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Loss of formaldehyde in the electrospray ionisation
fragmentation process of methoxylated hexanuclear
carbonyl clusters can be correlated to their macroscopic
chemical properties.

Nucleophilic attack of alkoxide ions, RO�, at electropositive
C-atoms in transition metal carbonyl complexes, Mn(CO)m,
generates anionic species of the type [Mn(CO)m � 1(COOR)]�.
The reaction has been widely studied in transition metal
carbonyl cluster compounds, and a number of the products
crystallographically characterised.1 Alkoxylation is fast, the
product thermodynamically favoured,2 and multiple additions
of alkoxide ions do not occur, even in the presence of a large
excess of the RO� ion. These properties lend themselves to the
in situ derivatisation of neutral metal carbonyl complexes for
analysis by electrospray mass spectrometry, by simple alkoxyl-
ation of the compound prior to injection of the sample as an
alcoholic solution.3 Charged organometallic species are readily
analysed by electrospray mass spectrometry,4 and typically a
single envelope of peaks corresponding to [Mn(CO)m � OR]� is
observed in the mass spectrum. We report herein that in the
energy-dependent electrospray ionisation (EDESI) mass spec-
tra 5 of hexanuclear ruthenium and rhodium clusters derivatised
with H3CO�, loss of HCHO takes place during fragmentation
processes; differences in fragmentation patterns between the
two clusters are correlated to their macroscopic chemical
properties. Confirmation of peak assignments was carried out
using a Fourier transform ion cyclotron resonance (FTICR)
instrument.

The negative-ion EDESI mass spectrum of [Ru6C(CO)16-
(COOMe)]� (1a) (Fig. 1) maps the cone voltage against m/z.6 As
the cone voltage is increased, collision-induced dissociation
(CID) causes progressive fragmentation, resulting in sequential
loss of ligands from the cluster core. This process is represented
using EDESI-MS in two ways: (i) in the mass spectrum gener-
ated by summing all the mass spectra obtained at all cone volt-
ages (top); and (ii) in the two-dimensional map where each
cross-peak depicts a particular ion, the intensity and height of
which is dependent on its relative stability. EDESI-MS there-
fore offers a way to view a vast amount of mass spectrometric
data (some 200 spectra) in a convenient, compact format. At
the lowest cone voltages, the only peak observed is that of the
intact parent ion, [Ru6C(CO)16(COOMe)]�. Upon increasing
the fragmentation energy, two CO ligands are lost, and the ions
[Ru6C(CO)16(COOMe) � xCO]� (x = 1, 2) appear in the

† Electronic supplementary information (ESI) available: the negative-
ion EDESI mass spectra of compounds 1a, 1b and 1c. See http://
www.rsc.org/suppdata/dt/b0/b002978p/

EDESI-MS map at very low intensity. The structure of these
ions is not clear because the CO ligands may be lost either from
the cluster shell or from the COOMe ligand. The third group
to be lost is an HCHO molecule rather than a CO ligand, to
generate the hydride cluster [HRu6C(CO)15]

�. The remaining
fifteen cross peaks correspond to the series [HRu6C(CO)x]

�

(x = 0–14), and have roughly equal intensity leading ultimately
to [HRu6C]�. The closely related anion [Ru6C(CO)16(COOEt)]�

(1b) undergoes an analogous fragmentation sequence, except
MeCHO is eliminated, instead of HCHO. As expected, [Ru6C-
(CO)16(COOPh)]� (1c) does not display similar behaviour, as
the phenyl ring prevents formation of an exocyclic C��O bond.
The CO ligands are progressively stripped in this case, with
complex fragmentation occurring at the highest cone voltages
(see supporting information).

