
1070

A-HOMO-B,19-DINORANDROSTANES FROM 6-METHANESULFONYL-
OXY-5..METHYL-19-NOR-5-ANDROST-9-ENE DERIVATIVES*

Alexander KASALa, Jaroslav PODLA}IAb and Jaroslav ZAJREKa

a Institute of Organic Chemistry and Biochemistry,
Czechoslovak Academy of Sciences, 166 10 Prague 6
b Department of Organic Chemistry, Charles University, 12840 Prague 2

• Received July 3, 1990
Accepted August 9, 1990

Dedicated to the memory of Professor Frantilek orm.

63-Methanesulfonyloxy derivatives of 5-methyl-19-nor-5 13-androst-9-enes with different oxygen
functionalities in positions 313 and 17 (compounds IX and XVII) were converted to 4a-methyleno-
-A-homo-B,19-dinor-5f3-androst-9-ene derivatives (compounds X, XX and XXI) which were
hydrogenated to give derivatives of 4ax-methyl-A-homo-5,19-dinor-513, 1 Ocx-androstane (XXII,
XXIII) and 4ax-methyl-A-homo-B,19-dinor-5cx,93-androstane (XXIV, XXV). The structure of
the latter compounds has been confirmed by X-ray diffraction of diketone XX VII which has
been shown, in accordance with calculations by the MM2 method, to exist in a boat conforma-
tion of the ring C. The 173-hydroxy-3-ketone XXX exhibits in vivo antiandrogenic activity.

In our previous communications' we describcd the elimination of hydrogen
chloride from compounds of the type VI under conditions of solvolysis or hydrogeno-
lysis in which rearrangement of the steroid skeleton takes place leading to dienes
of the type X or XI. From the very beginning, total yields of these methods were
lowered because in the preparation of the starting 63-chloro derivatives (type VI)
one could utilize only one of the isomeric epoxides formed by oxidation of the i-
-double bond. We prepared now the required substrates of the type IX using a more
economical procedure: both the 5,6-epoxides were converted into the single 5ci,6-
-dihydroxy derivative IV which on Westphalen rearrangement and further transfor-
mations (partial hydrolysis of the 6-acetate VII, mesylation of the 613-alcohol VIII)
afforded product with the nucleofuge in position 613 (see Scheme 1).

Heating of the mesylate IX with silver acetate in pyridine afforded 4a-methyleno-
-B,19-dinor-5f3-androst-9-ene-3f3,I 7f3-diol 3,1 7-dibenzoate (X); this compound was
also formed in the solvolysis of 613-chloride VI with silver acetate. As a side product
we isolated the isomeric unsaturated dibenzoate XII (C33H3604 according to the

* Part CCCLV in the series On Steroids; Part CCCLIV: Collect. Czech. Chem. Commun.
55, 2738 (1990).

Collect. Czech. Chem. Commun. (Vol. 56) (1991)



On Steroids 1071

BzO

Bz(

BzO

>
OBz

OBz

Bz-
H(

XI
SCHEME 1

Collect. Czech. Chem. Commun. (Vol. 56) (1991)

11

/11

BzO
HO

Iv

HO

V/I, R = Ac
VIII, R = H

IX R = Mes

Vi x

XII
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mass spectrum). In contrast to compound X, the 1H NMR spectrum of XII con-
tained no signals due to the exomethylene group; on the other hand, it exhibited
a signal of methyl at a C= C double bond (see Table I). The signal at (533 of a proton
(H-5) in an allylic position to two double bonds had other multiplicity than in the

TABLE I

Characteristics parameters of 100 MHz 1H NMR spectra of androstane derivatives, in deuterio-
chloroform; for other conditions see Experimental

•

Comp.a H-18" 4a-CH 5CH3b H-3 H-6 Hl7c Other signals'

The 200 MHz spectral data are given in Experimental; b s, 3 H; C , J = 8; d benzoyloxy groups,
when present, exhibit two multiplets of aromatic protons at 746 and 806; e m, W112 = 23;' d, 1= 4; g s, 3 H, H-19; h d, J= 2; bs, W112 = 25; ' p, J= 3; k dd, J= 115 and 48; s,
CH3COO; signal partially overlapped with a neighbouring one; 's, CH3SO3; 0 d, 2 H, / = 3

t, .1= 7.5, H-5; q d, 3H, J__ 1;' t, 2H, J== 65; S s, 2H, H-4; d, J= 8; Urn, W112
= 18;

d, .1= 9, H-5; m, I H, W112 = 10, H-4; X m, 4 H, W112 = 5, dioxolane grouping; d, 3 H,
J= 65.

Collect. Czech. Chem. Commun. (Vol. 56) (1991)

III Ø.9f — 295 482 119g
JV 0.97 5.4e 3•61 486 l29'
V O98 —- 5.3e 3.90h 487 1.35g
VI 110 — 139 54Øi 409k 491 —

VII 108 — 134 537i 4.86k 482 204'
Viii 109 — 127 538 4.88k
IX 108 — 135 5.403 480' 488 3.Øt
X 105 498° 4.9Øm — 483 3.42P
XI 10q 3.58r 492 468, 3.23t
Xii 83q 5.73U 483 3.43V, 5.50W
Xlv O89 — 5.4e 3.63i 1.2jg
XV 101 — 135 536i 476k 205'
XVI 102 — 128 S.36J 359k
XVII 101 — 135 5.38i 4.63k 299"
XVIII 0.99 — 126 538i 3.60k 3.87X
XIX 100 — 135 54Øi 464k 3.ØØU, 3.87V
XX O98 4.990 4.99m 3.44P

XXI O96 498° -- 4.75C — 200', 337
XXII O89 0.92Y — 200'
XXIII O88 O.9O 5.ole
XXIV 0.90 0.99Y 4.89e — 200'
XXV 0.90 0.98Y 4.96e
XXVI 090 0.99Y 3.88e
XX Vii 0.94 l.O2 — — — —

XX Vii! O86 0.99Y 3.88e 10b
XXX Ø.9 0.99y



On Steroids 1073

spectrum of isomeric diene X. The presence of these two double bonds was moreover
confirmed by the corresponding signals in the 13C NMR spectrum (see Experimental).
This side product was therefore assigned the structure XII.

