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The reactions of copper(I) iodide with pyridine-2-thione
(2-SC5H4NH) in the presence of a series of diphosphane ligands,
Ph2PsXsPh2P {X ) s(CH2)ms, m ) 1(dppm), 2 (dppe), 3
(dppp), 4 (dppb); sCHdCHs (dppen)}, yielded an iodo-bridged
hexanuclear CuI linear polymer, {Cu6(µ3-SC5H4NH)4(µ2-SC5H4NH)2-
(I4)(µ-I)2s}n‚2nCH3CN (1). A similar reaction with 1,2-bis(diphen-
ylphosphino)ethane (dppe) and 2-SC5H4NH yielded a triangular
cluster, Cu3I3(dppe)3(2-SC5H4NH), 2. In the chain polymer 1, three
Cu(I) iodide and three 2-SC5H4NH ligands combined via bridging
S donor atoms to form a boat-shaped trinuclear Cu3S3I3 core, and
two such cores combined in an inverse manner via four S-donor
atoms (µ3-S) to form a centrosymmetric hexanuclear repeat unit,
Cu6S6I4(µ-I)2-, which finally formed the iodo-bridged infinite linear
chain polymer 1. Linear chains are separated by the nonbonded
acetonitrile molecules. Polymer 1 is the first such example of a
linear chain formed by the hexanuclear Cu6S6I6 core in copper
chemistry as well as in metal−heterocyclic thioamide chemistry.
In addition, it has the first µ3-S mode of neutral pyridine-2-thione
ever reported. In the moiety Cu3I3(dppe)3 of 2, two copper(I) centers
are bridged by the iodide ligands forming a Cu(µ-I)2Cu core, while
a third copper(I) center is terminally bonded to another iodide
ligand. Polymer 2 is also rare, and the first triangular cluster of
CuI with an heterocyclic thioamide.

The importance of sulfur in chemical and biological pro-
cesses is well recognized.1 Heterocyclic thioamides, bearing
the functional groupsN(H)sC(dS)s T sNdC(sSH)s,
are an important class of sulfur containing organic com-

pounds, which have shown interesting chemical, biochemical,
and spectroscopic properties, and structural diversity.2 Py-
ridine-2-thiolate (2-SC5H4N- ) can bind to a metal or a group
of metals via a variety of bonding modes, and this versatility
is attributed to the size of the S atom and its proximity to
the pyridyl nitrogen.2,3 The large size of the S atom makes
it easier to adopt different angles at this atom in complexes,
which is necessary for different geometries. Neutral pyri-
dine-2-thione shows two common bonding modes, (η1-S) and
(µ2-S), and recently the (µ4-S) mode has also been reported
for silver(I).3

The interaction of sulfur containing compounds, such as
pyridine-2-thione, with copper(I) halides in a 1:1 molar
ratio forms insoluble products of composition{CuX(2-
SC5H4NH)}n with unknown structures.2,4 Phosphane ligands
are known to depolymerize insoluble{CuX(2-SC5H4NH)}n

compounds into monomers, [CuX(PPh3)2(2-SC5H4NH)] (X
) Cl, Br),4,5 or dimers [Cu2X2(µ-SC5H4NH)2(R3P)] (X )
halide, R) Ph or tolyl group).6 Among diphosphane ligands,
1,2-bis(diphenylphosphino)-ethane(dppe) formed a P,P′-
bridged dimer, [Cu2Br2(µ-P,P-dppe)2(2-SC5H4NH)2] (dppe
) Ph2P-CH2-CH2-PPh2),7 while 1,3-bis(diphenylphos-
phino)-propane(dppp) formed monomers, [Cu(X)(HpymS)-
(dppp)] (HpymS) pyrimidine-2-thione) for X) Cl, Br. For
X ) I, only the iodo-bridged dimer, [Cu2(µ-I)2(dppp)2], with
chelating dppp was formed.8
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In order to understand the complexity of the interaction
of copper(I) halides with heterocyclic thioamides, a series
of reactions of copper(I) iodide with pyridine-2-thione, and
diphosphane ligands, have been carried out. In a reaction of
copper(I) iodide with pyridine-2-thione, and 1,4-bis(diphen-
ylphosphino)butane (dppb) in CH3CN-CHCl3, an orange
crystalline product of empirical formula Cu3I3(2-SC5H4NH)3‚
CH3CN (A) was formed.9 The X-ray crystallography of
compoundA has shown that it existed as an iodo-bridged
hexanuclear CuI inear chain polymer,{Cu6(µ3-SC5H4NH)4-
(µ2-SC5H4NH)2(I4)(µ-I)2-}n‚2nCH3CN (1) (Figure 1).10 It is
remarkable to note that other diphosphanes as listed in
Scheme 1 also formed the same polymer1 except the dppe
ligand which formed another unusual triangular cluster, Cu3I3-
(dppe)3(2-SC5H4NH) (2).11 Neither of the products is analo-
gous to known compounds as already discussed.2

Polymer1 is the first example of a linear chain formed
by hexanuclear Cu6S6I6 cores in copper chemistry, and
also it has the firstµ3-S mode of coordination by neutral
2-SC5H4NH ever reported.2,3 In the literature, it is known
that copper(I) with neutral 2-SC5H4NH has formed mono-
meric or dimeric complexes,2,4-8 and with anionic 2-SC5H4N-

and its substituted analogues, it formed dimeric,12 tetrameric,
and hexameric complexes,13 but no polymer is known in both
the forms of pyridine-2-thione.2,3

