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Introduction

The chemistry of metal alkynyl complexes has long been in-
vestigated because of their rich chemical reactivity, structur-
al diversity,[1–3] and more recently, due to their potential ap-
plication in materials science.[4–21] In the chemistry of alkynyl
platinum complexes increasing attention has been paid to
the study of the spectroscopic and luminescence behavior of
discrete polynuclear platinum complexes containing alkynyl
bridging ligands because of their ability to modulate them
by metal–metal (Pt···Pt, Pt···M) and h2-metal alkynyl bond-
ing interactions.[5,22–31]

Furthermore, polynuclear transition-metal complexes with
neutral pyrazoles (HRpz) or anionic pyrazolates (Rpz) as li-
gands have attracted much attention due to their versatile
structures and properties.[32–35] Pyrazolates such as 1,2-dihap-
to ligands have been used to produce numerous homo- and

Abstract: This work describes the syn-
thesis of cis-[Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(Hdmpz)2] (1)
and its use as a precursor for the prep-
aration of homo- and heteropolynu-
clear complexes. Double deprotonation
of compound 1 with readily available
MI (M = Cu, Ag, Au) or MII (M =

Pd, Pt) species affords the discrete hex-
anuclear clusters [{PtM2ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-
dmpz)2}2] [M = Cu (2), Ag (3), Au
(4)], in which both “PtACHTUNGTRENNUNG(C�CPh)2-
ACHTUNGTRENNUNG(dmpz)2” fragments are connected by
four d10 metal centers, and are stabi-
lized by alkynyl and dimethylpyrazo-
late bridging ligands, or the trinuclear
complexes [Pt ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2{M-
ACHTUNGTRENNUNG(C^P)}2] (M = Pd (5), Pt (6); C^P =

CH2-C6H4-P ACHTUNGTRENNUNG(o-tolyl)2-kC,P), respec-

tively. The X-ray structures of com-
plexes 1–4 and 6 are reported. The X-
ray structure of the platinum–copper
derivative 2 shows that all copper cen-
ters exhibit similar local geometry
being linearly coordinated to a nitro-
gen atom and h2 to one alkynyl frag-
ment. However in the related plati-
num–silver (3) and platinum–gold (4)
derivatives the silver and gold atoms
present three different coordination en-
vironments. The complexes have been

studied by absorption and emission
spectroscopy. The hexanuclear com-
plexes exhibit bright luminescence in
the solid state and in fluid solution
(except 4 in the solid state at 298 K).
Dual long-lived emission is observed,
being clearly resolved in low-tempera-
ture rigid media. The low-energy emis-
sion is ascribed to MLM’CT Pt(d)/p-
ACHTUNGTRENNUNG(C�CPh)!Pt(pz)/M’(sp)/p* ACHTUNGTRENNUNG(C�CPh)
modified by metal–metal interactions
whereas the high-energy emission is
tentatively attributed to an emissive
state derived from dimethylpyrazolate-
to-metal (d10) LM’CT transitions p-
ACHTUNGTRENNUNG(dmpz)!M’ ACHTUNGTRENNUNG(d10).
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heterobridged dinuclear complexes and oligomers. These
kinds of ligands have a proven ability to hold metal atoms
in close proximity while permitting a wide range of interme-
tallic separations, being useful in the synthesis of shape-per-
sistent macrocycles, such as the homonuclear [MI

ACHTUNGTRENNUNG(m-Rpz)]3
(M = Cu,[36–42] Ag,[37,38,43,44] Au;[43,45–50] Rpz = pyrazolate or
substituted pyrazolate) or [MII

3 ACHTUNGTRENNUNG(m-Rpz)6] (MII = Pd[51,52]

Pt[52,53]) as the heteronuclear clusters [Pd2M2ACHTUNGTRENNUNG(m-Rpz)6] (M =

Cu, Ag, Au),[52,54] and [M2M’4 ACHTUNGTRENNUNG(m-Rpz)8] (M = Pd, Pt; M’ =
Cu, Ag).[52,55] Apart from the interest arising from their
structural diversity, some of these pyrazolate bridging com-
plexes have also been shown to be excellent systems for ex-
amining metallophilic interactions[49,56–62] and as luminescent
materials.[49,56–59,63–66] One of the synthetic strategies used to
obtain the above-mentioned heteropolynuclear pyrazolate
complexes is the replacement of the proton in coordinated
pyrazoles by the metal ions: CuI, AgI, and AuI. The self-as-
sembly of the resulting units gives the heterometallic clusters.

Following our recent interest in alkynyl luminescent het-
eropolynuclear complexes,[25–31] we decided to explore the
chemistry of new platinum complexes containing these two
kinds of ligands: alkynyl and pyrazole, the reactivities of

which, with different metal species, could afford heterome-
tallic clusters. In this paper, we report the preparation of cis-
[Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(Hdmpz)2] (1), that can be easily deprotonated
affording hexanuclear “Pt2M4” (M = Cu, Ag, Au) and tri-
nuclear “PtM2” (M = Pd, Pt) alkynyl dimethylpyrazolate
bridging complexes. The structural characterization (com-
pounds 1–4 and 6) and luminescence behavior of the novel
heteroleptic and heterometallic complexes is included.

Results and Discussion

Synthesis and characterization of cis-[Pt ACHTUNGTRENNUNG(C�CPh)2-
ACHTUNGTRENNUNG(Hdmpz)2] (1): Complex 1 was prepared in moderate yield
(50%) by reaction of cis-[PtCl2ACHTUNGTRENNUNG(Hdmpz)2] (A) with LiC�
CPh (see Scheme 1a and Experimental Section for details),
and was characterized by the usual analytical and spectro-
scopic means, and also by X-ray crystallography. The IR
spectrum of complex 1 shows several absorptions around
3200 cm�1 due to the N�H bonds and two ñ ACHTUNGTRENNUNG(C�C) absorp-
tions consistent with a cis configuration of the s-alkynyl li-
gands around the PtII center.[67] The 1H NMR spectrum
shows, in addition to the aromatic Ph protons, two sets of
signals due to the Hdmpz groups, indicating that they are in-
equivalent at room temperature, probably due to the hin-
dered rotation around the Pt�N bonds. Variable-tempera-
ture 1H NMR spectra of complex 1 revealed the coalescence
of each pair of signals (d=1.37 and 1.87 (Me) at 320 K; 2.05
and 2.70 (Me) at 325 K; 5.65 and 5.86 (H4) at 310 K; 11.71
and 12.99 ppm (N�H) at 330 K) and at 330 K only one set
of dmpz signals (d=12.40 (N�H), 5.64 (H4), 2.40, 1.64 ppm
(CH3)) is observed. An estimation of the energy barrier by
using the approximation to the Eyring equation (DG�=

19.14Tc(9.97+logTc/Dn)) at the coalescence temperatures Tc

leads to DG� values of about 63 kJmol�1 for the Pt�N bond
rotation.

The structure of complex 1 as evaluated by X-ray diffrac-
tion analysis (Figure 1, Table 1) confirms the cis arrange-
ment of both phenylethynyl and Hdmpz groups. The Pt�C
bond lengths are identical within experimental error and
similar to those reported for neutral diimine bis-
ACHTUNGTRENNUNG(alkynyl)platinum(ii) complexes[68–70] but slightly shorter
than those observed in other platinum alkynyl complexes
such as (NBu4)[PtACHTUNGTRENNUNG(bzq) ACHTUNGTRENNUNG(C�CPh)2],[67] (NBu4)[PtACHTUNGTRENNUNG(bzq)(C�C-
C5H4N-2)2],

[67] [Pt ACHTUNGTRENNUNG(tBu3tpy)(C�C-C6H4-NCS-4)] ACHTUNGTRENNUNG(OTf),[71] and
[Pt ACHTUNGTRENNUNG(C�CR)ACHTUNGTRENNUNG(Me2NCH2-ACHTUNGTRENNUNG(sFc)) ACHTUNGTRENNUNG(dmso)] (R = SiMe3 (2.076(5),
Fc (2.059(6) X).[72] The Pt�N bond lengths are in the range
of those found in Pt complexes with the same type of li-
gands.[52,53,73–78] The platinum alkynyl units [Pt-Ca

�Cb-CPh]
basically show a linear arrangement with the Ca and Cb

bond angles ranging between 175 and 1808. The monoden-
tate Hdmpz ligands are planar within experimental error
and they are oriented almost perpendicularly one to another
(the interplanar angle being 75.958) forming, with the plati-
num coordination plane, an angle of 61.138 (N(1), N(2),
C(17), C(18), C(19)) and 65.848 (N(3), N(4), C(22), C(23),
C(24)).

