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Rhodium-catalyzed synthesis of isothiocyanate
from isonitrile and sulfur
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Abstract—Rhodium complexes RhH(PPh3)4 and Rh(acac)(CH2@CH2)2 catalyze sulfuration of isonitrile with sulfur giving isothio-
cyanates in high yields. The metal-catalyzed reaction is rapid in refluxing acetone, and completes within 3 h in most cases. The
reaction exhibits induction period, which disappeared by preheating sulfur in refluxing acetone for 1.5 h. Use of several
organic polysulfides in this transformation was examined in order to compare the reactivity.
� 2005 Elsevier Ltd. All rights reserved.
Utilization of sulfur is a challenging synthetic methodol-
ogy for the preparation of organosulfur compounds.
Conventional methods, however, in general required
harsh conditions. It was considered that transition metal
catalyzed activation of elemental sulfur could be an
interesting approach to control such sulfuration reac-
tion. We investigated catalytic cleavage of organic disul-
fides with transition metal catalysts, which was utilized
in the transformations such as disulfide exchange1 or
addition to unsaturated compounds.2 As for the activa-
tion of elemental sulfur, we recently reported the cata-
lytic exchange reaction of sulfur atom between organic
polysulfides and elemental sulfur.3 As an extension of
the sulfur activation methodology, we describe here rho-
dium-catalyzed sulfuration reaction of isonitriles giving
isothiocyanates.

Isothiocyanates are a group of compounds possessing
biological activities, and a variety of methods were
developed for their synthesis.4 Reaction of isonitrile
and a sulfur reagent is a convenient method, if sulfur
could be used in the presence of an appropriate catalyst.
Such transformation was reported by Sonoda employ-
ing selenium or tellurium catalysts.5 As for the transition
metal method, molybdenum catalyst was examined by
Bargon and co-workers.6 The reaction, however, was
sluggish, and required 72 h in refluxing acetone for com-
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pletion in the presence of 1 mol % complex. Described in
the present study is a rhodium-catalyzed reaction of iso-
nitrile and sulfur giving isothiocyanate. The reaction is
much faster than the molybdenum method, and com-
pletes in most cases within 3 h at acetone reflux employ-
ing the same catalyst loading.

To a mixture of RhH(PPh3)4 (1 mol %) in acetone was
added cyclohexyl isonitrile 1, and the solution was
stirred for 5 min at room temperature. Then, sulfur
(1.2 atom equivalents) was added, and the mixture was
heated at reflux for 2 h giving cyclohexyl isothiocyanate
2 in 91% yield (Table 1).7 The rhodium complex is criti-
cal for the reaction, and 2 was not detected in its
absence after 2 days at 50 �C in a sealed NMR tube.
Triphenylphosphine sulfide was formed in 80% yield
during the sulfuration, and the phosphine ligand
appears not to be essential for the reaction. In accor-
dance, screening of the metal complexes8 revealed that
a non-phosphine complex Rh(acac)(CH2@CH2)2 was
also effective, and gave the product in 88% yield under
the same reaction conditions. In this case, the amount
of sulfur could be reduced to 1.1 atom equivalents, since
it was not consumed by phosphine. Several aliphatic and
aromatic isonitriles were reacted with sulfur in the pres-
ence of RhH(PPh3)4 or Rh(acac)(CH2@CH2)2, which
gave similar results. It may reasonably be assumed that
both reactions proceeded via the same active rhodium
species lacking the phosphine ligand.

The reactions of RhH(PPh3)4 and Rh(acac)-
(CH2@CH2)2 catalysts exhibited induction periods.
For example, the reaction of 1 and sulfur in the presence
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Table 2. Rh-catalyzed sulfuration of 1 with organic polysulfide

+
RhH(PPh3)4

acetone, refl.
NC NCSRSnSR

1 2

Entry RSnR Time/h Yield/%a

1 (n-Bu)2S3 1.5 7

2 (p-tol)2S3 1.5 1

3 5 82

4 Et2S4 1.5 68a

5 (p-tol)2S4 1.5 11b

6 5 94

7 (p-ClC6H4)2S4 1.5 10

a Recovered polysulfides: disulfide (12%), trisulfide (53%), tetrasulfide

(20%), pentasulfide (5%), and hexasulfide (1%).
b Recovered polysulfides: disulfide (32%), trisulfide (30%), tetrasulfide

(19%), and pentasulfide (19%).

