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The reaction of 2�hydroxy�6�methylpyridine (HL, 1) with nonanuclear nickel trimethyl�
acetate Ni9(OH)6(OOCCMe3)12(HOOCCMe3)4 (2) in MeCN with a ratio M : L = 1 : 1 under
mild conditions (20 °C, 15 min) led to degradation of the metal core to form the hexanuclear
complex (HL)2(µ2�HL)2Ni6(µ3�OH)2(µ2�H2O)2(µ�OOCCMe3)8(η�OOCCMe3)2 (3). Further
heating of 3 in acetonitrile at 80 °C for 4 h afforded the (HL)Ni6(µ3�OH)(µ3,η2�L)3(µ,η2�
L)(µ3�L)(µ3�OOCCMe3)(µ�OOCCMe3)4(η2�OOCCMe3) complex. The reaction with the use
of a 2 : 1 THF—EtOH mixture instead of acetonitrile at 50 °C gave the decanuclear complex
[Ni10(µ3�O)2(µ3�OH)4(µ�OOCCMe3)6(µ3,η2�L)6(EtOH)6](H2O)2, which is also produced from
compounds 1 and 2 in ethanol. The structures of the resulting complexes were established by
X�ray diffraction.
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The formation of pivalate complexes is extensively
used in chemistry to transfer transition metals to an or�
ganic medium, in which these compounds are, as a rule,
readily soluble. These compounds can further be modi�
fied through interactions with various organic donor mol�
ecules by controlling the metal core structure in the re�
sulting compounds based on the geometric and electronic
features of both the starting pivalates and organic counter
agents.1—8 The bridging pivalate groups are also often
involved in structural modifications, for example, through
replacement with other organic anionic ligands.8—12

2�Hydroxypyridine can serve as a convenient modifying
agent. In the free state, this compound exists predomi�
nantly as pyridone13,14 and can either be coordinated as a
neutral molecule or undergo deprotonation to give the
2�pyridonate anion. Apparently, the first step of the reac�
tion with the transition metal ion involves coordination of
2�hydroxy�6�methylpyridine through the oxygen atom

because the nitrogen atom is protonated. The further be�
havior of the transition metal—pyridone fragment depends
on many factors, including the nature of other acido
ligands bound to the metal center. The structures of the
resulting complexes are determined to a great extent by
the structure�forming role of the pyridonate anions, whose
geometric characteristics are similar to those of the car�
boxylate ligands.15—20 Pivalate complexes are attractive
objects for attack by hydroxypyridine because the pivalate
anionic ligands can easily bind a proton (pKa of pivalic
acid is 5.05) and can be released,21 thus giving a place for
a new bridge. In substitution reactions, the nature of the
metal center is also of importance.

Recently, we have demonstrated that the reaction of
polymeric cobalt pivalate with 2�hydroxy�6�methyl�
pyridine (HL, 1) gives the hexanuclear complex Co6(µ3�
OH)2(η2,µ3�L)2(µ�OOCCMe3)8(HOOCCMe3)4.22 In the
presence of an excess of HL, the pivalate ligands are fur�
ther replaced to give the complex (HL)Co6(µ3�OH)(µ3,η2�
L)3(µ,η2�L)(µ3�L)(µ3�OOCCMe3)(µ�OOCCMe3)4(η2�† Deceased.
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OOCCMe3). In the present study, we examined the reac�
tion of 1 with the nonanuclear nickel(II) trimethylacetate
complex Ni9(HOOCCMe3)4(µ4�OH)(µ3�OH)3(µn�
OOCCMe3)12 (2) containing 12 bridging different�den�
tate pivalate ligands.

Results and Discussion

The reaction of nonanuclear nickel trimethylacetate 2
with HL (1) in acetonitrile at room temperature led to
degradation of the metal core and the formation of the
hexanuclear complex (HL)2(µ2�HL)2Ni6(µ3�OH)2(µ2�
H2O)2(µ�OOCCMe3)8(η�OOCCMe3)2 (3) (Scheme 1,
Fig. 1, Table 1).

The X�ray diffraction study demonstrated that mol�
ecule 3 has a symmetrical structure, and the nickel atoms
are linked together by both the bridging pivalate anions
(Ni—O, 2.007(3)—2.168(2) Å) and the oxygen atom
of 6�methyl�2�pyridone (Ni(1)—O(11), 2.135(3) Å;
Ni(2)—O(11), 2.103(3) Å). In addition, complex 3
contains bridging hydroxy groups and water molecules
(Ni—O(µ3�OH), 1.961(2)—2.024(3) Å; Ni—O(µ2�OH2),
2.115(3) and 2.126(3) Å). The peripheral nickel atoms
are in an octahedral environment due to additional coor�
dination by monodentate neutral pyridone molecules
(Ni(1)—O(12), 2.066(3) Å).

