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The octanuclear aggregates M8(µ4-O)2(O2CNiPr2)12 [M ) Mn(II)
1, Co(II) 2, Ni(II) 3] have been prepared in good yields by controlled
hydrolysis of the corresponding metal carbamate precursors
[M(O2CNiPr2)2]n. X-ray analysis has shown compounds 1−3 to be
isostructural. The core of 2 contains two distorted {M4O} tetrahedra
related by an inversion center. The hexanuclear carbamates
M6(O2CNEt2)12 in toluene undergo a metal redistribution process
with formation of the hexanuclear carbamates M′xM′′6-x(O2CNEt2)12,
M′ ) Co, M′′ ) Mn, as evidenced by mass-spectrometric data.
In the presence of moisture, the mixed octanuclear carbamates
CoxMn6-x(MnO)(CoO)(O2CNEt2)12 were promptly formed and
detected by DCI/MS measurements. Mass spectral data of Co8(µ4-
O)2(O2CNiPr2)12 are also reported.

The number of polynuclear aggregates of 3d metals has
increased enormously in recent years.1 Interest in such
inorganic complexes is due to a variety of applications which
include molecular electronics,2 photochemically driven elec-
tron transfer,3 liquid crystalline materials,4 and host-guest
chemistry.5

The study of nanometer-sized transition metal aggregates
is fundamental in understanding nucleation phenomena6 or
in the development of molecular magnets.1,7 Polynuclear
systems often containµ-oxo ligands bridging two or three
metals, less commonly four, rarely six.8 Uncharged systems
of this type are of particular interest, but rational, high-
yielding and reproducible syntheses of these species still
represent a rather difficult target.

N,N-Dialkylcarbamato ligands are versatile from a struc-
tural viewpoint9 and react with protic reagents, such as water,
under mild conditions,10 to give µ-oxo metal complexes, a
contribution to the driving force of the reaction coming from
the formation of carbon dioxide. This reactivity has been
exploited for (i) controlled hydrolysis toµ-oxo molecular
derivatives,11 (ii) exhaustive hydrolysis to metal oxides; and
(iii) implantation of metal cations on inorganic hydroxylated
surfaces.12

We now want to communicate the synthesis of the
isostructural derivatives of manganese(II), cobalt(II), and
nickel(II), of formula M8(µ4-O)2(O2CNiPr2)12 by hydrolysis
of the carbamato precursors. Moreover, it has been found
that the previously described isostructural13 ethyl derivatives
of manganese and cobalt, of formula M6(O2CNEt2)12, easily
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spectral data (vide infra). A preliminary account of part of
this work was recently reported.14

The µ-oxo derivatives of manganese(II), cobalt(II), and
nickel(II) were prepared according to eq 1, by hydrolysis of
the homoleptic precursors, with a stoichiometric amount of
water in toluene solution.15 The cobalt complex Co8O2(O2-
CNiPr2)12 was prepared from the preformed species [Co(O2-
CNiPr2)2]n, while the manganese(II) and nickel(II) derivatives
were obtained starting from the appropriate anhydrous metal
chloride upon addition of a stoichiometric amount of water,
without isolation of the intermediate species. Allµ-oxo
products were recrystallized from heptane by heating at 70
°C under dinitrogen and then cooling to room temperature.

The molecular structure16 of the cobalt derivative Co8(µ4-
O)2(O2CNiPr2)12 was solved by X-ray diffractometric meth-
ods.17 The molecule (Figure 1) consists of two{Co4O}
pseudotetrahedra related by the 3h axis.

The symmetry relations result in only two independent
sets of metal atoms, namely, Co(2) in the apical position on
the 3h axis and Co(1). Three equivalent carbamates connect
Co(2) to the three equivalent Co(1)’s within the same

tetrahedron, while six other crystallographically equivalent
carbamates interconnect the Co(1) atoms of the facing
tetrahedra. The Co(2) atoms are four-coordinated with a
pseudotetrahedral geometry, while Co(1) are five-coordinated
in a trigonal bipyramidal geometry. The molecule has an
ellipsoidal shape of approximate dimensions 16.5× 15 Å.
The molecules are packed according to a trigonal lattice
leaving channels occupied by heptane, which is heavily
disordered.

