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The fascination for supramolecular edifices and for nanom-
eter-sized molecules is extending continuously, especially as
new synthetic strategies lead to novel materials with specific
functions, such as information recording, conversion of light
into chemical energy, and catalysis.1 In this regard, dendrimers,
also called arborols or “cascade molecules”, are of great
interest.2 More particularly, dendrimers incorporating metallic
units are promising of potential new applications.3 Polynuclear
transition metal complexes of dendritic nature were first
described by a team from Pisa, Messina, and Bologna.4 These
authors have developed a procedure to synthesize compounds
of desired nuclearity and chemical structure by using metal
complexes as building blocks,3f,5 leading in some cases to a
nuclearity as high as 22 metals in the dendrimer. Unfortunately,
an unequivocal characterization of these complexes is still
missing, mainly due to stereogenic problems. Indeed, because
of the numerous diastereoisomers in polynuclear compounds
composed of polyazaaromatic Ru(II) complexes, the character-
ization by NMR is of limited use, so that it relies on “sporting
methods” which are often nonconclusive in the decision of
formulation (e.g., infrared, resonance Raman, UV-visible
absorption and emission spectroscopy, electrochemistry, etc.4,5a,6).
Although these problems have not prevented the synthesis and
study of multinuclear species, this limits severely the advance-
ment of knowledge.
Electrospray mass spectrometry (ESMS) introduced by Fenn

and co-workers7 has been shown to be a powerful technique
for analyzing multiply-charged ions, primarily applied to
biomolecules.8 Indeed, contrary to conventional MS methods

which show a lot of undesirable fragment ions in the mass
spectra, the ESMS provides a quite simple mass pattern and
allows the determination of molecular mass accurately with high
sensitivity. Although this technique is not limited to biomol-
ecules and has been applied to the identification of metal
complexes,9 no ESMS characterization of polynuclear polyazaar-
omatic complexes of type A (Scheme 1), with a total charge
higher than 8+ has been examined in the literature up to now.10

The aim of this work consists of removing these limitations
and opening the way to future design of artificial nanostructures
with nonambiguous characterizations. Thus a new dendritic
heptametallic Ru(II) complex (A) and its unambiguous char-
acterization by ESMS are reported. This treelike coordination
complex is, to our knowledge, the highest charged transition
metal complex ever characterized by ESMS.
Compound A is prepared from Wilkinson’s complex and

1,4,5,8,9,12-hexaazatriphenylene (HAT) as a trischelating ligand,
studied extensively in mono- and polymetallic complexes in the
Belgian laboratory.11

The synthetic strategy is similar to that already described by
Balzani and co-workers.4,5a It is based on the use of one
complex as a metal M and of another complex as a ligand L in
the reaction

In the first step, Ru(HAT)3Cl2 is prepared from Ru(DMSO)4-
Cl2 and three HAT ligands. This central core contains six new
chelating sites to which six units can be grafted to yield the
heptametallic complex (Scheme 1).
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Ru(phen)2Cl2 (phen) 1,10-phenanthroline) pretreated with
AgNO3, reacts with Ru(HAT)32+ (6:1 ratio) during 48 h, to give
rise to {Ru(HAT)3[Ru(phen)2]6}14+, isolated by precipitation
with ammonium hexafluorophosphate.12

The heptametallic complex Ru(HAT)3[Ru(phen)2]6(PF6)14
([M] in ESMS, 5602.2 Da) in dichloromethane or acetonitrile
is directly analyzed by ESMS13 (Figure 1).
For all the peaks, the width and the shape of the unresolved

isotopic pattern are in good agreement with the simulated ones
(24 Da at 10% from the base). The following widths (m/zunits)
are respectively measured for the ions with 3, 4, 5, and 6
charges: 8.3 (calcd 8.0), 6.5 (calcd 6.0), 5.2 (calcd 4.8), and
4.1 (calcd 4.0). The peak at 1593 has been resolved (inset of
Figure 1), confirming that the ion is triply charged (isotopic
peaks separated by 0.3m/z units).
The spectrum is dominated by four sets of peaks with four

different states of charge (z). Peaks atm/z) 1635, 1593, and
1548 can be assigned to triply charged species ([M- 7PF6- +

HPO42- + POF4- + PO2F2-]3+, [M - 10PF6- + HPO42- +
POF4- + 4PO2F2-]3+, and [M - 10PF6- + 2HPO42- + 3
PO2F2-]3+). Similarly, peaks atm/z ) 1190, 1158, and 1126
correspond to [M- 8PF6- + HPO42- + POF4- + PO2F2-]4+,
[M - 11PF6- + HPO42- + POF4- + 4PO2F2-]4+, and [M-
11PF6- + 2HPO42- + 3 PO2F2-]4+, respectively. The 5+ ion
at m/z ) 897 ([M - 12PF6- + HPO42- + POF4- +
4PO2F2-]5+) is also accompanied by two peaks atm/z ) 923
([M - 9PF6- + HPO42- + POF4- + PO2F2-]5+) andm/z )
871 ([M - 12PF6- + 2HPO42- + 3PO2F2-]5+). Finally, the
spectrum exhibits three peaks corresponding to 6+ charged
moieties atm/z) 745, 723, and 702 ([M- 10PF6- + HPO42-

+ POF4- + PO2F2-]6+, [M - 13PF6- + HPO42- + POF4- +
4PO2F2-]6+, and [M - 13PF6- + 2HPO42- + 3PO2F2-]6+,
respectively).14

Formation of POF4-, PO2F2-, and phosphates, resulting from
the hydrolysis of PF6-, has already been described in the
literature with other transition metals.15,16

ESMS seems to lead to a selective counterion loss. Indeed,
the loss of a dianion (HPO42-) is less favorable than the loss of
a monoanion (PF6-). Moreover, the ions pairs formed with
[Ru7]14+ and xPO2F2- or xPOF4- appear also as more stable
under the electrospray conditions than the pairs [Ru7]14+ +
x(PF6-). It should be stressed that this ion pairing with
hydrolized PF6- seems to be typical of complexes with a HAT
as a central bridging ligand chelated to 2 or 3 Ru(L)2

2+ units.17

Consequently, all of the peaks observed in the ES spectrum
correspond to a single heptametallic Ru(II) complex associated
with different types of counteranions.
In conclusion, the ESMS brings clearcut evidences for the

nuclearity of the heptametallic Ru(II) complex which is thus
univocally characterized. This technique can be regarded as
extremely valuable to prove the existence of very large
polynuclear transition metal complexes. Moreover, the prepara-
tion of A offers the possibility to synthesize larger three-
dimensional polymetallic dendrimers if the terminal phen’s are
replaced by trischelating HAT’s.
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Figure 1. Electrospray mass spectrum of compound A in CH2Cl2 at
Vc ) 10 V. The inset shows the resolution of the peak atm/z 1593
(isotopic peaks separated by 0.3m/z units).
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