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A number of 3f-acetoxy-5-hydroxy-steroids in the 5« (A/B-trans) and 58
(A/B-cis) series, containing different substituents at G(17) (I and II, a—e), have
been synthesized according to the general reaction sequence (Scheme 2) involving
conversion of 3f-acetoxy- or 3B-hydroxy-5-olefinic stercids (V) 1o the corresponding
Sa, bo- and 58, 68-epoxy compounds (VI and VII} by means of peracids (the B-epox-
ides (VII) being also obtainable indirectly from (V) via the a-epoxides (VI); Scheme
4), followed by reductive opening of the oxirane ring in these epoxides with Jithium
aluminium hydride and acetylation of the 3-hydroxyl group in the resulting 38, Se-
and 38, 58-diols (VIII and IX). The IH-NMR spectra of these compounds and
of other intermediates, such as Sz-androstane-38,35,68-triol 3,6-diacetate (XIIId)
and triacetate (XIVd), are discussed.

In order to study the effect of configuration at C(5) and the influence of
remote substituents (i.e. ,long range® effects) on the ease and stereochemical
course of the oxidative 5,10-fragmentation of 5-hydroxy-steroids (I and II, Scheme
1}, a reaction which involves cleavage of the C(5)-—C(10) bond and formation

/Ac s

{For R s¢e Scheme 2)

11 t5p1

Scheme [

of ten-membered ring containing (Z)- and (E)-1{10)-olefinic 5,10-seco-steroid
derivatives (IIT and IV)1-3, Sx~ and 5f-alcohols (I and II) with different substi-
tuents (R) at C(17) were required as substrates,

* Address for correspondence: Department of Chemistry, Faculty of Science, Studentski
trg 16, P. O. Box 550, YU-11001 Belgrade, Yugoslavia.
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The following 17-substituted and 17-unsubstituted 3B-acetoxy-5-hydroxy-
-steroids (I and II, Scheme 2) were considered to be convenient substrates for
the investigation of this type of fragmentation:

— In the 5x {(i.e. A/B-trans) series (I): 5a-cholestane-38,5-diol 3-acetate
(Ia), Sw-androstane-3B,5,17B-triol 3,17-diacetate (Ib), 3B,5-dihydroxy-5x-andro-

stan-17-one 3-acetate (Ic), Sa-androstane—Bﬁ,S -dio]l 3-acetate (Id), 5f8-cholane-
~3[,5,24-triol 3,24-diacetate (Ie);

— In the 58 (i.e. AfB-cis) series (II}: 5B-cholestane-38,5-diol 3-acetate
(I1a), 5B-androstane-34,5,173-triol 3,17-diacetate (IIb), 3B,5-dihydroxy-5f-andro-
stan-17-one 3-acetate (IIc), 5B-androstane-38,5-diol 3-acetate {IId).
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With the exception of 5f-cholestane-3(3,5-diol 3-acetate (IIa), which was
obtained from 48,5-epoxy-5B-cholestan-3p-ol acerate by lithium aluminium hydride
reduction and subsequent acetylation of the 3f3-hydroxyl group, all the alcchols
mentioned above were synthesized according to the reaction sequences outlined
in Scheme 2. Epoxidation of the 3f-acetoxy- or 38-hydroxy-5-olefinic steroids
(V, R’ = Ac or H) with peracids (monoperphthalic or 3-chloroperbenzoic acid)
afforded in high yield the corresponding Sa, 6~ and 58,68-epoxy compounds
(VI and VII, R’ = Ac or H), which were separated and subjected to reduction
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with lithium aluminium hydride*. In the case of the a-epoxides (VI, R’® = Ac
or H), the reductive opening of the oxirane ring was regioselective [i.e. attack
of hydride took place exclusively at C(6)]¢ and gave as only product the 3p,5z-diols
(VIII, R’ = H), which were converted by acetylation of the 3p-hydroxyl group
to the corresponding 3f-acetoxy-Se-hydroxy-steroids (I). In contrast to the c-epo-
xides (VI, R’ = Ac or H), the 38,68-epoxy compounds (VII, R’ = Ac or H)
were not reduced regioselectively by lithium aluminium hydride [attack of hydride
taking place at both C(6) and C(5)]% bur afforded mixtures of the 3B,5p-diols
(IX, R’ =H) and the isomeric 3f,68-dihydroxy-5a-steroids (X, R’ = H) (in
variable ratios depending upon the epoxide reduced), from which the required
5@-alcohols, either as the 3f,58-diols (IX, R’ = H) or (upon acetylation) as the
final 3p-acetoxy-5f-hydroxy compounds (II), could be separated by column
chromatography and/or crystallization,

In the synthesis of 3B,5-dihydroxy-5«¢-androstan-17-one 3-acetate (Ic)
and 3B,5-dihydroxy-5-androstan-17-one 3-acetate (I1c), the 3p-hydroxyl group
in the 5a,60- and 5f,68-epoxy-17-ketones (VIc and VIIc, R” = H) was first pro-
tected by conversion to the 3p-(2’-tetrahydropyranyljoxy group (VIc and VIlg,
R’ = THP). Lithium aluminium hydride effected reductive opening of the oxirane
ring in these epoxides (Scheme 3) as desribed above (for the epoxy compounds

Vic (R's THPE ~—%m yINIE (R =THP) — ::l’j;:;
— VIl (R~ g
Vile R = THP) 2 Xk + X0 (RY = THP) S Len
Me
m——— ¢ (R* =H) +
APy A g
e

Ile
Scheme 3

VI and VII with the 3@-acetoxy- or 3f-hydroxyl group), and reduced also the
17-0x0 group to the 17B-hydroxyl group, so that the «-epoxide (VIc, R’ = THP)
was converted to the 5o, 17f-diol (VIIIV’, R’ = THP), and the B-epoxide (VIlc,
R’ = THP) to a mixture of 5§,178-diol (IXb’, R’ = THP) and 6p,178-diol (Xb’,
R’ = THP). Reoxidation to 17-one followed by deetherification at C(3) afforded,
in the case of the 5a-alcohol (VIITY’, R’ = THP, Scheme 3), the 17-ox0-3,5«-diol
(VIIIc, R’ = H}, which was acetylated to give the required 3f3-acetoxy-17-oxo-
-5u-0l (Ic}). The same procedure (i.e. reoxidation and deetherification) applied
to the mixture of the 3f- and 6f-alcohols (IXb' 4+ Xb’, R’ = THP, Scheme 3)
gave 17-ox0-38,58-diol (IXc, R’ = H) and 3B-o0l-6,17-dione (XIIc, which were
separated by column chromatography, and the diol (IXc, R’ = H) converted
by acetylation to the required 3p-acetoxy-17-oxo-58-0l (IIc).

