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Microwave-assisted organic synthesis (MAQS) is one of the
cornerstones in modern synthetic organic chemistry. In fact,
microwave instruments are becoming part of the equipment in
numerous laboratories providing researchers with a new tool to
enhance the arsenal of reactions. The increasing relevance of
MAOS in accessing new entities providing efficient and cleaner
procedures has been compiled in several reviews."

Recently, we have contributed to MAOS’s popularity describing
a solventless access to (2-imidazolin-4-yl)phosphonates through
a multicomponent reaction between diethyl
isocyanomethylphosphonate, ketones and amines involving
microwave irradiation in only 10 minutes at 40°C.” The resulting
2-imidazolin compounds probed to be a structurally new family
of high affinity imidazoline 1, receptor ligands showing
neuroprotective properties.’ One of the key points for the success
of the reaction was the divalent nature that exhibit isocyanides
making possible reactions with a myriad of reaction partners of
either electrophilic or nucleophilic character.’

Our interest in exploring isocyanides as an extremely useful class
of organic compounds for synthetic chemistry, combined with
our knowledge in the development of microwave assisted
methodologies, prompted us to explore the preparation of
thioformamides from isocyanides.

Thioformamides constitute a particular functional group
embodying a high reactivity profile. They can be found as key
intermediates in the synthesis of N-thioformyl peptides,” in the
preparation of structurally diverse thioheterocycles some
displaying fluorescence properties,® in the preparation of relevant
heterocycles,” in the reaction with organometallic reagents giving
access to diverse organic entities® and playing a starring role in
the discovery of their physicochemical properties.’

To the best of our knowledge few methods have been described
for the synthesis of thioformamides being the most popular the
reaction of isocyanides with thioacids."

In this paper we add a new, efficient and safe methodology for
the preparation of thioformamides using isocyanides and carbon
disulfide, as the source of sulfur atoms, under microwave
irradiation and in the absence of solvent.
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Scheme 1. Reaction studied

As a proof of concept of our approach, a model reaction using
methyl - isocyanoacetate as substrate, carbon disulfide and
benzylamine, was optimized. Most gratifyingly, the desired
product 2a was obtained in a 71% yield when an equimolecular
mixture of reagents was irradiated in the microwave oven at 40°C
during 10 minutes. Neither excess of benzylamine (entry 2) nor
excess of both benzylamine and carbon disulfide (entry 3)
increased the yield. In order to rule out a catalytic role for the
base, a substoichiometric amount of amine, 0.5 equivalents, was
examined. In agreement with the putative mechanism of the
reaction (see below), under this condition the yield dropped to
48% (entry 4). Finally, neither shorter reaction time (entry 5) nor
higher reaction temperature increased the yield.

Table 1. Optimization of the reaction conditions.

S
MeO,C
€02 N—NC + CS, L M602C¥ JLH
BnNH, H
1a 2a
entry BnNH, CS, MW Yield?
equivalents  equivalents conditions %
T/time
1 1.0 1.0 40°C/10 min 71
2 1.5 1.0 40°C/10 min 70
3 15 15 40°C/10 min 70
4 0.5 1.0 40°C/10 min 48
5 1.0 1.0 40°C/5 min 54

? Isolated yield of 2a.

Therefore, the optimized conditions are microwave irradiation of
a mixture of «carbon disulfide, benzylamine and an isocyanide
derivative in equimolecular quantities at 40 °C for 10 min in the
absence of solvent. With the standard conditions in hand, we
surveyed the functional group compatibility and scope of the
present microwave-assisted synthesis of thioformamides
directing the efforts towards the structural diversity of the
isocyanide compound.

To this end, reactions with isocyanides substituted in the o
position were undertaken. Thus, the use of methyl-o-
phenylisocyanoacetate and  methyl-a-benzylisocyanoacetate
furnished thioamides 2b and 2c with 71 and 88% yields,
respectively. Also the putative influence of the alkylgroup in the
ester was evaluated by performing the reaction with t-butyl
isocyanoacetate to furnish the product 2d in an excellent 87%
yield. Worthy of note, the reaction took place with a 76% yield
when diethyl isocyanomethylphosphonate was used as reagent to
produce 2e. Similarly to the methyl ester series, the formation of
the thioformamide 2f also occurs in excellent yields, 93%, when
diethyl a-phenylisocyanometylphosphonate, an isocyanide
substituted in the a-position, was employed.

The use of alkyl isocyanide derivatives was also examined and
cyclohexylisocyanide gave 2g in 77% yield. When t-
butylisocyanide, an isocyanide tetrasubstituted in the o-position
was used, 2h was isolated in 79% yield. Finally, the inclusion of
aromatic isocyanides was undertaken and the naphtylisocyanide
successfully afforded 2i in 87% yield."



S
R-NC + CS, MW RfNJ\H
1 BnNH, H ,
40 °C, 10 min

1e, R = (EtO),(O)PCH,-
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Scheme 2. Synthesis of thioformamides 2a-2i.

Of note, the reaction of carbon disulfide with amines has been
applied in the last years for obtaining symmetrical thioureas.*
However, in the presence of isocyanides the reaction evolved to
give thioformamides. Taking into account that, in agreement with
earlier reports,” one equivalent of benzylamine was needed for
the formation of the dithiocarbamate salt a, which was observed
within few minutes after the nucleophilic attack of benzylamine
to carbon disulfide, a putative mechanism for this‘novel reaction
is shown in Scheme 3. Very likely, under our usual reaction
conditions, the intermediate a might attack the isocyanide to give
the species b that would suffer fragmentation to deliver the final
thioformamide  and  benzylisothiocyanate.  Note  that
benzylisothiocyanate is produced in stoichiometric amount and
therefore, the described procedure also covers an easy solvent
free route to isothiocyanate derivatives. NMR spectra and HMRS
probed the formation of intermediate a and benzylisothiocyanate.
Considering the propose mechanism, with the sole exception of
the sulfur atom, in the final thioamide all the atoms stem from the
isocyanate reagent. Considering that a myriad of isocyanates are
currently-available, a very broad range of thioformamides can be
accessed following this new methodology.
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Scheme 3. Putative mechanism
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To summarize, the work presented in this manuscript provides a
mild, rapid and efficient method for accessing thioformamides
compatible with a range of diversely substituted isocyanides.
This method, contributes to enlarge the repertoire of useful
reactions to be performed under microwave irradiation.
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Microwave assisted method to access
thioformamides

A mechanism is proposed
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good yields
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