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The ligand 1,8-naphthyridine (napy) exhibits a rich coordination
chemistry arising from the disposition of its two nitrogen atoms.
In this work, the mononuclear platinum complex cis-[Pt(C6F5)2
(napy)2] was synthesized and used to prepare other platinum
complexes such as cis-[Pt(C6F5)Cl(napy)2]. More importantly, its suit-
ability as precursor for the synthesis of other heterobimetallic
donor–acceptor complexes of the type Pt!M (M=Ag, Cu) was
explored. This way, complexes cis-[Pt(C6F5)2(μ-napy)2Ag(OClO3)]

and cis-[Pt(C6F5)2(μ-napy)2Cu(NCMe)][PF6] were prepared, in which
two napy ligands bridge both metal atoms. In the rare Pt! Cu
donor–acceptor complex, the MeCN ligand was easily substituted
by a chlorido ligand, resulting in cis-[Pt(C6F5)2(μ-napy)2CuCl] and
[{Pt(C6F5)2(μ-napy)2Cu}2(μ-Cl)][PF6], depending on the stoichiometry.
In all cases, the free rotation of the C6F5 ligands about the Pt�C
bonds in solution at room temperature can be stopped at low
temperature.

1. Introduction

The heterocycle 1,8-naphthyridine (napy) is a unique ligand in
coordination chemistry due to the particular disposition of the
two nitrogen atoms, which are separated only by a short distance
of 2.2 Å.[1,2] This results in the napy ligand offering a variety of
coordination modes, namely monodentate, bidentate chelating,
and bidentate bridging (Figure 1). Nevertheless, the parallel
arrangement of the electron pairs of both N-donor atoms makes
it a suitable bridging ligand yet complicates the formation of four-
membered chelating rings due to their high directionality, not
really pointing in the appropriate direction. In fact, it has been
proved that ancillary ligands and solvents can influence the pre-
ferred coordination mode.[1]

Among the various metal centers that can engage in the for-
mation of complexes with napy ligands, platinum is one of the few
that offers examples for all the coordination possibilities (see
Figure 1). Monodentate napy can be found in [Pt(C6F5)3(napy)]�,[3]

as well as in the homoleptic [Pt(napy)4]2þ.[4] A prototypical example
of a platinum complex in which the napy ligand acts as a bridge
between two platinum centers is the homoleptic paddlewheel
complex [Pt2(napy)4]4þ.[4] In the case of the prevalent square-planar
platinum(II) geometry, having napy as a chelating ligand implies a
low directionality of the lone pairs, which can anyway be achieved
in [Pt(C6F5)2(napy)] when reacting the labile cis-[Pt(C6F5)2(thf )2]
(thf= tetrahydrofuran) with one equivalent of napy.[5] In fact, this
is due to the steric encumbrance provided by the pentafluoro-
phenyl ligands, which cannot coexist in a binuclear complex of
the form [Pt2(C6F5)4(μ-napy)2] that would render the platinum cen-
ters to close to each other. Nevertheless, exchanging one of the
C6F5 ligands by a chlorido one ensures enough space to stabilize
a binuclear species of the type [Pt2(C6F5)2Cl2(μ-napy)2].[6] For this, a
detour must be taken by protonating the napy chelate in the
mononuclear precursor with HCl to obtain cis-[Pt(C6F5)2Cl(napyH)],
which upon thermal activation eliminates C6F5H, therefore provok-
ing the dimerization through bridging napy ligands. Further exam-
ples of homobimetallic platinum(II) complexes with a bridging
napy ligand are the family of the binuclear species [Pt2(μ-
napy)(μ-X)(C6F5)4]� (X= Cl, Br, I, OH, SPh, C6F5).[3]

Among the three coordination modes of the napy ligand, it is
the monodentate fashion that opens the door to an even richer
chemistry due to the free nitrogen atom that can act as a reaction
site. Interestingly, this has been exploited, yet in the case of Ru
complexes for preventing the cleavage of Ru─CO bonds upon
electrochemical reduction of the precursor, which leads to a nucle-
ophilic attack of the non-bonded N atom to the carbonyl carbon
atom of the CO ligand.[7–9] Furthermore, the non-coordinated nitro-
gen atom can enable the coordination of yet another metal center,
as it is the case of the formation of [NBu4][Pt2(μ-napy)(μ-C6F5)
(C6F5)4] from [NBu4][Pt(C6F5)3(napy)] and cis-[Pt(C6F5)2(thf )2].[3]
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Homo and heterobimetallic platinum complexes are well-
known for their applications in different fields, ranging from their
photophysical properties to their involvement in catalytic
transformations.[10–14] Particularly interesting are heterobimetallic
complexes containing the so-called dative or donor–acceptor
interactions.[12–17] Square-planar Pt(II) centers (d8) are here popu-
lar electron donors, due to the higher-energy occupied dz

2 orbital
pointing in the perpendicular direction of the plane,[18,19] which is
therefore in a suitable orientation to establish Pt!M donor–
acceptor interactions with Lewis acidic M centers (normally d10

or s2). Among the acidic metal acceptors, group 11 elements
are especially popular,[15–17] with Pt─Ag being the most abundant
interactions of this kind.[20–26] Fewer examples containing Pt─Au
bonds are known,[25–39] and Pt─Cu complexes are even more
scarce, yet of increasing interest, especially as models for inter-
mediates in transmetalation processes or in metal�metal coop-
erative bond activation.[26,33,34,40–42]

Surprisingly, despite the ability of the napy ligand to stabilize
binuclear systems, its suitability to engage in heterobimetallic plat-
inum complexes has not been explored so far. In fact, to the
best of our knowledge, only the heterobimetallic [PtPd(μ-napy)
(μ-OH)(C6F5)4]� complex has been mentioned in the literature.[3]

Within this context, we envisioned the use of 1,8-naphthyridine
to form heterobimetallic complexes upon coordination of acidic
centers through the second nitrogen of napy ligands already coor-
dinated to a platinum(II) center in a monodentate fashion. In par-
ticular, here we report on the synthesis of cis-[Pt(C6F5)2(napy)2] and
its use as starting material to prepare binuclear complexes, with a
special focus on the stabilization of Pt─Cu species.

