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The oxidation of [Pd2(dppm)2Cl2] with selenium in the
presence of NaSCH2Ph in DMF gives rise to a novel
polynuclear complex [Pd4(m3-Se)2(m-SCH2Ph)2(m-
dppm)2Cl2]; a single crystal X-ray diffraction analysis shows
that all the palladium atoms in the compound are tetra-
coordinated with distorted square-planar geometry, of
which two are asymmetrically coordinated with selenium,
sulfur, chlorine, and phosphorus atoms.

Bis(diphenylphosphine)methane (dppm), as a constraining
ligand, prefers to lock together two metal atoms in close
proximity and favors unusual oxidation states; thus, most
palladium complexes containing dppm are binuclear complexes
doubly bridged by dppm and related ligands, such as [Pd2(m-
dppm)2X2] (X = halogen, 1),1–4 and the oxidation state of
palladium is mainly +1. Many studies have been carried out on
the insertion of small molecules, such as CO, SO2, RCN etc.,
into the Pd–Pd bond in 1 to yield the so-called A-frame
complexes with the maintenance of the oxidation state of
palladium.5 Studies on the insertion of an S or Se bridge into 1
to give rise to complexes [Pd2(m-E)(m-dppm)2X2] (E = S, Se; X
= halogen) with a change of the oxidation state of palladium
from +1 to +2 have also been reported,6 whilst reports on the
palladium complexes with mixed thiolate and diphosphine
ligands, especially those having a palladium formal oxidation
state of +2 and containing both dppm and thiolate ligands, are
very scare. Very recently, Usón and co-workers have charac-
terised octanuclear {[Pd(m-SC6F5)(m-dppm)Pd](m-SC6F5)}4, in
which the oxidation state of palladium remains +1.7 We have
been interested in the chemistry of metal–thiolate–diphosphine
complexes and a series of complexes, such as
[Co{Ph2P(CH2)3PPh2}(SPh)2],8a [Co2(SPh)4(dppx)],8b,c and
[Pd(SR)2(dppx)] [dppx = Ph2PCH2PPh2, Ph2P(CH2)2PPh2]9

have been isolated. Herein we report the synthesis, crystal
structure, and properties of a novel tetranuclear palladium(II)
complex with asymmetric coordination of palladium atoms,
[Pd4(m3-Se)2(m-SCH2Ph)2(m-dppm)2Cl2]·2DMF 2.

In DMF solution, [Pd2(dppm)2Cl2] was reacted with Se and
NaSCH2Ph giving rise to 2.† In this reaction, Pd(I) was oxidised
to Pd(II) and an Se atom was inserted into the binuclear complex
to form the A-frame complex [Pd2(dppm)2Cl2(m-Se)]; one of
the dppm ligands in the A-frame complex was oxidised to
dppmSe by excess Se and was cleaved in the presence of
NaSCH2Ph, one of the Cl2 ligands was removed and the
A-frame complex was then condensed into the tetranuclear
complex 2 through forming m3-Se and m-SCH2Ph.

A crystallographic analysis‡ reveals that the complex is a
tetranuclear neutral complex. As shown in Fig. 1, two kinds of
palladium environments are present: two of the four palladium
atoms are each surrounded by two selenium, one sulfur, and one

phosphorus atom forming a distorted square-planar arrange-
ment; the other two are each asymmetrically surrounded by one
selenium, one phosphorus, one sulfur, and one chlorine atoms in
a highly distorted square-planar arrangement. The sulfur atom
of each thiolate ligand is shared by two Pd atoms forming a
m-bridge, while each selenium acts as m3-bridge linking three
palladium centres. The four palladiums form a zigzag chain
with a Pd–Pd distance of 3.191(3) Å, much longer than that in
Pd2(SCH2CH2S)2(PPh3)2 [3.038(2) Å],10a but shorter than that

