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ABSTRACT

A reaction of dithiocarbamic acid salts with carbonyl compounds was investigated for the first time in the presence of BF3 3OEt2. The reaction is
temperature dependent and gives gem-bis(dithiocarbamates) at 35�45 �C as a molecule with high equivalents of dithiocarbamate groups. At
lower temperatures (15�20 �C), the 2-iminium-1,3-dithietane is obtained as the only product. The structure of a 2-iminium-1,3-dithietane was
accomplished by X-ray crystallographic analysis.

Dithiocarbamic acids are the analogue of carbamic acids
in which both oxygen atoms are replaced by sulfur atoms.
These compounds are good nucleophiles and react with
different electrophiles such as alkyl halides,1 epoxides,2

R,β-unsaturated carbonyl compounds,3 etc.4 Although the
dithiocarbamic acids are not stable, their esters or their
complexes with metals are stable and have found wide

applications as fungicides and pesticides in agriculture,5

sulfur vulcanization in rubber manufacturing,6 rad-
ical chain transfer agents in the reversible addition�
fragmentation chain transfer (RAFT) polymerizations,7

organic intermediates,8 and medicinal chemistry.9 To the
best of our knowledge, there is not any report on the
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reaction of dithiocarbamic acids with carbonyl compounds.
In continuation of our interest toward the synthesis of
dithiocarbamates and their applications as intermediates
for the synthesis of biologically active compounds,10 herein
we report the reaction of dithiocarbamic acid salts with
carbonyl compounds for the first time for the synthesis of
gem-bis(dithiocarbamates) and 2-iminium-1,3-dithietane
salts with the reaction of an aldehyde, CS2, and an amine
in the presence of BF3 3OEt2 as catalyst.
We began our investigations with a one-pot, three-

component reaction of diethylamine, CS2, and benzalde-
hyde in the presence of BF3 3OEt2 in CHCl3 at room tem-
perature.Noproductwas obtainedunder these conditions.

Therefore, an alternative synthetic strategy was pursued.

The dithiocarbamic acid salt 1 was prepared in a different

vessel and was added to the solution of benzaldehyde and

BF3 3OEt2 in CHCl3 at room temperature. We found that

the reaction was completed and the mixture of products

2 and 3 were obtained in 70:30 ratios. By changing the

reaction temperature, we found out that the formation of

the products is temperature dependent. At 35�45 �C, the
gem-bis(dithiocarbamate) 2 was obtained as the only

product, while at low temperatures (15�20 �C) the 2-(N,N-

diethyliminium)-4-phenyl-1,3-dithietane tetrafluoro-

borate 3 was obtained as the only product. It seems that the

synthesis of gem-bis(dithiocarbamates) passes through the

dithietane ring formation (Scheme 1). Attempt to obtain

the products using a Bronsted acid such as sulfuric acid,

TFA, or PTSA was not successful. We also observed that

the transition-metal salts as Lewis acids are not suitable for

this reaction because highly stable metal dithiocarbamate

complexes are produced.
After optimizing the reaction conditions, we next exam-

ined the generality of these conditions to other substrates
using several amines and aldehydes. The results are sum-
marized in Tables 1 and 2. A variety of aromatic aldehydes
with electron-donating and -withdrawing groups on the
benzene ring were used in this reaction with high to ex-
cellent yields. In addition, different aliphatic secondary
amines such as pyrrolidine, piperidine, diethylamine, and
morpholine give high to excellent yields. The reaction does
not give the desired products with primary aliphatic amines,
aromatic amines, ketones, and aliphatic aldehydes. The
dithietaneandgem-bis(dithiocarbamate) products arewhite
to yellowish solids which are stable for several months.
Terephthaldehyde was used in this reaction and the

desired product with four dithiocarbamate groups 4 was
obtained in high yields (Scheme 2).

Deprotection of the gem-bis(dithiocarbamates) was in-
vestigated in the presence of different acids such as HCl,
HClO4, HNO3, and H2SO4 in water. Although it is well
documented that the gem-bis (dithiocarbamates) con-
verted to 2-iminium-1,3-dithietane ringswith concentrated
H2SO4 and 70%HClO4,

11 but these compounds are stable
in aqueous solution of HCl, HClO4 and H2SO4 for several

Scheme 1. Synthesis of gem-Bis(dithiocarbamte) and 2-Iminium 1,3-Dithietane with Reaction of Benzaldehyde and Dithiocarbamic
Acid Salt

Scheme 2. Reaction of Dithiocarbamic Acid Salt with
Terephthaldehyde
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hours except in the presenceof nitric acid, the aldehydewas
recovered after fewminuteswith evolutionofNO2gaswith
excellent yields (Scheme 3). This procedure is also effective
for acid-sensitive compounds such as 2q without affecting
the methoxy group. The mechanism of deprotection is not
yet known. The gem-bis(dithiocarbamates) are also stable
in aqueous basic medium for several hours.