Abstract in Spanish: Este trabajo describe la s#ntesis de cis-
[Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(Hdmpz)2] (1) y su empleo como precursor en
la preparaci+n de complejos homo- y heteropolinucleares. La
doble desprotonaci+n de 1 con especies de MI (M = Cu, Ag,
Au) y MII (M = Pd, Pt) permite obtener clusters hexanuclea-
res [{PtM2ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] [M = Cu (2), Ag (3),
Au (4)], o complejos trinucleares [PtACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-
dmpz)2{M ACHTUNGTRENNUNG(C^P)}2] (M = Pd (5), Pt (6) ; C^P = CH2-C6H4-
P ACHTUNGTRENNUNG(o-tolyl)2-kC,P) respectivamente. En los complejos 2–4
ambos fragmentos “Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(dmpz)2” est;n conectados
por cuatro centros met;licos de configuraci+n d10, estabiliza-
dos por ligandos alquinilo y/o dimetilpirazolato puente. Se
describen las estructuras cristalinas de los complejos 1–4 y 6
obtenidas mediante difracci+n de rayos X sobre monocrista-
les. La estructura cristalina del derivado de Pt/Cu, 2, revela
que todos los centros de cobre presentan una geometr#a local
similar, y se encuentran coordinados linealmente a un ;tomo
de nitr+geno y a un fragmento alquinilo de forma h2. Sin em-
bargo, en los derivados de Pt/Ag (3) y de Pt/Au (4) los
;tomos de plata y oro presentan tres entornos de coordina-
ci+n diferentes. Se analizan los espectros de UV y de luminis-
cencia. Los compuestos hexanucleares presentan una intensa
luminiscencia tanto en estado s+lido como en disoluci+n (ex-
cepto 4 en estado s+lido a 298 K). Estos derivados exhiben
una doble emisi+n de larga vida media, que se resuelve clara-
mente en un medio r#gido a baja temperatura. La emisi+n de
baja energ#a se asocia a la transferencia de carga metal-ligan-
do-metal’ MLM’CT Pt(d)/pACHTUNGTRENNUNG(C�CPh)!Pt(pz)/M’(sp)/p* ACHTUNGTRENNUNG(C�
CPh) modificada por interacciones metal–metal mientras que
la emisi+n de alta energ#a se atribuye a un estado emisivo de-
rivado de transiciones desde el ligando dimetilpirazolato al
metal’ (d10) LM’CT pACHTUNGTRENNUNG(dmpz)!M’ ACHTUNGTRENNUNG(d10).
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Reactivity of cis-[Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(Hdmpz)2] (1) towards MI

species (M = Cu, Ag, Au): The two acidic hydrogen atoms
in complex 1 can be eliminated by a weak Lewis base and

replaced by metal ions as CuI,
AgI, and AuI. The reactions of
complex 1 with [Cu-
ACHTUNGTRENNUNG(CH3CN)4]PF6, AgClO4, and
PPN[AuACHTUNGTRENNUNG(acac)2] (PPN = Ph2P=
N+=PPh3) in a 1:2 molar ratio
in CH2Cl2 and, in the presence
of NEt3, thus result in the for-
mation of the hexanuclear com-
pounds [{PtM2 ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-
dmpz)2}2] (M = Cu (2), Ag (3),
Au (4)) (Scheme 1b–d). In all
cases the acidic protons are
eliminated with formation of
the corresponding triethylam-
monium salts (NEt3HPF6,
NEt3HClO4, NEt3Hacac), that
are separated from the final
complexes 2–4 due to their sol-
ubility in methanol that was
used as a precipitating agent
(see Experimental Section).
The desired final complexes are
isolated as air-stable yellow (2,
3) or beige (4) solids and have
been characterized by elemen-
tal analysis, mass spectrometry
(FAB+), IR and 1H NMR spec-
troscopy, and also by single-
crystal X-ray diffraction analy-
sis. The most significant struc-
tural features are found in the
IR spectra of the complexes.
Thus, the absence of absorp-

tions due to the N�H bonds and the significant shifts of the
ñ ACHTUNGTRENNUNG(C�C) stretching vibrations to lower wavenumbers with re-
spect to those of the starting compound 1 (2127, 2115 (1)
versus 2023, 1984 (2); 2039 (3); 1948 cm�1 (4)) indicate that
in all cases the substitution of the acidic hydrogen atoms
(N�H) by CuI, AgI, and AuI atoms has taken place and that
these metal atoms are presumably interacting with the elec-
tron density of the alkynyl ligands.[79–81] The FAB+ mass
spectra of all complexes exhibit a high-intensity peak corre-
sponding to [Pt2M4ACHTUNGTRENNUNG(C�CPh)4ACHTUNGTRENNUNG(dmpz)4] in agreement with a
dimeric formulation that has been confirmed by X-ray crys-
tallography (Figures 2–4).

Scheme 1. b) 2 [Cu ACHTUNGTRENNUNG(NCMe)4]PF6/NEt3 (�2NEt3HPF6); c) +2AgClO4/NEt3/(�2NEt3HClO4); d) 2PPN[Au-
ACHTUNGTRENNUNG(acac)2/NEt3/(�2PPNacac/�2NEt3Hacac); e) [M ACHTUNGTRENNUNG(C^P) ACHTUNGTRENNUNG(m-O2CCH3)]2)/NEt3/(�2NEt3HO2CCH3).

Figure 1. Molecular structure of compound 1 (ellipsoids at 50% probabil-
ity).

Table 1. Selected bond lengths [X] and angles [8] in complex cis-[Pt ACHTUNGTRENNUNG(C�
CPh)2ACHTUNGTRENNUNG(Hdmpz)2] (1).

Pt�C(1) 1.957(3) C(9)�C(10) 1.201(4)
Pt�N(1) 2.074(3) Pt�C(9) 1.951(3)
C(1)�C(2) 1.196(4) Pt�N(3) 2.066(3)
Pt-C(1)-C(2) 177.0(3) C(1)-C(2)-C(3) 179.1(4)
Pt-C(9)-C(10) 175.3(3) C(9)-C(10)-C(11) 176.2(3)
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Structural characterization of complexes 2–4 : Complex 2
(Figure 2, Table 2) is a hexanuclear compound formed by
two Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(dmpz)2 fragments held together by four
copper atoms, each s-bonded to one dmpz from one plati-
num unit and h2-bonded to the phenylethynyl ligand from
the other one. The platinum coordination planes are almost
parallel (interplanar angle 9.5(1)8)[82] and staggered with a
torsion angle N(3)-Pt(1)-Pt(2)-N(7) of 31.58 appropriate to a
local h2 and s (N, dmpz) dicoordination of the Cu centers.
All Cu atoms adopt a linear coordination with similar geo-
metric environments, formed by the N atom and the mid-
point of the coordinated C�C vector (C0), as the N-Cu-C0

angles are 169.28 (Cu(1)), 171.98 (Cu(2)), 171.98 (Cu(3)),
and 171.98 (Cu(4)). The C�CPh ligands are nearly symmet-
rically h2-coordinated to the CuI centers with Cu�C bond
lengths that are comparable to those found in related CuI p-
bonded alkynyl bridging complexes.[25,83–91] As far as we
know, a small number of CuI complexes with an L-Cu ACHTUNGTRENNUNG(h2-C�
CR) coordination environment have been reported.[83–85]

The Cu�N and Pt�N bond lengths are in the range of those
found in pyrazolato copper(i)[36–42,56,57, 63,92] and PtII com-
plexes.[52,53, 73–78] As expected[79–81] the Pt-Ca

�Cb-CPh units de-
viate from linearity, this distortion being more pronounced
at the Cb atom (161.7(6)–167.5(7)8) and the Ca

�Cb bond
lengths are slightly elongated with respect to complex 1.

Finally, no bonding between the metal atoms occurs
(Pt···Cu 3.016(9)–3.348(9) X; Cu···Cu 3.089(9)–4.695(2) X).
Although, we noted that the two shortest Pt···Cu contacts
are associated with the alkynyl bridging fragments (3.016–
3.121 versus 3.224–3.348 X). With regard to the Cu···Cu dis-
tances, although the Cu(1)···Cu(2) and Cu(2)···Cu(4)
(3.236(4) and 3.089(9) X, respectively) are longer than the
sum of van der Waals radii (2.8 X),[93] both are short enough
for a contact between the atoms to be considered.

