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Although G, and some higher fullerenes are now readily
available from commercial sources, it is still important to
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synthesize fullerenes on the basis of organochemical transforma-
tions because it would be possible to manipulate carbon cages in
a size-selective and structure-defined manner. It would also be
possible to encapsulate transition metals into the cage leading to

CeoHs(Ind)s (3)

the yet-discovered endohedral transition metallofullerémésich

are of tremendous interest as new materials. The first attempt to

the total synthesis of isosahedral,@®as set up by Chapman’s
schoot well before its first observatiofiwhich was followed by
several approachésHowever, despite the numerous efforts, the
controlled chemical synthesis of fullerenes as well as that of
endohedral metallofullerenes have not been achieved yet.
Recently, Rubin et al. proposed a new route to fullerene
synthesi& inspired by a postulated mechanism of the fullerene
formation, which includes intermolecular cycloaddition of cyclic
polyynes (coalescence) followed by skeletal isomerization (an-
nealing)® Thus, cage polyyne &Hs (1) was proposed as a
possible precursor toggfullerene, because it would cascade down
to the most stable icosahedral structuré,afymmetry together
with the loss of hydrogen, just like the similar cascade known as
“adamantane rearrangemeft.As an intial step to the synthesis
of CsoHe, they prepared His (2), in which two double bonds
still remained in each of the polyyne bridge. In the ion cyclotron
resonance mass spectrum (negative mod&) déhydrogenation
down to GgHi4~ was observef suggesting the possibility of
complete dehydrogenation okgEls (2) to Csp. AS an extension
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of our strategy to generate reactive polyynes by 2 2]
cycloreversion of [4.3.2]propellatriene derivativiese disclose
here the preparation of a stable precur3¢€eqHe(Ind)s] which
would form GoHg by extrusion of six aromatic fragments (indane
= Ind) and the observation ofggas well as GHg ions in the
laser desorption mass spectta.

According to the semiempirical calculations on the AM1 level,
the title compound. has a heat of formation about 500 kcal/mol
larger than that of the known hexahydrofulleréheMoreover,
since diaryl-substituted hexadecaoctaynes have been shown to be
the isolation limit of the linear polyynés,cage polyynel must
be too reactive for isolation at room temperature. It is also
interesting to note thatl is a member of polyyne-bridged
cyclophanes, a new family of strained cyclophanes, proposed
recently*

To prepare unsymmetrically substituted diakynylpropellatriene,
the protective group of the known monoalkynylated propellatriene
4a® was switched to the more readily removabld-8i); group
to give 4b. Introduction of the second alkynyl group followed
by selective deprotection of the Sikigroup of5aafforded diyne
5b. Pd-catalyzed hetero couplifigf 5b with tris(bromoethynyl)-
benzene §)% afforded trispropellan&a in 67% yield. After
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Scheme 1

A\ b \

a [: 4a R=CMe§OH

5a R'=Si(i-Pr);, R*=SiMeg
4b R=Si(i-Pr)3 c [,

§b R'=Si(i-Pr);, R%=H

7a R = Si(-Pr);
7bR=H

aKey: (a) (i) KOH, benzene, reflux, 72%; (ii) BuLi, THF, TC; (iii)
CRsSGOsSi(i-Prs, rt, 99%; (b) (CH)3SICCH, Pd(PP¥)4, Cul, EgN, THF,
rt, 78%; (c) KCO;, MeOH-THF, rt, 96%; (d) Pe(dba)-CHCls, Cul,
1,2,2,6,6-pentamethylpiperidine, benzene, rt, 67%; (e) UNBE~, THF,
rt, (i) Cu(OAc),, pyridine, rt, 70%. Only one of the diastereomegs)(
is shown for compoundga,b.

removal of the Si¢Pr) group, oxidative coupling ofb under
high dilution conditions furnishe@ as a mixture of diastereo-
mers®in 70% yield (Scheme 1).

Figure la shows the positive mode laser desorption mass

spectrum of3. While a prominent peak of &' is observed,
neither the parent peaknyz 1434) nor GoHg" (m/z 726) can be

detected. It has been well-documented that, in general, carbon
cluster cations generated by the laser desorption method ar
thermally highly excited, and, as a result, fragmentation due to

C, loss is frequently observéd. The internal temperature of
thermally excited " was estimated to be as high as 2300
3000 K!8 Since such gloss down to Gg" was indeed observed
in the present case, it is difficult to deduce the structure gf C

cation. However, it should be pointed out that this represents

one of few examples of size-selective formation g§ Gusteréce
because no larger cluster such gg @Was observed.
The negative mode mass spectr8Bare shown in Figure 1b.

In contrast to the positive mode, the negative mode spectra

exhibited peaks due toggHs~ and (GoHs + indane) atm/z 726

and 844, respectively, though the parent peak was not detected
It has been documented that the internal temperature of negative
ions is much lower than those of positive ions and negative ions
represent better the structures and populations of neutral spcies.
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Figure 1. Laser desorption time-of-flight mass spectr8d&) in positive
mode and (b) in negative mode. Liquid paraffin was used as a matrix
and the third harmonic of a Nd:YAG laser (355 nm, typically 3 MW/
cn? with a 7 nsduration) was employed for simultaneous desorption
and ionization.

CeoHs ™, CeoH4, and so on. This means that the dehydrogenation
probably takes place simultaneously to the drastic skeletal
isomerization, leading to the formation of a fullerene-like
structure. Though we are not able to figure out a rational pathway
for such transformation at this moment, the large potential energy
of 1 must be responsible for such cascade transformation.

In summary, we prepared a stable precursor to cage polyyne
CsoHs (1) and succeeded in the observation of size-selective
formation of Gy and that of GoHe~ as well. Although there
still remains a lot to be dorf@we believe the present work marks
a step forward toward total synthesis of fullerenes.
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