The ethyl derivatives M6(O2CNEt2)12 of well-established13

crystal structure were subjected to a mass-spectrometric
study, which led us to detect a metal redistribution phenom-
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(24/n)[M(O2CNiPr2)2]n + 6H2O f

3M8(µ-O)2(O2CN iPr2)12 + 12NH iPr2 + 12CO2 (1a)

4M6(O2CNEt2)12 + 6H2O f

3M8(µ-O)2(O2CNEt2)12 + 12NHEt2 + 12CO2 (1b)

Figure 1. Core of Co8(µ4-O)2(O2CNiPr2)12. Cobalt and oxygen atoms are
represented by 30% probability ellipsoids, nitrogen atoms by small circles,
and carbon atoms are omitted for clarity. The symbol below the drawing
marks the position of the 3h operator, the inversion center being the middle
point of the molecule. Co-O bond distances (Å) and angles (deg): Co(1)-
O(5), 1.972(1); Co(1)-O(1), 1.985(4); Co(1)-O(3), 2.022(3); Co(1)-O(4ii),
2.071(4); Co(1)-O(3i), 2.209(4); Co(2)-O(2), 1.963(4); Co(2)-O(5),
1.972(5); O(5)-Co(1)-O(1), 115.4(2); O(5)-Co(1)-O(3), 122.1(2); O(1)-
Co(1)-O(3), 122.4(2); O(5)-Co(1)-O(4ii), 94.8(1); O(1)-Co(1)-O(4ii),
91.3(2); O(3)-Co(1)-O(4ii), 88.0(2); O(5)-Co(1)-O(3i), 92.3(1); O(1)-
Co(1)-O(3i), 88.7(2); O(3)-Co(1)-O(3i), 85.39(7); O(4ii)-Co(1)-O(3i),
172.2(2); O(2)-Co(2)-O(2iii ), 104.8(2); O(2)-Co(2)-O(5), 113.8(1). i)
-z + 1, -x + 1, - y; ii ) -y + 1, -z, -x + 1; iii ) z + 1, x - 1, y; iv
) y + 1, z, x - 1.
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enon in solution leading to intermetallic (Mn/Co) hexanuclear
complexes. Similar results were obtained by one of the
following methods: (a) synthesis of the carbamato complexes
from mixtures of the anhydrous metal chlorides in the
appropriate molar ratio; (b) mixing the individual carbamato
species in toluene solution. The redistributed hexanuclear
complexes M6(O2CNEt2)12 of manganese and cobalt were
detected. Moreover, the presence of adventitious water was
sufficient to induce rapid hydrolysis in the hydrocarbon
solutions of the mixed hexanuclear ethyl derivatives giving
the corresponding octanuclear complexes of formula M8-
(O)2(O2CNEt2)12, together with the corresponding fragmenta-
tion products. Thus, for example, toluene solutions containing
the carbamates in Mn/Co nominal molar ratios ranging from
2.5 to 0.7 gave a set of molecular ions of the following
compositions (both negative and positive ions were re-
corded): negative ions, [CoxMn6-x(MnO)(CoO)(O2CNEt2)12]-,

m/z 1868 (x ) 0), 1872 (x ) 1), 1876 (x ) 2), 1880 (x ) 3),
1884 (x ) 4), 1888 (x ) 5), 1892 (x ) 6); positive ions,
[CoxMn6-x(MnO)2(O2CNEt2)12 + H]+, m/z 1865 (x ) 0),
1869 (x ) 1), 1873 (x ) 2), 1877 (x ) 3), 1881 (x ) 4),
1885 (x ) 5), 1889 (x ) 6). The relative intensities within
each set depend on the analytical Mn/Co ratio. Figure 2
shows the MS spectrum of a toluene solution containing the
octanuclear species in the analytically established Mn/Co
molar ratio of 0.7.

These results show the exceptional stability of the octa-
nuclear µ-oxo products. A study of metal redistribution
phenomena within the preformed isostructural octanuclear
µ-oxo derivatives of the entire Mnf Ni sequence and on
the corresponding lanthanide complexes Ln4(O2CNiPr2)12,18

using mass spectrometry as the analytical tool, is in progress.
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Figure 2. Negative ion mass spectrum of [CoxMn6-x(MnO)(CoO)-
(O2CNEt2)12]- obtained by DCI/MS: molecular ion region. Intensity.
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