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SYNTHESIS OF STEROID PRECURSORS.
INTRAMOLECULAR DIELS-ALDER APPROACH TO THE TRANS-HYDRINDENONE SYSTEM.

Swati A. Bal and Paul Helquist*
Department of Chemistry, State University of New York

Stony Brook, New York 11794 USA

Abstract: The intramolecular Diels-Alder reaction of the 1,3-propanediol-derived
ketal of (6E)-2-methyl-1,6,8-nonatrien-3-one produces an approximately
3:1 ratio of trans- and cis-hydrindenones.

Very recently we have reported a new annulation procedure for the fusion of dihydro- and
tetrahydro-naphthalene ring systems onto other carbon frameworks through the use of ortho-
lithiated B-phenethyl halides (1).! Among the several important classes of natural products
for which this method may be employed in total synthesis, the steroids, and most clearly the
ring A aromatic compounds (e.g. the estrogens), may serve as especially attractive applica-
tions of our procedure. However, the construction of the steroid nucleus by this approach
would require, most straightforwardly, the use of appropriate derivatives of trans-hexahydro-
7a-methyl-4-inden~l-one (2). Although various entries into this ring system have been
reported previously,?2 particularly appealing would be the use of the intramolecular Diels-

Alder reaction, a method of ring construction which is becoming increasingly popular.3
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Intramolecular Diels-Alder reactions leading to formation of various fused bicyclic
systems have been observed to give either c¢is- or trans-fused products.“>5 1In many cases,
the principal elements of stereochemical control appear to be rather subtle steric effects of
substituents on the substrates which frequently exert greater influence on the outcome of the
reaction than the familiar endo-directing effect of unsaturated groups. 1In the bicyclo-
[4.3.0]nonene series, this phenomenon has been very well documented by Roush who has observed

a preference for formation of trans products even in cases in which the so-called endo rule
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is violated as a consequence.“f,h’i In relation to our work, however, a particularly relevant
but disturbing result was reported by Sutherland for the unsaturated ketone system 3 (equation
1); the e¢Zs-hydrindenone 4 was obtained as the major component of a 30:4:3 mixture of
products (86% combined yield) for which the structures of the minor components were not
reported.“? This result was attributed to adherence of this system to the endo rule, although
we believe that an additional factor may be that in the transition state leading to the trans

product, the vinyl methyl substituent interacts unfavorably with the diene portion of 3.
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In order to circumvent the tendency of this system to produce predominantly the cis
product, we decided to investigate the reactions of substrates in which the carbonyl activa-
ting group of the dienophilic portion of 3 was replaced by bulky, saturated groups which could
readily be converted into the desired carbonyl group after the Diels-Alder reaction was per-
formed. We hypothesized that this substitution of functionality would lead to a reversal of
the stereochemistry observed by Sutherland because in the endo transition state which would
normally lead to the eis product, there would be an absence of secondary orbital interactions,®
and the newly introduced functional group would undergo additional non-bonded interactions
with the diene system which would perhaps be greater than the aforementioned interactions of
the methyl group. In the studies described below, we have indeed observed this reversal of
stereochemistry.

The substrates for our investigations were prepared as outlined in Scheme I which is

closely patterned after previously published pathways.“2,7 The allylic alcohol 5 may be
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converted® into the corresponding ¢-butyldimethylsilyl ether 6, or oxidation with pyridinium
chlorochromate® to give the ketone 3“2 followed by ketalization"l affords the 1, 3-dioxane
derivative 7.

Intramolecular Diels-Alder reactions were performed with compounds 6 and 7 as substrates
In the case of 6, a mixture of four isomeric products!® is obtained which upon removal of the
silyl group and oxidation gives an approximately 1:1 mixture of bicyclic ketones 2 and &4 in
607% yield (equation 2). On the other hand, and much more encouraging for our ultimate pur-
poses, 7 undergoes cycloaddition followed by ketal hydrolysis to afford a nearly 3:1 ratio of
2 and 4 in 85% yield (equation 3).!! The difference between the ratios in these two cases is
most likely due to operation of the steric effect described above on both faces of the dieno-
phile in 7 but on only one face in 6. We note that these results are in excellent agreement

with those of Jung.l!?
SiMe, t-Bu 1) Camphorsulfonic

200°C, 20 h Acid
6 ToTuene 2 > 2+4 (2)
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Sealed tube 3:1
Although our results to date are rather limited, they are of considerable significance
even at this early stage in that this work demonstrates that the previously reported tendency
for formation of ¢i¢ products can be reversed by very simple means. Therefore, this approach
provides a direct entry into the f{vans~hydrindenone ring system. Our own ongoing studies are
directed towards derivatives of 2 which will permit application of our previously reported

hydronaphthalene annulation procedure.l’13
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