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The reaction between the interesting new sulfur ylide reagent, diphenylcyclopropyl-
sulfonium ylide, l}, and various steroidsl saturated and unsaturated ketones was investi-
gated. This reagent was shown by Trost and Bogdanowicz2 to have considerable synthetic po-
tential, e.g. with saturated ketomes 1 gave spirocyclobutanonESEb and with o,B-unsaturated
ketones it gave spiropenteneszc. In this communication we report a new reaction path for
this reagent which converts steroid h,6-diene-3-ones to spiro[g-h]heptan—h—ones; the struc-
ture of one of these, 3, has been determined by X-ray crystallographic structure analysis.

Reaction of the 4,6-diene-3-one 2 with diphenylcyeclopropylsulfonium ylide, l}’3

, gave
two products, in the ratic 5:1, both of which had incorporated two molecules of ylide
reagent i.e. addition of a CgHg unit had occurred. The major product 3 had m.p. 205—8O
from acetone/hexane [0]26+102.2° (CHC13); []295+3,600°, [6]232452,600° (MeOH); Acor 232,
2ko, 248 am, e 21,600, 23,100, 14,4005 vp,, (CCly) 6,120 (cyclopropyl) cm_l; Vyax (CHCL4)
1760 (lactone), 1719 (>C=0) em™; 6 {cpcig), 0.97 (10-CH3, s), 1.02 (13-CHjz, s), 5.14
(4-H, s), 5.53 (4,4 J 10, 1.5 Hz), 5.95 (d,d J 10, 2 Hz) (6-H and 7-H) ppm. CpgHag03 re-
quires 420.266L: ¢, 79.96, H, 8.63%; found, 420.26T1: ¢C, 79.9%, H, 8.59%, and the minor
product 4 had m.p. 255.9° from acetone/hexane [§]§5-32.2° {CHCL3) [e]ZBS-h,100°,
[6]239+27,200% (MeOR); Aoo" 233, 240, 248 nm, & 25,600, 27,500, 17,1005 vygy (CHCL3) 1760
(lactone), 1719 (>C=0) em~1; §(CDC13), 0.90 (10-CHg,s), 1.02 (13-CH3,s), 5.10 (L-H, s),
5.53 (d,d4 J 10, 1.5 Hz), 5.94 (4,4 J 10, 2 Hz) {6-H and T-H) ppm. CpgH3g03 requires
L20.2664: €, 79.96, H, 8.63%; found, 420.2666: ¢, 79.94%, H, 8.81%.

Both compounds still contained the b ,6-diene grouping, as evidenced by the U.V.
maxima' at 232, 240 and 248 nm and by the characteristic 3 proton vinyl multiplets in
their pmr spectra, thus indicating that attack had cccurred at the C3 carbonyl group.

The carbonyl absorption at 1719 cm_l clearly ruled out the possible spiro[3"3]heptan—l-

one structure 9 snd suggested either a six-membered or a conjugated five-membered
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. 5
ring ketone”. The presence of a cyclopropyl group in the major product was shown by

the absorption at 6120 cm"l in the near infrared spectrum . Since CgHy had been added
to the steroid, these data are consistent only with spiro[é-kjheptanes of the general
formuls

=0 3

4 :
where the carbonyl and cyclopropyl groups are on adjacent carbon atoms.

In order to determine which of these compounds had been formed, the major pro-
duct was subjected to single-crystal X-ray analysis and shown to be 3. The steroid
spiro[?-@]heptan—h—one, 3, crystallizes in the orthorhombic system, space group
P21212y, a = 12.79(1), b - 23.01(1}, ¢ = T7.98(1) X, U = 2349 33, Dp (flotation) = 1.20,
Z=k, n, =1.189 g.cm‘3. The structure was solved by direct non-centrosymmetric
phase-determining methods using the "magic integer" approach7 in combination with
MULTANS. The positional and anisotropic thermal parameters of the non-hydrogen atoms
have been refined by full-matrix least-squares calculations to R 0.128 over 1538
statistically insigificant [I > 2.00(I)] reflections measured on an Envaf-Nonius GAD 3
automated diffractometer (Ni-filtered Cu-K,, A = 1.5L18 X radistion) operating in the
6-26 scanning mode.

The structure 3 can be readily explained by postulating the intsrmediacy of a
C3 spirocyclobutancne 6 as shown in the scheme. That initial attack of the ylide
occurs at C3 rather then at C; can be accounted for by the large bulk of the reagent
and to the relatively hindered nature of the Cy-position. Also, the rearrangement of
the oxaspiropentane 5 to the spirocyclobutanone 6 under the basic conditions of
the reaction is reasonable since the spiro carbon atom €3 1is allylic and therefore
can stabilize the partiasl positive charge formed on it during the rearrangement.
Similar uncatalyzed rearrangements have been noted where the incipient carbonium ion

2a,b,d' Further reaction of

is stabilized by two phenyl groups or a cyclopropyl group
the spirocyclobutanone & with 1 then gives the observed product 3 either directly
(route i) or via the oxaspiropentane 8 (route ii). The latter route is unlikely

since rearrangement of 8 to 3 would require the cyclopropyl carbon to develop, at
2a,b

9

least a partial positive charge Also, there seems to be no & priori reason why

§ should not rearrange normally” to give the spiro [3-3]heptan—1-—one g. We consider
that the oxaspiropentane §_ ig not an intermediate in the rearrangement and that
route i is the correct mechanism. An inspection of Dreiding Models shows that the
antiperiplanar arrangement of the C—g and the C-S@, bonds necessary for closure to §
is sterically hindered whereas this arrangement for the migrating bond and the C—S¢2

bond appears to be unhindered.
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SCHEME

The minor product is tentatively assigned the Cj epimeric structure E_since the
only majar shactral diffavance hafiesn the fom neadists iz in the QLD epeshrs whewe
the caroonyy rOYIOR BYFErts are PpRSY D0 magpIrvhe YT orposiYe 3p i,
Further work to support the postulated mechanism and to determine the scope and
utIlity of tirls redaction Is currently underwsy in the Tadoratory at Schering Corporation.
Two of us (M.J. Green and Ho-J. Shue) would like to thank Prof. D.H.R. Berton,
Prof. 5. Weinwald and I, S. Polovsxy For many nelpfu) discussions and Mr. J. Nellotten
and the staff of the Physical Organiec Chemistry Department, Schering Corporation, for
the sperirsd Dais repOYIed.
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