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a b s t r a c t

Reaction of K2[PtCl4] or Na2[PdCl4] with 6,60-diphenyl-2,20-bipyridine, L, gives the cyclometallated species
[Pt(L–H)Cl], 1, and [Pd(L–H)Cl], 2, respectively, where L–H is a terdentate N^N^C anionic ligand origi-
nated by direct activation of a C(sp2)–H bond. The crystal structure of 2 has been solved by X-ray diffrac-
tion and compared to that of the analogous complex [Pd(L0–H)Cl] L0 = 6-phenyl-2,20-bipyridine. The
second phenyl ring in 2 entails a considerable distortion of the coordination around the metal. A similar
distortion is also to be expected in the analogous compound 1, due to the almost equal covalent radii of
palladium(II) and platinum(II).

From the complexes 1 and 2 the chloride can be displaced with AgBF4 and substituted by CO or PPh3 to
give the corresponding cationic species. By reaction of 1 with Na[BH4] substitution of H� for Cl� can be
achieved: the rare hydrido complex [Pt(L–H)H], stabilized only by nitrogen ligands, was isolated in the
solid state and fully characterized in solution. It is noteworthy that in the case of the 6-phenyl-2,20-bipyr-
idine the analogous terminal hydride [Pd(L0–H)H] is unstable. In platinum chemistry the reaction of
6-substituted 2,20-bipyridines is known to give either N^N^C or N0^C(3) rollover cyclometallation,
depending on the nature of the metal precursor. In the case of 6,60-Ph2-2,20-bipy cyclometallation was
also shown to undergo multiple C–H activation giving the C^N^C pincer complex [Pt(L-2H)(DMSO)].
The latter species can be related to complex 1: indeed its reaction with HCl produces complex 1 and
[Pt(L–H)(DMSO)Cl], a rollover species with a pendant phenyl substituent.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

Cyclometallated derivatives of late transition metals with het-
erocyclic nitrogen ligands [1] have attracted, and still attract, great
attention due to the considerable range of their potential applica-
tions in many fields such as organic synthesis [2], homogeneous
catalysis [3], novel materials [4] and medicinal chemistry [5].

In recent years interest in C^N cyclometallates has mostly been
addressed to platinum(II) derivatives due to their potential appli-
cations as chemosensors [6], switches [7], metallomesogens [8]
and luminescent devices [9e,15]. Besides the classical bidentate
C^N ligands, as time went up more complex molecules have been
used, potentially able to act as terdentate ligands, and many cyclo-
metallates with different sequence of donor atoms, e.g., N^N^C
[10], N^C^N [11], and C^N^C [12], have been synthesized. A partic-
ular interest was devoted to species with planar aromatic terden-
All rights reserved.
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tate ligands, typically, e.g., those arising from 6-aryl-2,20-
bipyridines. This planar motif implies a delocalized p system
which can give rise to peculiar photophysical and photochemical
properties, involving, inter alia, weak non-covalent interactions
such as d8–d8, p–p, or C–H� � �p interactions [13]. In this framework
much studied ligands have been 6-phenyl-2,20-bipyridine, (L0), able
to act as an N^N^C donor [14], compounds A (Chart 1), 1,3-dipyr-
idyl-benzene, an N^C^N pincer ligand [9], compounds B, and
2,6-diphenyl-pyridine [13a,16], which can give rise to C^N^C
compounds C. On the whole compounds A-C remind those of the
neutral ligand terpy, compounds D.

Recently it has been shown that ligands such as 6-phenyl-2,20-
bipyridine and 6,60-diphenyl-2,20-bipyridine have a rich organome-
tallic chemistry depending on the nature of the platinum precursor.
In the case of 6-Ph-2,20-bipy two divergent behaviour have been
reported: with an inorganic precursor, typically an alkaline salt
of [PtCl4]2�, activation of an ortho C–H bond of the pendant
phenyl substituent is achieved with loss of HCl: an N^N^C cyclo-
metallate is obtained in good yields [14a] (compound A). At vari-
ance, by reaction with an organo precursor, e.g., the electron-rich
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[Pt(Me)2(DMSO)2], activation of the C(3)–H(3) bond of the substi-
tuted pyridine ring occurs with loss of CH4, and a C(3)–(N0) ‘‘roll-
over” cyclometallate is formed [17] (Chart 2, compound E). With
the same organo precursor an analogous behaviour has also been
observed for the disubstituted 6,60-Ph2-2,20-bipy, with activation
both of a C(aryl)–H and a C(pyridyl)–H bond, to give compound
G [18]. More complex dinuclear species, which imply multiple C–
H activations have also been synthesized for both the ligands, com-
pounds F and H, respectively. (Chart 2) [17,18]

Herein we describe the behaviour of the 6,60-diphenyl-2,20-
bipyridine, L, in the reaction with the inorganic precursors
[PtCl4]2� and [PdCl4]2�, and compare it with that of the 6-phe-
nyl-2,20-bipyridine. The effect of the additional phenyl substituent
on the stability and reactivity of some new cyclometallates is dis-
cussed. The X-ray structure of [Pd(L–H)Cl] is also reported.

