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Efficient Stereocontrolled Access to 15- and 16-Hydroxy Steroids
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Four epimeric 15- and 16-hydroxy steroids have been
stereoselectively synthesized from epi-androsterone. The
key intermediate is the 3B-[(tert-butyldimethylsilyl)oxy]-5a-
23,24-bisnorchol-16-en-22-01  (10), which allows both
efficient D-ring functionalization and the possibility of facile

side-chain construction. In the course of this synthesis, we
have found that the stereochemical outcome of the C-15
carbonyl reduction is strongly dependent on the C-16 and C-
17 hybridization.

Introduction

In recent years, the discovery of interesting polyhydroxy
steroids, mainly isolated from marine sources,['! has stimu-
lated the quest for new stereoselective methods capable of
introducing hydroxy groups into the steroidal framework. !
Surprisingly, only a few synthetic efforts have been devoted
to C-15 and C-16 D-ring hydroxylation.!®! A literature sur-
vey of recent syntheses has revealed that C-15 hydroxylation
generally follows stereoselective introduction of the C-17
side chain,™ while C-16 hydroxylation is efficiently per-
formed starting from 17-oxo steroidsP¥ or 16,17-epoxypre-
gnanes.**~>4 Unfortunately, none of these methods allows
the straightforward construction of various C-17 side
chains.

We focused our attention on hydroxylation of the D-ring
methylene units as many biologically active steroids possess
hydroxy groups linked at these positions.[% In particular, in
the highly cytotoxic steroidal alkaloids cephalostatins, [’ as
well as in the oligoglycoside OSW-1,[81 the simultaneous
presence of a ketal or a carbonyl group at C-22 and a
hydroxy group at C-15 has been hypothesized to be respon-
sible for their potent antitumor activities.!”’ Compounds hy-
droxylated at C-16 also exhibit interesting biological
properties. Examples are the oogoniols (e.g. 1),['% sex hor-
mones of the water mould Achlya, the shark repellent pa-
vonins (e.g. 2),I''l and the spermatostatic glycoside 3,['?I
isolated from the coelenterate Sinularia crispa.

Starfish undoubtedly appear to be the richest source of
polyhydroxy steroids.['1l'31 Such compounds have been
found in almost all the species examined and more than
one hundred of them have been reported to date. The vast
majority of them shows hydroxylation mainly in positions
3B, 6a (or 6PB), 8B, 150 (or 15B), and 16BM3 (e.g. 4,014l
5,114b1 gl14c]y - Although largely uninvestigated, the biological
activities of these compounds could well be important and
useful in physiology and medicine. /1]
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With the aim of producing simple model compounds for
use in biological studies, and as part of our program de-
voted to the synthesis of marine steroids and their ana-
logues, 2414161 we have endeavoured to develop a simple
method for D-ring oxy functionalization. In this paper, we
report an efficient procedure allowing stereoselective C-15
and C-16 hydroxylation of a simplified steroidal model. The
chosen substrate can easily be transformed, in a two-step
sequence, into a C-22 aldehyde, which represents a versatile
intermediate for the subsequent construction of a wide
range of side chains.[!”]

Results and Discussion
C-16 Hydroxylation

Commercially available epi-androsterone (7) was first
protected as its zert-butyldimethylsilyl (TBS) ether. Silylated
8 was obtained in 96% yield (Scheme 1).18]
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Scheme 1.Reagents and conditions: (a) 1.4 equiv. DBU, 1.2 equiv.
TBSCI, CH,Cl,, room temp., overnight, 96%; (b) 2.7 equiv.
tBuOK, 3.0 equiv. EtPPh;Br, THF, 3 h, reflux, 85%; (c) 5.7 equiv.
paraformaldehyde, 0.1 equiv. BF;*OEt,, CH,Cl,, room temp., 0.1
h. 75%; (d) 3.0 equiv. NaH, 4.0 equiv. BnBr, 0.1 equiv. TBAI, THF,
reflux, overnight, 68%; (e) 1) 3.8 equiv. BH;*SMe,, THF, 0°C —
room temp., overnight, 2) HOO™, reflux, 1 h, 60%; (f) 2.0 equiv.
PDC, molecular sieves, 1 h, 100%; (g) 2.0 equiv. LiAlH4, THF, 80%

The C-17 side chain was then attached to the protected
alcohol following well-established vitamin D chemistry.[!7°]
The 17-oxo steroid was thus converted into the (Z£)-17(20)-
ethylidene steroid 9 in 85% yield by means of a Wittig reac-
tion.l"”! An ene reaction of 9 with paraformaldehyde!'”) in
the presence of a catalytic amount of boron trifluoride—di-
ethyl ether afforded stereospecifically the alcohol 10 in 75%
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yield. The 3B-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bisnor-
chol-16-en-22-01 (10) was benzylated in the conventional
way, affording the ether 11 in 68% yield.

