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A highly efficient and simple synthesis of dithiocarbamates is possible based on the one-pot reaction of amines, CS 2, and alkyl halides
without using a catalyst under solvent-free conditions. The mild reaction conditions, high yields, and broad scope of the reaction illustrate the

good synthetic utility of this method. The reaction is a highly atom-economic process for production of S-alkyl thiocarbamates and successfully
can be used in high quantities in the pharmaceutical or agrochemical industries.
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profound effect on biological systems. Dithiocarbamates are
also widely used in medicinal chemistry and have found appli-
cation in the treatment of canceFurthermore, dithiocar-
bamates are versatile classes of ligands with the ability to
stabilize transition metals in a wide range of oxidation stétes.
Dithiocarbamates have a wide range of uses and applica
tions and are produced in great quantities throughout the
world. Therefore, the synthesis of this type of molecule has

Scheme 1. One-Pot Synthesis &-Alkyl Dithiocarbamates
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(3 mmol) quantitative conversion ®alkyl dithiocarbamate

received considerable attention. General methods for their7 was observed with excellent yields. The reaction was also

synthesis involve the reaction of an amine with costly and
toxic reagents, such as thiophosgene and/or an isothiocyan
ate? Furthermore, a one-pot reaction of amines with carbonyl
sulfide and alkyl halides in organic solvent in the presence
of a catalyst also has been developgHowever, there are

several disadvantages to these methods: many isothiocyan-
ates are hazardous and tedious to prepare and display poor

long-term stability with the formation of side products such

as urethane in alcoholic media. Such intermediates also

require high reaction temperatures, give low or moderate
yields of products, and usually entail multistep procedures.

Furthermore, these reactions require very toxic reagents and

harmful organic solvents such as DMF and DMSO in the
presence of a catalyst.

During the course of a study aimed at improving the eco-
compatibility of certain organic processes, we evaluated the
possibility of performing these organic transformations under
solvent-free condition&, so as to develop environmentally
benign reaction¥? Herein, we now describe an efficient,
novel, and highly simple procedure for the direct synthesis
of thiocarbamates from the one-pot reaction of amines, CS
and alkyl halides, without the use of any catalyst and under
solvent-free conditions at room temperature (Scheme 1).

The starting point for our experiments was to optimize
the reaction conditions for the large-scale industrial produc-
tion of S-alkyl dithiocarbamates which are used as herbicides,

insecticides, and fungicides and produced in large quantities

around the world. Thus, after surveying different reaction
conditions, it was found that upon simple mixing of
diethylamine (6 mmol), CS(6 mmol), and benzyl chloride
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carried out in organic solvents, such as CHCH,,CI, THF,
diethyl ether, CHCN, and ethanol, for comparison. As shown
in Scheme 2, good yields of product were also formed in

Scheme 2. Screening of Solvents
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CICH,CH,CI THF CH,CN EtOH ether neat

solvent

yields (%) 65 78 88 80 86 97

a Reaction conditions: solvent (4 mL), amine (6 mmol) Q&
mmol), and benzyl chloride (3 mmol).

organic solvents such as @EN and THF after 5 h.
However, we observed that under solvent-free conditions at
room temperature the one-pot reaction proceeded to comple-
tion, affording theS-alkyl thiocarbamate in excellent yield
without the use of any catalyst.

Next, the scope and limitation of this simple process were
explored by using a wide range of alkyl halides and amines.
A variety of structurally diverse amines and alkyl halides,
including chloride, bromide, and iodide, underwent the one-
pot reaction smoothly without using any catalyst or solvent to
afford the corresponding-alkyl dithiocarbamate derivatives
in good to high yields. The results are summarized in Table 1.

The generality of the present method was also extended
to amine components. Primary, allylic, benzylic, hindered,
and unhindered secondary and tertiary alkyl primary amines
were used in this protocol with excellent results. However,
aromatic amines did not participate in the reaction. The
reactions were completed after-32 h affording 68-97%
yields. Commercially available alkyl halides and amines were
used under the same reaction conditions for both reactive
and unreactive alkyl halides and amines. Thus, a diverse set
of synthetically useful dithiocarbamate products can poten-
tially be prepared in one step by this method.

Generally, the solvent-free reaction is experimentally
simple, proceeds well without any catalyst, and generates
virtually no byproducts. Equally important is the wide scope,
high selectivity, and nearly quantitative yields of this
transformation, which collectively allow significant structural
diversity to be incorporated into the products, many of which
could not be obtained via the older procedures. Furthermore,
all the reactions performed here involved stirred homoge-
neous liquids. As the reaction proceeds, the mixture solidifies
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Table 1. One-Pot Synthesis &-Alkyl Dithiocarbamates without a Catalyst under Solvent-Free Condiions

e " i
RX+ CS,+ RR' NH—>R'R"N SR 1-39

entry  amine halide  product yield (%) entry amine halide product yield (%)
T w Ph">Cl 195 21 PhTNH, - 21 82

22 N 22 78
2 ( W @(\C' 2 95 O_NHZ Ph™ -l

Cl

23 <:>—NH2 ~~_Br 23 75
3 ( M O 3 76

24 <:>_NH2 N 24 80
4 < NH A~y 4 94

25 /\/\NH2 Ph™ >l 25 82
5 < NH CH,l 5 97

6 < :NH Py 6 97 z

27 7 T~""NH

S Spr 26 T8

CH,l 27 80
7 (CH)NH  PhCl 7 97

28 CNH Ph"Cl 28 97

. Dw O s
cl 29 CNH @\/\ Cl 29 g

9 (CHg}NH g~ 9 74

30 NH al
10 (CHNH ~"p 10 92 C i 30 76

1 NH OA B 11 76 31 C”” AN 386
—/ O,N
32 CNH /EjA o w2 7
12 (CHg),NH CH,l 12 98 oN
13 (CHg),NH o~ 13 %8 33 CNH CH)l 33 97

NH
14 )LNHZ Phcl 14 82 34 C N 34 97

15 [>>—NH, | 15 86 35 CNH B O 35 a0
o)
16 \/I\NHZ Ph >l 16 80

36 [>—NH, c- = 36 68
17 NH, —~"g 17 78 oM
: ' a7 [>—NH, B 37 76
18 NH2 /\I 18 82 MNH [0}
Cl =
19 F'h/\NH2 -~ 19 78 38 = 38 70
\
20 o~ ~~_-Br 20 80 39 i By OV 39 82
Ph™ > NH, o o

aReaction conditions: For a detailed experimental operation, see Supporting Information. Amine (6 mmd@d,@8ol), alkyl halide (3 mmol), rt.
Isolated yields are based on the alkyl halide.

as the product is formed. Because the reactions are run neafor the large-scale industrial production of certain herbicides

and there are no side products in some cases, the purend other commercial dithiocarbamate drugs. Our procedure

products are isolated by simple extraction. All compounds also opens a new route for the assembly of complex products

gave satisfactory NMR spectra (see Supporting Information). from simple starting materials with potential applications in
In conclusion, we have developed the most practical and combinatorial chemistry. Further exploitation of this meth-

reliable procedure currently available for the synthesis of a odology is currently underway in our laboratories.

wide range ofS-alkyl dithiocarbamates by using inexpensive
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