* The x-epoxides (VI} were usually the major preducts of epoxidation of olefins (V) with
peracids.
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5,6p-Epoxy-3p-androstan-3¢-ol (VIId, R = H), necessary for the synthesis
of 5p-androstane-38,5-diol 3-acetate (IId), could not be obtained in sufficiently
high yield by direct epoxidation (with peracids} of 3-androsten-3p-ol (Vd, R’'=
=H). Therefore, it was prepared, as shown in Scheme 4, from the corresponding
Se,6-epoxide (VId, R’ = H) {which was obtained as the major product of direct
epoxidation of (Vd, R* = H)], by opening of the oxirane ring by means of acetic
acid - acetic anhydride, followed by acetylation of the S5x-hydroxyl group in the
so formed 3f,5x,6B-triol 3,6-diacetate (XI11d), and reclosure of the oxirane ring,
but now as the 58,6B-epoxide, by treatment of the triacetate (XIVd) with etha-
nolic potassium hydroxide (XIVd—>VIId, R’ = H)*.

—_—
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HO Ohc
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AcOH/ p-TsOH
—
ag®

VIId (R'= )

Scheme 4

It is of interest to note (Scheme 5) that, whereas in 3-androstane-38,5,6p3~
-triol 3,6-diacetate (XIIId) the NMR resonance signal of the equatorial a-proton
at C(6) {which holds a B-acetoxyl group) is centered normally at § 4.76, upon
acetylation of the axial Saz-hydroxyl group, ie. in 5z-androstane-3f,5,63-triol
triacetate (XIVd), this Sa-proton is deshielded by the 5x-acetate carbonyl and
its signal is displaced downfield by about 1.2 ppm, its position being at § 5.93.
The same difference in the position of the chemical shift of the equatorial «-proton
at C(6) is also observed (Scheme 5), as reported and explamned previously® and
now confirmed, in the case of 3u-cholestane-3B,5,63-triol 3,6-diacetate (XIIla)
(normal position) and its Sx-acetate ester (XIVa)** (downfield displacement). Be-
sides, the resonance signal of the equatorial s-proton of the HaC(4) group is simi-
larly displaced downfield {Scheme 35} by the axial S«-acetoxyl group (again de-
shielding effect of the 3-acetate carbonyl), its position being at § 2.85—2.87 in
the triacetates (XIVa) and (XIVd), whereas in the corresponding 3Sa-ols (XIIIa)
and (XIIId) it lies within the methylene envelope in the absorption region § 1—1.8,

The opposite situation regarding the signal of the axial «-proton at C(3)
(which also bears a B-acetoxyl group), namely its normal position (§ 4.75—4.76)

* Other 58,68-epoxy steroids (VII) could also be obtained from the corresponding «-epo
xides (VI) by this reaction seguence {Scheme 4).

** The Sx-cholestane-33,5,68-triol 3,6-diacetate (XI1Ia)® and triacetate (XIVa)? were pre-
pared in the same way as described below (see Experimental) for the corresponding 5a-andro-
stane derivatives (XIIId) and (XIVd). Complete NMR data of these compounds are given in
Experimental.
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when the axial S5«-substituent is acetoxyl (in XIVa and XIVd) and considerable
downfield displacement {3 5.20—5.21) when this substituent is Sec-hydroxyl (in
XIIla and XIIId), has been discussed previously®? (Scheme 3).

Due to the influence of the axial 5x-hydroxyl group, in the tH-NMR spectra
of the 3B,5x-diols (VIII, R’ = H} and their 3-acetates (I}, the resonance of the
axial 3w-proten is, as expecteds, displaced downfield (relative to the 3e-proton
signal of the corresponding Sx-unsubstituted compounds), and is located at about
3 4.1 in the diols (VIII} and 8 5.15—5.2 in the 3-acetates (I), with a half-band
width (W/2) of 18-—22 Hz8® (see Experimental). In the 3B,58-diols (IX, R’ = H)
and their 3-acetates (II), the chemical shift of the equatorial 3x-proton is not
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Scheme 5

markedly affected by the equatorial 58-hydroxyl group$, its position being normal
with respect to the 3a-proton signal in the corresponding 58-unsubstituted com-
pounds, i.e. in the region 3 4.15—4.2 for the diols (IX) and § 5.15—35.3 for the
3-acetates (II), with a half-band width (W/2) of 7—8 Hz? (see Experimental).

In the Sx,6x-epoxides (VI, R’ = H or Ac) the 68-proton signal is a doublet
situated at & 2.90=2.96, J = 3.5—4 Hz% in the 58,68-epoxides (VII, R’ =H
or Ac) the 6x-proton resonates also as doublet, but at lower field (3 3.03—3.15)
and with a smaller coupling constant (J = 2.5—3 Hz)®*, When R’ = H, the
signal of the 3x-proton is located at about & 3.9 for the a-epoxides (VI) and § 3.7

* Fo?complete NMR data of 5,6-epoxy steroids (VI) and (VII} see Experimental.
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for the B-epoxides (VII); when R’ = Ac, this 3x-proton resonates in the region
of & 4.9—5.05 for the «-epoxides (VI) and 8 4.8 for the B-epoxides (VII); in all
cases the half-band width (W/2) is 18—22 Hz, indicating that in the B-epoxides
(VII} the 3x-proton is also axially oriented. When compared to the respective
Se-unsubstituted compounds, it can be seen that the 3g-proton signal in the 3B-
-hydroxy- and 3B-acetoxy Su«,6a-epoxides (VI, R®  =H and Ac) is displaced
downfield by 0.2—0.3 ppm®; however, this is not so in the case of the 3p-hydroxy
and 3p-acetoxy 58,6f-epoxides (VII, R' = H and Ac), where the 3x-proton, being
axial, resonates at higher field (by about —0.2 to —0.4 ppm) than the equatorial
3a-proton in the corresponding 3f-hydroxy- and 3p-acetoxy S5B-unsubstituted
compounds.