The molecular structures of complexes 3 and 4 are depict-
ed in Figures 3 and 4 and selected bond lengths and angles
are listed in Table 3. As can be seen, both hexanuclear com-

plexes are formed by two “PtACHTUNGTRENNUNG(C�CPh)2 ACHTUNGTRENNUNG(dmpz)2” fragments
joined by four MI atoms (M = Ag (3), Au (4)), in such a
way that the platinum coordination planes are again almost
parallel (the interplanar angle is 8.58 in complex 3 and 9.38
in complex 4).[82] However, in these complexes, the torsion
angle N(1)-Pt-Pt’-N(1’) is 53.08 in complex 3 and 45.98 in
complex 4, respectively, allowing the metal centers (Ag in
complex 3 and Au in complex 4) to exist in different local
environments. Thus, each of the four M atoms is bonded to
two ligands, one from each platinum unit (Pt, Pt’) but exhib-
its three different coordination environments: M(1) is sym-
metrically stabilized by the electron density of two alkynyl
ligands, M(2) is coordinated to two dmpz groups, while both
M(3) and M(3’) are bonded to one dmpz and to the p elec-
tron density of one alkynyl ligand. All the M atoms can be
considered to have a linear coordination environment; for
M(1), the angles C0-M(1)-C00 (C0 and C00 being the mid-
points of the two C�C vectors coordinated to it) are 157.88
(3) and 174.58 (4), for M(2), the angles N(2)-M(2)-N(2’) are
168.3(2)8 (3) and 173.2(3)8 (4), and for M(3) and M(3’) the
angles N-M-C0 are 166.28 (3) and 175.38 (4), respectively.
With the exception of the asymmetrical h2,h2-coordination
for Ag(1) in complex 3, the remaining C�CPh ligands are
essentially coordinated in a symmetrical h2-coordination
mode to the M centers, with similar M�Ca and M�Cb

lengths and comparable to those observed in other dicoordi-
nated h2-alkynyl-bonded AgI[79,86,94–99] or AuI[100–104] com-
plexes. The structural details concerning the C�CPh units
are typical of m,h2 (s,p) alkynyl bridging complexes.[79–81] In
particular, the Pt-Ca

�Cb-CPh units are not strictly linear (see
Table 3) and the Ca

�Cb bond lengths are comparatively
longer than for typical terminal alkynyl complexes. It is in-
teresting to note that these C�C distances are somewhat
more elongated in the platinum–gold derivative (4) (average
0.052 X in complex 4 versus 0.03 X in complex 3) with re-

Figure 2. Molecular structure of compound 2 (ellipsoids at 50% probabil-
ity).

Table 2. Selected bond lengths [X] and angles [8] in complex [{PtCu2 ACHTUNGTRENNUNG(m-
C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] (2).

Pt(1)�N(1) 2.051(4) Pt(1)�N(3) 2.013(6)
Pt(2)�C(27) 1.961(6) Pt(2)�C(35) 1.895(8)
Pt(2)�N(5) 2.054(5) Pt(2)�N(7) 2.025(6)
Cu(1)�C(1) 2.010(7) Cu(1)�C(2) 2.063(6)
Cu(1)�N(8) 1.881(6) Cu(2)�C(9) 2.004(4)
Cu(2)�C(10) 2.097(6) Cu(2)�N(6) 1.882(4)
Cu(3)�C(27) 2.018(6) Cu(3)�C(28) 2.067(6)
Cu(3)�N(4) 1.873(5) Cu(4)�C(35) 2.012(6)
Cu(4)�C(36) 2.072(6) Cu(4)�N(2) 1.867(4)
C(1)�C(2) 1.217(7) C(9)�C(10) 1.267(9)
C(27)�C(28) 1.235(8) C(35)�C(36) 1.258(9)
Pt(1)�Cu(1) 3.121(8) Pt(1)�Cu(2) 3.016(9)
Pt(1)�Cu(3) 3.274(8) Pt(1)�Cu(4) 3.283(7)
Pt(2)�Cu(1) 3.224(8) Pt(2)�Cu(2) 3.348(9)
Pt(2)�Cu(3) 3.048(7) Pt(2)�Cu(4) 3.078(7)
Cu(1)�Cu(2) 3.236(4) Cu(2)�Cu(4) 3.089(9)
Cu(1)···Cu(3) 3.585(1) Cu(1)···Cu(4) 4.683(1)
Cu(2)···Cu(3) 4.695(2) Cu(3)···Cu(4) 3.379(1)
Pt(1)-C(1)-C(2) 177.3(5) C(1)-C(2)-C(3) 167.5(7)
Pt(1)-C(9)-C(10) 176.0(5) C(9)-C(10)-C(11) 165.8(6)
Pt(2)-C(27)-C(28) 173.6(5) C(27)-C(28)-C(29) 164.6(7)
Pt(2)-C(35)-C(36) 174.2(5) C(35)-C(36)-C(37) 161.7(6)
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spect to those in complex 1. This fact concerning the struc-
ture, that is in line with the lower (C�C) vibration observed
in the IR spectra (ñ = 1948 in complex 4 as opposed to
2039 cm�1 in complex 3), clearly points to a stronger Au-h2

(acetylenic) bonding interaction, contrasting with the rela-
tively low number of reported complexes of type bis(h2-al-
kynyl)Au.[103] The Pt�C,[67–72,79–81] Pt�N,[52,53,73–78] and M�N
bond lengths[37,38,43–50,52,54,55, 64,92, 105–111] are similar to those ob-
served in related pyrazolate complexes.

Although the M···M separations are all longer than 3 X
(3.027(5)–4.473(6) (3); 3.297(3)–5.010(5) X (4)), some
metal–metal (Pt···M and also M···M) contacts could be in-
voked. In both complexes, the shortest Pt···M length is that
corresponding to the M(1) atom, established by h2,h2 alkynyl
ligands (3.094(4) and 3.297(3) X for complexes 3 and 4, re-
spectively). Among the M···M distances, only the
M(1)···M(2) is long enough to exclude any bonding contact

between the metal atoms (4.473(6) and 5.010(5) X for com-
plexes 3 and 4, respectively) though, in general, the Ag···Ag
separations (3.027(5), 3.280(5) X) are shorter than those for
the Au···Au separations (3.411(4), 3.573(3) X).

Behavior of compounds 2–4 in solution : The IR spectra of
all solutions of complexes in CH2Cl2 show similar ñ ACHTUNGTRENNUNG(C�C)
absorptions to those in the solid state, suggesting that the
h2-alkynyl interactions probably remain when in solution.
For the 1H NMR spectra of these complexes, in the light of
the structures of complexes 2–4 as determined by X-ray dif-
fraction (Figures 2–4), two sets of signals, due to the inequi-
valent dmpz groups of one Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(dmpz)2 unit, are ex-
pected. This is, in fact, what it is observed for complexes 2
and 4 (symmetry C2). However, complex 3 shows only one
set of signals due to the dmpz groups (d=5.85 (s, H4), 2.29
(s, CH3), 1.90 ppm (s, CH3)), indicating that either the com-
plex exhibits a structure of higher symmetry in solution
(Scheme 2c, C2h) or that some dynamic process takes place
on the NMR time scale. Low-temperature NMR experi-
ments in solutions of CD2Cl2 were carried out. At 243 K the
singlet at 2.29 ppm becomes wider and splits into two sin-
glets at 228 K (d=2.42 (s), 2.00 ppm (s)), but the other sig-
nals do not change. At 203 K all signals split, giving rise to
two different sets of resonances due to the dmpz (d=5.91
(s, 1H; H4), 5.86 (s, 1H; H4), 2.40 (s, 3H; CH3), 2.00 (s, 3H;
CH3), 1.94 (s, 3H; CH3), 1.81 ppm (s, 3H; CH3)). Successive
experiments on the same sample at 193 and 273 K show two
and one sets of signals for the dmpz, respectively, indicating
the existence of a reversible process. The behavior of com-
plex 3 in solution could be related to the fact that the h2-al-
kynyl Ag bonding interactions are relatively weaker than
the corresponding h2-alkynyl metal bonding interactions in

Figure 3. Molecular structure of compound 3 (ellipsoids at 50% probabil-
ity).

Figure 4. Molecular structure of compound 4 (ellipsoids at 50% probabil-
ity).

Table 3. Selected bond lengths [X] and angles [deg] for [{PtM2 ACHTUNGTRENNUNG(m-C�
CPh)2ACHTUNGTRENNUNG(m-dmpz)2}2]·2Me2CO.

