containing CHyClg (10%). The combined extracts were dried
over MgSO, and evaporated to dryness to yield a white residue (470
mg) which was subjected to MPLC using 40% ethyl acetate in benzene
as the eluting solvent. The contents of fractions 37 through 67 were
pooled and recrystallized from acetone-water to give 5a (344 mg; 69%
yield) melting at 168.0-169.5 °C [1it.53 mp 163-164 °C): IR vmax 3390,
1040, and 950 em™!; TH NMR § 0.74 (s, 3 H, C-19-CHg; caled 0.72),
0.86 (s, 3 H, C-18-CHg; calced 0.86), 3.76 (m, 1 H, C-3-H), and 4.28 (m,
1 H, C-7-H); MS 402 (M, 6), 387 (1), 384 (72), 369 (29), 366 (4), 351
(10), 289 (2), 271 (100), 257 (24), 253 (25), and 200 (16); high resolution
MS 402.3498 (calcd for CoH4g02: 402.3503); [a]p + 46.0° {(c, 0.44)
{lit.3% +41.0°]; single component on TLC on silica gel G in three sol-
vent systems and on silica gel G-silver nitrate. The contents of frac-
tions 75 through 98 from the MPLC were combined and recrystallized
from acetone-water to give 4a (44 mg; 9% yield) melting at 156-158
°C [lit.5* mp 157-158 °C]: IR vpmax 3380, 1167, 1050, 1024, and 949
cm~1; TH NMR 6 0.68 (s, 3 H, C-19-CHg; caled 0.68),0.85 (s, 3 H, C-
18-CHgj; caled 0.83), 3.71 (m, 1 H, C-3-H), 4.66 (m, 1 H, C-7-H); MS
402 (M, 10), 387 (2), 384 (76), 369 (29), 366 (3), 351 (10}, 289 (2), 271
(100), 257 (30), and 253 (25); [a]p —26.9° (¢, 0.44) [1it.38 —21°]; single
component on TLC as in the case of 5a.

3-Oxo0-5a-cholest-8(14)-ene-7a,15a-diol (1¢). To 5a-Cholesta-
7,14-dien-383-ol (10.0 g; 26.0 mmol; single component on TLC and
GLC but containing, as judged by 1H NMR, ~25% of the A814.ijsom-
er), prepared by saponification of the corresponding 33-benzoate
ester,!4 in dry CHCl; (100 mL) was added a suspension of pyridinium
chlorochromate (12.0 g) in dry CH2Cl; (100 mL). After stirring under
nitrogen at room temperature for 30 min, the reaction mixture was
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poured into a saturated NaCl solution and thoroughly extracted with
CHCls. The combined extracts were evaporated to dryness and the
resulting residue was subjected to silica gel (60/200 mesh) column (100
c¢m X 2 ¢cm) chromatography using benzene as the eluting solvent.
Fractions 20 mL in volume were collected. The contents of fractions
26 through 85 were pooled and recrystallized from acetone-water to
give crude 10, 5a-cholesta-7,14-dien-3-one (8.10 g; 61% yield), melting
at 107-110 °C. Pure 5«a-cholesta-7,14-dien-3-one, free of its A814.i-
somer, melts at 129.0-129.5 °C.55 The product showed a single com-
ponent on TLC on silica gel plates in three solvent systems and on
GLC. The 'H NMR spectra indicated (by analysis of the resonances
due to the C-7-H and the C-15-H) the presence of ~27% of the
A8 jsomer. To crude 10 (5.00 g; 13.1 mmol) from above, in 25% ether
in hexane (100 mL) at 0 °C, was added m- chloroperbenzoic acid (4.40
g) in 25% ether in hexane (200 mL) with stirring. After standing at 0
°C for 1 h, the solution was maintained at —12 °C for 12 h. The mix-
ture was poured into an NaCl solution (2%) and extracted with ether
(300 mL). The ether extract was washed successively with water, cold
1 N NaOH, and water, dried over MgSOy, and evaporated to dryness.
The resulting residue was heated under reflux with a mixture of
ethanol (270 mL), water (27 mL), and KOH (3.0 g) for 45 min under
nitrogen. After reduction of the volume to ~14 its initial value, the
mixture was poured into ice-water and the pH of the mixture was
adjusted to neutrality by the slow addition of cold aqueous 5% HCL.
Ether was added and the separated ether phase was washed thor-
oughly with water, dried over MgSOy, and evaporated to dryness. The
resulting residue was subjected to MPLC using 10% ethyl acetate in
CHClI; as the eluting solvent. The contents of fractions 45 through
100 were pooled and recrystallized from hexane to give lc (1.40 g; 26%
yield) melting at 121.5-122.5 °C: IR vmax 3320, 1731, 1037, 962, and
875 cm~1; 'H NMR 6 0.90 (s, 6 H, C-18-CH; and C-19-CHg; caled
0.90), 4.62 and 4.91 (m, 1 H each, C-7-H and C-15-H); MS 398 (M —
H:0, 100), 383 (75), 380 (74), 365 (26), 295 (16), 285 (70), 267 (98), 257
(12), 253 (18), 231 (23), 215 (22), and 211 (22); high resolution MS on
jon at m/e 398, 398.3185 (caled for Co7H4202: 398.3186); high resolu-
tion MS on ion at m/e 560 (M) of the (Me4Si), derivative, 560.4081
(caled for Ca33HggO3sSis: 560.4085); single component on TLC in three
solvent systems and on GLC of the free sterol and its (Me,Si)z de-
rivative.

