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Abstract

The lantern complex PdII(l-OOCMe)4CoII(NCMe) (1) was transformed into the pentanuclear double-lantern acetate-bridged hetero-
bimetallic complex [Pd(l-OOCMe)4Co]2(l-OOCMe)2Pd(py)2 (py is pyridine) (2) by two routes: (i) reaction of 1 with pyridine and (ii)
reaction of 1 with trans-Pd(py)2(OOCMe)2. Complex 2 · 3C6H6 was characterised by single-crystal X-ray diffraction, DTA-TG and mag-
netic susceptibility data.
� 2007 Elsevier B.V. All rights reserved.
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Palladium(II)-based heterometallic complexes containing
transition metals attract attention as potential precursors for
the preparation of mixed-metal catalysts and nanomaterials
[1,2]. Recently we have synthesised and structurally charac-
terised a series of heterobimetallic PdII-based lantern-type
complexes of the general formula PdIIMII(l-OOCMe)4L
(M = Mn, Co, Ni, Zn; L = H2O, MeCN) [3]. In these com-
plexes the PdII and MII atoms are drawn together by four
acetate bridges, so that the Pd� � �M distances (2.46–2.68 Å)
are close to the sum of covalent radii, implying some
metal–metal interaction. Such a structure is favourable for
keeping together the constituent metal atoms during chemi-
cal and thermal transformations. For example, the complex
PdIIZnII(l-OOCMe)4(OH2) was easily reduced with H2 to
afford a catalytically active PdZn nanoalloy under fairly mild
conditions (10% H2/He, 150 �C) [4].
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z Deceased.
The labile axial ligands L = MeCN or H2O bound to the
pentacoordinated metal atom were expected to be easily
replaced by stronger monodentate O,N-bases without any
noticeable change in the complex structure. We have previ-
ously found that bidentate 1,10-phenanthroline (phen)
reacts with the complex PdIICoII(l-OOCMe)4(NCMe) (1)
in such a way that phen attaches to the cobalt(II) rather
than to the palladium(II) atom [5], substituting the axial
MeCN ligand and breaking one of four acetate bridges
and producing a triply bridged complex (MeCOO)Pd-
(l-OOCMe)3Co(phen) in which a rather short Pd� � �Co dis-
tance in the Pd(l-OOCMe)3Co moiety (2.69 Å) was only
slightly elongated compared to 1. Continuing our studies
of the reactivity of the PdII-based heterobimetallic com-
plexes, we checked the strength of the quadruply bridged
PdII(l-OOCMe)4CoII system in reactions with other
N-bases.

Here we report the reaction of 1 with a monodentate
N-base, pyridine (py). Based on the precedent reaction of
1 with 1,10-phenanthroline, the pyridine molecule was
expected to readily substitute the axial ligand L = MeCN

mailto:wahr36@mail.ru


S.E. Nefedov et al. / Inorganic Chemistry Communications 10 (2007) 948–951 949
in 1, while the quadruply bridged PdII(l-OOCMe)4CoII

moiety will not be corrupted. However, we unexpectedly
found that this reaction [6], unlike that with phen, pro-
duced a new complex [Pd(l-OOCMe)4Co]2(l-OOCMe)2-
Pd(py)2 (2).

The reaction suggests that a portion of 1 undergoes a
nucleophilic attack by py on the Pd atom to break the qua-
druply bridged Pd(OOCMe)4Co system, producing a vir-
tual mononuclear diacetato-bis(pyridine)palladium(II)
species. The latter reacts with the rest molecules 1, substi-
tuting the labile axial MeCN ligand by the donor O atom
of the coordinated MeCOO group and linking two mole-
cules of 1 into pentanuclear complex 2. To verify this sug-
gestion, we performed a direct reaction between 1 and
separately prepared trans-Pd(py)2(OOCMe)2. The reaction
[7] also afforded 2 in good yield. In both the cases 2 was iso-
lated from the reaction solution as the crystal solvate
2 · 3C6H6.

