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A simple general route of obtaining very stable octacoordinated non-oxovanadium(IV) complexes of the general
formula VL2 (where H2L is a tetradentate ONNO donor) is presented. Six such complexes (1−6) are adequately
characterized by elemental analysis, mass spectrometry, and various spectroscopic techniques. One of these
compounds (1) has been structurally characterized. The molecule has crystallographic 4h symmetry and has a
dodecahedral structure existing in a tetragonal space group P4hn2. The non-oxo character and VL2 stoichiometry
for all of the complexes are established from analytical and mass spectrometric data. In addition, the non-oxo
character is clearly indicated by the complete absence of the strong νVdO band in the 925−1025 cm-1 region,
which is a signature of all oxovanadium species. The complexes are quite stable in open air in the solid state and
in solution, a phenomenon rarely observed in non-oxovanadium(IV) or bare vanadium(IV) complexes.

Introduction

Though octacoordination is not frequently met in the
domain of coordination chemistry of the first-row transition
elements, the octacoordinated vanadium(IV) complex ama-
vadine was isolated from Amanita mushrooms way back in
the early 1970s.1,2 It was originally thought to be an
oxovanadium complex, but later on it was established that
it contains a “non-oxo” or “bare” V4+ center.3,4 The structure
of amavadine having a N2O6 donor environment and its non-
oxovanadium(IV) character was also established by its total
synthesis.5 Several synthetic models of amavadine were
subsequently prepared and structurally characterized.4-9

Some of these model complexes were examined for their

peroxidase activity in terms of the catalytic oxidation of some
selected thiols to the corresponding disulfides and also for
their peroxydative halogenation and catalase activity in terms
of decomposition of H2O2.10-12 The role of such model
complexes in the hydroxylation or oxofunctionalization of
alkanes and some selected aromatic compounds at room
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temperature was also explored.12 A survey of older as well
as recent literature revealed that some sulfur-coordinated13

and a few peroxo-ligated octacoordinated bare vanadium-
(IV) complexes14 were known, but apart from synthetic
analogues of amavadine, no reports of other types of
octacoordinated non-oxovanadium(IV) complexes with mul-
tidentate N-O donor ligands have appeared. Such a void
has probably been created as a result of overfocusing on
modeling of the naturally occurring amavadine expected to
mimic that biomolecule. In this work, we report the synthesis
of several octacoordinated non-amavadine model complexes
of some selected dianionic tetradentate N-O donor ligands.
These complexes are fully characterized by various physi-
cochemical techniques.

Experimental Section

Materials. [VO(acac)2] was prepared as described in the
literature.15 Other vanadium compounds used in this work, [VO-
(DPA)(H2O)2],16 [VO(DPA)(o-phen)],17 [V(PA)3]‚3H2O,18 [VO-
(OEt)L], [VO(OMe)L], and [VO(OEt)L(py)],19 were also obtained
by previously reported procedures. VCl3 was purchased from Fluka.
Reagent-grade solvents were dried and distilled prior to use. All
other chemicals were reagent-grade, were obtained from commercial
sources, and were used without further purification. Spectroscopic-
grade solvents were used for spectral measurements.

Synthesis. Syntheses of the Ligands H2L1-H2L6. The Schiff
base ligands benzildihydrazone of 2-aminobenzoylhydrazine (H2L1),
benzildihydrazone of 2-hydroxybenzoylhydrazine (H2L2), ben-
zildihydrazone of benzoylhydrazine (H2L3), pentane-2,3-dihydra-
zone of 2-aminobenzoylhydrazine (H2L4), pentane-2,3-dihydrazone
of 2-hydroxybenzoylhydrazine (H2L5), and pentane-2,3-dihydrazone
of benzoylhydrazine (H2L6) were prepared by a previously reported
procedure.20 Elemental analysis results, melting points, and NMR
and IR data for all of these were also verified and reported below
(Figure 1).

H2L1. Yield: 70%. Mp: 226°C. Anal. Calcd for C28H24N6O2:
C, 70.59; H, 5.04; N, 17.65. Found: C, 70.54; H, 5.02; N, 17.66.
IR (KBr, cm-1): 3462 (ν(NH2)s), 3355 (ν(NH2)as), 3027 (ν(NH)),
1661 (ν(CdO)), 1500 (ν(CdN)), 1241 (ν(N-N)). 1H NMR
(DMSO-d6, δ): 7.90 (s, 2H,-CHdN), 7.48-6.51 (m, 18H, C6H5,
C6H4), 5.5 (s, 4H, NH2).

