
Available online at www.sciencedirect.com
www.elsevier.com/locate/inoche

Inorganic Chemistry Communications 10 (2007) 1385–1390
Homo- and hetero-, bi- and tri-nuclear palladium(II) and
platinum(II) complexes containing single bridging chalcogenolate of a
metallo-ligand, [MCl(ECH2CH2NMe2)(PR3)] (M = Pt, Pd; E = Se, Te)

Sandip Dey a,*, Vimal K. Jain a,*, Ray J. Butcher b

a Chemistry Division, Bhabha Atomic Research Centre, Mumbai 400085, India
b Department of Chemistry, Howard University, Washington, DC 20059, USA

Received 6 June 2007; accepted 21 August 2007
Available online 30 August 2007
Abstract

Bi- and tri-nuclear palladium/platinum complexes of the types [MCl(ECH2CH2NMe2)(PR3)M 0Cl2(PR3)] (M, M 0 = Pd or Pt) and
[{PtCl(SeCH2CH2NMe2)(PR3)}2M 0 Cl2] (M 0 = Pd or Pt; PR3 = PEt3 or PPrn

3) have been prepared. All complexes were characterized
by elemental analysis, NMR (1H, 31P, 77Se, 125Te, 195Pt) data. The structures of [PdCl(SeCH2CH2NMe2)(PPh3)PtCl2(PPh3)] and
[{PtCl(SeCH2CH2NMe2)(PEt3)}2PtCl2] have been established by single crystal X-ray diffraction analysis. In the latter complex, three
square planar platinum atoms are held together by the single bridging selenolate group in an almost linear chain arrangement.
� 2007 Elsevier B.V. All rights reserved.
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The chemistry of bi- and high-nuclearity palladium(II)
and platinum(II) complexes has been explored quite exten-
sively with a sustained interest in these complexes due to
several obvious reasons, like use in organic reactions, catal-
ysis, antitumor agents and materials science [1–5]. In these
complexes the two cis positions of metal square planes are
linked by bridging ligands in a fashion, ‘‘M(l-L)2M’’, lead-
ing to the formation of bi- and tri-nuclear (e.g.
[Pd(OAc)2]3, [Pt3(l-E)2(P\P)3]2+, etc.) complexes [1,2],
self-assembled discrete two- and three-dimensional struc-
tures [3,4] and dendrimers [5]. However, bi- and tri-nuclear
palladium and platinum complexes in which metal square
planes linked only through a single point (A and B) are
scarce and have been described recently by us [6–8] and
others [9,10].
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The chalcogen atom in mononuclear metal chalcogeno-
lates, cis-[M(ER 0)2(P\P)] has been successfully employed to
prepare bi- and tri- nuclear metal complexes containing
‘‘M(l-ER 0)2M’’ motif [11–14]. Thus complexes of the
types, [Pt2(l-ER 0)2(dppm)2]2+ and [Pt3(l-ER 0)4(dppm)2]2+

(E = S, Se, Te) have been isolated and fully characterized
[11–14]. Similarly nucleophilicity of chalcogen atoms in
[M2(l-E)2(P\P)2] (P\P = dppm, dppe, 2PPh3; E = S, Se,
Te) has been exploited to construct numerous tri- and
high-nuclearity complexes exhibiting several interesting
properties [1,15]. Recently we have reported a variety of
mononuclear complexes, [MCl(ECH2CH2NMe2)(PR3)]
(M = Pd, Pt; E = S, Se, Te) [7,8,16]. Arguably, the chalco-
gen atom in the latter should be able to act as a potential
donor offering numerous possibilities for the use of these
complexes as metallo-ligands in designing a new family
of complexes containing single bridging chalcogenolate
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(A and B). Here we report the rational synthesis of neutral
bi- and tri-nuclear platinum and palladium complexes con-
taining a single bridging chalcogenolate ligand.

