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Summary: Onheating, acyclic enyne—allenes 5 underwent
a sequence of intramolecular transformations with a
cascade of energy to produce 9 having the tetracyclic
steroidal skeleton in a single step.

Cycloisomerization of polyolefins is an efficient and
attractive synthetic strategy for the construction of
polycyclicstructures.! The versatility of such an approach
has been amply demonstrated in the cationic-initiated
polyolefin cyclization reaction.? Recent development has
focused on the use of transition metals,? free radicals,*
and alkyllithiums5 to promote ring formation. Werecently
reported a new synthetic route to o-quinodimethanes,® a
class of reactive intermediates finding many useful syn-
thetic applications,” via the thermally-induced Myers
cycloaromatization reaction of conjugated enyne—allenes.?
We now have successfully extended this pathway to the
preparation of synthetically useful 0-quinodimethanes for
the subsequent intramolecular Diels-Alder reactions,
producing the tetracyclic steroidal skeleton from acyclic
enyne—allenes in a single step.

The acyclic enyne—allene 5a, serving as a precursor to
the steroidal skeleton, was synthesized as outlined in
Schemel. Theconjugated allenic aldehyde 2 was prepared
by sequential treatment of the readily available 1,2,8-
nonatriene (1)? with n-butyllithium and N,N-dimethyl-
formamide followed by acidic workup.! Condensation of
2 with allenylborane 3a® proceeded smoothly and afforded,
after treatment with 2-aminoethanol, hydroxy propargyl
silane 4a in 80% isolated yield. The diastereoselectivity
of the two newly formed asymmetric centers was high (de
= 94%), whereas an essentially random selection of the
allenic chiral axis, which was of no chemical consequence,
was observed. The subsequent H>SO4-induced Peterson
olefinationreaction!! produced 5a in high geometric purity
(Z:E = 96:4). Similarly, enyne-allene 5b (Z:E = 97:3) was
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prepared by using allenylborane 3b, derived from 2-methyl-
5-(trimethylsilyl)-1,5,6-octatriene, for condensation with
2

The thermally-induced cyclization of 5a to the tetra-
cyclicstructure 9a was carried out by dropwise introduction
of asolution of 5a (0.156 g, 0.65 mmol) in 100 mL of benzene
into 300 mL of refluxing benzene over a period of 1 h
followed by an additional 1.5 h of reflux to afford 0.080
g (0.33 mmol, 50% ) of 9a having predominantly the trans
ring junction (trans:cis = 92:8) (Scheme II). The assign-
ment of the trans ring junction to 9a is based on the
chemical shift correlation of the 1*C NMR signals with
those of other similar systems.!? Such a stereochemical
outcome of the transformation from 8a to 9a is also
consistent with earlier reports of other closely related
intramolecular Diels—Alder reactions of o-quinodi-
methanes.!213 Because the asymmetric center on the five-
membered ring did not exert a significant influence on the
facial selection of the Diels~Alder reaction, a 1:1 mixture
of the two diastereomeric pairs of 9a was produced.
However, only a small amount (ca. 1%) of 10, derived
from the [1,5]-sigmatropic hydrogen shift of 8a, was

(12) Nicolaou, K. C.; Barnette, W. E.; Ma, P. J. Org, Chem. 1980, 45,
1463-1470.

(13) (a) Funk, R. L.; Vollhardt, K. P. C. J. Am. Chem. Soc. 1978, 98,
6755-6757. (b) Oppolzer, W.; Roberts, D. A.; Bird, T. G. Helv. Chim.
Acta 1979, 62, 2017-2021. (c) Ito, Y.; Nakatsuka, M.; Saegusa, T. J. Am.
Chem. Soc. 1980, 102, 863-865.

© 1993 American Chemical Society



1652 J. Org. Chem., Vol. 58, No. 7, 1993
detected by the 'H NMR (eq 1). Similarly, 9b (trans:cis

H

8a 10

= 95:5) was produced from 5b in 13% isolated yield. In
comparison with 9a, the absence of an asymmetric center
on the five-membered ring in 9b reduces the complexity
of the H and !3C NMR spectra and makes it easier for
structural elucidation.

The sequence of events leading to 9a is a subject of
interest. It is most likely that ring closure to form 7a is
the first event that occurs following the Myers cyclo-
aromatization reaction because aryl radicals are very
reactive toward cyclization (Bsezo = ca. 5 X 108 571 at 50
°C).14 It also seems likely that the subsequent 1,5-
hydrogen transferf to form 8a is faster than the possible
intramolecular trapping of the benzylic radical center in
7a by the carbon—carbon double bond. The heat of
formation of 8a is estimated to be ca. 13 kcal/mol less than
that of 7a, representing the difference in the bond
dissociation energies of primary alkyl and benzylic C-H
bonds.!> Furthermore, the rigid structure of 7a should
also enhance the rate of the hydrogen transfer. The
possible intramolecular trapping of the benzylic radical
center in 7a by the carbon—carbon double bond is favored
by only ca. 7 kcal/mol, representing a gain of ca. 20 kcal/
mol by trading a carbon—carbon = bond for a ¢ bond'€ but
a loss of 13 kcal/mol by going from a benzylic radical to
a primary alkyl radical.!> The entropy factor should also
make such a conversion less favorable. It was recently
reported that attempts to induce cyclization of o-allyl-
benzyl chloride by a free-radical route were unsuccessful.'
Therefore, it is most likely that o-quinodimethane 8a was
also produced in the present case and then intramolecularly
captured by the carbon—carbon double bond.
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Communications

There are two factors that might contribute to the low
efficiency in converting 5b to 9b. The presence of a methyl
substituent at the internal position of a double bond in 6b
could increase the amount of the undesirable 6-endo
cyclization.!® The transition state leading to 9b suffered
from a severe allylic 1,3-strain!? as depicted in 9b, which
would reduce the efficiency of the intramolecular Diels-
Alderreaction. Indeed, the !H NMR spectrum of the crude
product exhibited strong signals attributable to the vinylic
hydrogens of the monosubstituted double bond together
with gignals due to other vinylic as well as aromatic
hydrogens.

In conclusion, the synthetic strategy outlined in Scheme
II represents a new approach to a one-step 0 — ABCD
ring construction of the tetracyclic steroidal skeleton
having an aromatic C-ring.? In comparison with the
cationic polyolefin cyclization reactions? and the more
recent transition metal-mediated reactions,3** this strat-
egy is unique in that cyclization is induced thermally and
does not require an acid or a transition-metal catalyst. We
are currently extending this synthetic strategy to other
fused ring systems by varying the length of the tether
connecting the two carbon—carbon double bonds to the
eyne-allene system and by using other dienophiles for the
intramolecular Diels-Alder reaction.
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