2. Results and Discussion

2.1. Synthesis and Characterization of cis-[Pt(C6F5)2(napy)2]
(1) and Related Mononuclear Pt(II) Complexes

The Pt(C6F5)2 moiety has already been demonstrated to be suit-
able to stabilize platinum(II) binuclear complexes, something that

can be achieved as long as the binucleating ligand gives enough
space for the two couples of C6F5 to coexist.[6] Due to the small
bite angle of the napy ligand, we envisioned that the addition of
two equivalents of napy to cis-[Pt(C6F5)2(thf )2] instead of one
would lead to the cis-[Pt(C6F5)2(napy)2] (1) complex instead of
the chelating [Pt(C6F5)2(napy)]. In fact, this synthetic route allows
to obtain compound 1 in a straightforward way (Figure 2a) and
cis-[Pt(C6F5)2(napy)2] can be then obtained as a yellow solid with
high purity and in high yield (80%). Interestingly, compound 1
can also be prepared with a fewer synthetic cost starting either
from [NnBu4]2[Pt2(C6F5)4(μ-Cl)2] or even from the very first starting
material [NnBu4]2[Pt(C6F5)4] (Figure 2a), therefore circumventing the
isolation of cis-[Pt(C6F5)2(thf )2]. The reaction of [NnBu4]2[Pt(C6F5)4]
with 2 equivalents of HClO4 in MeOH in the presence of an excess
of napy at room temperature leads to complex 1 in 75% isolated
yield upon cleavage of two of the Pt─C bonds. Alternatively, reflux-
ing a mixture of [NnBu4]2[Pt2(C6F5)4(μ-Cl)2] and excess of napy in
CHCl3 for 5 h also results in the formation of 1 with a slightly
increased yield of 83%.

The nature of complex 1 was proved by NMR spectroscopy. In
the 1H NMR spectrum, six signals corresponding to the napy
ligands appear. Only one of them exhibits satellites due to the cou-
pling to the 195Pt NMR-active center, which is assigned to the H in
ortho position of the ring that is coordinated to the platinum cen-
ter. This demonstrates the monodentate coordination fashion of
the napy ligand in 1, which is further backed by the presence
of six signals due to the two inequivalent fused pyridine rings
of the ligand. Also, no dissociation-coordination equilibrium of
the napy ligand can be invoked because such a situation might
lead to the 195Pt satellites of the most deshielded ortho-H signal
being not so clearly visible. The 19F NMR spectrum in deuterated
acetone shows one set of signals for the C6F5 groups, indicating
that they are chemically equivalent. In the signal corresponding
to the ortho-F, the presence of 195Pt satellites evidences the coor-
dination of the aryl moieties to the Pt(II) center, since the 3JF-Pt=
487 Hz is typical for this oxidation state.[3,5,6,43,44] The fact that only
one signal appears for the F in ortho position indicates that both
C6F5 ligands have free rotation about the Pt�Cipso axis, therefore

Figure 1. Coordination modes of 1,8-naphthyridine and representative examples of Pt(II) complexes.
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rendering these two F atoms chemically equivalent in solution.
Nevertheless, when the NMR is measured in CD2Cl2 at lower tem-
peratures, the signal corresponding to the ortho-F splits into two at
183 K, indicating the inequivalence of these two atoms within each
ring (see Figure S14, Supporting Information). This is additionally
accompanied by a broadening of the resonance of the meta-F
atoms (see Figure S13, Supporting Information). Moreover, when
the measurements are carried out in (CD3)2CO, the ortho-F signals
appear clearly resolved as two different resonances already at 208
K (Figure S15, Supporting Information).

The NMR data of 1 could not confirm unequivocally the
arrangement of the napy ligands around the Pt(II) center.
There are two possibilities that may justify the NMR signals for
this couple of ligands in complex 1: the presence of a plane
or a C2 axis of symmetry. For that, determination of the crystal
structure of compound 1 was necessary. Suitable single crystals
for X-ray diffraction were obtained by slow diffusion of a layer of
n-hexane into a solution of complex cis-[Pt(C6F5)2(napy)2] (1) in

acetone at 243 K. The determination of the crystal structure of
complex 1 enabled to further confirm the monodentate coordina-
tion fashion of both napy ligands, already derived from the 1H NMR
spectrum. Furthermore, the molecular structure provides a precise
proof of the cis arrangement of the napy ligands with respect to
the platinum coordination plane in the solid state (Figure 2b).
Formally, the napy ligands and the pentafluorophenyl groups
are related to each other by a C2 symmetry axis contained in
the platinum coordination plane, which in fact, exhibits a slightly
distorted square-planar geometry (τ4= 0.02).[45] Interestingly, the
molecular structure of 1 also indicates that the coordination of
the napy ligands takes place with retention of the stereochemistry
when using cis-[Pt(C6F5)2(thf )2] or [NnBu4]2[Pt2(C6F5)4(μ-Cl)2] as start-
ing materials, and it is the same achieved when starting from the
homoleptic complex [NnBu4]2[Pt(C6F5)4]. IR data are also in agree-
ment with the cis arrangement of both C6F5 groups, since the two
bands at 808 and 798 cm�1 can be assigned to the so-called
‘X-sensitive’ mode of the C6F5 groups and are characteristic of this
coordination fashion.[46]

Compound 1 arises as a suitable starting material to form
binuclear Pt complexes with bridging napy ligands, due to the
freedom of the two nitrogen atoms to coordinate a second metal
center. The formation of a [Pt2(C6F5)4(μ-napy)2] complex could be
potentially achieved by reaction of 1 with one equivalent of cis-
[Pt(C6F5)2(thf )2]. Unfortunately, this reaction failed, resulting
instead in the formation of cis-[Pt(C6F5)2(napy)], which highlights
the close proximity that the napy ligand enforces between the
two Pt(II) centers, thereby preventing the coexistence of four pen-
tafluorophenyl groups in such a situation due to significant steric
encumbrance.[6]

Nevertheless, compound 1 could be used as starting material
to prepare cis-[Pt(C6F5)2Cl(napyH)] (2) upon reaction with HCl
(0.25 M in MeOH) in CHCl3 (Figure 3a). Compound 2, which is
obtained as a yellow solid, was also reported to be prepared
by reaction of [Pt(C6F5)2(napy)] with HCl in MeOH, taking advan-
tage of the high strain of the four-member chelate that allows
easy opening (Figure 3a).[6] Compound 2 is the starting material
required to prepare [Pt2(C6F5)2Cl2(μ-napy)2] upon reflux in chloro-
form.[6] Nevertheless, when starting from 1, one of the napy
ligands dissociates from the platinum(II) center as a by-product,
which has to be washed from the precipitated solid material with
CHCl3 and Et2O to obtain 2 in pure form before refluxing it in
CHCl3 to yield [Pt2(C6F5)2Cl2(μ-napy)2]. Alternatively, if the free
napy ligand is not separated and the obtained mixture directly
refluxed in CHCl3 without further purification, it re-coordinates
to the platinum center once the Pt─C bond is protonated (with
formation of C6F5H), preventing dimerization and leading to the
formation of cis-[Pt(C6F5)Cl(napy)2] (3, Figure 3a). Compound 3 is
obtained as a pale yellow solid, which can be isolated in 47%
yield. The twelve aromatic protons observed in the 1H NMR spec-
trum account for the two chemically inequivalent napy ligands,
indicating a cis arrangement with different ligands trans to them.
One of them shows prominent shoulders due to the coupling to
the 195Pt nucleus, whereas in the signal corresponding to the
other ligand, these are not so clear. In the 19F NMR spectrum,
one set of signals for the pentafluorophenyl ligand is observed,
yet the ortho-F signal is barely visible. The presence of some type

