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Abstr act—Starting with A15-17-ketosteroids, applying Normant reaction with allylmagnesium bromide and anionic
Cope rearrangement of the formed allyl alcohol, 15c-derivatives of androstane series were prepared. The latter
were brought into Wittig reaction with an ylide generated from ethyltriphenylphosphonium bromide, and the
product was subjected to ene reaction to provide 15o-substituted pregnanes.
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We reported formerly on a synthesis of a series of
15B-substituted 17Z-pregnenes [1] proceeding from
dehydroepiandrosterone. Thiscommunication dealswith
the synthesis of new 15a-substituted pregnenesand with
some their transformations. We selected as an initial
substance for the synthesis compound |1 prepared by
dehydrosilylation of a silyl enol ether of dehydroepi-
androsterone tetrahydropyranyl derivative (1) [2]. The
conversion of unsaturated ketonel | into aderivativewith
a 150-substituent 1V was carried out by the method
developed for estrone series compounds [3, 4]. To this
end A15-17-ketosteroid || was treated with an organo-
cerium compound prepared from allylmagnesium
bromide and cerium chloride to obtain alyl alcohol 111
inanearly quantitativeyield. Itsformation was confirm-
ed by the appearance in the 1H NMR spectrum of one-
proton and two-proton multipletsat  5.94 and 5.14 ppm
characteristic of an alyl structure, and also by the dis-
appearance in the IR spectrum of the absorption band
belonging to the carbonyl stretching vibration and by
the presence of aband at 3500 cmr1 from the stretching
vibrations of a hydroxy group.

Alcohol 111 under conditions of Cope anionic
rearrangement (a treatment with potassium hydride in
THF at —78°C in the presence of 18-crown-6 [3]) was
converted into ketone 1V in 56% yield. Regretfully, the
use of potassium hexamethyldisilazide [5] asabasedid
not led to anincreased yield of the target ketone, whereas
in the series of estrane derivatives the yields attained
were up to 90%. The structure of compound IV follows
from its IR spectrum (the absorption band of hydroxy

group stretching vibrations disappears, and the carbonyl
group band isobserved at 1750 cm-1) and from *H NMR
spectrum (the signals of olefin protons at C15 and C16
vanish, and the signalsof allyl group protons shift upfield
to & 5.79 and 5.02 ppm).

Thetransition to pregnane derivativeswas preformed
by subjecting ketone IV to Wittig reaction with ylide
generated from ethyltriphenylphos-phonium bromide
using potassium tert-butylate asbase. Asaresult asingle
product was isolated, triene V. It was established by
comparison of the spectral characteristicsof olefinV with
those of previously obtained 17Z-olefins of 1503-series
[1] and 17Z-olefins lacking a substituent in the D ring
[6] that in the presence of the 15c-substituent also
formed an olefin of 17Z-configuration. However the
signal of the proton at C20 being identical in pattern
and having the same coupling constants appear-
ed upfield (& 5.08 ppm) compared with unsubstituted
or 15B-substituted 17-ethylidene derivatives (6
5.15 ppm).

We planned to perform the regiosel ective hydroxyla-
tion of the terminal double bond in compound V by
hydroboronizing. However we failed to carry out the
reaction using 9-BBN or thexylborane. The hydro-
boronizing was successful only at the use of a complex
borane-dimethy! sulfide; therewith the hydroboronizing
occurred at the terminal double bond providing alcohol
VI and also partially at the A17-bond with the formation
of diol VII. Surprisingly under the chosen conditions
(in THF at 0°C) an isomerization of Al7-bond occurred
in the main reaction product. The 17E-configuration of
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compound VI and its ester V111 was established from
their IH NMR spectrawhere the signal of proton at C20
was shifted upfield and had aquite different pattern. The
protons signal of methyl group at C?! was aso shifted
upfield from 1.66 (V) to 1.54 ppm (VI) as inherent to
17E-pregnenes [7]. 13C NMR spectra of olefins V and
VI aso were different. The most sensitive were signals
of C17 and C18 (they shifted downfield by 2 ppm) and
signal of C20 (it shifted upfield by 3 ppm).

