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Abstract—A highly practical synthesis of unsymmetrical N,N'-disubstituted thioureas by the reductive alkylation of N-monosubsti-
tuted thioureas with aldehydes is described. N-Monosubstituted thioureas can in turn be synthesized by the reductive amination of
thiourea with an appropriate aldehyde. This reductive alkylation methodology was also extended to carbamates.
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Molecules containing symmetrical or unsymmetrical
N,N'-disubstituted thioureas are of biological interest.
Several methods are reported for the synthesis of sym-
metrical thioureas but additional synthetic approaches
for unsymmetrical thioureas are still desirable.! In a
development program we needed to develop an efficient
and economical synthesis of N,N’-disubstituted thio-
ureas, which prompted us to investigate a convenient
method for their synthesis. In continuation of our work
on the reductive amination of urea,”> we rationalized that
a straightforward approach to unsymmetrical thiourea
would be the stepwise reductive amination of thioureas
with aldehydes. In this paper we report our results on
the development of a highly practical method for the
synthesis of unsymmetrical N, N’-disubstituted thioureas

To test the synthetic feasibility of our approach we first
studied the reductive amination® of thiourea itself with
4-tert-butylbenzaldehyde since N-(4-tert-butyl)benzyl
thiourea (1) was a precursor to our target molecule.
Thus, treatment of thiourea with 4-zert-butylbenzalde-
hyde in acetic acid in the presence of TMS—CI afforded
the corresponding imine that was reduced with sodium
borohydride* to afford N-(4-tert-butyl)benzyl thiourea
(1) in 65% yield. Use of TMS-CI was important in this
reaction to obtain good yields since without it the yield
of 1 reduced to almost half. Similarly, 4-methoxybenz-
aldehyde gave N-(4-methoxy)benzyl thiourea (2) in 50%
yield. These results demonstrated that our previously
reported methodology for the reductive amination of
urea was also applicable to thiourea.
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by the reductive amination of N-monoalkylated thio-
ureas with aldehydes in the presence of trimethylsilyl
chloride as the dehydrating agent and sodium borohy-
dride in acetic acid as the reducing agent.
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With these results in hand, we next studied the reductive
amination of N-(4-tert-butyl)benzyl thiourea (1) with 4-
methoxybenzaldehyde in the presence of TMS—CI as the
dehydrating agent and sodium borohydride as the
reducing agent in acetic acid. It afforded the desired
unsymmetrical N,N’-disubstituted thiourea (3) in 76%
yield (Table 1, entry 1). To test the scope and limitations
of these conditions® we next studied the reductive
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amination of several N-monoalkylated thioureas with
various aldehydes and the results are described in
Table 1.° In all cases the isolated yields were excellent
but are unoptimized.

We have further extended the synthetic utility of this

In summary, we have developed a highly practical syn-
thesis of unsymmetrical N,N’-disubstituted thioureas
by the reductive alkylation of N-monosubstituted thio-
ureas with aldehydes. N-Monosubstituted thioureas
can in turn be synthesized by the reductive amination
of thiourea with an appropriate aldehyde. This reductive

methodology to the reductive amination of carbamates’ alkylation methodology was also extended to
and the results are reported in Table 2.° carbamates.
Table 1. Unsymmetrical N,N'-disubstituted thioureas
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room temperature and stirred overnight. To the resulting
suspension was added sodium borohydride (1.51g,
0.04mol) over 30min at 23-30°C. Completion of the
reaction was monitored by HPLC. Water (70mL) was
added to the reaction mixture at room temperature and
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