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ABSTRACT

An efficient, diversity-oriented approach to novel steroid analogues possessing a C-5 â configuration begins with the Stille cross-coupling of
enantiomerically pure cycloalkenylstannane trans -2 and enol triflate 3. The resulting diene trans -4 engages in Diels −Alder cycloaddition reactions
with a range of dienophiles to give, after removal of protecting groups, biologically interesting 6,7-disubstituted steroid analogues.

Analogues of natural steroids are important compounds that
possess a wide spectrum of attractive biological properties.
For example, although the use of glucocorticoids as phar-
maceuticals can be accompanied by a range of undesirable
side effects,1 certain synthetic variants have been shown to
retain the desired biological activities while displaying none
of the adverse effects associated with their natural congeners.2

Despite the consequent and intense interest in synthetic
steroids,3 it is noteworthy that among the large arsenal of
established approaches to such compounds,4 diversity-

oriented access to steroidal skeleta capable of delivering large
collections of analogues is essentially unknown. Herein, we
report a new approach to the tetracyclic steroidal skeleton
that follows a convergent A+ CD f ACD f ABCD ring-
assembling strategy utilizing a simple sequence of Stille
cross-coupling and Diels-Alder cycloaddition reactions that
achieves rapid increases in molecular complexity. The route
involved generates interesting and, thus far, rarely investi-
gated steroids incorporating substituents at C-6 and C-75 that
have been reported to enhance the biological activities of
steroids lacking groups at these positions.6
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The reaction sequence starts (Scheme 1) with the selective
conversion of the readily available and enantiomerically
pure bicyclic enone17 into either thecis- or trans-ring-
fused forms of the hexahydroindenylstannane2 by sub-
jection of the former compound to appropriate reduction
conditions and then trapping of the resulting enolates to
generate the correspondingcis- or trans-configured enol
triflate in 71 and 83% yield, respectively.8-10 These last
species were then treated with lithium tri-n-butylstan-
nyl cuprate11 to give cis-2 or trans-2 in 85 and 92% yield,
respectively. The other partner required for the foresha-
dowed Stille cross-coupling reaction12 was the enol triflate
3, and this was prepared from the commercially available
monoethylene acetal of cyclohexane-1,4-dione by a new
protocol employing sodium bistrimethylsilylamide in di-
ethyl ether that allows the conversion of ketones into enol
triflates with the relatively inexpensive reagent trifluoro-

methanesulfonic acid anhydride.13 The best conditions for
carrying out the Stille cross-coupling of stannanescis-2 and
trans-2 with compound3 involved a procedure employing
Pd2(dba)3 with a copper(I) cocatalyst in the presence of
lithium chloride. By such means, the dienescis-4 andtrans-4
were obtained in 73 and 77% yield, respectively.

The cis-4 and trans-4 diastereomers each appear to be
reasonably well set up for participation in Diels-Alder
reactions to generate steroid-like adducts, although, in the
event, these dienes needed to be treated with rather reactive
dienophiles such as maleic acid derivatives so that the desired
cycloaddition reaction occurred. For example, upon heating
diene trans-4 with 1.5 equiv of fumaronitrile in refluxing
toluene (Scheme 2), the steroid analoguetrans-5 was formed
in 84% yield. The structure oftrans-5 follows from a single-
crystal X-ray analysis.14 An analogous reaction conducted
in benzene15 at 95 °C and employingN-methylmaleimide
as a dienophile afforded the adducttrans-6 in 79% yield.
The less reactive dienophile dimethyl acetylenedicarboxylate
engaged in the expected cycloaddition reaction with diene
trans-4 to give, in 65% yield, the steroidal compoundtrans-7
incorporating a 1,4-diene residue within the B-ring. The use
of unsymmetrically substituted dienophiles such as 2-chlo-
roacrylonitrile in these types of reactions afforded mixtures
of two regioisomeric adducts oftrans-8 in a combined yield
of 67%. Such reactions did not proceed in significantly
greater yield when performed under high pressure. The novel
heterocyclic steroid analoguetrans-9 was obtained in 77%
yield when N-phenyl-1,2,4-triazoline-3,5-dione was em-
ployed as a dienophile. Similarly, reaction of dienetrans-4
with maleic anhydride produced, in 80% yield, adducttrans-
10 as proven by X-ray crystal structure analysis.14 Product
trans-10 should serve as a precursor to various interesting
steroidal diacid derivatives.

All of the abovementioned steroids, viz.trans-5, trans-6,
trans-7, trans-8, trans-9, andtrans-10, are new compounds
and were obtained as single diastereoisomers that must
necessarily be formed byendo-selective attack of the
dienophiles at the face of dienetrans-4 opposite to the
angular methyl group attached at C-7a. It is important to
note that these steroid analogues possess the nonnatural
configuration at C-5.16 Furthermore, polar substituents at C-3
and C-17, which often confer beneficial biological properties
on steroids, are conveniently introduced using this Stille/
Diels-Alder sequence involving dienetrans-4. Of course,
all of the steroidal products described herein are obtained in
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enantiomerically pure form by virtue of the analogous nature
of the starting materials and the fact that there is no
possibility for racemization of preset stereogenic centers
during the course of the reaction sequences being employed.

The diastereoselectivity observed in the Diels-Alder
reaction betweenN-methylmaleimide and dienecis-4 (Scheme
3) was not as high as that associated with the analogous

process involving isomertrans-4. Thus, a 3:2 mixture of the
two possible adducts,cis-6R-11andcis-6â-11, was obtained
in 62% combined yield. This outcome is attributed to the
more highly curved molecular architecture of the former

diene and the reduced capacity, therefore, of the angular
methyl andtert-butoxy groups to exert directing effects in
the cycloaddition process.

To generate compounds suitable for biological testing, the
capacity to effect cleavage of the ethylene acetal andtert-
butyl ether moieties within certain of the abovementioned
Diels-Alder adducts was examined (Scheme 4). In particu-

lar, the 1,3-dioxolane moieties within compoundstrans-5 and
trans-6 were efficiently removed (95-99%) in aqueous
acetone usingp-toluenesulfonic acid as a catalyst, and the

Scheme 2
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tert-butyl ether residues within the resulting 3-oxo com-
pounds were best cleaved with trifluoroacetic acid in
dichloromethane.17 By such means, the steroidstrans-12
and trans-13 were obtained in yields of 91 and 79%,
respectively.

Dehydrogenation of the steroidal dienetrans-7 can gen-
erate new and interesting steroid analogues incorporating
an aromatic B-ring.18 Thus, treatment oftrans-7 with
DDQ (Scheme 5) under previously reported conditions19

afforded a chromatographically separable mixture of com-

pound trans-14 (69% yield) and congener15 (5%) incor-
porating a double bond in the D-ring.20
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