The required hydroxy functionality at C-16 was intro-
duced by treating 11 with borane—dimethyl sulfide, fol-
lowed by oxidation with alkaline hydrogen peroxide, giving
12 in 60% yield (see Experimental Section). The 16a con-
figuration of the hydroxy group was confirmed by compar-
ing the "H-NMR resonances of 16-H and 18-H; with those
of other 16a-hydroxy steroids.?”) Moreover, a ROESY [?!]
experiment on compound 12 (Scheme 1) showed a cross-
peak between the signals at 6 = 4.09 (16-H) and 0.68 (18-
Hj3), confirming the 22-(benzyloxy)-3B-[(fert-butyldimeth-
ylsilyl)oxy]-5a-23,24-bisnorcholan-16a-ol structure.

The C-16 epimer 14 was easily obtained by a two-step
inversion. Treatment of alcohol 12 with PDCP? con-
veniently afforded the ketone 13 in quantitative yield, which
was stereoselectively reduced with LiAlH,>3 to provide the
required 16B-OH sterol 14 in 80% yield (de > 97%, 'H-
NMR analysis).

C-15 Hydroxylation

A number of different synthetic methods for C-15 oxy-
genation have been reported for 17-alkylated steroids.?*
The standard procedure involves A'# hydroboration to give
a 15a alcohol. The synthesis of A'* sterols is currently
achieved mainly through the conversion of A>’-sterols to
A7'*-sterols under acidic conditions.*!

In view of the limited scope of the existing methods, we
considered various routes for the stereoselective C-15 func-
tionalization of a synthetically flexible steroidal precursor.
In our first approach (Scheme 2), we explored the possibil-
ity of converting ketone 13 into the alkene 16 and then in-
troducing the 15-OH group regio- and stereoselectively.

The key A'° steroid 16 was easily synthesized in two steps
using palladium(0)-mediated deoxygenation methodology.
Thus, kinetic enolization of ketone 13 with lithium bis(tri-
methylsilyl)amide [LiN(TMS),] and quenching of the enol-
ate with N-phenyltrifluoromethanesulfonimide?®! [PhN-
(SO,CF3),] gave the stable enol triflate 15. Deoxygenation
of the latter with tributyltin hydride (BusSnH) and tetra-
kis(triphenylphosphane)palladium(0)?”] afforded 22-(benzyl-
oxy)-3B-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bisnorchol-
15-ene (16) in 58% yield (two steps).

Hydroboration—oxidation of the alkene 16 proved to be
poorly regio- and stereoselective. From the complex mixture
of isomers produced, the previously synthesized 16a alcohol
12 was isolated only in low yield. In view of this, an alterna-
tive strategy was considered. 16 was epoxidized with m-
chloroperbenzoic acid to give two diastereomeric oxiranes
17 and 17a in an 82:18 ratio as a separable mixture.

The stereochemical assignment of 17 was accomplished
through a combination of COSY-45, HETCOR, and
ROESY 2! techniques. In particular, the ROESY spectrum
showed two key cross-peaks (Figure 1): a correlation be-
tween the signals at 6 = 3.21 (15-H) and 0.92 (18-H;) and
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Scheme 2. Reagents and conditions; (a) 3.0 equiv. LIN(TMS),, 2.4
equiv. PhN(SO,CF3),, THE, —78°C — room temp., 75%; (b) 4.4
equiv. LiCl, 0.1 equiv. Pd(PPhs)4, 2.8 equiv. BusSnH, THE, reflux,
4 h, 77%; (c) 1) 3.8 equiv. BH;'SMe,, 0°C — room temperature,
overnight, 2) HOO™, reflux, 1 h, 6% of 12 plus other unidentified
isomers; (d) 2.0 equiv. mCPBA, CH,Cl,, 0°C — room temp., 3 h
(7: 46%, Ta: 10%); (e) 3.0 equiv. LiAlH,, reflux, 25% of 12 plus
other unidentified isomers

another between the signals at & = 3.21 (15-H) and 1.96

18CH3 OBn

ROE Effect 17

Figure 1

(7B-Hegq), supporting the a configuration of the epoxide 17.

