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Transition-metal s-alkynyl derivatives[1] are emerging as
potentially useful precursors for advanced materials due to
their promising magnetic,[2] liquid-crystalline,[3] nonlinear

optical,[4] and luminescence[5] properties. Moreover, there is
considerable and increasing interest for their application in
the synthesis of metal-containing macrocyclic,[6] dendritic,[7]

and rigid-rod molecular frameworks with delocalized p sys-
tems. These compounds include derivatives of various dimen-
sions, actively investigated for their potential use in molecular
electronics,[8,9] and contain isolated metal centers either
located at the extremes[8–11] or regularly intercalated[8,12] into
the main chain. Ordered structures with alternated metal
clusters (or metal–metal-bonded bimetallic units[13]) and
conjugated s-alkynyl spacers[14–15] are extremely rare,[16]

although of great potential interest.[10] This may be due to:
1) the tendency of metal clusters to undergo fragmentation or
condensation, 2) their multiple and undistinguishable reactive
positions, which facilitate the formation of complex mixtures
of products, and 3) the preferred p interaction between the
cluster and the alkynyl units[1,17] (the metal–alkynyl s linkage
usually results in increased electronic delocalization[9]).

In this paper we show that tri- and hexanuclear platinum
clusters with sizable bridging phosphide groups are suitable
precursors to ordered materials. Indeed, the bulky PtBu2

ligands in [Pt3(m-PtBu2)3(L)2(X)]n+[18] and [Pt6(m-PtBu2)4-
(CO)4(X)2]

2n+ [19] (X= neutral ligand, n= 1; X=monoanionic
ligand, n= 0; L=neutral ligand) impart remarkable thermal
and chemical stability to the {Ptx(m-P)y} cores and leave a
limited number of reactive sites properly positioned to build
ordered structures. Moreover, they force alkynyl ligands to
bind the polynuclear system with s,h1- rather than p,h2-
interactions.[20] Several structures with predefined molecular
shape can therefore be engineered through the combination
of these building blocks with well-chosen s-alkynyl spacers,
one of which is shown in Scheme 1. The trinuclear precursor

Scheme 1. Synthesis of complex 6. i) 1,3,5-C6H3(CCH)3, CuI, NEt2H,
25 8C, 24 h (80%); ii) 3 (2 equiv), 5, CuI, NEt2H, 25 8C, 24 h (85%)
(5= [Pt6(m-PtBu2)4(CO)4Cl2]).
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{Pt3}Cl (2) [{Pt3}=Pt3(m-
PtBu2)3(CO)2] was easily pre-
pared from [{Pt3}(CO)]-
(CF3SO3) (1)[18] and a chloride
salt. Coupling two equivalents
of 2 with 1,3,5-triethynylben-
zene,[21] under the classical
Sonogashira conditions,[22] gave
C6H3-1,3-(CC-{Pt3})2-5-(CCH)
(3) as a green solid. This can be
further modified either by sub-
stituting the carbonyl ligands or
by exploiting the reactivity of
the residual CCH unit, and may
thus be considered an interest-
ing pivot intermediate for the
synthesis of dendrimeric struc-
tures.

Finally, by coupling (2:1
ratio) complex 3 with the
dichloride {Pt6}Cl2 (5) [{Pt6}=
Pt6(m-PtBu2)4(CO)4], which can
straightforwardly be prepared
from the known
[{Pt6}(CO)2](CF3SO3)2 (4),[19]

we obtained (in 85 % yield)
the title compound [({Pt3}-
CC)2-C6H3-CC]4{Pt6} (6), as an
orange, microcrystalline solid
that was thermally and air
stable. All complexes were
characterized by microanalyti-
cal, IR, and multinuclear NMR
data.

Diagnostic signals at � 166
(4P) and 96 ppm (2 P) and at
��6100 (2Pt) and �5700 ppm (4 Pt) were observed in the
31P{1H} and 195Pt{1H} NMR spectra of 3, which suggested the
presence of two equivalent triangular cluster units. This was
confirmed by the ethynyl CH resonances, found at d= 3.08
(dH) and 75.7 ppm (dC), and by the features of the aromatic
C�H region (signals in the 2:1 ratio at d= 7.22 and 7.38 ppm
and at d= 131.0 and 134.3 ppm, respectively, observed in the
1H and 13C{1H} NMR spectra). Significant IR absorptions
were found at 3300 (nCC-H), 2094 (nCC) and 2024 cm�1 (nCO).

