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Dinuclear (VVVV) oxophenoxovanadates of general formula [V,03L] have been synthesized in excellent yields by
reacting bis(acetylacetonato)oxovanadium(lV) with HsL in a 2:1 ratio in acetone under an N, atmosphere. Here L3~
is the deprotonated form of 2,6-bis[{ { (2-hydroxybenzyl)(N',N'-(dimethylamino)ethyl)} amino} methyl]-4-methylphenol
(HaLY), 2,6-his[{ { (5-methyl-2-hydroxybenzyl)(N',N'-(dimethylamino)ethyl)} amino} methyi]-4-methylphenol (HsL?), 2,6-
bis[{ { (5-tert-butyl-2-hydroxybenzyl)(N',N'-(dimethylamino)ethyl)} amino} methyl]-4-methylphenol (HsL3), 2,6-his[{{ (5-
chloro-2-hydroxybenzyl)(N',N'-(dimethylamino)ethyl)} amino} methyl]-4-methylphenol(HsL*), 2,6-bis[{{ (5-bromo-2-
hydroxybenzyl)(N' N'-(dimethylamino)ethyl)} amino} methyl]-4-methylphenol  (HsL®), or 2,6-bis[{{ (5-methoxy-2-
hydroxybenzyl)(N' N'-(dimethylamino)ethyl)} methyl]-4-methylphenol (HsL®). In [V,05LY], both the metal atoms have
distorted octahedral geometry. The relative disposition of two terminal V=0 groups in the complex is essentially
cis. The O=V---V=0 torsion angle is 24.6(2)°. The V—0qy—V and V—Opnenoxo—V angles are 117.5(4) and 93.4-
(3)°, respectively. The V-++V bond distance is 3.173(5) A. X-ray crystallography, IR, UV-vis, and *H and 1V NMR
measurements show that the mixed-valence complexes contain two indistinguishable vanadium atoms (type IlI).
The thermal ellipsoids of 02, O4, C10, C14, and C15 also suggests a type Ill complex in the solid state. EPR
spectra of solid complexes at 77 K display a single line indicating the localization of the odd electron (3d,}).
Valence localization at 77 K is also consistent with the 1V hyperfine structure of the axial EPR spectra (3d,*
ground state) of the complexes in frozen (77 K) dichloromethane solution: S = 1/2, g ~ 1.94, go~ 1.98, A; ~
166 x 1074 cm~, and Ag ~ 68 x 10~ cm™. In contrast isotropic room-temperature solution spectra of the family
have 15 hyperfine lines (giso ~ 1.974 and A, ~ 50 x 10~* cm™1) revealing that the unpaired electron is delocalized
between the metal centers. Crystal data for the [V,0sLY-CH,Cl, complex are as follows: chemical formula, Ca;HssOsNs-
CloV; crystal system, monoclinic; space group, C2/c; a = 18.461(4), b = 17.230(3), ¢ = 13.70003) A; B =
117.88(3)°; Z = 8.

Introduction valence oxovanadium(lV/V) species offers easy access to
) . . . the model systems [3d3cP] to understand the behavior of
The chemistry of mixed-valence vanadium incorporating yhe npaired electron and hence the oxidation state of metal
nonporphyrinic O/N-coordinating ligands is of abiding inter- ), i solid and in solution. In addition, the mixed-valence
est>? The coordination chemistry of the dinuclear mixed- vanadium compounds play an importr;mt role in different
biological process.® Although several dinuclear oxo-bridged
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oxovanadium(IV/V) complexes have been reported in this
area$ ' studies on mixed-bridged mixed-valence oxovana-
dium(IV/V) dimers have however been limited by the paucity
of authentic complexe®:?* Thus, there is an increasing
demand for investigation of the underlying chemistry of the
mixed-bridged type Il mixed-valence oxovanadium(IV/V)
species.

