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Abstract: A short synthesis of several members of the pterosin family of sesquiterpenes is described in which
the key step involves a dipolar-cycloaddition using a carbony! ylide.

The pterosins (7) are a large group of biologically active sesquiterpenes isolated from the
bracken fem Pteridium aquilinium.1,2 The carcinogenicity of bracken fern was discovered in 1960 in
connection with cattle poisoning3 which had been reported as early as the 19th century.4 The major
pterosin found in bracken fern is pterosin B (7; R=H, X=0OH). This compound has been theorized to
be formed by decomposition of an unstable precursor, ptaquilosin (6) which has also been isolated
from bracken.5 The structures of the pterosins have led to the suggestion® that they are derived from
farnesyl pyrophosphate (1) via the same protoilludane precursor 4 which was proposed for the basi-
diomycete metabolite illudin-M.7 Evidence for this connection stems from the fact that these natural
products are often isolated from the same species8 9 and that the pterosins can easily be formed by
treating ptaquilosin with mild acid.!0
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A major obstacle to the synthesis of the pterosins is the problem of regioselective construction
of the penta-substituted aromatic ring. To date, synthetic approaches have relied heavily on classical
electrophilic substitution reactions with their inherent problems of regiocontrol.11-13 In this communi-
cation we wish to report the facile preparation of pterosins H, [, and Z which relies on a dipolar cyclo-
addition of a cyclic carbonyl ylide dipole as the key step of the synthesis.

Our own interest in the pterosins evolved from our earlier work with the structurally related
iludin family,14 and the strategy that evolved for our approach to the pterosin H, I, and Z was derived
from that effort. In our illudin effort, we described the formation of a bridged oxabicyclo[2.2.1]octane
from the rhodium(l) catalyzed reaction of the cyclopropyl substituted a-diazo ketone 8.14 The reac-
tion involves the formation of a rhodium carbenoid and subsequent transannular cyclization of the
electrophilic carbon onto the adjacent keto group to generate a cyclic carbonyl ylide, followed by 1,3-
dipolar cycloaddition.1® The cycloaddition proceeded readily with cyclopentenone giving cycloadduct
9 as a 4:1-mixture of exo and endo isomers in 86% yield. The reaction of exo-9 with 2.2 equiv of
methyl iodide using potassium hexamethylsilazide as the base provided the dimethylated product 10
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in 79% yield. Our expectation was that the regiospecificity of oxy-bridge cleavage could be controlled
to give either the illudin or ptaquilosin skeleton based on the reaction conditions employed. Using
compound 10 as a model system, we were successfully able to convert it into 11 (illudin skeleton)
upon treatment with base. Further reaction of 10 with p-toluenesulfonic acid in THF produced
dihydrobenzofuran 13 in 70% yield. The overall sequence of reactions can best be described as
proceeding by an initial oxy-bridge ring opening followed by dehydration and a subsequent acid-
catalyzed cyclopropyl ketone rearrangement.’¢ The facility of the process is undoubtedly related to
the aromaticity gained in the final step.

With this observation in hand, we reasoned that several members of the pterosin family would
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be readily accessible from the corresponding methylene derivative 14. The synthesis began by
treating 10 with triphenyimethylphosphonium bromide in the presence of sodium hydride and isolating
the expected Wittig product 14 in 85% yield. By using the appropriate acid-solvent combination, we
were able to obtain each of the pterosins in one step from the key reactive intermediate 16. It was
even possible to isolate precursor 15 using either gentle acidic conditions or by treating 14 with
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n-Buliin THF at 0°C. Thus, pterosin | (7b; X=OCHg) was formed in quantitative yield by treating 14
with p-toluenesulfonic acid in methanol at 25°C. Pterosin H (7¢; X=Cl) was obtained in 80% yield
from the reaction of 14 with HCI in dry DMF, whereas pterosin Z (7a; X=OH) was formed (75%) by
treating 14 with p-toluenesulfonic acid and HC! in ethyl acetate.

In summary, a dipolar-cycloaddition strategy has been successfully applied toward the synthe-
sis of several members of the pterosin family. Other aspects of this approach and its application to
the more complex members of the illudalane class of sesquiterpenes will be reported in due course.
Acknowledgment: We gratefully acknowledge support of this work by the National Institutes of
Health (CA-26751). Use of the high-field NMR spectrometer used in these studies was made pos-
sible through equipment grants from the NIH and NSF.