M = Ag (3·2Me2CO) M = Au (4·2Me2CO)

Pt�C(1) 1.969(4) 1.967(6)
Pt�C(9) 1.971(5) 1.949(7)
Pt�N(1) 2.061(4) 2.067(5)
Pt�N(3) 2.066(4) 2.065(5)
M(1)�C(9)/(9’) 2.289(4) 2.217(6)
M(1)�C(10)/ ACHTUNGTRENNUNG(10’) 2.434(5) 2.225(7)
M(2)�N(2)/(2’) 2.081(3) 2.025(5)
M(3)�N(4) 2.102(3) 2.030(5)
M(3)�C(1’) 2.276(4) 2.221(6)
M(3)�C(2’) 2.323(4) 2.174(6)
Pt�M(1) 3.094(4) 3.297(3)
Pt�M(2) 3.589(4) 3.670(3)
Pt�M(3) 3.314(4) 3.471(4)
M(1)�M(2) 4.473(6) 5.010(5)
M(1)�M(3) 3.027(5) 3.411(4)
M(2)�M(3) 3.280(5) 3.573(3)
C(1)�C(2) 1.233(6) 1.246(9)
C(9)�C(10) 1.224(7) 1.255(10)
N(2’)-M(2)-N(2) 168.3(2) 173.2(3)
C(2)-C(1)-Pt 176.1(4) 172.8(5)
C(1)-C(2)-C(3) 168.5(4) 164.0(6)
C(10)-C(9)-Pt 174.2(4) 178.0(6)
C(9)-C(10)-C(11) 174.4(5) 159.1(8)
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the homologous copper (2) and gold (4) derivatives and, at
room temperature, complex 3 (structure a) reaches the
structure c through the intermediate structure b. As is
shown in Scheme 2, structure b, found in the copper deriva-
tive, can be easily obtained from structure a through intra-
molecular-ligand-site exchange by the simultaneous cleavage
of two h2 interactions (Ag(1), Ag(3)), and two silver–dmpz
bonds (Ag(3’) and Ag(2)). Subsequent or simultaneous rota-
tion of one of the platinum fragments (~458) could give rise
to the most symmetrical structure c. This suggestion is sup-
ported by the fact that the NMR spectrum of complex 4
does not change with increasing the temperature from 293
to 323 K, while the proton spectrum of complex 2 at high
temperature (320 K) shows the same pattern (d=5.73 (s,
2H; H4), 2.45 (s, 3H; CH3), 2.00 (s, 3H; CH3), 1.78 ppm (s,
6H; CH3)), as that of complex 3 at room temperature
(293 K). This fact suggests that, in solution, these structures
a, b, and c are probably related, and the rigidity increases
(3<2<4) as the ñ ACHTUNGTRENNUNG(C�C) in solution decreases (ñ = 2043
(3); 2026, 1989 (2); 1959 cm�1 (4)). In fact, although com-
plex 3 adopts structure a in the solid state, we cannot ex-
clude that the frozen structure present in the low-tempera-
ture regime (228 K) may correspond to a b-type structure,
since a similar pattern (inequivalent dmpz groups) should
be observed.

Reactivity of cis-[Pt ACHTUNGTRENNUNG(C2Ph)2 ACHTUNGTRENNUNG(Hdmpz)2] (1) towards the [{M-
ACHTUNGTRENNUNG(C^P) ACHTUNGTRENNUNG(m-O2CCH3)}2] species (M = Pd, Pt; C^P = CH2-
C6H4-P ACHTUNGTRENNUNG(o-tolyl)2-kC,P): Complex 1 also reacts with the dinu-
clear neutral complexes [{M ACHTUNGTRENNUNG(C^P) ACHTUNGTRENNUNG(m-O2CCH3)}2] (M = Pd,
Pt; C^P = CH2-C6H4-P ACHTUNGTRENNUNG(o-tolyl)2-kC,P) in a 1:1 molar ratio
in the presence of NEt3 to yield the trinuclear complexes
[Pt ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2{M ACHTUNGTRENNUNG(C^P)}2] (M = Pd (5), Pt (6)) in
high yield (Scheme 1e). The ammonium salt (NEt3-

HO2CCH3) can be eliminated because it is soluble in metha-
nol, used as the precipitating agent for complexes 5 and 6
(see Experimental Section). Both derivatives are stable in
air and moisture and have been characterized by common
analytical and spectroscopic methods. The structure of com-
plex 6 has been also confirmed by X-ray crystallography.
The IR spectra of compounds 5 and 6 confirm the substitu-
tion of the acidic hydrogen atoms (N�H) by PdII or PtII spe-
cies, since no absorptions due to the N�H bonds are ob-
served and the h2-coordination of these metal centers to the
alkynyl ligands,[79–81] because the ñ ACHTUNGTRENNUNG(C�C) absorptions, appear
significantly shifted to lower wavenumbers in relation to the
precursor (see Experimental Section).

The X-ray study on complex 6 shows (Figure 5, Table 4) it
to be a trinuclear species of PtII, in which the central PtACHTUNGTRENNUNG(C�
CPh)2 ACHTUNGTRENNUNG(dmpz)2 unit is joined to two Pt ACHTUNGTRENNUNG(C^P) fragments by a
hetero-bridged system formed by a dmpz and a m,h2-phenyl-
ethynide ligand. In the central Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(dmpz)2 unit, the

Scheme 2. a) Solid-state structure for M = Ag, Au; b) solid-state structure for M = Cu; c) proposed structure for complex 3 in solution at room temper-
ature.

Figure 5. Molecular structure of compound 6 (ellipsoids at 50% probabil-
ity).
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platinum atom exhibits a slightly distorted square-planar co-
ordination environment, with the angles between cis ligands
deviated from the theoretical value. The Pt(2)�N and cen-
tral Pt�C s bond lengths are in the range of those found in
related pyrazolate[52,53,73–78] and m,h2-alkynyl platinum(ii)
complexes,[67–72,79–81] and the structural details concerning the
alkynyl fragments are common for m,h2-alkynyl ligands.[79–81]

The side platinum atoms, Pt(1A) and Pt(3A), exhibit a
distorted square-planar environment that is considered to be
formed by the C and P donor atoms of the cyclometalated
phosphine, the N atom of the bridging dmpz and the mid-
point ((X(1A) for Pt(1A), X(1B) for Pt(3A)) of the p-
bonded Ca

�Cb vector; the angles between cis ligands deviate
significantly from 908. The platinum alkynide h2 linkages are
almost symmetrical with the Pt�Ca distances only slightly
shorter than the corresponding Pt�Cb ones. All bond lengths
around Pt(1A) and Pt(3A) are in the range of those found
for C^P,[78,112–115] pyrazolate,[52,53, 73–78] and h2-alkynyl platinu-
m(ii) complexes.[81,116–119] The terminal platinum coordination
planes are almost perpendicular to that of the central plati-
num Pt(2A) plane, the dihedral angles being 79.88 for
Pt(1A) and 82.98 for Pt(3A); the dihedral angle between
both terminal coordination planes is 27.98.

In solution, both complexes 5 and 6 show the expected
signals corresponding to one half of the molecule, in agree-
ment with the molecular structure observed for complex 6
(see Experimental Section).

Absorption and emission spectroscopy on complexes 1–6 :
The absorption and emission spectra and other photophysi-
cal data are summarized in Tables 5 and 6. In CH2Cl2 solu-
tion, the absorption spectrum of the mononuclear alkynyl
complex 1 displays intense high-energy bands (220–274 nm)
and a relatively weak shoulder at 315 nm (e=8600m�1 cm�1).
The very high-energy bands at 220 (sh), 230 nm
(32200m�1 cm�1) that are also present in the bischloride pre-
cursor cis-[PtCl2ACHTUNGTRENNUNG(Hdmpz)2] (220 (sh), 235 nm), are assigned
as intraligand p!p* transitions of Hdmpz, while the struc-
tured band with maxima at 267 and 274 nm, that are absent
in the precursor, seems to correspond to p!p* transitions
in the C�CPh ligands. On the basis of previous assign-
ments[5,10,120–124] and theoretical studies,[120,125–127] the low-
energy shoulder that is observed at 315 nm in CH2Cl2 and
slightly blue-shifted in NCMe (310 nm), is attributed tenta-

tively to an admixture of p!p* ACHTUNGTRENNUNG(C�CPh) IL/dp(Pt)!p* ACHTUNGTRENNUNG(C�
CPh) MLCT.[128] In agreement with this assignment, the
band is notably blue-shifted in relation to that seen in the
homoleptic derivative (NBu4)2[Pt ACHTUNGTRENNUNG(C�CPh)4] (347 nm)[127] in
which its dianionic nature presumably increases the energy
of the HOMO (dp(Pt)/pACHTUNGTRENNUNG(C�C)),[128] decreasing the energy
of the corresponding 1MLCT transition. By comparison, a
band at 328 nm in complex trans-[PtACHTUNGTRENNUNG(PEt3)2 ACHTUNGTRENNUNG(C�CPh)2] has
been also assigned to the 1MLCT transition Pt(5d)! ACHTUNGTRENNUNG(C�
CPh),[129] though on the basis of recent theoretical calcula-
tions on trans-[Pt ACHTUNGTRENNUNG(PH3)2ACHTUNGTRENNUNG(C�CPh)2] as a model, the low-
energy absorption has been reassigned as intraligand in
nature (HOMO 25% dxz(Pt), 75% C�CAr and LUMO
20% px(Pt), 41% PH3 and 39% C�CAr).[130]