The double bond migration in the course of
hydroboronizing was formerly described. It occurs
through an equilibrium borane addition to the double
bond at ahigh (up to 160°C) [8] or elevated (from 20 to
60°C) temperature, as in the case of 20-methylpregn-
17-ene [9]. Presumably the isomerization we observed
was an intramol ecular process originating from thefairly
close location of the double bonds. 20S-Configuration
of the C20 center intheminor product VI 1 was established
fromthe chemical shift of the protonssignal of the methyl
groups at C20 and C13 in the IH NMR spectra. In the
spectrum of 20R-isomer these signals are observed at
0.80 and 1.15 ppm respectively, and in the spectrum of

20S-isomer, at 0.70 and 1.22 ppm [10]. In the spectra of
compounds| X and VI prepared by usthe proton signals
of methyl groups appeared at 0.71-0.72 (18-Me) and
1.22-1.23 ppm (21-Me).

In order to prove additionally the configuration of the
AY7-bond in compound VI we carried out an enereaction
of olefin V111 with paraformaldehyde in the presence of
diethylaluminum chloride for this process was known
[6, 11, 12] to proceed stereosel ectively: The 17Z-ethylid-
enes should provide 20B-, and the 17E- ethylidenes, 200.-
methylderivatives. As aresult of the reaction two com-
pounds were obtained: homoallyl alcohol X (product of
the ene reaction) in 22% yield and diol XI (product of
enereaction and of removal of tetrahydropyrany! protec-
tion) in 42% vyield.

At the same time an analogous ene reaction was
performed with 17Z- ethylidene XII1 [1] possessing a
15B-substituent; here a homoallyl alcohol XIV was
obtained in 51% yield.

Theanaysisof spectraof compounds X, X1, and X1V
and acetates XI1 and XV prepared by acylating the
corresponding alcoholswith acetic anhydridein pyridine
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led to the following conclusions. It is known from
published data that in the IH NMR spectra of 20S
derivatives free of substituents at C15 a characteristic
signal of the protons of 21-methyl appearsin the region
6 1.01-1.05 ppm [13-16], whereasin the spectra of 20R-
isomersthissignal isobserved in theregion é 1.11 ppm
[17,18]. Thesignal of analogous protonsinthelH NMR
spectra of compounds X—XI1 appears at 6 1.11 ppm
confirming the assumption on the isomerization of the
double bond in the course of hydroboronizing compound
V. IntheH NMR spectrum of acetate X1 signals of an
impurity were found (up to 10% according to integral
intensity) corresponding to 20S-isomer. Thisfact suggests
either anincompleteisomerization of 17Z-olefinV during
hydroboronizing or a certain possibility of the reagent
attack from the side of the 3-region of the steroid olefin
molecule VII1; the latter may be due to the presence of
the 150.-substituent.

EXPERIMENTAL

Melting points were measured on a Koeffler heating
block. 1H and 13C NMR spectra were registered on
aspectrometer Bruker A-200 (operating frequencies 200
and 50 MHz respectively) in CDCl; with TM Sasinternal
reference. IR spectra were recorded on a spectro-
photometer UR-20 from films or KBr pellets. Mass
spectraweretaken on aHewlett Packard-5890 instrument
in electron impact (EI) mode or on AMD 402 Intectra
deviceat electrospray ionization (ESI) at ionizing energy
70 eV. The solventswere prepared by known procedures
[19], all reactions were carried out under an argon
atmosphere. The reaction progress was monitored by
TLConMerck (Kieselgel 60 F,5,) plates. The chromato-
graphic separation of the reaction mixtures was done
using silicagel 40/60 (Kieselgel 60, Merck).