H2L2. Yield: 74%. Mp: 208 °C (dec). Anal. Calcd for
C28H22N4O4: C, 70.29; H, 4.60; N, 11.71. Found: C, 70.26; H,
4.54; N, 11.66. IR (KBr, cm-1): 3284 (ν(OH)), 3029 (ν(NH)), 1636
(ν(CdO)), 1532 (ν(CdN)), 1232 (ν(N-N)). 1H NMR (DMSO-d6,
δ): 11.74 (s, 2H, OH), 7.97 (s, 2H,-CHdN), 7.69-6.84 (m, 18H,
C6H5, C6H4).

H2L3. Yield: 70%. Mp: 210°C. Anal. Calcd for C28H22N4O2:
C, 75.34; H, 4.93; N, 12.56. Found: C, 75.29; H, 4.88; N, 12.54.
IR (KBr, cm-1): 3175 (ν(NH)), 1646 (ν(CdO)), 1526 (ν(CdN)),
1261 (ν(N-N)). 1H NMR (DMSO-d6, δ): 7.91 (s, 2H,-CHdN),
7.61-6.82 (m, 20H, C6H5).

H2L4. Yield: 70%. Mp: 224°C. Anal. Calcd for C19H22N6O2:
C, 62.29; H, 6.01; N, 22.95. Found: C, 62.27; H, 5.96; N, 22.92.
IR (KBr; cm-1): 3471 (ν(NH2)s), 3363 (ν(NH2)as), 3219 (ν(NH)),
1644 (ν(CdO)), 1522 (ν(CdN)), 1252 (ν(N-N)). 1H NMR
(DMSO-d6, δ): 7.90 (s, 2H,-CHdN), 7.56-6.75 (m, 8H, C6H4),
6.12 (s, 4H, NH2), 2.20 (s, 3H, CH3), 2.51 (q, 2H, CH2, Et, J )
6.8 Hz), 1.08 (t, 3H, CH3, Et, J ) 7.1 Hz).

H2L5. Yield: 70%. Mp: 238°C. Anal. Calcd for C19H20N4O4:
C, 51.63; H, 5.43; N, 15.22. Found: C, 51.59, H, 5.38; N, 15.26.
IR (KBr, cm-1): 3053 (ν(OH)), 3268 (ν(NH)), 1642 (ν(CdO)),
1537 (ν(CdN)), 1226 (ν(N-N)). 1H NMR (DMSO-d6, δ): 11.80
(s, 2H, OH), 8.01 (s, 2H,-CHdN), 7.46-6.98 (m, 8H, C6H4),
2.25 (s, 3H, CH3), 2.51 (q, 2H, CH2, Et, J ) 7.0 Hz), 1.12 (t, 3H,
CH3, Et, J ) 7.1 Hz).

H2L6. Yield: 70%. Mp: 242°C. Anal. Calcd for C19H20N4O2:
C, 67.86; H, 5.95; N, 16.67. Found: C, 67.84; H, 5.91; N, 16.69.
IR (KBr, cm-1): 3171 (ν(NH)), 1659 (ν(CdO)), 1531 (ν(CdN)),
1278 (ν(N-N)). 1H NMR (DMSO-d6, δ): 7.81 (s, 2H,-CHdN),
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Figure 1. 2D line drawing of the ligands. In H2L1, R1 ) R2 ) C6H5 and X ) NH2; in H2L2, R1 ) R2 ) C6H5 and X ) OH; in H2L3, R1 ) R2 ) C6H5

and X ) H; in H2L4, R1 ) CH3, R2 ) C2H5, and X) NH2; in H2L5, R1 ) CH3, R2 ) C2H5, and X) OH; in H2L6, R1 ) CH3, R2 ) C2H5, and X) H.
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7.58-6.86 (m, 10H, C6H5), 2.21 (s, 3H, CH3), 2.50 (q, 2H, CH2,
Et, J ) 6.9 Hz), 1.01 (t, 3H, CH3, Et, J ) 7.1 Hz).