Subsequent reduction of 17 with LiAIH4P® gave the un-
wanted 16a-hydroxy derivative 12. In the hope of reversing
the regioselectivity of the reductive step we explored the use
of alternative reducing reagents (Superhydride™, DIBAL-
H), but no improvements were observed.

Attention was then turned to the A!S steroid 10 once
more. In order to introduce the oxygen function at C-15,
we planned a short three-step strategy involving chromium-
mediated allylic oxidation followed by two reductive steps
(C-15 carbonyl reduction and A'® hydrogenation, Scheme
3).

The free OH group in 10 was thus quantitatively pro-
tected as acetate (10 — 18). CrOs/dimethylpyrazole*! al-
lylic oxidation then afforded the A'®-15-oxo compound 19
in 42% yield.[*¥ Reduction of the enone under Luche con-
ditionsB! and subsequent A'® hydrogenation produced iso-
merically pure 15a alcohol 21 in 98% yield (two steps, de >
97%, 'H-NMR analysis). Surprisingly, the inverse reaction
sequence (platinum-mediated hydrogenation of 19 followed
by NaBH, reduction) furnished the 15p alcohol 23 ac-
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Scheme 3. Reagents and conditions: (a) equiv. pyridine, 3.8 equiv.
(CH;CO0),0, 0.04 equiv. DMAP, CH,Cl,, room temp., 3 h, 100%;
(b) 19 equiv. CrCOs, 19 equiv. dimethylpyrazole, CH,Cl,, —40°C
— room temp., 6 h, 42%; (c) 1.0 equiv. CeCls, 1.0 equiv. NaBHy,
THF/MeOH, 2 h, 100%; (d) H,, Pt/C, AcOEt, overnight, 98% (e)
H,, Pt/C, EtOAc, overnight, 72%; (f) 2.8 equiv. NaBH,4, EtOH/
THEF, 3 h (23: 68%, 21: 11%); (g) 0.8 equiv. K,CO;, MeOH, 2h,
72%

companied by its epimer 21 in an 88:12 separable mixture
(other isomers were not detected).

The configuration at C-15 in 21 and 23 was assigned on
the basis of a ROESY experiment on 21. This showed a key
cross-peak between the 18-CHj; group (6 = 0.70) and the
proton at C-15 (8 = 3.96), establishing the a configuration
of the 15-hydroxy group. Moreover, according to literature
data,[!'®] a signal at & = 3.96 is consistent with a 15B pro-
ton, for which a chemical shift of § = 3.90 can be expected.
A 15a proton resonates further downfield at & =~ 4.20.[4]
Such a value was found for the C-15 proton of 23 (& =
4.20).

Attention was then turned to determination of the con-
figuration at C-17 in 21 and 23. It is known that the direc-
tion of hydrogen attack on a A'® double bond is dependent
on the configuration at C-14:132 A 140 configuration leads
to a-face hydrogenation, whereas the 14 isomer is satu-
rated from the B side. To confirm the B configuration of the
C-17 side chain, we deacetylated compound 21 and found
a good agreement between the 'H-NMR shifts of the pro-
tons at C-19, C-20, and C-21 and the corresponding values
found for the known 1a,3p-bis[(zerz-butyldimethylsilyl)oxy]-
5a-23,24-bisnorchol-5-en-22-0l.1'"1 This evidence also con-
firmed the 17 configuration of the alcohol 23. In fact, as
indicated in Scheme 2, NaBH, reduction of the stereoisom-
erically pure ketone 22 produced some 21.

The stereochemical outcome of the NaBH, reduction
indicates an unexpected dependence on the C-15 and C-
16 hybridization. A rationalization of the stereo-dependent
reduction was attempted by considering the minimized con-
formations of 21 and 23 (not shown) obtained by molecular
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dynamics simulation and energy minimization calculations
using the MM?2 force field.[*3] However, in neither case
could we find any obvious explanation for the observed
steric outcome of the hydride transfer.