However, under these conditions, only four HL ligands
are involved in interactions with the starting complex 2.
The situation changes in the case of prolonged heat�
ing (M : L = 1 : 1), resulting in the formation
of the hexanuclear complex (HL)Ni6(µ3�OH)(µ3,η2�
L)3(µ,η2�L)(µ3�L)(µ3�OOCCMe3)(µ�OOCCMe3)4(η2�
OOCCMe3) (4) (see Scheme 1, Fig. 2, and Table 1).

In complex 4, the distances between all nickel atoms
are nonbonded (Ni...Ni, 2.978(1)—3.764(1) Å) (see
Fig. 1 and Table 1), and these atoms are linked to
each other by five trimethylacetate bridges (Ni—O,
1.968(3)—2.216(3) Å), five tridentate bridging 2�pyri�
donate anions (Ni—N, 2.039(3)—2.089(3) Å; Ni—O,
2.013(3)—2.2285(3) Å), and the µ3�OH group (Ni—OH,
1.971(3)—2.015(3) Å). In this complex, the Ni atoms are
in an octahedral coordination environment, although
one Ni—O distance to the Ni(2) atom is very long
(O(17)—Ni(2), 2.470(3) Å). Two metal atoms are coor�
dinated by nonbridging ligands. Thus, the Ni(6) atom is
bound to the chelate pivalate group (Ni—O, 2.081(3) and
2.105(3) Å), and the Ni(4) atom is coordinated by the
pyridone ligand (Ni(5)—O(13), 2.041(3) Å) (see Fig. 2).
Therefore, upon the replacement of the trimethylacetate
anions in complex 4 by pyridonate anions, the metal to
ligand ratio becomes equal to 1 : 1, although one of the
hydroxypyridine ligands remains neutral. Complex 4 is

Fig. 1. Structure of complex 3.
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Scheme 1

Reagents and conditions: i. MeCN, Niat : L = 1 : 1, stirring of the solutions at ~20 °C; ii. MeCN, Niat : L = 1 : 1, 80 °C, 4 h;
iii. EtOH, Niat : L = 1 : 1, 80 °C; iv. recrystallization from THF—MeCN; v. recrystallization from THF—EtOH, 70 °C;
vi. THF—EtOH, 70 °C.

also formed upon heating of a solution of complex 3
in a 2 : 1 THF—MeCN solvent mixture at 60 °C for
30 min. Taking into account the different Ni : L ratios

in complexes 3 (3 : 2) and 4 (1 : 1), low solubility of
the complexes in MeCN, and low yields of the reac�
tion products, it can be suggested that the solution con�
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tains other highly soluble products, which we failed to
isolate.

The reaction with the use of ethanol instead of aceto�
nitrile afforded the unusual decanuclear complex
Ni10(µ3�O)2(µ3�OH)4(µ�OOCCMe3)6(µ3,η2�L)6(EtOH)6

(5), which was isolated as a solvate with two water mol�
ecules (see Scheme 1, Fig. 3, and Table 1).

According to the X�ray diffraction data, all nickel at�
oms are in an octahedral coordination environment, nine
peripheral nickel atoms being linked to each other to

Table 1. Selected geometric characteristics of complexes 3—5

Bond d/Å

3 4 5

Nicent—O (µ3�OH and µ3�O) — — 2.038(12); 2.084(10)
Ni—O (µ3�OH) 1.961(2)—2.024(3) 1.971(3)—2.015(3) 1.964(11)—2.106(11)
Ni—O (µ2�OH2) 2.115(3); 2.126(3) — —
Ni—O (µ3�OOCCMe3) 2.157(3)—2.168(2) 2.002(3)—2.216(3) —
Ni—O (OOCCMe3(bridge)) 2.007(3)—2.071(3) 1.968(3)—2.037(3) 1.985(14)—2.04(2)
Ni—O (OOCCMe3(chelate)) — 2.081(3); 2.105(3) —
Ni—O (OOCCMe3(terminal)) 2.026(3) — —
Ni—N — 2.039(3)—2.089(3) 2.025(16); 2.043(19)
Ni—O (L) — 2.013(3)—2.285(3) 2.042(15)—2.245(13)
Ni—O (HL) 2.066(3)—2.135(3) 2.041(3) —
Ni—O (EtOH) — — 2.097(14); 2.149(16)
Ni...Ni 3.063(3)—3.690(3) 2.978(1)—3.764(1) 3.052(4)—3.939(4)
O—H...O 1.70 — —
N—H...O 2.04—2.15 — —

