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Abstract—Selective reduction of the C*=C'* double bond in 3-hydroxyergosta-8(14),22-dien-15-one, followed
by cis-hydroxylation of the double bond in the side chain and reduction of the 15-oxo group gave new
3B-hydroxy-6-deoxobrassinosteroids, their 225,235 isomers, and the corresponding esters. The side chain in
the products is identical to that in such known natural brassinosteroids as 24-epibrassinolide and 24-epicasta-

sterone.
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Among brassinosteroids isolated so far from natural
sources, more then ten are 6-deoxo derivatives [1-5].
Even early studies on the structure—activity relation-
ships in the series of brassinosteroids showed that the
presence in a steroid molecule of 2a,30,22R,23 R-tetra-
hydroxy- and B-homo-7-oxa-6-oxo moieties is crucial
for their biological activity. However, some 6-deoxo
analogs [6], 2-deoxy derivatives [7], and those pos-
sessing a 3f-hydroxy group [8] were found to exhibit
an appreciable activity. Two more things must be
noted. First, extensive studies on isolation and struc-
ture determination of brassinosteroids lead to the dis-
covery of new representatives of this class of com-
pounds [9, 10], and second, various derivatives are
necessary to elucidate mechanisms of their action and
paths of biosynthesis and metabolism, as well as to
establish the structure of new brassinosteroids. Accord-
ing to published data on the biosynthesis of brassino-
steroids [11], campestanol is converted into castaster-
one through either so-called early C°-oxidation or late
CP-oxidation (early C**-oxidation). Study on the mech-
anism of the latter process required development of
synthetic routes to 6-deoxocastasterone, 3-dehydro-
castasterone, 6-deoxothyphasterol, 6-deoxoteasterone,
and their labeled analogs [12].

Taking into account the above stated, we focused
on the development of methods for the synthesis of
new 6-deoxo analogs of brassinosteroids, specifically
3B-hydroxy-6-deoxo derivatives with a side chain typ-
ical of 24-epibrassinolide and 24-epicastasterone. By
analogy with brassinolide and castasterone, such com-

pounds may be precursors of 24p-methylbrassinoster-
oids in vivo. Up to now, the known procedures for the
synthesis of 6-deoxobrassinosteroids are based on the
hydrogenation of the C°>=C® double bond in A’-deriva-
tives in the presence of various catalysts [13] and on
the reduction of the oxo group in 6-oxobrassino-
steroids according to Wolff—Kishner [14] or desul-
furization of the corresponding ethylenedisulfanyl
derivatives [15].

In the present work we used as starting compound
3B-benzoyloxyergosta-8(14),22-dien-15-one (I) which
was synthesized previously in four steps from ergoster-
ol (for the synthesis of zymosterol) [16]. The synthetic
sequence included selective reduction of the C*=C'"
double bond, cis-hydroxylation of the side-chain
C*=C* bond, and removal of the carbonyl group. The
most effective procedure for the reduction of conjugat-
ed double bond turned out to be treatment with metal-
lic lithium in a mixture of liquid ammonia with tetra-
hydrofuran. The reaction was carried out at —30 to
—40°C (30 min), and compound II was formed as the
major product; however, the yield was poor (23%).
When the reaction was performed with 3p-hydroxy
derivative III prepared by hydrolysis of benzoate I, we
obtained ketone II in 68% yield in 15 min (Scheme 1).
Compound IT showed in the IR spectrum an absorption
band at 1730 cm ™', which is typical of stretching vibra-
tions of unconjugated carbonyl group. The “C NMR
spectrum of II contained downfield signals at 8¢ 133.3
and 134.25 ppm from the C** and C** atoms and a sig-
nal at 8¢ 216.19 ppm from the carbonyl carbon atom.
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Scheme 1.

HO

We failed to remove the carbonyl group from com-
pound II. It remained unchanged under the Kishner—
Wolff conditions [14] (heating in boiling diethylene
glycol for 3 days), presumably due to strong shielding
of the C"”=0 carbonyl group, as was reported previ-
ously for 11-oxo steroids [17]. Therefore, we tried
another procedure, desulfurization of ethylene dithio-
acetals [15]; for this purpose compound II was con-
verted in a small yield (28%) into ethylene dithioacetal
IV. Desulfurization of the latter over Raney nickel
was accompanied by hydrogenation of the side-chain
double bond (C**=C*) to give compound V. These
results prompted us to change the scheme of synthesis
so that appropriate initial modification of the side chain
at the double bond excluded its further undesirable
transformations.