According to our results, the downfield increment value (A ppm) for the
signal position of the angular methyl group protons at C(19) due to the 58-hydroxyl
group should be 0.02—0.00 ppm® (instead of the reported value of 0.08 ppm?1®),
and that due to the 38,6p-cpoxy group 0.04 ppm?®11; the 5a,6x-epoxy group causes
an upfield displacement of the signal of the angular methyl protons at C(I8),
the increment being —0.04 ppm®, With these increment values and those due
to other substituents, given previouslyl®l, a good agreement between the cal-
culated and observed chemical shifts for the methyl protons as C(18) and C(19)
(of the steroid compounds described in this paper) were obtained (see Experimental).

Acknowledgement. The anthors are grateful to the Serbian Academy of Sciences and Arts
and to the Serbian Research Fund for financial support.

EXPERIMENTAL*

Melting points are uncorrected. Optical rotations were measured at 20° in CHC! solution,
unless stated otherwise, 1H-NMR spectra were obtained at 100 MHz with a Varian HA-100-D
spectrometer in CDCls solution, using TMS as internal standard; chemical shifts are reported
in 8 (ppm) values, and splittings (i.e. coupling constants J) in Hz (abbreviations: s — singlet
d — doublet, t — triplet, q — quartet, m — multiplet, b— broad). IR spectra were determined
on a Perkin-Elmer instrument, Model 337 vmax are given in cm~1 units, Silica gel (0.05—0.2 mm)
was used for preparative column chromatography. The separation of products was monitored
by thin-layer chromatography on silica gel G (Stahl} with benzene-ethyl acetate (9:1, 7:3 or 1:1),
detection being affected with 50% aqueous sulfaric acid. Light petroleum refers to the fraction
boiling at 40—60°.

Syntheses of 3B-acetoxy-5-hydroxy-steroids (I and II**,

Sa-Cholestane-38,5-diol 3-acetate (Ia). — This compound, m.p. 185°19, was prepared
(according to Scheme 2) from cholesterol (Va, R’=H), via 5,6x-epoxy-5x-cholestan-3B-al (VIa,
R'=H) and 5x-cholestane-3(,5-diol (VIIIa, R'=-H), as described previously?. (NMR data for
(Ia) and (VIIIa, R’=H) were given before?).

5B-Cholestane-30,5-diol 3-acetare (I1a). — This aleohol, m.p. 80—=8&1°14, was obtained
by the lithium aluminium hydride reduction of 4f,5-epoxy-3f-cholestan-3p-ol acetate, followed
by 3-acetylation of the resulting 5B-cholestane-33,5-diol (IXa, R’=H), as reported in the lite-
raturel4, (NMR data for (IIa) and (IXa, R'=H) have been described previcusly®).

* We wish to thank Dr. R. Tasovac (Microanalytical Laboratory, Faculty of Science,
Belgrade) for carrying out elemental microanalyses. Spectral determinations were performed
{NMR) at Ciba-Geigy Limited, Basle, Switzerland (Dr. H. Fuhrer and Dr. G. Rist), and (IR)
in the Laboratories for Instrumental Analysis, Faculty of Science, Belgrade (direction Prof. D.
Jeremic).

** All known compounds had optical rotations in agreement with those reported in the
literature, (For additional melting point and optical rotation values (of known stercid compounds
described in this paper), with bibliographical data up to 1961, see reference 12).
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Sa-Androstane-3p,5,173-rriol 3,17-diacetate (Ib). — This hydroxy steroid, m.p. 181—182%,
was synthesized (Scheme 2) from 3B3-acetoxy-5,6ux-epoxy-Sa-androstan-17-one (VIc, R'=Ac),
via 5z-androstane-3(3,5,178-triol (VIIIN, R’=H), according to published procedurels, IR (KBr)
of (Ib): 3460, 1740, 1715, 1245 (b), 1030; NMR of (Ib): 0.78 (Me—18, s), 1.01 (Me—19, s5), 2.01
and 2.05 (AcO at C-3 and C-17, two 5), 4.64 (HC-17, t, J=7.5 Hz}, 5.22 (HC-3, bm, w/2=22 Haz).

58-Androstane-3p,5,17p~triol 3,17-diacerare (IIb). — A solution of 3B-acetoxy-5,6B-epoxy-
5@-androstan-17-one (VIIe, R’=Acy®i7.* (11.1 g) in anh. diethyl ether (320 ml) was
reduced with lithium aluminium hydride (4.5 g) in anh. diethyl ether (250 ml) (reflux 7 hours),
1o give, after the usual work up (hydrolysis at 0° by dropwise addition of water and 2N sulfuric
acid), a mixture of products (IXb' +Xb’, R'=H) which was acetylated with acetic anhydride
(50 mi) in dry pyridine (100 ml) at room temperature for 48 hours. The resulting mixture was
worked up in the usual way, i.e. treated portionwise at 0° with methanol (70 ml), concentrated
in vacuo to a small volurne, poured into crushed ice-water (150 g) containing conc, HCI (7¢ ml),
the white solid filtered off, washed with water and dried. Recrystallization from methanol afforded
58-androstane-35,5,1 73-triol 3,17-diacetate (IIb) (6.21 g, 49.4%), m.p. 138—139°, [aln= +42.4°
{c=0.95); IR (KBr): 3540, 3440, 3330, 1730, 1720, 1250 ¢(b), 1040; NMR: 0.78 (Me-18}, 0.9%
(Mz-19, 5), 2.04 and 2.08 (AcO at C-3 and C-17, two s}, 4.67 (HC-17, t, J=8 Hz), 5.27 (HC-3,
m, w/2=8 Hz). (Found: C, 70.27; H, 9.35%. Caal3s05 (392.52) requires: C, 70.37; H, 9.24%).

Saponification of this 5B-alcohol (100 mg) with 5% methanolic potassium hydroxide
{5 ml) at room temnperature gave Sp-androstane-33,5,17f-triol (IXb', R'=H), which was recry-
stallized from methanol (67 mg, 85.3%), m.p. 206—208°, [«]pn=+28.8"° (¢=0.6%); IR (KBr):
3400, 1050. (Found: C, 73.77; H, 10.28%,. Ci1sHazQz (308.45) requires: C, 73.98; H, 10.46%).