3B-(2-Tetrahydropyranyloxy)androsta-5,16-dien-
17-one (I1). To a solution of 3.6 mmol of lithium
diisopropylamide in 5 ml of THF was added at —78°C

1.116 g (3 mmol) of 3B-(2-tetrahydropyranyloxy)androst-
5-en-17-one in 10 ml of THF. The solution was stirred
for 20 min, and 0.868 g (1 ml, 8 mmol) of trimethylsilyl
chloride was added. The cooling was removed, and the
reaction mixture warmed at stirring to 0°C within
30 min. Then the reaction mixture was poured into
amixture of saturated solutions of NaHCO3 and NaCl,
1:1. Theorganic layer was separated, the water layer was
extracted with ethyl acetate, the combined extractswere
washed with asaturated solution of NaCl, and dried with
anhydrous sodium sulfate. On removing solvent (without
heating) the residue (0.575 g) was dissolved in 50 ml of
acetonitrile, 0.672 g (3 mmol) of Pd(OAc), was added,
and the solution obtained was boiled for 20 min. On
completion of the reaction the solution was cooled,
evaporated, and the residue was subjected to chromato-
graphy onsilicagel (eluent toluene—ethyl acetate, 95:5).
We obtained 0.195 g (17%) of initial ketone | and
0.855 g (77%) of dienone 11, mp 152-154°C (hexane)
(132-142°C[20Q)]). IR spectrum (KBr), cmr1: 2950, 2870,
1720 (CO), 1470, 1120, 1040, 820. H NMR spectrum,
S, ppm: 1.05 s (6H, 18-Me and 19-Me), 3.51 m (2H,
C®H,, C¢H, J,» 28 Hz), 3.91 m (1H, C8H, J,» 22 HZ),
4.70 m (1H, C2H, J,;/» 10 HZz), 5.37 m (1H, C¢H,
Jw2 9H2), 6.03d.d (1H, C6H, J, 6.1, J, 3Hz), 7.48 d.d
(1H, C¥3H, J; 6.1, J, 1.2 Hz).
17a-Allyl-17-hydroxy-3B-(2-tetr ahydropyranyl-
oxy)androsta-5,15-diene (l11). To a suspension of
1.166 g (4.73 mmol) of anhydrous CeCl; in 15 ml of
THF was added 4.73 ml of 1 M solution of allyl-
magnesium bromide in THF at —78°C. After 1 h to the
solution obtained 0.731 g (1.98 mmol) of steroid Il in
10 ml of THF was added. The solution was stirred for
15 min at —78°C, and a saturated solution of NH,Cl was
added thereto. The organic phase was extracted with ethyl
acetate, the extract was washed with a saturated NaCl
solution and dried with anhydrous sodium sulfate. On
removing the solvent the residue (0.889 g) was
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crystallized from hexane, the crystals were filtered off
to obtain 0.631 g of compound I11. The mother liquor
was evaporated, and the residue (0.306 g) was purified
by chromatography on silica gel (eluent toluene—ethyl
acetate, 95:5). Thusadditional 0.168 g of steroid |11 was
obtained. Overall yield 0.799 g (98%), mp 149-152°C
(hexane). IR spectrum (KBr), cm-1: 3500, 2940, 2870,
1040. H NMR spectrum, o, ppm: 0.92 s (3H, 18-Me),
1.05 s (3H, 19-Me), 3.52 m (1H, C3H,, C¢H,
Jw2 33 Hz),3.92m (1H, C8H, J,,, 23 Hz), 4.71 m (1H,
C2H, J,», 9 Hz),5.14 m (2H, C3H, J,», 19 HZz), 5.37 m
(1H, C¢H, J,,» 9 Hz), 5.68 d.d (1H, C15H, J; 5.8,
J, 3Hz),5.83d.d (1H, C16H, J; 5.8, J, 1.2 Hz), 594 m
(1H, CZ'H, J,,» 32 Hz). 13C NMR spectrum, 3, ppm:
14.7q,19.3q, 20.0t, 20.4t, 25.4t,27.9t,29.8d, 30.4t,
31.2t,31.7t,36.95s,37.0t,38.0t,40.2t,50.6 d, 50.7 s,
57.4d,628t, 75.8d, 859 s, 96.8 d, 118.6 t, 120.8 d,
131.0d, 135.0d, 137.5d, 141.4 s. Mass spectrum (ESI),
m'z (1,y, %): 435 [M + Na]* (100).

