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lie on a 2-fold axis, and the two halves of the molecule are
not crystallographically equivaleit:*® (i) The V—0—-V
angle in this compound is quite small (1122p6and only

Introduction

Coordination chemistry of vanadium with multidentate
ligands is receiving spemal attention in sthe past decadetwo other molecules of similar type are knoW# where
because of its catalyfi@ and medicin&™> importance.

: the V—0O—V angles are still smaller. (iii) It is the stablest of
Structural and/or functional models for vanadate-dependent 1 . ot
. . ) . .the reported complex&! containing the YOs*" core as
haloperoxidases, vanadium nitrogenases, and other biologi-

cally active vanadium compounds have further stimulated evidenced by the highly negative potentials at which the v

. L centers undergo successive reduction. (iv) The two V
research efforts on vanadium coordination chemisite 4
. . X . centers of the YOz** core are found to undergo electro-
study of mixed-valence vanadium chemistry is an area of . o . X
: chemical reduction in two distinctly separate steps which
contemporary research interédtOver the past few years, . . o1
. L ; are not found in previous report?*We also report here a
our group has been working on the coordination chemistry mixed-oxidation state species [L(ONDVY(O)L]- electro
of vanadium and has reported the synthesis, characterization P

chemical and electrochemical properties of V(IIl) and V(IV) generateq from its divanadium(V) analogue in solution and
14 . : ) . characterized by IR, EPR, and electronic spectroscopy. To
complexe%1* along with biological activity of some of

them1516 In the present work. we report the svnthesis. Y knowledge, it is a rare example of a mixed-oxidation
-~ n e p ' P Y " [L(O)VVOVVY(O)L]™ species electrogenerated from its di-
characterization, and crystal structure of a new complex

containing the{ OV¥(u-0) V¥O}** unit which exhibits the Yoo mc) anaogue in which the two VOL units are
following characteristics. (i) The bridging O atom does not y grap y q '
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Synthesis. The Schiff base of anthranilhydrazide and
2-hydroxy acetophenone is used as the ligang )l this
work. Trioxidic binuclear vanadium (V) species®L (1)
is obtained by stirring stoichiometric amounts (1:1 mol ratio)
of VO(acac) and the tridentate ONO ligand,H in ethyl
alcohol medium in open air (Scheme 1). During this reaction,
vanadium is oxidized from its initia-1V state to thet+V
state. Magnetic susceptibility and molar conductivity data
indicate that OsL, is diamagnetic and electrically non-
conducting in solution.

The mixed-valence vanadium (IV,V) speciesOf£" is
generated in solution by constant potential electroreduction
(at —1.3 V) of the corresponding WO3*" species (eq 1).
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Scheme 1. Reaction Diagram for the Isolation of Mixed-Valence
V(IV, V) Complex
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Table 1. IR, Electronic Spectral, and Cyclic Voltammetric Data

V-0str, V-0-Vstr, UV—VisPAmm,  Eus (AES)/
complex cmt cm1 nm (€, M~lcm1) V(mv)
V,0sL, 1016, 979 856 418 (16170), —0.96 (230),
324 (31807), —1.68 (200)
281 (41039)
V,0sL,~ 1001, 918 860 979(454), 675(626)

aln KBr pellet.?In CHyCly. €At a platinum electrode; supporting
electrolyte, tetrabutylammonium perchlorate (TBAP; 0.1 M); reference
electrode, SCE; scan rate, 50 mW'sEy; is calculated as the average of
anodic Eps and cathodic By peak potentials! AE, = Epa — Ege.

Attempted isolation of the reduced complexQ4L,, in
the form of a pure salt has been unsuccessful.

Spectral Characteristics. Selected spectral data of the
complex are summarized in Table 1. The IR spectrum of
the complex does not exhibit the ligand bands at 3477'cm
[v(OH)], 3209 cn1? [»(NH)], and 1640 cm* [»(C=0)].2223

NOTE
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Figure 1. Electronic absorption spectra of electrogenerated [L(O)-
VVOVY(O)L]™ in CH,Cly.

ligand?324 A pair of IR bands for the complex (DsL ) are
observed at 1016 and 979 ckbecause of the terminal
v(V=0) stretching® 21252 and a moderately strong band
due to \V=-0O—V asymmetric bridge vibration is located at
856 cm1.2527.28 After coulometric reduction, the terminal
v(V=0) and the asymmetric¥O—V stretching vibrations
of the V,O3L,~ in CH,CI; solution appear at 1001, 918, and
860 cnrl, respectively.

