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by higher iron concentration, in accord with the observations of
Brady and Pettit who studied the reactions of diazomethane over
metal surfaces (Fischer-Tropsch catalysts).® The diazomethane
reaction with atomic and diatomic iron will be discussed in detail
in a future publication.
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Hirsutene (1), the parent member of the hirsutane family,

9,12
Coriolin A -Capnellene

Hirsutene (1)

has proven to be an important target for illustration of synthetic
strategies directed toward linear condensed cyclopentanoids.?
Frequently, new annulation procedures have been devised to se-
quentially construct each ring in the tricyclic system.>* A tandem
construction of rings can present an inherently more efficient
approach to linear condensed cyclopentanoids provided that the
stereochemistry can be controlled, that the cyclization precursors
are readily available, and that the approach is sufficiently general
to permit construction of the more functionalized coriolins and
the isomerically related capnellenes.’»® We now report a total
synthesis of (&)-hirsutene via a tandem radical cyclization which
realizes the first two of these goals.

Synthesis of condensed cyclohexanoid systems by cation-ini-
tiated polyolefinic cyclizations has proven extremely fruitful,® We

(1) Recipient of a Dreyfus Grant for Young Faculty in Chemistry,
1981-1986. Eli Lilly Grantee, 1985-1987.
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mediates: (b) Shirahama, H.; Osawa, E.; Matsumoto, T. J. Am. Chem. Soc.
1980, 102, 3208. (c) Ohfune, Y.; Shirahama, H.; Matsumoto, Tetrahedron
Lert. 1976, 2695. (d) Hayano, K.; Ohfune, Y.; Shirahama, H.; Matsumoto,
T. Ibid. 1978, 1991; Helv. Chim. Acta 1981, 64, 1347. (e) Misumi, S.;
Matsushima, H.; Shirahama, H.; Matsumoto, T. Chem. Lert. 1982, 855.
Synthesis: (f) Tatsuta, K.; Akimoto, K.; Kinoshita, M. J. Am. Chem. Soc.
1979, 101, 6116. (g) Greene, A. E. Tetrahedron Lett. 1980, 21, 3059. (h)
Hudlicky, T.; Kutchan, T.; Wilson, S. R.; Mao, D. T. J. Am. Chem. Soc. 1980,
102, 635]. Hudlicky, T.; Koszyk, F. J.; Kutchan, T. M.; Sheth, J. P. J. Org.
Chem. 1980, 45, 5020. (i) Mehta, G.; Reddy, A. V.; J. Chem. Soc., Chem.
Commun. 1981, 756. (j) Little, R. D.; Muller, G. W.; Venegas, M. G,;
Carroll, G. L.; Bukhari, A.; Patton, L.; Stone, K. Tetrahedron 1981, 37, 4371.
Little, R. D.; Higby, R. G. Moeller, K. D. J. Org. Chem. 1983, 48, 3139. (k)
Wender, P. A.; Howbert, J. J. Tetrahedron Lett. 1982, 23, 3983. (1) Ley, S.
V.; Murray, P. J. J. Chem. Soc., Chem. Commun. 1982, 1252. (m) Magnus,
P.; Quagliato, P. A. Organometallics 1982, 1, 1243, (n) Dawson, B. A,;
Ghosh, A. K.; Jurlina, J. L.; Stothers, J. B. J. Chem. Soc., Chem. Commun,
1983, 204. (o) Funk, R. L.; Bolton, G. L. J. Org. Chem. 1984, 49, 5021.

(3) Reviews of cyclopentane synthesis: (a) Paquette, L. A. Top. Curr.
Chem. 1983, 119, 1, 1979, 79, 41. (b) Trost, B. M. Chem. Soc. Rev. 1982,
11, 141. (c) Ramaiah, M. Synthesis 1984, 529.