Figure 2. a) Synthetic routes to complex cis-[Pt(C6F5)2(napy)2] (1).
In all cases, the cation is [NnBu4]þ. b) Molecular structure of com-
plex cis-[Pt(C6F5)2(napy)2] (1) in the solid state. Hydrogen atoms
of napy ligands have been omitted for clarity. Displacement ellip-
soids are set at 50% probability. Selected bond lengths [pm] and
angles [°]: Pt�N1 209.41(16), Pt�N3 209.25(16), Pt�C1 200.48(18),
Pt�C7 200.13(18), N3�Pt�N1 91.48(6), C1�Pt�N1 89.71(7),
C7�Pt�C1 89.57(7), C7�Pt�N3 89.32(7), C1�Pt�N3 176.81(7),
C7�Pt�N1 178.23(6). For crystallographic details see the
Supporting Information.
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of exchange process arising from the strong trans influence of the
C6F5 ligand[47] might account for both the shape of the ortho-F
signal and for the lack of 195Pt satellites in one of the ortho-H
signals of the ring of one napy ligand coordinated to the platinum
center. The ν(C�F) absorption at 953 cm�1 in the IR spectrum of 3
is in agreement with the oxidation state II of the platinum center,
whereas the band at 346 cm�1 can be assigned to the ν(Pt─Cl)
vibration.

Compound cis-[Pt(C6F5)Cl(napy)2] (3) could be crystallized,
and the determination of the molecular structure in the solid
state allowed precise confirmation of the cis arrangement (and
therefore inequivalence) of the napy ligands, both showing a
monodentate coordination mode to platinum (Figure 3b). This

mononuclear complex shows a square-planar coordination envi-
ronment at the platinum(II) center (τ4= 0.04),[45] yet slightly more
distorted than in the case of complex 1, with each of the non-
coordinated nitrogen atoms of the napy ligands located on a dif-
ferent side of the platinum coordination plane (see Figure 3b).
Each napy has a different ligand in trans position to complete
the tetracoordination at the platinum(II) center, one chlorido
ligand and one pentafluorophenyl group. The two Pt─N distan-
ces are different, allowing us to verify the higher trans influence of
the C6F5 group,[47] which leads to a clearly longer Pt─N bond with
the napy trans to it (210.6(2) pm), than that trans to the chlorido
ligand (203.7(2) pm).

2.2. Synthesis and Characterization of Binuclear Complexes
with Pt�M Donor–Acceptor Bonds (M= Ag, Cu)

Due to the suitability of platinum(II) to act as a Lewis base and
establish Pt!M donor–acceptor bonds, in particular with group
11 metals (see Introduction), we envisioned the use of 1 as a
promising scaffold to coordinate such metals, the compounds
being further stabilized by bridging napy ligands. As a proof
of concept, we started with silver(I), which is well known to
engage in such kind of interactions. In this regard, AgClO4 is a
suitable precursor, which would provide the perchlorate anion
either as the counterion of a cationic complex or as a ligand. In
fact, the reaction of 1 with the equimolar amount of AgClO4 in
THF in the dark leads to the formation of the binuclear Pt(II)�
Ag(I) complex cis-[Pt(C6F5)2(μ-napy)2Ag(OClO3)] (4, Figure 4a) as
a yellow solid in high yield (93%).

The X-ray diffraction study of compound 4 enabled the pre-
cise confirmation of the nature of this binuclear complex contain-
ing a Pt! Ag donor–acceptor bond supported by two bridging
napy ligands, which remain in cis disposition, as were also in pre-
cursor 1 (see Figure 4b). The five-coordinate platinum center
presents a distorted square-pyramidal structure (τ5= 0.07),[48]

with the silver atom occupying the apical position. For its part,
the four-coordinate silver(I) center exhibits a notably distorted
tetrahedral structure (τ4= 0.61),[45] formed by two nitrogen atoms
of the two napy ligands, the platinum atom and one oxygen atom
of the perchlorate group. It should be noted that despite [ClO4]�

being a weakly coordinating anion, it acts as a ligand towards the
silver center in the absence of a better ligand to complete the
coordination sphere. The weakness of the interaction is reflected
by the long Ag�O1 length of 236.5(3) pm. The Pt─Ag axis is
almost perpendicular to the basal plane of the square pyramid
containing the platinum center, the angle between the Pt─Ag
axis and the vector perpendicular to the best coordination plane
of the platinum center being 10.8(1)°. The Pt─Ag bond length
(279.60(3) pm) is in the usual range found for other related
Pt(II)! Ag(I) donor–acceptor complexes,[17] even containing
C6F5 groups and/or unsupported Pt─Ag interactions.[49–51]

This structure could be further confirmed by spectroscopic
investigations. First, the ν(C─F) band of the C6F5 groups at 957 cm�1

indicates that the Pt(II) stays in oxidation state II, whereas the
two X-sensitive bands at 798 and 811 cm�1 point towards the
presence of two pentafluorophenyl groups in cis arrangement.
By its side, NMR spectroscopy provides a much more insightful

Figure 3. a) Reactivity of cis-[Pt(C6F5)2(napy)2] (1) leading to the
formation of mononuclear Pt(II) complexes cis-[Pt(C6F5)2Cl(napyH)]
(2) and cis-[Pt(C6F5)Cl(napy)2] (3). b) Molecular structure of complex
cis-[Pt(C6F5)Cl(napy)2] (3) in the solid state. Hydrogen atoms of napy
ligands have been omitted for clarity. Displacement ellipsoids are
set at 50% probability. Selected bond lengths [pm] and angles [°]:
Pt�N1 210.6(2), Pt�N3 203.7(2), Pt�C1 199.6(3), Pt�Cl 228.29(6),
N3�Pt�N1 93.73(9), C1�Pt�N3 89.02(10), C1�Pt�Cl 88.14(8),
N1�Pt�Cl 89.07(6), N3�Pt�Cl 176.98(6), C1�Pt�N1 176.73(10). For
crystallographic details see the Supporting Information.
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description of the nature of the complex in solution. In the room-
temperature 1H NMR of compound 4, six signals are observed in
the aromatic region, corresponding to the six protons of the napy

ligand. The most deshielded signal, appearing at 10.21 ppm, is
the only one that shows shoulders due to poorly resolved satel-
lites to the NMR active 195Pt nucleus, and it is therefore assigned
to the ortho-H of the ring coordinated to the platinum center. The
presence of six aromatic signals and only one of them exhibiting
195Pt satellites is indicative of the chemical inequivalence of all
hydrogen atoms of the napy ligand, as expected due to the coor-
dination to two different metal centers. At the same time, this
shows the equivalence of both napy ligands in solution, which
is due to the plane of symmetry containing the Pt─Ag bond.
Interestingly, the signal corresponding to the ortho-H of the ring
coordinated to the silver(I) center, appearing at 9.50 ppm, does
not show the typical coupling expected due to the close presence
to the NMR-active isotopes 107Ag and 109Ag.