In our previous paper3 we noted that the same rearrangement can also be achieved
by decomposition of the corresponding 63-mesyloxy derivative with lithium alumi-
nium hydride. The use of a less reactive complex hydride that would tolerate the
ester groups present was not successful; thus, e.g. lithium tri-tert-butoxyaluminium
hydride did not react with IX at temperatures below 55°C whereas at higher tempera-
tures (65°C and 75°C) the desired diene X was accompanied with high proportions
(up to 60%) of the undesired fragmentation product4 XI. Therefore in our further
experiments we prepared the required dienes of the type XX using lithium aluminium
hydride but in the substrate we introduced such protecting group that guaranteed
the preservation of different substitution in positions 3 and 17. Thus, 3-hydroxy-5-
-androsten-17-one benzoate (XIII) (see Scheme 2) was converted by treatment with
peroxyacetic acid into a mixture of epoxides which were then hydrated to give the
uniform diol XIV. The Westphalen rearrangement of this compound afforded acetate
XV in which the 6-ester group was easily preferentially saponified under formation
of alcohol XVI. For the mentioned elimination with rearrangement to A-homo-B,19-
-dinorandrostadiene derivatives we used either the solvolysis of mesylate XVJI
leading directly to compound XX or the reduction of mesylate XIX after which,
however, the liberated 3f3-hydroxy group had to be again acylated to give acetate
XXI.

Hydrogenation of keto esters XX and XXI over platinum catalyst in acetic acid
afforded mixtures of saturated hydroxy esters which were reoxdized and chromato-
graphed. The lipophilic components were identified as the known 9cc,lOx-dihydroxy
derivatives XXII and XXIII whose conversion into the A-homo-B,19-dinor analogues
of dihydrotestosterone (e.g. XXXI) was already described by us1'2 (see Table II).
The more polar hydrogenation products (perhydro derivatives XXIV and XXV)
could result by a fl-attack by hydrogen of the double bonds, nevertheless an automatic
assumption of cis-addition of hydrogen to the C=C double bond was not quite
justified because in hydrogenation of A9-unsaturated compounds of the type VI
Snatzke5 isolated 9,10-trans-dihydro derivatives whose formation he explained by
pre-isomerization of the double bond on the platinum catalyst, followed by the
hydrogenation proper. Since a rigorous conformation of structure of these isomers
by chemical means was difficult, we prepared in the 9f3,lOfl-series (XXIV, XXV)
a well-crystalizable compound (diketone XX VII) which was then studied by the
X-ray diffraction method.

The final atomic coordinates are given in Table III and bond lengths and angles
in Table IV. Figure 1 depicts a perspective view of the molecule with atom numbering
and crystal packing is obvious from Fig. 2. The structure consists of discrete mole-
cules arranged at typical van der Waals C—C distances of 39 A or longer, except
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On Steroids 1075

of two contacts, C12. . .C15 (1 + x, y, z) 3624 A and Cl.. .C18 (1/2 + x, 1/2 —
I — z) 3733 A which, however, do not influence the environment of these atoms in
any detectable manner. Geometrical parameters of the molecule strongly indicate
an essentially strain-free conformation. Only five C—C distances fall outside the
1i limit of the mean C—C bond length value of 1.536(1 1) A: three of them (C2—C3,
C3—C4, C16—C17) are shortened, as usual, by the oc-keto group and the C8—C9,
C9—C10 distances are lengthened, probably as a result of the strain imposed by the
uncommon ring junction (see below). Similarly, bond and torsion angles are also
normal for this type of molecule. The ring junction is trans, cis, trans for A/B, B/C,
C/D, respectively; the corresponding arrangement of H atoms on the key B-ring
is depicted on Fig. 3. The conformation of individual rings needs also some com-
ments. The otherwise strongly flexible seven-membered A-ring is, similarly as in the
majority of analogous steroid ketones6, fixed in the generally energetically favour-
able7'8 distorted twist chair conformation with the C2-axis passing through the atom
adjacent to the sp2-hybridized keto-carbon. AC2(C2) = 125° (see refs7'9); the mean
value of AC2 for eight analogous structures6 is 14 (2)°. The B-ring adopts a nearly
ideal half-chair conformation with1° AC2(C8) = 1'2°, Pm = 424°. In contrast, the
C ring is unusual in that it can be best described as a strongly distorted boat94C2.
.(C9, Cli) = 28.00 (see Table V). The only known steroid structure11 with analogous
arrangement of the B, C, D rings has, however, the C ring in a nearly ideal chair:
idealized geometry calculations show that a chair conformation of the C ring in the
present structure should be unfavourable because of a nonbonding contact of less
than 1 A between Hlicx and H1. Finally, the D ring is, as usual, a nearly ideal
envelope10 with AC(C14) = F9°, = 42'4°.

