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Direct evidence for the existence of an intermediate bisketene
(� ¼ 0:14, "575 ¼ 2300M�1 cm�1), generated from pyracylo-
quinone, was obtained by laser flash photolysis with UV/VIS and
IRdetection. The bisketenewas found to reactwithDMSO to give
acenaphthylene-5,6-dicarboxylic anhydride and dimethyl sulfide,
quantitatively.

It has been reported that the photolysis of pyracyloquinone
(1) in the presence of methanol gave dimethyl acenaphthene-5,6-
dicarboxylate (3).1 Though bisketene (2) was estimated to be a
plausible intermediate, there was no direct evidence on this. We
describe here the dynamic behavior of 2 observed by means of
laser flash photolysis with UV/VIS and IR detection, and also the
photo-dimerization of 1, which has been reported not to take
place.

Chloroform2 solutions of 1 (0.41mM) were deaerated by
bubbling argon for 20min and then subjected to pulsed laser
photolysis at 355 nm.3 Figure 1A shows transient spectra, in
which the absorption maximum appears at around 575 nm. The
absorption decayed obeying the first-order kinetics and its
lifetime was determined as 19�s at 20 �C. The lifetime and
intensities of the absorption were not influenced by oxygen,
indicating that the transient was not in an excited triplet state nor
was formed via the triplet. Figure 1B shows the transient IR
spectra3 obtained for 1,2-dichloroethane solutions of 1 (5.0mM).
Two bands at 2130 and 2070 cm�1 can be assigned to
characteristic symmetric and anti-symmetric stretching vibration
of 2, respectively.4 These peaks decayed obeying the first-order
kinetics and their lifetimes were the same as that obtained from
the experiments in UV/VIS region stated above. This means that

the peak at 575 nm also is due to the bisketene, 2. Using quantum
yields for the generation of 2, which will be described later, a
molar extinction coefficient of 2 was determined as
2300M�1 cm�1 at 575 nm, by a comparative method with
benzophenone triplet.5

Since the decay at 2130 cm�1 was observed to synchronize
with the recovery of bleaching at 1740 cm�1 due to a peak of 1, it
could be deduced that 2 turned back to 1 in the conditions of strict
exclusion of nucleophiles. However, the fact that 1was recovered
not completely, suggests that a small part of excited species
undergoes the other reaction. In order to analyze products of
photoreaction in the absence of nucleophile, 150mg of 1
dissolved in 40ml of chroloform (18mM) was irradiated under
vacuum for 10 h with a 150W high-pressure mercury lamp and
optical filter (� > 340 nm). A powder (90mg) sparingly soluble
in usual solvents precipitated, the amount of which corresponded
to that of 1 converted, and was identified as the syn-dimer (4) of 1
by the following derivation to the teteramethyl ester (5).6;7

Interestingly, in the literature,1b it was clearly stated that the
dimerization did not take place.

From analogy with the case of acenaphthylene,8 an excimer is
inferred to be responsible for the stereoselective dimerization.
The possibility of [2þ 12] electrocyclic reaction of 1 with 2 was
excluded by the fact that varying the concentration of 1 did not
influence the lifetime of 2.

We attempted to follow spectral changes for the dimerization
by improving the solubility of 4 using DMSO, but could not
achieve this. Instead, we found a novel reaction of 2withDMSO.9

Figure 2 shows the time-course of UV spectra when 1,2-
dichloroethane solutions of 1 (0.027mM) and DMSO (1.0M)
were irradiated at 366 nm under Ar atmosphere. A band at 308 nm
decreased in accord with the increase of two peaks at 352 and
364 nm, corresponding to acenaphthylene-5,6-dicarboxylic an-
hydride (7) as shown in the inset. A further confirmation was
carried out using 1H NMR; CDCl3 solutions of 1 (22mM) and
DMSO (1.0M) were sealed in NMR sample tubes under vacuum
and irradiated for 3min (� > 340 nm). Differential spectra

Figure 1. (A) TransientUV/VIS spectra at 1, 10, and 38�s after the laser
pulse. (B) Transient IR spectra at 1, 9.8, and 38�s after the laser pulse.
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(Figure 3) tell obviosusly that 1 gives rise to 7 and dimethyl
sulfide, quantitatively; DMSO played as an oxidant. In the LFP
observation at UV/VIS and IR, the pseudo-first order rate
constants for the decay of 2 increased linearly with increasing
the concentration of DMSO; the rate constant for the reaction of 2
with DMSO was determined as 1:46� 108M�1 s�1 (Figure 4).
This value means that 2 will react completely with DMSO, if its
concentration is 1.0M. So, using 1,2-dichloroethane solutions
containing 1.0M of DMSO, quantum yields for the decrease of 1
and for the increase of 7, on the irradiation at 366 nm, were
measured as 0.145 and 0.141, respectively. This indicates that
quantum yields for the formation of 2 also amount to 0.14. These
findings are most rationally explained by the following scheme,
where the oxygen of DMSO initiates the reaction by a

nucleophilic attack to the carbonyl carbon. Since the absorption
corresponding to monoketene (8) did not appear in the LFP at an
IR region, 9 would be formed in a concerted manner with the
attack of the oxygen of DMSO. This type of reaction was found to
occur also for benzocyclobutene-1,2-dione to give phthalic
anhydride.

Dependence of the lifetime of 2 on the concentration of
methanol was examined at 2130 cm�1 and 575 nm, and revealed
that the rate of the reaction of 2 with methanol depended on the
square of methanol concentration; the rate constant was obtained
as 4:2� 106 and 5:3� 106M�2 s�1, respectively.10 In order to
trace the photoreaction, the experiments corresponding to Figure
3, usingmethanol instead ofDMSO,were conducted.Many peaks
appeared but no signal agreed to those of authentic 3. However,
after the treatment of silica-gel column, 3 could be obtained
consistently with the literature.1 Therefore, 3 could not be
regarded as the first product from 2. Considering the

reaction with DMSO, we tentatively suppose that structures (10)
represent the first reaction products.
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Figure 2. The spectral change for the irradiation (366 nm) of
1 in 1,2-dichloroethane containing DMSO at 0, 1, 2, and
24min. The inset shows a spectrum for 7 in the same solvent.

Figure 3. The differential 1H NMR spectrum for the irradiation 1 in
CDCl3 containing DMSO. Negative peaks correspond to 1 consumed.
Positive peaks, due to the products, at 8.35 (2H, d, J ¼ 7:2), 7.77 (2H, d,
J ¼ 7:2), 7.12 (2H, s), and 2.03 (6H, s), coincide with those for 4(7)-,
3(8)-, 1(2)-H of 7, and CH3 of dimethyl sulfide.

Figure 4. Pseudo-first order rate constants (20 �C) for
the decay of 2 plotted against DMSO concentrations.
Marks of � and � represent the experiments in VIS
(575 nm) and IR (2130 cm�1) regions, respectively.
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