Conclusions

We have developed a simple and general method for the
stereocontrolled introduction of hydroxy groups at C-15
and C-16 of steroidal substrates having a C-22 truncated
side chain, through straightforward functional group trans-
formations. The present synthetic strategy shows a high de-
gree of stereoselectivity in most of the critical stereodiffer-
entiating steps. Extension of this approach to precursors
other than epi-androsterone and possible application to the
synthesis of biologically important polyhydroxy steroids is
currently in progress.

Experimental Section

General Remarks: All reactions were carried out under dry argon
using freshly distilled solvents unless otherwise noted. Tetrahydro-
furan was distilled from sodium/benzophenone. Toluene and di-
chloromethane were distilled from calcium hydride. Glassware was
flame-dried prior to use. Where appropriate, compounds were dried
by azeotropic removal of water with toluene under reduced press-
ure. Commercial reagents were purchased from Aldrich or Fluka
and were used without further purification. Reactions were moni-
tored by thin-layer chromatography (TLC) on Merck silica gel
plates (0.25 mm); spots were visualized using UV light or by spray-
ing with H,SO4/Ce(SOy,), solution and drying. Reaction tempera-
tures were measured externally. Flash chromatography was per-
formed on Merck silica gel 60 (particle size 0.040—0.063 mm).
Yields refer to chromatographically and spectroscopically ('H-
NMR) pure materials. — NMR spectra were recorded in CDCl;
solutions on Bruker AM-250 and DRX 400 spectrometers at ambi-
ent temperatures. Chemical shifts are reported relative to the re-
sidual solvent peak (CHCly: 8y = 7.26, *CDCls: 8¢ = 77.0). —
Optical rotations were measured in CHCI; solutions with a JASCO
DIP-1000 polarimeter. — Mass spectra (EI, 70 eV) were recorded
with a VG TRIO 2000 mass spectrometer. — Melting points were
measured with an Electrothermal 9100 digital apparatus.

22-(Benzyloxy)-3p-[(tert-butyldimethylsilyl)oxy]-S5a-23,24-bis-
norcholan-16a-0l (12): To a solution of 11 (0.75 g, 1.40 mmol) in
THF (10 mL) at 0°C was slowly added BH;*SMe, (2.7 mL, 2.0 m
in THEF, 5.4 mmol). After 0.1 h, the mixture was allowed to warm
to room temperature and stirred for a further 20 h. The solution
was then cooled at 0°C once more, whereupon absolute ethanol
(2.5mL), 3.0 m NaOH solution (3.5mL), and aqueous H,O,
(0.7 mL, 30%) were successively added. The reaction mixture was
refluxed for 1 h, concentrated in vacuo to remove the excess THF,
and extracted with CH,Cl,. The organic phase was dried (Na,SO,),
filtered, and concentrated in vacuo. The residue, containing a mix-
ture of unidentified sterols, was flash-chromatographed (0—20% di-
ethyl ether in petroleum ether) to give stereoisomerically pure 12
as a glassy solid (0.46 g, 60%). — Ry = 0.57 (silica gel, 30% diethyl
ether in petroleum ether). — [a]p?® = —1.6 (¢ = 1.0, CHCIl;). —
"H NMR (400 MHz): § = 0.04 [s, 6 H, (CH3),Si], 0.68 (s, 3 H, 18-
Me), 0.78 (s, 3 H, 19-Me), 0.88 [s, 9 H, (CH3);C], 1.03 (d, 3H, J =
7.0 Hz, 21-Me), 3.47 (dd, 1 H, J = 9.5 Hz, J = 4.8 Hz, 22-H), 3.54
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(m, 1 H, 3-H), 3.65 (dd, 1 H, J = 9.5 Hz, J = 3.9 Hz, 22-H'), 4.09
(m, 1 H, 16-H), 447 (d, 1 H, J = 11.7 Hz, CHPh), 4.55 (d, 1 H,
J = 11.7Hz, CH'Ph), 7.32 (m, SH, C¢Hs). — C NMR
(100 MHz): § = —4.5 (X 2), 12.3, 13.8, 18.2 (X 2), 20.9, 25.9 (X
3), 28.7, 32.0 (X 2), 34.2, 35.1, 35.2, 35.5, 37.1, 38.7, 40.0, 44.7,
45.0, 53.4, 54.3, 64.8, 72.2, 73.5, 76.1, 76.9, 127.8 (X 3), 128.5 (X
2), 137.5. — EI MS; miz (%): 554 (2) [M*-], 497 (100) [M* — ¢Bu].
— C35Hs5058i (554.92): caled. C 75.75, H 10.53; found C 75.95,
H 10.17.