2. Results and discussion

2.1. Synthesis of Pt(L–H)Cl (1) and Pd(L–H)Cl (2)

The ligand 6,60-diphenyl-2,20-bipyridine was synthesized from
2,20-bipyridine and phenyl lithium, as previously described [18].
Throughout this paper L and L0 indicate 6,60-diphenyl-2,20-bipyri-
dine and 6-phenyl-2,20-bipyridine, respectively.

N N N N

6,6'-diphenyl-2,2'-bipyridine, L 6-phenyl-2,2'-bipyridine, L'

The cyclometallated compound [Pt(L0–H)Cl], a well-known N^N^C

derivate of type A which has attracted great attention for its out-
standing properties especially in photochemistry, can be obtained
by reaction of K2[PtCl4] under classical conditions (water, HCl, re-
flux temperature, see Section 2). In order to compare the behaviour
of the ligands L and L0, the reaction of L with K2[PtCl4] was carried
out under the same experimental conditions. The outcome of the
reaction, according to analytical data, is a cyclometallate [Pt(L–
H)Cl], 1. The 1H NMR spectrum indicates a not symmetric ligand
due to the absence of an aromatic proton with respect to the ligand.
Compared with [Pt(L0–H)Cl], the spectrum shows four spin systems
of 4, 3, 3 and 5 aromatic protons, corresponding to a disubstituted
phenyl, two disubstituted pyridines and a mono-substituted phenyl
ring, respectively. The part of the spectrum relative to protons away
from the second phenyl ring (e.g., H4”, H5”, H6”, and H5) is almost
superimposable to that of [Pt(L0–H)Cl]. A 1H 2D COSY spectrum al-
lowed us to fully assign the proton resonances.
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The appearance of the spectrum is dependent on the concentration

of 1, however we were unable to gain clear indication of intermolec-
ular interactions.

The cyclopalladation reaction was performed under the same
conditions, from Na2[PdCl4], to give compound 2, [Pd(L–H)Cl]. Also
in this case analytical and spectroscopic data are consistent with
cyclometallation and a terdentate behaviour of the L–H ligand.

X-ray quality crystals of compound 1 were not obtained: at var-
iance, suitable crystals of the palladium complex 2, were collected
by slow diffusion of di-isopropyl ether into a chloroform solution
at room temperature.

2.2. X-ray crystal structure of compound 2

The structure of 2 consists of the packing of [Pd(L–H)Cl] mole-
cules (L = 6,60-diphenyl-2,20-bipyridine) in the triclinic space group
P�1. The L–H anion behaves as a terdentate ligand, with the depro-
tonated phenyl ring bonded to the palladium atom, whereas the
other phenyl ring remains pending (see Fig. 1).

The structure of 2 is unusual because there are four crystallo-
graphically independent molecules in the asymmetric unit. In or-
der to favour the comparison between the four molecules, we
have used the same labels and numbering for corresponding atoms
of the molecules, adding three different markers to three of them.
So, the four metal atoms are labeled Pd, Pd0, Pd*, and Pd#, and the
molecules to which they belong carry the same markers, and will



Fig. 1. ORTEP view of molecule 1 of compound 2. The other three crystallographically
independent molecules differ only for the conformation of the pending phenyl ring.
Atom H1 is shown because it forms a weak interaction with atom Cl (see text).
Ellipsoids are drawn at the 30% probability level.

Table 1
Selected bond distances (Å) and angles (�) for the four independent molecules of 2,
with estimated standard deviations (esd’s) on the last figure in parentheses.

Mol. 1 Mol. 2 Mol. 3 Mol. 4 Average

Pd–Cl 2.300(1) 2.304(2) 2.293(1) 2.299(1) 2.299
Pd–N1 1.962(4) 1.979(4) 1.958(3) 1.977(4) 1.969
Pd–N2 2.233(3) 2.230(3) 2.262(4) 2.244(3) 2.242
Pd–C1 1.993(4) 1.983(3) 1.971(5) 1.950(4) 1.974

Cl–Pd–N1 167.5(1) 167.9(1) 169.1(1) 171.4(1) 169.0
Cl–Pd–N2 106.4(1) 106.7(1) 107.9(1) 107.5(1) 107.1
Cl–Pd–C1 94.6(1) 93.8(2) 93.4(1) 93.1(2) 93.7
N1–Pd–N2 78.2(1) 78.2(1) 77.0(1) 78.2(1) 77.9
N1–Pd–C1 81.1(2) 81.3(2) 82.2(2) 81.4(2) 81.5
N2–Pd–C1 159.0(2) 159.4(2) 158.7(2) 159.4(2) 159.1
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be called hereinafter molecule 1, 2, 3 and 4 (in the shown order).
The four molecules are very similar to each other, differing only
for the conformation of the pending phenyl ring (see later). Fig. 1
shows a view of molecule 1, and can represent also the other three
molecules, with the exception of the pending phenyl ring. Selected
bond distances and angles for corresponding interactions of the
four molecules are listed in Table 1, together with the average va-
lue of each interaction. The metal atoms are all in a square planar
Fig. 2. Perspective view of the dimeric unit formed by molecules 1 and 2, due to p�p in
coordination, with a more or less marked tetrahedral distortion. It
may be useful to observe that if the Cl atoms are excluded by the
calculation of the metal best planes, the planarity of the other four
atoms becomes much more regular, and the Cl atoms are out of
these best planes of 0.541(1), 0.487(1), 0.504(1), and 0.318(1) Å,
for molecules 1, 2, 3 and 4, respectively. The crystal packing is
characterized by the formation of isolate dimers between mole-
cules 1 and 2 of the same unit cell (see Figs 2 and 3), whereas mol-
ecules 3 and 4 show only usual van der Waals contacts.