TABLE II

CD data of some 3- and 17-ketoandrostane derivatives (in methanol, measured on Jobin—Yvon
Mark V instrument)

Configuration

Compound Position of
the CO group

5

in position

9 10

Ae

xxxla 3 13 cx cx +355 (288)
XXX 3 cx (3 (3 —l'25(288)
XXII 17 (3 cx cx +359 (296)
XXIV 17 cx 13 13 +2'78 (297)
XXIXb 3,17 13 cx cx +658 (295)
XX VII 3, 17 cx (3 (3 +256 (303), —036 (267)

a Ref.3; b ref.
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This finding agreed with the observed values of the Cotton effect (see Table II):
for cycloheptanone derivatives predictions using the octant rule are often difficult
due to a considerable flexibility of the seven-membered ring; however, using con-
formations optimized by the MM2 method (ref.12), we were able to derive a negative
Cotton effect of the 3-carbonyl group in the 5cz-derivatives considered. This result
was surprising in the light of the structure1'2 of the lipophilic hydrogenation products
(5,9cx,1Oc-derivatives of the type XXII) and the hydrogenation can thus be inter-
preted so that, besides the expected normal addition of hydrogen to both the double
bonds, in dienes of the type XX an addition to the pre-isomerized double bond
takes place5: a part of the starting 9-olefin forms a complex with the catalyst from
the n-side, the first hydrogen atom is attached to position 9f3, the 5f-hydrogen is
shifted into position 1Of, and finally the second external hydrogen atom is bonded
in the position 5. Configuration in the position 5 is probably determined by the

TABLE III

Atomic coordinates (.10) of non-H atoms in diketone XX VI! (estimated standard deviations
are given in parentheses) Ueq 1/3 E>aiaja7aj*U

Atom x/a y/b z/c Ueq(.103),A2

Cl —674(5) 4435(4) 6525(1) 48(1)
C2 — 840(5) 6064(4) 6675(2) 62(1)
C3 687(6) 6687(4) 7013(2) 60(1)

C4 1749(5) 5720(4) 7397(1) 56(1)
C4a 3300(5) 4922(3) 7092(1) 49(1)

C4b 4680(6) 4360(5) 7525(2) 73(1)

C5 2659(4) 3669(3) 6720(1) 39(1)
C6 4182(4) 3040(4) 6359(1) 47(1)

C8 3247(4) 2218(3) 5877(1) 38(1)
C9 1213(4) 2812(3) 5885(1) 39(1)

ClO 1202(4) 4041(3) 6284(1) 40(1)
Cli —64(4) 1476(3) 6064(1) 49(1)

C12 70(5) 113(4) 5692(1) 52(1)

C13 2052(4) —204(3) 5530(1) 43(1)

C14 3354(4) 559(3) 5929(1) 38(1)

C15 5189(4) —196(4) 5838(2) 54(1)
C16 4618(6) —1806(4) 5785(2) 68(1)

C17 2676(6) —1785(4) 5583(1) 53(1)
C18 2407(6) 178(4) 491 1(1) 59(1)
01 1071(5) 7966(3) 6969(1) 90(1)

02 1774(4) —2852(3) 5483(1) 75(1)

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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thermodynamic stability of the product; in the case of the 9f3,1O-dihydro derivative
the Sx-product is formed.

FIG. I

Perspective view of the molecule with atom numbering. Hydrogen atoms (omitted for clarity)
are given the numbers of their bonding partners

FIG. 2

Unit cell projected onto the bc plane

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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TABLE IV
Bond lengths (A) and angles (°) on diketone XX VII (estimated standard deviations are given
in parentheses)

Atoms Bond length Atoms Bond angle

C1—C2 1541(5) C2—C1—Cl0 1127(3)
CI—ClO F541(5)
C2—C3 1499(6) Cl—C2----C3 I 158(3)
C3—C4 1498(5) C2—C3—-C4 1 198(3)
C3—O1 F21 1(5) C2—C3—O1 1198(3)

C4—C3—OI 1203(3)
C4—C4a 1541(5) C3—C4—C4a 1122(3)
C4a—C4b l54l(6) C4—C4a—C4b 1092(2)
C4a—C5 1529(4) C4—C4a----C5 1 138(2)

C4b—C4a—C5 1l01(3)
C5—C6 F 529(4) C4a—C5—C6 1 127(2)
C5—C10 1535(4) C4a—C5—C10 1 16'4(2)

C6—C5—C10 1023(2)
C6—C8 F541(4) C5—C6——C8 1062(2)
C8—C9 1566(4) C6—C8—C9 1061(2)
C8—C14 F 529(4) C6—C8—C14 1 138(2)

C9—C8—C14 1097(2)
C9—C10 F549(4) C8—C9—C10 1039(2)
C9—C11 F534(4) C8—C9--—C11 1121(2)

C10—C9------C11 1140(2)
C1—C10-----C5 1151(2)
C1—C10—-C9 1149(2)
C5—C10—-C9 1039(2)

C11—C12 F538(4) C9—C11—C12 1135(2)
C12—C13 1538(5) C11—C12—-C13 11F1(2)
C13—C14 F524(4) C12—C13——C14 1106(2)
C13—C17 F526(5) C12—C13—C17 1164(3)
C13—C18 F545(4) C12—C13—C18 11F1(2)

C14—C13—C17 10F2(2)
C14—C13---C18 1130(2)
C17—C13—C18 1041(2)

C14—C15 F534(4) C8—C14—C13 11F9(2)
C8—C14—C15 1189(2)
C13—C14—C15 1050(2)

Cl5—C16 F541(5) C14—C15—C16 1018(3)
Cl6—C17 F510(6) C15—C16—-—C17 1058(3)
Cl 7—02 F207(5) C13—C17—C16 1089(3)

C13—C17—02 1260(3)
C16—C17—02 1251(3)

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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After assignment of configuration in positions 9 and 10 we subjected the keto esters
XXIV and XXV to the reaction with methyllithium and the obtained l7cx-methyl-3,
17-diol XXVIII was oxidized to give the 17-methyldihydrotestosterone analogue
XXX. The in vivo antiandrogenic activity of this compound was the same as that of
cyproteron acetate and the 9cx,lOcx-analogue3 XXXI (the corresponding results will
be published elsewhere).