22-(Benzyloxy)-3p-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bis-
norcholan-16-one (13): To a solution of 12 (0.42 g, 0.76 mmol) in
CH,Cl, (10 mL) were added 4-A molecular sieves (m.s., 0.6 g) and
PDC (0.55 g, 1.46 mmol). After 1 h, the reaction mixture was di-
luted with diethyl ether (10 mL). Filtration through a short pad of
Celite and CaSOy (10% in weight) afforded a clear solution, which
was concentrated in vacuo to give 13 as a white solid (0.42 g,
100%); m.p. 75—=77°C. — Ry = 0.82 (silica gel, 30% diethyl ether
in petroleum ether). — [0]p?® = —74.7 (¢ = 0.3, CHCl;). — 'H
NMR (400 MHz): 6 = 0.05 [s, 6 H, (CH;),Si], 0.80 (s, 3 H, 19-Me),
0.82 (s, 3H, 18-Me), 0.89 [s, 9H, (CH;);C], 1.08 (d, 3H, J =
7.0 Hz, 21-Me), 3.58 (m, 2 H, 3-H and 22-H), 3.69 (dd, 1 H, J =
9.0Hz, J = 3.9 Hz, 22-H'), 4.50 (s, 2 H, CH,Ph), 7.32 (m, 5H,
CgHs). — 3C NMR (100 MHz): § = —4.6 (X 2), 12.3, 13.5, 17.0,
18.2, 20.7, 25.9 (X 3), 28.4, 31.8, 32.0, 32.1, 34.3, 35.5, 36.8, 38.5,
38.7,38.9,43.0, 44.9, 50.7, 54.1, 64.1, 71.9, 72.8, 74.1, 127.2, 127.4
(X 2),128.1 (X 2), 138.9, 218.6. — EI MS; m/z (%): 552 (0.5) [M*"],
495 (100) [M* — Bul].

22-(Benzyloxy)-3p-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bis-
norcholan-16f-ol (14): To a solution of 13 (0.025 g, 0.045 mmol) in
THF (1 mL) was added LiAlH; (0.09mL, 1.0 m in THE
0.09 mmol). The reaction mixture was stirred for 1h and then
quenched with ethyl acetate (0.5 mL) and NH,OH (0.5 mL, 10%
aqueous solution). Filtration of the resulting mixture through a
short pad of Celite and concentration in vacuo gave 14 as a white
solid (0.020 g, 80%); m.p. 104—106°C. — Ry = 0.58 (silica gel, 30%
diethyl ether in petroleum ether). — [a]p?® = —14.4 (¢ = 1.0,
CHCl3). — 'H NMR (400 MHz): § = 0.05 [s, 6 H, (CH3),Si], 0.80
(s, 3H, 19-Me), 0.88 [s, 12 H, 18-Me and (CH3);C], 0.96 (d, 3 H,
J =17.0Hz, 21-Me), 3.37 (dd, | H, J = 9.0 Hz, J = 8.9 Hz, 22-H),
3.42 (dd, 1 H, J = 9.0 Hz, J = 3.1 Hz, 22-H’), 3.54 (m, 1 H, 3-H),
431 (m, 1 H, 16-H), 4.51 (s, 2 H, CH,Ph), 7.32 (m, 5 H, C¢H5s). —
13C NMR (100 MHz): 6 = —4.6 (X 2), 12.3,13.2, 17.1, 18.2, 20.9,
25.9 (X 3), 28.7, 30.8, 31.9, 32.1, 35.1 (X 2), 35.5, 37.1, 38.6, 40.4,
43.0,45.0, 54.2, 54.5, 63.0, 72.2, 73.4,73.7, 79.2, 127.7 (X 2), 127.8,
128.5 (X 2), 137.5. — EI MS; m/z (%): 554 (0.5) [M "], 497 (100)
[M* — ¢Bu]. — Cs35Hs305Si (554.92): caled. C 75.75, H 10.53;
found C 75.07, H 10.91