We found that cis-hydroxylation of the C*=C%
bond with osmium tetraoxide occurs in a specific
fashion due to the presence of an oxo group in the
15-position. Direct hydroxylation of 3B-acetoxy deriv-
ative VI (prepared by acetylation of alcohol II) with
an equimolar amount of OsO, in pyridine (24 h) gave
a mixture of isomeric (22S5,23S5)- and (22R,23R)-diols
VII and VIII at a ratio of ~2:1 (according to the NMR
data) in an overall yield of 98% (Scheme 2). It was
difficult to separate isomers VII and VIII by column
chromatography on silica gel. Therefore, mixture

VII/VIII was subjected to acetylation with acetic an-
hydride in pyridine in the presence of 4-dimethyl-
aminopyridine; isomeric 3,22,23-triacetoxy derivatives
X and XI thus obtained were readily separated by
chromatography. The structure of compounds X and
XI was confirmed by IR and NMR spectroscopy. In
the IR spectra of both isomers we observed strong
bands due to stretching vibrations of the ester groups
(1745 and 1240 cm™). The "H NMR spectrum of the
22R,23R isomer contained two one-proton multiplets
centered at & 5.08 and 5.13 ppm, while the 225,238
isomer displayed the corresponding signals at & 4.98
and 5.19 ppm. The steric configuration of X and XI
was assigned on the basis of published data [18, 19]
and our results obtained while building up side chains
of 24-epicastasterone and 24-epibrassinolide [20].

The hydroxylation of compound VI in the presence
of chiral catalysts followed a different pattern. For
instance, the reaction of VI with commercial AD-mixg
[21] was very slow. After two weeks, 26% of
(22R,23R)-diol VIII and 14% of 22,23-dioxo deriva-
tive IX were formed, the conversion of VI being 70%.
No (228,23S)-epimeric diol was detected among the
products. Prolonged reaction favored formation of
the more profound oxidation product, diketone IX
(Scheme 2). The most effective procedure for the syn-
thesis of the target diol with (22R,23R) configuration
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Scheme 2.

Vi

of the side chain, typical of brassinosteroids, was hy-
droxylation in aqueous tert-butyl alcohol with potas-
sium osmate dihydrate in the presence of 10,11-di-
hydroquinidine p-chlorobenzoate, K;[Fe(CN)s], and
K,COs5 [22]. To avoid formation of by-products, the
reaction mixture was treated after 3 days. We thus
isolated 45% of (22R,23R)-diol VIII, the conversion of
initial olefin VI being 59%.

Xl

The 15-oxo group was removed through the corre-
sponding dithioacetals as described above for com-
pound II. However, the application of this procedure to
22,23-diol VIII was unsuccessful. A complex mixture
of products was formed even in the stage of synthesis
of ethylene dithioacetal by treatment of VIII with
ethane-1,2-dithiol in the presence of boron trifluoride—
ether complex. A probable reason is the reaction at the

Scheme 3.

X

Xl

XIv
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Scheme 4.

XVI

vicinal hydroxy groups; therefore, diols VII and VIII
were converted into the corresponding 3,22,23-triace-
tates X and XI. The reaction of triacetoxy derivative
XI with ethane-1,2-thiol in the presence of boron tri-
fluoride—ether complex in a boiling methanol—chloro-
form mixture gave dithioacetal XII and was accom-
panied by unexpected selective deacetylation of the
hydroxy group on C°. Desulfurization of XII was
effected by heating in boiling methanol over Raney
nickel; the subsequent removal of protecting groups
from 15-deoxo derivative XIII by the action of potas-
sium hydroxide in methanol-methylene chloride gave
6-deoxo-24-epiteasterone (XIV) (Scheme 3). Follow-
ing a similar scheme, from 3,22,23-triacetoxy-15-oxo0
derivative X we obtained (22S5,23S) diastercoisomer
XVII (Scheme 4).

Thus, starting from 3p-hydroxyergosta-8(14),22-di-
en-15-one, we have synthesized new 6-deoxobrassino-
steroids: 6-deoxo-24-epiteasterone, its 22,23-epimer,
and the corresponding 15-oxo derivatives. The side
chain in the products is analogous to that present in
such known natural brassinosteroids as 24-epibrassino-
lide and 24-epicastasterone. The prepared compounds
may be useful both for studying biosynthesis of bras-
sinosteroids and detecting them in natural sources and
as potential biologically active substances.