5a-Cholest-8(14)-ene-38,7a,15a-triol (la) from 3-Oxo-50-
cholest-8(14)-ene-7a,15«-diol (1¢). To ketone le (100 mg; 0.24
mmol) in ether (20 mL) was added LiAlH, (300 mg). After stirring for
3 h at room temperature, the mixture was cooled to 0 °C and ice was
cautiously added to decompose the unreacted hydride. The mixture
was poured into a saturated solution of NH4CI and thoroughly ex-
tracted with ether containing CH3Cls (10%). The combined extracts
were dried over MgS0, and evaporated to dryness. The resulting
residue was recrystallized from acetone-water to yield a white crys-
talline solid (91 mg). Analyses by TLC showed a single component.
However, GLC analysis of the (Me,sSi)s derivative indicated the
presence of a less polar impurity (~10%). The major component had
the same retention times as the {Me4Si); derivative of authentic la.
Analysis by GLC-MS of the Me,Si derivatives of the major and minor
components indicated that they were isomeric and suggested that the
impurity represented 5a-cholest-8(14)-ene-3a,7a,15a-triol. The
crude triol (75 mg) was dissolved in hot ethyl acetate (2 mL) and, after
cooling to room temperature, hexane (18 mL) was added. The re-
sulting mixture was cooled at —12 °C for 8 h and the resulting crystals
were collected and washed with cold hexane. After repeating this
procedure three times, pure 1a (36 mg; 99% purity as indicated by
GLC of the (Me4Si)s derivative) was obtained which melted at
212.5-214.0 °C [lit.12 mp 213-214 °C]: IR vpayx 3360 and 1038 cm™1;
NMR 6 0.80 (s, 3 H, C-19-CHg; caled 0.79), 0.90 (s, 3 H, C-18-CHj3;
caled 0.87), 3.62 (m, 1 H, C-3-H), 4.60 (m, 1 H, C-7-H),4.95 (m, 1 H,
C-15-H); MS 400 (M — H;0, 60), 385 (48), 382 (98), 367 (39), 364 (9),
349 (100), 297 (7), 287 (35), 272 (5), 269 (52), 257 (8), 251 (19), 233 (14),
215 (11), 213 (15), 209 (17); [a]p —43.0° (c, 0.2) [lit.12 ~40.7°].

General Preparation of Acetate Derivatives of Allylic Di- and
Trihydroxysterols. The sterol (400 mg) was dissolved in a 1:1 mix-
ture (20 mL) of acetic anhydride and pyridine and, after standing
overnight at room temperature, the mixture was poured into ice-water
and extracted with 60 mL of ether containing methylene chloride
(10%). The separated ether layer was successively washed with water,
cold 5% HCI, water, 5% Na2COs3, and water, dried over MgSOy sulfate,
and evaporated to dryness. The resulting crude acetate was subjected
to silica gel (60/200 mesh) column (35 cm X 1.5 em) chromatography.
Using the appropriate solvent as the eluting solvent, fractions 20 mL
in volume were collected.

5a-Cholest-8(14)-ene 38,15a-Diacetate (3b). After column
chromatography (solvent, 1% ether in benzene), the contents of
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fractions 10 through 21 were pooled and recrystallized from ace-
tone—water to give 3b (376 mg; 78% yield) melting at 175.5-177.5 °C:
IR vmax 1740, 1671, 1251, 1034, and 950 cm~1; TH NMR 6 0.73 (s, 3 H,
C-19-CHj; caled 0.73), 0.90 (s, 3 H, C-18-CHj; calcd 0.89), 2.03 (s, 6
H, diacetate), 4.88 (m, 1 H, C-3-H), 5.92 (m, 1 H, C-15-H); MS 426
(M — CH3COOH, 100), 411 (20), 366 (10), 351 (41), 313 (70), 299 (25),
253 (25), 238 (10); high resolution MS on ion at m/e 426, 426.3496
(caled for CagHyg09: 426.3498); single component on TLC in three
solvent systems,

5a-Cholest-8(14)-ene 36,158-Diacetate (2b). After column
chromatography (solvent, 1% ether in benzene), the contents of
fractions 9 through 20 were pooled and recrystallized from acetone-
water to yield 2b (410 mg; 85% yield) which melted at 124-125 °C: IR
Vmax 1740, 1688, 1250, 1030, and 961 cm~!; 1H NMR 6 0.76 (s, 3 H,
C-19-CHjg; caled 0.75), 1.03 (s, 8 H, C-18-CHjg; caled, 1.05), 2.08 (s,
6 H, diacetate), 4.91 (m. 1 H, C-3-H), 5.80 (m, 1 H, C-15-H); MS 426
(M — CH3COOH, 100), 411 (9), 366 (6}, 351 (10), 313 (46), 299 (20),
253 (15); high resolution MS on ion at m/e 426, 426, 3491 (calcd for
C31Hz004: 426.3498); single component on TLC in three solvent sys-
tems.