Table 1. Rh-catalyzed synthesis of isothiocyanate

RNC   +   S8 RNCS
RhH(PPh3)4 or Rh(acac)(CH2=CH2)2

acetone, refl.

R Time/h Yield/%

Cat Aa Cat Ba

cyclo-C6H11– 2 91 88

n-C8H17– 2 94 94

t-BuCH2CMe2– 1.5 90 87

PhCH2– 2.5 95 91

HOCH2CMe2CH2– 3 83 90

Me3SiOCH2CMe2CH2– 1.5 96 92

2,6-Me2C6H3– 2.5 96 91

p-ClC6H4– 8 87 87

p-MeC6H4– 3 92 90

p-MeOC6H4 6 93 88

a Cat A: RhH(PPh3)4. Cat B: Rh(acac)(CH2@CH2)2.
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of RhH(PPh3)4 started after ca. 40 min, and completed
after 80 min (Fig. 1). It was ascribed to the slow forma-
tion of the true active species. Notably, the treatment of
sulfur in refluxing acetone for 1.5 h prior to the reaction
resulted in the disappearance of the induction period,
which suggested the formation of an active �sulfur�
species.
0 20 40 60 80 100
0

20

40

60

80

100

Time (min)

Yi
el

d 
(%

)

S8 refluxed in acetone

Control

Figure 1. Time course of RhH(PPh3)4 catalyzed conversion of 1 to 2.
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Scheme 1.
In order to compare the reactivity of the sulfur reagents,
equimolar amounts of organic polysulfides were reacted
with 1 in refluxing acetone for 1.5 h in the presence of
RhH(PPh3)4 (1 mol %) (Table 2). Diphenyl disulfide
did not react with 1 under the conditions. The reactions
of several trisulfides and tetrasulfides gave 2, although
less efficient than elemental sulfur. Dibutyl trisulfide9

and di(p-tolyl) trisulfide10 gave 2 in less than 20% yield
after 1.5 h (entries 1 and 2). Diethyl tetrasulfide11 turned
out to be more reactive, and 2 was obtained in 68% yield
(entry 4). The recovered diethyl polysulfides in this reac-
tion contained mostly trisulfide (53%) with smaller
amounts of disulfide (12%), tetrasulfide (20%), and the
higher homologs. The sulfur transfer proceeded fairly
cleanly from the tetrasulfide to 1 with the formation of
trisulfide, and disproportionation of the polysulfides is
not significant. Higher reactivity of the alkyl tetrasulfide
compared to the alkyl trisulfide can be ascribed to the S–
S bond dissociation energy, which was reported to be
the following order: RSS–SSR < RSS–SR.12 Di(p-tolyl)
and di(p-chlorophenyl) tetrasulfides,10 however, were
less effective compared to diethyl tetrasulfide (entries 5
and 7). The recovered di(p-tolyl) polysulfides were a
mixture of comparable amounts of disulfide (32%), tri-
sulfide (30%), tetrasulfide (29%), and pentasulfide
(19%). The sulfur exchange reaction rapidly took place
in these aromatic cases, and the sulfuration of 1 was
slower. It is noticed that the polysulfide sulfuration
also exhibits induction period as indicated by the reac-
tions of aromatic trisulfide and tetrasulfide (entries 3
and 6). The results again suggested the formation of
reactive polysulfide species during the sulfur exchange
reaction.13

The mechanism likely involves the initial formation of a
low valent rhodium complex (RNC)mRhLn from isoni-
trile and a rhodium species (Scheme 1). An activated sul-
fur species generated from elemental sulfur undergoes
oxidative addition to the complex, and transfer of sulfur
atom to isonitrile takes place giving isothiocyanate.14,15

The mechanism is consistent with the observation that it
is essential to add isonitrile to the rhodium complex
prior to the addition of sulfur. Otherwise, no reaction
took place.
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