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evidenced by trapping with Et;SiH.
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Recently, we reported a catalytic enantio-controlled approach
to secondary (E)-allyl alcohols 4 (Scheme I).! Monohydro-
boration of alkynes 1 and “transmetalation” of the resulting
(E)-(1-alkenyl)dicyclohexylboranes with diethylzinc conveniently
provides (1-alkenyl)ethylzinc reagents 2. Nonisolated reagents
2 undergo exclusively =-face selective 1-alkenyl transfer to various
aldehydes in the presence of 1 mol % of (-)-3-exo-(dimethyl-
amino)isoborneol (DAIB).2 This catalyst-directed 1-alkenyl/
aldehyde addition is consistent with transition state 3*, where the
zinc-aminoalkoxide chelate coordinates with both the aldehyde
and the alkenylzinc reagent.? Were these two reactive units to
be linked by a chain, one could expect a smooth macrocyclization
to occur.

Hence, optically pure, macrocyclic (E)-allyl alcohols should
be readily available from w-alkynals in a single operation. This,
however, requires that the dicyclohexylborane and the diethylzinc
should react faster with the acetylene and alkenylborane func-
tionalities, respectively, relative to their reaction with the aldehyde
group.

We report here that this idea is feasible and applicable to the
synthesis of enantiomerically pure (R)-muscone (8, Scheme II).
This rare and valuable perfumery ingredient has been isolated
from the male musk deer Moschus moschiferus,’ and many
syntheses of the racemate as well as of the natural antipode have
appeared in the literature.*
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w-Alkynal 8,° easily prepared by Swern oxidation® of 14-pen-
tadecyn-1-ol’ (95%), was added to a solution of freshly prepared
dicyclohexylborane in hexane at 0 °C. After the reaction mixture
was stirred at 0 °C for 2 h and diluted with hexane, the resulting
0.05 M solution of alkenylborane was added over 4 h to a 0.05
M solution of diethylzinc (1.5 mol equiv) in hexane containing
(18)-(+)-DAIB (0.01 mol equiv). Aqueous workup furnished the
cyclic (S)-C,s-allyl alcohol 6° in 75% yield and in 92% ee.! To
transfer the chirality from C(1) to C(3) we envisaged a hy-
droxy-directed cyclopropananation® using the Denmark protocol.!®
Indeed, slow addition of alcohol 6 to a mixture of Et,Zn (2 mol
equiv) and CICH,I (4 mol equiv) in 1,2-dichloroethane at 0 °C,
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stirring the mixture at 0 °C for 0.5 h, and workup (aqueous
NH,CI) afforded a single diastereoisomer (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 8.3 This work represents, to our knowledge, the
first asymmetrically catalyzed macrocyclization;'* 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 Cq, (buckminsterful-
lerene)' ™ have resulted in an outburst of scientific investigation.
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Table I. Cyclic Voltammetry of Cg, 2, 3, §, 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,'° 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.!®'2 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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