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4-Alkyl-2-imino-1,3-dithiolanes and 4-alkyl-2-iminium-1,3-dithiolanes were prepared in excellent
yields with complete regiospecificity under mild conditions by the iodocyclization of S-allyl dithiocarba-
mates. Dehydrohalogenation of the 4-alkyl-2-imino-1,3-dithiolanes gave 4-alkylidene-2-imino-1,3-dith-
iolanes in excellent yields.

� 2009 Elsevier Ltd. All rights reserved.
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Scheme 1. One-pot synthesis of allyl dithiocarbamates in water.
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The synthesis of compounds that protect crop plants from the
action of herbicides without reducing the herbicidal effectiveness
against weeds would be beneficial. It is well documented that 2-
imino-1,3-dithiolane and 2-iminium-1,3-dithiolane derivatives
are safe agents.1 A variety of methods are available in the literature
for the preparation of these biologically active compounds. Imino
dithiolanes can be prepared from the reaction of vic-dithiocyanates
in refluxing hydrochloric acid,2 by the reaction of vic-dithiols and
cyanogen chloride,3 acid-catalyzed cyclization of propargyl, allylic,
or b-hydroxy alkyl esters of dithiocarbamic acids,4 and by photol-
ysis of chlorinated S-allyl dithiocarbamate compounds.1a,b Unfor-
tunately, difficulties are encountered due to the physical nature
of the starting materials. The drawbacks of using vic-dithiols, the
toxicity of cyanogen chloride, the corrosive character of mineral
acids, and low yield of products are some limitations of these
processes.

Iodocyclization of an unsaturated C–C bond with a wide variety
of nucleophiles, including N, O, Se, and S, has been studied5 exten-
sively and it has become a powerful tool for the construction of
various heterocycles.

In previous work, we reported a simple, one-pot, and green
method for the synthesis of dithiocarbamates from amines, CS2,
and different nucleophile acceptors, such as alkyl halides, activated
olefins, and epoxides under solvent-free and aqueous conditions.6

The starting S-allyl dithiocarbamate can be prepared from the reac-
tion of an amine, carbon disulfide, and allyl chloride in water as
outlined in Scheme 1.

In continuation of our interest in finding new and efficient meth-
ods for the synthesis of novel dithiocarbamate derivatives and the
use of these intermediates in organic transformations, we report
the iodocyclization of S-allyl dithiocarbamates using I2 or NIS as
ll rights reserved.
the electrophile to give the corresponding 4-alkyl-2-imino-1,3-
dithiolanes and 4-alkyl-2-iminium-1,3-dithiolanes in excellent
yields (Scheme 2).

After synthesizing the starting dithiocarbamates, we optimized
the reaction conditions for the key iodocyclization by changing the
number of equivalents of I2, the solvent, and the temperature for
the reaction of dithiocarbamate 1 with I2. Next, the reactions of
different S-allyl dithiocarbamates with iodine were investigated
under our optimized conditions. The results are summarized in
Tables 1 and 2.7,8 The reaction of S-allyl dithiocarbamates based
on primary amines was strongly influenced by the substituent
present on the allyl group. S-Allyl dithiocarbamates gave excellent
yields of 2-imino-1,3 dithiolanes (Table 1, entries 1–6). The reac-
tion of (Z)- or (E)-S-(2-butenyl)dithiocarbamate with iodine gave
R = alkyl or phenyl  

Scheme 2. Synthesis of 2-imino and 2-iminium-1,3-dithiolanes from dithiocarba-
mates.
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Table 2
Synthesis of 2-iminium-1,3-dithiolanes from dithiocarbamates

Entry Dithiocarbamate Producta,a,b

1 N
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S I
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+
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2 N
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a Reaction conditions: dithiocarbamate (1 mmol), I2 (1.5 mmol), rt, and CH2Cl2

(5 mL).
b Isolated yield was quantitative in each case.

Table 1
Synthesis of 2-imino-1,3-dithiolanes from dithiocarbamates

Entry Dithiocarbamate Product Yielda,b (%)

1
N
H
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SPh
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Ph 2a
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6
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7
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a Reaction conditions: dithiocarbamate (1 mmol), I2 (1.5 mmol), rt, and CH2Cl2

(5 mL).
b Isolated yield.
c NIS as the electrophile.
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Scheme 3. Synthesis of 2-imino-4-methylidene-1,3-dithiolane by dehydrohalo-
genation.
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a very low yield of product (entry 7). Even the use of NIS failed to
deliver the desired product 2g in an acceptable yield. The reaction
shows complete regiospecificity for the five-membered ring. The
1H and 13C NMR spectra show 1:1 mixtures of E/Z stereoisomers
of 2-imino-1,3 dithiolanes, 2.

The reaction of S-allyldithiocarbamate prepared from secondary
amines with I2 was not influenced by the substitution on the c-car-
bon and gave excellent yields of the five-membered 2-iminium-
1,3-dithiolanes 3 with complete regiospecificity, (Scheme 2 and
Table 2). The structures of the products were elucidated from their
IR, 1H, and 13C NMR spectra, and by elemental analysis.

The presence of iodine in the products allowed further structural
elaboration via dehydrohalogenation using DBU.9 For example,
when compound 2a was treated with DBU, the corresponding 4-
methylidene-2-imino-1,3-dithiolane, 4, was obtained in excellent
yield (Scheme 3).10

According to the literature,5b,11 the CH2I group in five-mem-
bered compounds is observed at 4–8 ppm in 13C NMR, while the
–CHI group in six-membered compounds appears above 14 ppm.
The 13C NMR spectra of the products given in Tables 1 and 2 are
completely in agreement with the formation of five-membered
rings. Also, 1H NMR spectra indicated that dehydrohalogenation re-
sulted in the formation of an exocyclic double bond and no endo-
cyclic double bond. The DEPT spectrum showed three peaks for the
CH2 groups in compound 4, which is in agreement with the five-
membered ring. The NMR spectra (at 298 K) showed the presence
of an E/Z (1:1) mixture of compound 4 due to the C@N double
bond. Only one isomer was observed at temperatures above
320 K because of the rapid interconversion of E and Z isomers.

In conclusion, we have reported a new route for the iodocycliza-
tion reaction of S-allyl dithiocarbamates to give five-membered
2-imino- and 2-iminium-1,3-dithiolane derivatives with complete
regiospecificity. Treatment of 2-imino-1,3-dithiolane 2a with DBU
led to the formation of a 2-imino-4-methylidene-1,3-dithiolane.
The procedure is simple and gives excellent yields of potentially
biologically significant products.
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