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stirring the mixture at 0 °C for 0.5 h, and workup (aqueous
NH,CI) afforded a single diasterecisomer (7) (NMR, GC). Flash
chromatography and crystallization (pentane) gave pure (S,S,-
S)-cyclopropylcarbinol 7° in 91% yield (mp 79-80 °C). Swern
oxidation® of carbinol 7 and regioselective cyclopropane hydro-
genolysis of the resulting, known ketone*-!! with lithium in rig-
orously anhydrous NH,/Et,0 at =78 °C provided, after bulb-
to-bulb distillation, pure (R)-muscone'? (8, 82% yield).

In summary, we have synthesized pure (R)-muscone 8 from
the commercial precursors propargyl alcohol and bromododecane
in 48% overall yield, which compares very favorable with previous
syntheses of 8.413 This work represents, to our knowledge, the
first asymmetrically catalyzed macrocyclization;'4 moreover, it
highlights the synthetic potential of the novel (1-alkenyl)ethylzinc
reagents 2 and demonstrates the suitability of cyclic (E)-allyl
alcohols for efficient chirality transfer.
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The unique structure and properties of Cqy (buckminsterful-
lerene)' ™ have resulted in an outburst of scientific investigation.
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Table I. Cyclic Voltammetry of Cg, 2, 3, 8, and C Ph, Fulleroid®
peak position (mV)

compd El E2 E3 E4

Ceo -238 -838 -1418 -1921
2 -406 -979 -1585 -2042
3 -362 -930 -1578 -2002
5 -366 -930 -1536 -1992
Ph,Cq, -346 -924 -1476 -1953

?Conditions: Pt working and counter electrodes; scan rate, 1000
mV/s; Ag/AgCl/3 M NaCl, reference electrode; ferrocene internal
reference (+620 mV); 0.1 M TBABF, in THF in a drybox.

During a systematic study of the reactivity of Cgy with substituted
diazomethanes,® we obtained experimental evidence of the dipo-
larophilic character and hence of the high reactivity of Cg in
cycloadditions.’

In this communication we report the behavior of Cy, toward
trimethylenemethane (TMM, [3 + 2] cycloaddition) and iso-
benzofuran ([4 + 2] cycloaddition).”

There are at least two types of TMM intermediates which could
be employed, “nonpolar” (diradicaloid) and “polar” (dipolar). A
nonpolar TMM would be one generated from a 7-alkylidene-
2,3-diazabicycloheptene, !0 whereas a polar TMM would be
generated by thermolysis of methylenecyclopropanes.!! The
former and the latter have provided simple access to five-mem-
bered ring compounds, e.g., cyclopentanes®!! and tetrahydro-
furans.'®!? The TMM precursor which gave the best results in
terms of isolation and characterization,'? in the present work, was
the methylenecyclopropanone ketal 1,'"!? which was heated ov-
ernight in 1,2-dichlorobenzene at 70 °C in the presence of
equimolar Cy,. Purification through column chromatography
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(silica gel, mixtures of hexanes and toluene) allowed the isolation
of two products, 2 and 3 in 34 and 27% yield, respectively, along
with 35% unreacted C¢, (eq 1).

0. _0

1 2 3

The structure of the interesting a-methylene cyclopentanone
ketal 2 is reminiscent of the addition mode of 1 to C=0.'2 The
'"H NMR spectrum shows a singlet at 4.18 ppm for the CH,
protons in the five-membered ring, thus accounting for an attack
on the 6-6 (symmetrical) junction on the ball.'* The two vinyl
protons resonate at 6.0 and 5.9 ppm as broad singlets whereas
the axial and equatorial protons in the dioxane ring appear as an
AB quartet (J = 11 Hz) and the methyls give two different
singlets.

The ester 3 is probably the product of the silica gel catalyzed
hydrolysis of the ketene acetal 4. The latter is the expected product
in the reaction of TMM with electron-deficient olefins.!!

The UV-vis spectra of 2 and 3 are virtually superimposable,
showing the absorptions typical for fullerene-containing materials
at 209, 256, and 308 nm. The cyclic voltammograms of 2 and
3 exhibit the four reversible reduction waves observable in all
fulleroids Cq,.5 A cathodic shift of ca. 60-150 mV and of ca.
20-100 mYV relative to Ph,Cq, can be seen in the cases of 2 and
3, respectively, probably due to saturation of a double bond and
partial loss of conjugation (see Table I).

Since the dienes used in the previous study of [4 + 2] cyclo-
additions were relatively unreactive and hence required conditions
which led to inseparable mixtures of products and isomers
characterizable only by FABS,” we decided to attempt reactions
with a “hot” diene. Treatment of C,, with isobenzofuran (gen-
erated in situ from 1,4-dihydro-1,4-epoxy-3-phenylisoquinoline'*)
in refluxing benzene gave the mono adduct § in 46% yield. This
adduct is stable in the solid state and easy to isolate by chro-
matography. It is also stable in solution, showing no tendency
to undergo cycloreversion.'® The '"H NMR spectrum supports
C, symmetry, indicating that the isobenzofuran adds to the junction
of two hexagons. A 3C NMR spectrum shows 29 peaks between
153.8 and 121.5 ppm as well as two peaks at 88.9 and 76.0 ppm.
The C, structure of 5 requires 34 peaks in the sp? region.!”