Fig. 2. Molecular structure of cluster 4.
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form a closed symmetrical system due to the µ3�O func�
tion of the oxygen atoms of the 6�methyl�2�pyridonate
and carboxylate anions. The coordination environment
of six out of nine peripheral nickel atoms is formed by the
monodentate�coordinated ethanol molecule (Ni—O,
2.097(14) and 2.149(16) Å), the oxygen atom of the
pivalate anion (Ni—O, 1.985(14)—1.999(14) Å), and the
chelate 6�methyl�2�pyridonate anions (Ni—O,
2.042(15)—2.245(13) Å; Ni—N, 2.025(16)—2.043(19) Å).
The oxygen atoms of the ligand and pivalate anions act as
bridges between the other three nickel atoms (Ni—O are
2.148(14)—2.162(13) and 2.024(13)—2.04(2) Å for the
6�methyl�2�pyridonate and carboxylate anions, respec�
tively). The molecule has crystallographic symmetry C3;
the threefold axis passes through the central Ni(1) atom.
The coordination environment of this atom is
formed by six equivalent oxygen atoms (Nicent—O,
2.038(12)—2.084(10) Å), which serve the bridging µ3�O
function to link this nickel atom to nine other nickel
atoms (Ni—O, 1.964(11)—2.106(11) Å). Four of these
oxygen atoms belong to hydroxy groups and only two
oxygen atoms are involved in oxo bridges. As a result, the
protons of four hydroxy groups in molecule 5 are disor�
dered and can formally occupy all six positions (at the
oxygen atoms) with an occupancy of 2/3.

Decanuclear cluster 5 exhibits antiferromagnetic prop�
erties, and its effective magnetic moment monotonically
decreases from 9.607 to 5.229 µB (per molecule) in the
temperature range of 300—2 K due to spin�spin exchange
interactions (Fig. 4).

The presence of the polymetallic metal core with bridg�
ing ligands, which are prone to electron density delocal�
ization, in complexes 3, 4, and 5, as well as in the starting
complex 2, implies the possibility that such compounds
containing a large number of nickel atoms have unusual
electrochemical properties.

The cyclic voltammetry (CV) data for the compounds
under study are given in Table 2. Oxidation of the
decanuclear nickel complex involves two quasireversible
one�electron steps (Fig. 5) at potentials of +1.05 and
+1.532 V (see Table 2).

The reversibilities (Ic/Ia) (see Table 2) of the process
provide evidence for the formation of rather stable inter�
mediates under electrochemical experimental condi�
tions.23 The first redox transfer affords stable cationic
complex 5+. This is confirmed by the results of electroly�
sis at the controlled potential (+1.2 V). The cyclic
voltammogram of cation 5+ produced by electrolysis is no
different from the initial voltammogram, which is evi�
dence of reversible oxidation of complex 5. The first re�

Fig. 3. Molecular structure of complex 5.
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dox step occurs apparently in the inner coordination
sphere of the complex, because the coordinated ethanol
molecules and pivalate anions do not exhibit redox activ�
ity in this potential range.24 Stability of cation 5+ gener�
ated during oxidation indicates that delocalization of the
effective charge can occur in the structure as a whole. The
second quasireversible redox process observed at a more

anodic potential (1.532 V) provides evidence for the pos�
sible formation of the dicationic complex. The formation
of cation 5+ in the first step accompanied by the internal
electronic rearrangement does not allow us to reach a
decisive conclusion regarding the electron�transfer center
in the second redox transition. However, the observed
partial reversibility of the process confirms the assump�
tion that the metal carboxylate core is actively involved in
the intramolecular charge transfer in these systems.

The cyclic voltammograms of hexanuclear nickel com�
plexes 3 and 4 show two irreversible oxidation peaks in
the anodic region (Fig. 6).

Presumably, the first weakly pronounced peak corre�
sponds to oxidation of the pivalate anion because simi�
lar potentials were obtained for potassium pivalate
Me3CCOOK under the same conditions (see Table 2).
This indicates that dissolution of the complexes in DMF
can lead to complete or partial removal of one of the

Fig. 4. Plots µeff(T ) (a) and 1/χ(T ) (b) for compound 5.

χ–1/mol cm–3

20

10

0
50 100 150 200 250 T/K

µeff/µB

9

8

7

6

50 100 150 200 250 T/K

a

b

Table 2. Electrochemical potentials of the complexesa

Compound Еp1
ox/V Ic/Ia n Еp2

ox/V Ic/Ia n Еp1
red/V n

1 (HL)b 1.613 0.23 1 — — — — —
1c 1.627 — 2 — — — –1.80 —
2c 1.713 >1 — — — — –1.55 >1
3b 0.963 — — 1.598 — >2 –1.670, 1

–1.864 —
4b 0.923 — — 1.555 — >2 –1.656 —
5c 1.05 0.54 1 1.532 0.5 1 –1.325 1
Me3CCOOK 0.966 — — — — — — —

a Conditions: a Pt electrode, V = 0.2 V s–1, 0.1 M Bu4NClO4, C = 3•10–3 mol L–1, the potentials are given
with respect to Ag/AgCl.
b DMF.
c CH2Cl2.
Note: Ic/Ia is the ratio of the cathodic peak current to the anodic peak current (reversibility), n is the number
of electrons involved in the electrochemical reaction compared to the current of the reference (ferrocene),
Ep1

ox and Ep2
ox are the potentials of the first and second oxidation peaks, respectively, and Ep1

red is the
potential of the first reduction peak.