22-(Acetoxy)-3p-[(zert-butyldimethylsilyl)oxy]-5a-23,24-bis-
norchol-16-en-15-one (19): To a suspension of chromium trioxide
(0.395 g, 3.95 mmol) in CH,Cl, (3.5 mL) at —20°C was added 2,5-
dimethylpyrazole (0.379 g, 3.95 mmol). The reaction mixture was
stirred at —20°C for 0.5 h. To the dark-red solution thus obtained,
18 (0.100 g, 0.205 mmol) was added in one portion and the re-
sulting mixture was stirred at —20°C for 5h. Then, 5 N NaOH
solution (2 mL) was added and the mixture was stirred at 0°C for
0.5 h. It was then extracted with CH,Cl, and the combined extracts
were washed with 1 N HCI solution, dried (Na,SO,), filtered, and
concentrated in vacuo. The residue was flash-chromatographed
(20—40% diethyl ether in petroleum ether) to give 19 as a white
solid (0.043 g, 42%); m.p. 178—179°C. — Ry = 0.17 (silica gel, 20%
diethyl ether in petroleum ether). — [a]p?® = —2.6 (¢ = 2.0,
CHCI3). — '"H NMR (400 MHz): § = 0.04 [s, 6 H, (CH3),Si], 0.85
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(s, 3H, 19-Me), 0.87 [s, 9 H, (CH3);C], 1.02 (s, 3 H, 18-Me), 1.14
(d, 3H, J = 7.0 Hz, 21-Me), 2.02 (s, 3 H, CH,CO), 2.67 (dq, 1 H,
J = 13.0Hz, J = 3.0 Hz, 7-H), 2.79 (m, 1 H, 20-H), 3.53 (m, 1 H,
3-H), 4.07 (dd, 1 H, J = 9.0 Hz, J = 6.6 Hz, 22-H), 4.14 (dd, 1 H,
J =9.0Hz, J = 7.3 Hz, 22-H'), 5.68 (s, 1 H, 16-H). — '*C NMR
(100 MHz): § = —4.6 (X 2), 12.4, 17.8, 18.2, 20.5, 20.8, 23.4, 25.9
(X 3),28.3,30.4, 31.9, 32.3, 32.4, 32.5, 35.9, 37.0, 38.5, 45.2, 47.0,
55.1, 63.8, 67.0, 71.9, 125.6, 170.8, 183.6, 207.3. — EI MS; m/z (%):
502 (1) [M*-], 445 (100) [M* — ¢Bu].

22-(Acetoxy)-3p-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bis-
norchol-16-en-15a-o0l (20): To a solution of 19 (0.100 g, 0.199 mmol)
in THF/MeOH (2:1) (1.5mL) were added cerium trichloride
(0.071 g, 0.192 mmol) and NaBH, (0.008 g, 0.21 mmol). The reac-
tion mixture was stirred at room temp. for 2 h and then quenched
with water (1 mL), concentrated in vacuo to remove the excess
THF and MeOH, and extracted three times with CH,Cl,. The or-
ganic layer was washed with 0.1 N HCI, dried (Na,SO,), filtered,
and concentrated in vacuo. The residue was flash-chromatographed
(30% diethyl ether in petroleum ether) to give 20 as a white solid
(0.100 g, 100%); m.p. 75—=76°C. — Ry = 0.61 (silica gel, 30% diethyl
ether in petroleum ether). — [a]p?® = +46.4 (¢ = 1.0, CHCl3). —
'H NMR (250 MHz): = 0.04 [s, 6 H, (CH;)-Si], 0.81 (s, 3 H, 18-
Me), 0.83 (s, 3 H, 19-Me), 0.87 [s, 9 H, (CH;);C], 1.06 (d, 3H, J =
7.0 Hz, 21-Me), 2.03 (s, 3 H, CH3CO), 2.43 (m, 1 H, 20-H), 3.54
(m, 1 H, 3-H), 3.91 (dd, 1 H, J = 10.7 Hz, J = 7.9 Hz, 22-H), 4.09
(dd, 1 H,J = 10.7 Hz, J = 6.2 Hz, 22-H'), 4.50 (d, 1 H, J/ = 8.5 Hz,
15-H), 5.35 (m, 1 H, 16-H). — 3C NMR (62.5 MHz): § = —4.6
(X 2),12.4,18.2,18.5, 19.3, 20.9 (X 2), 25.9 (X 3), 28.6, 31.1, 31.9,
32.6, 34.2, 34.9, 35.7, 37.0, 38.6, 45.0, 47.8, 54.8, 65.2, 68.2, 72.0,
77.7, 127.5, 157.6, 171.1. — EI MS; m/z (%): 504 (1) [M*-], 447
(100) [M* — rBul.

