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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 the starting material and often necessitate a lengthy synthetic
contain the steroid ring systehMany medicinally important  procedure, thus destroying the overall convergency and
steroid derivatives do not occur in natarend must be  flexibility of the method. In a recent publication, we reported
synthesized in the laboratory. In addition, recently discovered — :

. | f | structure hav roven to b (2) Recent citations: (a) Cook, C. E.; Raje, P; Lee, D. Y. W.; Kepler,
marine sterols of unusual structure have proven 10 be j A org. Lett.2001 3, 1013-1016. (b) Fortin, D.; Gaudette, F.; Marsault,
promising candidates for new pharmaceutiéalstal syn- E.; Deslongchamps, H.etrahedron2001,57, 4167—4177. (c) Anderson,

; ; ; ; A.; Boyd, A. C.; Clark, J. K.; Fielding, L.; Gemmell, D. K.; Hamilton, N.
the3|_s of steromfsfrom simple compor_lents can pote_zntlally M.; Maidment, M. S.; May, V.; McGuire, R.; McPhail, P.; Sansbury, F.
provide a more diverse array of steroidal therapeutic agentsH.; Sundaram, H.; Taylor, Rl. Med. Chem2000, 43, 4118—4125. (d)
than simple derivatization of naturally occurring steroids. A Cabeza, M.; Quiroz, A; Heuze, |, Bratoeff, E.; Herrera, H.; Ramirez, E.;

. P . . y 9 . Murillo, E. Proc. West. Pharmacol. So2000,43, 31-32. (e) Sperry, T.
variety of reaction processes exist for the construction of s . Thomas, PBiol. Reprod.1999,61, 1152—1161. (f) Hastings, N. B.;

the steroid ring system; however, most of these processesﬂgginiﬁ&: ?L)JbLO_ulrg,g/l.J\/.;EI;\/I%EweS, BL. ?tEndocmologylsgﬁslagg,
H . . . - . (9) Little, R. J.; Bodor, N.; Loftsson, arm. rRes s
involve multl_step synthetic tra_msformanns. A f_ew recent 15 961067, (h) Park-Chung, M. Maiayev, A.: Purdy, R. H.. Gibbs, T.
reports highlight the construction of the steroid ring system T.; Farb, D. H.Brain Res.1999,830, 72-87. (i) Nedvidkova, J.; Haluzik,

; i ; M.; Pacak, K.; Schreiber, V.; Starka, IL. Steroid Biochem. Mol. Biol998
through tandem reaction proces8edistorically, some of 67, 359362, () Hult. M.: Jormvall, H.. Oppermann, U. C.FEBS Lett

the most notable demonstrations of this approach utilize 1995 441, 25-28. (k) Gonzalez-Vidal, M. D.; Cervera-Gaviria, M.; Ruelas,
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that isobenzofurans (e.@®, Scheme 1) can be generated from
the couplings of Fischer carbene complexes (€} with
o-alkynylbenzaldehyde derivatives (e.@j)2 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 systenB] in a single operatidhfrom 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.
Requisitetrans 2-alkenylcyclopentylcarbene complexé (

were readily prepared using the series of reactions in

Schemes 2 and 3. Michael addition of alkenyllithium reagents
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to cyclopentenylcarbene compl&offers the most straight-
forward route to the desired substrates (Schemé Byw-

(5) (a) Michellys, P. Y.; Marin, P.; Toupet, L.; Pellissier, H.; Santelli,
M. J. Org. Chem2001, 66, 115-122. (b) Tietze, L. F.; NObel, T.; Spescha,
M. J. Am. Chem. S0d.998,120, 8971—8977.

(6) (a) Funk, R. L.; Vollhardt, K. P. CChem. Soc. Re 1980,9, 41—

61. (b) For the most recent example, see: Cachoux, F.; Iborahim-Ouali, M.;
Santelli, M. Tetrahedron Lett.2001, 42, 843—845. (c) Kametani, T.;
Nemoto, H.Tetrahedron1981,37, 3—-16. (d) Nicolaou, K. C.; Barnette,
W. E.; Ma, P.J. Org. Chem.1980, 45, 1463-1470. (e) Oppolzer, W.;
Petrzilka, M.; Baettig, K.Helv. Chim. Actal977, 60, 2964—2967. (f)
Quinkert, G.; Weber, W. D.; Schwartz, U.; Stark, H.; Baier, H. Duerner,
G. Liebigs Ann. Chem1981, 2335—2371.
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ever, this reaction was only successful using 2-propenyl-
lithium. Alternatively, the requisite carbene complexes could
be prepared from the corresponding acid chlorid8, (
Scheme 3) using pentacarbonylchromate diantdna.

