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ABSTRACT

The products obtained by the reaction of benzoyl-3-phenylthioureas with bromine and enolizable ketones in the presence of triethylamine are
not imidazole-2-thione derivatives as reported ( Org. Lett. 2003, 5, 1657−1659) rather they are thiazolidene-2-imine derivatives.

We have been utilizing tetrabutylammonium tribromide for
bromination1 and for various other organic transformations.2

Recently we have synthesized a ditribromide reagent, 1,1′-
(ethane-1,2-diyl)dipyridinium bistribromide (EDPBT), which
is superior to all known tribromides because of its stability,
higher bromine content per molecule, higher bromination
efficiency, selectivity, reduced phase transfer property, and

quantitative recovery of the spent reagent.3 This reagent is
an excellent source of bromine capable of brominating
varieties of organic substrates and is found to be an excellent
catalyst for the acylation of alcohols with various anhy-
drides.4 Being a source of bromine we thought to utilize this
for the synthesis of imidazole-2-thione derivative following
the reported procedure of Zou et al.5 When 1-benzoyl-3-
phenylthiourea (1) (1 equiv) was reacted with 1,1′-(ethane-
1,2-diyl)dipyridinium bistribromide (EDPBT) (0.5 equiv) in
acetone (10 mL) in the presence of triethylamine (1 equiv)
the product obtained was identical in all respects (m.p, IR,
1HNMR and 13CNMR) with that reported by Zou et al.
However, X-ray crystallographic analysis8-11 of the product
revealed an isomeric structure with a completely different
skeleton. The product obtained was not an imidazole
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derivative (1c) as reported5 rather it is 1-benzoyl-3-phenyl-
4-methylthiazolidene-2-imine (1a) as shown in Figure 1.

In our experience of working with organic ammonium
tribromides we have never encountered such a drastic change
in reactivity/selectivity, after all, tribromides are just an
efficient bromine carrier with similar or better reactivity.
Thus, there is no reason why the product obtained by Zou
et al. using molecular bromine instead of EDPBT should be

so much different. This prompted us to repeat the reaction
of Zou et al.5 exactly under their reported conditions using
molecular bromine. Comparison of melting point, IR, and
1H and13CNMR of the sample prepared by us using bromine
following the procedure of Zou et al. and using EDPBT was
identical. Furthermore, all the spectral, analytical and melting
point data obtained were in perfect agreement with those
reported by Zou et al.5

The structure 1-benzoyl-3-phenyl-4-methylimidazole-2-
thione (1c) as proposed by Zou et al. and the structure
1-benzoyl-3-phenyl-4-methylthiazolidene-2-imine (1a) ob-
tained by us are two isomeric compounds with the same
molecular formula (C17H14N2OS) which cannot be differenti-
ated by their elemental composition and HRMS analyses. It
is also difficult to differentiate the two compounds based
on their 1HNMR, as both have identical ethylenic, methyl,
and aromatic protons. The only difference in the structure is
the presence of a-C*dS group in1cand a-C*dN- group
in 1a. The DEPT spectrum is not of much help in arriving
at the correct structure as both structures have identical
numbers of CH3, CH, and C carbon.

Single-crystal X-ray crystallography unequivocally estab-
lished the structure to be 1-benzoyl-3-phenyl-4-methylthi-
azolidene-2-imine (1a). On the basis of the structure we
proposed the following mechanism for the reaction (Scheme
1). Either the ditribromide reagent EDPBT or bromine

brominates acetone to bromoacetone. The carbon of the
bromomethyl group is attacked by the sulfur of thiourea,
which is facilitated due to an abstraction of the NH proton
by triethylamine giving an isothiourea intermediate.6 The NH
proton flanked by a carbonyl and a thiocarbonyl moiety is
more acidic, hence it is preferentially deprotonated in the
presence of the other NH proton. Intramolecular attack of
the second NH group of the isothiourea intermediate on the
carbonyl group would give 1-benzoyl(4-hydroxy-3,4-diphen-
ylthiazolidine)-2-imine (1d)6 followed by dehydration of the
tertiary alcohol leading to the formation of 1-benzoyl-3-
phenyl-4-methylthiazolidene-2-imine (1a). This mechanism
seems resonable since the thiazolidene-2-imine derivative has
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Figure 1. An ORTEP view with the atomic numbering scheme of
1a.

Scheme 1. Proposed Mechanism of Formation of1a
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been prepared by the condensation of acyl and arylacyl
thioureas withR-haloketones.6,7 Under basic condition several
hydroxy thiazolidine derivatives have been isolated.6 When
we reacted benzoyl thiourea (1) (1 equiv) with phenacyl
bromide (1 equiv) in the presence of triethylamine (1.5 equiv)
in acetonitrile, the corresponding 1-benzoyl(4-hydroxy-3,4-
diphenylthiazolidine)-2-imine (1d)6c derivative precipitated
out quantitatively, which could not be converted to its final
thiazolidene-2-imine (1b) even under reflux condition.
However, on addition of 2 equiv of HBr the final thiaz-
olidene-2-imine (1b) was obtained in quantative yield at
room temperature suggesting an acid-catalyzed elimination
of tertiary alcohol. In this reaction the in situ generated HBr
serves as an acid for the dehydration of the intermediate
tertiary alcohol (1d).

We believe that this may not be an isolated example and
all the structures reported by Zou et al. are expected to have
a thiazolidene-2-imine moiety and not imidazole. To further
demonstrate our claim 1-benzoyl-3-phenylthiourea (1) was
reacted under an identical condition with EDPBT but
replacing acetone with acetophenone. The spectral and
analytical data of the product obtained (1b) were again in
perfect agreement with those reported by Zou et al. It may
be mentioned here that replacement of bromine with EDPBT
also gave the same product. Formation of the thiazolylidene
ring was confirmed by single-crystal X-ray diffraction Figure
2.

Thiazolidene-2-imine ring formation is general and not spe-
cific to a particular benzoyl thiourea. When 3-bromobenzoyl-
3-phenylthiourea (2) was reacted under the above conditions
separately with acetone and acetophenone both gave corre-
sponding thiazolidene-2-imine derivatives2a and 2b, re-
spectively. The structure of2a was again confirmed by
crystal X-ray crystallography as shown in Figure 3.

In conclusion, we have unambiguously proved that the prod-
ucts obtained by the reaction of benzoyl-3-phenylthuioureas
with bromine/EDPBT and acetone/enolizable ketone in the
presence of triethylamine are thiazolidene-2-imine derivatives
not imidazole-2-thione as reported earlier.5 We also believe
that all other structures reported by Zou et al. are expected
to have a thiazolidene-2-imine moiety and not imidazole.
The wrong structure has led to the proposal of an incorrect
reaction mechanism.5 Further scope of the reaction to other
similar substrates is currently under investigation.
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Figure 2. An ORTEP view with the atomic numbering scheme of
1b.

Figure 3. An ORTEP view with the atomic numbering scheme of
2a.
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