This work concerns the choice and design of trianionic

symmetrical heptadentate ligands and the binding of these
to vanadium. The chelation of confomationally labile trian-

ionic symmetrical heptadentate ligands ensures the formation 9

Mondal et al.
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of a stable mixed-bridged mixed-valence vanadium(l\V/V) Chart1

dimer over an isovalent analogue. Thus, the introduction of
such type of ligands may be a promising synthetic approach
in the field of mixed-bridged type 1l mixed-valence dinuclear
oxovanadium(IV/V) chemistry. Herein we explore the syn-
thesis of a family ofu-oxo u-phenoxo (motifl) dinuclear
type Il mixed-valence oxovanadium(IV/V) compounds with
potentially bridging and chelating trianionic symmetrical
ONN(O)NNO-coordinating heptadentate ligands. The crystal

structure of one representative complex has been determined,

which reveals the presence of a symmetrical [@'0px)-
(4-Ophenoxd VO] 2 core. The status of metal valence in the
complexes is also examined with the help of FT-IR, YV
vis, EPR, and®V and H NMR spectroscopic studies.
Electrochemical properties of the complexes are reported.
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Results and Discussion

A. Synthesis.The six heptadentateH'—HsL® (general
abbreviation, HL) ligands used in this work are given in
Chart 1.

The ligands possess two sets of identical monoacidic
ONN-chelating donor sites along with a central phenolate
group (Chart 1). It is interesting to note that the choice of
such ligands helps us to achieve our goal in the context of
synthesis of mixed-bridged type Il mixed-valence dinuclear
oxovanadium(IV/V) complexes.

The reaction of [VO(acag) with HsL in a ratio of 2:1 in
acetone under an inert atmosphere at ambient condition
affords the green colored complexes of compositiosCY]
in excellent yields (eq 1).

[VO(acac)] + HiL — [V ,04L] Q)

B. IR and UV —Vis Spectra.All the compounds display
a strong \=0 stretcl near 970 cm?, and this suggests that
the two V=0 groups are indistinguishalfielhe V—0—V
vibration'! occurs at a frequency of about 760 cmThe
electronic spectra of the complexes have similar features,
and each displays several bands in dichloromethane solution.
A representative spectrum is shown in Figure 1.

The observed absorption band near 900 nm is assigned to
the intervalence charge-transfer transition observed in some
known mixed-valence oxovanadium compleXe®.A rela-
tively intense band near 700 nm corresponds to ligand field
excitation. The remaining strong bancd~at10 nm is believed
to be of O(phenoxide)> V LMCT origin. The intervalence
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Figure 2. ORTEP plot and atom-labeling scheme foLQ4L1]-CH,Cl,.
All non-hydrogen atoms are represented by their 30% thermal probability
ellipsoids.

Table 1. Selected Bond Distances (A) and Angles (deg) for
[V 205L1]-CHCl,

Distances

V1-01 1.631(5) V04 2.180(5)

V1-02 1.856(4) VN1 2.205(6)

V1-03 1.931(4) VN2 2.292(5)

V1---V1#1l 3.173(5)

Angles

01-V1-02 102.6(3) 03V1i-04 91.4(2)
01-V1-03 97.7(2) 03V1-N1 84.9(2)
01-V1-04 170.7(2) 03V1-N2 164.0(3)
01-V1-N1 97.5(3) 04-V1-N1 85.4(2)
01-V1-N2 86.0(2) 04V1-N2 85.8(2)
02-V1-03 94.1(2) NEV1-N2 79.2(2)
02-V1-04 74.5(2) VI 02-Vi1#l 117.5(4)
02-V1-N1 159.8(3) VI 04-V1#1 93.4(3)
02-V1-N2 100.3(2)

~17C, which significantly deviated from the ideal value of
180C. In the distorted VGN, coordination sphere the metal
atom is shifted toward the oxo oxygen atom O1+§.21

A from the equatorial plane (me 0.13 A) defined by N1,
N2, 02, and O3. The mixed bridging leads to noncoplanarity
of the basal planes (N1 N2 O2 O3 and N1#1 N2#1 O2
O3#1), realized by a folding angle ef84°.

The short VE01 bond distance [1.631(5) A] is compa-
rable with other structurally characterized oxovanadium
complexeg? and this bond length is consistent with a typical
multiple (V=0) bond. The N1 and N2 nitrogen atoms are
coordinated trans to the bridging and the phenolate oxygen
atoms, respectively. The WVIN2 [2.292(5) A] bond is
significantly longer than that of the VAN1 [2.205(6) A]
bond revealing the weaker binding of the side arm nitrogen
atom. The V102 bond distance [1.856(4) A] is slightly
larger than usud.The relatively longer V04 length
[2.180(5) A] can be attributed to the strong trans influence
of the oxo oxygen atorf®

In summary, X-ray crystallographic studies reveal the
presence of indistinguishable vanadium atoms in the complex
suggesting a type Ill or a disordered type | (or Il) compound,
but the thermal ellipsoids of 02, O4, C10, C14, and C15
are fairly good; hence, these studies render support to a type
[l compound.

