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We have developed a general economical and environmen-
tally benign method for the preparation of isothiocyanates
from the corresponding dithiocarbamic acid salts by using
cheap and readily available reagent molecular iodine. This
is perhaps the most efficient method reported so far for the
synthesis of isothiocyanates. The reagent is easily available

and nontoxic, and the precipitated sulfur can be removed
easily; hence, this method is most suitable for large-scale
synthesis.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Isothiocyanates constitute an important class of mole-
cules, which are frequently encountered in many natural
products and pharmaceutically important compounds.l!!
They are used as reagents for Edman peptide sequencing!?!
and also serve as chemoselective electrophiles in bioconjug-
ate chemistry, particularly for biological assays of DNA and
proteins.! Isothiocyanates are key intermediates especially
for the preparation of both sulfur- and nitrogen-containing
organic heterocycles.! The conventional method used for
their preparation involves the reaction of thiophosgene with
amines.’) However, the high toxicity of phosgene, its incom-
patibility with many functional groups, and the difficulties
encountered in handling this reagent has led to the develop-
ment of many other synthetic equivalents,® and thio-
carbonyl transfer reagents are a case in point.[’! Isothiocya-
nates can also be prepared by the decomposition of di-
thiocarbamic acid salts with various reagents such as urani-
um- and phosphonium-based coupling agents,!®*! tosylchlo-
ride,l'% di-ert-butyl dicarbonate,!'!! hydrogen peroxide,!!?!
and ethylchlorocarbonate.[!3]

Results and Discussion

Recently, we developed an excellent strategy for the prep-
aration of isothiocyanates by diacetoxy iodobenzene (DIB)
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mediated decomposition of dithiocarbamate salts.'* In
spite of the superiority of the method, the expensive nature
of the hypervalent iodine reagent became an obstacle for
large-scale requirements. So, an alternative to hypervalent
iodine for the decomposition of the dithiocarbamate salts
was essential. Accordingly, it became incumbent upon us to
modify this synthetic protocol. Because molecular iodine is
thiophilic in nature,l'>! we reasoned that it might also be
equally effective for the decomposition of dithiocarbamates
to their corresponding isothiocyanates. From the literature
it is known that the reaction of thiourea with iodine gives
a number of side products, in addition to the oxidized disul-
fide products.!'®l However, when the triethylammonium salt
of dithiocarbamate 1 (1 equiv.) was treated with iodine
(1 equiv.) in the presence of triethylamine (1.5 equiv.) in ace-
tonitrile, isothiocyanate 1a was obtained in nearly quantita-
tive yield in <10 min after the complete addition of iodine.
The reaction temperature was generally maintained below
5 °C, but the reaction can also be carried out at room tem-
perature. Addition of iodine to the suspension of the dithio-
carbamate salt must be carried out slowly over a period of
10-15 min. The proposed mechanism is shown in
(Scheme 1), which is supported by the isolation of the pre-
cipitated elemental sulfur. Alternatively, a mechanism pro-
posed by some others, involving the formation of thiuram
disulfide also cannot be ruled out.l'?l When the dithiocar-
bamate salt was treated with iodine in the absence of any
base, thiuram disulfide was isolated in good yield. The iso-
thiocyanate was obtained in excellent yield when triethyl-
amine and iodine were added to the isolated thiuram disul-
fide.

In these reactions, the most crucial aspect is the prepara-
tion of the dithiocarbamic acid salts,['®!%17] and once the
dithiocarbamate salts are obtained, iodine proved to be an
effective reagent for their decomposition to the desired iso-
thiocyanates in excellent yields. Thus, the use of molecular
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Scheme 1. Mechanism of formation of isothiocyanates from dithio-
carbamate salts.

iodine overcomes many of the problems associated with the
preparation of isothiocyanates. Employing this green syn-
thetic protocol, several aromatic isothiocyanates were suc-
cessfully prepared in high yields (Table 1). Aromatic sub-
strates containing a chlorine atom in their ortho, meta, and
para positions (i.e., 2-4) gave isothiocyanates in excellent
yields (94-97%) when iodine was used as the desulfurizing
agent. This strategy was successful even when an electron-
withdrawing substituent such as the NO, group (i.e., 5) was
attached to the aromatic ring. Through this strategy we
were able to obtain excellent yields of aryl isothiocyanates

Table 1. Preparation of isothiocyanates from dithiocarbamate salts
and iodine.[®!