The reaction of [M2Cl2(l-Cl)2(PMePh2)2] with
NaTeCH2CH2NMe2 in 1:1 molar ratio yields single chalco-
genolato bridged binuclear complexes, [M2Cl3(TeCH2-
CH2NMe2)(PMePh2)2] (M = Pd (1a) [17] or Pt (1b) [18]).
The 1a can also be obtained in nearly quantitative yield
by a bridge cleavage reaction between [Pd2Cl2(l-
Cl)2(PMePh2)2] and [PdCl(TeCH2CH2NMe2)(PMePh2)].
The bridge cleavage reaction has been successfully
employed to prepare hetero-binuclear complex [PdPtCl3-
(SeCH2CH2NMe2)(PEt3)2] (1c) [19] (Scheme 1).

The binuclear platinum complex 1b showed two
31P{1H} resonances each flanked by 195Pt satellites. Simi-
larly 195Pt{1H} NMR spectra displayed two doublets due
to coupling with 31P nucleus (Supplementary material).
The magnitude of 1J(195Pt–31P) suggests that two chloride
ligands bound to ‘‘PtCl2’’ fragment are cis disposed
[5,10]. The 125Te{1H} NMR spectrum of 1b showed a sin-
glet at d �1310 ppm with platinum satellites. The two
1J(195Pt–125Te) values due to coupling with two different
platinum atoms appear to be similar. The observed magni-
tude of 1J(195Pt–125Te) (331 Hz) is in conformity with plat-
inum tellurolate complexes. The 1b and similar other
binuclear single chalcogenolato bridge platinum complexes
described earlier [8] are stable in solution for several hours.
However homo- and hetero-binuclear palladium complexes
tend to disproportionate slowly in solution to
[PdCl(ECH2CH2NMe2)]3 and [MCl2(PR3)2] (M = Pd (for
1a) or Pt (for 1c)). We have recently reported several
homo-binuclear palladium complexes [Pd2Cl3(Se\N)-
(PR3)2] (Se\N = 2-Sepy; SeCH2CH2NMe2; PR3 = PPr3,
PMePh2 or PPh3) [6,7]. These complexes exhibit three 31P
NMR resonances [6,7]. Two of these have been identified
for trans-‘‘PdCl2(PR3)2’’ and ‘‘PdCl(SeCH2CH2NMe2)-
(PR3)’’ fragments of [Pd2Cl3(SeCH2CH2NMe2)(PR3)2].
The third resonance was thought to be due to another
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Scheme 1.
isomer containing a cis-‘‘PdCl2(PR3)’’ fragment [6,7].
Extensive NMR work during the present investigation sug-
gests that the third resonance is, however, due to trans-
[PdCl2(PR3)2] which is formed after disproportionation of
[Pd2Cl3(SeCH2CH2NMe2)(PR3)2] in solution (Eq. (1)).
The other complex in this disproportionation reaction is
a trimeric [PdCl(ECH2CH2NMe2)]3 (from X-ray structural
analysis of E = Se [7]) which is sparingly soluble in dichlo-
romethane. Attempts to generate binuclear complexes by a
reaction between [PdCl(SeCH2CH2NMe2)]3 with [PdCl2-
(PPh3)2] in CDCl3 was made. The reaction, monitored by
31P NMR spectroscopy, was very sluggish and even after
refluxing the solution for several hours only �10% of
[Pd2Cl3(SeCH2CH2NMe2)(PPh3)2] could be formed.

