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Transformation of steroidal cyclohexadienyl anion without fragmentation:
unexpected synthesis of methylenesteroid

L. L. Vasil'eva, M. A. Lapitskaya, and K. K. Pivnitsky*

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
Fax: +7 (095) 135 5328 E-mail: li@ioc.ac.ru

In contrast with androsta-1,4-diene-3a/B,17p-diol, its 3-O-methyl ether is transformed
upon C(3)-deprotonation into the corresponding 3-methylene steroid with migration of the
O-methyl group on the steroid skeleton (by the scheme of Wittig rearrangement) rather than

climinating the 19-methyl group.
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We have recently reported that androsta-1,4-diene-
3a/P,17B-diol (1a) prepared from readily available
androsta-1,4-diene-3,17-dione by the hydride reduction
is smoothly transformed into estradiol (3) on trcatment
with BuPLi under drastic conditions (50—100 °C)!. The
mechanism of this transformation includes C(3)-de-
protonation (with simultancous deprotonation at the
0O(3) and O(17) atoms) with formation of cyclohexa-
dienyl anion (2a), which is thermally cleaved at the
C(10)—C(19) bond with expulsion of the C(19)H; anion
and aromatization of the ring Al Howcver, when a
similar transformation of the 3-O-methyl ether of diol
ta (1b) into the 3-methyl ether of estradiol 3 (4) was
attempted, we found that the thermal transformation of
the intermediate methoxycyclohexadienyl anion (2b) pro-
ceeded in a different way with the formation of a new
C—C-bond.

The starting methyl ether Ib was prepared by an
unconventional method, viz, by the interaction of diol
la with methanol in the presence of anhydrous MgSOy
{Scheme 1). Under these mild conditions unstable diol
la was smoothly and selectively transformed in an ac-
ceptable vield of 75% into 3-ether 1b; the latter was
formed as a mixture of 3c- and 3B-epimers with the
ratio of the cpimers (1 : 1.2, respectively) ditferent
from that of starting diol 1a. The method is based on an
carlier observation of simple etherification of a steroid
dienylcarbinol under similar conditions3. The mecha-
nism of the etherification probably includes the forma-
tion of an intermediate cyclohexadienyl cation (in which
the positive charge is delocalized over the ring A) from
diol ta followed by stabilization of the cation by the
reaction with methanol at C(3). The weak acidity of
MgSQ, is sufficient for the elimination of the doubly
altvlic 3-hydroxy group which is very easily dehydrated
with the dienol-benzene rearrangement®5. According 0

the calculation (semiempirical PM3 method) the cation
formed has the maximum of the positive charge density
at the sterically non-hindered C(3) position. These two
factors arc sufficient for the regio- (but not stcreo-)
selectivity of the reaction.

The C(3)-deprotonation of ether 1b occurs upon the
action of the Bu"Li—TMEDA complex as follows from
the appearance of the red color characteristic of the
anions similar to anion 2b. Pyrolysis of the anion at
75 °C is accompanicd by the fading of the red compo-
nent of the color; however, even traces of the expected
cther 4 were not formed. Instead, 3-methylenesteroid 5
{(35%, not optimized) contaminated with estranc
dimethylsteroid 6, as well as testosterone 7 (14%), were
isolated. The structure of methylenesteroid 5 was clearly
confirmed by the 'H NMR spectrum, in which the
positions and multiplicity of signals of five vinyl protons
practically coincided with those published for the corre-
sponding 17-keto analog®. Another confirmation of the
structure followed from the total transformation of the
acid-labile 3-methylenesteroid 5 into dimethylsteroid 6
during chromatography on silica gel by rearrangement
similar to the dienol-benzene rearrangement>.

A common cxplanation based on the difference of
expected properties of cyclohexadienyl anions 2a and 2b
is possible for the formation of products 5—7 (and the
absence of ether 4). Because of the lack of a ncgatively
charged atkoxide substituent at C(3) in 2b this anion
should be niore stable and the presence of a methoxy
group allows a second way of its stabilization, viz, Wittig
rearrangement’ with O—C-migration of the methyl
group. According to the calculation (PM3 method) the
negative charge deosity at C(3) (—0.331) in anion 2b is
high enough for the rearrangement to occur. The proto-
nation of the formed alkoxide 8 during aqueous work-up
lcads to the doubly allylic tertiary carbinol 9, even more
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Reagents and conditions: a, McOH, MgSQ,, 22 °C; . Bu"Li, 22 °C; ¢, 6075 °C; 4, H,0; e, SiO,.

prone to dehydration than its secondary analog 1a. Due
to the presence of a methyl group the dehydration of
carbinol 9 occurs without rearrangement and leads to
methylenesteroid 5.5 Aromatic steroid 6 could arise as a
result of both dehydration with rearrangement and subse-
quent rearrangement of methylenesteroid 5. The side
formation of testosterone 7 is possible via the protonation
at C(1) of the remaining anion 2b followed by hydrolysis
of the arisen methylvinyl ether during work-up. Earlier!
we have observed a similar formation of testosterone 7
from anion 2a after its incomplete pyrolysis.

