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of trifluoromethanesulfonic acid gavein 53% yield!®> Ad-

dition of a CHClI, solution of4 to a CHClI, solution of KF in

the presence of 18-crown-6 as anticipated generated cumulene
2, whose presence was convincingly endorsed by its trapping
reactions with several dienes as shown in Scheme 1. Such a
trapping exercise was first explored by generatihgt room
temperature in the presence of anthracene. In this manner a
chromatographically inseparable mixture of the known 9,10-
adduct5at® and the 1,4-addudib was obtained in a total yield

of only 10%. The structures and ratio (2.7:1) %d and 5b

Despite the considerable efforts devoted in the last decadewere confirmed by!H- and 3C-NMR spectral analysés.

to the synthesis of strained cyclic cumuleRés,the literature
only the isolable 1,2,3-cyclononatriehand the fugitive 1,2,3-
cycloheptatrieneand 1,2,3-cyclohexatriehdnave been regis-
tered. 1,2,3-Cyclooctatriene and 1,2,3-cyclopentatriene still

Careful partial recrystallization of a mixture 6& and5b from
MeOH nonetheless afforded a pure samplesaf mp 267

268 °C (lit.*® mp 268°C).*> Lower reaction temperatures did
not seem to cause any significant effect on the yield and ratio

remain unknown, but their structural features and energetics haveof the products. Compelling proof for the remarkable reactivity

been studied by computatidh. On the other hand, five-

of 2 was procured by its reaction with benzene, which yielded

membered hetarynes have also aroused widespread synthetighe adduct in a meager 7% yiel® Moreover, the reaction

endeavof and theoretical curiosifybecause of their inherent
strain. Although both 2,3-didehydrothiophen®®(and 3,4-
didehydrothiophene 2j° had been suggested as reactive
intermediates by Wittig in the early 1960s, the validity of such
claims was later questionéef-11 Subsequently, hetaryrievas
generated from thiophene-2,3-dicarboxylic anhydride and ac-
cordingly trapped? Evidence for the existence & has

of 2 with 2,3-dimethyl-1,3-butadiene unexpectedly gave in 27%
total yield a chromatographically separable mixture (silica gel,
n-pentane) of a [2+ 2] adduct7a, as well as an ene reaction
product7b, in the ratio of 1:1:5 The isolation of7b is consistent
with the observation that ene reaction generally competes with
cycloaddition in a trapping process comprising a distorted
z-system and an alkene having allylic hydrogen atémsn

surprisingly never been obtained despite many experimental other Diels-Alder reactions, furan, 2-methylfuran, and 2,5-

attempts'?¢13 Inspired by the recent generation of benzyne from
(phenyl)o-(trimethylsilyl)phenylliodonium triflaté?* we report
herein unequivocal verification & as an intermediate. It is
believed that the five-membere# is the smallest cyclic
cumulene ever characterized.
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The precursor o2, namely, phenyl[4-(trimethylsilyl)thien-
3-ylliodonium triflate @), was prepared from 3,4-bis(trimeth-
ylsilyl)thiophene 8)! according to the literature procedure.
Thus, treatment 08 with iodobenzene diacetate in the presence
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dimethylfuran were all found to react readily wigto furnish
adducts8a,'® 8b, and 8c, in 31%, 17%, and 13% yields,
respectivelyt®> It appeared tha? did not dimerize to provide
2,5-dithiabisnorbiphenylerié;*even for the condition in which
no trapping reagent was involved.

Cumulene2 was also studied with the complete-active-space
SCF (CASSCF) metho#. This method was chosen instead of
the more conventional single-configuration models because it
was found that single-configuration descriptions such as RHF
would not be adequate for benzyne and related compdiinds.
The basis sets adopted in these calculations were 3-21G(d),
6-31G(d), and 6-311G(d,p). The standaial initio molecular
orbital calculations, including geometry optimization and fre-
guency computations, were carried out using the Gaussian 94
programs?!
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a (a) Phl(OAc), TfOH, CH:Cl,. (b) KF, 18-crown-6, CHCl,, room temperature. (c) Anthracene. (dHe. (e) CH=CMeCMe=CH,. (f) Furan,

2-methylfuran, or 2,5-dimethylfuran.

RHF/3-21G(d) 1.259
CASSCF(2,2)/3-21G(d) 1.324
CASSCF(2,2)/6-31G(d) 1.324

CASSCF(2,2)/6-311G(d,p) 1.317

Figure 1.
QP
/ \
S
S

Optimized CASSCEF structures f@ along with that calcu-
lated at the RHF/3-21G(d) lev&1,are summarized in Figure 1.

Figure 2.

3-21G(d) basis set, the CASSCF(2,2) optimized structure shows
an elongation of €& C# of 0.065 A relative to the RHF value.
As a comparison, it is noted that the corresponding elongation
for benzyne is 0.036 A2 At the CASSCF(2,2)/6-311G(d,p)
level, the occupancies of the S and A orbitals are 1.64 and 0.36,
respectively; there is very little variation in these occupancies
when the basis set is changed to either 3-21G(d) or 6-31G(d).
These occupancies indicate that the in-plart®ond of2 has a
fairly large degree of biradical character, as expected for such
a highly bent bond.

The vibrational frequencies & have also been calculated.
At the CASSCF(2,2)/6-311G(d,p) level, they are (inéB8405
(A1), 3400 (B), 1635 (B), 1616 (A), 1421 (A), 1279 (B),
1199 (Ay), 884 (By), 866 (B,), 832 (Ay), 815 (Ap), 739 (By),
660 (A1), 620 (A), and 466 (B). The two highest-energy
frequencies correspond to—El stretching, the next five are
mostly bond stretching around the ring, while the remaining
eight are the bending modes. Considering that the scaling factor
for HF/6-31G(d) frequencies is 0.8929the CASSCF(2,2)/6-
311G(d,p) frequencies should be at most 10% too high. Finally,
it is noted that, at all four levels of calculations reported here,
all of the vibrational frequencies df are real, indicating the

Itis seen that the CASSCF results are in close agreement withgiycture to be an energy minimum.

each other, while the RHF/3-21G(d) method yields an exceed-
ingly short G—C* bond.

In our CASSCF calculations, we considered two configura-
tions corresponding to double occupation of one or the other
of the molecular orbitals which are predominantly the symmetric
(S) and antisymmetric (A) combinations of the in-plané-sp
type orbitals at €and C' (Figure 2). In other words, they are
CASSCF(2,2) calculations. #were a pure biradical, CASSCF-
(2,2) treatments would lead to a substantial lengthening of the
C3—C* bond (compared to the RHF results) and almost equal
populations for the Band A2 configurations. In fact, with the
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In conclusion, evidence for 3,4-didehydrothiopheR)eas an
intermediate has been obtained by the formation of its [2]-
and [4+ 2]-cycloaddition adducts with dienes.
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