IB.5-Dikydroxy-Sa-androstan-17-one 3-acetate (Ic). — A solution of 3B-acetoxy-3,6e-
-epoxy-Sx-androstan-17-one (VIc, R’=Acy®17%* (8.() g) in methanol (670 ml} was saponified
for one hour at room temperature with 5%, methanolic potassium hydroxide (40 ml}; the resulting
reaction mixture was neutratized with AcOH, concentrated in vacuo to a small volume and treated
with water, affording, as precipitate, 38-hydroxy-5,6e-epoxy-5a-androstan-17-one (VIe, R’=H)
(6.92 g, 98.4%,), which was recrystallized from acetone-methanol (6.40 g, 91.59%), m.p. 228—
23071818 TR (K Br): 3400, 1730, 1060, 10251%; NMR: 0.82 (Me-18, 5), 1.09 (Me-19, 5), 2.95 (HC-6,
d, f=23.8 Hz}, 3.90 (HC-3, wf2=22 Hz)'®, -

Ta a solution of this epoxy-alcohol (6.20 g) in dry benzene (550 ml), freshly distilled di-
hydropyrane (18 ml) and p-toluenesulfonic acid (140 mg) were added and the mixture left at
room temperatute for 2—3 hours. After washing with aqueous NaHCOj and water, drying
(Naz SO4) and removal (in vacuo) of benzene, 3B-[(tetrahydro-2H-pyran-2-yloxy]-5,6a-epoxy-3¢-
-androstan-17-one (VI¢, R’=THP) was obtained (7.24 g, 91.6%), m.p. 15t—154° (from ace-
tone-methanol); IR (CCly): 1740, 1025. This product (6.99 g), in dry diethyl ether (200 ml),
was reduced with 1.8 g of lithium aluminium hydride suspended in dry diethyl ether (120 ml);
after refluxing for 2 hours, the ice-cooled reaction mixture was hydrolyzed with the calculated
amount of water, filtered, washed with water, dried (Na28Q4) and evaporated (in vacuo) to dryness,
affording 3p-[(tetrahydro-2H-pyran-2-ylexy]-S«-androstan-178-0l (VIIIK’, R'=THP) (7.0 g,
99,1%), m.p. 153—155° (from acetone); IR (KBr): 3450, 1015. This ether (6.83 g), without
further purification, was dissolved in dry pyridine (70 ml) and oxidized by addition (of this so-
lution), at room temperature, to astirred pyridine solution of CrOg-pyridine complex [prepared
by careful, portionwise addition of chromic anyhdride (6.8 g) to stirred pyridine (70 m}), which
was kept at 15—18° by external cooling (ice bath)l. After standing for 36 hours {at room tempe-
rature), the mixture was decanted and filtered, the precipitate washed well with methylene chlo-
ride, and the combined filtrates washed with several portions of a saturated aqueous solation of
cupric sulfate (until no more change in color occurred) and with water. After drying (NagSO4)
and removal (in vacuo) of solvent, the crude product was hydrolyzed for 30 minutes at room
temperature with a solution of conc, HCl (16 ml) in methanol (120 ml); the resulting mixture
was diluted with water, the precipitate filtered off, washed with water (until neutral) and air-dried.
In this way, 38,5-dihydroxy-Sa-androstan-17-one (VIIIc, R’=H) was obtained (4.13 g, 77.5%),
which was recrystallized from acetone-methanal (3.70 g, 69.4%), m.p. 276—273°10:18:20,
IR (KBr): 3480, 3400, 1730, 1030.

* This 3B-acetoxy-50,68-epoxide (VIIc, R’=Ac), m.p. 184—185°16:17, and its S5e,6a-
-diastereomer (VIc, R’=Ac), m.p. 2221617, were obtained by epoxidation of 3@-acetoxy-5-andro-
sten-17-one (Vc, R’=Ac) with monoperphthalic acid!¢, 'H-NMR data of these epoxides are given
below, ; -

** See preceding footnote.
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Acetylation of this dicl (3.40 g) with acetic anhydride (25 ml) in pyridine (50 mi} at room
temperature for 12 hours gave (after the usual work up, as described above in Synthesis of 115)
3f,5-dihydroxy-5e-androstan-t7-one  3-acetate (Ic) (3.70 g, 95.6%), double m.p. 152—154°
and 164—166° (from acetone-methanol)16:20:21; TR (KBr): 3480, 3410, 1740, 1720, 1265, 1245,
1025; NMR: 0.87 (Me-18, s), 1.05 (Me-19, s), 2.01 (AcO-3, 8), 5.15 (HC-3, bm, w/2=20 Hz)?,

3a,5-Dikydroxy-53-androstan-1T-one 3-acerare (IIc). — A solution of 3B-acetoxy-5,68-
-epoxy-3@-androstan-17-one (VIIc, R'=Ac)!®17 (10.08 g} in methanol (240 ml) was saponified
with 5% methanolic potassium hydroxide (40 ml) at room temperature for one hour, to give
{after working up as described above in Synthesis of Ic) 3f-hydroxy-5,60-epoxy-5pB-androstan-
-17-one (V1le, R’=H) (8.56 g, 96.6%), m.p. 161—162° (from methanol)1822; IR (KBr): 3560,
3400, 1730, 1060, 1030; NMR: 0.84 (Me-18, s), 1.02 (Me-19, s), 3.10 (HC-6, d, J=2.5 Hz),
3.70 (HC-3, bm, w/2=22 Hz)!?,

This epoxy-alcohol (8.24 g) in dry benzene (700 ml) was treated with dihydropyrane (30
ml} and p-toluenesulfonic acid (250 mg) at room temperature for 3 hours, affording (after wor-
king up as described above in Syuthesis of Ic) 3B-[(tetrahydro-2 H-pyran-2-yhoxy]-5,68-epoxy-
-Sf-androstan-17-one (VIIc, R*=THP) (10.50 g, ~100%), m.p. 112—113° (from acetone-
-methanol); IR (KBr}: 1735, 1025. Reduction of this product (9.40 g) in dry diethyl ether (400 ml}
with lithium aluminium hydride (2.25 g} in dry diethyl ether (100 ml} (reflux 2—3 hours) gave
(after working up as described above in Svnthesis of I¢) a mixture of products (IXb’+Xb', R'=
=THP), which was oxidized with CrOs in pyridine and hydrolyzed with HCl-methanal as des-
cribed abeve (in Synthesis of Ic). The acid solution, after hydrolysis, was concentrated (in Vacua),
extracted with several portions of methylene chleride, and these were washed with aqueous NaHCO,
and water, dried (N225Q4) and evaporated (in vacuo) to dryness, leaving an cily residue which
was chromatographed on silica gel (440 g). Elution with benzene-diethyl ether (68:32) gave 2.62g
(35.3%) of 3B,5-dihydroxy-58-androstan-17-one (IX¢, R*=H), m.p. 182.5—183.5° (from ace-
tone-methanol); IR (KBr): 3500, 3470, 1738, 1090, 1050; NMR: 0,88 (Me-18, s), 0.99 (Me-19,
8), 4.23 (HG-3, m, w/2=8 Hz). (Found: C, 74.48; H, 9.76%. CisHz00s1 (306.43) requires: C,
74.47; H, 9.879%).