EXPERIMENTAL

The IR spectra were recorded on a UR-20 spec-
trometer from samples prepared as films or KBr
pellets. The 'H and '°C NMR spectra were obtained on
Bruker A-200 (200 MHz) and Bruker Avance-500

XVl

instruments (500 MHz for 'H and 125 MHz for '°C)
from solutions in CDCI; using TMS as internal refer-
ence. The progress of reactions was monitored by TLC
on Kieselgel 60 F,s4 plates (Merck). Silica gel Kiesel-
gel 60 (40-60 pm, Merck) was used for column
chromatography. The melting points were determined
on a Kofler melting point apparatus.
(22E)-3p-Hydroxyergost-22-en-15-one (II). Me-
tallic lithium, 0.087 g (12.9 mmol), was added to
25 ml of liquid ammonia on cooling with liquid
nitrogen—acetone, and the mixture was stirred until
lithium dissolved completely. A solution of 0.303 g
(0.586 mmol) of (22F)-15-oxoergosta-8(14),22-dien-
3B-yl benzoate (I) [16] was added in one portion to
the solution, the mixture was stirred for 10 min, and
1.358 ml (12.9 mmol) of bromobenzene was added.
The mixture was then poured into a cold mixture of
50 ml of a saturated solution of ammonium chloride
and 50 ml of ethyl acetate, the organic phase was
separated, and the aqueous phase was extracted with
ethyl acetate. The extracts were combined with the
organic phase, washed with two portions of water, and
dried over MgSQ,, the solvent was removed, and the
residue was separated by column chromatography on
silica gel using cyclohexane—ethyl acetate (10:1) as
eluent to isolate 0.058 g (23%) of 15-oxo steroid II,
mp 183-184°C (from MeOH). IR spectrum (film), v,
cm™': 3450, 1730. '"H NMR spectrum, &, ppm: 0.75 s
(3H, C'®H;), 0.81 s (3H, C"Hs), 0.81 d (6H, C*Ha,
C?’H;), 0.89 d (3H, C**H;, J = 7 Hz), 1.07 d (3H,
C*'H;, J = 7 Hz), 2.29 d.d (1H, 160-H, J, =9, J, =
19 Hz), 2.65 m (1H, 7p-H. J,,» = 15 Hz), 3.58 m (1H,
3-H, J,» = 19 Hz), 5.13 m (2H, 22-H), 5.23 m (2H,
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23-H). >C NMR spectrum, d¢, ppm: 12.20 q (C"),
13.21 q (C'®), 17.65 q (C**), 19.62 q (C*"), 19.94 q
(C?),20.76 d (C"), 21.34 q (C*"), 28.23 t (C®), 30.64 d
(C"), 31.40 d (C?), 31.87 d (C**), 32.96 d (C*), 35.58 t
(C'"), 36.95 t (C), 38.05 t (C*), 39.73 d (C*), 39.76 t
(C'), 42.22 s (C"), 42.23 t (C'°), 42.85 d (C**), 44.80 s
(C%), 51.26 d (C'), 53.97 d (C”), 65.97 d (C'), 71.19d
(CY), 133.30 d (C?), 134.25 d (C*), 216.19 s (C").

Following a similar procedure, from 0.364 g
(0.882 mmol) of compound III we obtained 0.294 g
(68.4%) of ketone 11.

(22E)-3p-Hydroxyergosta-8(14),22-dien-15-one
(ITD). A solution of 0.039 g (0.695 mmol) of potassium
hydroxide in 0.5 ml of methanol containing 10% of
water was added to a solution of 0.239 g (0.463 mmol)
of 3B-benzoate I in 1 ml of benzene. The mixture was
heated for 36 h under reflux, diluted with ethyl acetate,
washed with a saturated solution of ammonium
chloride, and dried over MgSO,. The solvent was
removed, and the residue was subjected to column
chromatography on silica gel using cyclohexane—ethyl
acetate (10:1) as eluent to isolate 0.115 g (60%) of
3-hydroxy derivative III, mp 152—154°C (from MeOH).
IR spectrum (film), v, cm™: 3340, 1715, 1630, 1540,
1460. "H NMR spectrum, &, ppm: 0.72 s (3H, C'*H;),
0.82 d and 0.84 d (6H, C**Hs, C*'H;, J = 7 Hz), 0.92 d
(3H, C**Hs, J =7 Hz), 1.00 s (3H, C"°H3), 1.08 d (3H.,
C?'Hs, J=17Hz), 3.64 m (1H, 3-H, J,,» = 19 Hz), 4.14 m
(1H, 7p-H, J,,» = 15 Hz), 5.22 m (2H, 22-H, 23-H).