Synthesis of Octacoordinated Non-oxovanadium(IV) Com-
plexes.All of the six complexes were synthesized by a simple
general method using various oxovanadium(IV), oxovanadium(V),
and vanadium(III) compounds as starting materials mentioned in
the Materials section and in Scheme 1.

V(L 1)2 (1). A total of 0.476 g (1.0 mmol) ofH2L1 was dissolved
in 30 mL of ethanol or acetonitrile, and 0.135 g (0.5 mmol) of
VO(acac)2 was added to the ligand solution. The mixture was then
refluxed for 4 h on asteam bath. The color of the solution slowly
changed from dark brown to reddish brown, and a reddish-brown
solid separated out. The solution was filtered, and the reddish-brown
residue was collected. The compound was recrystallized from a
mixture of dichloromethane-ethanol. After 2 weeks, reddish-brown
single crystals separated out from the solution that were suitable
for X-ray diffraction analysis. Yield: 68%. Anal. Calcd for
C56H44N12O4V: C, 67.27; H, 4.40; N, 16.82; V, 5.10. Found: C,
67.25; H, 4.34; N, 16.84; V, 5.09.λmax, nm (ε, L M-1 cm-1) (CH3-
CN): 566 (10 420), 480 (18 996), 298 (49 325). IR (KBr, cm-1):
3458 (ν(NH2)s), 3361 (ν(NH2)as), 1501 (ν(CdN)), 1243 (ν(N-N)),
1084 (ν(C-O/enolic)). ESMS (%):m/z 999 (100) [M+].

V(L 2)2 (2). The compound was obtained by the same method as
that of the reddish-brown solid. Yield: 64%. Anal. Calcd for
C56H40N8O8V: C, 67.00; H, 3.99; N, 11.16; V, 5.08. Found: C,
66.96; H, 3.91; N, 11.13; V, 5.06.λmax, nm (ε, L M-1 cm-1) (CH3-
CN): 557 (4019), 452 (13 882), 287 (30 663), 273 (31 080). IR
(KBr, cm-1): 3254 (ν(OH)), 1535 (ν(CdN)), 1239 (ν(N-N)), 1096
(ν(C-O/enolic)). ESMS (%):m/z 1003 (100) [M+].

V(L 3)2 (3). The compound was obtained by the same method as
that of the reddish-brown solid. Yield: 68%. Anal. Calcd for
C56H40N8O4V: C, 71.56; H, 4.26; N, 11.93; V, 5.43. Found: C,

71.52; H, 4.22; N, 11.96; V, 5.40.λmax, nm (ε, L M-1 cm-1) (CH3-
CN): 546 (5470), 440 (13 226), 302 (42 936), 280 (42 661). IR
(KBr, cm-1): 1532 (ν(CdN)), 1265 (ν(N-N)), 1076 (ν(C-O/
enolic)). ESMS (%):m/z 939 (100) [M+].

V(L 4)2 (4). The compound was obtained by the same method as
that of the reddish-brown solid. Yield: 69%. Anal. Calcd for
C38H40N12O4V: C, 58.54; H, 5.13; N, 21.57; V, 6.55. Found: C,
58.51; H, 5.09; N, 21.55; V, 6.52.λmax, nm (ε, L M-1 cm-1) (CH3-
CN): 556 (5057), 431 (13 827), 282 (23 365). IR (KBr, cm-1):
3429 (ν(NH2)s), 3342 (ν(NH2)as), 1519 (ν(CdN)), 1257 (ν(N-N)),
1052 (ν(C-O/enolic)). ESMS (%):m/z 779 (100) [M+].

V(L 5)2 (5). The compound was obtained by the same method as
that of the reddish-brown solid. Yield: 72%. Anal. Calcd for
C38H36N8O8V: C, 58.24; H, 4.60; N, 14.30; V, 6.51. Found: C,
58.22; H, 4.47; N, 14.27; V, 6.48.λmax, nm (ε, L M-1 cm-1) (CH3-
CN): 542 (4035), 429 (14 785), 284 (22 525), 273 (22 761). IR
(KBr, cm-1): 3238 (ν(OH)), 1592 (ν(CdN)), 1208 (ν(N-N)), 1042
(ν(C-O/enolic)). ESMS (%):m/z 783 (100) [M+].