Elution with diethyl ether afforded 38-hydroxy-5«-androstane-6,17-dione (XIIc) (3.39 2
46%), m.p. 177—178° {from methanol)?®; IR (K Br): 3450, 1740, 1720, 1055; NMR: 0.79 (Me-19,
8); 0.88 (Me-18, s), 3.60 (HC-3, bm, w/2=18 Hz).

Acetylation of 38,5-dihydroxy-5B-androstan-17-one (IXc, R’=H) (2.50 g) with acetic
anhydride (25 ml) in dry pyridine (50 ml) at room temperature for 60 hours and working up of
the resulting mixture as described above (in Synthesis of 115), afforded 3B,5-dihydroxy-5B-andro-
stan-17-one 3-acetate (11c) (2.644 g, 93%), m.p. 154—155° (from acetone-methanol), [x]p= +118°
(c=0.74); IR (KBr): 3570, 3520, 1740, 1265, 1245, 1215, 1160, 1015; NMR: 0.88 (Me-18, s),
1.02 (Me-19, s), 2.09 (AcC-3, s), 5.26 (HC-3, m, w/2=8 Hz). (Found: C, 72.65; H, 9.38%,.
Cz1 Hy204 (348.47) requires: C, 72.38; H, 2.26%).

Su-Androstane-3p,5-diol 3-acetate (Id). — A solution of IB-acetoxy-5-androsten-17-one
(V¢; R’ =Ac) (20.0 g) and hydrazine hydrate (80 ml of 85%) in ethylene glycol (400 ml) was heated
one hour at 100° (temperature of the reaction mixture) with magnetic stirring, whereupon the
starting material was completely converted to its hydrazone. The flask was cocled to room tem-
perature and 75 g of potassium hydroxide (pellets) were added portionwise through the reflux
condenser, which was then removed and the bath temperature raised slowly and carefully until
the temperature inside the flask had reached 200° {about 2 hours) and most of the volatile material
had distilled. The condenser was then reconnected {air cooling) and the temperature in the flask
maintained at 200—210° for 5 hours, The reaction mixture was cooled and poured into crushed
ice-water (about 1000 g) and conc. HCI (50 ml) with vigorous stirring. The precipitate was fil-
tered off, thoroughly washed with water and air-dried. 5-Androsten-3f-ol (Vd, R’=H) was thus
obtained, which after recrystallization from methanol (13.06 g, 78.6%) had m.p. 133—134°29,
[x]o=—48" (¢=0.89, MeOH)?3; IR (KBr): 3400, 3240 1030 (d), 950, 810; NMR:, 0.74 (Me-18,
8), 1.04 (Me-19, s}, 3.73 (HC-3, q, /=7 Hz), 5.42 (HC-6, m, w/2=10 Hz). (Found: C, 83.27: H,
11.14%. C1sH300 (274.43) requires: C, 83.15; H, 11.02%.).

To a stirred solution of this olefinic alcohol (4.48 g) in diethyl ether (300 ml) 3-chloroper-
benzoic acid (3.45 g) was added portionwise at 20°. After two hours the reaction mixture was
filtered (if necessary), washed with aqueous NaHCO; and water (until neutral), dried (NagSQ4)
and evaporated to dryness under reduced pressure, to give a mixture of 5u,6x- and 503.6p3-epoxides
{(VId+VIId, R’=H), which was twice recrystallized from methanol, affording, pure 5,6x-epoxy-
-5e-androstan-3@-ol {(VId, R’=H), m.p. 154—155°%-26, [¢]n=—85° (c=0.78, MeOH)25:26; IR
(KBr): 3420, 1050; NMR: (.66 (Me-18, s), 1,06 (Me-19, s), 2.91 (HC-6, d, J =4 Hz), 3.87 (HC-3,
bm, w!§=22 Hz)%. (Found: C, 78.61; H, 10.36%,. CipHseO2 (290.43) requires: C, 78.57; H,
103.419%,).
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This x-epoxide (2.972 g) in dry diethyl ether (160 ml) was reduced with lithium aluminium
hydride (700 mg) in dry diethyl ether (40 ml) (reflux 3 hours), to give (after hydrolysis at 0° with
water and 2N sulfuric acid, followed by the usual work up) 5x-androstane-33,5-diol {VIIId,
R’=H) (2.85 g, 95.2%)m.p. 199—200° (from methanol}®, [x]p=-+24" (¢=0.98); IR (KBr):
3620, 3420, 3320, 1050; NMR: 0.70 (Me-18, s), (.98 {(Me-19, s), 4.08 {HC-3, bm, w/2=20 Hz)}**.
{Found: C, 77.83; H, 10.77%. C1sHasO2 (292.45) requires: C, 78.03; H, 11.03%).

A solution of this diol (2.056 g) in pyridine (30 ml) and acetic anhydride (15 ml) was left
at room temperature for § hours and then poured into crushed ice-water (500 g) containing conc.
HCl (35 ml). The separated product was filtered off, washed with water and air-dried. 5«¢-An-
drostane-3B,5-diol 3-acetate (Id) (2.236 g, 95.1%) was thus obtained, and was recrystallized
from acetone-methanal (1.927 g, 81.9%), m.p, 160—161° %, [xjp=—16° {¢=0.82}; IR (KBz):
3480, 1750, 1720, 1280, 1260, 1040; IR (CCla}: 3600, 3460, 1740, 1720, 1240, 1030; NMR: 0.68
(Me-18, ), 0.99 (Me-19, ), 1.98 (AcO-3, 5), 5.17 (HC-3, bm, /220 Hz). (Found: C, 75.33;
H, 10.32%. Ca1Hs403 (334.48) requires: C, 75.40; H, 10.25%).