The room-temperature 19F NMR spectrum of 4 displays three
signals corresponding to the ortho- meta- and para-F of the pen-
tafluorophenyl ligands, indicating that both are chemically equiv-
alent in solution. Noteworthily, the signal corresponding to the
ortho-F is very broad and not resolved, a characteristic that exists
for the resonance of the meta-F as well, yet not in such a promi-
nent way. This broadening of the signals can be explained by a
rotation process of the C6F5 groups about the Pt─C bonds, the
broadness of the signals indicating a position close to coales-
cence. In fact, when measuring the spectrum at 213 K, the rota-
tion process of the pentafluorophenyl groups can be stopped
with respect to the NMR time scale, the two ortho-F of the rings
becoming chemically inequivalent and appearing as two differ-
ent signals at �116.07 and �120.64 ppm, flanked by 195Pt satel-
lites with coupling constants of 3JF-Pt= 575 Hz and 3JF-Pt= 435 Hz,
respectively (Figure 4c). Interestingly, the most deshielded signal
shows a more complex multiplicity, which can be tentatively
assigned to the through-space coupling to 107Ag and 109Ag in
the case of the ortho-F that is located closed to the silver(I) center,
as it has been detected and described for related systems.[52] By
increasing the temperature to 323 K, both signals collapse into
one at �118.58 ppm that, despite the fact that it does not show
a resolved multiplicity, exhibits 195Pt satellites with 3JF-Pt= 528 Hz
(Figure 4c).

A similar reaction was carried out using [Cu(NCMe)4][PF6] as
the source of the acidic copper(I) ion in CH2Cl2 aiming at the
formation of a Pt─Cu bond. In this case, the Pt(II)�Cu(I) complex
cis-[Pt(C6F5)2(μ-napy)2Cu(NCMe)][PF6] (5, Figure 5) was obtained
as a deep orange solid in high yield (90%). Nevertheless, contrary
to the case of the Pt(II)�Ag(I) complex 4, the Pt(II)�Cu(I) complex
is cationic and bears [PF6]– as the counterion. The determination
of the molecular structure in the solid state of complex 5 enabled
the confirmation of the binuclear character of the complex cation
where the two metal centers are bridged by the two napy ligands
in cis disposition (Figure 5), similar to complex 4 (see Figure 4b),
showing yet another example of the retention of the stereochem-
istry of the starting complex 1. This points to a close structural
similarity of complexes 4 and 5, considering of course their dif-
ferent neutral/cationic nature. The complex cation in 5 showcases
one of the uncommon Pt! Cu donor–acceptor bonds reported
thus far,[26,33,34,40–42] with a bond length of 267.16(11) pm. The dis-
tance between the metal centers is shorter than those found in
Pt(II)�Cu(I) complexes with bridging diphosphine and alkynyl

Figure 4. a) Synthesis of the Pt(II)�Ag(I) complex 4. b) Molecular
structure of complex cis-[Pt(C6F5)2(μ-napy)2Ag(OClO3)] (4) in the solid
state. Hydrogen atoms of napy ligands have been omitted for clar-
ity. Displacement ellipsoids are set at 50% probability. Selected
bond lengths [pm] and angles [°]: Pt�Ag 279.60(3), Pt�C1 201.0(3),
Pt�C7 202.3(3), Pt�N1 213.5(3), Pt�N3 212.1(3), Ag�N2 225.3(3),
Ag�N4 223.2(3), Ag�O1 236.5(3), C1�Pt�Ag 98.42(10), C7�Pt�Ag
101.32(10), N1�Pt�Ag 84.62(7), N3�Pt�Ag 84.25(8), C7�Pt�C1
86.68(13), C1�Pt�N3 87.63(12), C7�Pt�N1 92.64(12), N3�Pt�N1
92.80(11), C1�Pt�N1 176.96(12), C7�Pt�N3 172.56(12), O1�Ag�Pt
150.25(7), N4�Ag�N2 124.37(11), N4�Ag�O1 115.01(11), N2�Ag�
O1 105.84(12), N4�Ag�Pt 80.49(7), N2�Ag�Pt 82.10(7). For crystal-
lographic details see the Supporting Information. c) 19F NMR spectra
of 4 (377MHz, (CD3)2CO) at variable temperatures depicting the sig-
nal(s) of the ortho-F atoms of the C6F5 groups.
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ligands,[33,34] yet not as short as in the neutral unsupported com-
plex [(NN)PtMe2]CuOTf (239.92(16) pm, NN= α-diimine ligand)[42]

or in cationic complexes with a bridging methyl ligand
(252.75 pm),[41] or containing also ligands with the napy scaffold
(262.85(3) pm av.), able to bring metal centers in close
proximity.[40]

The platinum(II) center exhibits a distorted square-pyramidal
five-coordinated environment (τ5= 0.10),[48] in which the
copper(I) atom occupies the apical position of the pyramid.
The coordination environment of the Cu(I) center can be
described as a distorted tetrahedron (τ4= 0.73),[45] formed by
one nitrogen atom of each napy ligand, the platinum center
and the nitrogen atom of the acetonitrile ligand that remains
coordinated. Interestingly, the three Cu─N distances are identical
within the experimental error, even if the nitrogen atoms belong
to different types of ligands. The Pt─Cu line is practically

perpendicular to the basal plane of the square pyramid contain-
ing the platinum(II) center, with an angle between the Pt�Cu axis
and the vector perpendicular to the best coordination plane of
the platinum center of 13(1)°.

The nature of complex 5 was further confirmed by NMR spec-
troscopy. In fact, both the 1H and the 19F NMR spectra are quite
similar to those of 4. In the 1H NMR spectrum at room tempera-
ture, the six signals for the napy ligands, with only one flanked by
195Pt satellites, account for the equivalence of the napy ligands
within the complex and the inequivalence of the two fused pyri-
dine rings, in accordance with the coordination to two different
metal centers. Interestingly, the signals corresponding to the ring
coordinated to the copper center appear at lower field in com-
parison to the corresponding signals of complex 4, which incor-
porates a silver center. Additionally, the signal at 2.19 ppm
confirms the coordination of one molecule of acetonitrile to