The formation of polymer1 is unprecedented,2-8 and this
is significant, as it provides a new method to transform
insoluble materials such as{CuI(2-SC5H4NH)}n into new and
interesting compounds. Whereas the dppe ligand formed the
triangular cluster2, all other diphosphane ligands listed in
Scheme 1 provided a solution phase in which CuI and
2-SC5H4NH rearrange into polymer1. Further, selective
intercalation of acetonitrile molecules beween chains of1
in the presence of diphosphane is significant and helps in
crystallization of the insoluble{CuI(2-SC5H4NH)}n com-
pound. Compound2 is also the first triangular cluster of CuI

with a heterocyclic thioamide.2

In polymer 1, three copper(I) iodide and three
2-SC5H4NH ligands combined via bridging S donor atoms,
to form an orange crystalline product of empirical formula
Cu3I3(2-SC5H4NH)3.CH3CN (A). It has a boat-shaped tri-
nuclear Cu3S3I3 core (terminal iodine atoms), and two such
cores combined in an inverse manner via four S-donor atoms
(µ3-S) to form the centrosymmetric hexanuclear central core,
Cu6S6I4(µ-I)2- {i.e., repeat unitB}, which has four terminal
and two bridging iodide ligands, intrans-orientations. The
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(9) Synthesis of1: A solution of pyridine-2-thione (0.015 g, 0.13 mmol)
in acetonitrile (5 mL) was added to a solution of copper(I) iodide
(0.025 g, 0.13 mmol) in dry acetonitrile (5 mL) followed by stirring
for 1 h when deep yellow precipitates were formed. A solution of
1,4-bis(diphenylphosphino)butane (dppb) (0.055 g, 0.13 mmol) in a
CH3CN-CHCl3 mixture (10 mL) was added to the precipitates
followed by stirring for 2 h when a bright yellow solution was formed.
The slow evaporation of the solution at room temperature formed light
orange crystals of1 in 45% yield. Mp 140-142 °C. Anal. Calcd for
C17H15Cu3I3N4S3: C 21.57, H 1.90, N 5.92. Found(%): C 21.84, H
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insoluble in cold CH3CN. IR bands (KBr pellets):ν(C-S), 1130 (s),
1115 (sh);ν (N-H), 3235 cm-1.
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â ) 79.996(4)°, γ ) 81.448(4)°, U ) 1316.1(5) Å3, T ) 293 K, space
groupP1h (No. 2), Fcalcd ) 2.387 g cm-3, Z ) 2, µ(Mo KR) ) 6.172
mm-1, 13160 reflections measured on a Bruker SMART CCD 1000
diffractometer, 5354 unique (Rint ) 0.0459) which were used in all
calculations. The final R1 was 0.0342 for 5354 reflections [I > 2.0σ-
(I)], and wR2 was 0.0904 (all data). For2: C83H77Cu3I3P6NS, M )
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was 0.2126 (all data). The structures were solved by the direct methods
using the program SHELXS-97 and refined by full-matrix least-squares
techniques againstF2 using the SHELXL-97.
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crystals for X-ray study were grown from acetonitrile.
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Figure 1. Linear chain of1 without pyridine rings.

Scheme 1
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repeat unit (B) combined via bridging iodine ligands to
another repeat unit and, finally, formed the infinite linear
chain polymer1. In the hexameric unit, each of four Cu
atoms, Cu(1), Cu(1)*, Cu(2), and Cu(2)*, are bonded to three
sulfur atoms and one iodine atom, while each of other two
copper atoms, Cu(3), Cu(3)*, are bonded to two sulfur atoms
and two iodine atoms. The iodide ligands, bonded to Cu(2)
and Cu(2)* atoms, bridge the two adjacent hexameric units
on both sides of the central unit, and likewise, two iodide
ligands from adjacent hexameric units bridge the central unit.
This led to the formation of two eight membered puckered

metallacyclic rings of Cu4I2S2 core on both sides of the
central unit. Thus, four copper atoms{Cu(1), Cu(1)*,
Cu(2), Cu(2)*} have CuS3I cores, and other two Cu atoms
{Cu(3), Cu(3)*} have CuS2I2 cores. Four sulfur atoms
{S(1), S(1)*, S(2), S(2)*} act asµ3-S donor atoms, and other
two S atoms{S(3), S(3)*} act asµ2-S donor atoms. The
Cu‚‚‚Cu bond distances are>3.8 Å, except that (3.027(1)
Å) in the four-membered rings formed by Cu(1), S(1),
Cu(2), and S(2) and centrosymmetic Cu(2)*, S(2)*, Cu(1)*,
and S(1)* atoms, and thus show no metal-metal interaction.6

CH3CN is nonbonded.
In the moiety, Cu3I3(dppe)3, of triangular cluster2, two

copper(I) centers are bridged by the iodide ligands forming
a rhombic Cu(µ-I)2Cu core,10,11 while the third copper(I)
is terminally bonded to another iodide ligand (Figure 2).
The dinuclear Cu(µ-I)2Cu core is bridged by one dppe
ligand, and each copper is further connected to a third Cu
center via two bridging dppe ligands, thus forming the
triangular cluster2. In the dinuclear Cu(µ-I)2Cu core,
the Cu(1)‚‚‚Cu(2) separation is 3.199(3) Å, while
Cu(1)‚‚‚Cu(3) and Cu(2)‚‚‚Cu(3) separations are 6.503(3)
and 6.440(3) Å, respectively.
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Figure 2. Structure of triangular cluster2 with numbering scheme.
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