V(L 6)2 (6). The compound was obtained by the same method as
that of the reddish-brown solid. Yield: 68%. Anal. Calcd for
C38H36N8O4V: C, 63.42; H, 5.01; N, 15.58; V, 7.09. Found: C,
63.38; H, 4.95; N, 15.56; V, 7.04.λmax, nm (ε, L M-1 cm-1) (CH3-
CN): 544 (3714), 427 (10 124), 280 (25 198), 263 (25 272). IR
(KBr, cm-1): 1551 (ν(CdN)), 1204 (ν(N-N)), 1060 (ν(C-O/
enolic)). ESMS (%):m/z 719 (100) [M+].

Physical Measurements.Elemental analyses (C, H, and N) were
done with a Perkin-Elmer 2400 CHNS/O analyzer, and vanadium
contents (%) of the complexes were determined gravimetrically as
V2O5.16 Melting points were determined in an electrically controlled
melting point apparatus (Sunvic, Glasgow, U.K.). Electronic spectra
of the complexes in acetonitrile were recorded on a Hitachi U-3501
spectrophotometer, and IR spectra (as KBr pellets) were taken with

Scheme 1 a

a In all preparative procedures, the vanadium-containing starting material/ligand ratio taken is 1:2.H2Ln ) H2L1-6. DPAH2 ) pyridine-2,6-dicarboxylic
acid; PAH) pyridine-2-carboxylic acid; VO(OEt)L) oxoethoxovanadium(V) complex of 2-hydroxybenzoylhydrazone of 2-hydroxybenzoylhydrazine.
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a Perkin-Elmer RXI Fourier transform IR spectrophotometer. The
1H NMR spectra were recorded on a Bruker model Advance
DPX300 spectrometer. The mass spectra were taken with a
Micromass LCT electrospray mass spectrometer equipped an
electrospray ionization system. Electron paramagnetic resonance
(EPR) spectra were obtained at X-band frequencies on a Varian
E-109C spectrometer around 110 K. The experiments were carried
out using a Varian variable-temperature accessory. This accessory
utilizes an open gas-flow system and uses liquid nitrogen as a
coolant. Nitrogen gas is used to cool the sample. The calibrant was
tetracyanoethylene (g ) 2.002 77). Electrochemical measurements
were performed with a PAR model 362 scanning potentiostat, and
cyclic voltammograms were recorded at 25°C in the designated
solvents under dry dintrogen with the electroactive component at
ca. 10-3 M. Tetraethylammonium perchlorate (NEt4ClO4; 0.1 M)
was used as the supporting electrolyte. A three-electrode config-
uration was employed with a platinum working electrode, a calomel
reference electrode, and a platinum auxiliary electrode. The
ferrocene/ferrocenium (Fc/Fc+) couple was used as the internal
standard.21 Thermal analysis was carried out on a Mettler-Toledo
TGA/DTA 851 thermal analyzer in a dynamic atmosphere of
dinitrogen (flow rate: 30 cm3 min-1). The samples were heated in
an alumina crucible at a rate of 10°C min-1. Room-temperature
magnetic susceptibilities of complexes were measured in the
polycrystalline state on a PAR 155 sample vibrating magnetometer
using Hg[Co(SCN)4] as the calibrant.

Results and Discussion

The most remarkable feature of the present study is the
general nature of the synthetic procedures. Here condensa-
tions of different R-R diketones and different ring-
substituted aromatic acid hydrazides are found to lead to a
series of diprotic tetradentate ONNO chelating ligands, all
of which are capable of forming octacoordinated non-
oxovanadium(IV) complexes from various oxovanadium(IV)
and -(V) compounds. Such ligands acting in the dianionic
form are found to be capable of oxo abstraction from the
starting oxovanadium(IV) species as well as stabilization of
the “bare” V4+ center. The use of acid hydrazides as the
amine fragment appears to be essential for oxo abstraction
because diamine-based similar ligands like “salen” afforded
hexacoordinated oxovanadium(IV) complexes and not the
octacoordinated non-oxovanadium(IV) complexes.22a-h The
same octacoordinated non-oxovanadium(IV) complexes are
also obtained from some vanadium(III) compounds (Scheme
1, reaction 6). Because the reactions are done in open air,
vanadium(III) is oxidized to VO2+, which is then deoxy-
genated by the ligand. It is observed in the present case that
even if a 1:1 metal-to-ligand ratio is used during preparation,
the 1:2 complex is formed and the 1:1 complex could never

be isolated. Such an observation was reported previously in
the case of some synthetic amavadine models.23