The dimer is not due to a short metal–metal interaction, as pre-
viously found in a number of similar molecules (see for instance,
[Pd(L0–H)Cl] 3 (L0 = 6-phenyl-2,20-bipyridine) [14a] [Pd(L0 0–H)Cl] 4
(L0 0 = 4-carboxy-6-phenyl-2,20-bipyridine) [19], and [Pt(L0 0 0–H)
(CH3CN)][ClO4], 5 (L0 0 0 = 2,9-diphenyl-1,10-phenanthroline) [20]
where the Pd� � �Pd short distances are 3.28(1) and 3.27 Å (3 and
4) and the Pt� � �Pt short distance is 3.373(1) Å (5). Our intradimeric
Pd� � �Pd0 distance is 3.920(1) Å. Moreover, in 3 and 4 there are infi-
nite chains of stacked molecules, alternating short and long dis-
tances: in 3 it is reported as long distance the Pd� � �Pd interaction
of 4.59(1) Å, whereas in 4 it is reported the distance between the
centroids of the rings, 4.63 Å. Instead, in our case, the dimers are
isolated (as in 5), the shortest extradimeric Pd0 � � �Pd distance being
8.638(1) Å. Our dimer is due to a typical p–p interaction between
teraction between aromatic rings. Ellipsoids are drawn at the 20% probability level.



Fig. 3. Projection of the dimeric unit of Fig. 2 onto the best plane of the interacting aromatic rings. Ellipsoids are drawn at the 5% probability level.
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the aromatic rings of the two almost flat (excluding the Cl atoms)
molecules (see Figs 2 and 3). The interplanar distance in the di-
meric unit is 3.614(6) Å and the interplanar angle is 4.4(1)�.

Distances and angles involving the metal atoms (see Table 1)
can be compared with those reported in 3, 4 and 5. It is remarkably
long, in our molecules, the Pd–N2 distance [average 2.242 Å, which
to our knowledge is the longest interaction reported to date for M–
N bond lengths in these molecules (M = Pd, Pt)]. The same distance
is 2.067(3) Å in 3, (where the molecule is identical to the present
ones, with the exclusion of the pending phenyl ring, but there is
a disorder N2/C1, due the fact that the molecule lies on a crystallo-
graphic twofold axis), 2.150(3) Å in 4, where there is a carboxy
moiety bonded to atom C9, and 2.212 (average of two) Å in 5
(M = Pt), where the flat ligand is 2,9-diphenyl-1,10-phenantroline.
It is apparent that the presence of substituents on the flat parts of
these molecules, particularly at their ends, induces an elongation
of the M-N bond. The M–N1 bond lengths are in better agreement,
being 1.969, 1.960(4), 1.964(3), and 1.927, respectively, in the four
structures compared above. These distances are particularly short
because they are the central bonds of bicycloterdentate ligands,
and the shortening is usual [21]. The M–C bond lengths are
1.974, 2.067(3) (N2/C1), 1.997(4), and 1.98 Å, in the usual order.
Also in this case, the bond length in compound 3 is markedly dif-
ferent from the others, but it is referred to a disordered C/N atom.
The M–Cl distances are rather dispersed, being 2.299, 2.317(1), and
2.334 (1) Å (5 does not carry a chlorine ligand, but an acetonitrile).
These differences are probably due to packing forces. Listing them
in the usual order (this work, 3, 4 and 5, respectively), the N1–M–
N2 bite angles are 77.9, 80.2(1), 78.6(1), and 78.9�. The agreement
is good, with the exception of the disordered molecule 3. The other
bite angles, N1–M–C1, are 81.5, 80.2(1) (C/N), 81.4(1), and 81.5,
respectively. They are statistically identical, with the usual excep-
tion of 3. The N2–M–C1 angles are 159.1, not readable in 3,
160.0(1) and 160.2�, respectively, showing a good agreement. The
angles involving Cl are present in our molecules and in 3 and 4.
It is remarkable the deviation from linearity of our N1–Pd–Cl angle,
169.0�, whereas in 3 and 4 they are 180 (by crystallographic sym-
metry) and 177.5(1)�, respectively. Our four N1–Pd–Cl angles are
all markedly non-linear (see Table 1), so that their non-linearity
is likely due to steric repulsion of the pending phenyl rings. The
average N2–Pt–N3 (acetonitrile) in 5 is 174.1�, much more close
to linearity than our N1–Pd–Cl angles. It must be observed that
in our molecules the average N2–Pd–Cl and C1–Pd–Cl are very dif-
ferent, being 107.1� and 93.7�, respectively. In 3 these two angles
are equal by symmetry [99.7(1)�], and in 4 are not reported. In
our case the difference between the two angles is ascribable to
the phenyl ring that pushes the chlorine at a short distance from
the cyclometallated phenyl producing weak interactions
Cl� � �H1(C2) (2.625–2.70 Å).

