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Abstract

Two cationic pentamethylcyclopentadienyl metal-based hexanuclear complexes with trigonal prismatic architecture have been
synthesised through a two-step strategy. The dinuclear complexes [M(g5-C5Me5)(l-Cl)Cl]2 (M = rhodium and iridium) react with
2,4,6-tri(pyridin-4-yl)-1,3,5-triazine (tpt) in dichloromethane to give the trinuclear complexes [Rh3(g5-C5Me5)3(l3-tpt)Cl6] (1) and
[Ir3(g5-C5Me5)3(l3-tpt)Cl6] (2), respectively. Addition of silver triflate to 1 and 2 in dichloromethane connects two identical triangular
panels to form the hexanuclear metallo-prismatic cations [Rh6(g5-C5Me5)6(l3-tpt)2(l-Cl)6]6+ (3) and [Ir6(g5-C5Me5)6(l3-tpt)2-
(l-Cl)6]6+ (4), respectively. Cations 3 and 4 have been isolated as their triflate salts and characterised by 1H NMR, IR and UV/visible
spectroscopy.
� 2007 Elsevier B.V. All rights reserved.
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The simplest three-dimensional construction that
involves the fewest components is the triangular prism.
The strategy to self-assemble metal-based triangular prisms
can be divided in three major routes [1]: (i) assemblies of
tripodal ligands with metal centres of C2 symmetry [2],
(ii) assemblies of three molecular clips with metal centres
of C3 symmetry [3], (iii) assemblies of three molecular clips
with metal centres of restrained symmetry [4].

metal centre

(i) (ii) (iii)

molecular clip

Recently, we introduced arene ruthenium and penta-
methylcyclopentadienyl rhodium and iridium complexes
as versatile building blocks in supramolecular chemistry.
The use of these g5- or g6-ligands, which occupy three of
the six coordination sites at the metal centre, generates a
pre-organised arrangement before the formation of the
supramolecular assembly. A series of cationic triangular
metallo-prisms containing bridging chloro [5] and oxalato
[6] ligands connected by 2,4,6-tri(pyridin-4-yl)-1,3,5-tri-
azine (tpt) subunits have been synthesised using this
approach. Herein we report the synthesis and characterisa-
tion of two new triangular metallo-prismatic cations incor-
porating pentamethylcyclopentadienyl rhodium and
iridium building blocks, bridged by chloride atoms, and
connected by 2,4,6-tri(pyridin-4-yl)-1,3,5-triazine (tpt) tri-
podal ligands.

The dinuclear pentamethylcyclopentadienyl complexes
[M(g5-C5Me5) (l-Cl)Cl]2 (M = rhodium and iridium) react
in dichloromethane with 2,4,6-tri(pyridin-4-yl)-1,3,5-tri-
azine (tpt) to form in good yield (>65%) the trinuclear
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complexes [Rh3(g5-C5Me5)3(l3-tpt)Cl6] (1) [7] and [Ir3(g5-
C5Me5)3(l3-tpt)Cl6] (2) [8], respectively, see Scheme 1.

Addition of silver triflate to 1 and 2 in dichloromethane
connects two identical triangular panels to afford the hexa-
nuclear metallo-prismatic cations [Rh6(g5-C5Me5)6(l3-tpt)2

(l-Cl)6]6+ (3) [9] and [Ir6(g5-C5Me5)6(l3-tpt)2(l-Cl)6]6+ (4)
[10] in acceptable yield (>40%), see Scheme 2. Cations 3

and 4 are isolated as their trifluoromethanesulfonate salt.
The 1H NMR spectra of 1–4 display a similar signal pat-

tern of the pyridyl protons, see Fig. 1. Unlike 1 and 2, where
the Ha and Hb are found at expected positions (d = 9.25 and
8.6 ppm), in 3 and 4 the signals of Ha and Hb are almost
superimposed at d � 8.75 ppm. Upon formation of the trian-
gular prisms 3 and 4, the Ha signal is shifted upfield, whereas
the Hb signal remains almost the same. In all complexes, the
signals of the methyl protons of the pentamethylcyclopenta-
dienyl ligand are observed at about 1.55 ppm. This chemical
shift is characteristic of the formation of a trigonal prismatic
structure as observed in the g6-arene ruthenium analogues
[Ru6(g6-C6Me6)6(l3-tpt)2(l-Cl)6]6+ and [Ru6(g6-p-PriC6-
H4Me)6(l3-tpt)2(l-Cl)6]6+ [5].

The infrared spectra of 1–4 are dominated by absorp-
tions of the coordinated 2,4,6-tri(pyridin-4-yl)-1,3,5-tri-
azine ligand, which are only slightly shifted as compared

to the free ligand [1515 (s), 1374 (s), 794 (s), 641 (s) cm�1]
[11]. In addition to the tpt signals, strong absorptions
attributed to the triflate anions are observed in the infrared
spectra of 3 and 4 [1260 (s), 1031 (s), 638 (s) cm�1] [12].
Despite a molecular weight of 3160.7 g mol�1 for [3]
[O3SCF3]6 and 3696.5 g mol�1 for [4][O3SCF3]6, the two
compounds are quite soluble in chloroform, dichlorometh-
ane and acetone.

It is well known that coordinating solvents can cleave
chloro-bridged dinuclear arene ruthenium complexes
[5,13]. In order to examine the stability of the chloro-
bridged prisms 3 and 4 in solution, we recorded the 1H
NMR spectra in various deuterated solvents (CD2Cl2,
(CD3)2CO, CD3CN) with different coordinating ability.
At room temperature and even elevated temperature, 1H
NMR experiments for 3 and 4 in dichloromethane-d2 and
acetone-d6 showed no signal changes indicating the cleavage
of the chloro-bridges or the presence of free tpt units. How-
ever, in acetonitrile-d3, all complexes show additional sig-
nals attributed to species generated by the coordination of
CD3CN ligands in line with cleavage of the chloro-bridges.

The UV/visible spectra of the neutral triangular panels 1
and 2 in CH2Cl2 show a broad low energy band at 430 nm,
in agreement with a metal-to-ligand charge transfer
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