
Communications to the Editor  Bull. Korean Chem. Soc. 1999, Vol. 20, No. 11     1255

re-
one
-

e

 (2
as
 

 of
ut
e

od
le

in
m,

p-
N,N-Dimethylformamide Dimethylacetal (DMF-DMA) Catalyzed Formation of 1,3,5-
Trisubstituted Benzene Derivatives from αααα,ββββ-Unsaturated Nitro Compounds

Tae Yi Kim, Hyoung Shik Kim, Ka Young Lee, and Jae Nyoung Kim*

Department of Chemistry, Chonnam National University, Kwangju 500-757, Korea
Received August 26, 1999

N,N-Dimethylformamide dimethylacetal (DMF-DMA) has
been used as a methylating agent of various compounds.1

Recently, we have reported on the formation of N-methyl-N-
tosyl allylic amine derivatives from the Baylis-Hillman adducts
of N-tosylimines with the aid of DMF-DMA.2 In the reac-
tion, trace amounts of methoxide ion in DMF-DMA might
trigger the whole reaction.2 In order to find some useful appli-
cations of the catalytic activity of methoxide ion in DMF-
DMA, we examined on the reaction of β-nitrostyrene3 and
DMF-DMA in order to prepare 1,3,5-triarylbenzene deriva-
tives, which are useful compounds in the fields of electrode
and electroluminescent devices4 or in the chemistry of con-
ducting polymers.5 Transition metal catalyzed [2+2+2] cyclo-
addition reaction of phenylacetylene derivatives to form 1,3,5-
triarylbenzenes have been well studied.6 Recently, TiCl3 (OTf)
catalyzed formation of 1,3,5-triarylbenzenes from acetophe-
none derivatives have been reported.7 There was a report on
the formation of 1,3,5-triphenylbenzene (5%) in the course
of reduction of β-nitrostyrene with N-benzyl-1,4-dihydroni-
cotinamide.8

As expected we could obtain 1,3,5-triphenylbenzene (2a)7

in 34% isolated yield from the reaction of β-nitrostyrene
(1a) and DMF-DMA (2 equiv) in DMF at 80-90 oC within
20 h as shown in Scheme 1. Some variations in reaction con-
ditions such as temperature, amounts of DMF-DMA, or
reaction time did not improve the yield of 2a. 

Substituted β-nitrostyrene derivatives 1b-c or heterocyclic
derivatives 1d-e afforded the corresponding compounds 2b-
e in 20-40% yields. However, alkyl derivative 1f or β-substi-
tuted nitro olefin 1g did not give the desired products. The
mechanism for the formation of 1,3,5-triarylbenzenes 2a-e
can be proposed as shown in Scheme 2. Addition of methox-
ide ion to β-nitrostyrene gave a new nucleophilic intermedi-
ate I , which adds to β-nitrostyrene to give II , same reaction
once again, cyclization, elimination of nitrous acid afford the
desired product.8

In the cases of 1h and 1i, which have strong electron with-
drawing nitro substituent on the benzene ring, we could obtain
methyl benzoate derivatives 3h and 3i in 15-22% yields instead
of the expected cyclic trimerization products as shown in

Table 1. The reaction mechanism for the formation of 3h and
3i is uncertain at this point.

In the reaction mixtures of 1a and DMF-DMA, we could
not detect phenylacetylene or acetophenone on tlc. Mo
over, from the reaction of phenylacetylene or acetophen
and DMF-DMA in DMF we could not observe 1,3,5-triphe
nylbenzene.10 Thus the possibility of formation of the cyclic
trimerization product 2 via phenylacetylene or acetophenon
could be excluded completely.

The reaction was also effective with sodium methoxide
equiv, 28% methanol solution) in DMF. The use of DMF 
solvent was found to be crucial. The same reaction of1a
with sodium methoxide in methanol did not give 2a in appre-
ciable yield. The results might be due to the basic nature
DMF, which can trap the eliminated nitrous acid. Witho
DMF-DMA or sodium methoxide no reaction occurred. Th
reaction of 1a with N,N-dimethylformamide diethylacetal gave
2a in lower yield (10%). 

In this report we developed a simple preparation meth
of 1,3,5-triarylbenzene derivatives from the easily availab
β-nitrostyrene derivatives with the aid of methoxide ion 
DMF-DMA. Further studies on the reaction mechanis
especially for methyl benzoates, are in progress.
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Table 1. Synthesis of 1,3,5-triarylbenzene derivatives

entrya β-nitro styrene (1) products (% yield)ref

aAll reactions were run on a 2 mmol scale. bTrace amounts of methyl p-
chlorobenzoate was obtained. cE/Z isomerization of 1g (E) occurred to E/
Z = 8 : 2.