5B-Androstane-30,5-diol 3-acetate (11d). — A solution of the above described (in Synthesis
of Id) 5,6a-epoxy-Sx-androstan-3f-ol (VId, R’—H) (5.96 g) in glacial acetic acid (120 ml} and
acetic anhydride (20 ml) was heated at 80° for 5 hours and then concentrated in vacue (to about
20 ml). After cooling, crystalline 5z-androstane-3(,5,6p-triol 3,6-diacetate (X111d) separated
(7.63 g, 94.7%), m.p. 185.5° (from methanol)®®2%, [o]p=—80.2° (c=1.15)?; IR {CCly):3600,
3470, 1730, 1710, 1260, 1240, 1025; NMR: 0.74 (Me-18, 5}, 1.18 (Me-18, 5), 2.01 and 2.07 (AcO
at G-3 and C-6, two 8), 4.76 (HC-6, m, wj2=5 Hz}, 5.21 (HC-3, bm, »/2=20 Hz)*?, (Found:
C, 70.15; H, 9.34%,, C2aHasOs (392.52) requires: G, 70.37; H, 9.24%).

This diacetate (6.90 g) and p-toluenesulfonic acid (250 mg) in glacial acetic acid (90 ml)
were heated at 80° for 4 hours, The mixture was then poured into ice-cold water and the preci-
pitate extracted with diethyl ether. The ethereal layer was washed with aqueous NaHCOa and
water, dried (NazS0Q4} and evaporated to dryness under reduced pressure, affording 5e«-andro-
stane-3p,5,6f-triol triacetate (XIVd}(7.46 g, 97.7%), m.p. 166167 " (from methanol), [¢]ln=—69°
(e=1.2); IR (KBry: 1740, 1245—1225 (t), 1215, 1035—1015 {1); NMR: 0.73 (Me-18, s}, 1.23
(Me-19, s}, 2.01 and 2.09 (AcQ at C-3, C-5 and C-6, two singlets, the former corresponding to
three H and the latter to six H), 2.87 (Ha C-4, d X d, Jgem— 14 Hz, Ja,a=4.5 Hz), 4.76 (HC-3,
bm, w{2=20 Hz), 5.93 (HC-6, m, =/2=>5 Hz). (Found; G, 68.83; H, 8.96%,, CasH3zs0s (434.55)
requires: C, 69.09; H, B.B1%).

A solution of this triacetate {7.02 g in absolute ethanol (300 ml) was treated with potassium
hydroxide pellets {10 g), and then refluxed for 6 hours. It was neutralized with acetic acid, concen-
trated in vacuo, diluted with water and extracted with chloroform. The extract was washed with
water, dried (Na:SO4), evaporated (in vacuo) to dryness, and the oily residue (3.54 g, 75.5%)
chromatographed on silica gel (180 g). Elution with benzene diethyl ether (9:1) gave 5,68-epoxy-
-5p-androstan-3g-ol (VIId, R*—~H} (3.04 g, 64.8Y%,), m.p. 182—183° {from methanol)®, [x)p=
=—17.2° (c=1.0%8; IR (KBr): 3420, 1050; NMR 0.69 {Me-18, s}, 1.00 {Me-19, 5), 3.08 (HC-6,
d, J=3 Hz), 3.70 (HC-3, bm, w/2=20 Hz)®. (Found: C, 78.38; H, 10.62%,. Ci1sHaeOz {290.43)
requires: C, 78.57; H, 10.41%).

A sclution of this epoxy-alcohol (6.26 g) in anh. diethyl ether (350 ml) was added drop-
wise to a stirred suspension of lithium aluminium hydride (1.50 g) in diethyl ether (50 ml) and
the mixmure refluxed for 6 hours. After hydrolysis at 0° with water and 2N sulfuric acid, followed
by the usual work up and evaporation oa solvent, the residue obtained was recrystallized from
acetone, affording Se-androstane-38,68-diol (X¥d, R’—H) (2.03 g, 32.2%), m.p. 193° 39, [a]p—=
—17° (¢=0.21)%; IR (KBr): 3420, 1040, 1018; NMR: 0.72 (Me-18, s 1.03 {Me-1%, s,
about 3.65 (HC-3, bm, w/2=22 Hz), 3.80 (HC-6, m, w/2=3 Hz}*"30, (Found: C, 77.80; H,
10.76%,. C1sH3202 (292.45) requires: C, 78.03; H, 11.03%).

The mother liquors from the above described crystallization were chromatographed on
silica gel (200 g). Elution with benzene-diethyl ether (75:25) afforded 5@-androstane-3f,5-diol
(IXd, R’ H) (2.23 g, 35.4%),m.p. 153—154° (from acetone-methanol), [x]p= +20° (¢=1.03};
IR (KBr}: 3360, 1110, 1060, 985; NMR: 0.69 (Me-18, ), 0.94 (Me-19, 5), 4.15 (HC-3, m, w2~
=8 Hz). (Found: C, 77.93; H, 11.£1%. C10H3202 (292.45) requires: C, 78.03; H, 11.03%). Elu-
tion with diethyl ether gave a further amount (1.78 g) of So-androstane-~3B,6(-diol (Xd, R'=H)
{the total yield being 3.81 g, i.e. 60.4%).

A solution of SB-androstane-38,5-diol (IXd, R’—H) (1.96 g} in pyridine (30 ml) containing
acetic anhydride (15 ml) was allowed to stand for 65 hours at room temperature. The mixture
was then poured inte a mixture of ice (150 g) and conc. HCI (30 ml}, and the white precipitate
was filtered off, washed with water and air-dried. Recrystallization from acetone-methanol gave
$@-androstane-3,5-diol 3-acetate (IId) (2.05 g, 91.5%), m.p. %0—91°, [¢]lp=+38° {¢=0.51);
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IR (KBr): 3580, 1740, 1230, 1040; NMR: 0.68 (Me-|8, s), 0.96 (Me-19, 5), 2.04 (AcO-3, s), 5.23
(HC-3, m, w{2=7 Hz). (Found: C, 75.56; H, 10.36%. CayH»03 (334.48) requires: C, 75.40;
H, 10.25%).

