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ABSTRACT

The zwitterionic intermediate generated from dialkyl azodicarboxylate and triphenylphosphine on reaction with 3-methoxy-1,2-benzoquinones
afforded dihydro-1,2,3-benzoxadiazoles. N-Substituted isatins furnished spirooxadiazolines under similar conditions.

The facile reaction of triphenylphosphine with azodicar-
boxylate leading to the formation of zwitterion3 and the
nucleophilic reactivity of the latter was established by
Huisgen and co-workers (Scheme 1).1,2 This zwitterion is

the nucleophilic trigger in the Mitsunobu reaction,3 used
widely for the stereochemical inversion of hydroxyl group.
Apart from this, the chemistry of Huisgen zwitterion3 has

received only limited attention. In the attempted Mitsunobu
reaction ofR-hydroxy esters, unexpected transformations
were observed by Kolasa and Miller,4 and the conversion of
ketones to vinyl hydrazine dicarboxylate was reported by
Liu.5 Very recent work on the reaction of3 with various
carbonyl compounds by Lee6 as well as the unexpected
formation of hydrazones from salicylaldehyde reported by
Girard7 is especially noteworthy in this context.

We have recently reported the interception of3 with diaryl-
1,2-diones resulting in a facile synthesis ofN,N-dicarboet-
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Scheme 1. Zwitterion Formation from Triphenylphosphine
and Dialkyl Azodicarboxylate
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hoxy monohydrazones via a novel rearrangement (Scheme
2).8 In this context, and in view of our general interest in

the reactivity profile ofo-benzoquinones,9 we have explored
the reaction of3 with substituted 3-methoxy-1,2-benzo-
quinones andN-substituted isatins. The preliminary results
of our investigations which expose some novel reactivity
patterns of the zwitterion form the subject of this letter.

In a pilot experiment, a solution of 3-methoxy-4,6-di-tert-
butyl-1,2-benzoquinone and diisopropyl azodicarboxylate
(DIAD) in dry DME under argon atmosphere was treated
with stoichiometric amount of triphenylphosphine at room
temperature. The reaction mixture on usual processing afford-
ed the dihydro-1,2,3-benzoxadiazole derivative7a10 in 86%
yield as a very pale brown amorphous solid (Scheme 3).11

The product was characterized by spectroscopic analysis.
In the IR spectrum, the ester carbonyl absorption was seen

at 1753 and 1769 cm-1. In the 1H NMR spectrum, the
methoxy protons resonated atδ 3.86 and the methine protons
were discernible atδ 4.93 and 5.21, respectively, as
multiplets. The aromatic proton signal was visible atδ 7.53.

The reaction was found to be general with respect to
various 1,2-benzoquinones, and the dihydro benzoxadiazoles
were obtained in high yields. The results are summarized in
Table 1.

The following mechanistic postulate may be invoked to
rationalize the reaction. The Huisgen zwitterion3 formed
from triphenylphosphine and azoester adds to quinone
carbonyl to give a tetrahedral intermediate8 which gives
the spirooxadiazoline9 presumably by the elimination of
triphenylphosphine oxide via a process resembling the Wittig
reaction. The spirooxadiazoline undergoes aromatization by
ring fragmentation to deliver10. The latter undergoes another
ring closure to give the final product (Scheme 4).

In all cases only one of the carbonyls participated in the
reaction. This selectivity of the reaction may be attributed
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Scheme 2. Phosphine-Mediated Reaction of DEAD with
Benzil

Scheme 3. Reaction of 1,2-Benzoquinone with DIAD and
Ph3P

Table 1. Reaction of 1,2-Benzoquinones with Ph3P and
Dialkyl Azodicarboxylate

entry R1 R2 R3 product
yield
(%)

1 ethyl tert-butyl tert-butyl 7b 75
2 ethyl diphenylmethyl diphenylmethyl 7c 78
3 ethyl tert-butyl H 7d 91
4 ethyl 4,4′-dichloro-

diphenylmethyl
4,4′-dichloro-

diphenylmethyl
7e 73

5 isopropyl tert-butyl H 7f 94
6 isopropyl diphenylmethyl diphenylmethyl 7g 85
7 isopropyl 4,4′-dichloro-

diphenylmethyl
4,4′-dichloro-

diphenylmethyl
7h 64

8 isopropyl dimethyl-
phenylmethyl

dimethyl-
phenylmethyl

7i 85

Scheme 4. Proposed Mechanism for the Reaction
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to both electronic and steric factors. Interestingly, hydro-
genolysis of the dihydro-1,2,3-benzoxadiazoles7 using
Pd-C in ethyl acetate afforded 2-(N,N′-dicarbethoxyhy-
drazino)phenol11, thus constituting in principle the monoam-
ination of a catechol/o-quinone (Table 2).