½Pd2Cl3ðSeCH2CH2NMe2ÞðPR3Þ2�
1=3½PdClðSeCH2CH2NMe2Þ�3 þ ½PdCl2ðPR3Þ2�

ð1Þ

The reaction of [PtCl2L2] (L = PhCN or dmso) with two
equivalents of [PtCl(SeCH2CH2NMe2)(PR3)] lead to the
formation of tri-nuclear platinum complexes [Pt3Cl4-
(SeCH2CH2NMe2)2(PR3)2] (PR3 = PEt3 (2a) [20], PPrn

3

(2b) [21]) (Scheme 2). A similar reaction between
[PdCl2(PhCN)2] and ½PtClðSeCH2CH2NMe2ÞðPPrn

3Þ� in
1:2 stoichiometry afforded a hetero-trinuclear complex
½Pt2PdðSeCH2CH2NMe2Þ2ðPPrn

3Þ2� (2c) [22]. However,
reaction between [PtCl2(dmso)2] and [PdCl(SeCH2CH2N-
Me2)(PPh3)] in 1:2 stoichiometry afforded [PdCl(SeCH2-
CH2NMe2)]3 and [PdPtCl3(SeCH2CH2NMe2)(PPh3)2] (1d)
[23]. The latter has also been characterized by X-ray
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crystallography (see later). Attempts to prepare homo-tri-
nuclear palladium complexes invariably gave bi-nuclear
complexes, [Pd2Cl3(SeCH2CH2NMe2)(PR3)2].

The mass spectra of 2b and 2c showed peaks due to
[M�Cl] with expected isotopic pattern. Molecular ion peak
could be observed for 2b. The 31P{1H} NMR spectra dis-
played a single resonance with platinum satellites. The
magnitude of 1J(Pt–P) is reduced by 45–80 Hz from the
values reported for mononuclear complexes [PtCl(SeCH2-
CH2NMe2)(PR3)] [8]. The 2c was contaminated (�10%
by integration of 31P NMR spectra) by starting material
and another unidentified species. The 195Pt{1H} NMR
spectra of 2a and 2b exhibited two sets of resonances (Sup-
plementary material). The resonance at higher field,
appearing as doublet, due to coupling with 31P nucleus, is
attributed to the terminal platinum atoms with coordinated
tertiary phosphine. The resonance at lower field has been
assigned to the central platinum atom coordinated with
chalcogenolate ligands.

The molecular structure of [PdCl(SeCH2CH2NMe2)-
(PPh3)PtCl2(PPh3)] (1d) is isomorphous to [Pt2Cl3(Se
CH2CH2NMe2)(PPh3)2] [24], [Pt2Ph2Cl(SeCH2CH2NMe2)-
(PBu3)2] [8] and [Pd2Cl3(SeC5H4N)(PPr3)2] [6]. The overall
quality of the structure is low due to four component
twined crystals and disorders at Pd and Pt sites as well as
CHCl3 solvent molecule. Thus only the unequivocal find-
ings for this structure are discussed here. In 1d [25], Pd
and Pt sites are disordered having occupancies of 0.76
Fig. 1. Molecular structure of [PdCl(SeCH2CH2NMe2)(PPh3)PtCl2(PPh3)]. So
angles (�): Pt(1)–P(1) 2.231(3), Pt(1)–Cl(1) 2.337(3), Pt(1)–Cl(2) 2.364(3), Pt(1)–
Pd(2)–P(2) 2.238(3), Pd(2)–Cl(3) 2.352(3), Pd(2)–Se 2.3898(14), Pd(2)–N 2.
175.29(10), P(1)–Pt(1)–Se 92.58(8), Cl(1)–Pt(1)–Se 178.50(8), Cl(2)–Pt(1)–Se
Pd(2)–N 171.3(3), P(2)–Pd(2)–Se 93.51(9), N–Pd(2)–Se 87.8(3), Cl(3)–Pd(2)–Se
97.3(3), Se–C(1)–C(2) 107.4(8), C(1)–C(2)–N 115.5(9), C(1)–Se–Pd(2) 94.3(4),
and 1.24, respectively. Their ratio 1:1.63 can be compared
with the natural ratio of the number of electrons in these
metals (1:1.69). Both palladium and platinum atoms adopt
distorted square planar configuration. The two square
planes are linked to each other through a Pt(1)–Se–
Pd(2) angle of 108.91(5)�. The hinge angles in single bridg-
ing ligand complexes, [Pd2Cl3(SeC5H4N)(PPr3)2] and
[Pt2Ph2Cl(SeCH2CH2NMe2)(PBu3)2] are 99.80(5)� and
111.69(5)�, respectively [6,8]. The coordination around
Pt(1) is defined by two mutually cis chlorides, one PPh3