The electronic absorption spectrum of compledisplays
a shoulder in the 448400 nm region followed by two strong
absorptions in the 336310 and 286-270 nm ranges which
are assignable to+V(dx) LMCT and intraligand transitions,
respectivelyt® The spectrum (Figure 1) of its electroreduced
congener YOsL,~ exhibits a new band of moderate intensity
in the near-IR region at 979 nm. Absorption in this region
is a characteristic feature of the {8;]3* core?%:28-32

The'H NMR (DMSO-dq) spectral data of the free ligand
and its divanadium (V) complex]l, are given in the
Experimental Section. The spectrum of the free ligand
exhibits an OH (phenolic) resonance at 13.4 ppm,;CH
protons at 2.46 ppm, and aromatic protons at 7&&7 ppm,
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and the complex are located at 1600 and 1540'dmecause
of »(C=N) andv(C=C/aromatic) stretching modes of the
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Figure 3. ORTEP plot of LOsL, with atom labeling scheme.
Table 3. Crystal Data and Details of Refinement for the Complex
V203l
)
formula GoH2eNgO7V 2
fw 684.45
cryst syst monoclinic
space group P2;/c
a A 7.9240(18)
b, A 16.211(4)
c, A 23.381(5)
B, deg 96.145(5)
1 Vv, A3 2986.1(12)
L I Z 4
T,K 293(2)
. I | | \ | | A 0.71073
2500 2800 3200 3600 4100 D¢, Mg m~3 1.522
Field (Gauss) u(Mo Ka) mmt 0.684
. F(000) 1400
Figure 2. X-band EPR spectra of electrogenerated [L(S®WV(O)L]~ R1, wR2 | > 20(1)] 0.0694, 0.1536
in CHxClo/tolune (1:3 v/v) solution: (I) at 300 K; (1) at 77 K. Instrument GOF onF2 1.027

settings: power, 30 dB; modulation, 100 kHz; sweep center, 3200 G; sweep
time, 240 s; sweep width, 2000 G. vanadium (IV) specié&3035 with axial features, which
indicates that the species is valence-trapped at this temper-
ature. The room-temperature spectrum (15 line) suggests that,
according to Robin and D&¥ the V,OsL,~ species belongs
to either class Ill (delocalized) or class Il (hopping) on the
EPR time scale~10° s)37:38

Crystal Structure of V ,0sL . The bridging O atom does
not lie on a 2-fold axis, and the two halves of the molecule
respectively?® On coordination, the signal for the OH proton are not crystallographically equivalent, although they have
disappears, indicating deprotonation of the phenolic OH in closely matching dimensions. The molecular structure and
the complex MOsL,. The presence of methyl protons of the atomic labeling scheme are illustrated in Figure 3.
V.03l in the form of two close but separated singlets (at Experimental details are given in Table 3, and bond
2.50 and 2.46 ppm) and spreading out of the aromatic protonsparameters are included in Table 4.
in the region 8.6-6.38 ppm indicate that the ligand environ- The terminal oxygen atom, ONO of,H, and the oxygen
ment surrounding the individual vanadium centers is not atom binding two vanadium centers complete the distorted
magnetically exactly equivalent. square-pyramidal geometry around the metal center in a