Sa-Cholane-33,5,24-trial 3,24-diacerate (Ie). — Into a solution of 3@-hydroxy-5-cholen-
-24-oic acid (Vi, R’=H)* (50 g) in absolute methancl (150 ml), 1.5 g of gaseous HCI was intro-
duced and the mixture heated on a water bath for 15 minutes. It was then cooled to 0°, and the
separated 3B-hydroxy-5-cholen-24-oic acid methyl ester (VE’, R’ =I) (51.3 g, 98.9%,) filtered off
and recrystallized from methanol (47.36 g, 91.3%), m.p. 140—142°3LJa]n=—43° (¢=0,95)31;
IR (KBr): 3480, 1710, 1063, 860, 795; NMR: 0.68 (Me-18, 5), 0.92 (Me-21, d, /=6 Hz), 1.00
(Me-19, ), 3.52 (HC-3, bm, w/2=22 Hz), 3.66 (MeO at C-24, 5), 5.36 (HC-6, d, /=5 Hz). (Found:
C, 77.07; H, 10.32%,. CasHs002 (388.57) requires: C, 77.27; H, 10.38%).

To a solution of this methyl ester (12.50 g) in diethyl ether (50 ml), 174 ml of an ethereal
solution of monoperphthalic acid {(containing 0.07 g/ml of peracid) was added and the resulting
mixture left overnight at room temperature. The precipitate {o-phthalic acid) was removed
by filtration, the filtrate washed successively with aqueous solutions of KI, Nas$:05 and
NaHCQj, and then with water, dried {over NagSQ,) and evaporated to dryness under reduced
pressure, affording 38-hydroxy-5,6s-epoxy-Se-cholan-24-oic acid methyl ester (VIf, R’=H),
which was recrystallized from acetone-methanol (11.86 g, 91.1%), m.p. 98°, [alp=—350.9° {c=
=1.00); IR (KBr): 3420, 1735, 1190, 1170—1155 (d), 1060, 1040, 965; NMR: 0.61 (Me-18, s),
0.90 (Me-21, d, J=6 Hz}, 1.05 (Me-19, 5), 2.90 (HC-6, d, J=4 Hz), 3.66 (MeQ at C-24, s),
about 3.88 (HC-3, bm, w{2=20 Hz). (Found: C, 74.25; H, 9.70%. CasHi¢Q4 (404.57) requires;
C, 74.21; H, 9.97%).

This epoxy-ester (10 g) in diethyl ether (250 ml) was reduced with lithium aluminium
hydride (2.7 g) in diethyl ether (200 ml) (reftux 9 hours), to give (after hydrolysis at 0° with water
and 2N sulfuric acid, and the usual work up) Sx-cholane-3@,5,24-triol (VIIIe*, R'=H} (9.17 g,
989 ) m.p. 208—209°, which was recrystallized from acetone (8.26 g, 88.3%), m.p. 213°, [x]p=
=121.8° {¢=0.90, MeOH); IR (KBr): 3380, 1065, 1045, i030; NMR (DMSQ):; 0.61 (Me-18, 5,
0.88 (Me-19, 5, and Me-21, d), 3.32(H,C-24, t, /=17.5 Hz), 3.83 (HC-3, bm, w/2=20 Hz). (Found:
C, 76.02; H, 11.24%,. C2;H4203 (378.58) requires: C, 76.14; H, 11.18%,).

A solution of this triol (4.58 g) in pyridine (90 ml) and acetic anhydride (45 ml} was left
at room temperature for 12 hours. After the usual work up (as in Synthesis of IIb), the crystalline
solid obtained was recrystallized from methanol, to give Sx-cholane-38,5,24-triol 3,24-diacetate
(Ie) (5.31 g, 94.9%), m.p. 155—156°, [x]p=+42° (¢=0.93); IR (KBr): 3455, 1735, 1705, 1265,
1245, 1225, 1025; NMR: 0.64 (Me-18, 5), 0.91 (Me-21, d, J=6 Hz), 0.98 (Me-19, 5), 1.98 and
2.02 (AcO at C-3 and C-24, two s), 4.02 (H2C-24,1, =7 Hz), 5.15 (HC-3, bm, w/2 =22 Hz).
(Found: C, 72.56; H, 10.14%. CzsHsOs (462.65) requires: C, 72.69; H, 10.02%).

YH-NMR data of related compounds.

So,60-Epoxy steroids (VI), — 5,6a-Epoxy-Se-cholestan-3f-ol (VIa, R’=H), m.p. 142—
143° 8121318, NMR: 0.62 (Me-18, s), .87 (Me-21, Me-26 and Me-27, d, J=6 Hz), 1.05
{Me-19, 5), 2.92 (HC-6, d, J=4 Hz), about 3.9¢ (HC-3, bm, w/2=22 Hz} (see also ref. ob).

5,6a-Epoxy-5a-cholestan-3B3-al acetate (VIa, R’=Ac), m.p. 96—97°1213; NMR: 0.60
(Me-18, ), 0.85 (Me-21, Me-26 and Me-27, d, =6 Hz), 1.08 (Me-19, 5), 2.00 (AcO-3, 5), 2.30
(HC-6, d, J=4 Hz), 4.97 (HC-3, bm, wf2~22 Hz),

3B-Acetoxy-5,6x-epoxy-Sx-androstan-17-one (VIe, R'=Ac), m.p. 222°162%220; NMR:
0.80 (Me-18, s}, 1.12 (Me-19, s), 2.01 (AcQ-3, 5), 2.96 (HC-6, d, /~4 Hz), about 5.05 (HC-3,
bm, w/2=20 Hz).

5,6x-Epoxy-5ax-androstan-3f-ol acetate (VId, R’=Ac), m.p. 115-—116°28:2¢s: NMR:
0.64, (Me-18, 5), 1.06 (Me-19, 5), 1.98 (AcQ-3, s), 2.89 (HC-6, d, J=4 Hz), 4.93 (HC-3, sextet,
w{2=24 Hz) (see also ref. 29a).

50,68-Epoxy steroids (VII). — 5,68-Epoxy-S@-cholestan-3f-ol (VIIa, R'=H), m.p. 129—
—13]° 1813228220, NMR: 0.64 (Me-18, s), 0.85 (Me-21, Me-26 and Me-27, d, J=6 Hz), 1.00
(Me-19, 5), 3.10 (HC-6, d, J=2.5 Hz), 3.70 (HC-3, bm, 2/2=20 Hz).