Scheme 3
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general synthetic route to ester analogues of acid chloride
10is depicted in Scheme 4. Michael addition of sulfoxide-
stabilized carbanions (e.glg) to w-iodo-o,5-unsaturated
ester derivatives (e.dgl5),!? followed by intramolecular &

(7) (a) Peters, O.; Debaerdemaeker, T.; Friedrichsen].\@hem. Soc.,
Perkin Trans. 11999, 59-70. (b) Hildebrandt, K.; Friedrichsen, W.
Heterocyclesl 989,29, 1243—1246.

(8) Jiang, D.; Herndon, J. WOrg. Lett.2000,2, 1267—1269.

(9) Previous utilization of Fischer carbene complexes for steroid ring
construction has been documented; however, they are unrelated to the
reaction under discussion in this paper. (a) Bao, J.; Dragisch, V.;
Winglowsky, S.; Wulff, W. D.J. Am. Chem. S0d.991,113, 9873—9875.

(b) Aumann, R.; Meyer, A, G.; Frélich, R.. Am. Chem. S0d.996,118,
10853—-10861. (c) Woodgate, P. D.; Sutherland, H. S.; Rickard, C. E. F.
Organomet. Chen001,627, 206—220.

(10) For recent examples of successful Michael Additions using alkyl-
lithiums and aryllithiums, see: (a) Barluenga, J.; Montserrat, J. M.; Florez,
J.; Garcia-Granda, S.; Martin, Bngew. Chem., Int. Ed. Endl994, 33,
1392—-1394. (b) Barluenga, J.; Bernad, P. L., Jr.; Concellon, J. M.; Pinera-
Nicolas, A.; Garcia-Granda, S. Org. Chem1997,62, 6870—6875. (c)
Barluenga, J.; Bernad, P. L. Jr.; Concellon, J. Tdtrahedron Lett1995,

36, 3937—3940.

(11) (a) Schwindt, M. A.; Lejon, T.; Hegedus, L. Srganometallics
1990,9, 2814—2819. (b) Semmelhack, M. F.; Lee, G Rganometallics
1987,6, 1839—1844. (c) For specific use of this reaction for the synthesis
of y,0-unsaturated carbene complexes, see: Moser, W. H. Hegedus, L. S.
J. Am. Chem. S0d.996,118, 7873—7880.
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reaction of the resulting enolate and spontaneous sulfoxide

elimination (conversion oi5to 17), is the key step in this
synthetic sequence. A carbene complex derivative featuring
a six-membered ring has previously been repotted.
Coupling of carbene complesA (Scheme 5) with alkynyl
aldehydel A afforded tetracyclic compouritbA 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 ethet8A, which hydrolyzed td9A during

Scheme 5
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chromatographic purification. The initial DietsA\lder prod-
uct 8A appears to be unstable with respect to ring opening
processe® Thecis hydrindane was the major isomer (about
60:40); however, the isomer ratio was not consistent over
several experiments. The isomerdl6f differ at the position
o to the ketone;19A cis andtrans were interconverted by
treatment withp-toluenesulfonic acid. Both products result
from intramoleculaexoselective Diels—Alder reactidhin
isobenzofuran intermediai&\, 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 Dielalder product
8A followed by proton transfer and hydrolysis affords the
observed products, isomers of steroid derivath@. As
further verification of the steroid structure, treatmenf.&A
with hydrochloric acid resulted in naphthalene derivagi@e
This reaction process was tested for a variety of similar
compounds (Scheme 6). Carbene compBxwhich features
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ana methyl group, afforded tetracyclic compouhéB as a
single diastereomer in 49% yield. A trace amount of the
oxanorbornene-intact compouBB could be observed in the
crude reaction mixture. Carbene comp&, which features

a six-membered ring, also afforded the expected compound
19C as a single diastereomer in 75% vyield, assigned as the
transdiastereomer. The stereochemical configuration at the
carbona to the ketone appears to be under thermodynamic
control since compounds9A and 19C are of the opposite

(12) Nakamura, S.; Watanabe, Y.; Toru, J.Org. Chem.200Q 65,
1758—1766. We have noticed that sulfoxide elimination from the initial
adduct ofl5and16is 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 Diel8lder adducts is
well-noted. (a) Friedrichsen, WAdv. Heterocycl. Chen1999,73, 1-96.

(b) Rodrigo, R.Tetrahedron1988,44, 2093-2135.

(14) For discussions of end@xo selectivity in intramolecular Diels
Alder reactions of isobenzofurans and related compounds, see: (a) Meegalla,
S. K.; Rodrigo, RSynthesid 989, 942—944. (b) Yamaguchi, Y.; Yamada,
H.; Hayakawa, K.; Kanematsu, K. Org. Chem1987,52, 2040—2046.

(c) Tobia, D.; B. Rickborn, BJ. Org. Chem1987,52, 2611—2615.
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configuration at this carbon. The observed isomeric prefer- synthesis of other pharmaceutically important compounds

ences parallel well-known trends in hydrind&rend decalin is currently under examination.

chemistry!® An additional example featuring a 1,1-disub-
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