EXPERIMENTAL

'l'he melting points were determined on a Koffer block and are uncorrected; the optical rotation
values and JR spectra were measured in chloroform (unless stated otherwise); wavenumbers
are given in cm. Mass spectra were taken on a VG-ZAB EQ instrument, NMR spectra on
a Tesla BS 497 (100 MHz, FT mode, for 1H) or on a Varian XL-200 (200 MHz for 1H, and
50 MHz for 13C) spectrometer in deuteriochioroform with tetramethylsilane as internal standard;
chemical shifts are given in ppm (5-scale), coupling constants (J) and half-widths (W112) in Hz,
Column chromatography was performed on silica gel according to Pitra (60—120 jsm), thin-
-layer chromatography (TLC) on 200 x 200 x 03 mm plates prepared from silica gel (IGCN
Biochemicals). The identity of samples prepared by different routes was checked by comparison
of their IR and NMR spectra, TLC and by mixture melting points. Calculations by the MM2
method were executed on an SM 52/12 computer.

X-Ray crystallography: To obtain X-ray quality crystals, a nearly saturated solution of XX VII
in acetone/heptane (1: 3) was slowly evaporated through a narrow-bore capillary at room tempe-
rature. The crystals exhibited severe twinning but, using oscillation and Weissenberg photo-
graphs, an 023 x 0•28 x 033 mm single crystal was eventually selected for the measurement on
an Enraf Nonius CAD-4 diffractometer. The cell parameters as determined from a least-squares
refinement of 23 reflections in the 5— 18°, 9-range are: orthorhombic, P212121, a =7367(1),

TABLE V

Selected torsion angles in the molecule of diketone XX VII

Torsion angle

Torsion angle (in 0)
obtained by

X-ray'4 MM2b

8—9—11—12 —577(6) —602
9—11—12-—-13 398(5) 332
11—12—13—14 195 (5) 276
12—13—14—8 —663(8) —671
13—14—8—9 477(5) 401
14—8—9—11 120(5) 2F6

'4The found standard deviations given in parentheses; b the optimum conformation of compound
XX Vii was calculated using the MM2 method (version 1985, see ref.12); the C-ring exists as
deforthed chair.

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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b = 917l6(8), c = 23936(2) A, V= 16173(3) A3, 114 for Z = 4 and C19H2802, Qm =
ll8(2) g cm3 (flotation in aqueous ZnBr2), p = 07 mm, absorption neglected. Using

MoK radiation Q 071073 A) and o, — 20 scan mode, intensities of 5 344 reflections were
measured in the range he(0, 10), k<012) and /<O33); three standard reflections monitored
periodically during data collection showed no observable crystal decay. From 2 381 symmetrically
unique reflections, 1 356 fulfilling the 1> 196cr(I) criterion were used in the subsequent data
treatment. The structure was solved by direct methods13. All H atoms were clearly discernible
in a difference map but, since their positions tend to become ill-defined during attempted refine-
ment, they were constrained in calculated places assuming C—H 108 A. Scale factor, coordinates
and anisotropic thermal parameters of non-H atoms and group (CH3, CH2 and CH) isotropic
thermal parameters of H atoms were then refined simultaneously by full-matrix least-squares14.
The function minimized was Ew(1F01 — Fj)2 where w = 07721(i2(F0) + 00009F2). At
convergence, R = OO43 and wR OO51. Tables of further experimental details, structure factors,
anisotropic thermal parameters and H atom coordiates have been deposited by the author
(J.P.) and are available on request.

5,6cz-Epoxy-5cz-androstane-33,173-diol Dibenzoate (Ill)

A solution of crystalline sodium hydrogen phosphate (50 g, 187 mmol) in water (6 ml), fol-
lowed by a 34% aqueous solution of peroxyacetic acid (75 ml, 34 mmol), was added under
stirring to a solution of dibenzoate 1(5.0 g, 10 mmol) in chloroform (25 ml). After 6 h the organic
phase was separated and the aqueous one extracted with chloroform (2 x 25 ml). The combined
chloroform phases were washed with aqueous potassium hydrogen carbonate solution and with
water, dried over anhydrous sodium sulfate and concentrated in vacuo. The dry residue was
crystallized from toluene to give 32 g (62%) of III, m.p. 232—235°C; [c']D —7° (c 09). For
C33H3805 (5147) calculated: 7701% C, 744% H; found: 7674% C, 728% H. The mother
liquors were a mixture of epoxides 11 and III (according to NMR spectrum) and were used
in the preparation of diol IV.

63-Chloro-4cx-androstane-33,5,17f3-triol 3,17-Dibenzoate (V)

The epoxide III (31 g, 62 mmol) was vigorously stirred at room temperature with chloroform
(14 ml) and hydrochloric acid (14 ml). After 20 mm the aqueous phase was separated and ex-
tracted with chloroform (2 x 14 ml). The combined chloroform extracts were washed successi-
vely with water, aqueous solution of potassium hydrogen carbonate and water, and dried over
anhydrous sodium sulfate. The solvent was evaporated in vacuo and the dry residue crystallized
from dichloromethane—heptane to give 31 g (93%) of chlorohydrin V; m.p. 209—216°C; fr]D
—18° (c 09). JR spectrum: 3 620, 3 595 (OH); 1 718, 1 290 (C6H5COO). For C33H39C105
(5511) calculated: 7192% C, 713% H; found: 7146% C, 688% H.

5x-Androstane-33,5,63,173-tetraol 3,17-Dibenzoate (IV)

A mixture of epoxide 11 and III (20 g, 3885 mmol) was dissolved in warm dioxane (260 ml)
and acetone (130 ml) and cooled. Aqueous perchloric acid (5%, 60 ml) was added to this solution
with stirring at 35°C. After 18 h the solution was concentrated in vacuo to one third of the
original volume and water was added to precipitate the product which was collected on filter
and washed with water; yield of the compound usable in the next step was 181 g (87%). An
analytical sample was obtained by crystallization from toluene, m.p. 225—228°C, [c]D ±6°
(c FO). For C33H4006 (5327) calculated: 7441% C, 757% H; found: 7367% C, 722% H.