5a-Cholest-8(14)-ene 38,7a,15a-Triacetate (1b). After column
chromatography (solvent, 5% ether in benzene), the contents of
fractions 10 through 18 were pooled and, upon evaporation of the
solvent, gave 1b (405 mg; 75% yield) as a colorless glass which resisted
all attempts at crystallization: IR pyq, 1745, 1256, 1034, and 951 cm™L;
H NMR 6 0.72 (s, 3 H, C-19-CHg; caled 0.72), 0.89 (s, 3 H, C-18-CHj;
caled, 0.89), 1.94, 2.05, and 2.08 (s, 3 H each, methyls of acetoxy
functions), 4.92 (m, 1 H, C-3-H), 5.51 (m, 1 H, C-7-H), and 5.88 (m,
1 H, C-15-H); MS 484 (M — CH3COOH, 29), 469 (3), 442 (56), 424
(10), 409 (14), 364 (74), 349 (84), 339 (26), 283 (83), 251 (38); high
resolution MS on ion at m/e 484, 484.3547 (calcd for C33Hz206:
484.3552); single component on TLC in two solvent systems.

7a,15a-Diacetoxy-5a-cholest-8(14)-en-3-one (1d). The residue
obtained after evaporation of the solvent from the ether extraction
of the reaction mixture was recrystallized from acetone~water to give
1d (395 mg; 82%) melting at 169.5-171.0 °C: IR w4 1738, 1265, 1220,
1030, and 946 cm~1; 'H NMR 6 0.91 (s, 3 H, C-19-CHg; caled 0.91), 0.93
(s, 3 H, C-18-CHs; caled 0.93), 1.97 and 2.08 (s, 3 H each, methyls of
acetoxy functions), 5.56 (m, 1 H, C-7-H), and 5.91 (m, 1 H, C-15-H);
MS 440 (M — CH3COOQH, 13), 398 (35), 380 (20), 267 (99), 255 (19),
and 253 (17); high resolution MS on ion at m/e 440, 440.3306 (caled
for Ca;H4305: 440.3290); single component on TLC in two solvent
systems.

15-0Oxo0-5a-cholest-8(14)-en-38-0l from 5a-Cholest-8(14)-
ene-38,7a,15a-triol (1a). Triol 1a (1.00 g; 2.40 mmol) was heated
under reflux for 4 h with a mixture consisting of 200 mL of 95% eth-
anol-water and 10 mL of concentrated HCI. After reduction of the
volume to ~1/3 of its initial value the mixture was diluted with water
and thoroughly extracted with ether containing CHCly (5%). The
combined extracts were washed with 10% aqueous NaHCOj3; and
water, dried over MgSQy, and evaporated to dryness to give a pale
yellow residue (0.91 g) which was subjected to MPLC using 10% ether
in benzene as the eluting solvent. The contents of fractions 35 through
50 were pooled and, after evaporation of the solvent, recrystallized
from methanol-acetone-water to give 15-0x0-5a-cholest-8(14)-en-
33-ol (0.83 g; 87% yield) melting at 147.5-149.0 °C [lit.1416 mp
147.5-149.0 °C]: IR vpay 3350, 1704, and 1620 ecm~L; UV Apay 258 (¢
=13 600); 'TH NMR 5 0.72 (s, 3 H, C-19-CH3; caled 0.70), 0.98 (s, 3 H,
C-18-CHjy), 3.66 (m, 1 H, C-3-H), 4.18 {m, 1 H, C-78-H); MS 400 (M,
100), 385 (25), 382 (15), 367 (35), 287 (24), 269 (53), and 251 (13). The
compound showed a single component on TLC and on GLC.

Registry No.—1¢ (Me4Si)s derivative, 69140-12-1; 6, 69140-13-2;
7,69140-14-3; 8, 566-29-0; 9, 69140-15-4; 10, 69140-16-5; Set-cholest-
7-en-33-0l, 80-99-9; 7-dehydrocholesterol, 434-16-2; 383-benzoy-
loxy-5a-cholest-7-ene, 4356-22-3; 5a-cholesta-7,14-dien-38-0l,
34227-11-7; 383-benzoyloxy-5a-cholesta-7,14-diene, 34227-12-8;
5a-cholest-8(14)-ene-3a,7,15a-triol, 69177-18-0; 15-0x0-5a-cho-
lest-8(14)-en-33-ol, 50673-97-7.
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