(22E)-15,15-Ethylenedisulfanylergost-22-en-3p-
ol (IV). Ethane-1,2-dithiol, 0.029 ml (0.343 mmol),
and boron trifluoride—ether complex, 0.012 ml
(0.137 mmol), were added in one portion to a solution
of 0.095 g (0.229 mmol) of 15-oxo steroid II in a mix-
ture of 5 ml of methanol and 2 ml of chloroform. The
mixture was stirred for 3 h at room temperature,
an additional portion of ethane-1,2-dithiol, 0.029 ml
(0.343 mmol), was added, and the mixture was stirred
for 1 h and left overnight. The mixture was then heated
for 12 h under reflux, 0.029 ml (0.343 mmol) of
ethane-1,2-dithiol was added, the mixture was heated
again for 12 h under reflux, 0.040 ml (0.498 mmol) of
pyridine was added, and the mixture was stirred for
15 min, poured into a solution of sodium hydrogen
carbonate, and extracted with chloroform. The extract
was dried over MgSQO, and evaporated, and the residue
was subjected to column chromatography on silica gel
using cyclohexane—ethyl acetate (7:1) as eluent to
isolate 0.064 g (67%) of initial ketone II and 0.032 g
(28%) of dithioacetal IV as an oily substance. '"H NMR
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spectrum, &, ppm: 0.76 s (3H, C18H3), 0.77-0.94 m
(12H, C'"H;, C**Hs, C*'H;, C**Hs), 1.02 d (3H, C*'Hs,
J =17 Hz), 3.05-3.37 m (4H, SCH,), 3.60 m (1H, 3-H,
Jyn =19 Hz), 5.12 m (2H, 22-H, 23-H).

Ergostan-3p-ol (V). Compound IV, 0.018 g
(0.0366 mmol), was dissolved in 6.5 ml of methanol,
a catalytic amount of an aqueous suspension of Raney
nickel was added, and the mixture was heated under
reflux in a stream of argon, additional portions of
Raney nickel being added every hour. After 7 days, the
catalyst was filtered off through a layer of silica gel,
and the filtrate was evaporated to obtain 0.011 g (74%)
of compound V as an oily material. IR spectrum (film),
v, cm ' 3340. '"H NMR spectrum, &, ppm: 0.64 s
(3H, C"*H3), 0.74-0.94 m (15H, C"°H;, C*'H;, C*H,,
C*"H,, C*H3), 3.60 m (1H, 3-H, J,,» = 19 Hz).

(22E)-15-Oxoergost-22-en-3pB-yl acetate (VI).
Hydroxy steroid II, 0.136 g (0.328 mmol), was dis-
solved in 5 ml of anhydrous methylene chloride, and
0.046 ml (0.492 mmol) of acetic anhydride, 0.138 ml
(0.985 mmol) of triethylamine, and 0.004 g
(0.0328 mmol) of 4-dimethylaminopyridine were
added to the solution. The mixture was stirred for 4 h,
0.2 ml of methanol was added, and the mixture was
stirred for 30 min, washed with water, and extracted
with ethyl acetate. The extract was dried over MgSO,,
the solvent was removed, and the residue was sub-
jected to column chromatography on silica gel using
cyclohexane—ethyl acetate (9:1) as eluent to isolate
0.150 g (99%) of compound VI, mp 173—175°C (from
MeOH). IR spectrum (film), v, cm™': 1740, 1260.
'H NMR spectrum, 8, ppm: 0.68 s (3H, C'*Hs), 0.76—
0.8 m (9H, C"Hs, C*'H;, C*H;), 0.84 d (3H, C*Hs,
J=17Hz), 1.01 d 3H, C*'H;, J = 7 Hz), 1.96 s (3H,
OAc), 2.24 d.d (1H, 16-H, J; =9, J, = 17 Hz), 2.59 m
(IH, 7B-H, JW/Z =15 HZ), 4.61 m (IH, 3-H, JW/Z =
19 Hz), 5.12 m (2H, 22-H, 23-H).

Hydroxylation of the C**=C* bond. a. Osmium
tetraoxide, 0.047 g (0.188 mmol), was added to a solu-
tion of 0.086 g (0.188 mmol) of compound VI in 5 ml
of pyridine. The mixture was stirred for 24 h at room
temperature, 3 ml of a 10% solution of Na,SO; and
0.1 ml of concentrated sulfuric acid were added, and
the mixture was stirred for 30 min on heating on
a water bath (40-50°C). The mixture was cooled,
diluted with water, and extracted with chloroform, the
extract was dried over MgSQ,, the solvent was
removed, and the residue was subjected to column
chromatography on silica gel using cyclohexane—ethyl
acetate (2:1) as eluent to isolate 0.090 g (98%) of
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a mixture of diols VII and VIII as an oily material. IR
spectrum (film), v, cm': 3500, 1740, 1720 sh, 1260.
'H NMR spectrum, 3, ppm: 0.76-0.79 m (12H, C'*Hs,
C'"H;, C*'H;, C**H,), 0.86 d (3H, C*H;, J = 7 Hz),
1.08 d (3H, C*'Hs, J =7 Hz), 2.04 s (3H, OAc) 2.36 m
(1H, 16-H), 2.66 m (1H, 7p-H, J,» = 14 Hz), 3.42 t
(1H, 22R-H, J= 6 Hz), 3.5 m (1H, 22S-H, J,,» = 7 Hz),
3.58 m (1H, 23R-H, J,» = 8 Hz), 3.7 m (1H, 23S-H,
JW/Z =11 HZ), 4.68 m (IH, 3-H, Jw/2 =20 HZ)