The two presented transformations, selective synthe-
sis of diunsaturated ether 1b and its transformation into
methylenesteroid 5, are not only of mechanistic but also
of practical interest for the preparation of organic com-
pounds with similar functional groups. A methylene-
steroid structurally very similar to 5 was proposed as a
second-generation antitumor agent.’

Experimental

'H NMR spectra were recorded with a Bruker WM-250
(250.13 MHz) spectrometer. Analytical TLC was performed
on Kieselgel 60 (Mcrck) using the developing systems indi-
cated befow. Column chromatography was performed on ALO;5,
activity 1, pH 9—10 of water extract. A solution of Bu"l.i in
hexane (1.6 M) and TMEDA (Fluka) were used. The latter was
dried by distiflation from KOH.

3u/p-Methoxyandrosta-1,4-diene-173-ol (ib). To a solu-
tion of diol la ! (48,6 mg, 0.169 mmol) (a mixture of
I-cpimers, ratio o« o B =1 :2.3) in anhydrous methanol

(0.6 mL) and cther (4 mL) finely ground anhydrous MgSO,
(0.6 g, 5 mmol) was added and the white suspension wus
stitred for 24 h at 22 °C until the starting diol was consumed
(TLC monitoning). The reaction mixture was filtered, the solid
residue on the filter was washed with ether and the filtrate was
concentrated to dryness. The residue was subjected to column
chromatography on AL O3 (3.6 g, hexane—EtOAc, 4 : 1) to
give a mixture of 3-epimers of methyl ether th (38 mg, 75%),
the ratio @ : B = 1 : 1.2 (according to 'H NMR spectrum),
colorless oil, R 0.51 (3p3-epimer) and 0.57 (EtOAc—hexane,
2 : 3, developed twice). 'H NMR spectrum (CDCl3), &: 0.78
(s, 3 H, C(18)H;); 1.06 (s. 1.64 H, C(19)H; in 3p-epimer);
1.12 (s, 1.36 H, C({19)H; in 3a-epimer); 3.22 (s, 1.36 H, OMe
in 3a-epimer); 3.27 (s, 1.64 H, OMe in 3p-epimer); 3.61 (t,
1 H, H(17), J = 8.5 Hz); 4.35 (brs, I H, H(3));, 5.44 (brs,
1 H, H(4)); 570 (m, | H, H(2)); and 6.06 (d. | H, H(l),
J = 10.5 Hz). The compound is unstable in CDCl;, and can
be stored in toluene solution at —20 °C.
3-Mcthyleneandrosta-1,4-dien-17p-0l (5) and 1,4-di-
methylestra-1,3,5(10)-trien-178-0l (6). To a stirred solution of
ether 1b (150 mg, 0.50 mmol) in TMEDA (620 mL. 4.1 mmol)
1.6 A Bu"Li (5.1 mmol, 3.2 mL) was added at 22 °C under
argon. During 4 h at the same temperature the solution became
intensely” reddish-brown. The mixtire was stirred for 1.5 h at
60—75 °C, coolcd, and diluted with ether and then with a
phosphate buffer (pH 6). The two-layer light-yellow mixture
was carefully acidified to pH 3 with 2 M HCI (to remove
TMEDA) and extracted with EtOAc, and the extract was
washed with water until the pH of the washings became neutral,
dried with anhydrous Na,SOy, and concentrated 1o dryness. The
residue (160 mg, yellow oil) was subjected to column chroma-
tography on ALOj (6 g, EtOAc~hexane, 20-»80%) to give
methylenesteroid § (50 mg, 35%) (contains 25% of steroid 6 as
tollows from the NMR spectrum), Ry 0.62 (EtOAc—hexane,



1382 Russ.Chem. Bull., Voi. 48, No. 7, July, 1999

Vasil‘eva er al.

2 . 3, developed twice), and testosterone 7 (20 mg, 14%),
Ry 0.20 (the same conditions) identical with an authentic sample
by TLC and H NMR data. Steroid 5: light-yellow oil (lit.
data’: oif). 'H NMR data (CDCly), 8: 0.79 (s, 3 H. C(18)H,);
116 (s, 3 H, ClUNHH;3), 3.62 (1, 1 H, HQ7), J = 8.3 Hz); 4.70
and 4.74 (both s, both | H, C(3)=CH,); 592 (d, 1 H, H(),
J =96 Hz); 595 (s, I H. H4)), and 6.16 (d, 1 H, H(2),
J = 9.6 Hz). On attempted purification of methylencsteroid 5
by preparative TLC on silica gel it was completely transformed
into aromatic steroid 6 (sec Ref. 3), colorless oil. 'H NMR
spectrum (CDCl,), &0 0.83 (s, 3 H, C(18)H;): 2.20 (s,
3 H, 4-Me); 2.34 (s, 3 H, 1-Me); 380 (¢, I H, H(17), / =
7.7 Hz); and 6.92 (s, 2 H, H(2) + H(3)) (¢ with a spectrum in
Ref. 9).
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