(4) Noteworthy exceptions include the approaches of Wender, Little, and
Houk (unpublished) which employ simultaneous multiple ring construction.2*

Scheme I
.0 j Bussn.
)o = . —_—
2 3
. y oo
9] [y —
H
4 5
o
! B
H ﬁs_ﬂ) 1+ BUESn.
|
H

6

felt that a related approach to condensed cyclopentanoids might
be devised employing radical-initiated polyolefinic cyclizations.5’
In view of the extensive studies on the cyclization of hex-5-enyl
radicals,’ it is quite surprising that this reaction has received almost
no use in condensed cyclopentanoid synthesis. The tandem radical
approach to hirsutene is outlined in Scheme I. Treatment of
iodide 3 with tri-n-butyltin hydride should generate transient
radical 4. In turn, 4 should suffer two successive hex-5-enyl-like
radical cyclizations (4 — 5 — 6) and finally a hydrogen atom
abstraction. This would produce hirsutene (1) from 3 in a single
step via the standard radical chain mechanism. Of concern is the
second cyclization (§ — 6) which involves conversion of a 3°
radical to a significantly less stable vinyl radical.® It was en-
visioned that 3 would be readily available from simple vinyl lactone
2 by S,2’-anti addition and subsequent chain elongation. Note
that since both hexenyl radical cyclizations must proceed in a cis
fashion,® the S,2’-anti opening of 2 effectively ensures the cis-
anti-cis stereochemistry present in hirsutene.

Equation 1 illustrates the facile synthesis of vinyl lactone 2.

OAc
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—_——
60°¢C TBS
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7 8
SePh
.-0 H202
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2-Methylcyclopentenone® was reduced (NaBH,, CeCl;)® and

(5) Johnson, W. S, Bioorg. Chem. 1976, 5, 51.

(6) For recent reviews, see: (a) Beckwith, A. L. J,; Ingold, K. U. In
“Rearrangements in Ground and Excited States”; deMayo, P., Ed.; Academic
Press: New York, 1980; pp 162-283. (b) Beckwith, A. L. J. Tetrahedron
1981, 37, 3073. (c) Surzur, J. M. In “Reactive Intermediates”; Abramovitch,
A. A., Ed,; Plenum Press: New York, 1981; Vol. 2, Chapter 3. (d) Hart, D.
J. Science (Washington, D.C.) 1984, 223, 883.

(7) For examples of other tandem radical cyclizations, see: (a) Stork, G.;
Mook, R. J. Am. Chem. Soc, 1983, 105, 3720. Stork, G.; Mook, R.; Biller,
S. A.; Rychnovsky, S. D. Ibid. 1983, 105, 3741. (b) Beckwith, A. L. J;
Phillipou, G.; Serelis, A. K. Tetrahedron Lett. 1981, 22, 2811. (c) Beckwith,
A. L. J; Moad, G. J. Chem. Soc., Perkin Trans. 2 1975, 1726. (d) Chat-
zopoulouls, M.; Montheard, J.-P. C. R. Hebd. Seances Acad. Sci., Ser. C 1975,
280, 29. (e) Julia, M. Pure Appl. Chem. 1974, 40, 553; Acc. Chem. Res. 1971,
4, 386. (f) Breslow, R.; Olin, S. S.; Groves, J. T. Tetrahedron Lett. 1968,
1837.

(8) Hex-5-ynyl radicals are useful for cyclizations. See ref 6 and 7a, also:
Clive, D. L.; Beaulieu, P. L.; Set, L. J. Org. Chem. 1984, 49, 1313 and
references therein. Corey, E. J.; Pyne, S. G. Tetrahedron Lett. 1983, 24, 2821.

(9) (a) Smith, A, B., III; Schow, S. R.; Bloom, J. D.; Thompson, A. S.;
Winzenberg, K. N. J. Am. Chem. Soc. 1982, 104, 4015. We thank Prof.
Smith for a detailed experimental procedure. See also: Fischli, A.; Klaus,
M.; Mayer, P.; Schénholzer, P.; Rilegg, R. Helv. Chim. Acta 1975, 58, 564.
(b) Luche, J.-L. J. Am. Chem. Soc. 1978, 100, 2226.
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acetylated to produce 7. Standard Ireland ester enolate Claisen
rearrangement!® of 7 gave crude silyl ester 8, which was directly
subjected to phenyl selenolactonization!! to yield 9. Routine
oxidation and elimination produced vinyl lactone 2! in 62% overall
yield from 7.