15a-Allyl-3B-(2-tetr ahydropyr anyloxy)andr ost-5-
en-17-one (1V). To asuspension of 0.120 g (3 mmol) of
potassium hydride in 5 ml of THF was added in
succession at —78°C 0.290 g (1.1 mmol) of dibenzo-18-
crown-6 and 0.241 g (0.59 mmol) of steroid I11. The
solution was stirred for 48 h at 10°C and treated with
a saturated NH,CI solution, reaction products were
extracted into EtOAc, the extract was washed with
a saturated NaCl solution and dried with anhydrous
sodium sulfate. On removing the solvent the residue was
subjected to chromatography on silica gel (eluent
cyclohexane-toluene, 1:1). Yield 0.134 g (56%), mp 141—
143°C (hexane). IR spectrum (KBr), cm=1; 2940, 2860,
1750. 1H NMR spectrum, 9, ppm: 0.93 s (3H, 18-Me),
1.06 s (3H, 19-Me), 3.51 m (2H, C3H,, C¢H,
Jw238Hz),3.92m (1H, C¢H, J,,, 22 Hz), 4.71 br.s(1H,
C2H),5.02m (2H, C¥H, J,,», 22 Hz), 5.35 br.d (1H, C¢H,
J 4.9 Hz), 5.70 m (1H, CZH, J,,» 40 Hz). 13C NMR
spectrum, o, ppm: 15.17 g, 19.54 ¢, 20.19 t, 20.22 t,
25.65t, 28.12t, 31.44 t, 31.44 t, 33.03 d, 33.19 t,
37.02 s, 37.08 d, 37.38 t, 40.00 t, 40.18 t, 42.65 t,
50.09 s, 50.16 d, 55.20 d, 63.09 t, 75.93 d, 97.09 d,
116.70 t, 120.88 d, 136.60 d, 141.08 s, 219.99 s. Mass
spectrum (ESI), m/z (1,4, %): 435 [M + Na]* (40), 383
(200).

Further elution (eluent cyclohexane-toluene, 1:2)
provided 0.031 g (13%) of theinitial ketone.

(172)-15a-Allyl-3B-(2-tetr ahydropyranyloxy)-
pregna-5,17-diene (V). To a solution of ylide prepared
by stirring 0.165 g (1.37 mmol) of potassium tert-butylate
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and 0.599 g (1.62 mmol) of ethyl triphenylphosphonium
bromide in 3 ml of benzene at 40°C in 0.5 h was added
0.229 g (0.56 mmoal) of steroid IV in 5 ml of benzene at
10°C. Thesolution wasboiled for 4 h, cooled, and excess
acetone was added. After 30 min the solution wastreated
with 1 ml of saturated solution of NH,Cl, diluted with
hexane, and filtered through a layer of Na,SO,. On
removing the solvent the residue was subjected to
chromatography on silica gel (eluent toluene-hexane,
1:1). Yield 0.203 g (85%), oily substance. IR spectrum
(film), cm1: 2940, 2860, 1160. IH NMR spectrum, d, ppm:
0.95s(3H, 18-Me), 1.03 s (3H, 19-Me), 1.66 br.d (3H,
21-Me, J 7.1 Hz), 3.51 m (2H, C3H,,, C¢H, J,,» 38 Hz),
3.92 m (1H, C8H, J,,» 22 Hz), 4.72 m (1H, C2H,
Jwe 7 HZz), 494 d (1H, C3'Hs, J 9.1 HZ), 4.99 br.d
(1H, C3'Hy; 4ns J 16.3 HZ2), 5.08 q.t (1H, C20H, J; 7.1,
J, 1.6 Hz), 5.34 br.d (1H, C8H, J 4.8 Hz), 5.77 m (1H,
C2'H, J,» 40 Hz). 13C NMR spectrum, 8, ppm: 13.1 q,
17.8q,19.3q,20.0t,20.8t,25.5,t28.0t, 31.3t, 32.7d,
33.0t,36.7t,36.8s,37.2t,38.7d, 39.5t,40.0t, 40.6 ,
46.1's,49.9d, 59.3 d, 62.8 d, 75.9t, 96.8 d, 112.8 d,
115.1t,121.2d, 138.0d, 140.7 s, 1485 s.