EPR Spectroscopy.EPR spectra of the electroreduced VO,L unit. Least-squares calculation shows the vanadium
species YOsL,~ are measured in liquid as well as in frozen atoms V(1) and V(2) to be 0.474(6) and 0.471(6) A above
CH,Cl, and are shown in Figure 2, and the spectral the basal planes defined by (O1, 02, O5, N1) and (O3, O4,
parameters are presented in Table 2. At room temperatureO5, N4), respectively. The dihedral angle between the
(300 K), the EPR spectrum exhibits a 15 line profile that is pyramid bases corresponding to V(1) and V(2) is 58.53(17)
characteristic of the mixed-valence divanadium (IV, V) The V=0 distances 1.576(3) and 1.578(3) A are typical of
complexed28-30 (51 V, | =7/,) and is indicative of the odd  a vanadium-oxygen double boné.2* The V—N distances
electron being coupled to both the participating vanadium [2.075(3)-2.084(3) A] are very similar to the reported
centers. In a few casés3 an eight line spectrum is also analogous complexé&2°The vanadium to bridging oxygen
observed at room temperature. In those cases, the unpairedistance [1.800(2)1.803(2) A] is unexceptiondf In the
electron is localized on one of the vanadium centers. In a
frozen solution (77 K), it exhibits the spectrum of a localized (3% Soroman, €. R.; Kampf, J.; Lah, M. S.; Pecoraro, iriorg. Chem.

(36) Robin, M. B.; Day, PAdv. Inorg. Chem. Radiocheri967, 10, 247.
(33) We are unable to detect the NH protons in the spectrum because of(37) Heitner-Wirguin, C.; Selbin, J. Inorg. Nucl. Chem1968 30, 3181.

the presence of a broad solvent peak in thetpm region. (38) Babonneau, F.; Sanchez, C.; Livage, J.; Launay, J. P.; Daoudi, M
(34) Riechel, T. L.; Sawyer, D. Tinorg. Chem.1975 14, 1869. Jeannin, Y.Now. J. Chim 1982 6, 353.

Table 2. X-band EPR Data for ¥OsL,~ in CH.Cl,
300 K 77K
g AG o] go Ga/? AIG  AJG  AIG
1994 298 1976 2016 2.002 104.2 32.8 56.6

3 0av = Y3(200 + an). P Aav = Ya(2At AY).
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NOTE

each VOL unit is somewhat different (also evidenced by the
NMR spectrum) which may cause them to get reduced at
I 1A different potentials.

Constant potential coulometry at1.3 V in a dichloro-
methane-acetonitrile mixture leads to the generation of the
mixed-valence species™WV in solution which was char-
acterized by EPR, IR, and electronic spectra, but unfortu-
nately, it could not be isolated in the solid state.

, | , | | | | Conclusion

0200 -0200 0600  -1.000  -1.400  -1.800  -2.200 The synthesis of newufoxo) divanadium (V) complex

E(V) . . . .
V,0sLo 1, h n achieved in excellent yield and i
Figure 4. Cyclic voltammogram of YOsL, in CH,Cl, (0.1 M TBAP) at 20sLz 1, has been achieved excellent yield and is

a platinum electrode; scan rate50 mV/s, and potentials recorded vs SCE. Chara_Cterized by X-ray crystallpgraphy, various spectroscopic
techniques, and electrochemistry. As the ®—V angle is

Table 4. Selected Bond Lengths (A) and Bond Angles (deg) for very low, 112.08, the effective communication between the
VOl two metal centers is rather weak, and hence, they undergo
%8:88 igzigg xg;g% igﬁg redox activity at different potentials. The mixed-valence
V(1)-N(1) 2.075(3) V(2)-N(4) 2.084(3) vanadium WVV complex \bOsL,™, generated by constant
V(1)-0(5) 1.800(2) V(2)-0(5) 1.803(2) potential 1.3 V) electroreduction of the corresponding
xg;:\?(%) Zl-ggg((f%) V(2rOG@) 1.931(2) V,05** core, has been characterized in solution with the help

' of IR, EPR, and electronic spectroscopy. The unpaired
O(7)-V(1)-O(5)  108.13(13)  O(6yV(2)—O(4)  104.42(15) electron is interacting with both 51 \ € 7/,) nuclei in fluid
88:%8:88 12&;;;‘833 8&3&%:88 12;‘;338‘2‘3 solution at 300 K, and in a frozen glass (77 K), parallel and
O(7)-V(1)-N(1)  102.16(13)  O(5¥V(2)—N(4)  149.45(12) perpendicular components characteri8tic a localized WO
8@‘&@‘3@ 1%?5,%11(11}1) g@x(?—g(? 12@-5;38(11? center are observed. Such delocalization appears to be a
08_\,8_08 102:82212; ogvgzg—o% 100:092123 common feature of most)D:*" complexes so far examined
0(2-V(1)-O(1)  148.27(11) O(5)V(2-O(3)  86.96(11) in solution.
O(5)-V(1)-N(1) ~ 147.14(11) O(6yV(2)-N(4)  100.43(13) . .
O(1)-V(1)—N(1) 74.58(11)  O(4yV(2)—N(4) 83.67(12) Experimental Section