b. Compound VI, 0.307 g (0.685 mmol), was dis-
solved in a mixture of fert-butyl alcohol and water,
1.644 g of ADmix-f and 0.123 g of methanesulfon-
amide were added, the mixture was stirred for 2 weeks,
a saturated aolution of Na,SO; was added, and the
mixture was stirred for 1 h, diluted with water, and
extracted with ethyl acetate. The extract was dried over
MgSQO,, the solvent was removed, and the residue was
separated by column chromatography on silica gel
using cyclohexane—ethyl acetate (5:1) as eluent to
isolate (in the order of elution) 0.091 g (30%) of initial
olefin VI, 0.047 g (14%) of triketone (IX), and 0.087 g
(26%) of diol VIII.

(22R,23R)-22,23-Dihydroxy-15-oxoergostan-3f-
yl acetate (VIII). mp 204-206°C (from hexane). IR
spectrum (film), v, cm': 3450, 1740, 1260. '"H NMR
spectrum, 8, ppm: 0.75 s (3H, C18H3), 0.82 s (3H,
C'"H3), 0.83 d (3H, C**H;, J = 7 Hz), 0.86 d (3H,
C?'Hs, J=7 Hz), 0.91 d (3H, C**Hs, J =7 Hz), 1.03 d
(3H, C*'Hs, J = 6 Hz), 2.02 s (3H, OAc) 2.58 d.d (1H,
160-H, J, =9, J, = 17 Hz), 2.66 d.d (1H, 7B-H, J; =
3.5, J, = 13.1 Hz), 3.42 m (1H, 23-H, J,» = 7 Hz),
3.58 t (1H, 22-H, J = 6 Hz), 4.68 m (1H, 3-H, J,, =
20 Hz). >C NMR spectrum, 8¢, ppm: 10.92 q (C*®),
12.25 q (C"), 12.97 q (C'), 13.13 q (C*"), 17.33 q
(C*), 21.60 q (COCH3), 22.21 q (C*), 20.90 t (C'),
27.20 d (C¥), 27.54 t (C?), 28.25 t (C%), 30.67 t (C"),
32.02 d (C?), 33.98 t (CY, 35.71 s (C'), 36.82 t (C"),
40.27 d (C%), 39.99 t (C'), 41.58 d (C*), 41.79 t
(C'), 42.36 s (C"), 44.71 d (C°), 48.21 d (C'), 53.84 d
(C%), 65.89 d (C'), 72.55 d (C*), 73.67 d (C), 76.32 d
(C*), 170.85 s (COCH3), 215.69 s (C").

15,22,23-Trioxoergostan-3p-yl acetate (IX).
mp 129-131°C (from hexane). IR spectrum (film), v,
cm': 1740, 1720 sh, 1255. "H NMR spectrum, 3, ppm:
0.80 s (3H, C'*H3), 0.84 d (3H, C**Hs, J = 7 Hz),
0.85 s (3H, C""H;), 0.93 d and 1.00 d (6H, C*°Hs,
C*H,;, J=17Hz), 1.14 d BH, C*'Hs, J= 7 Hz), 2.02 s
(3H, CH;CO), 3.26 m and 3.20 m (2H, 20-H, 24-H),
4.68 m (1H, 3-H).

c. Compound VI, 0.099 g (0.217 mmol), was dis-
solved in a mixture of 5 ml of zert-butyl alcohol and

LITVINOVSKAYA et al.

5 ml of distilled water, and 0.0016 g (0.00434 mmol)
of K,0s0,4-2H,0, 0.004 g (0.009 mmol) of 10,11-di-
hydroquinidine p-chlorobenzoate, 0.214 g (0.651 mmol)
of K5[Fe(CN)s], 0.090 g (0.651 mmol) of K,COs, and
0.062 g (0.651 mmol) of methansulfonamide were
added. The mixture was stirred for 72 h, a saturated
solution of Na,SO; was added, and the mixture was
stirred for 1 h, diluted with water, and extracted with
ethyl acetate. The extract was dried over MgSQO,, the
solvent was removed, and the residue was subjected to
column chromatography on silica gel using cyclo-
hexane—ethyl acetate (5:1) as eluent to isolate (in the
order of elution) 0.041 g (41%) of initial olefin VI and
0.048 g (45%) of (22R,23R)-diol VIII.