Hydroboronizing of triene V. To a solution of
0.156 g (0.37 mmol) of steroid V in 5 ml of THF was
added 2 ml (0.4 mmol) of 0.2 M solution of BH3:(CH5),S
at 0°C. The solution was stirred for 30 min, then 1 ml of
4 N solution of NaOH and 1 ml of 30% hydrogen
peroxide were added, and the stirring was continued for
2 h more. Then a solution of sodium thiosulfate was
added, the organi c phase was extracted with ethyl acetate,
the extracts were washed with saturated solutions of
NH,Cl and NaCl, and dried with anhydrous sodium
sulfate. On removing the solvent the residue was
subjected to chromatographic separation on silica gel
(eluent toluene—ethyl acetate, 4: 1). We obtained 0.070 g
(43%) of diene VI and 0.051 g (30%) of alcohal VII.

(17E)-15a-(3-Hydroxypropyl)-3p-(2-tetrahydro-
pyranyloxy)pregna-5,17-diene (VI1), mp 146-149°C
(hexane). IR spectrum (KBr), cm-1: 3500, 2940, 2860,
1160. 1H NMR spectrum, 9, ppm: 0.79 s (3H, 18-Me),
1.02 s (3H, 19-Me), 1.53 d (3H, 21-Me, J 5.9 Hz),
3.50 m (2H, C3H,,, C¢H, J,,» 32 Hz), 3.64 t (2H, C3'H,
J 6.4 Hz), 3.89 m (1H, C8H, J,,» 33 Hz), 4.71 m (1H,
C2H, J,» 6 H2), 5.02 m (1H, C®H, J,,,» 30 HZz), 5.32 m
(1H, C8H, J,;;» 11 Hz). 13C NMR spectrum, 6, ppm:
13.99,19.5q, 20.10 g, 20.20t, 20.80t, 25.70 t, 28.20 t,
3150t 31.90t, 32.70 t, 33.10 d, 33.50 t, 34.80 t,
35.80t, 36.90 s, 37.50 t, 39.70 d, 40.20 t, 45.30 s,
50.60 d, 58.70 d, 63.00 t, 63.50 t, 76.1 d, 97.1 d,
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109.80 d, 121.40 d, 140.10 s, 150.90 s. Mass spectrum
(ESl), Mz (l,4, %): 465 [M + Na]+ (60).

(20S)-15a.-(3-Hydroxypropyl)-3B-(2-tetra-
hydropyranyloxy)pregn-5-en-20-ol (VII), mp 176—
177°C (EtOAcC). IR spectrum (KBr), cm1: 3500, 2940,
2860, 1160. 1H NMR spectrum, 3, ppm: 0.72 s (3H, 18-
Me), 1.01s(3H, 19-Me), 1.23d (3H, 21-Me, J 7.3 Hz),
3.49m (2H, C3H,,, CEH, J,,» 25 Hz), 3.62t (2H, C3'H,
J 6.1 Hz), 3.74 m (1H, C®H, J,,» 20 Hz), 3.91 m (1H,
CSH, J,» 28 Hz), 471 m (1H, C?H, J,;» 9 HZz), 5.33 m
(1H, C8H, J,» 9 Hz). 13C NMR spectrum, 3, ppm:
13.6,19.5q,20.2t,20.6t,24.0q, 25.7t, 28.2t, 31.5t,
31.8t,32.7d,33.3t,33.5t,34.0t,37.1s,37.41,38.7t,
38.8d,40.2t, 43.7 s, 50.1 d, 56.4 d, 60.2 d, 63.0 t,
6341, 70.0d, 76.1d, 97.0 d, 121.4 d, 141.0 s. Mass
spectrum (ESI), m/'z (1,4, %): 483 [M + Na]* (100).