Fig. 5. CV data for oxidation of complex 5 in ranges of
0—1400 (1) and 0—1700 mV (2) (CH2Cl2, V = 0.2 V s–1,
Ag/AgCl, C = 1•10–3 mol L–1, Pt electrode, 0.1 M Bu4NClO4).
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pivalate fragments from the complex molecule or, at least,
can change its coordination mode with the metal center.
An analogous peak was found in studying the electro�
chemical properties of the complexes in a solvent mixture
(MeCN—CH2Cl2). The second redox processes in the
anodic region were observed at rather similar potentials
for the hexanuclear compounds and correspond to oxida�
tion of the coordinated terminal pyridone molecules. The
potentials of the second anodic peaks for compounds 3
and 4 are slightly shifted in the cathode area compared to
the free ligand (1.627 V). The free ligand in DMF is
oxidized in the two�electron irreversible process unlike
the reaction in CH2Cl2, where the process (according to
the available data, see Table 2) is one�electron and weakly
reversible. The irreversibility of the second oxidation step
for compounds 3 and 4 and an insignificant cathodic shift
of the potential compared to that of the free ligand are
indicative of weak coordination of the neutral pyridone
ligands to the metal center.

To estimate the influence of hydroxopyridine deriva�
tives on the electrochemical behavior of polynuclear nickel
pivalates, we studied the electrochemical behavior of the
starting nonanuclear nickel carboxylate complex 2 con�
taining no anions L. Oxidation of 2 proceeds in one irre�
versible multielectron step involving, apparently, the metal
ions in the redox process (see Table 2).

It is known25 that the redox reactions of carboxylate
complexes of d�metals can formally be divided into three
groups: 1) reactions accompanied by a change in the oxi�
dation state of only the metal ion; 2) reactions involving
terminal ligands; 3) reactions leading not only to a change
in the oxidation state of metal but also to the rearrange�
ment of the inner structure of the complex. Nonanuclear
nickel complex 2 can be assigned to the third group. The
electrochemical behavior of nonanuclear complex 2 is
noticeably different from that of decanuclear complex 5,
in which the partial replacement of the carboxylate frag�

ments by the pyridonate anions leads to a decrease in the
oxidation potential of the complex and reversibility of
redox transitions. The observed changes in the electro�
chemical characteristics are indicative of a considerable
decrease in the HOMO energy and an increase in the
contribution of the pyridonate fragments to HOMO. The
formation of stable oxidized forms for complex 5 suggests
that complex 5 is characterized by higher electron lability
than compound 2.

The differences in the redox behavior of complexes 5
and 2 are observed also in the cathodic region. Reduction
of decanuclear complex 5 is a one�electron weakly revers�
ible process and corresponds to reduction of one metal
center (Fig. 7). Reduction of carboxylate complex 2 is a
multielectron irreversible process occurring at higher ca�
thodic potentials and resulting in partial destruction of
the complex. The reverse scan of the cyclic voltammogram
shows a peak at –0.08 V, which is presumably assigned to
oxidation of nickel metal adsorbed on the surface of the
auxiliary electrode. The cyclic voltammogram of com�
plex 5 provides evidence that there are no decomposition
products in this case (see Fig. 7). Reduction is shifted to
more positive potentials compared to carboxylate com�
plex 2. Therefore, based on the electrochemical data for
complex 5, it can be concluded that the frontier redox
orbitals approximate each other by ~1 V compared to
carboxylate complex 2.

Reduction of hexanuclear complexes 3 and 4 proceeds
identically. The cyclic voltammograms show irreversible
one�electron redox transitions at virtually equal poten�
tials (Fig. 8, curve 1). However, the cyclic voltammogram
of compounds 3 has an additional cathodic step at
–1.864 V. Upon the replacement of the solvent with
CH2Cl2 in the case of complex 3, the results were analo�
gous to those obtained in DMF. The anodic scan of the

Fig. 6. CV data for oxidation of complex 3 (DMF, V = 0.2 V s–1,
Ag/AgCl, C = 3•10–3 mol L–1, Ar, Pt electrode, 0.1 M
Bu4NClO4).
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Fig. 7. CV data for reduction of 5 (0—–2000 mV) (CH2Cl2,
V = 0.2 V s–1, Ag/AgCl, C = 3•10–3 mol L–1, Pt electrode,
0.1 M Bu4NClO4).
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voltammogram is evidence for the presence of products of
the chemical reaction proceeding after the electron trans�
fer (–0.727 and –0.400 V). An analysis of the cyclic
voltammograms of the coordinated ligand in complexes 3
and 4 revealed the presence of analogous anodic peaks
(see Fig. 8, curve 2).