Figure 5. Synthesis of the Pt(II)�Cu(I) complex 5 and exchange reactions with chloride to yield complexes 6 and 7. In all cases, the anion
is [PF6]�. The molecular structures of cis-[Pt(C6F5)2(μ-napy)2Cu(NCMe)]þ and cis-[Pt(C6F5)2(μ-napy)2CuCl] in the solid state are shown, as found
in crystals of 5 and 6, respectively. Hydrogen atoms of napy ligands and the [PF6]� anion have been omitted for clarity. Displacement ellip-
soids are set at 50% probability. A schematic representation of the [{Pt(C6F5)2(μ-napy)2Cu}2(μ-Cl)]þ anion in the solid state as found in crystals
of 7 is also shown, with the first coordination sphere of the metal centers highlighted. Selected bond lengths [pm] and angles [°] for com-
plex 5: Pt�Cu 267.16(11), Pt�C1 208.(2), Pt�C7 202.2(6), Pt�N1 210.4(5), Pt�N3 210.0(5), Cu�N2 203.6(6), Cu�N4 200.8(6), Cu�N5 194.9(7),
C1�Pt�Cu 110.7(5), C1�Pt�N1 167.8(6), C7�Pt�Cu 102.4(2), N1�Pt�Cu 81.34(15), N3�Pt�Cu 83.77(17), C1�Pt�C7 89.6(5), C1�Pt�N3
89.5(5), C7�Pt�N1 89.7(2), C7�Pt�N3 173.7(3), N3�Pt�N1 89.9(2), N4�Cu�N2 113.3(2), N4�Cu�N5 123.8(3), N2�Cu�N5 108.0(3),
N4�Cu�Pt 86.1(2), N2�Cu�Pt 86.08(17), N5�Cu�Pt 133.8(2). Selected bond lengths [pm] and angles [°] for complex 6: Pt�Cu 272.86(9),
Pt�C1 201.2(7), Pt�C31 201.1(8), Pt�N1 210.4(7), Pt�N3 210.1(6), Cu�N2 198.4(6), Cu�N4 201.2(6), Cu�Cl1 226.34(19), C1�Pt�Cu 102.5(2),
C1�Pt�N1 89.4(3), C31�Pt�Cu 102.01(19), N1�Pt�Cu 82.77(16), N3�Pt�Cu 81.78(15), C1�Pt�C31 88.8(3), C1�Pt�N3 175.5(2),
C31�Pt�N1 175.2(2), C31�Pt�N3 91.9(3), N3�Pt�N1 89.6(2), N4�Cu�N2 119.7(3), N4�Cu�Cl1 111.11(17), N2�Cu�Cl1 110.66(19),
N4�Cu�Pt 84.70(16), N2�Cu�Pt 84.83(18), Pt�Cu�Cl1 145.25(7). For crystallographic details see the Supporting Information.

Journal of Inorganic and General Chemistry

Zeitschrift für anorganische und allgemeine Chemie

RESEARCH ARTICLE

Z. Anorg. Allg. Chem. 2025, 00, e202500150 (6 of 10) © 2025 The Author(s). Zeitschrift für anorganische und allgemeine Chemie published by Wiley-VCH GmbH

 15213749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/zaac.202500150 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [18/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



the copper center. In the room-temperature 19F NMR spectrum of
5, a broad signal at �118.08 ppm corresponding to the ortho-F of
the two equivalent C6F5 ligands (Figure S30, Supporting
Information) is indicative of a similar coalescence phenomenon
as that already described for 4. In fact, when lowering the tem-
perature to 213 K, two signals appear clearly differentiated
(Figure S34, Supporting Information), proving the chemical
inequivalence of both ortho-F of the same ring since the rotation
about the Pt─C bond is stopped. The most deshielded one exhib-
its a very broad shape and the one that appears at higher field
displays satellites with 3JF-Pt= 420 Hz. This comes together with a
broadening of the signal for the meta-F atoms, pointing also
towards a similar coalescence phenomenon. As it has been
described for complex 4, recording the spectra at 323 K leads
to the coalescence of the two ortho-F signals into one (Figure
S34, Supporting Information), therefore indicating the free rota-
tion about the Pt─C bond.

The remaining acetonitrile ligand coordinated to the copper
center in 5 can be readily displaced by chloride, leading to the
neutral complex cis-[Pt(C6F5)2(μ-napy)2CuCl] (6, Figure 5). A more
direct approach starting from 1 and CuCl also allows the synthesis
of 6 in CH2Cl2 in a similar yield (ca. 70%). NMR spectroscopic data
provide hints into the structural nature of complex 6 being similar
to that of 5, the two napy ligands being equivalent in both cases, as
well as the two C6F5 groups adopting a cis configuration. This fact is
further proved by IR spectroscopy, since in both cases two bands
for the X-sensitive mode of the C6F5 groups appear at 798 and 809
cm�1 (for 5) and at 801 and 809 cm�1 (for 6), complemented by
ν(C─F) vibrations at 957 and 962 cm�1, respectively, indicating the
coordination to a Pt(II) center. Additionally, structural characteriza-
tion of 6 by means of X-ray diffraction showcases a main difference
with the complex cation in 5: the Pt(II)─Cu(I) bond is elongated to
272.86(9) pm. The platinum(II) center shows an even less distorted
square-pyramidal five-coordinate environment (τ5= 0.01),[48]

whereas the copper(I) is a more distorted tetrahedron (τ4= 0.67)[45]

than in 5. The Pt─Cu line is similarly perpendicular to the basal
plane of the square pyramid containing the platinum(II) center,
with a very similar angle between the Pt─Cu axis and the vector
perpendicular to the best coordination plane of the platinum cen-
ter of 13.9(10)°. The larger distortion respect to the coordination
environment found in complex 5 can be a consequence of the
weaker Pt! Cu donor–acceptor bond that is compensated by
a stronger Cu─Cl bond (226.34(19) ppm), which is shorter than
the mean found for Cu(I)─Cl(terminal) distances where the coor-
dination index is four.[53]

Interestingly, when the reaction between 5 and [NnBu4]Cl is
performed in a 2:1 ratio, cluster [{Pt(C6F5)2(μ-napy)2Cu}2(μ-Cl)][PF6]
(7) is obtained as a brown powder. A preliminary analysis by IR
spectroscopy already demonstrated the presence of two C6F5 in
cis arrangement (X-sensitive bands at 795 and 812 cm�1) coordi-
nated to a Pt(II) center (ν(C─F) at 962 cm�1), yet no assumption
about the nuclearity of the species could be made. In this case,
the determination of the molecular structure in the solid state by
X-ray diffraction was crucial to confirm the tetranuclear character
of the cation of complex 7. Unfortunately, the quality of the crys-
tallographic data did not permit a complete resolution of the

structure, yet the connectivity of 7 could be fully and unambigu-
ously established. The cation in complex 7 is formed by two het-
erobinuclear units connected by a chlorido ligand bridging both
copper atoms (Figure 5). Each binuclear unit contains a Pt! Cu
donor–acceptor bond that is supported by two napy ligands, in
which each platinum center is five-coordinated and each copper
center is four-coordinated. In the 1H NMR spectrum of complex 7,
six broad aromatic signals appear (Figure S39, Supporting
Information), which get resolved upon lowering the temperature
to 193 K (Figure S41, Supporting Information). This indicates the
chemical equivalence of the four napy ligands and inequivalence
of both pyridine rings within the ligand, similarly to the case of
complexes 5 and 6, and as expected due to the coordination of
the napy ligands to two different metal centers. Nevertheless, the
coupling constant 3JF-Pt is too small to be determined. By its side,
the 19F NMR spectrum shows again the broad and poorly resolved
signal for the ortho-F (Figure S40, Supporting Information),
related to the rotation process about the Pt─C bonds previously
described for complexes 5 and 6, which is also split into two dif-
ferent signals when the spectrum is measured at 193 K (Figure
S42, Supporting Information) due to the free rotation about
the Pt─C bond being stopped.

