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The reaction between the new hexa- and trinuclear clusters
{Pt6}(CC–C6H4–CCH)2, (4) [{Pt6} = Pt6(CO)4(m-PBut

2)4],
and {Pt3}Cl, (6) [{Pt3} = Pt3(m-PBut

2)3(CO)2], in CuI/Amine
gives the thermally and air stable {Pt6}(CC–C6H4–CC{Pt3})2
(7), where the cluster units are separated by conjugated
1,4-diethynylphenyl groups.

Several derivatives containing transition metals alternated with
conjugate organic spacers in the main chain have been
prepared1 and are deeply investigated for their promising
magnetic,2 liquid-crystalline,3 non-linear optical,4 lumines-
cence5 or long-range electron transfer1,6 properties. Most of
them contain isolated transition metal centres located at the
extremes7 or regularly intercalated8 in the main chain; some
recent studies have reported oligomers containing bimetallic
units.9 Ordered structures containing metal clusters intercalated
with conjugated organic spacers, although of great potential
interest, are rare,10 and are unknown with terminal s-alkynyl
spacers. This may be due to the tendency of metal clusters to
undergo fragmentation or condensation processes.

We obtained suitable precursors for such materials by
exploiting the remarkable stabilization of the central tri-11 or
hexametallic12 core accomplished by bulky phosphido ligands
in platinum clusters. Therefore, the dichloride {Pt6}Cl2 (2)
[{Pt6} = Pt6(CO)4(m-PBut

2)4] was obtained† from
[{Pt6}(CO)2](CF3SO3)2 (1).12 By reacting 2 with phenyl-
acetylene or 1,4-diethynylbenzene, in diethylamine with a
catalytic amount of CuI, we prepared the bis-alkynyl derivatives
{Pt6}(CCR)2 [(3), 90%, R = Ph; (4), 85%, R = C6H4-
4-CCH].

The NMR spectra of 3 and 4 exhibit a diagnostic complex
signal at ca. 336 ppm (dP, four equivalent P nuclei) and at ca.
23000 and 24675 ppm (dPt), respectively assigned to the
central four and to the apical two equivalent platinum centers.
Significant IR absorptions were found at ca. 2100 (nCC) and
2010 (nCO) cm21; moreover, the ethynyl CH resonances for 4
were found at 3.17 (dH) and 84.7 (dC) ppm. Fig. 1 shows an
ORTEP view of the structure of 3,‡ with the s-alkynyl groups
terminally bonded to the apical platinum centers of the Pt6 core.
Sigma-alkynyl moieties are found in many organometallic

rigid-rod molecules. When attached to single metal centres, they
exhibit terminal coordination modes (s, h1) not involving their
p electrons, which can therefore take part in the conjugation
along the chain.13 In dinuclear, and still more in cluster
complexes, the alkynyl function often adopts other coordination
modes,13,14 which have been suggested to decrease the
electronic communication between the redox centres.1a These
bonding modes are probably obstructed in 3 by the bulky
phosphides. The metal core of 3 with the phosphido and
carbonyl ligands show an approximately 4̄ 2m (D2d) local
symmetry. Although the phenyl groups lie out of the pseudo-
mirror planes and do not comply with this symmetry (dihedral
angle ca. 56° between the phenyl planes), the CC, ipso- and
para- carbon atoms of the PhCC units are nearly aligned with
the major pseudo-C2 axis.

Complex 4 reasonably retains the main structural features
observed for 3 and bears two terminal ethynyl groups still
aligned with the main axis. Their reactivity and their location
make complex 4 a promising building block for the construction
of ordered structures containing the hexanuclear {Pt6} unit.
Chain elongation of ethynyl derivatives to give linear, polygo-
nal or 3-D ordered structures has been previously achieved
through self-coupling of CCH groups or their condensation with
aryl- or transition metal halides.1a,7,8,13,15

The trinuclear platinum cluster {Pt3}Cl (6) [{Pt3} = Pt3(m-
PBut

2)3(CO)2] contains a halide ligand which can easily be
substituted with s-alkynyl groups;16 the steric bulkiness of the
six tert-butyls again prevents p-bonding of the alkynyl
moiety.