Collect. Czech. Chem. Commun. (Vol. 56) (1991)
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6-Chloro-5-methyl-19-nor-53-androst-9-ene-3,173-diol 3,17-Dibenzoate (Vi)

A solution of the chlorohydrin V (29 g, 53 mmol) in acetic acid (35 ml) and acetic anhydride
(70 ml) was distilled at atmospheric pressure. After collecting 17 ml of the distillate, the mixture
was cooled to 30°C, acidified with 6 drops of sulfuric acid and kept at 30°C for 30 mm and at
25C for 4 h. The reaction mixture was poured with stirring and ice-cooling into a saturated
aqueous sodium chloride solution (400 ml) and, after standing at 0°C for 18 h, the product was
filtered and dissolved in ethyl acetate. The solution was washed with water, potassium hydrogen
carbonate solution and water, and dried over anhydrous sodium sulfate. Crystallization from
dichlorornethane—methanol gave 167 g (59%) of VI, m.p. 186—188°C; []D +192° (c 16). IR
spectrum (CC14): 1 726, 1 279 (C6H5COO). Pro C33H37C1O4 (5331) calculated: 74'35% C,
700% H; found: 7385% C, 688% H.

5-MethyI-19-nor-5-androst-9-ene-3f3,63,173-triol 6-Acetate 3,17-Dibenzoate (VII)

The dihydroxy derivative IV (20 g, 376 mmol) was subjected to Westphalen rearrangement by
treatment with sulfuric acid in acetic anhydride (see preceding experiment). On pouring the
reaction mixture into brine the product separated as an oil which was set aside for 18 h at 0°C
and dissolved in ethyl acetate. The solution was washed with aqueous potassium carbonate
solution and with water. The solvent was evaporated and the product purified by chromato-
graphy on silica gel (440 g) in ether—light petroleum (1: 9). Crystallization from methanol afforded
l09 g (52%) of compound VII, m.p. 130—137°C. []D +154° (c 13). IR spectrum (CC14):
1 732, 1 250 (CH3COO); 1 722, 1 278 (C6H5COO). For C35H4006 (556'7) calculated: 755l% C,
724% H; found: 7530% C, 701% H.

5-Methyl-l9-nor-5.3-androst-9-ene-33,63,173-triol 3,17-Dibenzoate (VIII)

A mixture of acetate VII (&3 g, 149 mmol), chloroform (35 ml), methanol (350 ml) and conc.
hydrochloric acid (65 ml) was allowed to stand at 40°C for 36 h, and then concentrated to
a quarter of the original volume. After dilution with a water—ice mixture the separated product
was filtered, washed and crystallized from methanol; yield 725 g (94%) of VIII, m.p. 148—152°C.
JR spectrum: 3 615 (OH); 1 713, 1 282, 1 604, 1 586, 1 493 (C6H5COO). For C33H3805 (5147)
calculated: 770l% C, 7-44% H; found: 77'09% C, 738% H.

5-Methyl-l9-nor-5-androst-9-ene-3,6,l7f3-triol 3,17-Dibenzoate 6-Methanesulfonate (IX)

Methanesulfonyl chloride (20 ml, 26 mmol) was added dropwise at 0°C to a stirred solution
of hydroxy derivative VIII (28 g, 544 mmol) in pyridine (9 ml). After standing at 0°C for 2 h
and at 20°C for 3 h, the mixture was poured with stirring on ice. The separated product was
taken up in chloroform and the extract was washed with dilute hydrochloric acid (5%), water,
potassium hydrogen carbonate solution (7%) and again with water. The chloroform was evapo-
rated in vacuo and the residue dissolved in a minimum amount of ether. After standing at 0°C
for 18 h the product IX (2 I g, 65%) was collected; m.p. 142—143°C (unchanged on crystalliza-
tion from dichloromethane—ether; [G(]D + 124° (c 0.9). IR spectrum (CC14): 1 722, 1 281 (C6H5.
COO); 1 362, 1179 (CH3SO3). For C34H4007S (5928) calculated: 6889% C, 680% H, 541% S;
found: 6831% C, 657% H, 563% S.

Reduction of 5-Methyl-19-nor-5-androst-9-ene-33,63,l73-triol
3,1 7-Dibenzoate 6-Methanesulfonate (IX)

Lithium tri-tert-butoxyaluminium hydride (800 mg, 36 mmol) was added to a solution of methane-
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sulfonate JX (300 mg, 05 mmol) in tetrahydrofuran (4 ml). The mixture was stired at 75°C
for 4 h and then poured into dilute hydrochloric acid. The product was extracted with ethyl
acetate under argon, the extract was washed with water and dried over sodium sulfate, Prépara-
tive thin-layer chromatography on silica gel (4 plates, eluen ethyl acetate—toluene 1: 10) afforded
the following compounds (in the order of increasing polarity):

4a-Methyleno-A-homo-B,l9-dinor-513-androst-9-ene-313,17-diol dibenzoate (X; 55 mg, 22%),
mp. 151—153°C (heptane), [']D +85° (c 11); IR spectrum (CC14): 1 725, 1 279 (C6H5COO);
1 651, 903 (C==CH2). For C33H3604 (496'6) calculated: 7981% C, 731% H; found: 7952% C,
727% H.

4a-Methyleno-A-homo-B,19-dinor-3,4-seco-5f3-androst-9-efle-3,171-diol 17-benzoate (XI, 120 mg,
60%), [cX]D +90° (c 10): IR spectrum (CC14): 3 620 (OF!); 1 721, 1 278 (C6H5COO); 1 642,
1 650, 895 (C==CH2). For C26H3403 (3946) calculated: 7915% C, 869% H; found: 7&67% C,
881% H.