The absorption spectra of the hexanuclear Pt2M4 com-
plexes 2–4 (Figure 6) show the expected high-energy intrali-
gand bands and are characterized by a low-energy band that
appears at 346 nm in the platinum–copper complex 2, and is
slightly blue-shifted in the platinum–silver 3 (331 nm) and
the platinum–gold 4 (330 nm) derivatives. We attributed this
to the [Pt2M4ACHTUNGTRENNUNG(C�CPh)4] core, being mainly associated with
the IL/MLCT (Pt!C�CPh) transition, probably mixed with
metal (d10) orbitals. Clearly, the mixed IL (p!p* ACHTUNGTRENNUNG(C�CPh))/
MLCT (dp(Pt)!p* ACHTUNGTRENNUNG(C�CPh)) transition in the precursor 1
(315 nm) should be red-shifted by the increased p-accepting
ability of the phenylethynyl groups upon h2-coordination to
the d10 metal centers.[5,131–134] Therefore, the low-energy ab-
sorption is tentatively assigned as an admixture of MLCT
(Pt/p ACHTUNGTRENNUNG(C�CPh)!p* ACHTUNGTRENNUNG(C�CPh)) and LM’CT (ligand- or plati-
na-ligand-M’ charge transfer Pt-C�CPh!M’ ACHTUNGTRENNUNG(d10)) probably
modified by additional Pt···M’ ACHTUNGTRENNUNG(d10) metal–metal interactions.
Alternatively, the transition may be viewed as an MLM’CT
(M = Pt, M’ = d10) with intraligand alkynyl character. This
assignment is similar to those previously made in related
heteropolymetal h2-alkynyl bridging complexes (s-Pt,
h2···M)[132,133,135,136] though, as stated by Yam and co-work-
ers,[136] in this type of system one should be aware that as-
signments of electronic transitions between metal and/or
ligand localized orbitals are only rough approximations due
to possible orbital mixing. In complexes 3 and 4 some con-
tribution of ligand (dmpz)-to-M’ ACHTUNGTRENNUNG(d10) LM’CT cannot be ex-

Table 4. Selected bond lengths [X] and angles [8] in complex [Pt ACHTUNGTRENNUNG(m-C�
CPh)2ACHTUNGTRENNUNG(m-dmpz)2{Pt ACHTUNGTRENNUNG(C^P)}2] 6·CH2Cl2.

Pt(1)�C(33) 2.066(7) C(19)�C(20) 1.236(8)
Pt(1)�P(1) 2.209(2) Pt(1)�N(1) 2.089(5)
Pt(1)�C(12) 2.308(6) Pt(1)�C(11) 2.278(6)
Pt(2)�N(3) 2.066(5) Pt(2)�N(2) 2.054(5)
Pt(3)�C(54) 2.058(6) Pt(3)�P(2) 2.224(2)
Pt(3)�N(4) 2.085(5) Pt(3)�C(20) 2.324(6)
Pt(3)�C(19) 2.297(6) Pt(2)�Pt(3) 3.213(5)
C(11)�C(12) 1.226(8) Pt(1)�Pt(2) 3.256(1)
Pt(2)-C(11)-C(12) 171.0(5) C(11)-C(12)-C(13) 160.8(7)
Pt(2)-C(19)-C(20) 167.8(5) C(19)-C(20)-C(21) 159.8(6)

Table 5. Absorption data for complexes A, 1–6 (CH2Cl2~5Z10�5
m solu-

tions).

Compound Absorption (103 e m
�1 cm�1)

A 220 sh (11.9), 235 (27.3)
1 220 sh (12.8), 230 (32.2), 261 (28.4), 267 (33.2), 274 (34.6),

315 sh (8.6)
225 (34.9), 235 (32.5), 266 (36.2), 273 (38.3), 298 sh (22.1),
310 (9) (NCMe)

2 222 sh (13.0), 240 (58.8), 267 (46.8), 273 (49.7), 346 br (16.9)
3 222 sh (14.0), 237 (54.8), 267 (43.6), 273 (44.7), 331 br (17.7)
4 216 sh (13.9), 245 (51.9), 290 (30.2), 330 br (12.4)
5 236 (45.9), 281 (35.3), 318[a] (23.1)
6 236 (48.6), 281 (63.9), 332[a] (41.1)

[a] With a tail to 410–420 nm.
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cluded. The absorption spectra of the trinuclear complexes
PtPd2 (5) and Pt3 (6) (Table 5) give two high-energy absorp-
tions at 236 and 281 nm due to IL transitions and one
shoulder that appears at 318 nm for complex 5 and which is
slightly red-shifted for the triplatinum derivative 6 (332 nm)
suggesting some degree of MLCT character.

The trinuclear complexes 5 and 6 do not show emissive
properties. The remaining four complexes 1–4 exhibit lumi-
nescence to varying degrees. The mononuclear complex 1
exhibits a weak-structured emission only in CH2Cl2 glass at

77 K (427, 450, 465 nm) and in the solid state at 77 K (lmax=

432 nm). The observed vibrational spacing (ñ = 1190,
2052 cm�1) can be attributed to a combination of vibrational
modes of the C�C and phenyl groups. The large Stokes shift
of the emission from the corresponding singlet IL/MLCT
transition and its lifetime (44 ms in the solid state, 77 K) is
indicative of a triplet parentage, being attributed to a 3pp*
excited state with a mixture of phenyl and acetylenic charac-
ter, though a certain degree of metal perturbation can not
be discarded.

Excitation of solid hexanuclear complex [{PtCu2ACHTUNGTRENNUNG(m-C�
CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] (2) at 370 nm produces a bright yellow-
ish-orange emission with lmax at 570 nm both at 298 and
77 K. Upon excitation at lower energies (420 nm) at 298 K,
the emission maximum is slightly red-shifted (580 nm) and a
shoulder is detected at 565 nm. At 77 K, the profile of the
emission is also more asymmetric if the excitation is per-
formed at 400 nm (see Table 6). A similar behavior is ob-
served in frozen CH2Cl2 glass (77 K) and, to illustrate this,
the spectra obtained by increasing the excitation wavelength
from 380 to 410 nm are shown in Figure 7. This behavior
suggests the existence of ground-state heterogeneity[121] or,
more likely, the presence of at least two closely lying emis-
sive states. The emission lifetime data (see Table 6) indicate
spin-forbidden processes showing lifetime values that in-
crease upon cooling, consistent with a reduction in the non-
radiative decay rates, as expected. By contrast, the emission

Table 6. Photophysical data for complexes 1–4.

Compound Medium (T [K]) l em
max [nm] t [ms] F[a]

cis-[Pt ACHTUNGTRENNUNG(C�CPh)2 ACHTUNGTRENNUNG(Hdmpz)2] (1) solid (298) [b]

solid (77) 432 max (with tail to 600)
(lex 300–360)

44 ACHTUNGTRENNUNG(432) lex 320

CH2Cl2 10
�3
m (298) [b]

CH2Cl2 10
�3
m (77) 427 max, 450, 465 (lex 300–320)

ACHTUNGTRENNUNG[{PtCu2ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] (2) solid (298) 570 (lex 350–400)
565 sh, 580 max (lex 420) 27 ACHTUNGTRENNUNG(545), 29 ACHTUNGTRENNUNG(580) lex 420

solid (77) 570 (lex 350–370)
570 max, 650 sh (lex 400) 92 ACHTUNGTRENNUNG(570), 69 ACHTUNGTRENNUNG(650) lex 400

CH2Cl2 10
�3
m (298) 640–660 (lex 400–420) 2.82Z10�3

CH2Cl2 10
�3
m (77) 590 (lex 380)

570 sh, 635 (lex 410)
ACHTUNGTRENNUNG[{PtAg2 ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] (3) solid (298) 560 (lex 420)

480 sh, 550 max (lex 330–380)
10 ACHTUNGTRENNUNG(560) lex 420

solid (77) 480 max, 570 (lex 320–370)
480 min, 570 (lex 420)
570 (lex 450)

17 ACHTUNGTRENNUNG(480), 16 ACHTUNGTRENNUNG(570) lex 370

15 ACHTUNGTRENNUNG(570) lex 450
CH2Cl2 10

�3
m (298) 487 min, 570 max (lex 360–380)

570 (lex 420)
2.50Z10�2

CH2Cl2 10
�3
m (77) 470 (lex 320)

470 max, 580 min (lex 370)
470, 580 (lex 400)
470 min, 585 max (lex 420)
585 (lex 430–460)

ACHTUNGTRENNUNG[{PtAu2 ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2}2] (4) solid (298) [b]

solid (77) 590 (lex 360–420) 16 ACHTUNGTRENNUNG(590) lex 380
CH2Cl2 10

�3
m (298) 622 (lex 370–400) 1.58Z10�3

CH2Cl2 10
�3
m (77) 446, 475 sh, 575 (lex 380)

446, 475 sh, 560, 610 sh (lex 400)

[a] Measured by using Coumarin 343 as a standard lex 400 nm. [b] Emission too weak to be measured.