As mentioned above, our four independent molecules differ for
the conformation of the pending phenyl rings. The dihedral angles
between these rings and those to which they are bonded are
57.8(2)�, 53.2(2)�, 39.7(3)�, and 133.7(1)� for molecules 1, 2, 3,
and 4, respectively.

On the whole the effects of the pendant phenyl ring appear sig-
nificant and likely affect both the reactivity and stability of the
complexes. The distortion observed in compound 2 is also to be ex-
pected in the analogous compound 1, taking account of the almost
equal covalent radii of palladium and platinum.

2.3. Reactivity of compounds 1 and 2

Given the differences observed in the structures of the cyclo-
metallates of the ligand L compared to those of the L0 correspond-
ing species, we have deemed worth to study also the effects of the
additional phenyl substituent on some aspects of their reactivity.
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Our attention has been focused on the fourth ligand, the chloride
anion, and we investigated the feasibility of its substitution by
neutral ligands to give cationic species, as well as by other anions.

Reaction of complex 1 with the silver salt of a poorly coordinat-
ing anion, AgBF4, in acetone, leads to the displacement of Cl�; after
removal of AgCl, CO was bubbled into the acetone solution at room
temperature. The cationic species [Pt(L–H)(CO)][BF4], 6, similar to
carbonyl complexes previously described, is isolated in good
yields. In the IR spectra a very strong band at 2108 cm�1 (nujol
mull), indicative of a terminal carbonyl, is shifted with respect to
the analogous [Pt(L0–H))(CO)][BF4] derived from 6-phenyl-2,2

0
-

bipyridine, 2094 cm�1 [10k].

N N

M

Cl

N N
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2) L

M = Pt, L = CO, 6

M = Pt, L = PPh3, 7

M = Pd, L = CO, 8
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[BF4]

M = Pt, Pd
The complex [Pt(L–H)(PPh3)][BF4], 7, was likewise obtained by reac-
tion of 1 with AgBF4, removal of AgCl and addition of one equivalent
of PPh3. The 31P{1H} NMR spectrum is consistent with a P–Pt–N
trans arrangement, d 20.05 ppm (CDCl3) and 1JPt–P = 4262 Hz.

The reactivity of complex 2 is somehow similar to that of
complex 1, but the resulting products are generally less stable.
So, treatment of 2 with AgBF4 in acetone, followed by addition
of CO or PPh3, gave [Pd(L–H)(CO)][BF4], 8, and [Pd(L–H)(PPh3)]
[BF4], 9, respectively. The former was characterized only in
solution (1H NMR and IR) because partial decomposition occurs
during the workup procedures for crystallization. Its CO
stretching (2130 cm�1) is at higher wavenumber compared to
that of the platinum species 6, but in line with the difference
showed by [Pt(L0–H)(CO)][BF4] and [Pd(L0–H)(CO)][BF4] (2094 vs
2130 cm�1). The latter species, compound 10, which is reported
here for the first time, is more stable than 8 but almost insol-
uble in most organic solvents, maybe due to its assumed flat-
ness. The CO stretching in 8 and 10 is almost coincident. The
1H NMR spectra of 2, 8 and 9 are similar to that of the corre-
sponding platinum species 1, 6 and 7, even though with subtle
differences, likely ascribable to the different influence of Pd(II)
and Pt(II) on the chemical shift of aromatic protons, as usually
observed.

As previously mentioned we also studied the replacement of
the chloride with an anionic ligand. In particular our interest
was focused on the substitution, in complex 1, of the hydride,
H�, for the chloride, Cl�. The rationale of our choice mainly
rests on the knowledge that platinum(II) hydrides with nitrogen
ligands are very rare [22], and among them, the cyclometallated
ones are even rarer. In the case of complex 1, reaction with
NaBH4 in THF yields the terminal hydride [Pt(L–H)H], 11, fairly
stable in air both in solution and in the solid state. The corre-
sponding terminal hydride [Pt(L0–H)H], 12, observed in solution
together with a bridging dinuclear hydride, was not isolated in
pure form [23].

The IR spectrum of complex 11 shows a medium band at
2114 cm�1 (nujol), in the region typical for the stretch of a termi-
nal Pt–H bond. In the 1H NMR spectrum, ((CD3)2CO, r.t.), the
hydride signal is observed at d �10.67, flanked by satellites, in
the 1:4:1 integral ratio expected for a mononuclear platinum hy-
dride (195Pt, natural abundance ca. 33%). The resonance is shielded
compared to that of complex 12, d �9.72, likely due to the shield-
ing cone of the phenyl ring in close proximity. The value of the
195Pt–H coupling constant, 1504 Hz, is large but in line with those
previously reported for the few platinum(II) N,N,C cyclometallated
hydrides with a trans Pt-N arrangement [23]. Our recent experi-
ence in this field suggests that these rare cyclometalated plati-
num(II) hydrides need some kind of additional help to gain
stability. Help may be provided by an ancillary ligand, as in
[Pt(N,C)(PPh3)H] (N,C = N^C(3) cyclometalated 6-R-2,20-bipyridine,
R = t-butyl, Ph) [24], by a Pt–Pt contribution [24], or by intramo-
lecular weak interactions [23]. We have recently reported that in
the case of [Pt(N,N,C)H] species derived from 6-benzyl-2,20-bipyri-
dines, the cyclometalated ring adopts a boat conformation with a
‘‘pre-agostic” interaction between the metal and a hydrogen of the
substituent on the benzylic carbon atom. The nature of the substi-
tuent here has a clear cut effect on the stability of the hydrido
complex [23].
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The different stability of the L and L0 hydrides 11 and 12 is
clearly related to the second phenyl ring in 11, which is likely
to prevent any easy reaction path eventually leading to decom-
position of the molecule. It is also worth noting that in the case
of L, in contrast to L0, no dinuclear hydride [(N,N,C)Pt(l-H)
Pt(N,N,C)]+ is observed.