and the Se atom, while the Pd(2) is bound to the chelating
SeCH2CH2NMe2, one PPh3 and chloride ligand (Fig. 1).
The neutral ligands are mutually trans. The five-membered
chelate ring (PdSeCCN) exists in a puckered conformation
with the carbon atoms C(1) and C(2) lying on the opposite
sides of the mean plane. The M–P, M–Se, M–Cl and Pd–N
distances are well in agreement with the reported values
[6,8,26].

The molecular structure of [{PtCl(SeCH2CH2NMe2)-
(PEt3)}2PtCl2] (2a) [27], shown in Fig. 2, comprises of three
square planar platinum atoms held together by selenolate
bridges. The terminal platinum atoms (Pt(1) and Pt(3))
are surrounded by Se, Cl, P and N atoms with the neutral
atoms (P and N) occupying trans positions. Various bond
lengths and angles are similar to mononuclear precursors,
[PtCl(SeCH2CH2NMe2)(PR3)] [8,16,28]. The coordination
around the central platinum atom is defined by mutually
trans two chlorides and selenium donor atoms. The two
lvents molecules were omitted for clarity. Selected bond lengths (Å) and
Se 2.4181(12), Se–C(1) 1.981(10), C(1)–C(2) 1.518(18), P(1)–C(av) 1.836(6),
143(10), N–C(2) 1.439(15), P(1)–Pt(1)–Cl(1) 86.55(11), P(1)–Pt(1)–Cl(2)
91.99(8), Cl(1)–Pt(1)–Cl(2) 88.91(11), P(2)–Pd(2)–Cl(3) 87.82(11), P(2)–
178.56(8), Cl(3)–Pd(2)–N 90.8(3), Pt(1)–Se–Pd(2) 108.91(5), Pt(1)–Se–C(1)
C(2)–N–Pd(2) 112.4(8).



Fig. 2. Molecular structure of [Pt3Cl4(SeCH2CH2NMe2)2(PEt3)2]. Solvents molecules were omitted for clarity. Selected bond lengths (Å) and angles (�):
Pt(1)–N(1) 2.151(7), Pt(1)–P(1) 2.245(2), Pt(1)–Cl(1) 2.349(2), Pt(1)–Se(1) 2.3775(8), C(11)–Se(1) 1.957(9), C(11)–C(12) 1.518(12), N(1)–C(12) 1.495(11),
N(1)–C(13) 1.498(12), N(1)–C(14) 1.490(11), Pt(2)–Cl(3) 2.301(2), Pt(2)–Cl(2) 2.325(2), Pt(2)–Se(1) 2.4275(8), Pt(2)–Se(2) 2.4335(8), Pt(3)–N(2) 2.187(7),
Pt(3)–P(2) 2.231(2), Pt(3)–Cl(4) 2.341(2), Pt(3)–Se(2) 2.3934(8), C(21)–Se(2) 1.989(9), C(21)–C(22) 1.501(12), N(2)–C(22) 1.482(12), N(2)–C(23) 1.475(12),
N(2)–C(24) 1.492(12), N(1)–Pt(1)–P(1) 178.8(2), N(1)–Pt(1)–Cl(1) 89.3(2), P(1)–Pt(1)–Cl(1) 90.76(8), N(1)–Pt(1)–Se(1) 87.5(2), P(1)–Pt(1)–Se(1) 92.50(6),
Cl(1)–Pt(1)–Se(1) 175.91(7), N(2)–Pt(3)–P(2) 178.8(2), N(2)–Pt(3)–Cl(4) 89.7(2), P(2)–Pt(3)–Cl(4) 91.43(8), N(2)–Pt(3)–Se(2) 86.6(2), P(2)–Pt(3)–Se(2)
92.27(6), Cl(4)–Pt(3)–Se(2) 174.95(6), C(11)–Se(1)–Pt(1) 94.1(3), Pt(1)–Se(1)–Pt(2) 111.07(3), Cl(3)–Pt(2)–Cl(2) 178.47(8), Cl(3)–Pt(2)–Se(1) 91.71(6),
Cl(2)–Pt(2)–Se(1) 87.53(6), C(11)–Se(1)–Pt(2) 102.1(3), C(21)–Se(2)–Pt(3) 94.6(3), Pt(3)–Se(2)–Pt(2) 106.02(3), Se(1)–Pt(2)–Se(2) 176.17(3), Cl(2)–Pt(2)–
Se(2) 92.04(5), Cl(3)–Pt(2)–Se(2) 88.80(6), C(21)–Se(2)–Pt(2) 104.0(3).
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Pt–Se distances (av. 2.43 Å) are in the range reported for
platinum selenolates [8,29] and selenoether complex,
[Pt{MeC(CH2SeMe)3}2]2+ (av. 2.43 Å) [30]. The Pt–Cl
bond lengths (2.325(2), 2.301(2) Å), (trans-[PtCl2(PEt3)2]
Pt–Cl: 2.294(9) Å) [31] are as expected for trans-PtCl2L2

