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New Approach to the Synthesis of a-Fluoro-oxo-steroids

By SrrLomo RozeEN and YNON MENACHEM

(Chemistry Depaytment, Tel-Aviv University, Tel-Aviv, Israel)

Summary The mixture of fluoroxy compounds formed
when fluorine reacts with sodium trifluoroacetate, acts
on steroidal enol acetates to give a-fluoroketones in good
yields.

THEsynthesisof -fluoro-oxo-steroids hasinterested chemists
for over 20 years. Although the reaction between the
enamine of the oxo-steroid and perchloryl fluoride may be
used,! the limitations of this reagent are well known. It
tends to form chlorinated or oxygenated compounds and
also it successfully fluorinates only particularly reactive
nucleophiles? such as the relatively sensitive enamines,
while the stable and easily prepared enol acetates usually
do not react. Further, although the reagent itself is stable,
explosions have been caused by the chloric acid which is a
by-product.

Fluoroxytrifluoromethane, CF;OF, may replace CIO;F
in reactions with electron-rich olefins,3:% but it is expensive
and of limited availability, and we therefore sought a
more readily available reagent. Elemental fluorine can
accomplish sometimes surprisingly selective electrophilic
fluorination of various steroids.® Hence, we first studied

the reaction between fluorine and 5x-androst-3-ene-3,178-
diol diacetate (4), but it was impossible to isolate any
a-fluoro-ketone from the resultant complicated mixture.

CF,CF,OF + trans-PhCH=CHPh —
PhCHFCH(OCF,CF,Ph (pL-threo)

(1) (2) @)

When fluorine was passed through a suspension of
CF,CO;Na in Freon at —75 °C, an oxidative solution was
obtained,} an important component of which is fluoroxy-
pentafluoroethane (1).6 We have shown the presence of
(1) by reactions with olefins. Thus, prL-threo-a-fluoro-o’-
pentafluoroethoxybibenzyl (3) (m.p. 87 °C){ resulted from
the cis addition of CF,CF,OF to trans-stilbene (2).

A number of addition reactions of CF,CF,OF to olefins
showed that (1) is responsible for no more than 509, of
the oxidative power of such solutions. It was clear that
other perfluoroxy compounds were also present.®! All
these compounds, like CF;OF and (1), possess an electro-
philic fluorine attached to an excellent leaving group of
type R{O—.

+ The oxidative power of the reaction mixture can be determined by titration of the iodine liberated from KI.

1 A more detailed description of this reaction as well as its mechanism will appear elsewhere.
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We thus studied the use of this oxidative solution,
in ftoto, in reactions with activated olefins such as steroidal
enol acetates. Thus, a cooled solution of cholestanone
enol acetate (5) (0-5molequiv.) in a little methylene
chloride was added at —75°C to the above mentioned
oxidative solution. After stirring for 1 min at this tempera-
ture, the mixture was poured on to thiosulphate solution
and the organic layer worked up in the usual way.
Purification by t.l.c. or h.p.l.c. gave 2a-fluorocholestanone
(6) (45% yield; m.p. 172 °C;7 vpax 1730 cm™1; § (CDCL,)
5-0 (1H, d,q-like, 2-Hgx, Jzg 48, J, 12, and J, 7 Hz).
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! —_—
AcO S o] $
(8) (9)
QAc
IF+) \\
——e
Ac 0
F
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Similarly, the reaction of (4) with the oxidative solution,
in contrast to its reaction with elemental fluorine, gave (7)
in 50% yield (m.p. 196 °C);® vymax 1750 cm™1, § (CDCl,) 4.96
(1H, d,q-like, 2-Hgax, Jpg 48, J, 13, and J, 7 Hz).

‘While the double bond in the steroids (4) and (5) is
mainly localized between C(2) and C(3), this is wholly the
case with the enol acetate of methyl 3-oxoglycyrrhetate
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(8), from which the 2u-fluoro-derivative (9) was obtained
in 85% yield (m.p. 265°C);® vpax 1735(sh), 1725, and
1655 cm™1; § 5-71 (1H, s, 12-H) and 5-24¢ (1H, d,q-like,
2-Hax, Jpa 48, J1 6, and J, 12 Hz); [«)¥ —163-3° (CHCl,,

c 1-0).
0 OAc
i, i, il
HO AcO A
Cl
12) '/{,v (13)
o]
N
AcO
(14)

i, Ac,O-Pyridine; ii, Cl,; iii, isopropenyl acetate; iv, ‘F+’;
v, Zn-AcOH-EtOH.

This method is also applicable to the preparation of the
medicinally important 6- or 16-fluoro steroids. Reaction
of the mixture of fluoroxy-compounds with the dienol
acetate (10) gave a mixture of 6x- and 6B-fluorotesto-
sterone acetate which was resolved by t.l.c. (11a): m.p.
175 °C, yield 279, ;1 vmax 1745 and 1695 cm™1; § 6-1 (1H,
br. s, 4-H), 5-1 (1H, dm, 6-Hax, Jpyg 48 Hz), 1-19 (3H, s,
19-H;) and 0-84 (3H, s, 18-H,); (11b): m.p. 114 °C, yield
43%:;10 ypax 1740 and 1690 cm=1; § 5-9 (1H, d, 4-H,
J 45 Hz), 5-03 (1H, dm, 6-H,,, Jey 48 Hz), 1-3 (3H, d,
19-H,), J 1-7 Hz), and 0-85 (3H, s, 18-H,). 38-Hydroxy-
androst-5-en-17-one (12) was also studied. It was acety-
lated, the double bond was protected by chlorination, and
the corresponding enol acetate (13) was obtained. This
product was treated with the oxidative solution and after
dechlorination the 16o-fluoroketone (14) (m.p. 205 °C)it
was obtained in 859, yield based on (13), vymax 1760 and
1725 cm=1; § 5:0 (1H, dm, 168-H, Jgy 48 Hz), 1-05 (3H,
s, 19-H;), and 0-92 (3H, s, 18-H,).

Formally, this reaction is effectively a fluorination of
activated olefins with elemental fluorine. This represents
a major advantage over the previously used reagents.§
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§ Lr.,, n.m.r. (*H and PF), and mass spectra were in all cases consistent with the assigned structures.
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