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Summary: On heating, acyclic enyneallenes 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 
polycyclic structures.' The versatility of such an approach 
has been amply demonstrated in the cationic-initiated 
polyolefin cyclization reaction.2 Recent development has 
focused on the use of transition metals: free radicals,' 
and alkyllithiums5 to promote ring formation. We recently 
reported a new synthetic route to o-quinodimethanes,6 a 
class of reactive intermediates finding many useful syn- 
thetic applications,7 via the thermally-induced Myers 
cycloaromatization reaction of conjugated enyne-allenes.* 
We now have successfully extended this pathway to the 
preparation of synthetically useful o-quinodimethanes for 
the subsequent intramolecular Diels-Alder reactions, 
producing the tetracyclic steroidal skeleton from acyclic 
enyneallenes in a single step. 

The acyclic enyneallene Sa, serving as a precursor to 
the steroidal skeleton, was synthesized as outlined in 
Scheme I. The conjugated allenic aldehyde 2 was prepared 
by sequential treatment of the readily available 1,2,& 
nonatriene (W with n-butyllithium and Nfl-dimethyl- 
formamide followed by acidic workup.1° Condensation of 
2 with allenylborane 3a6 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 % 1, whereas an essentially random selection of the 
allenic chiral axis, which was of no chemical consequence, 
was observed. The subsequent HzSO4-induced Peterson 
olefmation reaction" produced 5a in high geometric purity 
(ZE = 96:4). Similarly, enyneallene Sb (ZE = 97:3) was 

(1) Troet, B. M. Acc. Chem. Res. 1990,23,34-42 and referencw cited 
therein. 

(2) (a) Johneon, W. S.; Chen, Y.-Q.; Kellogg, M. S. J. Am. Chem. Soc. 
1983, 105, 6663-6656. (b) van Tamelen, E. E.; Leiden, T. M. J. Am. 
Chem. SOC. 1982,104,2061-2062. 

(3) (a) Lecker, 5. H.; Nguyen, N. H.; Vollhardt, K. P. C. J. Am. Chem. 
SOC. 1986,108,856-858. (b) Zhang,Y.; Wu, G.-z.;Agnel, G.; Negiehi,E.-i. 
J.  Am. Chem. SOC. 1990, 112, 85e8592.  (c) Bao, J.; Drsgisich, V.; 
Wenglowsky, S.; Wulff, W. D. J. Am. Chem. SOC. 1991,113,9873-9875. 
(d) Troet, B. M.; Shi, Y. J. Am. Chem. SOC. 1991,113,701-703. 

(4) (a) Curran, D. Synthesis 1988,417-439 and 489-513. (b) Xu, S. 
L.; Taing, M.; Moore, H. W. J.  Org. Chem. 1991,56,6104-f3109. 

(5) Bailey, W. F.; h i ,  K. J .  Am. Chem. Soc. 1989,111,765-766. 
(6) Andemichael, Y. W.; Gu, Y. G.; Wang, K. K. J. Org. Chem. 1992, 

57,794-796. 
(7) (a) Oppolzer, W. Synthesis 1978,793-802. (b) Martin, N.; Seome, 

C.; Hanack, M. Org. Prep. Proced. Znt. 1991,23,237-272 and references 
cited therein. 
(8) (a) Myers, A. G.; Kuo, E. Y.; Finney, N. S. J .  Am. Chem. SOC. 1989, 

111, 8057-8059. (b) Nagata, R.; Yamanaka, H.; Okazaki, E.; Saito, I. 
Tetrahedron Lett. 1989,30, 4995-4998. 

(9) Skattebol, L. J. Org. Chem. 1966,31, 2789-2794. 
(10) Clinet, J. C.; Linetrumelle, G. Nouu. J. Chem. 1977,1,373-374. 
(11) Hudrlik, P. F.; Petereon, D. J. Am. Chem. SOC. 1976,97,1464- 

1468. 

Scheme I 
MySi,  

k R = H  
3b: R = Me 

b 
3.0 .1NHCl  2.2-uninoethanol 

1 2,50% 

,SiMe, 

4s: R - H. 80% 
4b R = Me, 81% 

5s: R = H. 93% 
5b: R = Me. 86% 

Scheme 11 

r 

&:R-H 
8 b R - M e  

9% R -H. 50% 
9 b  R - Me. 13% 

prepared by using allenylborane 3b, derived from 2-methyl- 
5-(trimethylsilyl)-1,5,6-octatriene, for condensation with 
2. 

The thermally-induced cyclization of Sa to the tetra- 
cyclic structure 9a was carried out by dropwise introduction 
of a solution of Sa (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 11). The assign- 
ment of the trans ring junction to 9a is based on the 
chemical shift correlation of the 13C NMR signals with 
those of other similar syatems.12 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.12J3 Because the asymmetric center on the five- 
membered ring did not exert a significant influence on the 
facial selection of the Diela-Alder reaction, a 1:l 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 
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detected by the lH NMR (eq 1). Similarly, 9b (trans:cis 
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= 955) 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 13C 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 ( k k x 0  = ca. 5 X lo8 s-l at 50 
OC).14 It also seems likely that the subsequent 1,5- 
hydrogen transfel.6 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.15 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 T bond for a u bondI6 but 
a loss of 13 kcal/mol by going from a benzylic radical to 
a primary alkyl radical.15 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 ~nsuccessful.'~ 
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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There are two factors that might contribute to the low 
efficiency in converting Sb 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-end0 
cyclization.18 The transition state leading to 9b suffered 
from a severe allylic 1,3-strainlg as depicted in 9b, which 
would reduce the efficiency of the intramolecular Diels- 
Alder reaction. Indeed, the lH NMR spectrum of the crude 
product exhibited strong signals attributable to the vinylic 
hydrogens of the monosubstituted double bond together 
with signals due to other vinylic as well as aromatic 
hydrogens. 

In conclusion, the synthetic strategy outlined in Scheme 
11 represents a new approach to a one-step 0 - ABCD 
ring construction of the tetracyclic steroidal skeleton 
having an aromatic C-ring.20 In comparison with the 
cationic polyolefin cyclization reactions2 and the more 
recent transition metal-mediated 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 Diela-Alder reaction. 
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