For these reasons complex 6 was believed to be suitable to
insert the {Pt3} unit at the extremes of the main chain of
complex 4. It was easily prepared in 70% yield by reacting the
known tricarbonyl [{Pt3}(CO)]CF3SO3 (5)11 with chloride salts
and was characterised by single crystal X-ray diffraction16 and
by IR and multinuclear NMR spectroscopy. The signals in the
1H, 31P{1H} and 195Pt{1H} NMR spectra were satisfactorily
simulated by the following parameters: dP1,2 = 167.8, dP3 =

† Electronic supplementary information (ESI) available: experimental
procedures and characterization data. See http://www.rsc.org/suppdata/cc/
b3/b307003d/

Fig. 1 Molecular structure of 3. H atoms are omitted (thermal ellipsoids of
Pt and P atoms are at 30% probability). Relevant bond distances (Å) and
angles (°): Pt1–Pt3, 2.681(2); Pt1–Pt2, 2.737(2); Pt1–Pt4, 2.854(2); Pt1–
Pt6, 2.856(2); Pt2–C5, 2.00(3); Pt2–Pt3, 2.728(2); Pt3–Pt1–Pt2, 60.45(5);
Pt3–Pt1–Pt4, 62.09(5); Pt2–Pt1–Pt4, 115.60(6); Pt3–Pt1–Pt6, 61.83(5);
Pt2–Pt1–Pt6, 113.79(6); Pt4–Pt1–Pt6, 56.09(4); C5–Pt2–Pt3, 150.6(10);
C5–Pt2–Pt1, 150.6(10); Pt3–Pt2–Pt1, 58.76(5); Pt1–Pt3–Pt2, 60.79(5);
Pt1–Pt3–Pt6, 62.10(5); Pt2–Pt3–Pt6, 114.30(6); Pt1–Pt3–Pt4, 61.92(5);
Pt2–Pt3–Pt4, 115.75(6); Pt6–Pt3–Pt4, 56.12(4); Pt4–Pt6–Pt1, 61.92(5);
Pt3–Pt6–Pt1, 56.07(5); C6–C5–Pt2, 175(3); C14–C13–Pt5, 174(3).
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46.7, dPt1,2 = 25320.0, dPt3 = 26389.8 ppm, 2JP1P2 = 252,
2JP1,2P3 = 130, 1JPt1P1 = 1JPt2P2 = 1972, 2JPt1P2 = 2JPt2P1 =
232, 1JPt1,2P3 = 1709, 1JPt3P1,2 = 2236, 2JPt3P3 = 2153,
1JPt1,2Pt3 = 2058, 1JPt1Pt2 = 1300 Hz.

The Pt3–Pt6–Pt3 linear complex 7 was prepared by reacting 4
with 2 equiv. of 6 in diethylamine/CuI (1%); it was isolated as
a deep orange air- and thermally stable solid in 92% yield, and
was characterised by microanalytical, IR and multinuclear
NMR and MALDI-TOF MS data. Fig. 2 shows its 31P{1H}
NMR spectrum exhibiting the expected signals for the P nuclei
of the tri- and hexanuclear moieties. The 195Pt{1H} NMR
spectrum of 7 exhibits four signals with the expected shape at
26081.1 (2 Pt), 25717.8 (4 Pt), 24467.5 (2 Pt) and 22993.8 (4
Pt) ppm. The 1H and 13C{1H} NMR spectra are compatible with
structure 7 and significant IR absorptions were found at 2102
(nCC), and 2030, 2013 (nCO) cm21. The utilization of tri- or
hexanuclear clusters derived from complexes 5 and 1 as
building blocks for the construction of other 1-, 2- and 3-D
molecular architectures, and the extent of the charge delocaliza-
tion between the cluster units are currently under investiga-
tion.

We thank the Ministero dell’Istruzione, dell’Università e
della Ricerca (MIUR), Programmi di Interesse Nazionale,
2002–2003 for financial support and Dr Giovanna Tripepi
(Bruker Daltonics SrL) for the MALDI-TOF MS spectrum of
complex 7.