(17E)-15a-(3-Pivaloyloxypropyl)-3B-(2-tetra-
hydropyranyloxy)pregna-5,17-diene(VII1). Toasolu-
tion of 0.070 g (0.16 mmol) of steroid VI in 1 ml of
pyridine was added 0.060 g (0.32 mmoal) of trimethyl-
acetic anhydride and 4 mg (0.04 mmol) of dimethyl-
aminopyridine. The solution was stirred for 12 h, then
poured into water, and the products were extracted into
ethyl acetate. The combined extracts were washed in
succession with saturated solutions of NaHCO; and
NaCl, and dried with anhydrous sodium sulfate. On
removing the solvent the residue was subjected to
chromatography on silica gel (eluent toluene—ethyl
acetate, 9:1). Yield 0.057 g (68%), mp 92—95°C (hexane).
IR spectrum (KBr), cm-L: 2940, 2860, 1740, 1160.1H NMR
spectrum, 8, ppm: 0.79 s (3H, 18-Me), 1.02 s (3H, 19-
Me), 1.20 s (9H, MesC) 1.54 d (3H, 21-Me, J 6.7 Hz),
3.50 m (2H, C*H,,, C¢H, J,,;» 30 HZ), 3.92 m (1H, C5H,
Ju2 28 Hz), 405t (2H, C3¥H, J 6.1 Hz), 4.72 m (1H,
C2H, J,» 9Hz), 5.03 m (1H, C®H, J,,, 28 Hz), 5.31 m
(1H, C8H, J,, 9 H2).

(20S)-15a-(3-Pivaloyloxypropyl)-3p-(2-
tetrahydropyranyloxy)pregn-5-en-20-ol (1X). By the
above procedure from 0.045 g (0.1 mmol) of alcohol V11
and 0.026 g (0.15 mmoal) of trimethylacetic anhydride
we obtained 0.019 g (36%) of ester | X asoily substance.
IR spectrum (film), cm2: 3420, 2860, 1745, 1160. 1H NMR
spectrum, 8, ppm: 0.71 s (3H, 18-Me), 1.01 s (3H, 19-
Me), 1.18 s (9H, Me;C), 1.22 d (3H, 21-Me, J 6.1 Hz),
3.50m(2H, C3H,, C¢H, J,,» 33Hz), 3.71 m (1H, C®H,
Jw2 26 Hz), 3.91 m (1H, C8H, J,,, 23 Hz), 4.03t (2H,
C3H, J5.8 Hz), 471 m (1H, C?H, J,,» 9 Hz), 530 m
(1H, C8H, J,,, 10 H2).
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Ene reaction of compound VIII with paraform-
aldehyde. To a stirred solution of 0.008 g (0.27 mmol)
of paraformaldehyde in 1 ml of dichloromethane was
added at —78°C 0.54 ml of 1 M solution of diethyl-
aluminum chloride in hexane. After 45 min to the
complex obtained was added 0.046 g (0.09 mmol) of
steroid V111 in4 ml of dichloromethane, and the mixture
was stirred at —30°C. After 3 h to a solution 0.2 ml of
pyridinein 1 ml of methanol was added, and the cooling
was removed. After the end of gas|iberation the mixture
was poured into a saturated solution of NaHCO,, the
products were extracted with EtOAc, the extract was
washed with a saturated NaCl solution, and dried with
anhydrous sodium sulfate. On removing the solvent the
residue was separated by chromatography on silica gel
(eluent toluene—ethyl acetate, 4:1). We obtained 0.011
(22%) of acohol X and 0.018 g (42%) of diol XI.