Attempts to obtain palladium(II) hydrido species analogous to
11 failed: addition of NaBH4 to a solution of complex 2 in THF re-
sulted in fast reduction to palladium black, even under mild
conditions.

As already noted, the outcome of the reaction of substituted
2,20-bipyridine with platinum(II) results either in N,N,C or in
N0,C(3) cyclometallation (‘‘rollover”), mainly depending on the nat-
ure of the platinum precursor. In the case of the disubstituted 6,60-
Ph2-2,20-bipy, cyclometallation can even imply multiple C–H acti-
vation to give compound G, [Pt(L-2H)(DMSO)], shown in Chart 2,
which is rather unusual having two carbon ligands in mutual trans
position.

The N,N,C coordination behaviour shown in complex 1 and the
C,N,C coordination observed in compound G can be connected
through the reaction of G with HCl:
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The reaction, carried out in damp acetone, eventually results in the
cleavage of the platinum–carbon bonds. Two species are formed
which can be separated taking advantage of their different solubil-
ity. The less soluble one was easily identified as complex 1, the
other one as the ‘‘rollover” cyclometallate 13. The 1H NMR spectrum
of 13 is consistent with a N0,C(3) coordination, showing a singlet
with satellites at d 3.46 (6 H, JPt–H = 22.8 Hz), in line with a DMSO
trans to a nitrogen ligand [25], and a doublet at d 8.60, JPt–H =
36 Hz, that can be ascribed to the H4 proton.

Compounds 1 and 13 may likely be derived, as shown below,
from the attack to one or the other Pt–C(sp2) bonds that leaves va-
cant a coordination site (Scheme 1). In the first case, (a) the break-
ing of the Pt–C(3) bond is followed by rotation of the pyridine ring
and coordination of the free nitrogen atom. In the second case, (b)
the Pt–C bond breaking is followed by chloride coordination.

The reactions depicted in Scheme 1 entails an attack to C(sp2)
atom: actually, in the absence of experimental evidence, attack of
the proton to platinum atom to give a Pt(IV) hydride cannot be ru-
led out.

Complex 13 is the first ‘‘rollover” derivative up to now reported
with a substituent of the bipyridine in proximity of the coordinated
nitrogen.
3. Conclusions

In this work we have described the synthesis of the new cyclo-
metallates [Pt(L–H)Cl], 1, and [Pd(L–H)Cl], 2, (L = 6,60-diphenyl-
2,20-bipyridine) and compared their structure and reactivity with
that of the corresponding cyclometallates of 6-phenyl-2,20-bipyri-
dine, L0. The X-ray analysis of compound 2 provides evidence for
a terdentate N^N^C behaviour of the ligand and underlines the ef-
fects in the solid state of the additional, not metallated, phenyl
ring. Despite the differences observed in the solid state, replace-
ment of chloride in compounds 1 and 2 by neutral ligands, e.g.,
CO and PPh3,, carried out by means of silver salts, results in the
same type of cationic species described also for [Pt(L0–H)Cl]. At var-
iance, reaction of [Pt(L–H)Cl], 1, with Na[BH4] is remarkable as it
allowed us to isolate a terminal hydride [Pt(L–H)H], 11: the corre-
sponding [Pt(L0–H)H], 12, has been reported to be unstable in the
solid state and it was only identified in solution in a mixture of
mono- and dinuclear hydrides. The N^N^C cyclometallated plati-
num(II) hydrides are very rare: complex 11 is the first isolated spe-
cies with a [5,5] fused ring. The stability of the few previously
reported examples with a [5,6] fused ring was shown to be en-
hanced by weak interactions of the metal with C–H bonds on the
substituents of the 2,20-bipyridine: the stability of compound 11
is clearly related to the additional, pendant phenyl ring. The isola-
tion of complex 11 in reasonable yields will enable investigations
on the reactivity of the Pt–H bonds in these rare species, up to
now hampered by difficulties in their synthesis and isolation in
pure form.
4. Experimental

All the solvents were purified and dried according to standard
procedures [26]. The ligand 6,60-diphenyl-2,20-bipyridine (L) and
[Pt(Me)2(DMSO)2] were synthesized according to Refs. [18,27],
respectively. Elemental analyses were performed with a Perkin–El-
mer elemental analyser 240B by Mr. Antonello Canu (Dipartimento
di Chimica, Università degli studi di Sassari, Italy). Infrared spectra
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were recorded with a FT-IR Jasco 480P using nujol mulls. 1H and
31P NMR spectra were recorded with a Varian VXR 300 spectrom-
eter operating at 300.0 and 121.4 MHz, respectively. Chemical
shifts are given in ppm relative to internal TMS (1H) and external
85% H3PO4 (31P), J values are given in Hz. The H–H 2D COSY spec-
trum was performed by means of a standard pulse sequence. Con-
ductivities were measured with a Philips PW 9505 conductimeter.