4a-Methyleno-A-homo-B,i9-dinor-53-androst-9-ene-3f,173-diol Dibenzoate (X)

a) Solvolysis of6f3-chloride VI. A suspension of VI (20 g, 375 mmol) and silver acetate
(50 g, 30 mmol) in acetic acid (150 mg) was reffuxed under argon for 18 h, cooled and the
solvent was evaporated in vacuo to dryness. The residue was codistilled with toluene, dissolved
in chloroform and filtered. The filtrate was washed with water, dried over anhydrous sodium
sulfate and the solvent was evaporated in vacuo to dryness. Chromatography of the residue on
a silica gel column (60 g) in toluene containing 2% of ethyl acetate afforded 650 mg (35%) of
dibenzoate X, m.p. 151—153°C (chloroform—heptane); no depression on admixture with the
sample prepared by procedure b).

b) Solvolysis of IX. A suspension of compound IX (27 g, 455 mmol) and silver acetate (25 g,
15 mmol) in pyridine (48 ml) was refluxed under argon for 18 h and the solvent was evaporated
in vacuo. The residue was coevaporated with toluene, mixed with chloroform, filtered and the
filtrate was washed with water, dried over anhydrous sodium sulfate and the solvent was evapo-
rated in vacuo to dryness. Chromatography on a column of silica gel (80 g) in toluene with 4%
of ethyl acetate afforded 998 mg (44%) of dibenzoate X and 780 mg (345%) of A-homo-B,19-
-dinor-4a-methyl-53-androsta-4,9-diene-33,17f3-dio1 dibenzoate (Xli). M.p. 130—138°C (de-
comp., light petroleum), kID +95° (c 10). Mass spectrum (m/z): 4962614 (M, C33H3604,
36%), 3742231 (C26H30O2, 100%). IR spectrum (CCL1): 1 729, 1 281 (C6H5COO). 13C NMR
spectrum: 1144 (C-18); 238i (C-4b); 2135, 24.22, 2543, 2780, 3144, 3320, 3647 and 4366
(C-i, C-2, C-7, C-li, C-12, C-i3, C-iS and C-16); 4567, 499i and 5280 (C-5, C-8 and C-i4);
7398 and 829i (C-3 and C-17); 12636 (C-4); 13070 and 130'74 (2 x C-i of benzoate groups);
i2823 and 12829 (2 x C-3 and 2 x C-3 of benzoate groups); 12950 and l2958 (2 x C-2 and
2 x C-2 of benzoate groups); 13272 (2 x C-4 of benzoate groups); 1334i, 13533 and 14136
(C-4a, C-9 and C-10); i65'89 and i6649 (2 X COO). 1H NMR spectrum (200 MHz): 102 s,
3 H (3 x H-i8); F84 m, 3 H (3 xH-4b, J= S'I); 343 d, 1 H(H-5, J(5f3, 6cx) = 90); 483 dd,
1 H (H-i7, J(l7, l6z) 75; J(17, 16) = 94); 550 m, 1 H (H-4, J 9); 573 m, I H (H-3,
J= l66). For C33H36O4 (4967) calculated: 7981% C, 7.31% H; found: 7965% C, 723% H.

33,5,6f3-Trihydroxy-5x-androstan-17-one 3-Benzoate (XIV)

A solution of 33-benzoy1oxy-5-androsten-17-one (XIII, 20 g, 51 mmol) in chloroform (100 ml)
was vigorously stirred with a solution of crystalline sodium hydrogen phosphate (20 g, 5 mmol)
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in water (25 ml) and aqueous peroxyacetic acid (34%, 30 ml, 134 mmol) was added to the mix-
ture. After stirring for 2 h the organic phase was separated and the aqueous one was extracted
with chloroform. The combined extracts were washed with a solution of potassium hydrogen
carbonate and water, dried over anhydrous sodium sulfate and the solvent was evaporated
in vacuo. The remaining mixture of epoxides was dissolved in warm dioxane (250 ml) and
acetone (150 ml), the solution was cooled and stirred with 72% perchloric acid (64 ml). After
3 h the mixture was concentrated in vacuo to a half, diluted with water, the product was filtered,
washed with water and dried; yield 19 g (87%). The product XIV was used directly in the next
step. An analytical sample was obtained by crystallization from toluene; m.p. 242—266°C;
[]D +29° (c 1'O). For C26H34O5 (4266) calculated: 7321% C, 803% H; found: 72'65% C,
811% H.

31El,6-Dihydroxy-5-methyl-19-nor-513-androst-9-en-17-one 3-Benzoate 6-Acetate (XV)

A solution of diol XIV (43'O g; 0'12 mol) in acetic anhydride (1 000 ml) was distilled. After col-
lection of 180 ml of the distillate the mixture was cooled and sulfuric acid (54 drops) added.
After standing at 30°C for 30 mm and at 20°C for 2 h, the mixture was poured under cooling
and stirring to a saturated aqueous salt solution (4 1). The aqueous phase was decanted from
the separated material which was dissolved in ethyl acetate and washed with a solution of potas-
sium hydrogen carbonate and water. After drying over anhydrous sodium sulfate and evapora-
tion of the solvent, the product was crystallized from acetone and heptane and then from acetone.
Yield 12'9 g(283%) of product XV, m.p. 149—151°C; [clD +137°C (c 1'2); IR spectrum (CCI4):
1 743, 1 407 (COCH2); 1 743, 1 254 (CH3COO); 1 724, 1 278 (C6H5COO). For C28H3405
(4506) calculated: 74'64% C, 761% H; found: 74'lS% C, 7'97% H.

33,63-Dihydroxy-5-methyl-19-nor-53-androst-9-en-17-one 3-Benzoate (XVI)

A solution of conc. hydrochloric acid (10 ml) in methanol (500 ml) was added to a solution of
acetate XV (12'8 g, 28'4 mmol) in chloroform (50 ni1). After standing at 35°C for 60 h, the mix-
ture was concentrated in vacuo to a quarter. The product was precipitated on addition of water,
cooled, filtered and washed with water. Crystallization from methanol afforded 9'S g (82%) of
compound XVI, m.p. 123—124°C; [z]D +215° (c 1'2); IR spectrum: 3625 (OH), 1 737, 1 406
(COCH2); 1 711, 1 284 (C6H5COO). For C26H3204 (408'S) calculated: 76'44% C, 7'9G% H;
found: 76'2l% C, 8'04% H.