(20R)-20-Hydroxymethyl-15a-(3-pival oyl oxy-
propyl)-3B-(2-tetrahydropyranyloxy)pregna-5,16-
diene (X). Oily substance. IR spectrum (film), cm1;
3420, 2940, 2860, 1750. IH NMR spectrum, 8, ppm:
0.85 s (3H, 18-Me), 1.06 s (3H, 19-Me), 1.12 d (3H,
21-Me, J6.7Hz),1.19s(9H, MeyC), 3.41d.d (1H, C%2H,
J, 10.8, J, 5.6 Hz), 3.51 m (3H, C3H,, C22H, CSH,
Jw2 30 Hz), 3.91 m (1H, C¢H, J,,, 23 Hz), 4.06 t (2H,
C3H, J5.4 Hz), 471 m (1H, C2H, J,» 9 HZz), 531 m
(1H, C8H, J,,» 9HZ), 5.36 C (1H, C16H). Mass spectrum,
m'z (1,4, %): 426 (20), 327 (20), 309 (30).

(20R)-20-Hydroxymethyl-15a-(3-pivaloyl-
oxypropyl)pregna-5,16-diene-3p-ol (X1), mp 127—
130°C (hexane). IR spectrum (KBr), cmr1: 3500, 2940,
2860, 1750. 1H NMR spectrum, &, ppm: 0.84 s (3H,
18-Me), 1.04 s (3H, 19-Me), 1.11 d (3H, 21-Me,
J6.7 Hz), 1.19 s (9H, Me;zC), 3.41 d.d (1H, C22H,
J;10.8,J,5.6 Hz), 3.56 m (2H, C3H,, C2H, J,,», 31 H2z),
4.04t (2H, C3H, J 5.4 Hz), 5.31 m (1H, C&H,
Jw2 10 Hz), 5.35 C (1H, C16H).

