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Pd(II)– and Pt(II)–azido complexes, [M(N3)(PMe3)2(C–L)] {LH = 2-(20)-thienyl pyridine; M = Pd (1), Pt(2)},
which contain r-bonded heterocycles (L), were treated with aryl isothiocyanate (Me2C6H3–NCS) to afford
the corresponding Pd(II) and Pt(II) tetrazole–thiolato complexes, trans-{M[SCN4(2,6-Me2C6H3)]-
(PMe3)2(C–L)} {M = Pd (3), Pt (4)}. Complexes 3 and 4 have a 1-D helical network formed by the intermo-
lecular M� � �S van der Waals contacts.

� 2009 Elsevier B.V. All rights reserved.
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Thiophene compounds with extended p-electron bonds have
been intensively studied because of their potential usefulness in
the construction of self-assembled compounds and electronic or
chemical devices [1–8]. In particular, (a-position)-pyridyl-substi-
tuted thiophene derivatives exhibit interesting various coordina-
tion behaviors as well as electronic or electroluminescent
properties [9–23].

Recently, we reported the preparation of the pyridyl thienylene
complexes of group 10 metals [M(N3)L(C,N–L)], which contain C,N-
chelated ligands and azido groups [24,25]. The azido groups in
these complexes are photo-sensitive and undergo reactions with
organic unsaturated compounds to give heterocycles such as tetra-
zoles by the dipolar cycloaddition. In addition, the cyclometalated
complexes with C,N-donor ligands turned out to be labile toward
phosphines. In this paper, we report the preparation and structures
of tetrazole–thiolato Pd(II) and Pt(II).

The starting complexes [M(l-N3)(C,N–L)]2 (LH = 2-(20)-thienyl
pyridine; M = Pd [25], Pt [26,27]), which were prepared from
[M(l-Cl)(C,N-L)]2 and excess NaN3, were cleaved by excess PMe3

to give the corresponding azido complexes [M(N3)(PMe3)2(C–L)]
{M = Pd (1), Pt (2)} [25,28], in which the original C,N–L ligand is
now a C-coordinated ligand (Scheme 1). Subsequent treatments
of complexes 1 and 2 with Me2C6H3–NCS afforded the correspond-
ing tetrazole–thiolato complexes, trans-{M[SCN4(2,6-Me2C6H3)]-
(PMe3)2(C–L)} {M = Pd (3), Pt (4)} [29], which have been formed
by the 1,3-dipolar cycloaddition of Ar–NCS into the metal–azido
bond (Scheme 1). The IR spectra of complexes 1 and 2 display a
ll rights reserved.
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strong N3 stretch at 2032–2042 cm–1, which are absent in com-
plexes 3 and 4. A singlet of the 31P{1H} spectra of the complexes
1–4 supports their trans-square-planar geometry.

Complexes 3 and 4 were determined by X-ray diffraction [30].
The molecular structure of complex 3 with the atom-numbering
scheme is shown in Fig. 1a. The coordination sphere of Pd can be
described as square-planar. The molecular plane (P1, P2, S2, C1)
is nearly planar with an average atomic displacement of
0.017(1) Å, and the Pd metal lies 0.058(1) Å above this plane. The
Pd metal is further bound to the S atom in the neighboring mole-
cule by van der Waals contacts (Pd� � �S = 3.568(1) Å). These con-
tacts connect the molecules approximately along the b-axis to
give a 1-D helical network (Fig. 1b).

The molecular structure of complex 4 is presented in Fig. 2a.
The molecular plane (P1, P2, S2, C1) of this square-planar complex
M = Pd, 3
M = Pt, 4

Scheme 1.
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is also nearly planar with an average atomic displacement of
0.0255(8) Å, and the Pt metal lies 0.0539(8) Å above this plane.
The tetrazolato ring is significantly twisted from the phenyl ring
(C2–C7) by 76.8(1)�, probably due to the presence of the two
methyl groups at C3 and C9 atoms. In contrast, the thiophenyl
Fig. 1. (a) ORTEP drawing of 3 showing the atom-labelling scheme and 50% probability th
2.296(1), Pd1–P1 2.312(1), Pd1–S2 2.390(1), S2–C16 1.707(3), N2–N3 1.353(4), N3–N
89.21(4), P1–Pd1–S2 95.79(4), C3–S1–C4 91.2(2), C16–S2–Pd1 103.3(1), C16–N2–N3 106
of complex 3 perpendicular to the (100) plane, showing a 1-D network approximately a
and pyridyl rings are essentially coplanar with a dihedral angle
of 2.0(1)�. As in complex 3, the Pt metal in complex 4 interacts with
the S atom in the neighboring molecule (Pt� � �S = 3.6018(8) Å) to
create a 1-D helical network along the b-axis. A space filling model
(Fig. 2b) clearly demonstrates the helical structure. For compari-
ermal ellipsoids. Selected bond lengths (Å) and angles (�): Pd1–C1 2.004(3), Pd1–P2
4 1.310(4), N4–N5 1.348(4), N5–C16 1.347(4); P2–Pd1–P1 173.71(4), P2–Pd1–S2
.2(3), N4–N3–N2 111.2(3), N3–N4–N5 105.6(3), C16–N5–N4 109.2(3). (b) Projection
long the b-axis.



Fig. 2. (a) ORTEP drawing of 4. Selected bond lengths (Å) and angles (�): Pt1–C18 2.015(3), Pt1–P1 2.2847(9), Pt1–P2 2.2960(8), Pt1–S1 2.3826(7), S1–C1 1.713(3), N1–N2
1.366(3), N2–N3 1.296(4), N3–N4 1.354(4), N1–C11.342(3); P1–Pt1–P2 174.99(3), P1–Pt1–S1 88.42(3), P2–Pt1–S1 94.59(3), C1–S1–Pt1 104.09(9), C16–S2–C19 91.49(16),
C1–N1–N2 108.4(2), N3–N2–N1 105.9(2), N2–N3–N4 111.4(2), C1–N4–N3 106.1(2). (b). A space filling model of the packing of complex 4 showing its helical structure: (a)
red, Pt; yellow, S; orange, P; purple, N; grey, C. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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son, the van der Waals radii of Pd, Pt, and S atoms are 1.63, 1.72,
and 1.80 Å, respectively. The van der Waals contacts (or
interactions) of metal–ligand and metal–metal types are known
to increase the dimensionality of coordination polymers or lead
to the formation of high-dimensional networks. Some recent
polymers and networks containing such contacts are [Cu4I4{l-
PhS(CH2)4SPh}2]n [33], {Fe(3-bromo-4-picoline)2[AuI(CN)2]2}n

[34], and especially silver species [35–40].
In summary, we prepared novel tetrazole–thiolato complexes,

trans-{M[SCN4(2,6-Me2C6H3)](PMe3)2(C–L)} (LH = 2-(20)-thienyl
pyridine; M = Pd, Pt) by treating the corresponding azido com-
plexes [M(N3)(PMe3)2(C–L)] with Me2C6H3–NCS. X-ray diffraction
studies revealed that these complexes have 1-D helical networks,
formed by the metal� � �sulfur van der Waals contacts.
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