33,63-Dihydroxy-5-methyl-19-nor-53-androst-9-en-17-one
3-Benzoate 6-Methanesulfonate (XVII)

Methanesulfonyl chloride (10 ml, 129 mmol) was added at 0°C to a stirred solution of hydroxy
derivative XVI (10 g, 24'S mmol) in pyridine (20 ml). After standing at 0°C for 1 h the mixture
was poured under stirring to an ice—water mixture and after 2 h the crystalline precipitate was
filtered, washed with water and dissolved in ether. The ethereal solution was washed successively
with dilute hydrochloric acid, water, aqueous solution of potassium hydrogen carbonate and
water. After drying over anhydrous sodium sulfate the solvent was evaporated in vacuo and the
product crystallized from ether—heptane to give 10'7 g (90%) of XVII, m.p. 126—128°C; kID
+ 173° (c 1'l); IR spectrum: 1 737 (C==O); 1 712, 1 280 (C6H5COO); 1 335, 1176 (CH3SO2O).
For C27H3406S (486'6) calculated: 66'64% C, 7'04% H, 6'59% S; found: 66'78% C, 711% H,.
621% S.
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17,17-Ethylenedioxy-5-methyl-19-nor-5j3-androst-9-ene-
-313,63-diol 3-Benzoate 6-Methanesulfonate (XIX)

A mixture of ketone XVI (3 g, 7'3 mmol), p-toluenesulfonic acid (160 mg, 084 mmol), ethylene
glycol (10 ml) and benzene (160 ml) was refluxed using a Dean—Stark apparatus. After 6 h the
mixture was cooled, washed with aqueous potassium hydrogen carbonate solution and dried
over sodium sulfate. (TLC in benzene—ether 1: 1 RF of starting compound 045, R. of product
XVIII 060). The solvent was evaporated, the residue was dissolved in pyridine (10 ml) and at
0°C mixed with methanesulfonyl chloride (25 ml, 323 mmol). After standing at room tempera-
ture for 2 h, the mixture was poured onto ice with aqueous potassium hydrogen carbonate and
the product was taken up in chloroform. The extract was washed with water, dried over an-
hydrous sodium sulfate and concentrated in vacuo to dryness. TLC (benzene—ether 5: 1): RF
before mesylation 015, RF of product 045). Yield 34 g (87%) of XIX; the amorphous product
was used without purification in the next step.

3-Hydroxy-4a-methyleno-A-homo-B,19-dinor-5J3-androst-9-en-17-one 3-Acetate (XXI)

A solution of methanesulfonate XIX (210 g, 396 mmol) in ether (100 ml) was slowly added
dropwise under nitrogen at room temperature to a stirred solution of lithium aluminium hydride
(about 600 mg, 16 mmol) in tetrahydrofuran (25 ml). After 5 h the reaction was completed by
refluxing for 3 h, the excess hydride was destroyed with moist ether and then with several drops
of saturated aqueous solution of sodium sulfate. The inorganic material was removed by filtra-
tion through a column of anhydrous sodium sulfate and the filtrate was concentrated in vacuo.
The dry residue was acetylated with acetic anhydride (4 ml) in pyridine (6 ml) at 20°C for 18 h
under nitrogen. The mixture was decomposed with a water—ice mixture and the product was
washed with water, dilute hydrochloric acid and water and the solvent was evaporated. The
residue was dissolved in acetone (25 ml) containing p-toluenesulfonic acid (400 mg). After standing
for 18 h under argon the solution was diluted with the same volume of toluene, concentrated to
a half, washed with a solution of potassium hydrogen carbonate, water, dried over anhydrous
sodium sulfate and purified by flash chromatography on silica gel (60 g, toluene with 3% of ethyl
acetate; yield 560 mg (43%), m.p. 93—95°C (after four crystallizations from dichloromethane—
—light petroleum) without depression on admixture with an authetic sample3.

3f3-Hydroxy-4a-methyleno-A-homo-B,19-dinor-53-androst-9-en-l7-one 3-Benzoate (XX)

A solution of methanesulfonate XVII (60 g, 123 mmol) in pyridine (80 ml) was mixed with
silver acetate (60 g, 36 mmol) and the mixture was refluxed for 22 h under argon. The inorganic
material was filtered off, the filtrate was concentrated in vacuo and the dry residue was repeatedly
codistilled with toluene, applied (in toluene) on a column of silica gel (16 x 5 cm) and flash-
-chromatographed in toluene. The coloured material was eluted with toluene (25 ml) and then
the compound XX was eluted (22 g, 46%). TLC (benzene): RF 019. IR spectrum (CCI4): 1 743,
1 408 (COCH2); 1 721, 1 276 (C6H5COO); 1 652, 909 (CH2=C). Mass spectrum, m/z (%):
390 (M, 11); 362 (M — CO, 1); 268 (M — C6H5COOH, 100); 253 (M — C6H5COOH —

— CH3, 17); 240 (M — C6H5COOH — CO, 25). For C26H3003 (3905) calculated: 7997% C,
774% H; found: 7958% C, 783% H.