The adduct § has the three characteristic absorptions of full-
erene derivatives in the UV region (217, 255, and 310 nm). The
spectrum is almost identical to those of 2 and 3, as one would

(14) For a dramatic effect of five- and six-membered rings in fulleroids
on chemical shifts, see: Suzuki, T.; Li, Q.; Khemani, K.; Wudl, F. J. Am.
Chem. Soc. 1992, 114, 7301.

(15) Whitney, S. E.; Winters, M.; Rickborn, B. J. Org. Chem. 1990, 55,

929.
(16) Room temperature 'H NMR in CDCI,/CS, showed slow disap-
pearance of the adduct’s resonances. The initial conclusion was that a retro
Diels—Alder decomposition process was occurring at an unusually low tem-
perature. However, control experiments [attempts to trap IBF with N-
methylmaleimide (NMM) both at room temperature and at toluene reflux,
treatment with trifluoroacetic acid (TFA)] revealed that the cycloadduct is
robust and stable even to 12-h exposure to warm TFA. The initial, incorrect
conclusion was due to (a later) observation of slow crystallization of the
cycloadduct during the recording of the NMR spectrum, leading to the di-
minution of signal intensity.

(17) The remaining five quaternary carbon resonances are probably too
weak to be detected with our equipment.
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expect from the chromophore’s similarity in the three compounds.
The cyclic voltammogram is also very similar to that of 3 (see
Table I).

In conclusion, we have shown that, according to its proposed
electrophilic reactivity, Cqo can be a good 2x-component cyclo-
addition partner. The [3 + 2] cycloadducts are stabilized by virtue
of the irreversible addition mode provided by the TMMs. This
new way of functionalization gives fullerene-containing compounds
which exhibit electronic properties similar to those of fulleroids,
notwithstanding the loss of conjugation due to saturation of one
double bond.
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Diquinane and hydrindan skeletons are widely distributed in
nature and form key portions of many biologically important
natural products.? The development of efficient approaches to
the synthesis of such structures is of continuing importance. The
photochemistry of pyran-4-ones® has yielded several intriguing
mechanistic and synthetic insights. The observation of solvent
adduct formation upon photolysis in hydroxylic media* provided
evidence for a transient bicyclic oxyallyl zwitterion intermediate
and suggested a novel cyclopentannulation strategy relying on
pyran-4-one precursors.” We report here a powerful new method
for the direct construction of diquinane and hydrindan skeletons
via intramolecular zwitterion capture with olefinic nucleophiles.’
This reaction entails the concomitant formation of two strategic

*All inquiries regarding crystallographic data should be directed to this
author.

(1) (a) Reported in preliminary form: West, F. G.; Fisher, P. V.; Wil-
loughby, D. W. Abstracts of Papers, 201st National Meeting of the American
Chemical Society, Atlanta, GA, April 1991; American Chemical Society:
Washington, DC, 1991; ORGN 338.

(2) (a) For a recent review of the synthesis of di- and polyquinanes, see:
Fu, X.; Cook, J. M. Aldrichimica Acta 1992, 25, 43. (b) Paquette, L. A.
Polyquinane Chemistry, Synthesis and Reactions;, Springer-Verlag: Hei-
delberg, 1987. For recent approaches to the hydrindan skeleton, see: (c)
Ferndndez, B.; Pérez, J. A. M.; Granja, J. R.; Castedo, L. Mourifio, A. J. Org.
Chem. 1992, 57, 3173 and references therein. (d) Satoh, S.; Sodeoka, M.;
Sasai, H.; Shibasaki, M. Ibid. 1991, 56, 2278 and references therein.

(3) (a) Wender, P. A.; McDonald, F. E. J. Am. Chem. Soc. 1990, []2,
4956. (b) Pavlik, J. W.; Kwong, J. Ibid. 1973, 95, 7914, (c) Ishibe, N;
Sunami, M.; Odani, M. Ibid. 1973, 95, 463.

(4) (a) Barltrop, J. A.; Day, A. C.; Samuel, C. J. J. Am. Chem. Soc. 1979,
101,7521. (b) Pavlik, J. W.; Pauliukonis, L. T. Tetrahedron Lett. 1976, 1939,
(c) Keil, E. B.; Pavlik, M. W. J. Heterocycl. Chem. 1976, 13, 1149,

(5) West, F. G.; Fisher, P. V.; Willoughby, C. A. J. Org. Chem. 1990, 55,
5936.

(6) Olefin trapping of 1,5-zwitterions derived from 2,5-cyclohexadienones:
(a) Schultz, A. G.; Plummer, M. J. Org. Chem. 1989, 54, 2112, (b) Schultz,
A. G. Pure Appl. Chem. 1988, 60, 981. For other examples of synthetic
applications of dienone photochemistry, see: (c) Pirrung, M. C,; Nunn, D.
S. Tetrahedron Letr. 1988, 29, 163. (d) Matlin, A. R.; Kim, K. Ibid. 1989,
30, 637.

© 1993 American Chemical Society