D. Magnetism and EPR SpectraAll the compounds are
paramagnetic, and the magnetic moment value/molecule at
300 K isu ~ 1.78 ug, which corresponds to one electron
paramagnetism.

EPR spectroscopy proved to be an important tool for the
diagnosis of the distribution of the odd electron in the
complex. It is well documented that the 15-line isotropic
profilett1315(5 | | = 7/2) arises from the delocalization of

charge-transfer transition band does not change upon variathe odd electron between the two vanadium centers, whereas

tion of solvents having different polarity (DCM, GBN,

an 8-line patterh'>13shows a valence-trapped situation for

and DMF) suggesting that these complexes belong to typethe odd electron on the EPR spectroscopy time scale. The

1122 in solution?®

C. Crystal Structure. The complex [MOsL1] afforded
single crystals as the solvate J®;LY-CH,Cl,. A view of
the dinuclear entity is shown in Figure 2. Selected bond
lengths and angles are given in Table 1.

The dinuclear entity possesses a crystallographic mirror

[V20sL] complexes are EPR active in the solid at 77 K as
well as in dichloromethane solution (300, 77 K). Resonance
parameters are listed in Table 2, and representative spectra
are shown in Figure 3.

At room temperature, the EPR spectra of the pure solid
were not resolved. However, at 77 K the solid complexes

plane passing through the atoms 02, 04, C10, C14, and C15yig 10y an ill-resolved broad single line resonance at
The numbering scheme of the symmetry related atoms are; ggc (Figure 3a). These spectral features signify the

n andn#l, e.g. V01 and V1#1+01#1. In the complex,
the two vanadium centers are bridged by the oxo oxygen
[V1-02—-V1#1 = 117.5(4)] and the central phenolate
oxygen (0O4) of the ligand [V104—V1#1 = 93.4(3Y],
leading to a mixed-bridged dinuclear species with-Wi#1

= 3.173(5) A. The relative disposition of the two=XD
groups in [VOsLY] is almost cis, the O%FV1:--V1#1=01#1
torsion angle being 24.6(2)

The vanadium atoms have a distorted octahedral geometry;

and this is characterized by the 6¥1—04 bond angle of

(22) (a) Robin, M. B.; Day, PAdv. Inorg. Chem. Radiocheni967, 10,
247-422. (b) Wong, K. Y.; Schatz, P. NProg. Inorg. Chem1981
28, 369.

localization of an odd 3d electron on one vanadium cé#ter

at 77 K on the X-band EPR time scale. The complexes
exhibit a 15-line isotropic hyperfine structure (Figure 3b) in
dichloromethane solution at room temperature. From the
spectra it is clear that there is a systematic increase of
successive hyperfine lines as the central line is approached
from either side. This observation corroborates with complete

(23) (a) Rajak, K. K.; Baruah, B.; Rath, S. P.; Chakravortylnorg. Chem.
200Q 39, 1598-1601. (b) Rajak, K. K.; Rath, S. P.; Mondal, S;
Chakravorty, A.Inorg. Chem.1999 38, 3283-3289.

(24) Manos, M. J.; Tasiopoulos, A. J.; Tolis, E. J.; Lalioto, N.; Woollins,

J. D.; Slawin, A. M. Z,; Sigalas, M. P.; Kabanos, T. Bhem—Eur.

J. 2003 9, 695-703.
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Table 2. X-Band EPR Data

complex matrix Oiso 10°Ais/cm1 o g0 Oa? 10°A/cm™1 10°Ag/cm™1 10°Aa /et

[V20sL]  CH.Cl, 300 K 1.968 50
CHCly/toluene, 77 K 1.934 1.979 1.964 165.2 69.3 101.2
solid, 77 K 1.985

[V20sL9 CHCl,, 300 K 1.979 48
CHCly/toluene, 77 K 1.948 1.999 1.981 168.6 64 97.33
solid, 77 K 1.984

[V20sL3  CH.Cly, 300 K 1.968 51
CH,Cly/toluene, 77 K 1.947 1.975 1.965 166.2 65.4 99
solid, 77 K 1.987

[V20sL4 CHCl,, 300 K 1.974 51
CH.Cly/toluene, 77 K 1.942 1.985 1.971 168.4 68.25 101.6
solid, 77 K 1.983