4.1. Preparations

4.1.1. Synthesis of [Pt(L–H)Cl] (1)
To a solution of K2[PtCl4] (306.5 mg, 0.74 mmol) in H2O (10 mL)

were added, under vigorous stirring, 250 mg of L (0.81 mmol) and
3.7 mL of 2 N HCl. The mixture was heated to reflux for 5 days, then
it was cooled and the precipitate formed was filtered off and
washed with water, ethanol and diethyl ether. The crude product
was recrystallised from dichloromethane/diethyl ether to give
the analytical sample as an orange solid. Yield: 50%. Mp: >260 �C.
Anal. Calc. for C22H15 ClN2Pt: C, 49.12; H, 2.81; N, 5.21. Found: C,
49.37; H, 2.94; N, 4.93%. 1H NMR (CDCl3): d 7.07 (td, 1H, JH–H =
6.6 Hz, JH–H = 0.9 Hz, H50 0); 7.13 (td, 1H, JH–H = 7.9 Hz, JH–H =
1.3 Hz, H40 0); 7.33 (dd, 1H, H60 0); 7.50 (dd partially overlapping,
1H, H5), 7.53 (m, 3H, Hm + Hp PPh3); 7.65 (dd, 1H, JH–H = 7.0 Hz,
H3); 7.70 (m, 2H, Ho PPh3); 7.72 (partially overlapping, 1H, H50);
7.77 (dd, 1H, H30 0); 7.86 (t, 1H, JH–H = 8.1 Hz, H4); 7.95 (dd, 1H,
JH–H = 7.8 Hz, JH–H = 1.3 Hz, H30); 8.05 (t, 1H, JH–H = 7.7 Hz, H40).
Assignments are based on a 2D COSY spectrum.

4.1.2. Synthesis of [Pd(L–H)Cl] (2)
Complex 2 was obtained following the same procedure of com-

plex 1, using Na2[PdCl4] instead of K2[PtCl4]. Yield: 46%. Mp:
>260 �C. Anal. Calc. for C22H15ClN2Pd: C, 58.82; H, 3.37; N, 6.24.
Found: C, 58.46; H, 3.19; N, 6.07%. 1H NMR (CDCl3): d 7.04–7.09
(m, 2H, Hmeta); 7.33 (m, 1H, H60 0); 7.52–7.58 (m, 4H, aromatics);
7.61 (m, 1H, H30 0); 7.70–7.78 (m, 3H, aromatics); 7.82–7.90 (m,
2H, aromatics); 7.95–8.00 (m, 2H, H4, H3 or H40, H30).

Compounds [Pt(L0–H)Cl] and [Pd(L0–H)Cl] can be obtained in a
similar way from L0 instead of L.

4.1.3. Synthesis of [Pt(L–H)(CO)][BF4] (6)
AgBF4 (21.4 mg, 0.11 mmol) was added under vigorous stirring

to an acetone solution of 1 (20 mL, 60 mg, 0.11 mmol). The precip-
itate formed (AgCl) was filtered off and CO was bubbled into the
solution at room temperature for 12 h. Then the solution was con-
centrated to a small volume and treated with n-hexane. The pre-
cipitate formed was filtered off and washed with n-hexane to
give the analytical sample. Yield: 60%. Mp: 120 �C. Anal. Calc. for
C23H15BF4N2OPt: C, 44.75; H, 2.45; N, 4.54. Found: C, 44.47; H,
2.41; N, 4.52%. 1H NMR (CDCl3): d 7.09–7.19 (m, 2H, aromatics);
7.50–7.65 (m, 7H, aromatics); 7.78 (d, 1H, JH–H = 8.0 Hz, aromatics);
7.86 (d, 1H, JH–H = 7.8 Hz, aromatics); 8.27 (t, 1H, JH–H = 8.0 Hz, H4

or H40); 8.42–8.51 (m, 2H, H5 or H50, H4, or H40); 8.76 (d, 1H,
JH–H = 7.1 Hz, H5 or H50). IR (Nujol, tmax/cm�1): 2108s (CO), 1066s,
broad (BFÞ�4 ).