The structure of11a was assigned by spectroscopic
analysis. The1H NMR spectrum exhibited singlets atδ 8.51
and 7.15 (exchangeable by D2O) supporting the IR absorption
at 3278 cm-1. The ester carbonyls resonated atδ 158.8 and
155.4 in the13C NMR spectrum. Finally, the structure was
unequivocally established by single-crystal X-ray analysis
(Figure 1).12

Encouraged by the interesting results obtained in the
reaction of3 with 1,2-benzoquinones, and in anticipation of
the formation of spirooxadiazoles, we extended our studies
to N-substituted isatins. It is noteworthy that 1,3,4-oxadia-
zolines are known to have anticonvulsant activity.13 In an

illustrative experiment, treatment ofN-benzyl isatin with
diethyl azodicarboxylate and triphenylphosphine in dry DME
under argon atmosphere resulted in the formation of spiroox-
adiazoline13a in 62% yield as colorless crystals (Scheme
5).14

The structure of13a was established by spectroscopic
analysis. In the IR spectrum, the ester carbonyl was seen at
1743 cm-1 and the amide carbonyl at 1681 cm-1. The 1H
NMR spectrum showed different sets of signals for carboet-
hoxy and ethoxy protons. The methylene protons resonated
at δ 4.23 and 4.45. In the13C NMR spectrum, the amide
carbonyl resonated atδ 168.5 and ester carbonyl atδ 157.9.
The spiro carbon was discernible atδ 68.7. Finally, the
structure was confirmed by single-crystal X-ray analysis
(Figure 2).15

The reaction was found to be general with variousN-
substituted isatins and the spirooxadiazolines were obtained
in good yield. The results are summarized in Table 3.

A mechanistic postulate analogous to the one suggested
for the reaction of 1,2-benzoquinone with triphenylphosphine
and azoester may be invoked here also. Interestingly,

(12) Crystal structure of compound11a has been deposited at the
Cambridge Crystallographic Data Center and allocated the reference no.
CCDC 280314.
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(14) See the Supporting Information for experimental details.
(15) The crystal structure of compound13a has been deposited at the

Cambridge Crystallographic Data Center and allocated the reference no.
CCDC 279798.

Table 2. Hydrogenolysis of Dihydro-1,2,3-benzoxadiazoles

entry substrate product yield (%)

1 7a 11a 79
2 7b 11b 88
3 7e 11c 65
4 7h 11d 73

Figure 1. Single-crystal X-ray structure of11a.

Scheme 5. Reaction ofN-Substituted Isatin with Ph3P and
Diethyl Azodicarboxylate

Figure 2. Single-crystal X-ray structure of13a.
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acenaphthenequinone also on treatment with triphenylphos-
phine and DEAD gave the spirooxadiazoline15 in 62% yield
(Scheme 6).

In conclusion, we have uncovered a novel synthesis of
dihydro-1,2,3-benzoxadiazole by triphenylphosphine-medi-
ated reaction of 1,2-benzoquinones with dialkyl azodicar-
boxylate. This reaction will be useful for the conversion of

catechols to hydrazino phenols. Also a novel synthesis of
spirooxadiazoline was established by treatingN-substituted
isatin with triphenylphosphine and azoesters.
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Table 3. Reaction of Isatins with Ph3P and Dialkyl
Azodicarboxylate

entry R1 R4 R5 product yield (%)

1 ethyl allyl Br 13b 65
2 ethyl methyl H 13c 61
3 ethyl ethyl Br 13d 56
4 ethyl propyl Br 13e 62
5 isopropyl propyl Br 13f 65
6 isopropyl methyl Br 13g 86
7 isopropyl allyl Br 13h 60
8 isopropyl benzyl H 13i 61
9 isopropyl ethyl H 13j 66

Scheme 6. Reaction of Acenaphthenequinone with DEAD
and Ph3P
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