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The correct formulation of the sulfur transfer reagent
benzyltriethylammonium tetracosathioheptamolybdateq
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Abstract—The recently reported sulfur transfer reagent benzyltriethylammonium tetracosathioheptamolybdate [(PhCH2)N-
(C2H5)3]6[Mo7S24] [Tetrahedron Lett. 2003, 44, 887] is correctly formulated as benzyltriethylammonium tetrathiomolybdate
[(PhCH2)N(C2H5)3]2[MoS4]. The correct formulation explains the unusual sulfur transfer properties of [(PhCH2)-
N(C2H5)3]6[Mo7S24] observed in the earlier work.
� 2004 Elsevier Ltd. All rights reserved.
The use of Mo–S complexes like diammonium bis(l-
disulfido)tetrakis(disulfido)dimolybdate(V) (NH4)2-
[Mo2S12],

1 piperidinium tetrathiomolybdate2 (C5H12N)2-
[MoS4], benzyltriethylammonium tetrathiomolybdate
[(PhCH2)N(C2H5)3]2[MoS4],

3;4 and ammonium tetra-
thiomolybdate5;6 (NH4)2[MoS4] as sulfur transfer
reagents in organic syntheses for the preparation of
organo-sulfur compounds, has added an extra dimen-
sion to the known chemistry of Mo–S compounds. All
the above mentioned compounds have been reported to
convert alkyl halides to the corresponding disulfides.
Chandrasekaran and co-workers7 have pioneered the
use of [(PhCH2)N(C2H5)3]2[MoS4] in organic syntheses
and have demonstrated this complex to be a versatile
sulfur transfer reagent for the convenient synthesis of a
variety of organo sulfur compounds under mild reaction
conditions. In a recent paper, Kaushik and co-workers8

have reported that benzyltriethylammonium tetracosa-
thioheptamolybdate [(PhCH2)N(C2H5)3]6[Mo7S24] is a
superior sulfur transfer agent for the synthesis of disul-
fides, as compared to the tetrathiomolybdate reagents
reported earlier. However, the preparation of the sulfur
transfer reagent [Mo7S24]

6� mentioned therein, appears
very unlikely under the reported reaction conditions, in
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view of the known stability of tetrahedral [MoS4]
2�

anions in alkaline media.9 The existence of oxochro-
mates, oxo or thiomolybdates, oxo and thiotungstates as
the tetrahedral [MX4]

2� (M ¼ Cr and X ¼ O; M ¼ Mo
or W and X ¼ O or S) compounds in alkaline media is
well documented.9;10 In our recent work, we have iso-
lated and structurally characterised tetrahedral organic
diammonium salts of oxochromates,11;12 tetrathio-
molybdates13 and tetrathiotungstates14 from alkaline
media.

When MoO3 is dissolved in aqueous alkali or amine the
resulting solution contains tetrahedral [MoO4]

2� ions
and simple or normal molybdates can be crystallised
from this solution.10;15 If this solution is made strongly
acidic a precipitate of yellow molybdic acid MoO3Æ2H2O
is obtained. At pH values between these two extremes,
however, polymeric anions (polyoxometalates) made up
almost invariably of MoO6 octahedra are formed and
their salts can be crystallised. The first major polyanion
formed when the pH of an aqueous molybdate solution
is acidified to a pH below 6 is the heptamolybdate16

[Mo7O24]
6�, which is made up of MoO6 octahedra

exclusively in which all the metals are in the +6 state as
shown below.10

7½MoO4�2� þ 8Hþ ! ½Mo7O24�6� þ 4H2O

When aqueous ammonia is added to a solution of hep-
tamolybdate, the reverse reaction takes place and the
[Mo7O24]

6� is converted to the simple tetrahedral
[MoO4]

2�.
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Mo–S compounds behave similarly. Thus the tetra-
hedral (NH4)2[MoS4] complex is isolated from aqueous
ammonia solutions.17 Acidification of [MoS4]

2� results
in the formation of the insoluble MoS3 as the ultimate
product.18;19 Condensation of the [MoS4]

2� units to form
complexes like [Mo2OS7]

2�, [Mo2O2S9]
2�, [Mo2S11]

2�

etc. has been described under controlled acidification
conditions.20;21 It is pertinent to note that no di-, tri- or
polynuclear Mo–S complexes other than [Mo2S11]

2� and
[Mo2O2S9]

2� are reported in the literature22 in which all
the Mo atoms retain their +6 oxidation state. The for-
mation of [Mo2S7]