Utilization of simple and complex oxovanadium(IV)
species as starting materials leading to the formation of non-
oxovanadium(IV) complexes depends mainly on the choice
of an appropriate ligand, which is able to donate enough
electron density (σ and π) to the central metal ion to
neutralize its+ve charge and stabilize the bare non-oxo
acceptor center.24 The formation of hexacoordinated non-
oxovanadium(IV) species is very much sensitive to experi-
mental conditions because of the combination of acid-base
and redox reactions in such systems.25 In this case, the hard
acceptor character of V4+ favors coordination from the hard
donor points N and O. Studies on hexacoordinated non-
oxovanadium(IV) complexes indicated that not only are the
proper choice of the reaction conditions essential but
scrupulous maintenance of those conditions is also vitally
important for the successful synthesis of such complexes.26

It is noteworthy that no such stringent conditions are required
in the present case. The reactions can be performed in
ordinary ethanol (containing 1-3% water) and under open
atmospheric conditions. It does not require a dry solvent,
the presence of a baselike Et3N, or an inert atmosphere,
which were thought by previous workers to be essential.24,26

However, it is to be noted that these are general advantages
over the previous method used for generating a non-
oxovanadium center (existing in a hexacoordinated environ-
ment) from the corresponding oxovanadium species and may
not be viewed as particularly relevant to the methods of
preparing amavadine models. The compounds are quite stable
in the open air in the solid state and in solution, which is
rather uncommon for “bare” vanadium(IV) or non-oxova-
nadium(IV) complexes. Stability of the complexes may be
due to the simultaneous oxo removal and complete charge
neutralization as well as the formation of eight strong
covalent bonds at the V4+ center, which possibly precludes
the approach of a reagent species within the reaction sphere
of the well-protected V4+ center. Also, the rigidity and steric
bulk of the ligands do not permit the formation of the square-
pyramidal pentacoordinated VOL complex so familiar in
vanadium chemistry, in which the terminal oxygen is in an
axial position and the tetradentate ligand occupies the
equatorial plane. The overall neutral/ uncharged state of all
of the complexes (1-6) is revealed by their high solubility
in solvents like benzene, toluene, dichloromethane, and
chloroform.

Scheme 1 presents the various pathways through which
the octacoordinated non-oxo VL2 type of vanadium(IV)
complex can be obtained. It reveals that the octacoordinated
non-oxovanadium(IV) complexes can be obtained by the(21) Gagne, R. R.; Koval, C. A.; Lisensky, G. C.Inorg. Chem. 1980, 19,
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(26) (a) Cooper, S. R.; Koh, Y. B.; Raymond, K. N.J. Am. Chem. Soc.
1982, 104, 5092-5102. (b) Auerbach, U.; Dells Vedova, B. S. P. C.;
Wieghardt, K.; Nuber, B.; Weiss, J.J. Chem. Soc., Chem. Commun.
1990, 1004-1006.
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reaction of the LH2-type ligands used in this work with a
large number of oxovanadium(IV) compounds, simple (reac-
tion 1) or complex (reactions 2-4). The formation of VIVL2

complexes from oxovanadium(V) species is shown by
reaction 5, which probably involved a step of reduction from
vanadium(V) to vanadium(IV) followed by oxo abstraction
from the oxovanadium(IV) species generated in situ. Reac-
tion 6 illustrates the formation of VIVL2 complexes from three
vanadium(III) compounds. Here, the vanadium(III) species
is oxidized by oxygen of air because the reaction is
performed in the open air.

Crystal Structure Data Collection. Data were measured
with Mo KR radiation using a Marresearch image plate
system. Data analysis was carried out with theXDS
program27 to provide 2343 independent reflections. The
structure was solved using direct methods with theSHELX-
97 program.28a Non-H atoms were refined with anisotropic
thermal parameters. The H atoms bonded to C were included
in geometric positions and given thermal parameters equiva-
lent to 1.2 times those of the atom to which they were
attached. The structure was refined onF 2 using theSHELX-
97 program. Maximum and minimum residual electron
densities were+0.179 and-0.169 e Å-3.