[V20sL9] CHCly, 300 K 1.971 50
CH,Cly/toulene, 77 K 1.945 1.987 1.973 167 66.5 100
solid, 77 K 1.986

[V205L] CHCly, 300 K 1.983 50
CH,Cly/toluene, 77 K 1.946 1.997 1.980 164 68.75 100.5
solid, 77 K 1.988

Agay = Ya[2g0 + gl P Aay = Y3[2A0 + A

delocalization of the odd electron between the two vanadium a
nuclei 1V, | = 7/2) in fluid solution at 300 K (type 1117225

All the compounds show well-resolved 8-line spectra in
2:1 dichloromethane/toluene solution at 77 K. The hyperfine
structure can be attributed to the coupling of unpaired
electron to a singlé'V (I = 7/2) center. The order andgj(
< go andA, > Apg) magnitude of resonance parameters are
consistent with the oxovanadium(IV) site of compressgtl d
configuration?-28

The results demonstrate that metal valences are local
ized>*30n a particular vanadium atom (typé&3at 77 K on
the X-band EPR time scale. The frozen solution (77 K) and b
the fluid solution (300 K) spectral parameters are related by
eqs 2a and 2b, and these relatfris in good agreement
with the type Il nature of the mixed-valance species at room
temperaturé?

dpph

gav ~ giso (23')
Ay~ Ao (2b)

E. NMR and Electrochemical Studies> and'H NMR
of complexes were measured to understand more about the
solution behavior of such complexes. The complexes are
NMR (*H and®V) silent in CDC} solution indicating that
the unpaired electron and hence the metal valence is
delocalized over both metal atoms in solution.

The redox properties of the mixed-oxidation dimer have
been examined by cyclic voltametry using platinum as
working and SCE as reference electrodes. The cyclic
voltammogram were recorded with scan rate of 50 mV/s.
All the compounds exhibit two irreversible one-electron
waves in acetonitrile/dichloromethane (5:1) solution. The

- L | . | . 1 L |
(25) (a) Wertz, J. E.; Bolton, J. FElectron Spin Resonanc&cGraw- 2800 3200 3600 4000

Hill: New York, 1972; pp 208-210. (b) Pilbrow, J. RTransition . o .
lon Electron Paramagnetic Resonand@larendon Press: Oxford, ~ Figure 3. X-band EPR spectra for pDsL'] in (a) the solid state at 77 K,

U.K., 1990; p 339. (b) DCM at 300 K, and (c) DCM/toluene at 77 K. Instrument settings:
(26) Basu, P.; Pal, S.; Chakravorty, A.Chem. Soc., Dalton Tran991, microwave frequency, 9.1 GHz; microwave power, 30 dB; modulation
3217-3221. frequency, 100 kHz; modulation amplitude, 12.5 G; sweep center, 3200 G.

(27) Cornman, C. R.; Kampf, J.; Lah, M. S.; Pecoraro, Virarg. Chem.

1992 31, 2035-2047. . . .
(28) Hausan, G. R.; Kabanos, T. A.; Keramidas, A. D.; Mentzafos, D.; irreversible peak (anodic peak) net.4 V corresponds to

Terzis, A.Inorg. Chem.1992 31, 2587-2594. [OV" (t4-Ooxo) (-Ophenoxd VY O12* t0 [OVY (14-Ooxo) (t4-Ophenoxd-
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VVO]3* oxidation (eq 3a). The second irreversible peak However, the relationgay ~ giso and Ay ~ 2Ais,) between
(cathodic peak) near-0.94 V is due to [OVW (u-Ooxo)- the frozen and fluid solution spectral parameters agrees with
(4-OphenoxdVVO]?" to [OV" (t4-Opxo) (U-Ophenoxd V'V O]t re- the type Ill nature of the compounds.

duction (eq 3b). The irreversibility of both peaks signifies  The studies presented herein provide valuable insights into
that isovalent dimers formed from the respective compoundsthe synthetic strategy in the field of mixed-valence chemistry
are unstable in solution. Thus, the electrochemical studiesof vanadium. In addition, these results proved to be helpful
show the superior specificity of the ligands toward the in the identification of the behavior of type Ill species having
formation of a stable mixed-bridged type Ill mixed-valence a symmetrical [OVg-Ooxo)(4-Ophenoxd VO]?" core in the solid

dimer over an isovalent analogue. and in solution. Further research aimed at the synthesis of
polynuclear oxe-alkoxo/phenoxovanadates and studying
[OV" (-0 ) (4-OprenodV 'O — €™ — their behavior in solid and solution using different polyden-