Similar spectral parameters were observed for complex 6,
whose spectra showed additional resonances due to the
central hexanuclear cluster (dP= 335.1 (4 P); dPt =�4664
(2Pt), �2996 ppm (4Pt)), while the signals of the CCH unit
disappeared. Single crystals of 6 suitable for X-ray crystallo-
graphic analysis were obtained by slow solvent evaporation
from a CHCl3 solution. Figure 1 shows space-filling and
ORTEP views of 6.[23]

The hexanuclear core of the structure may be described as
being obtained by the condensation of two “Pt3” units
resulting in two edges of the triangles (i.e., Pt4–Pt5 and
Pt2–Pt3) at bonding distances in the range of 2.62–2.87 E.
This gives rise to a central tetrahedral unit with two edge-
bridging “PtP2” moieties (the “Pt1Pt3” and “Pt4Pt6” triangles

are mutually perpendicular, the dihedral angle defined by
their mean planes being 89.88). All the Pt�Pt separations are
shorter relative to those found in other triangular clusters
such as [Pt3(m-PtBu2)3(H)(CNR)2]

[18] (2.91–3.03 E) or [Pt3(m-
PtBu2)3(H)(CO)2]

[24] (2.72–3.61 E); distances that fall in the
lower end of the reported range.

The four chemically identical peripheral triangular units
contain one long and two short Pt�Pt bonds[25] and lie
approximately in the same mean planes defined by the
alkynyl spacers (dihedral angles between planes in the range
16–188) with the exception of the “Pt7-Pt9” cluster, for which
the dihedral angle is � 378. Moreover, one of the alkynyl
groups is roughly coplanar with the nearby triangular portion
of the central Pt6 core, while the other is more tilted (dihedral
angles between the mean planes C7P–C12P/Pt4–Pt6 and
C1P–C6P/Pt1–Pt3 are 13.6 and 51.38, respectively). Given
these distortions, possibly due to steric hindrance, com-
pound 6 can be described as being only approximately
planar. It is worth noting that the atoms in this dendrimer
show quite large displacement parameters indicating the
presence of positional disorder, consistent with the large
amount of conformational freedom allowed by the long
alkynyl spacers.

Figure 1. a) ORTEP view of 6 showing the atom numbering scheme; b,c) space-filling models of the
molecular structure of 6 (tBu groups omitted for clarity in a) and b)).
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We are presently pursuing the utilization of compounds 1–
6 in the synthesis of other ordered structures. The spectros-
copic characterization of a linear analogue of complex 6 has
also been recently described.[27]

Experimental Section
[Pt(m-PtBu2)(CO)]3(CF3SO3) (1),[18] [Pt6(m-PtBu2)4(CO)6](CF3SO3)2

(4),[19] and 1,3,5-triethynylbenzene[21] were prepared as previously
described.

2: nBu4NCl (250 mg, 0.90 mmol) was added to a brown solution
of 1 (825 mg, 0.66 mmol) in acetone (20 mL). After stirring for 12 h at
room temperature, the mixture was concentrated to � 5 mL.
Addition of H2O (5 mL) caused the precipitation of 2 as a micro-
crystalline brown solid (720 mg, 98%). Elemental analysis calcd (%)
for C26H54ClO2P3Pt3: C 28.1, H 4.89; found: C 28.0 H 4.93.
31P{1H} NMR (80.9 MHz, CDCl3, 25 8C) (in this spectrum and the
following ones # denotes the presence of 195Pt satellites): d= 167.8# (d,
2JPP= 130 Hz), 46.7# (t, 2JPP = 130 Hz); 1H NMR (200 MHz, C6D6,
25 8C): d= 1.47 (vt, 3J(H,P) + 5J(H,P)= 7.4 Hz, 36 H, CCH3),
1.27 ppm (d, 3J(H,P)= 15 Hz, 18H, CCH3); 13C{1H} NMR
(50.3 MHz, CDCl3, 25 8C): d= 172.6# (s, CO), 39.8# (m, CCH3), 38.8#

(m, CCH3) 33.4 ppm (br s, CCH3); 195Pt{1H} NMR (42.8 MHz, CDCl3,
25 8C): d=�6389.8 (1Pt), �5320.0 ppm (2 Pt). IR (CH2Cl2):
2025 cm�1 (CO).