3. Conclusions

Mononuclear platinum complexes cis-[Pt(C6F5)2(napy)2] (1) and
cis-[Pt(C6F5)Cl(napy)2] (3) containing two napy ligands coordi-
nated in a monodentate fashion were synthesized by different
routes. Compound 1 proved to be a suitable precursor for the
synthesis of heterobimetallic donor–acceptor complexes of the
type Pt!M (M= Ag, Cu). The uncoordinated nitrogen atoms
of the napy ligands of complex 1 are located on either side of
the platinum molecular plane. However, the reaction with acidic
metal ions to yield complexes cis-[Pt(C6F5)2(μ-napy)2Ag(OClO3)]
(4) and cis-[Pt(C6F5)2(μ-napy)2Cu(NCMe)][PF6] (5) causes a change
of the initial arrangement to place them on the same side, with
each napy ligand bridging the two metal atoms. Furthermore, the
symmetric behavior of the pentafluorophenyl groups of complex
1 in solution at room temperature can be explained by the free
rotation of both C6F5 groups about the Pt─C bonds, but also by
the free rotation of the napy ligands despite their larger volumes.
However, the NMR equivalence of the pentafluorophenyl groups
in binuclear complexes 4 and 5 with the napy ligands bridging
the Pt─M bonds (M= Ag, Cu) can only be due to rotation about
the Pt─C bonds.

Complex cation 5 entails onemore example of the few Pt! Cu
donor–acceptor bonds reported thus far showing a short Pt─Cu
bond. The uniqueness of this compound was used to explore
its reactivity towards the substitution of the acetonitrile ligand
by chloride, therefore allowing the synthesis of complexes cis-
[Pt(C6F5)2(μ-napy)2CuCl] (6) and [{Pt(C6F5)2(μ-napy)2Cu}2(μ-Cl)][PF6]
(7). A comparison of the structures of complexes 5 and 6 revealed
that the Pt─Cu bond length depends on the auxiliar ligand coor-
dinated to the copper atom (MeCN vs. Cl).
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4. Experimental Section

General Procedures and Materials: Unless otherwise indicated, the
reactions and manipulations were carried out under ambient condi-
tions at room temperature. Compounds [NnBu4]2[Pt(C6F5)4],[54]

[NBu4]2[Pt2(C6F5)4(μ-Cl)2],[55] and cis-[Pt(C6F5)2(thf )2][56] were prepared
as reported in the literature. All other reagents were purchased from
standard commercial suppliers and used as received. Elemental analy-
ses were carried out using a PerkinElmer 2400 CHNS/O Series II micro-
analyzer. IR spectra were recorded on neat solid samples using a
PerkinElmer Spectrum FT-IR spectrometer (4000–250 cm�1) equipped
with an ATR device. Alternatively, some IR spectra were measured
using Nujol mulls between polyethylene sheets. NMR spectra were
recorded on Bruker ARX 300, Bruker AV 400, or Varian Unity 300 spec-
trometers. Unless otherwise stated, the spectroscopic measurements
were carried out at room temperature. All reported chemical shifts
(δ in ppm) are given with respect to the standard references in use:
SiMe4 (1H) and CFCl3 (19F). Where applicable, resonances were assigned
by means of 1H-1H COSY experiments. The numbering scheme for the
assignments of the signals corresponding to the 1,8-naphthyridine
ligand in the prepared complexes is given in Figure 6. Multiplicity
is indicated as follows: s= singlet, d= doublet, m=multiplet,
dd= doublet of doublets, tt= triplet of triplets, br= broad, and
sh= shouldered.

Synthesis of cis-[Pt(C6F5)2(napy)2] (1): Method A: Two equivalents of
the napy ligand (116mg, 0.891 mmol) were added to a solution of cis-
[Pt(C6F5)2(thf )2] (300mg, 0.445mmol) in CH2Cl2 (30mL). After 30min of
stirring at room temperature, all volatiles were removed under vac-
uum. Addition of 20mL CHCl3 to the residue afforded a yellow solid
that was filtered, dried under vacuum and identified as compound 1
(280mg, 0.355 mmol, 80% yield). Method B: An excess of the napy
ligand (145mg, 1.12 mmol) was added to a solution of
[NnBu4]2[Pt2(C6F5)4(μ-Cl)2] (300mg, 0.186 mmol) in CHCl3 (15mL) and
the reaction mixture refluxed for 5 h. The formed yellow solid was fil-
tered, washed with iPrOH (2� 2 mL) and n-hexane (2� 3mL), dried
under vacuum, and identified as compound 1 (61.0mg, 77.3 μmol,
83%). Method C: To a solution of [NnBu4]2[Pt(C6F5)4] (200mg, 0.148
mmol) in MeOH (10mL), an excess of the napy ligand (193mg,
1.48 mmol) and two equivalents of HClO4 (1.70 mL, 0.297 mmol,
0.175 M in MeOH) were added. After stirring for a few minutes at room
temperature, the colorless solution turned yellow and a solid started to
precipitate. After 45 min of stirring, the yellow solid was filtered,
washed with iPrOH (2� 2mL) and n-hexane (2� 3mL), dried under
vacuum and identified as compound 1 (88.0 mg, 0.111 mmol, 75%).
1H NMR (400.13MHz, (CD3)2CO, 298 K; Figure S1, Supporting
Information): δH/ppm= 9.87 (dd, 2H, 3JH1-H2= 5.18 Hz, 4JH1-H3= 1.46 Hz,
sh, H1), 9.15 (dd, 2H, 3JH6-H5= 4.23 Hz, 4JH6-H4= 1.78 Hz, H6), 8.52 (dd, 2H,
3JH3-H2= 8.19 Hz, 4JH3-H1= 1.57 Hz, H3), 8.39 (dd, 2H, 3JH4-H5= 8.16 Hz,
H4), 7.66 (dd, 2H, H2), 7.61 (dd, 2H, H5). 19F NMR (376.50MHz,
(CD3)2CO, 298 K; Figure S3, Supporting Information): δF/ppm=
�120.15 (d, 4F, 3JFo-Fm= 24.54 Hz, 3JFo�195Pt= 486.98 Hz, Fo), �167.85
(t, 2F, 3JFp-Fm= 19.54 Hz, Fp),�168.18 (m, 4F, Fm). 19F NMR (282.40MHz,
CD2Cl2, 298 K; Figure S8, Supporting Information): δF/ppm=�119.93
(m, 4F, 3JFo�195Pt= 485.43 Hz, Fo), �164.96 (t, 2F, 3JFp-Fm= 19.95 Hz, Fp),
�166.61 (m, 4F, Fm). 19F NMR (282.40MHz, CD2Cl2, 183 K; Figure S12,
Supporting Information): δF/ppm=�119.66 (m, 2F, Fo1), �120.61 (m,
2F, Fo2), �163.98 (m, 2F, Fp), �165.53 (m, 4F, Fm). IR (ATR, 298 K; Figure

S43, Supporting Information): Ṽ/cm�1= C6F5 (952 (s), 798 (s), 749 (m)),
napy (1599 (m), 1572 (w), 1558 (w), 833 (m), 808 (m)). Elemental anal-
ysis calcd (%) for PtF10N4C28H12: C 42.60, H 1.53, N 7.10; found: C 42.90,
H 1.41, N 7.00. Yellow single crystals for X-ray diffraction analysis were
obtained by slow diffusion of a layer of n-hexane (15mL) into a solu-
tion of compound 1 (ca. 40mg) in acetone (3mL) at 243 K.