Vinyl lactone 2 was readily converted to iodide 3 as illustrated

in eq 2. After much experimentation, it was found that the
1) Li Naphthalenide OTHP " H50¢
THF -78° _—
—_ w _LOzH ) oieAL
2)CuBr-Meys -
Br  OTHP

3 2
10 1

OH Li=-==TMS
1) 120/ Ne-=S s
._-CHe0H z) Bug NI 1 Z’C'F @)

organolithium reagent derived from 10 could be generated by
reductive lithiation with 2.0 equiv of lithium naphthalenide (THF,
-78 °C).12 Sequential addition of CuBr-Me,S, followed by 2,
produced 11 as the sole acidic product after acid—base extraction.
Although yields were variable, 50-75% of 11 could be isolated
under the best conditions. The assignment of anti stereochemistry
to 11 was based on model studies!® and confirmed by ultimate
conversion to hirsutene. Crude 11 was directly subjected to acid
hydrolysis and reduction to produce diol 12! in 52-64% yield after
purification by chromatography or distillation. Diol 12 was then
converted to the diiodide 13 via the intermediate ditriflate (64%).14
Treatment of 13 with 1 equiv of lithium trimethylsilylacetylide
(THF, 0 °C)," followed by desilylation, produced the cyclization
precursor 3'7 in 78% yield. As expected, the neopentyl iodide was
unaffected.

The stage was now set for the key cyclization reaction. In the
event, treatment of 3 with tri-n-butyltin hydride (C4Hg, 0.02 M,
catalytic AIBN, reflux 1 h) provided a single major non-tin-
containing product in ~80% yield as evidenced by GC and 'H
NMR. Purification by medium-pressure liquid chromatography
on silica gel with 100% hexanes provided hirsutene in 53% yield.
Our synthetic sample was identical in all respects with a sample
kindly provided by Professor P. Magnus. Ozonolysis of 1 also
gave the well-known norketone.¢

This short synthesis of hirsutene from the readily available vinyl
lactone 2 demonstrates the potential of the tandem hexenyl radical
cyclization approach to linear condensed cyclopentanoids. A series
of model studies that confirm the generality of the tandem radical
cyclization will be reported in a forthcoming paper!® and extension
to the synthesis of more complex hirsutanoids and related cap-
nellenes is under active investigation.
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Methylenecyclopropene (1) has recently been synthesized by
Billups! and Staley? independently and found to be a highly
reactive molecule that can only be observed at low temperature.
Its synthesis was confirmed primarily by NMR and IR spec-
troscopy. Because of the unusual nature of 1 we have undertaken

H o744 H

an ab initio study of its IR spectrum for comparison with the
experimental spectrum reported by Billups.! It has been shown
that such studies can be useful both in confirming the structures®”’
of unstable species and in making assignments of their IR bands.?

Pople’s 6-31G* basis set, which has been found to give reliable
predictions of the IR spectra of cyclobutadiene® and ethylene
oxide,® was used to give the fully optimized structure 1 of me-
thylenecyclopropene with an energy of —153.669777 au and a
dipole moment of 2.3384 D. The structure was optimized with
the assumption of C, geometry with atoms 2 and 4 in the single
reflection plane. The fact that the force constant matrix of this
structure has only positive eigenvalues shows the structure is still
optimum if the symmetry assumption is removed.'> The best
previous calculation of 1 was by Johnson and Schmidt!! who used
an MC-SCF wave function. Their single-point calculation was
done at the optimized MNDO geometry, and they obtained an
energy of ~153.605 53 au and a dipole moment of 1.33 D. While
this latter value is considerably lower than ours, as they noted
the actual MC-SCF dipole moment might be somewhat different
since their calculation was not done at the optimized MC-SCF
geometry.

Computation of the IR frequencies and intensities of 1 was
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