22-(Acetoxy)-3p-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bis-
norcholan-15a-o0l (21): To a solution of 20 (0.026 g, 0.051 mmol) in
ethyl acetate (1 mL) was added 5% platinum on carbon (0.005 g).
The flask was evacuated (40 Torr) and flushed three times with
hydrogen. The reaction mixture was then stirred vigorously under
hydrogen for 24 h. It was then filtered through a pad of Celite and
the filtrate was concentrated. Flash chromatography of the residue
(20—40% ethyl acetate in petroleum ether) gave 21 as a colorless
oil (0.025 g, 98%). — Ry = 0.62 (silica gel, 40% ethyl acetate in
petroleum ether). — [0]p2° = +18.0 (¢ = 0.6, CHCI;). — 'H NMR
(400 MHz): 6 = 0.04 [s, 6 H, (CH3),Si], 0.70 (s, 3 H, 18-Me), 0.81
(s, 3H, 19-Me), 0.88 [s, 9 H, (CH;)5C], 0.99 (d, 3H, J = 7.0 Hz,
21-Me), 2.05 (s, 3 H, CH5CO), 3.54 (m, 1 H, 3-H), 3.76 (dd, 1 H,
J = 10.8 Hz, J = 7.1 Hz, 22-H), 3.96 (br. t,  H, J = 9.0 Hz, 15-
H), 4.03 (dd, 1 H, J = 10.8 Hz, J = 3.4 Hz, 22-H’). — 3C NMR
(100 MHz): 6 = —4.6 (X 2), 124, 13.4, 17.0, 18.2, 20.9, 21.1, 25.9
(X 3), 28.6, 31.9, 32.4, 35.1, 35.3, 35.5, 37.2, 38.6, 39.8, 40.0, 44.2,
44.8, 50.5, 54.3, 63.5, 69.3, 72.0, 73.8, 171.2. — EI MS; mlz (%):
506 (1) [M*],450 (100) [M* — Bu]. — C3yHs40,4Si (506.83): caled.
C 71.09, H 10.74; found C 70.43, H 10.86.

22-(Acetoxy)-3p-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bis-
norcholan-15-one (22): To a solution of 19 (0.100 g, 0.199 mmol) in
ethyl acetate (3 mL) was added 5% platinum on carbon (0.020 g).
The flask was evacuated (20 Torr) and flushed three times with
hydrogen. The reaction mixture was then stirred vigorously under
hydrogen for 16 h. It was then filtered through a pad of Celite and
the filtrate was concentrated. Flash chromatography of the residue
(silica gel, 40% ethyl acetate in petroleum ether) gave 22 as a white
solid (0.078 g, 78%); m.p. 178—180°C. — Ry = 0.25 (silica gel, 40%
diethyl ether in petroleum ether). — [a]p?® = +33.3 (¢ = 1.0,
CHCI3). — '"H NMR (400 MHz): § = 0.04 [s, 6 H, (CH3),Si], 0.75
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(s, 3 H, 18-Me), 0.80 (s, 3 H, 19-Me), 0.87 [s, 9 H, (CH:)sC], 1.07
(d, 3H, J = 7.0 Hz, 21-Me), 2.05 (s, 3 H, CH;CO), 2.41 (dd, 1 H,
J=18.6Hz, J = 8.7Hz, 16-H), 2.64 (dq, 1 H, J = 13.2 Hz, J =
3.1 Hz, 7-HB), 3.53 (m, 1 H, 3-H), 3.82 (dd, 1 H, J = 10.9 Hz, J =
6.4 Hz, 22-H), 3.99 (dd, 1 H, J = 10.9 Hz, J = 3.7 Hz, 22-H'). —
13C NMR (100 MHz): = —4.6 (X 2), 12.2, 13.0, 17.5, 18.2, 20.7,
20.9, 25.9 (X 3), 28.3, 30.6, 31.9, 32.0, 35.3, 35.6, 37.2, 38.5, 39.8,
41.2,42.3,45.0, 48.3, 54.0, 65.6, 68.9, 72.0, 171.1, 214.9. — EI MS;
miz (%): 504 (2) [M™*-], 447 (100) [M* — ¢Bul.