complexes. The two terminal square planar platinums are
bridged through Pt(1)–Se(1)–Pt(2) and Pt(2)–Se(2)–Pt(3)
angles of 111.07(3)�, 106.02(3)�, respectively. To avoid over
crowding on terminal platinum atoms, the chelate rings
‘‘SeCH2CH2NMe2’’ adopt an anti configuration. An ionic
thiolato-bridged complex [Bu4N]2[{(C6F5)3Pt(l-SC4H8)}2-
PtCl2] has been reported earlier in which each of the termi-
nal platinum atoms is surrounded by three C6F5 groups [9].
To our knowledge we present the first unambiguous struc-
tural characterization of a neutral trimeric complex with a
linear chain arrangement.

In conclusion the mononuclear chalcogenolate com-
plexes, [MCl(ECH2CH2NMe2)(PR3)], are a versatile class
of metallo-ligands. Through this work it has been demon-
strated that they can be used in constructing a new family
of homo- and hetero-nuclear complexes where metal
square planes are held by corners (single bridges).
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Appendix A. Supplementary material

CCDC 628320 and 628319 contain the supplementary
crystallographic data for [PdCl(SeCH2CH2NMe2)(PPh3)-
PtCl2(PPh3)] and [Pt3Cl4(SeCH2CH2NMe2)2(PEt3)2] Æ 0.5
Me2CO. Experimental details of the synthesis and charac-
terization of [PdCl(SeCH2CH2NMe2)(PEt3)] complex.
These data can be obtained free of charge via http://
www.ccdc.cam.ac.uk/conts/retrieving.html, or from the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336 033; or e-
mail: deposit@ccdc.cam.ac.uk.Supplementary data associ-
ated with this article can be found, in the online version,
at doi:10.1016/j.inoche.2007.08.014.
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data/restraints/parameters = 9144/186/372. The final wR2 = 0.4511,
R1 [I > 2r(I)] = 0.1968.

[26] H.C. Clark, G. Ferguson, V.K. Jain, M. Parvez, Inorg. Chem. 24
(1985) 1477.



1390 S. Dey et al. / Inorganic Chemistry Communications 10 (2007) 1385–1390
[27] Crystal data for [Pt3Cl4(SeCH2CH2NMe2)2 (PEt3)2] Æ 0.5 Me2CO (2a):
C21.50H53Cl4N2O 0.50P2Pt3Se2, M = 1294.59, monoclinic, space group
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