Hence, complex 2 was prepared by two methods: (i)
reaction of 1 with py and (ii) reaction of 1 with the complex
trans-Pd(py)2(OOCMe)2 :
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i: benzene, room temperature (yield 40%)
ii: benzene, room temperature (yield 65%) 
X-ray crystallography [8] (Fig. 1) showed that molecule
2 consists of two heterodinuclear lantern moieties PdCo
(l-OOCMe)4 (Pd–O: 2.000(3)–2.010(3) Å; Co–O: 2.060(3)–
2.085(3) Å) connected to each other through two bridging
acetate ligands (Co(1)–I(9): 2.003(3) Å) belonging to the
central trans-Pd(py)2(OOCMe)2 linker (Pd–O: 2.011(2) Å;
Pd–N: 2.022(3) Å). The Pd–Co distance in molecule 2

(Pd� � �Co: 2.5418(7) Å) is practically the same as that in
molecule 1 (Pd� � �Co 2.515(3) Å, 2.551(3) Å in two indepen-
dent molecules in crystal 1).

The bond distances in the central fragment Pd(OOC-
Me)2(py)2 are close to those in 1, trans-Pd(py)2 (OOC-
Me)2 · H2O (Pd–O: 2.009(3) Å; Pd–N: 2.021(3) Å) [9] and
the adduct Pd(OOCMe)2(py)2 · {Pd(py)4[B(C6F5)2]} ·
THF (Pd–O: 1.999(3) Å; Pd–N: 2.029(4) Å) [10]. The single
pentanuclear carboxylate-bridged mixed-metal complex
with similar structure [Cu(l-OOCH2Cl)4Y]2Cu(ClCH2-
COO)8(H2O)8 that is known to us was isolated from the
reaction of mononuclear copper and yttrium nitrates with
sodium chloroacetate in aqueous solution [11].

This work demonstrates an example of the design of
multinuclear mixed-metal complexes using a mononuclear
carboxylate metal complex as the linking agent for hetero-
bimetallic lantern complexes bearing a labile donor ligand
or a vacant orbital.

Molecules 2 are connected in the crystal 2 · 3C6H6

through weak contacts of the lantern Pd atoms with one
of three solvate C6H6 molecules, forming infinite 1D chains
(Pd� � �C � 3.1 Å) (Fig. 2), while two other C6H6 molecules
of crystallization are located in the crystal voids and have
no close contacts with molecules 2.

Complex 2 is paramagnetic [12]. The effective magnetic
moment decreases monotonically from 7.21 to 5.18 MB
in the temperature interval 300–2 K corresponding to two
magnetically independent CoII centers with spin 3/2 and
a substantial contribution of spin–orbital interactions and
intermolecular antiferromagnetic exchange at low tempera-
tures (Fig. 3).

Crystals 2 · 3C6H6 easily lose the solvation C6H6 mole-
cules upon storage in air at room temperature for 6–10 h.
The DTA-TG study [13] showed that complex 2 (free of
the solvation C6H6) is stable upon heating to 90 �C under
Ar. Further heating under Ar produced (i) elimination of
one py ligand at 90–160 �C (weight loss 6.9% with a weak
endotherm); (ii) rearrangement of 2 after the loss of one py
ligand and the elimination of about half of MeCOO ligands
at 160–190 �C (weight loss 25.2% with a strong two-stage
endotherm); (iii) elimination of the second py ligand at
190–250 �C (weight loss 6.0% without noticeable thermal



Fig. 1. Molecular structure of complex 2 with hydrogen atoms omitted for clarity. The thermal ellipsoids are shown at 50% probability (symmetry
transformations used to generate equivalent atoms: #1 �x, �y, �z; #2 �x + 1, y � 1, �z + 1).

Fig. 2. Fragment of a chain formed by molecules 2 linked through a solvate benzene molecule in the crystal 2 · 3C6H6.
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Fig. 3. Magnetic susceptibility of complex 2 in the range 2–300 K.
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effect); (iv) final decomposition in the interval 250–380 �C
(weight loss 29.0% with complex thermal effects). The total
weight loss upon heating to 500 �C (61.1 ± 1.5%) corre-
sponds to transformation of 2 to Pd metal and CoO (calcu-
lated weight loss 60.4%). XRD [14] confirmed that the final
products of decomposition of 2 at 500 �C are Pd metal and
CoO. The reflections from Pd metal and CoO crystallytes
are rather broad. Based on the most intense lines (111)
and (200), the average sizes of the Pd and CoO crystallites
were estimated by the Scherrer equation b = Kk/Lcosh as
at most 5–10 nm. Hence, the solid material produced by
thermal decomposition of 2 seems to consist of the Pd
metal and CoO nanoparticles.
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Appendix A. Supplementary material

CCDC 641937 contains the supplementary crystallo-
graphic data for 2 · 3C6H6. 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 associated with this article can
be found, in the online version, at doi:10.1016/j.inoche.
2007.05.004.
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