2� species23 (the Mo–S analogue of
dichromate) has been shown to be a key intermediate in
the acidification of [MoS4]

2�. Based on the above con-
siderations, it is expected that the product formed by
passing H2S gas into an ammoniacal solution of hep-
tamolybdate, which essentially contains tetrahedral
[MoO4]

2� ions, should be the tetrahedral complex
(NH4)2[MoS4] III and not the heptanuclear complex
(NH4)6[Mo7S24] hereinafter referred to as compound I.
In addition, the reported8 electronic spectral data in
DMF (268, 323 and 477 nm) of the complex
[(PhCH2)N(C2H5)3]6[Mo7S24] hereinafter referred to as
compound II are in good agreement with those (274, 320
and 472 nm) of the previously reported3 [(PhCH2)
N(C2H5)3]2[MoS4] IV in the same solvent. Hence we
have reinvestigated the earlier work8 and the results are
presented here.

Compound I was prepared� by passing H2S gas into an
ammoniacal solution of heptamolybdate for 5 h as
described.8 The pH of the reaction mixture (10.1) was
then found to be alkaline. Compound II was prepared by
the cation exchange method as described.8 (NH4)2
[MoS4] III

17 was prepared by passing H2S gas into an
ammoniacal solution of heptamolybdate for 30min
while [(PhCH2)N(C2H5)3]2[MoS4] IV was prepared by
the literature procedure.4 The IR andUV–vis spectra of I
are identical24 with those of ammonium tetrathiomo-
lybdate III. If complex I is the (NH4)6[Mo7S24] complex
as claimed, then its IR spectrum should have been dif-
ferent from that of III, which is not observed. Both
compounds exhibited identical Mo–S stretching vibra-
tions at 478 cm�1. Furthermore the ammonium content
of I (13.84%) corresponds to the formula of III (expected
13.87%) and not I (expected 6.98%) clearly indicating
that compound I is ammonium tetrathiomolybdate III.
These observations reinforce our earlier prediction that
no [Mo7S24]

6� complex can be isolated from an alkaline
medium. The IR and UV–vis spectra of II are identical25

with those of IV and both have the same melting point.
DSC data add credence to the melting points. The ele-
mental analysis of compound II as well as the MoO3

residue formed on heating in air correspond to the for-
mulation of IV and not II. The UV–vis spectra of all the
four compounds I–IV exhibit characteristic charge
transfer bands of the [MoS4]

2� moiety as reported.9;17

The identical nature of all the spectra indicates that the
chromophore present in I to IV is one and the same. It
� See Supplementary material.
seems that the authors have formulated compounds I
and II as heptanuclear complexes based on mp, UV–vis
data and an incorrect assumption that the
(NH4)6[Mo7S24] I complex can be isolated by passing
H2S for extended periods into heptamolybdate. It is to be
noted that no analytical data were reported in the earlier
work8 for the S-transfer reagents.

In the earlier work it was reported that complex II is a
superior S-transfer reagent as 1.8mol of II can convert
10mol of alkyl halide to disulfide unlike compound IV,
which reacts with alkyl halide in an equimolar ratio. The
correct formulation of II as IV by us in this work can
also clarify the earlier observed S-transfer characteris-
tics. 1.8mol of II (mol wt 2595.42) actually correspond
to 7.67mol of IV (mol wt 608.94). To prove conclusively
that II is nothing but IV we have investigated the
reaction of benzyl bromide in CHCl3 with the S-transfer
reagent IV in a 1:0.8mole ratio as described earlier.3 The
same amount by weight of II was reacted with benzyl
bromide under identical conditions. In both the cases,
the yield (�75%) of dibenzyl disulfide was nearly the
same. This reaction proves conclusively that the com-
plex [(PhCH2)N(C2H5)3]6[Mo7S24] II described earlier8 is
the well-known S-transfer reagent benzyltriethylammo-
nium tetrathiomolybdate IV.

In summary, we have shown that no (NH4)6[Mo7S24]
complex but only (NH4)2[MoS4] can be isolated from an
alkaline medium, as predicted. The method described
earlier8 for the preparation of the S-transfer reagent
involves the passing of H2S gas for 5 h instead of 30min.
The recently reported benzyltriethylammonium tetra-
cosathioheptamolybdate II is the well-known complex
benzyltriethylammonium tetrathiomolybdate IV. The
conversion of alkyl halides to disulfides using IV as a
S-transfer reagent is a well-known reaction.3 The use of
IV as a versatile S-transfer reagent in organic syntheses
has been recently reviewed.7
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