4.1.4. Synthesis of [Pt(L–H)(PPh3)][BF4] (7)
AgBF4 (42.8 mg, 0.22 mmol) was added under vigorous stirring

to an acetone solution of 1 (20 mL, 120 mg, 0.11 mmol). The pre-
cipitate formed (AgCl) was filtered off and solid PPh3 (1:1 molar ra-
tio) was added to the filtered solution. The solution was stirred at
room temperature for 3 h, then it was concentrated to a small vol-
ume and treated with n-hexane. The precipitate formed was fil-
tered off and washed with n-hexane to give the analytical
sample. Yield: 90%. Mp: 189 �C. Anal. Calc. for
C40H30BF4N2PPt�3H2O: C, 53.05; H, 4.01; N, 3.09. Found: C, 52.96;
H, 3.97; N, 3.44%. 1H NMR (CDCl3): d 6.39 (dd, 1H, JH–H = 7.1 Hz);
6.62 (td, 1H, JH–H = 8.1 Hz); 6.98–7.62 (m, 23H, aromatics); 7.86
(dd, 1H,JH–H = 8.1 Hz); 8.32 (m, 2H); 8.55 (dd, 1H, JH–H = 8.4 Hz);
8.75 (dd, 1H, JH–H = 8.1 Hz). 31P NMR (CDCl3): d 20.05 ppm,
1JPt–P = 4262 Hz. IR (Nujol, tmax/cm�1): 1060 s, broad (BF�4 ).

4.1.5. Synthesis of [Pd(L–H)(CO)][BF4] (8)
AgBF4 (38.9 mg, 0.20 mmol) was added under vigorous stirring

to an acetone solution of 2 (60 mL, 0.20 mmol). The precipitate
formed (AgCl) was filtered off and CO was bubbled into the solu-
tion at room temperature for 2 h. Then the solution was concen-
trated to dryness to give a crude product. Crystallisation of
compound 8 from the crude of from the reaction solution produced
partial decomposition. Yield: 60%. 1H NMR (CDCl3): d 7.02 (dd, 1H,
JH–H = 7.9 Hz); 7.12 (dt, 1H, JH–H = 7.5 Hz, JH–H = 1.5 Hz); 7.28 (m,
1H, partially overlapping with the solvent); 7.54–7.68 (m, 7H),
7.77 (dd, 1H, JH–H = 7.0 Hz, JH–H = 1.6 Hz); 8.30 (t, 1H, JH–H =
8.0 Hz); 8.39 (t, 1H, JH–H = 8.0 Hz); 8.46 (d, 1H, JH–H = 8.1 Hz);
8.71 (dd, 1H, JH–H = 8.2 Hz). IR (CHCl3, tmax/cm�1): 2130s; (Nujol,
tmax/cm�1): 2135s, 1060s, broad (BF�4 ).

4.1.6. Synthesis of [Pd(L–H)(PPh3)][BF4] (9)
AgBF4 (38.9 mg, 0.20 mmol) was added under vigorous stirring

to an acetone solution of 2 (60 mL, 0.20 mmol). The precipitate
formed (AgCl) was filtered off and solid PPh3 (1:1 molar ratio)
was added to the filtered solution. The solution was stirred at room
temperature for 1 h, then it was concentrated to a small volume
and treated with diethyl ether. The precipitate formed was filtered
off and washed with diethyl ether to give the analytical sample.
Yield: 88%. Mp: 235–240 �C (dec). Anal. Calc. for C40H30BF4N2PPd:
C, 62.98; H, 3.96; N, 3.67. Found: C, 62.84; H, 3.91; N, 3.55. 1H
NMR (CDCl3): d 6.39 (d, 1H, JH–H = 7.8 Hz); 6.67 (dt, 1H, JH–H =
7.8 Hz, JH–H = 1.7 Hz); 7.09–7.32 (m, 18H); 7.41–7.48 (m, 4H),
7.63 (dd, 1H, JH–H = 7.8 Hz, JH–H = 1.6 Hz); 7.89 (d, 1H, JH–H =
8.0 Hz); 8.26 (t, 1H, JH–H = 7.9 Hz); 8.32 (t, 1H, JH–H = 7.9 Hz); 8.49
(d, 1H, JH–H = 7.8 Hz); 8.65 (d, 1H, JH–H = 7.8 Hz). 31P NMR (CDCl3):
d 33.25 ppm. IR (Nujol, tmax/cm�1): 1090s, 1060s, broad (BF�4 ).

4.1.7. Synthesis of [Pd(L0–H)(CO)][BF4] (10)
AgBF4 (39.0 mg, 0.20 mmol) was added under vigorous stirring

to an acetone solution of [Pd(L0–H)Cl] (60 mL, 0.20 mmol). The pre-
cipitate formed (AgCl) was filtered off and CO was bubbled into the
solution at room temperature for 2 h. The precipitate formed was
filtered off and washed with CH2Cl2 to give the analytical sample
as a yellow solid. Yield 92%. Mp: 200 �C. Anal. Calc. for
C17H11N2BF4OPd: C, 45.12; H, 2.45; N, 6.19. Found: C, 44.56; H,
2.27; N, 5.84. IR (Nujol, tmax/cm�1): 2130s (CO), 1060 s, broad
(BF�4 ).

4.1.8. Synthesis of [Pt(L–H)H] (11)
To a solution of 1 (135 mg, 0.25 mmol) in anhydrous THF

(90 mL) was added, under argon, NaBH4 (29.1 mg, 0.77 mmol).
The mixture was stirred at room temperature for 3 h, then it was
filtered and the resulting solution was concentrated to a small vol-
ume. Addition of n-pentane produced a precipitate that was fil-
tered off and washed with n-pentane to give the analytical
sample as a red solid. Yield: 73 mg, 58%. Mp: 176 �C. Anal. Calc.
for C22H16N2Pt: C, 52.48; H, 3.20; N, 5.56. Found: C, 52.26; H,
2.99; N, 5.25. 1H NMR (CD3)2CO: d �10.67 (s, broad, 1H, JPt–H =
1504 Hz, Pt–H); 6.94–6.88 (m, 2H, aromatics); 7.53–7.41 (m, 5H,
aromatics); 7.96–7.79 (m, 4H, aromatics); 8.17–8.04 (m, 2H, aro-
matics); 8.38–8.31 (m, 2H, aromatics). IR (Nujol, tmax/cm�1): 2114.