References and Notes

1. Hayashi, Y.; Nishizawa, M.; Harita, S.; Sakan, T. Chem. Left. 1972, 375. Yoshishira, K.;
Fukuoka, M.; Kuroyanagi, M.; Natori, S. Chem. Pharm. Bull. 1971, 19, 1491. McMorris, T. C;
Voeller, B. Phytochemistry 1971, 10, 3253.

2. Yoshishira, K.; Fukuoka, M.; Kuroyanagi, M.; Natori, S.; Umeda, M.; Morohoshi, T.; Enomoto,

M.; Saito, M. Chem. Pharm. Bull. 1978, 26, 2346. Bardouille, V.; Mootoo, B. S.; Hirotsu, K;



1992

10.

11.
12.
13.
14.
15.

16.

Clardy, J. Phytochemistry 1978, 17, 275.

Evans, |. A. in Chemical Carcinogens, 2nd. ed.; Searle, C. E., Ed.; American Chemical Society:
Washington DC, 1984; Vol. 2, pp. 1171-1204.

Hirono, I.; Yamada, K. in Naturally Occurring Carcinogens of Plant Origin; Hirono, 1., Ed.;
Kodansha-Elsevier: Tokyo-Amsterdam, 1987, pp. 87-120.

Van der Hoeven, J. C. M.; Lagerweij, W. J.; Posthumus, M. A.; van Veldhuizen, A.; Holterman,
H. A. J. Carcinogenesis 1983, 4, 1587.

McMorris, T. C.; Anchel, M. J. Am. Chem. Soc. 1965, 87, 1594. McMorris, T. C.; Nair, M. S. R,;
Anchel, M. J. Am. Chem. Soc. 1965, 87, 1594.

McMorris, T. C.; Kelner, M. J.; Wang, W.; Estes, L. A.; Montoya, M. A,; Taetle, R. J. Org. Chem.
1992, 57, 6876.

Yoshishira, K.; Kukuoka, M.; Kuroyanagi, M.; Natori, S. Chem. Pharm. Bull. 1978, 26, 2365.
QOjika, M.; Wakamatsu, K.; Niwa, H.; Yamada, K. Tetrahedron 1987, 43, 5261.

Niwa, H.; Ojika, M.; Wakamatsu, K.; Yamada, K.; Hirono, |.; Matsushita, K. Tetrahedron Lett.
1983, 24, 4117. Nozoe, H.; Kobayashi, H.; Urano, S.; Furukawa, J. Tetrahedron Lett. 1977,
1381. Ayer, W. A.; McCaskill, R. H. Can. J. Chem. 1981, 59, 2150.

Woodward, R. B.; Hoye, T. R. J. Am. Chem. Soc. 1977, 99, 8007.

Ng, K. M. E.; McMorris, T. C. Can. J. Chem. 1984, 62, 1945.

Neeson, S. J.; Stevenson, P. J. Tetrahedron 1989, 45, 6239.

Padwa, A.; Sandanayaka, V. P.; Curlis, E. A. J. Am. Chem. Soc. 1994, 116, 2667.

Padwa, A. Acc. Chem. Res. 1991, 24, 22. Padwa, A.; Carter, S. P.; Nimmesgem, H. J. Org.
Chem. 1986, 51, 1157. Padwa, A.; Carter, S. P.; Nimmesgern, H.; Stull, P. D. J. Am. Chem.
Soc. 1988, 110, 2894. Padwa, A.; Fryxell, G. E.; Zhi, L. J. Org. Chem. 1988, 53, 2875; J. Am.
Chem. Soc. 1990, 112, 3100.

Schweizer, E. E.; Kopay, C. M. J. Org. Chem. Soc. 1971, 36, 1489. Danishefsky, S.; Dynak, J.
Tetrahedron Lett. 1975, 79. Saalfrank, R. W.;Gundel, J.; Robmann, G.; Hanek, M.; Rost, W.;
Peters, K.; von Schnering, H. G. Chem. Ber. 1990, 123, 1175.

(Received in USA 3 January 1995; accepted 25 January 1995)