Notes and references
‡ Crystal data for 3: C52H82O4P4Pt6, crystal dimensions 0.28 3 0.24 3
0.10 mm, space group C2/c (No. 15), a = 24.797(4), b = 17.712(2), c =
31.646(6) Å, b = 112.72(2)°, V = 12821(4) Å3, Z = 8, Dc = 2.140 g cm23,
m(Mo–Ka) = 13.180 mm23, F(000) = 7632, lMoKa = 0.71073 Å, T =
293(2) K, R(F0) = 0.0647. CCDC 199125. See http://www.rsc.org/
suppdata/cc/b3/b307003d/ for crystallographic data in .cif or other elec-
tronic format.

7. Complex 6 (33 mg, 0.029 mmol) and CuI (0.05 mg, 2.6 3 1024 mmol)
were added to a diethylamine (20 mL) solution of complex 4 (30 mg, 0.014
mmol). After stirring 24 h at RT the solvent was evaporated and the orange
residue was washed with H2O to give, after column chromatography on
alumina (Eluent CH2Cl2/n-hexane), 55 mg of 7 (92%). Calcd. for
C108H188O8P10Pt12: C, 30.4; H, 4.44. Found: C, 30.1; H, 4.53.

1 (a) F. Paul and C. Lapinte, Coord. Chem. Rev., 1998, 178–180, 431; (b)
R. Ziessel, M. Hissler, A. El-ghayouri and A. Harrimen, Coord. Chem.
Rev., 1998, 178–180, 1251; (c) C. Janiak, J. Chem. Soc., Dalton Trans.,
2003, 2781.

2 T. Weyland, K. Costuas, A. Mari, J. F. Halet and C. Lapinte,
Organometallics, 1998, 17, 5569.

3 M. Altmann and U. H. F. Bunz, Angew. Chem., Int. Ed. Engl., 1995, 34,
569.

4 N. J. Long, Angew. Chem., Int. Ed. Engl., 1995, 34, 21; T. Weyland, I.
Ledoux, S. Brasselet, J. Zyss and C. Lapinte, Organometallics, 2000,
19, 5235.

5 K. M. C. Wong, C. K. Hui, K. L. Yu and V. W. W Yam, Coord. Chem.
Rev., 2002, 229, 123.

6 J. P. Launay, Chem. Soc. Rev., 2001, 30, 386.
7 H. Jiao, K. Costuas, J. A. Gladysz, J. F. Halet, M. Guillemot, L. Toupet,

F. Paul and C. Lapinte, J. Am. Chem. Soc., 2003, 125, 9511; S. Fraysse,
C. Coudret and J. P. Launay, J. Am. Chem. Soc., 2003, 125, 5880; S.
Rigaut, J. Perruchon, L. Le Pichon, D. Touchard and P. H. Dixneuf, J.
Organomet. Chem., 2003, 670, 37; R. L. Roberts, H. Pushmann, J. A. K.
Howard, J. H. Yamamoto, A. J. Carty and P. J. Low, J. Chem. Soc.,
Dalton Trans., 2003, 1099; L. Y. Zhang, L. X. Shi and Z. N. Chen,
Inorg. Chem., 2003, 42, 633; F. J. Fernandez, O. Blacque, M. Alfonso
and H. Berke, Chem. Commun., 2001, 1266; M. I. Bruce, P. J. Low, K.
Costuas, J. F. Halet and S. P. Best, J. Am. Chem. Soc., 2000, 122, 1949;
J. Gil-Rubio, M. Laubender and H. Werner, Organometallics, 1998, 17,
1202.