Fig. 1 Molecular structure of [Pd4(m3-Se)2(m-SCH2Ph)2(m-
dppm)2Cl2]·2DMF with solvent molecules and H atoms omitted. Selected
bond lengths (Å) and bond angles (°): Pd(1)–Pd(2), 3.181(3), Pd(2)–Pd(3)
3.228(3), Pd(3)–Pd(4) 3.166(3), Pd(1)–Se(1) 2.387(3), Pd(1)–Cl(1)
2.339(7), Pd(1)–P(1) 2.261(7), Pd(1)–S(1) 2.374(6), Pd(2)–Se(1) 2.432(4),
Pd(2)–Se(2) 2.397(3) Pd(2)–P(3) 2.263(7), Pd(2)–S(1) 2.331(6), Pd(3)–
Se(1) 2.383(4), Pd(3)–Se(2) 2.446(3), Pd(3)–P(2) 2.262(6), Pd(3)–S(2)
2.326(7) Pd(4)–Se(2) 2.393(4), Pd(4)–Cl(2) 2.345(8), Pd(4)–P(4) 2.264(7),
Pd(4)–S(2) 2.381(8); Pd(1)–Pd(2)–Pd(3) 77.9(1), Pd(2)–Pd(3)–Pd(4)
77.0(1), Se(1)–Pd(1)–Cl(1) 173.1(2), Se(1)–Pd(1)–P(1) 94.7(2), Cl(1)–
Pd(1)–P(1) 91.1(2), Se(1)–Pd(1)–S(1) 79.5(2), Cl(1)–Pd(1)–S(1) 94.5(2),
P(1)–Pd(1)–S(1) 173.3(2), Se(1)–Pd(2)–Se(2) 83.7(1), Se(1)–Pd(2)–P(3)
171.7(2), Se(2)–Pd(2)–P(3) 97.8(2), Se(1)–Pd(2)–S(1) 79.4(2), Se(2)–
Pd(2)–S(1) 157.4(2), P(3)–Pd(2)–S(1) 101.1(2), Se(1)–Pd(3)–Se(2)
83.7(1), Se(1)–Pd(3)–P(2) 96.8(2), Se(2)–Pd(3)–P(2) 169.6(2), Se(1)–
Pd(3)–S(2) 159.1(2), Se(2)–Pd(3)–S(2) 79.8(2), P(2)–Pd(3)–S(2) 101.7(2),
Se(2)–Pd(4)–Cl(2) 174.6(2), Se(2)–Pd(4)–P(4) 95.5(2), Cl(2)–Pd(4)–P(4)
89.4(3), Se(2)–Pd(4)–S(2) 79.8(2), Cl(2)–Pd(4)–S(2) 95.2(3), P(4)–Pd(4)–
S(2) 173.8(2), Pd(1)–Se(1)–Pd(2) 82.6(1), Pd(1)–Se(1)–Pd(3) 115.2(1),
Pd(2)–Se(1)–Pd(3) 84.2(1), Pd(2)–Se(2)–Pd(3) 83.6(1), Pd(2)–Se(2)–Pd(4)
112.5(1) Pd(3)–Se(2)–Pd(4) 81.7(1), Pd(1)–S(1)–Pd(2) 85.1(2), Pd(3)–
S(2)–Pd(4) 84.5(2).
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in Pt2{SCH2CH2C(CH3)§CH2}2(PPh3)2I2 [3.539(1) Å].11 The
average Pd–S–Pd angle [98.6(2)°] is much more obtuse than
that in Pd2(SCH2CH2S)2(PPh3)2 [80.63(6)°]10a and the average
Ni–S–Ni angles in Ni2(SCH2CH2S)2(PPh3)2 (82.41°)10b and
Ni2{SCH(CH3)CH2S}2(PPh3)2 (81.11°).10c The average Pd–P
bond length of 2.291(6) Å is similar to those reported in the Pd–
S–P complexes.

31P NMR spectra of the complex show two peaks at 18.595
and 14.493 ppm. It is clear that the P nucleus is deshielded to
downfield, indicating that the electrons are transferred from
phosphorus atoms to the metal atoms to cause the P nucleus to
be deshielded to downfield and the chemical shifts increased.
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Notes and References

† Synthesis of [Pd4(m3-Se)2(m-SCH2Ph)2(m-dppm)2Cl2]·2DMF: NaSCH2Ph
(0.42 g, 3 mmol) and selenium powder were dissolved in 15 cm3 of DMF
and the solution was stirred for 12 h. A suspension of [Pd2(dppm)2Cl2] (1.52
g, 6 mmol) in 15 ml of DMF was then added to the solution which turned
gradually red-brown with a small amount of black precipitate. The final
reaction solution was filtered and the dark-red filtrate was kept at 4 °C. After
two weeks, red plate crystals of 2 were collected and washed with distilled
water and acetone(yield 22%). Found: C, 45.90; H, 4.12; N, 1.58. Calc. for
C70H72N2O2P4S2Cl2Se2Pd4: C, 46.30; H, 4.00; N, 1.54%. IR(KBr): 445(m),
426(m), 375(w), 340(w), 318(w), 300(w), 270(w) cm21.
‡ Crystallographic data: crystal dimensions: 0.25 3 0.30 3 0.30 mm,
C70H72N2O2P4S2Cl2Se2Pd4, M = 1815.7, space group P1̄ (no. 2), a =
11.203(2), b = 14.928(2), c = 22.354(3) Å, a = 82.27(2), b = 86.86(2),
g = 74.62(2)°, V = 3890(1) Å3 , m = 2.091 mm21, Z = 2, R(Rw) =
0.086(0.097). Cell dimension measurements and data collections were
performed on a Siemens Smart CCD diffractometer with graphite-
monochromated Mo-Ka radiation at 23 ± 1 °C. Intensity data were obtained
in the range 3.0 @ 2q @ 50.0° by using the w scan technique. The data
reductions were performed on a Silicon Graphics computer station with
Smart CCD software. For the structural analyses, all calculations were
performed on an HP/586 computer using SHELXL-PC. The positions of all
the palladium, selenium, sulfur, and phosphorus atoms were determined by
direct methods, and successive difference electron density maps located the
remaining non-hydrogen atoms. All non-hydrogen atoms were refined
anisotropically. The positions of all hydrogen atoms were generated
geometrically (C–H bond fixed at 0.96 Å), assigned isotropic thermal
parameters, and allowed to ride on their respective parent C atoms before
the final cycle of least-squares refinement. One phenyl ring exhibiting
disorder was fixed as an idealized rigid group. The final anisotropic

refinement of all non-hydrogen atoms on Fo for 5438 observations [F !
4.0s(F)] and 593 variables led to convergence. CCDC 182/985.
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