(20R)-3B-Acetoxy-20-acetoxymethyl-150.-(3-
pivaloyloxypropyl)pregna-5,16-diene (XII). To
asolution of 17 mg (0.036 mmol) of steroid XI in4 mi
of dichloromethane was added 0.018 ml (0.16 mmol) of
acetic anhydride and 0.016 ml (0.2 mmol) of pyridine.
Thesolutionwas stirred for 12 h, then 0.1 ml of methanol
was added, the reaction mixture was diluted with
dichloromethane, washed in succession with saturated
solutions of NaHCO5; and NaCl, and dried with
anhydrous sodium sulfate. On removing the solvent the
residue was subjected to chromatography on silica gel
(eluent toluene—ethyl acetate, 4:1). Yield 8 mg (40%).
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Qily substance. IR spectrum (film), cm=1: 2940, 2860,
1750, 1240. IH NMR spectrum, 9, ppm: 0.83 s(3H, 18-
Me), 1.06 s (3H, 19-Me), 1.11 d (3H, 21-Me, J 6.7 Hz),
1.19s(9H, Me;C), 2.03 s(3H, OAc), 2.05s(3H, OAc),
3.79 d.d (1H, C22H, J; 104, J, 85 Hz), 4.04 t (2H,
C3H, J5.8 Hz), 4.06 m (1H, C%H, J,», 17 Hz), 459 m
(1H, C3H,, 2 23 Hz), 5.32 s (1H, C16H), 5.34 m (1H,
C8H, J,» 10 Hz). 13C NMR spectrum, 6, ppm: 17.7 q,
18.4q,19.3q,205¢t,21.0q,21.4q, 26.6t, 27.2 q,
27.7t,29.7t,31.1d, 31.8d,33.0t,34.7t,36.9 s, 37.0t,
38.0t,38.8s,44.5d, 48.8 C, 50.2d, 59.7 d, 64.6 t,
68.7t,73.8d,122.2d,127.9d, 139.7 5, 154.9 5, 17055,
171.1s,1786s.
(20S)-3B-tert-Butyldimethylsilyloxy-20-
hydroxymethyl-15B-(4-pivaloyloxybutyl)-pregna-
5,16-diene (X1V). Along the procedurefor the synthesis
of steroids X and X1 from 0.072 g (0.12 mmol) of com-
pound X111, 0.011 g (0.36 mmol) of paraformaldehyde,
and 0.7 ml of 1 M solution of diethylaluminum chloride
in a mixture of hexane isomers we obtained 0.037 ¢
(51%) of compound X1V, mp 79-80°C (hexane). IR
spectrum (film), cm1; 3420, 2940, 2860, 1750, 1160,
1100. 1H NMR spectrum, 9, ppm: 0.05 s (6H, Me;Si),
0.88 s (3H, 18-Me), 0.98 s (9H, Me;CSi), 1.03 d (3H,
21-Me, J6.7Hz),1.05s(3H, 19-Me), 1.18 s(9H, MesC),
3.54 m, (3H, C3H,, C22H, J,,» 33 Hz), 4.04 t (2H,
C#4H, J6.1 Hz), 5.33d (1H, C8H, J4.9Hz), 5.59d (1H,
C16H, J 2.4 Hz). 13C NMR spectrum, o, ppm: —4.6 g,
18.1q,18.2s,19.2q, 20.6 t, 220 q, 25.4 t, 259 q,
27.2q,28.6d,28.9t,29.9t,31.4t,32.0t,35.3d, 36.9t,
36.9s,37.3t,38.7s,42.7t,43.8d,47.15,51.3d, 58.5d,
64.2t,66.7t,72.5d,120.8d, 127.3d, 142.0 s, 156.9 s,
178.6 s.
(20S)-3B-Acetoxy-20-acetoxymethyl-158-(4-
pivaloyloxybutyl)pregna-5,16-diene (XV). To
asolution of 0.025 g (0.04 mmol) of steroid X1V in1mi
of THF was added 0.56 ml of 1 M solution of tetra-n-
butylammonium fluoride in THF, and the mixture was
stirred for 1 h at room temperature. The reaction mixture
was diluted with EtOAc, washed in succession with
saturated solutions of NaHCO; and NaCl, and dried with
anhydrous sodium sulfate. On removing the solvent the
residue was dissolved in 1 ml of pyridine, and 0.03 ml
(0.32 mmoal) of acetic anhydride was added. The solution
was stored at room temperature for 12 h, then 0.1 ml of
methanol was added, the solution was diluted with
EtOAc, washed in succession with saturated solutions
of NaHCO3 and NaCl, and dried with anhydrous sodium
sulfate. On removing the solvent the residue was
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subjected to chromatography on silica gel (eluent
toluene—ethyl acetate, 9:1). Yield 21 mg (92%), oily
substance. IR spectrum (film), cm-1: 2940, 2860, 1750,
1240. H NMR spectrum, 3, ppm: 0.96 s (3H, 18-Me),
1.05d(3H, 21-Me, J6.9 Hz), 1.07 C (3H, 19-Me), 1.19
C (9H, MegC), 2.03 C (3H, OAc), 2.04 C (3H, OAc),
2.45 sextet (1H, C2°H, J 7.5 Hz), 3.93 d.d (1H, C22H,
J; 10.5,J,8.4Hz), 4.03t.d (2H, C4H, J; 6.5, J, 1.9 HZz),
4.13 d.d (1H, C22H, J; 10.6, J, 6.1 Hz), 4.60 m (1H,
C3H,, Ju» 32 Hz), 5.40d (1H, C®H, J 49 Hz), 557 d
(1H, CH, J 2.6 Hz). 13C NMR spectrum, 3, ppm:
18.7q,19.1q, 20.5¢t,209q, 21.4 q, 21.7 q, 25.4 t,
27.2q,27.7t,28.6d, 28.9t,29.8t,31.4t,31.4d, 36.9t,
37.0t,37.0s,38.1t,36.1s,43.8d, 47.2 C, 51.2 d,
58.2d,64.3t,68.7t,73.9d, 122.3d, 127.0d, 140.1 s,
156.2s,170.5s,171.15,178.6 s.
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