Consequently, compounds 3 and 4, unlike decanuclear
complex 5, are characterized by redox activity of the co�
ordinated ligands at cathodic potentials as well. Reduc�
tion occurs at the terminal pyridone fragments to give
reduction products of the ligand in solution. However, an
additional wave is observed in the case of complex 3 at
–1.864 V. This wave belongs, apparently, to the ligand�
centered process. As in the case of compound 3, the re�
verse scan of the cyclic voltammogram of complex 4 shows
only oxidation peaks of reduction products of the ligand,
whereas the oxidation peak of adsorbed metal is absent.
Unlike complex 2, reduction of complexes 3 and 4 does
not lead to degradation of the metal core and release of
free metal.

Therefore, the redox activity of the coordinated neu�
tral pyridone ligands and the weak involvement of the
inner coordination sphere in redox processes are more
typical of complexes 3 and 4. The replacement of the
carboxylate anions by the pyridonate anions and poor
steric accessibility of the metal centers lead to a decrease
in the efficiency of the system in the internal charge trans�
fer and charge delocalization in the system compared to
the decanuclear complex. In the case of decanuclear com�
plex 5, reversible redox transitions occur as a result of an
increase in the number of metal centers, due to which this
complex can be considered as an electronic buffer.

Experimental

The complexes were synthesized under argon with the use of
dehydrated commercial solvents. 2�Hydroxy�6�methylpyridine
was purchased from Acros. The starting nonanuclear nickel
pivalate was synthesized according to a known procedure.26 The
IR spectra were recorded on a Specord M�80 instrument in KBr

pellets. The static magnetic susceptibility χ´м was measured on a
Quantum Design MPMS�5S SQUID magnetometer in the tem�
perature range of 300—2 K. The effective magnetic moments
were calculated by the equation µeff = (8χ´мT)1/2.27 Electro�
chemical studies were carried out on a digital IPC�PRO
potentiostat/galvanostat equipped with a 2�mL three�electrode
electrochemical cell. A platinum electrode with a surface area
of 4 mm2 was used as the working electrode, a platinum plate
with a surface area of 70 mm2 served as the auxiliary electrode,
a saturated silver chloride electrode with a water�impermeable
membrane was used as the reference electrode, and tetra�
butylammonium perchlorate (0.1 mol L–1) served as the sup�
porting electrolyte. The starting concentration of the compounds
was 0.003—0.001 mol L–1. The cyclic voltammograms were re�
corded at a potential scan rate of 0.2 V s–1. The complexes were
dissolved and the cyclic voltammograms were recorded under
argon.

Bis(µµµµµ3�hydroxo)bis(µµµµµ3�trimethylacetato�O,O,O´)hexakis(µµµµµ�
trimethylacetato�O,O´)bis(ηηηηη�trimethylacetato)bis(µµµµµ2�6�methyl�
2 � p y r i d o n e � O ) b i s ( ηηηηη � 6 � m e t h y l � 2 � p y r i d o n e ) b i s ( µµµµµ 2 �
aqua)hexanickel(II), (HL)2(µµµµµ2�HL)2Ni6(µµµµµ3�OH)2(µµµµµ2�H2O)2(µµµµµ�
OOCCMe3)8(ηηηηη�OOCCMe3)2 (3). A solution of 2�hydroxy�
6�methylpyridine (0.0837 g, 0.77 mmol) in acetonitrile
(10 mL) was added to a solution of the Ni9(OH)6(µ�
OOCCMe3)12(HOOCCMe3)4 complex (0.2 g, 0.77 mmol) in
acetonitrile (10 mL). The reaction solution was stirred at room
temperature for 5 min. After 10—15 min, a finely crystalline
precipitate was obtained. Crystals suitable for X�ray diffraction
were grown by slow evaporation of the dilute reaction solution at
room temperature. The yield of compound 3 was 0.14 g
(60% based on consumed nickel). Found (%): C, 47.5; H, 6.7;
N, 3.0. C74H124N4Ni6O28. Calculated (%): C, 47.4; H, 6.6;
N, 3.0. IR (KBr), ν/cm–1: 2980 m, 2956 m, 2924 m, 2868 m,
1668 s, 1652 s, 1644 s, 1624 s, 1556 s, 1536 s, 1480 s, 1456 s,
1416 s, 1356 s, 1276 m, 1224 s, 1164 s, 1028 s, 1000 s, 936 m,
916 m, 876 s, 816 m, 788 s, 744 m, 724 m, 608 s, 572 m, 584 m,
548 m, 532 m, 464 w, 424 s.