Hydrogenation of 33-Hydroxy-4a-methyleno-A-homo-B,19-dinor-53-androst-9-en-17-one
33-Acetate (XXI)

Diene XXI (350 mg, 107 mmol) was hydrogenated in acetic acid (10 ml) over Adams catalyst
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(100 mg) for 8 h. After filtration, the catalyst was washed with acetic acid and the filtrate con-
centrated. The residue was dissolved in acetone (5 ml) and oxidized according to Jones (20°C,
10 mm). The product was extracted with dichioromethane, the extract washed with potassium
hydrogen carbonate and water and dried over anhydrous sodium sulfate. The solvent was evapo-
rated and the residue subjected to preparative TLC (7 plates 200 x 200 X 07 mm). The plates
were developed twice in toluene—ethyl acetate (97 : 3), detection with morin in the UV light
(360 nm). The following two main products were isolated (given in the order of growing polarity):

3f3-Hydroxy-4ac-methyl-A-homo-B,19-dinor-5f3,10ci-androstan-17-one 3-acetate (XXII; 106 mg,
30%), m.p. 98—99°C (heptane); [] +19° (c 09). JR spectrum (CC14): 1 742, 1 408 (COCH2);
1 742, 1 250, 1 027 (CH3COO). For C21H3203 (3325) calculated: 7586% C, 970% H; found:
7564% C, 968% H.

313-Hydroxy-4ac-methy1-A-homo-B,19-dinor-5ct,9f3-androstan-17-one 3-acetate (XXIV; 145 mg,
41%); rn.p. 157°C, remelting at 167— 175°C (methanol); [Z]D +81° (c 10). IR spectrum: 1 730,
1 261, 1 026 (CH3COO); 1 730, 1 408 (CO). For C2H32O3 (332'S) calculated: 75-86% C,
970% H; found: 7551% C, 9-56% H.

Hydrogenation of 313-Hydroxy-4a-methyleno-A-homo-B,19-dinor-53-androst-9-en-17-one
313-Benzoate (XX)

Benzoate XX (585 mg, 15 mmol) was hydrogenated and the product was oxidized according
to Jones as described in the preceding experiment. Chromatography on a column of silica gel
(93 g in lig'1t petroleum—acetone (99: 1) afforded the following two main products:

3 13-Hydroxy-4ac-m 'tlzyl-A-homo-B,19-dinor-S 13, 10c-androstan-1 7-one 3-cyclohexanecarboxylate
(XXIII: 210 mg, 35%); m.p. 147— 149°C (acetone), [GCID +25° (c 10). IR spectrum: 1 729, 1 408
(COCH2); 1 729, 1 712 sh, 1179 (C6H1 COO). For C26H4003 (4006) calculated: 77'95% C,
l0'07% H; found: 7781% C, 993% H.

313-if vdroxy-4ai-methyl-A-homo-B, 1 9-dinor-5c,9f3-androstan- 1/ -one 3-cyclohexanecarboxylate
(XXV, 287 mg, 48%), m.p. 114—117°C (ethanol); [cClD +71° (c 10). IR spectrum (CCI4): 1 740,
1 725 sh (CO); 1 740, 1192, 1177 (C6Ht1COO). Mass spectrum, m/z (%): 400 (Mt, 6); 356
(M — 444); 288 (M — C6H11COH, 16); 272 (M — C6H11COOH, 100); 257 (Y4); high
resolution: 4032880 (C26H4003). For C26H4003 (400'6) calculated: 7795% C, l007% H;
found: 77-63% C, 1042% H.

17-Hydroxy-4ax,l7cz-dimethyl-A-homo-B,19-dinor-5x,913-androstan-3-one (XXX)

A solution of methyllithium in ether (1-4 mol F1, 2 ml) was added at room temperature to
a stirred solution of ketone XXIV (ISO mg, 045 mmol) in tetrahydrofuran (2 ml). After 20 h
the mixture was poured into dilute hydrochloric acid (5%, 10 ml), the product was taken up
in chloroform and the organic layer washed with aqueous potassium hydrogen carbonate solu-
tion and water. The crude product XX VIII was oxidized according to Jones at 0°C and the
oxidation product was extracted with chloroform. The extract was washed with aqueous potas-
sium hydrogen carbonate solution and then with water. After removal of the solvent the product
was purified by preparative TLC (4 plates) in benzene—ether 2: 1 to give 81 mg (59%) of com-
pound XXX. IR spectrum (CCI4): 3 625, 1100, 1 080 (OH); 1 704 (CO). For C20H3202 (3045)
calculated: 78-90% C, 10-59% H; found: 7846% C, 1086% H.

4acc-Methyl-A-homo-B,19-dinor-Scz,913-androstane-3,17-dione (XX VII)

A mixture of acetate XXIV (150 mg, 0•45 mmol), potassium hydroxide (100 mg, l8 mmol) and
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methanol (5 ml) was refluxed under nitrogen for 1 h and then concentrated in vacuo to a quarter
of the original volume. The product was precipitated with water and extracted with ether. The
extract was washed with water and dried over anhydrous sodium sulfate, the solvent was evapo-
rated and the crude hydroxy derivative XXVJ was oxidized in acetone according to Jones (20°C,
10 mm). The oxidation product was again extracted with ether, the extract washed with water
and dried. Evaporation of the solvent followed by preparative TLC (3 plates) in benzene—ether
5: 1 afforded 58 mg (45%) of the diketone XX Vii; m.p. 162— 164°C (acetone—heptane); [X]D
+68° (c 11). Mass spectrum, m/z (%): 288 (Mt, 64); 270 (M — H20, 9); 244 (M — 44.40);
229 (10); 149 (64); 135, 100). JR spectrum (CC14): 1 743 (C==O in five-membered ring); 1 705
(C==O in six-meinbered ring), For C19H2802 (28&4) calculated: 7912% C, 978% H; found:
7899% C, 970% H.

The authors are indebted to Mrs Michaela Bdrová for excellent technical assistance. They also
thank Dr S. VaiIëkovd for measurement and interpretation of the CD spectra, the staff of the
Analytical Laboratory (Dr V. Pechanec, Head), Laboratory of Molecular Spectroscopy (Dr J.
SmolIkovd, Head) and Laboratory of NMR Spectroscopy (Dr M. BudëJInsk, Head).
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