Figure 6. UV-visible spectra of the hexanuclear Pt2M4 complexes 2–4 in
CH2Cl2 solution (5Z10�5

m).
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profile in fluid solution (CH2Cl2) is not dependent on the
wavelength.

Figure 8 shows both the emission (lmax=640–660 nm) and
excitation spectra (lmax=406 nm) of complex 2 in ambient-
temperature fluid solution. The excitation peak (406 nm) is
red-shifted from the lowest spin-allowed absorption band
(346 nm), in agreement with a predominantly triplet charac-
ter. The remarkable red shift observed for the luminescence,
going from a rigid medium (570 nm, solid; 590 nm, glass) to
a solution (~650 nm) could be ascribed to the larger struc-
tural changes that may occur in solution than in the rigid lat-
tice of the solid. This behaviour denoted as “rigidochrom-
ism” has been previously observed in several polynuclear
copper,[137–139] gold,[140] and heteropolynuclear Pt–Cu[141] or
Au–Cu[142] complexes. The assignment of the radiative excit-
ed state(s) is uncertain but the emission seems to be charac-
teristic of the formation of the hexanuclear central core.
With reference to previous work on heteropolynuclear PtII–
copper(i) and -silver(i) alkynyl bridging com-
plexes[5,25,94,120,133,135,136,141,143] the strong and enhanced phos-
phorescence relative to the precursor is associated to the h2-
platina alkyne [Pt-C�CPh-CuI] entities. The emissive state is
likely to derive from a 3MLM’CT Pt(d)/pACHTUNGTRENNUNG(C�CPh)!Pt(pz)/
Cu(sp)/p* ACHTUNGTRENNUNG(C�CPh) state modified by metal–metal interac-
tions in view of the short Pt···Cu (3.016(9)–3.121(8) X) con-
tacts observed through the alkynyl bridging ligands.

The spectrum of the hexanuclear [{PtAg2ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-
dmpz)2}2] (3) complex shows a strong structureless symmet-
rical band at 560 nm by excitation at 420 nm, and by excita-
tion at higher energies (330–380 nm) luminesces to give a
band at 550 nm with a shoulder at 480 nm. The excitation
spectrum shows bands at 380 and 420 nm if the emission is
monitored at the low-energy maximum (550 nm) and only
the high-energy band (380 nm) if the emission is monitored
at the high-energy shoulder (480 nm). Both bands are well-
resolved upon cooling the solid at 77 K (see Table 6). Com-
parable behavior is observed when going from fluid CH2Cl2
solution (Figure 9) to glass (77 K) (Figure 10). As can be ob-
served in Figure 10, in frozen CH2Cl2 glass (77 K), the emis-
sion is clearly resolved into two bands (470 and 580 nm) the

relative intensities of which depend on the excitation wave-
length. The excitation profiles of both emissions are also dif-
ferent suggesting the existence of two low-lying emissive
states. The lifetimes associated with both emissions are simi-

Figure 7. Normalized emission spectra of [{PtCu2ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2]
2 in CH2Cl2 solution (10�3

m) at 77 K with excitation wavelengths from
380 to 410 nm. Figure 8. Normalized excitation (a : lem=640 nm) and emission (c :

lex=420 nm) spectra of [{PtCu2 ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] 2 in CH2Cl2 solu-
tion (10�3

m) at 298 K.

Figure 9. Normalized excitation and emission spectra of [{PtAg2ACHTUNGTRENNUNG(m-C�
CPh)2ACHTUNGTRENNUNG(m-dmpz)2}2] 3 in CH2Cl2 solution (10�3

m) at 298 K.

Figure 10. Normalized excitation (a) and emission (c) spectra of
[{PtAg2 ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] 3 in CH2Cl2 glass (10

�3
m) at 77 K.
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lar (17 ms, 480 nm; 16 ms, 570 nm, solid 77 K) and in the mi-
crosecond time scale are suggestive of a triplet-state origin.
This behavior is not unexpected due to the presence of
three different coordination environments for the silver cen-
ters (Ag ACHTUNGTRENNUNG(m-dmpz)2; AgACHTUNGTRENNUNG(m-dmpz) ACHTUNGTRENNUNG(m-C�CPh); AgACHTUNGTRENNUNG(m-C�CPh)2)
in the solid state (see Figure 3) and presumably in CH2Cl2
glass, which could lead to the existence of several emissive
states. It is likely that the yellow, low-energy emission
(560 nm, solid 298 K; 570 nm, solid 77 K) associated with
the low-energy excitation (up to 460 nm) originates from
emissive states derived from a 3MLM’CT Pt(d)/p ACHTUNGTRENNUNG(C�CPh)!
Pt(pz)/Ag(sp)/p* ACHTUNGTRENNUNG(C�CPh) state modified by Pt···Ag contacts
(3.094(4) and 3.314(4) X), as evidenced by the similarity of
the emission with that of the hexanuclear cluster complex
[Pt2Ag4ACHTUNGTRENNUNG(C�CPh)8] (lem=570 nm, solid and CH2Cl2 solution
at 298 K; 574 nm, solid 77 K, lex=445 nm)[25,144] containing
only alkynyl bridging ligands. The blue, high-energy emis-
sion at 470 nm, associated with the high-energy excitation
(320–400 nm), is tentatively attributed to emissive states de-
rived from pyrazolate-to-silver (or cluster) 3LMCT transi-
tions, probably mixed with metal d10 (d!s) character. By
comparison, two blue emission bands (405 and 455 nm) and
a green band (500 nm) have been recently reported for the
dimer with pyrazolate bridging ligands [{3,5-
(CF3)2Pz}Ag(2,4,6-collidine)].[63]

Unlike the hexanuclear complexes 2 and 3, the related
[{PtAu2ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] 4 that exhibits a similar
structure to that of the platinum–silver congener 3, is not
emissive in the solid state at room temperature. The reason
for the quenching of the luminescence is unclear at present.
Upon cooling the solid (77 K), a weak, unstructured emis-
sion is detected at 590 nm upon excitation in the range 360–
420 nm with a long-lived lifetime of 16 ms by using an excita-
tion wavelength of 380 nm. Surprisingly, the intensity of the
emission increases remarkably in fluid and frozen CH2Cl2
solutions. As was observed for the platinum–copper complex
2, the emission is red-shifted in ambient-temperature fluid
solution (lem=622 nm, CH2Cl2) by approximately 872 cm�1

from that observed in the solid state (77 K). As can be ob-
served in Figure 11, a similar rigidochromism effect is seen
upon freezing the CH2Cl2 solution at cryogenic temperatures
(77 K). However in rigid glass, in addition to a broad low-
energy emission at 575 nm, comparable to that observed in
the solid state (590 nm, 77 K), a distinctive high-energy vi-
bronic band emerges (l = 446 (max), 475 nm (sh)). The vi-
brational spacing of 1370 cm�1 of this latter band corre-
sponds to the C=N and/or N=N vibrations of the pyrazolate-
based ligand and is tentatively ascribed mainly to LMCT p-
ACHTUNGTRENNUNG(dmpz)!AuI transitions. Similar structured emissions have
been reported for other terminal or bridging pyrazolate gold
complexes.[58, 59,64,111] As in complexes 2 and 3, the low-
energy emission is associated with the h2-coordination of the
platina alkyne Pt ACHTUNGTRENNUNG(C�CPh)!AuI entities and assigned to a
similar MLM’CT transition. As a comparison, the emission
and excitation spectra of the three complexes 2–4 in fluid
CH2Cl2 (298 K) are shown in Figure 12. Curiously, the emis-
sion maxima follow the decreasing energy order Ag>Au>

Cu, while the excitation maxima follow the order Au�Ag>
Cu, similar to that observed in the absorption spectra. Final-
ly, we note that the radiative quantum yield measured at

room temperature in CH2Cl2 solution is comparable in the
platinum–copper 2 and platinum–gold 4 complexes and in-
creases notably in the platinum–silver one 3.