(µµµµµ3�Hydroxo)tris(µµµµµ3,ηηηηη2�6�methyl�2�pyridonato)(µµµµµ2,ηηηηη2�6�
methyl�2�pyridonato)(µµµµµ3�6�methyl�2�pyridonato)(µµµµµ3�trimethyl�
acetato�O,O,O´)tetrakis(µµµµµ�trimethylacetato�O,O´)(ηηηηη2�trimethyl�
acetato�O ,O´ )(ηηηηη �6�methyl�2�pyridone)hexanickel( I I ) ,
(HL)Ni6(µµµµµ3�OH)(µµµµµ3,ηηηηη2�L)3(µµµµµ,ηηηηη2�L)(µµµµµ3�L)(µµµµµ3�OOCCMe3)(µµµµµ�
OOCCMe3)4(ηηηηη2�OOCCMe3) (4). A solution of 2�hydroxy�
6�methylpyridine (0.0837 g, 0.77 mmol) in acetonitrile
(15 mL) was added to a solution of the Ni9(OH)6(µ�
OOCCMe3)12(HOOCCMe3)4 complex (0.2 g, 0.77 mmol) in
acetonitrile (15 mL). The reaction solution was heated at 80 °C
for 4 h without stirring and then cooled to room temperature on
a sand bath. As the solution was cooled, small prismatic crystals
precipitated. The yield of compound 4 was 0.11 g (53%).
Found (%): C, 48.8; H, 5.6; N, 5.2. C66H91N6Ni6O19. Cal�
culated (%): C, 48.6; H, 5.6; N, 5.1. IR (KBr), ν/cm–1:
3600—3290 m, 2952 s, 2924 s, 2864 m, 1648 s, 1604 s, 1572 v.s,
1564 v.s, 1480 s, 1468 v.s, 1412 v.s, 1372 s, 1356 s, 1332 s,
1264 w, 1248 s, 1228 s, 1156 m, 1080 w, 1044 s, 1012 m, 956 m,
892 m, 868 m, 796 s, 748 s, 676 m, 612 s, 584 m, 524 m,
460 m, 432 m.

Crystals suitable for X�ray diffraction were grown by slow
diffusion of a solution of 1 into a solution of 2 in acetonitrile.

Bis(µµµµµ3�oxo)tetrakis(µµµµµ3�hydroxo)hexakis(µµµµµ�trimethyl�
acetato�O,O´)hexakis(µµµµµ3,ηηηηη2�6�methyl�2�pyridonato)hexa�

Fig. 8. CV data for reduction: 1, complex 3; 2, 2�hydroxy�6�
methylpyridine (1) (DMF, V = 0.2 V s–1, Ag/AgCl, C = 3•10–3

mol L–1, Ar, Pt electrode, 0.1 M Bu4NClO4).
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kis(ethanol�O)decanickel(II) dihydrate, [Ni10(µµµµµ3�O)2(µµµµµ3�OH)4(µµµµµ�
OOCCMe3)6(µµµµµ3,ηηηηη2�L)6(EtOH)6]•(H2O)2 (5). A. Ethanol
(20 mL) was added to a mixture of the Ni9(OH)6(µ�
OOCCMe3)12(HOOCCMe3)4 complex (0.5 g, 1.92 mmol) and
2�hydroxy�6�methylpyridine (0.2090 g, 1.92 mmol), and the
reaction mixture was stirred at 60 °C until the reagents were
completely dissolved. Then the solution was kept at room tem�
perature for 24 h. The green crystals that precipitated were sepa�
rated from the solution by decantation, washed with cold etha�
nol, and dried at 0.1 Torr (20 °C). The yield of compound 5
was 0.19 g (44%). Calculated (%): C, 41.6; H, 5.9; N, 3.7.
C78H131N6Ni10O32. Found (%): C, 41.4; H, 5.7; N, 3.7.
IR (KBr), ν/cm–1: 3612 m, 3600—3200 m, 2976 m, 2956 s,
2924 s, 2868 m, 1652 m, 1604 s, 1572 v.s, 1564 v.s, 1480 s,
1468 v.s, 1412 s, 1372 s, 1356 s, 1332 v.s, 1264 m, 1248 s, 1228 s,
1156 s, 1092 m, 1048 s, 1012 m, 956 m, 892 m, 884 m, 872 m,
796 s, 748 s, 676 m, 612 m, 584 w, 524 w, 460 w, 432 m.

X�ray diffraction study. X�ray diffraction data sets for com�
plexes 3, 4, and 5 were collected using the standard procedure28

on an automated Bruker AXS SMART 1000 diffractometer
equipped with a CCD detector (graphite monochromator, 120 K
(for 3 and 4) and 293 K (for 5), ω�scanning technique, the scan
step was 0.3°, the exposure time per frame was 30 s). For all
complexes, a semi�empirical absorption correction was applied.29

The crystallographic parameters and the X�ray diffraction data
collection and refinement statistics for all structures are given in
Table 3. The structures were solved by direct methods using the
SHELXS97 program package30 and refined by the full�matrix
least�squares method with anisotropic displacement parameters

for nonhydrogen atoms (positions of H atoms were fixed with
UH = 0.082) using the SHELXL97 program package.31 The hy�
drogen atoms of the tert�butyl substituents of the pivalate ligands
and NH groups were generated geometrically and refined using
a riding model. The calculations were carried out using the
SHELX97 program package.30 Selected geometric parameters
of the complexes are given in Table 1.