Substrate Product®! % Yield(®
R! R
R2 H\”/S‘-+Et3NH lodine R2 NCS
R3 RS S EtsN R3 R5
R* R*
1,R"=H,R?=H,R¥=H,R*=H,R%=H; 1a 98
2,R'=CI,R?=H,R®=H,R*=H,Ro= H; 2a o7
3,R"=H,R?2=C|,R¥=H, R*=H, R®= H; 3a 98
4,R"=H R?2=H,R¥=ClLR*=H,R5= H; 4a 94
5 R'=H,R2=NO,, R®*=H,R*=H,R%=H; 5a 9
6,R"=H R?=H,R®=Br,R*=H,R% = H; 6a 98
7,R'=H,R?=H,R®*=Me, R*=H,R3= H; 7a 90
8,R'=H,R?2=H,R®=0OMe, R*=H,R®=H; 8a 98
9,R"=Me,RZ=H,R®=Me,R*=H,R5=H; 9a 90
10,R'=Me, R2=H,R®=H,R*=H,R5=Me; 10a 95
11,R'=F,R?=H,R3=H,R*=H,R5= H; 11a 83
12,R"=F,R?=H,R®=F,R*=H,RO=H; 12a 94
/H S™*Et;NH lodine
R \ﬂ/ R—NCS
s EtsN
13, a-Naphthyl 13a 91
14, n-Butyl 14a 65
15, Cyclohexyl 15a 84
16, Benzyl 16a 97
17, Furfuryl 17a 70

[a] Reactions were monitored by TLC. [b] Confirmed by IR, 'H
NMR, and '3C NMR spectroscopy. [c] Isolated yield.
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6a—12a from substrates 6-12 having various substituents in
the aromatic ring (Table 1).

Recently, we demonstrated the pK,-dependent regioselec-
tive N-acylation of unsymmetrical 1,3-disubstituted thio-
urea.l'”l Now, on the basis of the observation and mecha-
nism proposed in Scheme 1, we have sufficient reason to
believe that amines having a lower pK, should yield the
isothiocyanate better because of facile NH deprotonation.
Triethylamine is sufficiently basic (pK, 10.78) in compari-
son to aromatic amines (pK, in the range 2.46 to 5.63),
and the acidity of the dithiocarbamate-bound NH proton
is expected to increase further upon salt formation. Other
dithiocarbamate salts such as naphthyl compound 13 gave
isothiocyanate 13a in good yield. The decrease in the pK,
of the NH proton upon formation of the dithiocarbamate
salt is further evidenced from the excellent formation of iso-
thiocyanates 14a-16a from alkylamines such as n-butyl
(pK, 10.77), cyclohexyl (pK, 10.66), and benzylamine (pK,
9.33), all of which have a similar basicity to that of triethyl-
amine (10.78). Sensitive amines such as furfurylamine 17
gave isothiocyanate 17a in moderate yield. Chiral amine 18
yielded isothiocyanate 18a in excellent yield.

Conclusions

In conclusion, we have developed a general, economical,
and environmentally benign method for the preparation of
isothiocyanates from the corresponding dithiocarbamic
acid salts. In comparison to the existing methods of the
decomposition of the dithiocarbamic acid salts, our pro-
cedure is perhaps the simplest yet most efficient method for
the synthesis of isothiocyanates. The reagent is cheap and
nontoxic, and the precipitated sulfur can be removed easily.
Although literature enumerates a number of procedures for
the preparation of isothiocyanates, the simplicity, environ-
mental acceptability, and cost effectiveness of our procedure
makes it a practical alternative.

Experimental Section

Typical Procedure for the Preparation of 1a: To a stirred and ice-
cooled suspension of dithiocarbamate 1 (540 mg, 2 mmol) in aceto-
nitrile (5 mL) was added triethylamine (417 uL, 3 mmol). To this
was added iodine (508 mg, 2 mmol) portionwise over a period of
30 min. A light-yellow-colored precipitate of sulfur started separat-
ing out during this period. The precipitated sulfur was filtered; the
organic layer was concentrated and admixed with hexane (15 mL).
The hexane layer was washed with 1 N HCI (2 X 5 mL) and water
(1 X5mL). The organic layer was dried with anhydrous Na,SO,,
concentrated under reduced pressure, and purified over a short col-
umn of silica gel (100% hexane) to give 1a (259 mg, 96%). 'H
NMR (400 MHz, CDCl3): 6 = 7.21-7.37 (m, 5 H) ppm. 3C NMR
(100 MHz, CDCly): 0 = 125.8, 127.4, 129.6, 131.3, 135.3 ppm. IR
(KBr): 3064.6, 2164.83, 2063.3, 1591.9, 1489.6, 1474.1, 1451.6,
1070.29, 927.6, 905.9, 749.6, 684.3 cm™'.

Supporting Information (see footnote on the first page of this arti-
cle): IR, '"H NMR, and '*C NMR spectra of the prepared com-
pounds.
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