[OVV(M'OOX o)(/’t'ophenoxav\/o]3+ (3a) tate ligands is currently in progress.
_ Experimental Section
[OVN(:u'ooxo)(M'Ophenoxgvvo]z+ +te — P ) ) .
ovV(u-0 -0 vVor™ (3b Materials. Bis(acetylacetonato)oxovanadium(®)and the
[ (t4-Ooxo) (4-Opnenod I (3D) ligands° were prepared as reported in the literature. All the starting

. . chemicals were analytically pure and used without further purifica-
F. Type of Mixed Valence. The experimental results i, and the solvents were purified by standard procedfusd.

employeq in thils WO.I’k demonstrate that .the metal valences eactions were carried out under an inert dry dinitrogen atmosphere.
are practically identical. The X-ray studies reveal that the Physical MeasurementsUV—vis spectra were recorded on a
metal atoms are indistinguishable. In addition, the thermal perkin-Eimer Lambda EZ-301 spectrophotometer, and IR spectra
ellipsoids of atoms that lie on th€, axis strongly support  were measured with Perkin-Elmer L-0100 spectrometer. Electron
in favor of type Ill compounds. The NMR!{l and V), paramagnetic resonance experiments were performed on a Varian
UV—vis, and IR spectroscopic results also attest to the E-109C (X-band, 9.1 GHz) spectrometer at a microwave power of
interpretation of the presence of a delocalized electron. The30 dB and modulation amplitude of 12.5 G. Spectra at 77 K were
complete delocalization of the unpaired electron and hencecollected using a quartz dewar. Diphenylpicrylhydrazyl (dpph,
the metal valence over both the metal centers is reflected™ 2:0037) was used to calibrate the spectra. Electrochemical
from the 15-line X-band EPR spect#&sin dichloromethane measurements were performed (acetonitrile solution) on a CH 620A

. . electrochemical analyzer using a platinum electrode. Tetraethy-
solution at room temperature (300 K) (Figure 3b). Interest-

. . . . lammonium perchlorate (TEAP) was used as a supporting
ingly, the broad single-line resonafiééof the polycrystalline  gjectrolyte, and the potentials are referenced to the standard calomel

solid (Figure 3a) at 77 K and the axial speétré® (Figure electrode (SCE) without junction correction. The cyclic voltam-
3c) in frozen solution (77 K) of the whole family revealed mogram were recorded with a scan rate of 50 mV/s viith
a complete localization of unpaired electron on one metal compensation in all case¥d NMR spectral measurement were
center (type B at least on the X-band EPR scale. However, carried out on a Bruker FT 300 MHz spectrometer with TMS as
the relation between frozen solution (77 K) and room- an internal reference, a8 NMR spectra at 298 K were recorded
temperature (330 K) solution spectral parametergide on a Bruker AMX 400 instrument with spectral width of 100 kHz,
supra (egs 2a,b, Magnetism and EPR Spectra SeCtion),externally referenced to _VOQ_I Magnetic susceptibilities were
indicates the type Il nature of the complexes. Thus, all the measured on a PAR-155 vibrating-sample magnetometer. Elemer1tal
above observations collectively suggest that the -oxo analyses (C, H, N) were performed on a Perkin-Elmer 2400 Series
. . . . Il elemental analyzer.
phenoxo-bridged dinuclear mixed-valence oxovanadium(I\V/

.. . . . . . Synthesis of ComplexesThe complexes were prepared by the
V) species isolated in this report is more suitably described same general methods. Details are given here for a representative
as a type lll compound.

case.

[V20sLY. To a stirred solution of [VO(acag)(0.10 g, 0.37
mmol) in 20 mL of acetone was addedH ligand (98 g, 0.19

The main findings of this work can now be summarized. mmol). The reaction mixture was then stirred ®h atambient
Six potentially bridging and chelating 48s-coordinating temperature, artd in thts time a green precipitate separates from
triacidic heptadentate ligands have been successfully utilizedthe solution. This solution was filtered, washed with acetone, and
to generate air-stable oxghenoxo-bridged dinuclear mixed- dried in vacuo over fused calcium chloride. Yield: 119 mg (95%).
valence oxovanadium(IV/V) complexes in excellent yields. ﬁgﬁgdcglcg;glr ﬁ1|;4é?6NN4\éz:21CG'\X5/i.Z/Z;aj’"l,mG(.:}-l\s/l;_ll\(li’m?ifg.