We thank the Head and staff of the Center of X�ray
Diffraction Studies (A. N. Nesmeyanov Institute of
Organoelement Compounds of the Russian Academy of
Sciences) for providing an opportunity to collect X�ray
diffraction data on a Bruker AXS SMART 1000
diffractometer and the Astrakhan State Technical Uni�
versity for performing electrochemical studies.
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NSh 4959.2006.03), the Russian Academy of Sciences
(Target Program for Basic Research of the Division of
Chemistry and Materials Science of the Russian Acad�
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Program of the Presidium of the Russian Academy of

Table 3. Crystallographic parameters of complexes 3, 4, and 5

Parameter 3 4 5

Molecular formula C74H124N4Ni6O28 C66H91N6Ni6O19 C78H131N6Ni10O32
Molecular weight 1870.03 1624.71 2251.99
Crystal system Monoclinic Monoclinic Cubic
Space group C2/c P2(1)/c P2(1)3
a/Å 25.522(7) 19.646(4) 22.591(3)
b/Å 17.587(4) 15.130(3) 22.591(3)
c/Å 19.834(6) 24.851(5) 22.591(3)
α/deg 90.00 90.00 90.00
β/deg 91.535(10) 96.095(7) 90.00
γ/deg 90.00 90.00 90.00
V/Å 8899(4) 7345(2) 11529(2)
Z 4 4 4
ρcalc/g cm–3 1.396 1.469 1.297
µ/cm–3 1.319 1.578 1.660
Radiation Mo�Kα (λ = 0.71073 Å)
Scan range, 1.41—25.16 1.04—30.05 1.80—26.01

θmin—θmax/deg
Number of measured 14964 70446 3520

reflections
Number of reflections 7793 21215 3104

with I > 2σ(I )
R1

a 0.0439 0.0504 0.0699
wR2

b 0.0654 0.0933 0.0955

a R1 = Σ||Fo| – |Fc||/Σ|Fo|.
b wR2 = {Σ[w(Fo

2 – Fc
2)2]/Σ[w(Fo

2)2]}1/2.
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Sciences "Directed Synthesis of Inorganic Compounds
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Their Basis" ("Design of Magnetoactive Compounds and
Materials (Molecular Magnets)") and "Polyfunctional
Materials for Molecular Electronics"), and the Federal
Agency for Science and Innovations ("Nanotechnologies
and Nanomaterials").

References

1. A. E. Malkov, T. B. Mikhailova, G. G. Aleksandrov, E. V.
Pakhmutova, I. M. Egorov, A. A. Sidorov, I. G. Fomina,
S. E. Nefedov, I. L. Eremenko, and I. I. Moiseev, Izv. Akad.
Nauk, Ser. Khim., 2001, 2370 [Russ. Chem. Bull., Int. Ed.,
2001, 50, 2485].

2. K. Asamaki, T. Nakamoto, S. Kawata, H. Sano, M. Katada,
and K. Endo, Inorg. Chim. Acta, 1995, 236, 155.

3. I. G. Fomina, A. A. Sidorov, G. G. Aleksandrov, V. I. Zhilov,
V. N. Ikorskii, V. M. Novotortsev, and I. L. Eremenko, Izv.
Akad. Nauk, Ser. Khim., 2004, 112 [Russ. Chem. Bull., Int.
Ed., 2004, 53, 114].

4. A. Yu. Chernyad´ev, Yu. A. Ustynyuk, O. V. Yazev, E. A.
Kataev, M. D. Reshetova, A. A. Sidorov, G. G. Aleksandrov,
V. N. Ikorskii, V. M. Novotortsev, S. E. Nefedov, I. L.
Eremenko, and I. I. Moiseev, Izv. Akad. Nauk, Ser. Khim.,
2001, 2334 [Russ. Chem. Bull., Int. Ed., 2001, 50, 2445].

5. C. Benelli, M. Murrie, S. Parsons, and R. E. P. Winpenny,
J. Chem. Soc., Dalton Trans., 1999, 4125.

6. A. C. Royer, R. D. Rogers, D. L. Arrington, S. C. Street,
and J. B. Vincent, Polyhedron, 2002, 21, 155.

7. P. Christian, G. Rajaraman, A. Harrison, J. J. W. McDouall,
J. T. Raftery, and R. E. P. Winpenny, J. Chem. Soc., Dalton
Trans., 2000, 1511.

8. G. Chaboussant, R. Basler, H.�U. Gudel, S. Ochsenbein,
A. Parkin, S. Parsons, G. Rajaraman, A. Sieber, A. A. Smith,
G. A. Timco, and R. E. P. Winpenny, J. Chem. Soc., Dalton
Trans., 200, 2758.

9. T. B. Mikhailova, E. V. Pakhmutova, A. E. Malkov, I. F.
Golovaneva, A. A. Sidorov, I. G. Fomina, G. G.
Aleksandrov, V. N. Ikorskii, V. M. Novotortsev, I. L.
Eremenko, and I. I. Moiseev, Izv. Akad. Nauk, Ser. Khim.,
2003, 1994 [Russ. Chem. Bull., Int. Ed., 2003, 52, 2105].