Synthesis of cis-[Pt(C6F5)2Cl(napyH)] (2): HCl (2.0 mL, 0.507 mmol,
0.25 M in MeOH) was added to a suspension of 1 (200mg, 0.253
mmol) in CHCl3 (20 mL). After stirring the yellow suspension for
1.5 h at room temperature, the new yellow solid obtained was fil-
tered, washed first with 10 mL CHCl3 and then with 1mL Et2O, dried
under vacuum, and identified as 2 (130 mg, 0.187 mmol, 74% yield).
Characterization data match those previously reported in the
literature.[6]

Synthesis of cis-[Pt(C6F5)Cl(napy)2] (3): HCl (0.55mL, 0.138mmol, 0.25
M in MeOH) was added to a suspension of 1 (100mg, 0.127 mmol) in
CHCl3 (10mL). After stirring for 1 h at room temperature, the yellow
suspension became a red solution, which eventually turned into an
orange suspension. This suspension was then refluxed for 1 h, the color
of the suspension turning bright yellow. The obtained yellow solid was
filtered, washed first with 2mL CHCl3 and then with 5mL n-hexane,
dried under vacuum, and identified as 3 (39.2mg, 59.6 μmol, 47%
yield). 1H NMR (400.13MHz, (CD3)2CO, 298 K; Figure S16, Sup-
porting Information): δH/ppm= 10.09 (dd, 1H, 3JH1-H2= 5.34 Hz,
4JH1-H3= 1.76 Hz, H1), 10.03 (dd, 1H, 3JH1 0-H2 0 = 5.16 Hz, 4JH1 0-H3 0 = 1.86 Hz,
sh, H1

0), 9.16 (dd, 1H, 3JH6-H5= 4.24 Hz, 4JH6-H4= 1.92 Hz, H6), 9.08
(dd, 1H, 3JH6 0-H5 0 = 4.23 Hz, 4JH6 0-H4 0 = 1.94 Hz, H6

0), 8.56 (dd, 1H,
3JH3 0 -H2 0 = 8.20 Hz, H3

0), 8.49 (dd, 1H, 3JH3-H2= 8.24 Hz, H3), 8.41
(dd, 1H, 3JH4 0 -H5 0 = 8.26 Hz, H4

0), 8.35 (dd, 1H, 3JH4-H5= 8.22 Hz, H4),
7.79 (dd, 1H, H2

0), 7.60 (m, 3H, H2þH5þH5
0). 19F NMR (376.50 MHz,

(CD3)2CO, 298 K; Figure S18, Supporting Information): δF/ppm=
�121.91 (br, 4F, Fo), �167.48 (tt, 2F, 3JFp-Fm= 19.51 Hz, 4JFp-Fo=
2.17 Hz, Fp), �169.34 (m, 4F, Fm). IR (ATR, 298 K; Figure S44,
Supporting Information): Ṽ/cm�1= C6F5 (953 (s), 805 (s)), napy
(1601 (w), 1564 (w), 1497 (m), 842 (w), 832 (w), 799 (s)), Cl (346 (m)).
Elemental analysis calcd (%) for C22H12ClF5N4Pt: C 40.16, H 1.84,
N 8.52; found: C 40.70, H 1.95, N 8.98. Orange single crystals for
X-ray diffraction analysis were obtained by slow diffusion of a layer
of n-hexane (15 mL) into a solution of compound 3 (ca. 30 mg) in
acetone (3 mL) at 277 K.

Synthesis of cis-[Pt(C6F5)2(μ-napy)2Ag(OClO3)] (4): AgClO4 (46.0 mg,
0.222 mmol) was added to a stirred solution of 1 (175 mg, 0.222
mmol) in THF (10 mL) in the dark. The yellow solution faded and after
a few minutes a solid precipitate started to appear. After 15 min of
stirring, the yellow solid was filtered, washed with n-hexane
(2� 3 mL), dried under vacuum, and identified as compound 4
(206mg, 0.207 mmol, 93% yield). 1H NMR (300.13 MHz, (CD3)2CO,
298 K; Figure S20, Supporting Information): δH/ppm= 10.21 (d, 2H,
3JH1-H2= 5.22 Hz, sh, H1), 9.50 (dd, 2H, 3JH6-H5= 4.60 Hz, 4JH6-
H4= 1.84 Hz, H6), 8.93 (dd, 2H, 3JH3-H2= 8.21 Hz, 4JH3-H1= 1.63 Hz,
H3), 8.84 (dd, 2H, 3JH4-H5= 8.22 Hz, H4), 8.03 (dd, 2H, H2), 7.96 (dd,
2H, H5). 19F NMR (282.40 MHz, (CD3)2CO, 298 K; Figure S23,
Supporting Information): δF/ppm=�118.50 (br, 4F, Fo), �163.78
(t, 2F, 3JFp-Fm= 19.54 Hz, Fp), �165.99 (m, br, 4F, Fm). 19F NMR
(282.40 MHz, (CD3)2CO, 213 K; Figure S25, Supporting Information):
δF/ppm=�116.07 (m, 2F, 3JFo�195Pt= 575.05 Hz, Fo1), �120.64 (m,
2F, 3JFo�195Pt= 434.75 Hz, Fo2), �163.19 (t, 2F, 3JFp-Fm= 20.14 Hz, Fp),
�165.41 (m, 4F, Fm). IR (ATR, 298 K, Figure S45, Supporting
Information): Ṽ/cm�1= C6F5 (957 (s), 811 (m), 798 (s)), [ClO4]�

(1099 (m), 622 (m)), napy (1635 (w), 1606 (w), 1570 (w), 777 (w)).
Elemental analysis calcd (%) for C28H12AgClF10N4O4Pt: C 33.74, H
1.21, N 5.62; found: C 33.58, H 1.13, N 5.40. Yellow single crystals for
X-ray diffraction analysis were obtained by slow diffusion of a layer of
n-hexane (15 mL) into a solution of compound 4 (ca. 30mg) in
acetone (3 mL) at 243 K.