8 M. S. Khan, M. R. A. Al-Mandhary, M. K. Al-Suti, B. Ahrens, M. F.
Mahon, L. Male, P. R. Raithby, C. E. Boothby and A. Köler, J. Chem.
Soc., Dalton Trans., 2003, 74; K. Onitsuka, Y. Harada, F. Takei and S.
Takahashi, Chem. Commun., 1998, 643; C. Lebreton, D. Touchard, L.
Le Pichon, A. Daridor, L. Toupet and P. H. Dixneuf, Inorg. Chim. Acta,
1998, 272, 188; S. Leininger, P. J. Stang and S. Huang, Organome-
tallics, 1998, 17, 3981; S. M. Al-Qaisi, K. J. Galat, M. Chai, D. G. Ray
III, P. L. Rinaldi, C. A. Tessier and W. J. Youngs, J. Am. Chem. Soc.,
1998, 120, 12149; M. Altmann, V. Enkelmann, F. Beer and U. H. F.
Bunz, Organometallics, 1996, 15, 394; M. J. Irwin, G. Jia, N. C. Payne
and R. J. Puddephatt, Organometallics, 1996, 15, 51; W. Weng, T.
Bartik, M. Brady, B. Bartik, J. A. Ramsden, A. M. Arif and J. A.
Gladysz, J. Am. Chem. Soc., 1995, 117, 11922.

9 S. K. Hurst and T. Ren, J. Organomet. Chem., 2003, 670, 188; S. L.
Bartley, M. J. Bazile Jr., R. Clerac, H. Zhao, X. Ouyang and K. R.
Dunbar, J. Chem. Soc., Dalton Trans., 2003, 2937; B. E. Bursten, M. H.
Chisholm, C. M. Hadad, J. Li and P. J. Wilson, Chem. Commun., 2001,
2382; F. A. Cotton, C. Lin and C. A. Murillo, Inorg. Chem., 2001, 40,
6413; W. M. Xue and F. E. Kühn, Eur. J. Inorg. Chem., 2001, 2041; K.
T. Wong, J. M. Lehn, S. M. Peng and G. H. Lee, Chem. Commun., 2000,
2259; M. J. Irwin, G. Jia, J. J. Vittal and R. J. Puddephatt,
Organometallics, 1996, 15, 5321.

10 N. T. Lucas, E. G. A. Notaras and M. P. Cifuentes, Organometallics,
2003, 22, 284; M. I. Bruce, M. E. Smith, N. N. Zaitseva, B. V. Skelton
and A. H. White, J. Organomet. Chem., 2003, 670, 170; M. Akita, A.
Sakurai, M. C. Chung and Y. Moro-oka, J. Organomet. Chem., 2003,
670, 2; B. K. Roland, C. Carter and Z. Zheng, J. Am. Chem. Soc., 2002,
124, 6234; M. I. Bruce, B. C. Hall, B. W. Skelton, M. E. Smith and A.
H. White, J. Chem. Soc., Dalton Trans., 2002, 995; V. W.-W. Yam, W.
K.-M. Fung and K. K. Cheung, Chem. Commun., 1997, 963; D. Osella,
L. Milone, C. Nervi and M. Ravera, J. Organomet. Chem., 1995, 488, 1;
A. M. Bradford, E. Kristof, M. Rashidi, D.-S. Yang, N. C. Payne and R.
J. Puddephatt, Inorg. Chem., 1994, 33, 2355; G. H. Worth, B. H.
Robinson and J. Simpson, Organometallics, 1992, 11, 501 and 3863.

11 P. Leoni, F. Marchetti, M. Pasquali, L. Marchetti and A. Albinati,
Organometallics, 2002, 21, 2176.

12 P. Leoni, F. Marchetti, L. Marchetti, M. Pasquali and S. Quaglierini,
Angew. Chem., Int. Ed. Engl., 2001, 40, 3617.

13 N. J. Long and C. K. Williams, Angew. Chem., Int. Ed. Engl., 2003, 42,
2586.

14 S. B. Falloon, A. M. Arif and J. A. Gladysz, Chem. Commun., 1997,
629; M. I. Bruce, Coord. Chem. Rev., 1997, 166, 91; P. Blenkiron, G. D.
Enright, P. J. Low, J. F. Corrigan, N. J. Taylor, Y. Chi, J.-Y. Saillard and
A. J. Carty, Organometallics, 1998, 17, 2447.

15 P. Siemens, R. C. Livingston and F. Diederich, Angew. Chem., Int. Ed.
Engl., 2000, 39, 2633.

16 C. Cavazza, P. Leoni, F. Marchetti, L. Marchetti and M. Pasquali,
manuscript in preparation.

Fig. 2 31P{1H} NMR spectrum (CD2Cl2, 298 K) of complex 7.
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