5 : NH4Cl (9.6 mg, 0.18 mmol) was added to a red solution of
complex 4 (120 mg, 0.054 mmol) in acetone (5 mL). Complex 5
precipitated out as a red solid and was filtered and vacuum dried
(101 mg, 97%). Elemental analysis calcd (%) for C36H72Cl2O4P4Pt6: C
22.3, H 3.75; found: C 22.1, H 3.70. 31P{1H} NMR (80.9 MHz, CDCl3,
25 8C): d= 328.9# ppm (s); 1H NMR (200 MHz, CDCl3, 25 8C): d=

1.51 ppm (vt, 3J(H,P) + 5J(H,P)= 7.2 Hz); 195Pt{1H} NMR
(42.8 MHz, CDCl3, 25 8C): d=�4152.9 (2Pt), �3462.7 ppm (4 Pt);
13C{1H} NMR (50.3 MHz, CDCl3, 25 8C): d= 203.7# (weak br s, 4CO),
44.8 (s, PC), 31.5 ppm (s, CH3). IR (CH2Cl2): 2017 cm�1 (CO).

3 : 1,3,5-triethynylbenzene (14.1 mg, 0.094 mmol) and CuI
(0.38 mg, 0.002 mmol) were added to a solution of complex 2
(210 mg, 0.189 mmol) in diethylamine (25 mL). After 24 h the solvent
was evaporated and the green/brown residue was extracted with Et2O
to give, after chromatography (silica gel, eluent: CH2Cl2/n-hexane
1:5), 172.6 mg of 3 (80%). Elemental analysis calcd (%) for
C64H112O4P6Pt6: C 33.4, H 4.90; found: C 33.3, H 4.86. 31P{1H} NMR
(80.9 MHz, CDCl3, 25 8C): d= 165.7# (d, 2J(PP)= 128 Hz), 95.8# ppm
(t, 2J(PP)= 128 Hz). 1H NMR (200 MHz, CD2Cl2, 25 8C): d= 7.38 (s,
1H), 7.22 (s, 2H), 3.08 (s, 1H, �C-H), 1.41 (vt, 3J(H,P) + 5J(H,P)=
7.4 Hz, 36H), 1.32 ppm (d, 3J(H,P)= 15.4 Hz, 18 H). 13C{1H} NMR
(50.3 MHz, CDCl3, 25 8C): d= 175.2# (s, CO), 134.3, 131.0, 129.3, 121.1
(s,C6H3), 86.4# (s, Pt-CC), 84.7 (s,C�C-H), 75.7 (C�C-H), 39.0, 38.7 (s,
C-CH3), 33.5 ppm (s, C-CH3). 195Pt{1H} NMR (42.8 MHz, CDCl3,
25 8C): d=�6104.1 (dt, 2Pt), �5708.3 ppm (dd, 4Pt). IR (CH2Cl2):
3300 (�C-H), 2094 (C�C), 2024 cm�1 (CO).

6: Complex 3 (93 mg, 0.040 mmol) and CuI (0.08 mg, 0.4 J
10�3 mmol) were added to a solution of complex 5 (39.1 mg,
0.02 mmol) in diethylamine (20 mL). After 24 h the solvent was
evaporated and the orange residue was extracted with Et2O to give,
after chromatograpy on silica gel (eluent: CH2Cl2/n-hexane 1:3),
110 mg of 6 (85%). Elemental analysis calcd (%) for
C164H294O12P16Pt18: C 30.5, H 4.58; found: C 30.6, H 4.65.
31P{1H} NMR (80.9 MHz, CDCl3, 25 8C): d= 335.1# (s), 164.7# (d,
2J(PP)= 128 Hz), 96.7# ppm (t, 2J(PP)= 128 Hz). 1H NMR (200 MHz,
CD2Cl2, 25 8C): d= 7.23 (s, 2H), 7.16 (s, 4H), 1.55 (vt, 3J(H,P) +
5J(H,P)= 7.0 Hz, 72H), 1.45 (vt, 3J(H,P) + 5J(H,P)= 7.8 Hz, 144H),
1.34 ppm (d, 3J(H,P)= 14.8 Hz, 72 H). 13C{1H} NMR (50.3 MHz,
CD2Cl2, 25 8C): d= 217.2# (s, 4CO), 175.7# (s, 8CO), 130.7, 129.3,
129.0 (s, C6H3), 123.4#, 122.0# (s, Pt-CC), 99.5#, 84.9# (s, Pt-CC), 44.3,
39.3, 39.1 (s, C-CH3), 33.7, 31.8 ppm (s, C-CH3). 195Pt{1H} NMR

(42.8 MHz, CDCl3, 25 8C): d=�6093 (dt, 4Pt), �5712 (dd, 8Pt),
�4664 (m, 2Pt), �2996 ppm (m, 4Pt). IR (CH2Cl2): 2098 (C�C),
2019 cm�1 (br, CO).
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