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ABSTRACT

Simultaneous and stereoselective construction of the steroid B and C rings is observed in a tandem process involving the coupling of
o-ethynylbenzaldehyde with 2-alkenylcyclopentylcarbene−chromium complexes.

Nearly one-third of all currently prescribed medications
contain the steroid ring system.1 Many medicinally important
steroid derivatives do not occur in nature2 and must be
synthesized in the laboratory. In addition, recently discovered
marine sterols of unusual structure have proven to be
promising candidates for new pharmaceuticals.3 Total syn-
thesis of steroids4 from simple components can potentially
provide a more diverse array of steroidal therapeutic agents
than simple derivatization of naturally occurring steroids. A
variety of reaction processes exist for the construction of
the steroid ring system; however, most of these processes
involve multistep synthetic transformations. A few recent
reports highlight the construction of the steroid ring system
through tandem reaction processes.5 Historically, some of
the most notable demonstrations of this approach utilize
intramolecular Diels-Alder reactions ofo-quinonedimethanes6

and occasionally isobenzofurans.7 A disadvantage of this
approach is that most of the carbons are already in place in

the starting material and often necessitate a lengthy synthetic
procedure, thus destroying the overall convergency and
flexibility of the method. In a recent publication, we reported
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that isobenzofurans (e.g.,3, Scheme 1) can be generated from
the couplings of Fischer carbene complexes (e.g.,2) with
o-alkynylbenzaldehyde derivatives (e.g.,1)8 and that these
intermediates are captured moderately efficiently through
intermolecular Diels-Alder reactions with electron deficient
alkenes. In this Letter, the coupling of 2-ethynylbenzaldehyde
with 2-alkenylcyclopentylcarbene complexes (6) will be
discussed, which ultimately results in a compound containing
the steroid ring system (8) in a single operation9 from two
components featuring only the steroid A and D rings intact.
The same reaction that joins the A and D rings also generates
the reactiVe intermediates leading to the B and C rings.

Requisitetrans2-alkenylcyclopentylcarbene complexes (6)
were readily prepared using the series of reactions in
Schemes 2 and 3. Michael addition of alkenyllithium reagents

to cyclopentenylcarbene complex9 offers the most straight-
forward route to the desired substrates (Scheme 2);10 how-

ever, this reaction was only successful using 2-propenyl-
lithium. Alternatively, the requisite carbene complexes could
be prepared from the corresponding acid chlorides (10,
Scheme 3) using pentacarbonylchromate dianions.11 A

general synthetic route to ester analogues of acid chloride
10 is depicted in Scheme 4. Michael addition of sulfoxide-
stabilized carbanions (e.g.,16) to ω-iodo-R,â-unsaturated
ester derivatives (e.g.,15),12 followed by intramolecular SN2
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reaction of the resulting enolate and spontaneous sulfoxide
elimination (conversion of15 to 17), is the key step in this
synthetic sequence. A carbene complex derivative featuring
a six-membered ring has previously been reported.11c

Coupling of carbene complex6A (Scheme 5) with alkynyl
aldehyde1A afforded tetracyclic compound19A as a mixture
of two separable diastereomers in a combined yield of 66%.
The crude reaction mixture also showed an impurity con-
sistent with enol ether18A, which hydrolyzed to19A during

chromatographic purification. The initial Diels-Alder prod-
uct 8A appears to be unstable with respect to ring opening
processes.13 Thecishydrindane was the major isomer (about
60:40); however, the isomer ratio was not consistent over
several experiments. The isomers of19A differ at the position
R to the ketone;19A cis and trans were interconverted by
treatment withp-toluenesulfonic acid. Both products result
from intramolecularexoselective Diels-Alder reaction14 in
isobenzofuran intermediate7A, which also proceeds with a
very high degree of relative asymmetric induction relative
to the allylic stereocenter in the starting carbene complex.
Subsequent ring opening of the initial Diels-Alder product
8A followed by proton transfer and hydrolysis affords the
observed products, isomers of steroid derivative19A. As
further verification of the steroid structure, treatment of19A
with hydrochloric acid resulted in naphthalene derivative20.

This reaction process was tested for a variety of similar
compounds (Scheme 6). Carbene complex6B, which features

anR methyl group, afforded tetracyclic compound19B as a
single diastereomer in 49% yield. A trace amount of the
oxanorbornene-intact compound8B could be observed in the
crude reaction mixture. Carbene complex6C, which features
a six-membered ring, also afforded the expected compound
19C as a single diastereomer in 75% yield, assigned as the
transdiastereomer. The stereochemical configuration at the
carbonR to the ketone appears to be under thermodynamic
control since compounds19A and19C are of the opposite

(12) Nakamura, S.; Watanabe, Y.; Toru, T.J. Org. Chem.2000, 65,
1758-1766. We have noticed that sulfoxide elimination from the initial
adduct of15and16 is surprisingly rapid at room temperature; the literature
suggests the use of fluoride ion for simultaneous silicon and sulfoxide
elimination.

(13) The sensitivity of the initial isobenzofuran Diels-Alder adducts is
well-noted. (a) Friedrichsen, W.;AdV. Heterocycl. Chem.1999,73, 1-96.
(b) Rodrigo, R.Tetrahedron1988,44, 2093-2135.

(14) For discussions of endo-exo selectivity in intramolecular Diels-
Alder reactions of isobenzofurans and related compounds, see: (a) Meegalla,
S. K.; Rodrigo, R.Synthesis1989, 942-944. (b) Yamaguchi, Y.; Yamada,
H.; Hayakawa, K.; Kanematsu, K.J. Org. Chem.1987,52, 2040-2046.
(c) Tobia, D.; B. Rickborn, B.J. Org. Chem.1987,52, 2611-2615.

Scheme 4

Scheme 5

Scheme 6

Org. Lett., Vol. 3, No. 22, 2001 3537



configuration at this carbon. The observed isomeric prefer-
ences parallel well-known trends in hydrindane15 and decalin
chemistry.16 An additional example featuring a 1,1-disub-
stituted alkene (6D) also afforded the desired steroidal
product (19D) in 60% yield. Formation of thetranshydrin-
dane system might be due to an unfavorable 1,3-diaxial
interaction between the methyl group and the five-membered
ring in thecis isomer in this case.

In summary, a one-step synthesis of the steroid ring system
from readily available components has been presented.
Further examination of this reaction for biologically relevant
steroids and application of the key reaction process for the

synthesis of other pharmaceutically important compounds
is currently under examination.
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