_ . 1 1 2 (,00.017R,0.217 N, 0.21. m € )
X-ray crystallography, IR, U¥vis, and NMR BV and™H) o] 0702t e00) 675 (530): 903 (400). IR (KB, cy: »(v—
spectroscopic measurements reveal that the metal valences
are |.n.d|st|ngmshab.le. Cyclic voltarrrmetrlc studies reflect the (29) Rowe, R. A Jones, M. Mnorg. Synth1957, 5, 113-116.
stability of the mixed-valence dimer over the isovalent (30) Kannappan, R.; Mahalakshmy, R:; Rajendiram, T. M.; Venkatesan,

Conclusion

analogue. R.; Sambasiva Rao, FProc—Indian Acad. Sci., Chem. S@003
. . . . . . 115 1-14.
The 15-line isotropic hyperfine EPR signal in solution at (31) Fumiss, B. S.; Hannaford, A. J.; Smith, P. W. G.; Tatchell, A. R. In
room temperature is consistent with the complete delocal- Vogel's Textbook of practical organic chemistBearson Education:

L Singapore, 2004; pp 395112.
ization of the odd electron (3d On the other hand at 77 K (32) Lahiri, G. K; Bhattacharya, S.: Ghosh, B. K.; Chakravorty|rarg.

the unpaired electron is localized on a vanadium center. Chem.1987, 26, 4324-4431.
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0) 965; v»(V—0—V) 760. Epa ([OVY(14-Ooxo) (-OphenoxdVVOI3H/
[OV" (1-Ooxo) (U-Ophenoxd VVO]?H): +0.42 V (irr). Epc ([OV"Y (u-
Ooxo)(//{'Ophenoxt)vvo]2+/[ovlv(ﬂ'ooxo)(//l'ophenoxc)vlvo]+): —0.94
V (irr). terr: 1.78 ug.

[V203L?. Yield: 120 mg (92%). Anal. Calcd for $Hus
OeNyVy: C,56.98; H, 6.47; N, 8.05. Found: C, 56.88; H, 6.55; N,
7.91. UV-vis (Amafnm (/M1 cm™1); CH,Cl,): 440 (2710); 700
(1100); 906 (860). IR (KBr, cmt): »(V=0) 970;»(V—0-V) 770.
Epa ([OVV(M'Ooxo)(M'Ophenoxavvo]sﬂ[ovIVW'ooxo)(/l'ophenoxt)'
VVOJ?H): +0.55 V (irr). Epe ([OV'"Y (u-Ogxo)(t4-Ophenoxg VY OI?*/
[OVV (u-Ooxo) (-Ophenoxd V'V O] *): —0.97 V (irr). perr: 1.75us.

[V203L3]. Yield: 123 mg (90%). Anal. Calcd for 4Hs7-
OgN4V,: C, 60.08; H, 7.32; N, 7.08. Found: C,59.92; H, 7.49; N,
7.08. UV—Vis (Amafnm (/M1 cm™1); CH,Cl,): 430 (2110); 693
(710); 910 (650). IR (KBr, cmb): »(V=0) 971;»(V—-0O-V) 775.
Epa ([OVV(ﬂ‘ooxo)(/l'ophenoxavvo]3+/[ovIV(/l'ooxo)(/l'ophenoxz)'
VVOJ?H): +0.43 V (irr). Epe ([OV'"Y (u-Ooxo)(t4-Ophenoxg VY O1?*/
[OVV (u-Ooxo) (U-OphenoxdV'VO]1): —0.85 V (irr). uerr: 1.76 up.

[V20sL4. Yield: 130 mg (94%). Anal. Calcd for £H3906N4-
ClLV,: C, 50.54; H, 5.30; N, 7.60. Found: C, 50.41; H, 5.44; N,
7.51. UV—Vis (Amafnm (/M1 cm1); CH,Cl,): 425 (2245); 690
(800); 899 (670). IR (KBr, cmb): »(V=0) 978;v(V—0-V) 769.
Epa ([OVV(/l‘ooxo)(ﬂ'ophenoxc)vvo]3+/[ovIV(/l'ooxo)(/l'ophenoxa‘
VVOJ?H): +0.56 V (irr). Epc ([OV'Y (u-Ooxo)(t4-Ophenoxg VY OI? T/
[OV" (1-Ooxo) (-OphenoxdV'VO]H): —0.92 V (irr). uerr: 1.79 ug.