The structures of products were confirmed by 1H and
13C NMR spectroscopy and CHN analysis.The 1H NMR
spectra of the gem-bis(dithiocarbamates) show a singlet

peakat 7�8 ppm for the benzylic hydrogen.Also the 13Cof
dithiocarbamate moiety was assigned at 185�195 ppm in
13C NMR spectra.The benzylic hydrogen in the dithietane
ring was observed at 5.5�6.5 ppm as singlet in 1H NMR
spectra. In addition, the peak at 175�185 ppm in 13C
NMRwas assigned to the carbon of the iminiummoiety in
the dithietane products. The peak near �152 ppm in the

Table 2. Diversity in the Synthesis of 2-Iminium 1,3-Dithietane
Tetrafluoroborate

a Isolated yield.

Scheme 3. Deprotection of gem-Bis(dithiocarbamates) 2l, 2n,
and 2q

Table 1. Synthesis of gem-Bis(dithiocarbamates) with Various
Amines and Aldehydes

a Isolated yield.

Figure 1. ORTEP representations of the structure of 3m. Ther-
mal ellipsoids have been drawn at the 50% probability level.
Selected bond lengths (Å) and angles (deg): C(8)�S(1), 1.729(3);
C(8)�S(2), 1.727(3); C(8)�N(1), 1.290(3); C(7)�S(1), 1.847(2);
C(7)�S(2), 1.847(3); S(2)�C(8)�N(1), 128.53(19)�; S(1)�C(8)�
N(1), 129.57(19)�; S(2)�C(8)�S(1), 101.90(13)�; S(2)�C(7)�
S(1), 93.23(11)�; S(2)�C(7)�C(4), 115.28(16)�; S(1)�C(7)�
C(4), 114.25(16)�.



Org. Lett., Vol. 14, No. 15, 2012 3841

19F NMR spectra was assigned to the tetrafluoroborate
anion. In addition, the boron was observed around �20
ppm in 11BNMR.A single crystal of 3m (see Table 2, entry
13) was prepared in CHCl3, and X-ray crystallographic
analysis established the structure of the 1,3-dithietane ring.
ORTEP representations are shown inFigure 1 (CCDCno.
870959; for details of the crystal structure data and refine-
ment of 3m see the Supporting Information. The formation
of the dithietane ring results a highly distorted tetrahe-
dron structure around the central C(7) atom. As shown
in Figure 1, the observed bond distances of C(8)�S(1),
1.729(3) Å and C(8)�S(2), 1.727(3) Å, are virtually equal
and very similar and which are shorter than C(7)�S(1),
1.847(2) Å and C(7)�S(2), 1.847(3) Å because of incor-
poration of sulfur atoms in resonancewith iminium group.
A proposed mechanism for the preparation of 1,3-

dithietane ring is given in Scheme 4. Reaction of an amine
with carbon disulfide gave the dithiocarbamic acid salt 1
which then added to an activated aldehyde with BF3 to
prepare the intermediate 5. Intramolecular addition of the
sulfur atom gave the dithietane ring with removal of the
oxygen group at low temperature. At higher temperatures,
intermolecular of another dithiocarbamic acid salt with
intermediate 5 gave the gem-bis (dithiocarbamate).
In conclusion, for the first time, we have shown that the

reaction of dithiocarbamic acid salts with carbonyl com-
pounds can be used for the preparation of gem-bis(dithio-
carbamates) and substituted 2-iminium-1,3-dithietane rings

usinganaldehyde,CS2, andanaminecatalyzedbyBF3 3OEt2
in chloroform. The gem-bis(dithiocarbamates) may be used
as new fungicides, especially gem-bis(dithiocarbamate)
prepared with terephthaldehyde with high equivalents of
dithiocarbamate in its structure.12 In addition, we believe
this procedure for the synthesis of gem-bis(dithiocarbamates)
as a new protective methodology can be utilized widely in
modern organic synthesis for the protection of carbonyl
group in aldehydes.13 In addition, deprotection of gem-
bis(dithiocarbamates) is simple and can be carried out in
aqueous nitric acid. We have shown a novel and efficient
procedure for the synthesis of substituted 2-iminium-1,3-
dithietane rings14 in one step. The key advantages of this
protocol are its operational simplicity, high to excellent
yields of products, and its ability to directly access the
substituted 2-iminium-1,3-dithietane salts in one step.
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Scheme 4. Proposed Mechanism for Preparation of the Dithietane Ring
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