5,68-Epoxy-5B-cholestan-38-ol acetate (VIIa, R'=Ac), m.p. 110—112° 1213%-22a.22; NMR;
0.65 (Me-18, s), 0.86 (Me-21, Me-26 and Me-27, d, /=6 Hz), 1.01 (Me-19, 5),2.02 (AcO-3, s),
.08 (HC-6, d, f=2.5 Hz), 4,78 (HC-3, bm, w/2=20 Hz) (see also ref. 9b),

* This acid had m.p. 232—234°12:310; TR (KBr): 3350, 1695, 1285, 1200, 1055, 840,
800; NMR (CDCl;+DMSO): 0.67 (Me-18, 5), 0.92 (Me-21, d, /=6 Hz), 0.99 (Me-19, s), 3.40
(HC-3, bm, w/2=22 Hz), 5.30 (HC-6, d, J--5 Hz).
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3B-Acetoxy-5,6@-epoxy-5B-androstan-17-one (VIIc, R'=Ac), m.p. 184—185°18.17.228.02¢
NMR: 0,88 (Me-18, 5}, 1.05 (Me-19, 8), 2.05 (Ac0-3, s), 3.15 (HC-6, d, J=2.8 Hz), 4.82 (HC-3,
bm, w/2=18-20 Hz).

5,6B-Epoxy-58-androstan-3p-ol acetate (VIId, R’=Ac);, m.p. 82°; IR (CCls); 1740, 1245,
1040; NMR: 0.72 {Me-18, 5), 1.00 (Me-19, 5), 1.98 (AcO-3, 5), 3.03 (H C-6, d, /=2.5 Hz), about
4,83 (HC-3, bm, w/2=22 Hz). (Found: C, 75.50; H, 9.54%,. CxHs03z (332.47) requires: C,
75.86; H, 9.709;).

Acetate esters. — 5-Androsten-3g-ol acetate {Vd, R’'=Ac), m.p. 95—97° (MeQH)*»32,
[¢]lp= —78° {¢=1.01)}, was obtained from the corresponding alcohol (Vd, R’=H; see Synthesis
of Id) by acetylation with AceO-pyridine at 20° in the usual way; IR (KBr): 1740, 1250, 1045,
825; NMR: 0.72 (Me-18, 5), 1.03 (Me-19, 5), 2.01 (AcO-3, s), 4.60 (HC-3, bm, w/2=22 Hz),
5.39 (HC-6, d, J=5Hz).

Sa-Androstane-3,68-diol diacetate (X1d}, m.p. 82—83°, [x]p= —56° (¢=1.06), was obtai-
ned from the corresponding diol (¥d, R’==H; see Synthesis of I1d) by acetylation with Ac:O-
-pyridine at 20°, in the usual way; IR (KBr): 1730(d), 1250, 1230, 1040, 1020; NMR: 0.73 (Me-18,
8), 1.02 (Me-19, ), 1.99 and 2.02 (AcO-3 and AcQ-6, two 8), 4.70 (HC-3, bm, w/2=22 Hz}, 4.93
(HC-6, q, f—3.5 Hz). (Found: C, 73.30; H, 9.54%,. CgsHss04 (376.52) requires: C, 73.36; H,
9.64%,).

5a-Cholestane-38,5,68-triol 3,6-diacetate (X1IIa}, m.p. 164—166°812; NMR: 0.68 (Me-18,
s), 0.88 (Me-21, Me-26 and Me-27, d, /=6 Hz), 1.17 {Me-19, 5), 2.02 and 2.07 (AcO-3 and AcO-6,
two s}, 4.75 (HC-6, m, w/2=4 Hz), 5.20 (HC-3, bm, w/2=20 Hz) (see also Scheme 5 and ref. 5).

52-Cholestane-38,5,68-triol triacetate (XIVa), m.p. 149—150°712; NMR: 0.69 (Me-18,
), 0.85 (Me-21, Me-26 and Me-27, d, J—=6 Hz), 1.19 (Me-19, s), 2.01 and 2.08 (AcO at C-3,
C-5 and C-6, two singlets, the first corresponding to three H and the second — at lower field
— to six H), 2.85 (HC-4, d xd, Jeem=14 Hz, Jo,u=4.5 Hz), 4.75 (HC-3, bm, /2=20 Hz), 5.92
{HC-6, m, w{2=4.5 Hz) (see also Scheme 5§ and ref. 5).

H3IBOI

CHHTE3E HEKHX 3{B-AI_I,ETOKCH-5~XI/IJIPOKCH-CTEPOHJIA KOJH CAIPXE
PA3JIUYHTE CYIICTUTYEHTE V¥V ITIOJMCKATY 17

JLYENHKA JTOPEHIL, 30PKA MAKCUMOBWER, PUCTO BOXKHMHOEB, BIANA ITABJIOBHE,
HBAH JYPAHWE u MHXAHJIO Jb, MUXAWNTOBHR

Xemujcru uncitivigyisi Hpupodno-maifiesafivuno: paxyaiedia Yuueepsumena y beozpady
u Hucmininym 3a xemufy, iexnonomiy u sewmasypenjy, beo:pad

CUHTEeTHIOBAHH Cy HEKH 3 P-aleToKCH-5-XUAPOKCH-cTeporan w3 Sa (AfB-trans) m 5f
(A [B-cis) cepuje xojn campike pasnMuKTe cyICTUTYeHTe Yy mosokajy 17 (I u II, a—e), npema
OIIIITEM PEAKIMOHOM TOCTYIKY (cxema 2) Koju ofyxmara npso TpaHcdopmalijy 3(-alteTorci-
wne IR-xugpoken-5-onednnckux creponga (V) y omroeapajyvha Su,6m- B 3f3,68-enokcu-jeinu-
wmeia (VI n VII) nomohy neprrcemua (a fi-enoxenmr (VIL) ce mory Jo0HTH H HHOHDEKTHO H3
(V) npexo w-enokcuga {VID; c¢xema 4), 3aTHM peOyKTHBHO OTBAPaWE OKCMPaHCKOr MNPCTEHA
Y OBHM €TIOKCHAUMA NOMORY JHTHjYM-LIYMHHHE] yM-XMAPUAa H Haj2a]] aleTHIOBALE 3-XHIPOH-
CHJIHE Ipyne y Taxko moctanum 383,5¢- ommocro 3B,58-amonuma (VII] u IX). Paamarparm cy
u 1H-NMR cheHTpH OBHX jefTHIbeH:A 4 M APYrHX HHTepMeOujepa, Hup. Se-angpocraH-38,5,68-
-1pHon-3,6-muanerata (XII1d) u oarosapajvher Tpmauerata (XIVd).

(Ilpammeeno 3. oxToGpa 1978)
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