Figure 6. Numbering scheme for the NMR spectroscopic descrip-
tion of the 1,8-naphthyridine ligand in the prepared complexes.
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Synthesis of cis-[Pt(C6F5)2(μ-napy)2Cu(NCMe)][PF6] (5): [Cu(NCMe)4]
[PF6] (23.6 mg, 63.3 μmol) was added to a solution of 1 (50.0 mg,
63.3 μmol) in CH2Cl2 (5 mL) and stirred at room temperature for 5
min, with a color change of yellow to orange. Et2O was then added
and an orange solid precipitated. The solid was filtered, washed with
Et2O (2� 3mL), dried under vacuum and identified as compound 5
(59.4 mg, 57.2 μmol, 90% yield). 1H NMR (300.13 MHz, (CD3)2CO, 298
K; Figure S27, Supporting Information): δH/ppm= 10.24 (d, 2H,
3JH1-H2= 5.17 Hz, sh, H1), 9.63 (dd, 2H, 3JH6-H5= 4.85 Hz, 4JH6-H4=
1.78 Hz, H6), 8.92 (dd, 2H, 3JH3-H1= 1.68 Hz, H3), 8.89 (dd, 2H, H4),
8.06 (dd, 2H, 3JH2-H3= 8.24 Hz, H2), 8.00 (dd, 2H, 3JH5-H4= 8.21 Hz, H5),
2.19 (s, 3H, NCCH3). 19F NMR (282.40 MHz, (CD3)2CO, 298 K; Figure S30,
Supporting Information): δF/ppm=�72.66 (d, 6F, 1JF-P= 707.3 Hz,
[PF6]�), �118.08 (br, 4F, Fo), �163.97 (t, 2F, 3JFp-Fm= 19.52 Hz, Fp),
�166.31 (m, 4F, Fm). 19F NMR (282.40 MHz, (CD3)2CO, 213 K;
Figure S32, Supporting Information): δF/ppm=�71.88 (d, 6F, 1JF-P=
708.4 Hz, [PF6]�), �114.65 (br, 2F, Fo1), �120.52 (m, 2F, 3JFo�195Pt=
420.24 Hz, Fo2),�163.35 (t, 2F, 3JFp-Fm= 20.08 Hz, Fp),�165.67 (m, 4F, Fm).
IR (ATR, 298 K; Figure S46, Supporting Information): Ṽ/cm�1= C6F5
(957 (m), 809 (m), 798 (m)), [PF6]� (848 (m), 557 (m)), napy (1635
(m), 1606 (w), 1572 (w), 837 (w), 832 (w)), NCCH3 (2165 (w)).
Elemental analysis calcd (%) for: C30H15CuF16N5PPt: C, 34.68;
H, 1.46; N, 6.74; found: C, 34.31; H, 1.21; N, 5.95. Single crystals for
X-ray diffraction analysis were obtained by slow diffusion of a layer
of n-hexane (15mL) into a solution of compound 5 (ca. 30mg)
in 1,2 dichloroethane (3 mL) at 277 K.

Synthesis of cis-[Pt(C6F5)2(μ-napy)2CuCl] (6): Method A: [NnBu4]
Cl·H2O (57.0 mg, 0.192 mmol) was added to a solution of 5 (200
mg, 0.192 mmol) in CH2Cl2 (30 mL). The orange solution turned
immediately brown and a solid started to precipitate. After stirring
for 10 min at room temperature the brown solid was filtered, washed
with 5mL CH2Cl2, dried under vacuum, and identified as 6 (120mg,
0.135 mmol, 70% yield). Method B: CuCl (18.8 mg, 0.190 mmol) was
added to a solution of 1 (150mg, 0.190 mmol) in CH2Cl2 (30mL) The
yellow solution turned immediately brown and a solid started to pre-
cipitate. After stirring for 10 min at room temperature, the brown
solid was filtered, washed with 5mL n-hexane, dried under vacuum,
and identified as 6 (121mg, 0.136 mmol, 72% yield). 1H NMR
(300.13 MHz, (CD3)2CO, 193 K; Figure S37, Supporting Information):
δH/ppm= 10.28 (br, 2H, H1), 9.90 (br, 2H, H6), 8.90 (br, 2H,
H3þ H4), 8.06 (br, 2H, H2), 7.94 (br, 2H, H5). 19F NMR (282.40 MHz,
(CD3)2CO, 193 K; Figure S38, Supporting Information): δF/ppm=
�110.07 (m, 2F, 3JFo�195Pt= 494.20 Hz, Fo1), �119.42 (m, 2F,
3JFo�195Pt= 451.80 Hz, Fo2), �162.90 (m, 2F, Fp), �164.71 (m, 2F,
Fm1), �165.30 (m, 2F, Fm2). IR (ATR, 298 K; Figure S47, Supporting
Information): Ṽ/cm�1= C6F5 (962 (s), 809 (s), 801 (s)), napy (1569
(m), 837 (m), 437 (w)). Elemental analysis calcd (%) for
C28H12ClCuF10N4Pt·CH2Cl2: C 35.78, H 1.45, N 5.76; found: C 35.73,
H 1.49, N 5.60. Single crystals for X-ray diffraction analysis were
obtained by slow diffusion of a layer of n-hexane (15 mL) into a solu-
tion of compound 6 (ca. 40mg) in 1,2-dichloroethane (3 mL) at 277 K.

Synthesis of [{Pt(C6F5)2(μ-napy)2Cu}2(μ-Cl)][PF6] (7): [NnBu4]Cl·H2O
(28.5 mg, 96.2 μmol), was added to a solution of 5 (200mg, 0.192
mmol) in CH2Cl2 (30 mL). The orange solution turned immediately
brown. After stirring for 20 min at room temperature, all volatiles
were evaporated to dryness. The residue was then treated with
10 mL CHCl3, resulting in a brown solid that was filtered, dried under
vacuum, and identified as 7 (304mg, 0.161 mmol, 84% yield). 1H NMR
(300.13 MHz, (CD3)2CO, 193 K; Figure S41, Supporting Information):
δH/ppm= 10.35 (br, 4H, H1), 10.18 (br, 4H, H6), 8.97 (d, 4H, 3JH3-
H2= 7.90 Hz, H3), 8.90 (d, 4H, 3JH4-H5= 8.10 Hz, H4), 8.12 (dd, 4H,
4JH2-H1= 5.10 Hz, H2), 7.92 (dd, 4H, 4JH5-H6= 4.90 Hz, H5). 19F NMR
(282.40 MHz, (CD3)2CO, 193 K; Figure S42, Supporting Information):
δF/ppm=�110.20 (m, 4F, 3JFo�195Pt= 485.40 Hz, Fo1), �119.84
(m, 4F, 3JFo�195Pt= 406.00 Hz, Fo2),�163.02 (m, 4F, Fp),�165.17 (m, 4F,
Fm1), �166.30 (m, 4F, Fm2). IR (ATR, 298 K; Figure S48, Supporting

Information): Ṽ/cm�1= C6F5 (962 (s), 812 (s), 795 (s)), [PF6]� (848
(s), 559 (s)), napy (1571 (m), 437 (w)). Elemental analysis calcd (%)
for C56H24ClCu2F26N8PPt2: C 35.65, H 1.28, N 5.94; found: C 34.96, H
1.59, N 5.76. Single crystals were obtained by slow diffusion of a layer
of n-hexane (15 mL) into a solution of compound 7 (ca. 40 mg) in
1,2-dichloroethane (3 mL) at 277 K.

Crystal Data and X-Ray Structure Determination: Single crystals suit-
able for X-ray diffraction studies were obtained as indicated in the
corresponding experimental entry. Crystal data and other details
of the structure analysis are presented in Table S1 in the
Supporting Information, together with the details of diffraction data
collection and structure solution.
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