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Increasing interest has been focused on cyclocarbons, the most

stable form of carbon clusters in the relatively narrow size range
from Cyo through Go.! Mechanistic studies on the formation
of fullerenes suggest that the monocyclic species play a key
role in the formation of carbon cagésThe novel topology of

the p orbitals, composed of two sets of cyclic arrays of per-
pendiculamp orbitals, stimulated a number of theoretical studies
concerned with the Hikel rule® For example, there are con-
troversies regarding the most stable geometry gf ®hether

it is a polyyne ofDg, or Con Symmetry or a cumulene &g, or

D1g, Symmetry3t—f As an approach to the synthesis of cyale[
carbons from organic precursors of well-defined cyclic structure,
Diederich synthesized three types of dehydroannulenes which
would generate the corresponding all-carbon molecules by [4
+ 2] cycloreversion, oxidative decomplexation, or decarbon-
ylation3°4 The formation ofcyclo-Cyg, cyclo-Cy4, andcyclo-

Cso was indeed observed by the laser-desorption time of flight
(LD-TOF) mass spectra of some of these precursors, which
generated fullerene cations & and Gg¢"), indicating the
relevance of monocyclic species to the mechanism of fullerene
formation® However, spectroscopic determination of the mo-
lecular structure of any cyclocarbon has not yet been achieved.
In this connection, we designed dodecadehydro[18]annulene
and hexadecadehydro[24]annulehannelated by [4.3.2]pro-
pellatriene units as new viable precursors of cyclo[18]carbon
and cyclo[24]carbon, respectively. On the basis of our previous
results on the photolysis of diethynyl-substituted [4.3.2]propel-
latrienesS 1 and 2 should undergo photochemical [2 2]
cycloreversion by elimination of indan molecules to produce
the corresponding cyclocarbons. Moreover, the incorporation
of the propellane units would considerably stabilize the inher-
ently unstable (explosive) dehydroannulene cota.this com-
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munication, we disclose the synthesislodnd2, detection of
cyclo-Cig andcyclo-Cy4 anions by LD-TOF mass spectroscopy
of 1 and2, and interception of reactive intermediates produced
by the solution photolysis ol yielding an another class of
dehydroannulened—6 annelated by oxanorbornadiene units.

n

cycloCg (n=1)

1 (+ diastereomer) cyclo-Cy4 (n=2)

2 (+ diastereomers)

Copper-mediated oxidative couplth@f diethynyl[4.3.2]-
propellatriene §)° yielded the yellowish orange triméras the
major product in 29% isolated yield along with a small amount
of the reddish orange tetram2r However when the coupling
of 3 was undertaken under the modified conditi@énan
approximately 1:1 mixture of and2 was obtained (total yield
ca. 56%). The presence of dodecadehydro[18]- and hexa-
decadehydro[24]annulene coreslirand 2, respectively, was
confirmed by their spectroscopic dafa. The 3C NMR
spectrum ofl indicates that it is a mixture of two inseparable
diastereomers witlCs, or Cs symmetry arising from relative
orientation of the propellane units in the statistical ratio of'#:3.

Cu(OAc), or
Cu(OAc), + CuCl

(+ diastereomers)

(+ diastereomer)

The positive mode LD-TOF mass spectrumlafhows only
the peak due to the indan fragment (Figure 1a). On the other
hand, in the negative mode, we observed the peaks due to the
parent ion (GeRs~ where R denotes the indan fragment) and
the ions that resulted from the successive loss of one, two, and
three indan fragments (@R,~, C1gR ™, and Gg~, respectively).
Moreover, small amounts of dimer ££) and trimer (G4~) were
also detected. Since in our matrix-assisted laser-desorption
system the desorbed molecule was relatively internally cool from
evaporation of solvent molecules in the gas phase, the product
of Cgs (0r Gs4) in Figure 1a would not be a coalescence product,
suggesting rather that the dimer (or trimer) is a weakly bound
complex of two (or threekyclo-Cis. Actually, we could not
observe any trace of the %doss” fragmentation pattern which
is supposed to occur upon excitation of a fullerene molecule.
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Figure 1. Laser-desorption time of flight mass spectrum of {and

(b) 2. R denotes the indan fragment. For obtaining each spectrum,
the compound. (or 2) was first dissolved in liquid paraffin as a matrix.
The solution was dropped into a small hole of a stainless steel disk

and placed at the bottom of the acceleration plates. For simultaneous

desorption and ionization, the fourth harmonic of a Nd:YAG laser (266
nm, typically 0.6 mJ/pulse) was focused on an area of Zmithe
vacuum chamber was maintained at 1.0~ Torr during the operation.

Likewise, the LD-TOF mass spectruma{Figure 1b) exhibits
only the indan peak in the positive mode, while in the negative
mode, the peaks due to,££ and its precursors generated by
the stepwise loss of the indan fragments frdmere observed.
As a preliminary study of the photochemical 2 2]

cycloreversion, a solution dfin THF-dg was irradiated with a
low-pressure mercury lamp at°C to yield indan along with
uncharacterized polymeric materials. In order to intercept

reactive intermediates generated during the photolysis, irradia-

tion was then carried out using furan as the solvent to afford
three oxanorbornadiene-annelated proddets in 15, 27, and
11% isolated vyields, in which one, two, or all indan units are
replaced by the furan moieties, respectively. Again, @
NMR spectra o4—6 indicate that these are mixtures of three
(two Csisomers and on€; for 4 and5) or two (Cz, andCs for

6) diastereomer¥? Within the series of the dodecahydro[18]-
annulenesl and 4—6, the absorption bands in the electronic
spectra exhibit steady bathochromic shift with increasing number
of the fused oxanorbornadiene units in the moleé#ifgesum-
ably as a result of through-bond interacfibof the outers
bonds with the dehydroannulene system. Also, the kinetic
stabilities of the dehydroannulésand 6 with more than one
oxanorbornadiene unit are substantially more diminished than
those ofl and4; the less sterically hindered compourigland

6 decomposed gradually even in the solid state under inert
atmosphere. Monitoring the photochemical reactionloh
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Figure 2. AM1-optimized geometries of tetradecadehydro[18]annulene
model 7. The bond angles are in degrees, and bond lengths are in
angstroms.

furan suggests thdtis formed initially, and then it is converted

to 5, which finally gives6. It should be noted that the [ 2]
cycloaddition of furan takes place regioselectively giving the
products4—6, in which the furan units are located at the same
position as those occupied by the propellane units before they
were extruded. In order to gain insight into this regioselectivity,
we undertook semiempirical AM1 calculatidfisfor the
tetradecadehydro[18]annuleiiéFigure 2), a model compound
for the reactive intermediate formed froinby elimination of

one of the indan fragments. As shown in Figure 2, the
calculated bond angle of the central triple bond of the decap-
entayne moiety of is the most deformed from linearity of its
triple bonds. This indicates that the observed regioselectivity
is due to the highest reactivity of this bond because of its largest
distortion. While these results do not necessarily imply the
direct formation ofcyclo-Cyg by the photolysis of, they clearly
show that the elimination of at least one of the indan units takes
place efficiently by [2+ 2] cycloreversion froni (and4 and

5 as well) to produce highly reactive tetradecadehydro[18]-
annulene intermediates. Detailed characterization of the nega-
tively charged and neutral cyclocarbon generated ficand2

and synthesis of their homologues of different macrocyclic ring
size are in progress.

(+ diastereomers) (+ diastereomer)

(+ diastereomers)
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