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Abstract—Reactions of tricarbonyl compounds with vinyl diazo compounds 2 were carried out. Reaction of 1,2,3-indanetrione
with 2a,b,c gave the spiroindan-1,3-dione-2,2�-benzodihydrooxepin 7a,b,c, but not normal products oxirane and dihydrofuran
derivatives expected from intermediate vinyl carbonyl ylides 4. Formation of 7 requires isomerization of vinyl carbonyl ylides 4
bearing a (Z)-cyanostyryl group to unstable (E)-form 5 and subsequent cyclization to oxepin 6 followed by a 1,5-hydrogen shift.
However, reaction of 2 with six-membered cyclic tricarbonyl compounds 1,2,3-trioxo-2,3-dihydrophenalene 11 and dimethylallox-
ane 13 gave the dioxole 12 and the dihydrofuran 14, respectively, typical products expected from vinyl carbonyl ylides. © 2003
Elsevier Science Ltd. All rights reserved.

The formation and reaction of carbonyl ylides continue
to be subject of considerable interest and intensive
investigation.1 The thermal or photochemical ring
opening of oxiranes2 or �3-1,3,4-oxadiazoline3 and
addition of a carbene/carbenoid onto the oxygen atom
of a carbonyl group4 have been known as traditional
methods of generation of carbonyl ylides. In spite of
enormous studies of carbonyl ylides, studies on vinyl
carbonyl ylides via thermal ring opening of
vinyloxiranes5 and the carbenoid–carbonyl reaction6 are
limited (Scheme 1). The thermal ring opening of oxi-
ranes to carbonyl ylides requires high temperature,
whereas the generation of carbonyl ylides via the car-
benoid–carbonyl reaction can be performed under very
mild conditions.

Electron-deficient carbonyl compounds have also been
known to react with diazo compounds under mild
conditions to give �3-1,3,4-oxadiazoline followed by
extrusion of nitrogen to furnish carbonyl ylides.7 Most
of the thus generated carbonyl ylides have been
reported to cyclize to dioxoles and also oxiranes as 4�
electronic components.1 It is well-known that diphenyl-
diazomethane reacts with cyclic tricarbonyl compounds
indanetrione 1 and 1,2,3-trioxo-2,3-dihydrophenalene

11 to give an oxirane8 and a dioxole, 9 respectively. We
would like to report the first example of generation of
vinyl carbonyl ylides via extrusion of nitrogen from
�3-1,3,4-oxadiazoline formed by the 1,3-dipolar
cycloaddition reaction of tricarbonyl compounds with
vinyl diazo compounds 2 and abnormal 1,7-cyclization
of the vinyl carbonyl ylides formed in the reaction of
indanetrione 1 with 2.

A solution of indanetrione 1 (2.00 mmol) and 2-(p-
chlorophenyl)-4-diazo-4-phenyl-cis-2-butenenitrile 2a

Scheme 1.
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Figure 1. ORTEP view of 7a.

shown in Figure 1.10 Normal products oxirane 8, diox-
ole 9, and dihydrofuran derivatives 10 expected from
the vinyl carbonyl ylide were not formed. Reaction of
p-tolylvinyldiazomethane 2b and t-butylvinyldia-
zomethane 2c with indanetrione gave similar results,
giving 7b and 7c, respectively, but not oxirane 8b,c,
dioxole 9b,c, and dihydrofuran derivatives 10b,c. The
NMR spectra of 7b,c showed a very similar pattern to
that of 7a, except for the signals of the R group.11

The mechanism for formation of 7 is shown in Scheme
2. Vinyl diazo compound 2 underwent 1,3-dipolar
cycloaddition with the electron-deficient central car-
bonyl group of indanetrione 1 to give the oxadiazoline
3, which eliminated nitrogen to give the vinyl carbonyl
ylide 4 bearing the bulky substituent R at the exo-posi-
tion. The (Z)-cyanostyryl moiety of carbonyl ylide 4
isomerized to the sterically less stable (E)-cyanostyryl
carbonyl ylide 5 without normal cyclization to oxirane
8 and dioxole 9. The (E)-cyanostyryl carbonyl ylide 5
cyclized to dihydrooxepin 6 via herical transition state
(conrotatory mode as an eight-electron system) fol-
lowed by a 1,5-hydrogen shift to give the spirodihy-
drooxepin 7. Isomerization of 4 to 5 can take place by
two possible mechanisms: (1) simple rotation around
double bond of (Z)-cyanostyryl group, and (2) cycliza-
tion of 4 to dihydrofuran 10 followed by ring opening
to 5 in disrotatory mode as a six-electron system. In
order to investigate which mechanisms proceed, the
reaction of 1 and 2a was carried out in CDCl3 at 0°C.
A CDCl3 solution of 2a was added to 1 suspended in
CDCl3 and 3 h later, the NMR spectrum of the reac-

(2.00 mmol) in 20 ml of CH2Cl2 was strirred under an
argon atmosphere at room temperature for 24 h. After
filtration, the reaction mixure was chromatographed
over silica gel to give spiroindan-1,3-dione-2,2�-benzodi-
hydrooxepin 7a in 77% yield. The 1H NMR spectrum
of three protons of p-chlorophenyl group of 7a showed
� 7.90 (d, J=8.6 Hz), 7.44 (dd, J=2.0, 8.6 Hz), and
6.87 (d, J=2.0 Hz), indicating that one proton of the
p-chlorophenyl group is replaced by another group.
The structure of 7a was confirmed by X-ray analysis, as

Scheme 2.
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Scheme 3.

Scheme 4.

tion mixture showed a singlet at � 5.29, which gradually
disappeared. The singlet (� 5.29) seems to be due to the
vinylic proton of 10a. Observation of signals of 10a
suggests the possibility that 4 isomerizes to 5 via 10.

In order to investigate effects of the ring size of trike-
tone on the cyclization mode of the vinyl carbonyl
ylides, the reactions of 2 with six-membered cyclic
tricarbonyl compounds were carried out, giving quite
different results. The reaction of 2a with the six-mem-
bered triketone 11 did not yield dihydrooxepin deriva-
tives, but the dioxole 12 in 92% yield (Scheme 3).12

Formation of dioxoles have been known in the reaction
of 11 with diazomethane,13 diphenyldiazomethane, and
diazofluorene.9 Another six-membered tricarbonyl com-
pound dimethylalloxane 13 was reacted with 2a and 2b
to give dihydrofurans 14a and 14b,14 respectively, which
are typical products of vinylcarbonyl ylides (Scheme 4).

In the reaction of indanetriketone, other possible prod-
ucts, such as oxiranes 8, dioxoles 9, and dihydrofurans
10, seem to be either difficult to form due to steric
reasons or are electronically unstable because of ring-
opening reactions equilibriating with the carbonyl ylide
intermediates.

In summary, we describe in this paper the first example
of generation of vinyl carbonyl ylides via extrusion of
nitrogen from �3-1,3,4-oxadiazoline formed by the 1,3-
dipolar cycloaddition reaction of tricarbonyl com-
pounds with vinyldiazo compounds 2 and that the vinyl
carbonyl ylide from the reaction of indanetrione with
the vinyldiazo compounds 2a,b,c underwent abnormal
1,7-cyclization of the vinyl carbonyl ylides to give
spiroindan-1,3-dione-2,2�-benzodihydrooxepin 7a,b,c.
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