4.1.9. Reaction of [Pt(L–2H)(DMSO)], compound G, with HCl
To a solution of [Pt(L–2H)(DMSO)] (85 mg, 0.14 mmol) in ace-

tone (40 mL) were added 1.4 mL of 0.1 N HCl and a few drops of
DMSO. The mixture was stirred at room temperature for 3 h, then
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evaporated to dryness. The solid obtained was dissolved in dichlo-
romethane. The solution was filtered over a Phase Separator (PS)
filter, concentrated to small volume and treated with diethyl ether.
The precipitated formed was filtered and washed with diethyl
ether to give complex 1 as an orange solid (Yield 33%). The filtered
solution was evaporated to dryness. The solid obtained was crys-
tallised from dichloromethane and n-pentane, to give complex 13
as a yellow solid. Yield: 53.5 mg, 62%. Mp: dec at 130 �C. Anal. Calc.
for C24H22N2OPtS: C, 46.79; H, 3.44; N, 4.55. Found: C, 46.58; H,
3.57; N, 4.36%. 1H NMR (CDCl3): d 3.46 (s, 6H, JPt–H = 22.8 Hz,
Me(DMSO)); 7.40–7.62 (m, 8H, aromatics); 7.92 (d, 2H, JH–H =
6.3 Hz, Ho0 0 or Ho0 0 0); 8.04 (t, 1H, JH–H = 7.8 Hz, H40); 8.11 (dd, 2H,
JH–H = 6.8 Hz, Ho0 0 0 or Ho0 0); 8.48 (dd, 1H, JH–H = 7.8 Hz, H30); 8.60
(d, 1H, JH–H = 8.3 Hz, JPt–H = 36 Hz, H4).

4.2. X-ray data collection and structure determination

Crystal data are summarized in Table 2. The diffraction experi-
ment was carried out on a Bruker APEX II CCD area-detector dif-
fractometer at 296 K, using Mo Ka radiation (k = 0.71073) with a
graphite crystal monochromator in the incident beam. No crystal
decay was observed, so that no time-decay correction was needed.
The collected frames were processed with the software SAINT [28],
and an empirical absorption correction was applied (SADABS) [29]
to the collected reflections. The calculations were performed using
the Personal Structure Determination Package [30] and the physi-
cal constants tabulated therein [31]. The structure was solved by
direct methods (SHELXS) [32] and refined by full-matrix least squares
using all reflections and minimizing the function

P
wðF2

o � kF2
c Þ

2

(refinement on F2). All the non-hydrogen atoms were refined with
Table 2
Crystallographic data.

Compound 2
Formula C22H15ClN2Pd
M 449.23
Colour Yellow
Crystal system Triclinic
Space group P ��1
a/Å 15.189(1)
b/Å 15.655(1)
c/Å 17.136(1)
a/� 63.0501
b/� 75.9901
c/� 86.3901
U/Å3 3519.1(5)
Z 8
F(0 0 0) 1792
Dc/g cm�3 1.696
T/K 296
Crystal dimensions (mm) 0.04 � 0.10 � 0.15
l (Mo Ka)/cm�1 12.00
Minimum and maximum transmissions
Factors 0.703–1.000
Scan mode x
Frame width/� 0.40
Time per frame/s 25
No. of frames 2700
Detector-sample distance/cm 6.00
h-Range 3–26
Reciprocal space explored Full sphere
No. of reflections (total; independent) 58,172, 15,673
Rint 0.0819
Final R2 and R2w indicesa (F2, all reflections) 0.092, 0.080
Conventional R1 index [I > 2r(I)] 0.051
Reflections with I > 2r(I) 7242
No. of variables 937
Goodness-of-fitb 0.963

a R2 ¼ ½
P
ðjF2

o � kF2
c j=
P

F2
o �; R2w ¼ ½

P
wðF2

o � kF2
c Þ

2=
P

wðF2
oÞ

2�1=2.
b ½
P

wðF2
o � kF2

c Þ
2=ðNo � NvÞ�1=2, where w ¼ 4F2

o=rðF
2
oÞ

2: rðF2
oÞ ¼ ½r2ðF2

oÞþ
ð0:02F2

oÞ
2�1=2, No is the number of observations and Nv the number of variables.
anisotropic thermal factors. All the hydrogen atoms were placed in
their ideal positions (C–H = 0.97 Å), with the thermal parameter U
being 1.10 times that of the atom to which they are attached, and
not refined. In the final Fourier map the maximum and minimum
residuals were +1.65(49) e Å�3 at 1.12 Å from Pd, and
�1.44(49) e Å�3.

Supplementary data

CCDC 730185 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via http://www.ccdc.ca-
m.ac.uk/data_request/cif.
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