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Abstract—The synthesis of functionalized imidazoles in a single-pot from the reactions of secondary amino-N-carbothioic acid (phen-
yl-p-tolylimino-methyl)amides with dimethyl acetylenedicarboxylate is reported. A plausible mechanistic pathway for the formation
of the imidazoles is proposed.
� 2004 Elsevier Ltd. All rights reserved.
Imidazoles are common components of a large number
of natural products and pharmacologically active mole-
cules.1 The prevalence and prominence of this moiety
makes a method, which expedites their preparation
highly valuable. Despite synthetic interest in these hetero-
cycles over the past century, few methods have emerged
for the synthesis of highly functionalized imidazoles.2 In
addition, many of the methods utilize intermediates,
which are difficult to prepare such as a-functionalized
carbonyl, a-diamino compounds2 or a-functionalized
oxiranes3 and most of the examples published to date
for the synthesis of imidazoles are devoid of any
additional functionality. Such poorly represented func-
tionalized imidazoles having masked amine and carbo-
methoxy functionalities are nevertheless potential
heterocyclic precursors for the synthesis of purine ana-
logues,4–6 or insecticides.7 More recently, the Diels–
Alder reaction of imidazoles with 1,2,4,5-tetrazines to
prepare the cytotoxic marine natural product zarzissine8

has been published.

It has been observed that simple modifications of frag-
ments linked to thiocarbonyl groups result in the crea-
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tion of new reactive centers leading to diverse
functionalization possibilities9. Reactions of acetylenic
esters with carbothioic acid amides, popularly known
as thioamides, have been shown to generate various
heterocyclic compounds such as thiazolidinones,10 thiaz-
olinones,11 thiazonones,10,12 thiazolotriazinediones,2b,13

thiazines14 and so on. Recently, Nakano et al. reported
reactions of thioamides with 2 and 5equiv of dimethyl
acetylenedicarboxylate leading to the formation of pyr-
role and thiophene derivatives, respectively.15 Pradere
et al. reported the cyclocondensation reaction of N 0-(thio-
acyl)formamidines with dimethyl acetylenedicarboxylate
leading, via sequential cycloaddition–cycloreversion–
cycloaddition reactions, specifically to functionalized
4,5-dihydro-6H-1,3-thiazines and 6H-1,3-thiazines.14

Nevertheless, there is no precedent for imidazole deriva-
tive formation. As part of our continuing interest in the
synthesis of biologically important heterocycles,16 this
present letter describes a single-pot synthesis of func-
tionalized imidazole derivatives by the reaction of thio-
amides 1 with dimethyl acetylenedicarboxylate.

A solution of thioamides 1 (1mmol) and dimethyl acetyl-
enedicarboxylate (1.2mmol) in dry dichloromethane
was stirred for 2–3h. The reaction mixture was purified
by silica gel column chromatography to give imidazole
derivatives 2 (Scheme 1). The products isolated were
characterized as imidazoles on the basis of analytical
data and spectral evidence.17
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Scheme 1. Figure 1. ORTEP representation of 2a.
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The 1H NMR spectra of the products showed the
absence of one of the methoxy groups and the presence
of a secondary amine moiety. Their elemental analysis
did not show the presence of sulfur. The 1H NMR spec-
trum of compound 2a, for example, exhibited singlets at
d 3.08 (6H) and 3.63 (3H) corresponding to the –NMe2
and the –OMe protons, respectively, and a multiplet for
the aromatic protons at d 7.06–7.35 (9H). The signals
for the NMe2 and carbonyl carbons appeared at d 42.7
and 160.3ppm, respectively. The IR spectrum showed
a carbonyl absorption at 1680cm�1 whilst the mass
spectrum exhibited a molecular ion peak [M+] at
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Scheme 2.
m/z = 335 for C20H21O2N3. The assigned structure was
unambiguously established with the help of X-ray crys-
tallographic studies18 (Fig. 1).

A plausible mechanism underlying the formation of the
imidazole derivatives is shown in Scheme 2 and is
thought to involve the intermediacy of cyclic azomethine
ylide 6. Sulfur being a strong nucleophile attacks one of
the acetylenic carbons of dimethyl acetylenedicarboxyl-
ate to give a 1:1 adduct, which undergoes N–H proton
migration to generate 3. Intramolecular cyclization then
gives thiocarbonyl ylide 4 � 5. The ylide 5 is then con-
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verted to the thermodynamically stable azomethine ylide
6 as proposed by Nakano et al. in the reactions of thio-
amides with dimethyl acetylenedicarboxylate.15 Intra-
molecular cyclization of 6 affords a bicyclic
intermediate 7, which after elimination of a thioalde-
hyde molecule finally yields imidazoles 2.

In conclusion, the reactions of thioamides 1 with di-
methyl acetylenedicarboxylate result in a single-pot
and exclusive synthesis of novel imidazole derivatives
via a cyclic azomethine ylide intermediate. The method
reported herein assumes significance because of the reg-
iospecific introduction of latent amine and carbometh-
oxy (–CO2Me) groups, which are amenable to further
elaboration through N–C and N-heteroatom bond for-
mation and hence lead to concise syntheses of purine
analogues. Further studies on the scope and limitations
of these reactions are in progress.
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