22-(Acetoxy)-3p-[(tert-butyldimethylsilyl)oxy]-5a-23,24-bis-
norcholan-15-ol (23): To a solution of 22 (0.020 g, 0.039 mmol) in
EtOH/THF (2:1) (1.5mL) was added NaBH,; (0.004g,
0.108 mmol). The reaction mixture was stirred at room temp. for
3 h and then quenched with water (1 mL), concentrated in vacuo
to remove the excess THF and EtOH, and extracted three times
with CH,Cl,. The organic layer was washed with 0.1 N HCI, dried
(Na,SO,), filtered, and concentrated in vacuo. The residue was
flash-chromatographed (30% diethyl ether in petroleum ether) to
give 23 (0.014 g, 68%) and 21 (0.002 g, 11%) as colorless oils; 23.
— Ry = 0.35 (silica gel, 50% diethyl ether in petroleum ether). —
[a]p?® = —=9.6 (¢ = 1.0, CHCl3). — '"H NMR (400 MHz): § = 0.04
[s, 6 H, (CH3),Si], 0.83 (s, 3 H, 19-Me), 0.88 [s, 9 H, (CH;);C], 0.95
(s, 3H, 18-Me), 1.01 (d, 3H, J = 7.0 Hz, 21-Me), 2.05 (s, 3 H,
CH;CO), 3.55 (m, 1 H, 3-H), 3.80 (dd, 1 H, J = 10.6 Hz, J =
7.1 Hz, 22-H), 4.05 (dd, 1 H, J = 10.6 Hz, J = 3.4 Hz, 22-H'), 4.20
(br. t, 1 H, J = 6.1 Hz, 15-H). — '3C NMR (100 MHz): 6 = —4.6
(X 2),12.3,14.7,17.2, 18.2, 20.9, 21.1, 25.9 (X 3), 28.6, 31.4, 31.5,
31.9, 35.4, 35.6, 37.2, 38.6, 40.4, 41.2, 42.4, 45.1, 53.2, 54.9, 60.7,
69.4,70.4,72.1, 171.3. — EI MS; m/z (%): 506 (1) [M™*+], 449 (100)
[M* — (Bu]. — C3yHs5404Si (506.83): calecd. C 71.09, H 10.74;
found C 69.85, H 10.50.

3B-[(tert-Butyldimethylsilyl)oxy]-5a-23,24-bisnorchol-16-ene-
150,22-diol (24): To a solution of 21 (0.009 g, 0.0178 mmol) in
methanol (0.2 mL) was added K,CO; (0.002 g, 0.014 mmol). The
reaction mixture was stirred vigorously for 2 h, filtered through a
pad of Celite, and concentrated in vacuo to give 24 as a glassy solid
(0.006 g, 72%). — Ry = 0.11 (silica gel, 40% ethyl acetate in petro-
leum ether). — [a]p?® = +11.8 (¢ = 0.67, CHCl;). — 'H NMR
(400 MHz): 6 = 0.04 [s, 6 H, (CH3),Si], 0.70 (s, 3 H, 18-Me), 0.81
(s, 3H, 19-Me), 0.88 [s, 9 H, (CH5);C], 1.02 (d, 3H, J = 7.0 Hz,
21-Me), 3.34 (dd, 1 H, J = 10.3, 6.0 Hz, 22-H), 3.54 (m, 1 H, 3-
H), 3.60 (dd, 1 H, J = 10.3 Hz, J = 2.3 Hz, 22-H'), 3.96 (dt, 1 H,
J =9.1Hz, J = 2.9 Hz, 15-H). — 3C NMR (100 MHz): § = —4.6
(X 2),124,13.4,16.6, 18.2, 21.1, 25.9 (X 3), 28.6, 31.9, 32.4, 35.1,
35.5, 37.2, 38.2, 38.6, 40.0, 40.1, 44.2, 44.8, 50.2, 54.3, 63.7, 67.8,
72.0, 73.9. — EI MS; m/z (%): 464 (2) [M*], 407 (100) [M* — ¢Bu].
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