[V20sL9)]. Yield: 140 mg (91%). Anal. Calcd for £H3906N -
BroV,: C, 45.09; H, 4.73; N, 6.62. Found: C, 44.98; H, 4.87; N,
6.62. UV—Vis (Ama/nm (/M~1 cm™1); CH,Cl,): 420 (1970); 699
(905); 901 (700). IR (KBr, cmb): »(V=0) 963;v(V—0-V) 771.
Epa ([OVV(,u‘ooxo)(ll'ophenoxz)vvo]3+/[ovlv(/4'ooxo)(,u'ophenox3‘
VVOJ?*): +0.50 V (irr). Epe ([OV'"Y (1-Ooxo) (tt-Ophenoxd VY O]?*/
[OVY (4-Ooxo) (t-OphenoxdV'VO]1): —0.98 V (irr). uerr: 1.81ug.

[V20sL9. Yield: 135 mg (92%). Anal. Calcd for fgHss
OgN4Vy: C,54.47;H,6.18; N, 7.70. Found: C, 54.33; H, 6.25; N,
7.59. UV—Vis (Ama/nm (/M~1 cm™1); CH,Cly): 424 (1920); 696
(620); 912 (520). IR (KBr, cmb): »(V=0) 975;v(V—0-V) 760.
Epa ([Ovv(ﬂ‘ooxo)(ﬂ'Ophenoxavvo]3+/[ovlv(/4'Ooxo)(,u'ophenox<)‘
VVOJ?*): +0.49 V (irr). Epc ([OV'Y (u-Ooxo) (t4-Ophenoxd VY O]?*/
[OVY (u-Ooxo) (-OphenoxdV'VO]1): —0.88 V (irr). uerr: 1.75us.

Crystallographic Studies.Single crystals of suitable quality for
single-crystal X-ray diffraction studies on the complexQdL]-CH,-

Mondal et al.

Table 3. Crystal Data and Structure Refinement Parameters for
[V 203L1]-CH,Cl,

formula Q2H4305N4C|2V2
fw 752.48

cryst system monoclinic
space group C2lc

a(h) 18.461(4)

b (A) 17.230(3)

c(A) 13.700(3)

p (deg) 117.88(3)

V (A3) 3852.0(13)

z 8

Decalca (Mg I'TT3) 1.566
u(mm™2) 0.820

6 (deg) 2.50-25.35
T(K) 293(2)
R12wWR2[I > 20(1)] 0.1020, 0.2568
GOF onF? 0.958

aR1= 3 |Fol — IFcl/3|Fol. ®WR2 = [SW(Fo? — F)# 3 w(Fo?)? ™2
different settings ofp. The data were reduced in SAINTPLUS,
and an empirical absorption correction was applied using the
SADABS packagé? Metal atoms were located by direct methods,
and the rest of the non-hydrogen atoms emerged from successive
Fourier synthesis. The structure were refined by full-matrix least-
squares procedures . All non-hydrogen atoms were refined
anisotropically. All the hydrogen atoms were included in calculated
positions. Calculations were performed using the SHELXTL
V5.03* program package. Molecular structure plots were drawn
using ORTEP® Relevant crystal data are given in Table 3.
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Cl, were grown by slow diffusion of hexane into dichloromethane |~q48919%

solution. The crystal loses solvent in air, and hence, the data were

collected in the presence of mother liquor taken in a capillary. The (33) SMART, SAINT, SADABS, XPREP, SHELXBLuker AXS Inc.:

X-ray intensity data were measured at 293 K on Bruker AXS

SMART APEX CCD diffractometer (Mo &, A = 0.710 73 A).

Madison, WI, 1998.
(34) Sheldrick, G. MSHELXTL version 5.03; Siemens Analytical Instru-
ments, Inc: Madison, WI, 1994.

The detector was placed at a distance 6.03 cm from the crystal. A (3s) johnson, C. KORTEP Report ORNL-5138; Oak Ridge National

total of 606 frames were collected with a scan width of°Gr8
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Laboratory: Oak Ridge, TN, 1976.