Description of the Crystal Structure. The structure of1
is shown in Figure 2. The metal atom sits on a 4h site;
therefore, the coordination environment is a dodecahedron.
The two independent distances are V-O ) 2.038(2) Å and
V-N ) 2.152(3) Å. In order to assess these bond lengths,

we searched the Cambridge Crystallographic Database28b for
hexacoordinated vanadium(IV) complexes containing at least
one O and one N coordinated atom but with no terminal O
atoms. The average bond lengths for 38 examples were V-O
) 1.866 Å and V-N ) 2.146 Å. Thus, in the present
structure, the V-O bond is slightly longer than this average,
but the V-N bond length is very similar. There are no
examples of octacoordinated vanadium(IV) complexes in the
database apart from three that contained hydroxyimino
groups forming V-N-O three-membered rings.6,8 This
clearly demonstrates both the uniqueness of the present
structure and the fact that the bonds in the present octaco-
ordinated complex are particularly strong. The free-NH2

group in the ligand, N37, is involved in two hydrogen bonds
via its two H atoms. It forms an intramolecular hydrogen
bond to N13 with dimensions N37-H‚‚‚N13: N‚‚‚N )
2.743(4) Å, H‚‚‚N ) 2.12 Å, and N-H‚‚‚N ) 129°.

IR and 1H NMR Spectroscopy.The IR data of all of the
six ligands (H2L1-6) and their complexes (1-6) are presented
in the Experimental Section. The presence of a free-NH2

group in ligandsH2L1, H2L4, and their corresponding
complexes1 and4 is shown by the occurrence of symmetric
and antisymmetric modes of theν(NH2) band within the
ranges of 3471-3429 and 3363-3342 cm-1 and clearly
indicates that the ring-NH2 group29 does not participate in
coordination to the central metal ion. The disappearance of
theνNH andνCdO bands of the ligand in the metal complexes
and the appearance of a new band in the 1013-1084 cm-1

range due toνC-O(enolate)clearly demonstrate that complex
formation takes place via enolization of the ligand. Some(27) XDSprogram: Kabsch, W.J. Appl. Crystallogr.1988, 916.

(28) (a) Sheldrick, G. M.SHELXL-97, Program for crystal structure
refinement; University of Göttingen, Göttingen, Germany, 1997. (b)
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 IEZ, U.K. (http://www.ccdc.cam.ac.uk).

(29) Bellamy, L. J.The infrared spectra of complex molecules, 3rd ed.;
Chapman and Hall: London, 1975; Vol. 233, p 281.

Figure 2. Structure of1 showing the atomic numbering scheme with ellipsoids at 50% probability. The molecule has crystallographic 4h symmetry.
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other characteristic bands are given in the Experimental
Section. A remarkable feature of the IR spectra of all of the
metal complexes is the complete absence of theνVdO band
in the 935-1035 cm-1 region.30 Thus, all of the vanadium-
(IV) complexes (1-6) are non-oxo in nature, and this
conclusion is supported by the mass spectra, elemental
analysis data for the complexes (2-5), and X-ray crystal-
lographic analysis (of compound1; see Tables 1 and 2).1H
NMR data of all of the six ligands (H2L1-6) are given in the
Experimental Section.

Mass Spectra.Mass spectral data of all of the complexes,
along with their molecular weights calculated on the basis
of their formula VL2, are presented in Experimental Section.
The 100% peak atm/z 999 corresponds to the molecular ion
of the structurally characterized complex1 and is exactly
equal to its molecular weight calculated on the basis of the
formula V(L1)2 containing the non-oxovanadium(IV) center.
The absence of other peaks of significance (i.e., peaks of
intensity>10%) in the mass spectra of other complexes (2-
6) reveals that all of the four donor (O-NNO-) points of
each of the two tetradentate chelating ligands are attached
firmly to the V4+ acceptor center. This is corroborated by
thermal studies of these VIVL2 complexes in air, which are
found to remain stable up to∼300°C. Thus, the 1:2 metal-
to-ligand stoichiometry, non-oxo character, and octacoordi-
nated nature of all of these vanadium(IV) complexes are
established from the mass spectrometric study, which is
confirmed by the X-ray structural study of complex1.