Conclusion

This work describes the synthesis of cis-[Pt ACHTUNGTRENNUNG(C�CPh)2-
ACHTUNGTRENNUNG(Hdmpz)2] (1) and its use as a precursor for the preparation
of homo- and heteropolynuclear complexes. Double depro-
tonation of complex 1 with readily available MI (M = Cu,
Ag, Au) species affords the corresponding neutral fragments
PtM2 ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2 in excellent (complexes 2, 3) or
moderate (complex 4) yields, and their structures as deter-
mined by X-ray diffraction reveal that they dimerize form-
ing discrete clusters [{PtM2ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2}2] 2–4. X-

Figure 11. Normalized emission spectra of [{PtAu2 ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-
dmpz)2}2] 4 in CH2Cl2 solution (10�3

m) (c : 298 K, lex=390 nm; a :
77 K, lex=370 nm).

Figure 12. Normalized emission (right) and excitation (left) spectra of
complexes 2–4 in fluid CH2Cl2 solution (10�3

m) at 298 K: 2 (a : lex=
420 nm, lem=640 nm); 3 (c : lex=420 nm, lem=560 nm); 4 (g : lex=
370 nm, lem=620 nm).
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ray data show that in the three complexes the two PtACHTUNGTRENNUNG(C�
CPh)2 ACHTUNGTRENNUNG(dmpz)2 fragments are connected by four d10 metal
centers that are stabilized by alkynyl and dimethylpyrazolyl
bridging ligands. However, while in the platinum–copper de-
rivative [{PtCu2ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2}2] 2, all copper centers
exhibit similar local geometry, being linearly coordinated to
a nitrogen atom and h2 to one alkynyl fragment, in the relat-
ed platinum–silver (3) and platinum–gold (4) derivatives the
silver and gold atoms present three different coordination
environments. Two of the atoms show similar local coordina-
tion to the copper centers in derivative 2 while the other
two are stabilized by two nitrogen atoms (from two bridging
dmpz ligands) and two h2-alkynyl fragments, respectively.
The study of their photophysical properties produces inter-
esting results. The hexanuclear complexes exhibit bright lu-
minescence with moderate quantum yields in fluid solution.
Dual long-lived emission is observed in all complexes, being
clearly resolved in low-temperature rigid media (solid state
and CH2Cl2 glass). The low-energy emission is associated
with the h2-platina alkyne (Pt-C�CPh-d10) entities and is as-
cribed to the MLM’CT Pt(d)/pACHTUNGTRENNUNG(C�CPh)!Pt(pz)/M’(sp)/p*-
ACHTUNGTRENNUNG(C�CPh) transition modified by metal–metal interactions in
view of the relatively short Pt···M’ (d10) contacts. The high
energy emission that appears at 470 nm (glass) in [{PtAg2ACHTUNGTRENNUNG(m-
C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2}2] 3 and is clearly structured in the plati-
num–gold derivative [{PtAu2 ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] 4, with
a vibronic progression related to the C=N and/or N=N vi-
brations, is attributed to emissive states derived from dime-
thylpyrazolate-to-metal’ (d10) LM’CT transitions p ACHTUNGTRENNUNG(dmpz)!
M’ ACHTUNGTRENNUNG(d10). In fluid solution, the emission band related to the
MLM’CT transition follows the energy order Ag>Au>Cu.
Trinuclear PtPd2 and Pt3 complexes stabilized by hetero-
bridged-dmpz/C�CPh are also easily generated but they do
not show luminescent properties. An extension of this chem-
istry to different alkynyl and pyrazolate ligands is in prog-
ress.

Experimental Section

General procedures and materials : Elemental analyses were carried out
in a Perkin–Elmer 240-B microanalyser. IR spectra were recorded on a
Perkin–Elmer 599 spectrophotometer (Nujol mulls between polyethylene
plates in the range 350–4000 cm�1). NMR spectra were recorded on a
Varian Unity-300 spectrometer by using the standard references. Mass
spectral analyses were performed with a VG Autospec instrument. UV-
visible spectra were obtained on a Hewlett–Packard 8453 spectrometer.
Emission and excitation spectra were obtained on a Perkin–Elmer lumi-
nescence spectrometer LS 50B and on a Jobin–Yvon Horiba Fluorolog
3–11 Tau-3 spectrofluorimeter, in which the lifetime measurements were
performed operating in the phosphorimeter mode. The solution emission
quantum yields were measured by the Demas and Crosby method[145] by
using Coumarin 343 in degassed ethanol as a standard. 3,5-Dimethylpyra-
zole (Hdmpz) was purchased from Aldrich and phenylacetylene was pur-
chased from Merck. [Cu ACHTUNGTRENNUNG(MeCN)4]PF6,

[146] PPN[Au ACHTUNGTRENNUNG(acac)2],
[147] AgClO4,

[M ACHTUNGTRENNUNG(C^P)ACHTUNGTRENNUNG(O2CCH3)]2 (M = Pd,[148] Pt[78]) were prepared by literature
methods.

cis-[PtCl2ACHTUNGTRENNUNG(Hdmpz)2] (A): A suspension of PtCl2 (0.397 g, 1.49 mmol) and
Hdmpz (0.287 g, 2.99 mmol) was heated under reflux for 90 min. The
mixture was then filtered and the solution evaporated to dryness. Et2O

(10 mL) was added to the residue to give compound A (0.563 g, 82%).
1H NMR (300 MHz, CD2Cl2, 20 8C, TMS): d=2.17 (s, 6H; Me), 2.38 (s,
6H; Me), 5.76 (s, 2H; H4), 12.11 ppm (s, 2H; NH); elemental analysis
calcd (%) for C10Cl2H16N4Pt: C 26.10; H 3.49; N 12.22; found: C 26.14;
H 3.16; N 11.96.

cis-[Pt ACHTUNGTRENNUNG(C�CPh)2ACHTUNGTRENNUNG(Hdmpz)2] (1): A solution of LiC�CPh (5 mmol), pre-
pared by treating HC�CPh (0.57 mL, d=0.93 gmL�1, 97%, 5 mmol) in
Et2O (10 mL) with LinBu (2 mL, 2.5m, 5 mmol) in Et2O (5 mL) at
�10 8C under an argon atmosphere, was stirred for 15 min and then cis-
[PtCl2 ACHTUNGTRENNUNG(Hdmpz)2] (A) (0.573 g, 1.25 mmol) and Et2O (10 mL) were added.
The mixture was allowed to reach RT and was stirred for 14 h. The result-
ing mixture was evaporated to dryness. CHCl3 (50 mL) was added to the
residue, the mixture was filtered through Celite, and the solution was
evaporated to dryness. Addition of Et2O (10 mL) afforded a solid that
was filtered, washed with acetone (2Z10 mL), and dried. Compound 1
was obtained as an air-stable, beige solid (0.383 g, 52%). 1H NMR
(300 MHz, CD2Cl2, 20 8C, TMS): d=1.41 (s, 3H; Me), 1.87 (s, 3H; Me),
2.05 (s, 3H; Me), 2.70 (s, 3H; Me), 5.65 (s, 1H; H4), 5.86 (s, 1H; H4),
7.40–6.90 (m, 10H; Ph), 11.71 (s, 1H; NH), 12.99 ppm (s, 1H; NH); IR
(Nujol): ñ=3216 (N�H), 2127, 2115 cm�1 (C�C); MS (FAB+): m/z (%):
584 (85) [M+], 483 (45) [M+�C2Ph], 386 (100) [Pt ACHTUNGTRENNUNG(dmpz)2H

+]; elemental
analysis calcd (%) for C26H26N4Pt: C 52.98; H 4.41; N 9.50; found: C
52.72; H 4.43; N 9.88.