(22R,23R)-15-Oxoergostane-3p,22,23-triyl tri-
acetate (XI). 22,23-Dihydroxy steroid VIIIL, 0.055 g
(0.112 mmol), was dissolved in 1.5 ml of anhydrous
pyridine, 0.105 ml (1.12 mmol) of acetic anhydride,
and a catalytic amount of 4-dimethylaminopyridine
were added, and the mixture was stirred for 24 h at
room temperature. Methanol, 0.5 ml, was added, and
the mixture was stirred for 30 min, washed with
a solution of NaHCOs, and extracted with ethylacetate.
The extract was dried over MgSQ,, the solvent was
removed, and the residue was subjected to column
chromatography on silica gel using cyclohexane—ethyl
acetate (9:1) as eluent. Yield 0.060 g (93%), mp 180-
182°C (from MeOH). IR spectrum (film), v, cm™:
1745, 1540, 1240. '"H NMR spectrum, d, ppm: 0.73 s
(3H, C'®H;), 0.81 d (3H, C**Hs, J = 6 Hz), 0.82 s (3H.
C'"H;), 0.84 d (3H, C*H;, J = 7 Hz), 0.91 d (3H,
C?®Hs, J =7 Hz), 1.05 d (3H, C*'H;, J = 6 Hz), 2.02 s
(3H, OAc), 2.03 s (3H, OAc), 2.07 s (3H, OAc),
2.72 m (1H, 16a-H), 2.64 m (1H, 7B-H), 4.67 m (1H,
3-H, J,» = 19 Hz), 5.08 m (2H, 23-H, J,,» = 7 Hz),
5.13 m (2H, 22-H, J,» = 7 Hz). >C NMR spectrum,
8¢, ppm: 10.85 q (C**), 12.25 q (C"), 12.76 q (C'),
13.99 q (C*"), 17.19 q (C*), 20.87 t (C'"), 20.96 q
(COCHj3), 21.06 q (COCH;), 21.59 q (COCH5),
22.55 q (C*), 27.10 d (C®), 27.54 t (C?), 28.20 t (C°),
30.60 t (C7), 31.99 d (C*), 33.96 t (C*), 35.68 s (C'"),
36.85t (C'), 37.83 d (C*), 39.97 t (C'?), 38.92 d (C*),
41.97t(C'), 42.20 s (C"), 44.74 d (C°), 48.73 d (C"),
53.84 d (C), 65.89 d (C'), 74.46 d (C*), 73.63 d (C°),
77.25 d (C*), 170.66 s (COCHs), 170.79 s (COCHs),
170.84 s (COCHs), 214.82 s (C").

Following a similar procedure, from 0.057 g
(0.116 mmol) of a mixture of (22S5,23S5)-diol VII and
(22R,23R)-diol VIII we obtained 0.016 g (23%) of
(3B,228,23S)-triacetate X and 0.008 g (11.5%) of
(3B,22R,23 R)-triacetate XI.
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(225,239)-15-Oxoergostane-3p,22,23-triyl tri-
acetate (X). mp 127-128°C (from MeOH). IR spec-
trum (film), v, cm™': 1745, 1540, 1240. "H NMR spec-
trum, &, ppm: 0.72 s (3H, C'*H3), 0.76 d (3H, C**Hs,
J=17Hz), 0.81 s (3H, C"*H;), 0.82 d (3H, C*’Hs, J =
7 Hz), 0.90 d (3H, C**Hs, J =7 Hz). 1.01 d (3H, C*'Hs,
J=17Hz), 2.02 s (3H, OAc), 2.08 s (3H, OAc), 2.10 s
(3H, OAc), 2.42 d.d (1H, 160-H, J; = 7, J, = 17 Hz),
2.65 m (1H, 7p-H, J,,» = 15 Hz), 4.68 sept (1H, 3-H,
J=52Hz),4.98 d.d (1H, 22-H, J; = 2.9, J, = 4.2 Hz),
5.19 d.d (1H, 23-H, J; = 2.9, J, = 7.4 Hz). °C NMR
spectrum, ¢, ppm: 9.86 q (C**), 12.22 q (C"), 12.88 q
(C"™), 14.99 q (C*"), 17.15 q (C*"), 20.83 t (C'"), 21.20 q
(COCH3), 21.52 q (COCHj3), 21.59 q (COCHj5),
21.78 q (C*), 28.67 d (C®), 27.53 t (C?), 28.22 t (C°),
30.55 t (C7), 32.01 d (C*), 33.97 t (C*, 35.67 s (C"),
36.83 t (C'), 38.63 d (C*), 39.77 t (C'?), 40.36 d (C**),
41.41t(C'), 42.75 s (C"), 44.73 d (C°), 47.47 d (C"),
53.74 d (C), 65.26 d (C'), 73.85 d (C*), 73.64 d (C),
72.85 d (C*), 170.47 s (COCHs), 170.83 s (COCHa),
170.88 s (COCHs3), 214.67 s (C").