Electronic Spectra.Electronic spectra of complexes1-6
were recorded in both noncoordinating (CH2Cl2) and coor-
dinating (DMF and DMSO) solvents as well as in the solid
state in the 200-1200 nm range. Spectral data collected in
a CH2Cl2 solution are given in the Experimental Section.
Spectra of all of the complexes exhibit primarily two high-
intensity transitions: one in the 550-580 nm range and
another in the 430-480 nm region. By analogy to previously
reported non-oxovanadium(IV) complexes,24,26both of these
bands are assigned to enolate-O f vanadium(IV) charge-
transfer transitions. The same features were observed when
spectra of the compounds were recorded in coordinating
solvents like DMF and DMSO. Also, no change in the
spectral features is noted when spectra of the solid com-
pounds were recorded in the reflectance mode. These
observations imply that the same complex species is present
under all of the above conditions and points to their high
stability. All of the other high-energy bands lying below 350
nm are due to intraligand transitions.

Magnetic Moment and EPR Spectra.Room-temperature
(25 °C) magnetic moments of complexes1-6 lie around
1.7 µB (Table 3), which is consistent with the spin-only
moment of monomeric vanadium(IV) complexes. X-band
spectra of all of the complexes were recorded in a CH2Cl2
solution at room temperature and as a frozen glass at liquid
nitrogen temperature and are presented in Table 3. All of
the spectra exhibit eight line patterns typical of vanadium-
(IV) (51V; I ) 7/2) at room temperature and the usual
hyperfine splitting at low temperature. As the charge on the
ion increases, covalent character becomes progressively
important in the case of the system with a d1 configuration.
As a result, the effective value of the spin-orbit coupling
parameter is lowered and in some cases may reverse the
expected relative magnitudes of theg components. EPR
parameters, which are less thange for all of the complexes,
indicate that the V4+ center is in the (dx2-y2)1 configuration.
In the structure of complex1, all of the chelate rings are
five-membered, where two donor atoms of the same type
are trans to each other (along the axial direction). The
structure of1 clearly shows that the coordination environment
around the bare V4+ center is dodecahedral and for dodeca-
hedral complexes with a d1 configuration of the central metal
ion g⊥ > g|,13b as is observed in the present case.

Electrochemistry.Cyclic voltammetric data for complexes
1-6 are presented in Table 3. All of the complexes (1-6)
seem to display an electrochemical irreversible (but chemical
reversible) one-step one-electron response in the 1.14-1.18
V range corresponding to vanadium(IV)/vanadium(V) oxida-
tion.19,31 This is substantiated by the following facts. In the
voltage range used in this work (0.6-1.6 V), the ligand itself
and their zinc complexes do not exhibit any oxidative
response. Hence, the free ligand or its coordinated form does
not undergo oxidation in the operative voltage range.

(30) (a) Selbin, J.Chem. ReV. 1965, 153. (b) Selbin, J.Coord. Chem. ReV.
1966, 1, 293.

(31) (a) Bandyopadhyay, P.; Mascharak, P. K.; Chakravorty, A.J. Chem.
Soc., Dalton Trans.1982, 675-679. (b) Ghosh, P.; Bandyopadhyay,
P.; Chakravorty, A.J. Chem. Soc., Dalton Trans.1983, 401-403. (c)
Dutta, S.; Basu, P.; Chakravorty, A.Inorg. Chem.1993, 32, 5343-
5348. (d) Dinda, R.; Sengupta, P.; Ghosh, S.; Mak, T. C. W.Inorg.
Chem. 2002, 41, 1684-1688.

Table 1. Crystal Data and Structure Determination Summary of
Complex1

empirical formula C56H44N12O4V
fw 999.97
cryst syst tetragonal
space group P4hn2 (No. 118)
a (Å) 11.438(12)
c (Å) 18.720(19)
V (Å3) 2449(4)
Z 2
Dcalc(g cm-3) 1.356
data/restraints/param 2343/0/167
no. of obsd reflns [I > 2σ(I)] 2241
R1, wR2 (obsd data)a 0.0383, 0.0930
R1, wR2 (all data)a 0.0404, 0.0942
Rint 0.044
peaks in the final difference map (e A-3) 0.18,-0.17
GOF onF 2 1.062

a R1 ) ∑|Fo| - |Fc|/∑|Fo|; wR2 ) [∑w(|Fo|2 - |Fc|2)2/∑w|Fo|4]1/2.

