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Reaction of TPP-azodicarboxylate zwitterions and aryl
aldehydes: unprecedented synthesis of acyl carbamates
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Abstract—An efficient synthesis of acyl carbamates from aryl aldehydes by the reaction of triphenylphosphine and dialkyl azoesters
is described.
� 2007 Elsevier Ltd. All rights reserved.
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The formation of a zwitterion by the reaction of triphen-
ylphosphine (TPP) and azoesters has been known for a
long time1 and the critical role of this species in the Mits-
unobu reaction is well established.2 Other synthetically
useful reactions of this zwitterion commonly called the
Huisgen zwitterion, include preparation of vinyl hydra-
zine dicarboxylates from ketones,3 oxadiazolines from
a-ketoesters,4 and protected hydrazones from salicyl-
aldehydes.5 Recent studies on the chemistry of this
zwitterion have uncovered a number of interesting
reactions, which include the formation of a monohydra-
zone from benzil via an unprecedented rearrange-
ment,6 formation of novel pyrazolopyridazines from
dienones,7 spirooxadiazolines from isatins,8 and pyra-
zoles from allenes.9 In this context, and in view of the
general interest in the chemistry of zwitterions,10 we
undertook an investigation of the reactivity of this zwit-
terion toward aldehydes. Our results describing the
unprecedented, direct transformation of aryl aldehydes4

to acyl carbamates form the subject matter of this
Letter. It is noteworthy that acyl carbamates are impor-
tant due to their pesticidal activity.11,12

Acyl carbamate groups also find application as protect-
ing groups in organic synthesis.13 Although a number of
methods are available in the literature for the synthesis
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of acyl carbamates,14,15 all of them involve multistep
processes; to the best of our knowledge no direct conver-
sion of an aldehyde to an acyl carbamate has been
reported.

Our studies commenced with an experiment in which a
solution of 4-trifluoromethylbenzaldehyde 3a and diiso-
propyl azodicarboxylate (DIAD) 2a in anhydrous THF
was allowed to react with a stoichiometric quantity of
triphenylphosphine at room temperature under an
argon atmosphere. Work-up followed by column chro-
matography afforded a white crystalline solid in 90%
yield which was characterized as the acyl carbamate 4a
(Scheme 1).16

The structure of the product was assigned on the basis of
spectroscopic analysis and further confirmation was
achieved unambiguously using single crystal X-ray anal-
ysis (Fig. 1).17
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Figure 1. ORTEP diagram for compound 4a.

Table 1. Reactions of aldehydes with TPP-azoester zwitterion
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Entry R R1 R2 R3 Product Yield (%)

1 Isopropyl Cl Cl H 4b 85
2 Isopropyl H NO2 H 4c 76
3 Isopropyl Br H H 4d 50 (67)a

4 Isopropyl Cl H H 4e 78
5 Isopropyl H Cl H 4f 75
6 Isopropyl F H H 4g 75
7 Isopropyl F F H 4h 86
8 Isopropyl H H F 4i 37 (83)a

9 Isopropyl H H H 4j 64
10 Ethyl CF3 H H 4k 86
11 Ethyl Cl Cl H 4l 74
12 Ethyl NO2 H H 4m 73
13 Ethyl Br H H 4n 64
14 Ethyl Cl H H 4o 71
15 Ethyl F H H 4p 75
16 tert-Butyl Cl Cl H 4q 89

a Recovered yield.
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Scheme 2.
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The reaction was found to be general with a variety of
aromatic aldehydes. The results are summarized in
Table 1.

The following mechanistic postulate may be invoked to
rationalize the formation of the acyl carbamate from
aldehyde. Initially zwitterion 5 generated from the azo-
dicarboxylate and triphenylphosphine adds to the alde-
hyde carbonyl to form intermediate 7 which then
eliminates triphenylphosphine oxide by a well prece-
dented step to form the oxadiazoline derivative 8. It is
conceivable that the oxadiazoline can undergo ring frag-
mentation and concomitant hydride transfer to deliver
the acyl carbamate 10 with the loss of alkyl cyanate.
Although we have no direct evidence for this mechanis-
tic pathway, the detection of a peak corresponding to
the alkyl cyanate (m/z = 85.46, R = iPr) 9 in the low
resolution mass spectrum of the reaction mixture may
validate the proposed mechanism (Scheme 2).

In conclusion, we have developed a novel, direct trans-
formation of aromatic aldehydes to acyl carbamates. It
is reasonable to assume that this reaction will be useful
in organic synthesis.
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