(22R,23R)-15,15-Ethylenedisulfanyl-3p-hydroxy-
ergostane-22,23-diyl diacetate (XII). Following the
procedure described above for the synthesis of com-
pound IV, from 0.052 g (0.090 mmol) of 15-0x0
steroid XI we obtained 0.050 g (93%) of dithioacetal
XII as an oily substance. IR spectrum (film), v, cm™:
3420, 1740, 1250. '"H NMR spectrum, 6, ppm: 0.72 d
(3H, C*Hs, J = 7 Hz), 0.77 s (3H, C'®H;), 0.78 d and
0.81 d (6H, C**Hs, C*'H3, J = 6 Hz), 0.82 s (3H,
C'"H;), 0.94 d (3H, C*'Hs, J = 6 Hz), 1.97 s (3H,
OAc), 1.98 s (3H, OAc), 2.96 d.d (1H, 16-H, J; = 9,
J>, = 19 Hz), 3.10-3.37 m (4H, SCH,), 3.53 m (IH,
3-H, J,» = 19 Hz), 5.00 m (2H, 22-H, 23-H).

(22R,23R)-3p-Hydroxyergostane-22,23-diyl di-
acetate (XIII). Following the procedure described
above for the synthesis of compound V, from 0.042 g
(0.0197 mmol) of dithioacetal XII we obtained 0.010 g
(97%) of compound XIII as an oily substance.
'H NMR spectrum, 3, ppm: 0.78 s (3H, C'*H;), 0.88—
0.92 m (9H, C"Hs, C*'H;, C*H3), 0.94 d (3H, C*Hs,
J =17 Hz), 0.98 d (3H, C*'Hs, J= 7 Hz), 2.02 s (3H,
OAc), 2.06 s (3H, OAc), 3.58 m (1H, 3-H, J,» =
19 Hz), 5.06 d.d (1H, 23-H, J, = 5, ., = 7 Hz), 5.24 m
(IH, 22-H, .]W/z =7 HZ)