Table 2. Molecular Dimensions in Complex1 (Distances, Å; Angles,
deg)a

Bond Distance
V1-O11 2.038(3) V1-N14 2.153(3)

Bond Angle
O11-V1-O11($1) 97.43(7) O11-V1-N14($3) 142.20(7)
O11-V1-O11)($2) 92.00(6) O11-V1-N14($2) 75.43(7)
O11-V1-O11($3) 146.69(6) N14-V1-N14($1) 131.82(7)
O11-V1-N14($1) 77.60(7) N14-V1-N14($2) 131.06(7)
O11-V1-N14 71.10(7) N14-V1-N14($3) 71.11(7)

a Symmetry elements: $1, 1- x, -y, z; $2, 0.5+ y, x - 0.5, 0.5- z;
$3, 0.5- y, 0.5 - x, 0.5 - z.
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Therefore, the oxidative response is metal-centered. The
rather high positive potentials required for vanadium(IV)/
vanadium(V) oxidation points to the high stability of the V4+

state in these complexes. Reluctance of the complexes to
undergo reduction to the V3+ state is amply reflected in the
fact that none of the complexes are reduced to V3+ even at
the fairly high negative potential of-1 V. The above
observations point to the rather exceptional stability of the
V4+ state in these complexes in spite of its “bare” or non-
oxo character and emphasize the high selectivity of the
diacidic tetradentate chelating character of the present ligand
systems in general for the “bare” or non-oxo V4+ acceptor
center. This is also evident from preparative procedures given
in Scheme 1 in which non-oxovanadium(IV) VL2-type
complexes are shown to be obtainable from various starting
materials containing oxovanadium(IV) and -(V).

Concluding Remarks

The ligands used in this study appear to have special
affinity for the non-oxo V4+ center manifested in the facile
synthesis of VL2-type complexes from various simple and
complex oxovanadium(IV) and -(V) compounds as shown
in Scheme 1. It is thought that the simultaneous charge
satisfaction and formation of eight strong covalent bonds

between the hard acceptor V4+ and the hard donor (O and
N) points of the ligand is the basic reason for the exceptional
stability of the VL2 complexes. A noteworthy feature of the
present work is the general nature of the synthetic procedure
adopted for the design and synthesis of the ligands and the
corresponding VIVL2-type complexes. This work opens up
a new avenue in vanadium chemistry and furnishes a general
route to the synthesis of octacoordinated non-oxovanadium-
(IV) complexes, which are quite scarce.
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Table 3. Magnetic Moment, EPR,a and Cyclic Voltammetric Data for Complexes1-6

rt ∼110 K

compound µeff
b (µB) gav Aav (10-4 cm-1) g| A| (10-4 cm-1) g⊥c A⊥d (10-4 cm-1) E1/2

e (V) [∆Ep
f (mV)]

V(L1)2 (1) 1.71 1.954 69.3 1.937 139 1.962 34.4 +1.18 [130]
V(L2)2 (2) 1.72 1.956 69.3 1.945 137 1.961 35.4 +1.17 [171]
V(L3)2 (3) 1.69 1.956 69.3 1.953 136 1.957 35.9 +1.14 [147]
V(L4)2 (4) 1.68 1.957 70.5 1.942 138 1.964 36.7 +1.17 [135]
V(L5)2 (5) 1.70 1.957 70.7 1.945 140 1.963 36.0 +1.15 [132]
V(L6)2 (6) 1.69 1.956 70.5 1.943 137 1.962 37.2 +1.18 [156]

a In dichloromethane (at room temperature and∼110 K). b In the solid state.c gav ) (g| + 2g⊥)/3. d Aav ) (A| + 2A⊥)/3. e In dichloromethane, scan rate
) 50 mV s-1; E1/2 is calculated as the average of anodic (Epa) and cathodic (Epc) peak potential.f ∆Ep ) Epa - Epc.
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