It is reasonable to assume that the COOMe group rearranges
to form a relatively strong multicentre bonding inter-
action, probably driven, in the first instance, by the loss of a

Fig. 1 The negative-ion EDESI mass spectrum of [Ru6C(CO)16-
(COOMe)]� 1a.
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CO ligand. Formation of an OMe ligand may be the step prior
to elimination of formaldehyde, as the cluster anion [HRu3Ir-
(CO)12(OMe)]� is known to eliminate HCHO under carbonyl
loss conditions (prolonged heating) to generate the cluster
anion [H2Ru3Ir(CO)12]

�.7 This HCHO elimination mechanism
is different from one proposed earlier for the reduction of
Ru6C(CO)17, involving nucleophilic addition of OH� to
a CO ligand to form a COOH intermediate, followed by
expulsion of CO2 and then removal of H� by OH� to form
[Ru6C(CO)16]

2�.8

A hydride ligand remains associated with the cluster after the
loss of formaldehyde (see Scheme 1), and the ion [HRu6C-

(CO)15]
� shows particular stability as represented by its high

intensity in the EDESI spectrum. This unsaturated anionic
cluster has been claimed to have been isolated and structurally
characterised,9 from the high-pressure hydrogenation of
[Ru6C(CO)16(Me)]�.10

Fig. 2 shows the ESI-FTICR mass spectra 11 of 1a and
[Rh6(CO)15(COOMe)]� (2a), derived from the appropriate
homoleptic carbonyl cluster by addition of a methanolic solu-
tion of sodium methoxide. Two sets of peaks are observed in
the spectrum of 1a; the envelope of peaks centred at 1125.64
m/z (calc. 1125.81) corresponding to the intact species, followed
by a clean baseline that leads to a second peak envelope centred
at 1039.59 m/z (calc. 1039.77), which corresponds to [HRu6C-
(CO)15]

�. The latter peak is produced by loss of two CO ligands
and HCHO and not the loss of one CO ligand and the COOMe
moiety (∆obs:calc = 0.18 Da). The spectrum of 2a exhibits an
intact parent ion, [Rh6(CO)15(COOMe)]�, observed at 1096.45
m/z (calc. 1096.63) followed by another high intensity peak at
870.35 m/z (calc. 870.53), which corresponds to [HRh6(CO)9]

�.

Fig. 2 The negative-ion ESI-FTICR mass spectra of [Ru6C(CO)16-
(COOMe)]� 1a (top) and [Rh6(CO)15(COOMe)]� 2a (bottom).

Scheme 1 The elimination of two moles of CO and one of HCHO
from 1a to provide the hydrido cluster [HRu6C(CO)15]

�.

This peak arises from loss of seven CO ligands and then HCHO
from the parent.

The EDESI mass spectrum of 2a confirms that loss of
HCHO occurs after that of seven carbonyl groups.5 While
caution must be applied to any direct comparisons between
fragmentation patterns observed in the gas phase and chemical
properties observed in solution, in this case there is an obvious
correlation. The early loss of formaldehyde from 1a compared
to 2a during the fragmentation process equates to the differ-
ences in chemical reduction of the two clusters. Treatment of
Ru6C(CO)17 with methanolic KOH provides [Ru6C(CO)16]

2�

cleanly 12 whereas reduction of Rh6(CO)16 requires stronger
reducing agents such as Na/Hg to produce the corresponding
dianion. The hexaruthenium dianion [Ru6C(CO)16]

2� is a widely
used precursor in cluster chemistry 13 and the mechanism of
its formation presumably commences similarly to the reaction
with NaOMe. Treatment of 1a with OH� quantitatively yields
[Ru6C(CO)16]

2�.12c

Compound 1a is quite stable and we have isolated
[N(PPh3)2)][Ru6C(CO)16(COOMe)] 14 and established its solid-
state structure (see Fig. 3 for the structure of the anion); 15 the
structure of 2a is known.1d The structure of 1a is based on a
carbide atom centred octahedral core of ruthenium atoms
decorated with fourteen terminal and two bridging carbonyl
ligands and one COOMe group. Ru–Ru bond lengths lie in the
range 2.8068–3.1354 Å (mean 2.9098 Å).

Experiments are in progress to confirm the mechanism of
formaldehyde elimination and to see whether related systems
display the same behaviour.
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