(22R,23R)-Ergostane-3p3,22,23-triol (6-deoxo-24-
epiteasterone) (XIV). Potassium hydroxide, 0.019 g
(0.35 mmol), was added to a solution of 0.045 g
(0.0872 mmol) of 22,23-diacetate XIII in a mixture of
0.7 ml of methanol and 0.5 ml of methylene chloride.
The mixture was stirred for 72 h, 3 ml of ethyl acetate
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was added, and the mixture was stirred for 1 h, diluted
with ethyl acetate, washed with a saturated solution of
NH4CI, and dried over MgSQO,. The solvent was
removed, and the residue was subjected to column
chromatography on silica gel using cyclohexane—ethyl
acetate (2:1) as eluent to isolate 0.011 g (30%) of triol
XIV, mp 243-245°C (from hexane). IR spectrum
(KBr): v 3450 cm™'. "H NMR spectrum (pyridine), 3,
ppm: 0.74 s (3H, C'®H3), 0.79 s (3H, C"Hs), 0.94 d
(3H, C**Hs, J = 7 Hz), 1.00 d (3H, C**Hs, J = 7 Hz),
1.03 d BH, C*'Hs, J = 7 Hz), 1.30 d (3H, C*'Hs, J =
6.4 Hz), 3.70 t (1H, 23-H, J = 5.1 Hz), 3.83 sept (1H,
3-H, J=4.8 Hz), 4.04 d (1H, 22-H, J = 3.2 Hz).
BC NMR sPectrum (pyridine), 3¢, ppm: 11.46 q (C*®),
12.23 q (C'®), 12.56 q (C"), 13.35 q (C*"), 17.60 q
(C*), 21.62 t (C'"), 22.54 q (C*), 24.57t (C"), 27.31 d
(C?), 28.55 t (C'®), 29.21 t (C°), 32.41 t (C), 32.56 t
(C?), 35.82d (C?), 35.80 s (C'%), 37.52 t (Ch), 39.38 t
(CY), 40.55 t (C'), 41.41 d (C*), 42.21 d (C*), 42.76 s
(C"), 45.20 d (C°), 53.36 d (C'7), 54.63 d (C), 56.82 d
(C'), 70.65 d (C?), 72.53 d (C*), 76.36 d (C>).
(228,235)-15,15-Ethylenedisulfanyl-3p-hydroxy-
ergostane-22,23-diyl diacetate (XV). Following the
procedure described above for the synthesis of com-
pound IV, from 0.020 g (0.034 mmol) of 15-oxo0
steroid X we obtained 0.012 g (58%) of dithioacetal
XYV as an oily substance. 'H NMR spectrum, J, };Pm:
0.82 s (3H, C'"®H3); 0.84-0.94 m (9H, C"Hs, C*'Hs,
C*H;); 0.94 d (3H, C**H;, J = 7 Hz); 0.98 d (3H,
C*'Hs, J = 7 Hz); 2.06 s (3H, OAc); 2.08 s (3H, OAc);
2.78 d.d (1H, 16-H, J, =7, J, = 15 Hz); 3.08 m,
3.24 m, and 3.42 m (4H, SCH,), 3.6 m (1H, 3-H, J,,» =
19 Hz), 4.86 t (1H, 22-H, J =4 Hz), 5.22 d.d (1H,
23-H, J1 = 3, Jz =6 HZ).
(225,235)-3p-Hydroxyergostane-22,23-diyl
diacetate (XVI). Following the procedure described
above for the synthesis of compound V, from 0.012 g
(0.0197 mmol) of compound XV we obtained 0.010 g
(97%) of diacetate XVI as an oily substance. 'H NMR
spectrum (pyridine), 8, ppm: 0.62 s (3H, C18H3), 0.78-
0.84 m (15H, C'"Hs, C*'H;, C**H;, C*'H;, C**H,),
2.04 s (3H, OAc), 2.06 s (3H, OAc), 3.6 m (1H, 3-H,
Jwn =19 Hz), 5.12 m (1H, 22-H), 5.24 m (1H, 23-H).
C NMR spectrum (pyridine), 3¢, ppm: 10.69 q (C**),
12.21 q (C'®), 12.52 q (C"), 14.82 q (C*"), 19.31 q
(C*), 21.56 t (C'"), 21.88 q (C**), 28.62 t (C'°), 29.18
(C%), 30.48 d (C*), 32.38 t (C7), 32.54 t (C?), 35.74 d
(C%), 35.79 s (C'), 37.53 t (C"), 39.35 t (CY), 40.7 d,
415 d, 42.2 5,434 t, 46.1 t, 50.0 d, 52.3 d, 56.9 d,
60.4d,70.5d,122.5d, 140.8 s,212.8 s.
(225,238)-Ergostane-3p,22,23-triol (XVII). Fol-
lowing the procedure described above for the synthesis
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of compound XIV, from 0.010 g (0.019 mmol) of
22,23-diacetate XVI we obtained 0.005 g (61%) of
triol XVII, mp 149—-151°C (from hexane). 'H NMR
spectrum, 6, ppm: 0.67 s (3H, C18H3), 0.79 s (3H,
C'"H3), 0.98 d (3H, C*'Hs, J = 6.7 Hz), 1.05 d (3H,
C*H,, J = 6.7 Hz), 1.19 d (3H, C**H;, J = 6.7 Hz),
1.34 d 3H, C*'Hs, J= 6.7 Hz), 3.84 sept (1H, 3-H, J =
5 Hz), 3.94 t (1H, 22-H, J = 3.05 Hz), 4.08 d.d (IH,
23-H, J; = 2.72, J, = 4.33 Hz). >C NMR spectrum
(pyridine), 3¢, ppm: 10.69 q (C**), 12.21 q (C'®),
12.52 q (C"), 14.82 q (C*), 1931 q (C*"), 21.56 t
(C'™), 21.88 q (C*), 24.79 t (C"), 28.62 t (C'°), 29.18
(C%), 30.48 d (C*), 32.38 t (C"), 32.54 t (C?), 35.74 d
(C%, 35.79 s (C"), 37.53 t (C"), 39.35 t (C*), 40.35 t
(C'), 42.92 d (C*°), 43.38 s (C"), 44.97 d (C*),
45.22 d (C%), 53.27 d (C'), 54.56 d (C°), 56.42 d (C'),
69.95 d (C*»), 70.62 d (C*), 73.20 d (C*).
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