10. E. V. Pakhmutova, A. A. Sidorov, I. G. Fomina, G. G.
Aleksandrov, V. M. Novotortsev, V. N. Ikorskii, and I. L.
Eremenko, Izv. Akad. Nauk, Ser. Khim., 2003, 2006 [Russ.
Chem. Bull., Int. Ed., 2003, 52, 2125].

11. I. L. Eremenko, S. E. Nefedov, A. A. Sidorov, M. A.
Golubnichaya, P. V. Danilov, V. N. Ikorskii, Y. G.
Shvedenkov, V. M. Novotortsev, and I. I. Moiseev, Inorg.
Chem., 1999, 38, 3764.

12. V. Ovcharenko, E. Fursova, G. Romanenko, I. Eremenko,
E. Tretyakov, and V. Ikorskii, Inorg. Chem., 2006, 45, 5338.

13. A. Dkhissia, L. Houbena, J. Smetsa, L. Adamowiczb, and
G. Maesa, J. Mol. Struct., 1999, 484, 215.

14. C. S. Tautermann, A. F. Voegele, and K. R. Liedl, Chem.
Phys., 2003, 292, 47.

15. C. Cadiou, M. Murrie, C. Paulsen, V. Villar, W. Wernsdorfer,
and R. E. P. Winpenny, J. Chem. Soc., Chem. Commun.,
2001, 2666.

16. E. K. Brechin, A. Graham, S. G. Harris, S. Parsons, and
R. E. P. Winpenny, J. Chem. Soc., Dalton Trans., 1997, 3405.

17. C. Cadiou, R. A. Coxall, A. Graham, A. Harrison,
M. Helliwell, S. Parson, and R. E. P. Winpenny, J. Chem.
Soc., Chem. Commun., 2002, 1106.

18. A. J. Blake, C. M. Grant, S. Parsons, J. M. Rawson, and
R. E. P. Winpenny, J. Chem. Soc., Chem. Commun.,
1994, 2363.

19. A. J. Blake, E. K. Brechin, A. Codron, R. O. Gould, C. M.
Grant, S. Parsons, J. M. Rawson, and R. E. P. Winpenny,
J. Chem. Soc., Chem. Commun., 1995, 1983.

20. E. K. Brechin, S. Parsons, and R. E. P. Winpenny, J. Chem.
Soc., Dalton Trans., 1996, 3745.

21. Svoistva organicheskikh soedinenii [Properties of Organic
Compouds], Ed. A. A. Potekhin, Khimiya, Leningrad, 1984,
520 (in Russian).

22. A. A. Sidorov, M. E. Nikiforova, E. V. Pakhmutova, G. G.
Aleksandrov, V. N. Ikorskii, V. M. Novotortsev, I. L.
Eremenko, and I. I. Moiseev, Izv. Akad. Nauk, Ser. Khim.,
2006, 1851 [Russ. Chem. Bull., Int. Ed., 2006, 55, 1920].

23. Electroanalytical Methods. Guide to Experiments and Applica�
tions, Ed. F. Scholz, Springer Verlag, Berlin, 2002, 331 pp.

24. L. D. Slep, A. Mijovilovich, W. Meyer�Klaucke,
T. Weyhermuller, E. Bill, E. Bothe, F. Neese, and
K. Wieghardt, Am. J. Chem. Assoc., 2003, 50, 15554.

25. A. N. Belyaev, S. A. Simanova, M. Yu. Gorlov, V. I.
Bashmakov, N. S. Panina, and V. E. Vyatkin, Zh. Obshch.
Khim., 2001, 71, 1259 [Russ. J. Gen. Chem., 2001, 71, 1186
(Engl. Transl.)].

26. I. L. Eremenko, M. A. Golubnichaya, S. E. Nefedov, A. A.
Sidorov, I. F. Golovaneva, V. I. Burkov, O. G. Ellert, V. M.
Novotortsev, L. T. Eremenko, A. Sousa, and M. R. Bermejo,
Izv. Akad. Nauk, Ser. Khim., 1998, 725 [Russ. Chem. Bull.,
1998, 47, 704 (Engl. Transl.)].

27. Yu. V. Rakitin and V. T. Kalinnikov, Sovremennaya
magnetokhimiya [Modern Magnetochemistry], Nauka, St. Pe�
tersburg, 1994, 272 pp. (in Russian).

28. SMART (Control) and SAINT (Integration) Sofware, Version
5.0, Bruker AXS Inc., Madison (WI), 1997.

29. G. M. Sheldrik, SADABS, Program for Scanning and Correc�
tion of Area Detector Data, Götinngen University, Götinngen
(Germany), 1997.

30. G. M. Sheldrik, SHELX97, Program for Solution of Crystal
Structures, Götinngen University, Götinngen (Ger�
many), 1997.

31. G. M. Sheldrick, SHELXL97, Program for the Refinement of
Crystal Structures, University of Göttingen, Göttingen (Ger�
many), 1997.

Received March 22, 2007;
in revised form April 23, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