ACHTUNGTRENNUNG[{PtCu2 ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] (2): Compound 1 (0.208 g, 0.35 mmol)
and NEt3 (1.5 mL) were added to a colorless solution of [Cu-
ACHTUNGTRENNUNG(CH3CN)4]PF6 (0.262 g, 0.70 mmol) in CH2Cl2 (20 mL) under an argon at-
mosphere. The mixture was stirred at RT for 2 h and the resulting orange
solution was evaporated to dryness. Addition of dry Et2O (80 mL) to the
residue gave a yellow solution that was filtered through Celite under
argon. The solution was evaporated to dryness and the addition of cold
methanol (10 mL) afforded a yellow solid that was filtered off and
vacuum dried (0.227 g, 90%). 1H NMR (300 MHz, CDCl3, 20 8C, TMS):
d=1.74 (s, 6H; Me), 1.80 (s, 6H; Me), 2.01 (s, 6H; Me), 2.48 (s, 6H;
Me), 5.71 (s, 2H; H4), 5.78 (s, 2H; H4), 6.80–7.50 ppm (m, 20H; Ph); IR
(Nujol): ñ=2023, 1984 cm�1 (C�C); (CH2Cl2, 296 K): ñ=2026, 1989 cm�1-
ACHTUNGTRENNUNG(C�C); MS (FAB+): m/z (%): 1428 (100) [M +], 1334 (75) [M +�dmpz];
elemental analysis calcd (%) for Pt2Cu4C52H48N8: C 43.70, H 3.39, N 7.84;
found: C 43.68, H 3.20, N 7.65.

ACHTUNGTRENNUNG[{PtAg2ACHTUNGTRENNUNG(m-C�CPh)2 ACHTUNGTRENNUNG(m-dmpz)2}2] (3): AgClO4 (0.090 g, 0.44 mmol) and
NEt3 (1.5 mL) were added to a solution of compound 1 (0.127 g,
0.215 mmol) in CH2Cl2/Et2O (30:10 mL). The mixture was stirred at RT
for 4 h in the dark. The yellow solution, filtered through paper, was
evaporated to dryness. Addition of Et2O (40 mL) to the residue gave a
yellow solution that was filtered through Celite. The solvent was removed
and the addition of cold methanol (10 mL) afforded a yellow solid that
was filtered off and vacuum dried (0.138 g, 80%). 1H NMR (300 MHz,
CDCl3, 20 8C, TMS): d=1.90 (s, 12H; Me), 2.29 (s, 12H; Me), 5.85 (s,
4H; H4), 7.00–7.50 ppm (m, 20H; Ph); IR (Nujol): ñ=2039 cm�1 (C�C);
(CH2Cl2, 296 K): ñ=2043 cm�1 (C�C); MS (FAB+): m/z (%): 1607 (75)
[M +], 1512 (80) [M +�dmpz]; elemental analysis calcd (%) for
Pt2Ag4C52H48N8: C 38.88, H 2.98, N 6.97; found: C 38.70, H 2.87, N 6.78.

ACHTUNGTRENNUNG[{PtAu2 ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2}2] (4): Compound 1 (0.105 g, 0.18 mmol)
and NEt3 (1.5 mL) were added to a colorless solution of PPN[Au ACHTUNGTRENNUNG(acac)2]
(PPN: Ph2P=N

+=PPh3) (0.331 g, 0.36 mmol) in CH2Cl2 (20 mL) under an
argon atmosphere. The mixture was stirred at 0 8C for 2 h and the result-
ing solution was evaporated to dryness. Addition of cold methanol
(20 mL, 0 8C) afforded a beige solid that was filtered off, was recrystal-
lized by Et2O/MeOH (60:10 mL), and was vacuum dried to give com-
pound 4 (0.081 g, 46%). 1H NMR (300 MHz, CD2Cl2, 293 K): d=2.02 (s,
6H; Me), 2.06 (s, 6H; Me), 2.21 (s, 6H; Me), 2.54 (s, 6H; Me), 5.9 (s,
2H; H4), 6.03 (s, 2H; H4), 7.6–7.1 ppm (m, 20H; Ph); IR (Nujol): ñ=
1948 cm�1 (C�C); (CH2Cl2, 296 K): ñ=1959 cm�1 (C�C); MS (FAB+): m/
z (%): 1963 (15) [M +]; elemental analysis calcd (%) for Pt2Au4C52H48N8:
C 31.82, H 2.44, N 5.70; found: C 31.78, H 2.40, N 5.89.

[Pt ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2Pd2 ACHTUNGTRENNUNG(C^P)2] (5): [{PdACHTUNGTRENNUNG(C^P) ACHTUNGTRENNUNG(m-O2CCH3)}2]
(0.151 g, 0.16 mmol) and NEt3 (1.5 mL) were added to a solution of com-
pound 1 (0.100 g, 0.16 mmol) in CH2Cl2 (20 mL). The mixture was stirred
at RT for 5 h and the resulting solution was evaporated to dryness. Addi-
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tion of cold methanol (30 mL, 0 8C) to
the residue rendered a yellow solid
that was filtered off and vacuum dried
(0.168 g, 75%). 1H NMR (300 MHz,
CD2Cl2, 293 K): d=1.79 (s, 6H; Me,
dmpz), 2.22 (s, 6H; Me, C^P), 2.43 (s,
6H; Me, dmpz), 2.81 (s, 6H; Me,
C^P), 3.79 (nA), 3.87 (nB) (JA,B=

12.9 Hz, 4H; CH2, C^P), 5.84 (s, 2H;
H4, dmpz), 6.70–7.70 ppm (m, 34H;
C2Ph, C^P); 31P NMR (300 MHz,
CD2Cl2, 293 K): d=43.73 ppm; IR
(Nujol): ñ=2055 cm�1

ACHTUNGTRENNUNG(C�C); MS
(FAB+): m/z (%): 1407 (25) [M +]; el-
emental analysis calcd (%) for
Pt1Pd2P2C68H64N4: C 58.06, H 4.55, N
3.98; found: C 58.00 H 4.30, N 3.91.

[Pt ACHTUNGTRENNUNG(m-C�CPh)2ACHTUNGTRENNUNG(m-dmpz)2Pt2ACHTUNGTRENNUNG(C^P)2]
(6): A pale yellow solution of com-
pound 1 (0.153 g, 0.26 mmol) in
CH2Cl2 (20 mL) was treated with [{Pt-
ACHTUNGTRENNUNG(C^P) ACHTUNGTRENNUNG(m-O2CCH3)}2] (0.290 g,
0.26 mmol) and NEt3 (1.5 mL) and
was stirred for 17 h at RT. The solvent
was then removed and cold methanol
(30 mL, 0 8C) was added to afford a
beige solid that was filtered off and
vacuum dried (0.350 g, 85%).
1H NMR (300 MHz, CD2Cl2, 293 K):
d=1.88 (s, 6H; Me, dmpz), 2.15 (s,
6H; Me, C^P), 2.46 (s, 6H; Me,
dmpz), 2.81 (s, 6H; Me, C^P), 3.69
(nA), 3.94 (nB) (JA,B=16 Hz, 4H; CH2,
C^P), 5.89 (s, 2H; H4, dmpz), 6.60–8.00 ppm (m, 34H; C2Ph, C^P); IR
(Nujol): ñ=2029, 1989 cm�1

ACHTUNGTRENNUNG(C�C); 31P NMR (300 MHz, CD2Cl2, 293 K):
d=25.45 (s, JPt,P=4069 Hz); MS (FAB+): m/z (%): 1584 (65) [M +]; ele-
mental analysis calcd (%) for Pt3P2C68H64N4: C 51.56, H 4.04, N 3.53;
found: C 51.32, H 4.06, N 3.65.

X-ray structure determinations : Crystal data and other details of the
structure analyses are presented in Table 7. Crystals suitable for X-ray
diffraction studies were obtained as indicated in each synthesis proce-
dure. Crystals were mounted on the end of a quartz fiber. The radiation
used in all cases was graphite monochromated MoKa (l=0.71073 X). For
1, 2, and 6·CH2Cl2 X-ray intensity data were collected on a Bruker Smart
Apex diffractometer. The diffraction frames were integrated by using the
SAINT program.[149] For 3·2Me2CO and 4·2Me2CO X-ray intensity data
were collected on an Oxford Diffraction Xcalibur diffractometer. The
diffraction frames were integrated by using the CrysAlis RED pro-
gram.[150] In all cases, the sets of data were corrected for absorption with
SADABS.[151] The structures were solved by Patterson and Fourier meth-
ods, and were refined by full-matrix least-squares on F 2 with SHELXL-
97.[152] All non-hydrogen atoms were assigned anisotropic displacement
parameters and were refined without positional constraints except as
noted below. All hydrogen atoms were constrained to idealized geome-
tries and assigned isotropic displacement parameters equal to 1.2 times
the Uiso values of their attached parent atoms (1.5 times for the methyl
hydrogen atoms). In the structure of 4·2Me2CO, the carbon atoms of the
phenyl group of one of the phenylacetylide ligands were disordered over
two sets of positions that were refined with partial occupancy 0.55/0.45.
These rings were refined as rigid groups, with analogous atoms sharing
common isotropic thermal parameters. Full-matrix least-squares refine-
ment of these models against F2 converged to the final residual indices
given in Table 7.

CCDC 296469–296473 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_re-
quest/cif.
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