V(1)-0(5)-V(2)  112.06(12) _ ) _

Materials. [VO(acac)] was prepared as described in the
present complex, ) ,0s, the V—O—V angle is 112.06(12) literature3® Reagent gra_de solvents were dried and dis_tilled prior
one of the smallest values among the/\Ds*" complexes 2;:'2.”Allagttjhe;e(::ilr:lrceaézlméedre reagent grade, available com-
reported to date. TheV distance [2.9875(10) A] is also an, . ved.

. Instrumentation. Elemental analyses were performed on a
very similar to those of other reported complexes. Two other 5. Eimer 240 C, H, N analyzer. IR spectra of solid compound

3+ 1,30 vod- : . ;
complexes Of_ YO3*" are knowrr* where m')fed Val_ence (V,0sL, as KBr pellets) and in solution state &L, in NaCl
V(IV, V) species are electrogenerated from divanadium (V) cell) were recorded on a Perkin-Elmer 783 spectrométeNMR

analogues. spectra were recorded with a Bruker AVANCE DPX 300 MHz
Redox Properties: Mixed-Valence O3 L,. Figure 4 spectrometer using SiMas an internal standard. Electronic spectra
depicts a representative voltammogram ooy, (1) in were recorded on a Shimadzu YVis recording spectrophotometer,
dichloromethane solution which is found to undergo two and electronic spectra in the near-IR region were recorded on a
successive one electron reduction&gs = —0.96 (AEp = Hitachi U-3400 UV/vis/near-IR spectrophotometer. EPR spectra
230 mV) andEy, = —1.68 (AE, = 200 mV) (Table 1), were obtaineq at X-b:’flnd frequencies on a Varian E-109C spec-
which are assigned to WYYV and WVVYNVVV trometer equipped with a gas-flow temperature controller for

. . variable- temperature studies. Spectra at 77 K were collected using
couples. Our result is thus somewhat different from that of a quartz dewar. The calibrant was DPRH 2.0037). Magnetic

1 V/
Chakravorty et af V\,/here thh the V cgnters were reduced susceptibility was measured with a PAR model 155 vibrating sample
at the same potential. An interpretation of our results May yagnetometer with Hg[Co(SCH)as calibrant. Electrochemical
_be off.ered in the f0||0W{”9 way. First, it is well-known that  measurements were made at 298 K under a dry nitrogen atmosphere
in a binuclear complex if communications between the two using a PC-controlled EG&G/PAR-273A potentiostat. A conven-
metal centers are good, then they tend to undergo oxidation/tional three electrode configuration was used, consisting of platinum
reduction at the same potential, whereas, if the metal centerswire working and auxiliary electrodes, an SCE reference, and TEAP
are not communicating with each other effectively, they as supporting electrolyte. The ferrocene/ferrocenium (Fg/Fe
undergo redox activity at different potentials. In our complex, couple was used as the internal standard.
the V—O—V angle is 112.08 while it is 160.8 in the Crystallography. A deep brown prlsmatlc_ cryst_al df (0.93 x
complex reported by Chakravorty etaln the oxo-bridged ~ 0:68 x 0.11 mn) was chosen for X-ray diffraction study. The
L ._.compound crystallized in the monoclinic space groBg/c.

metal complexes, the communication between the metals is .
K 0] the MD—M | hes 180 Intensity data were collected at 293 K on a Bruker Smart CCD

nown to increase as the angie approaches area detector system using graphite-monochromatized Mo K
Second, as the two halves of the molecule are not crystal-
lographically equivalent, the electronic environment around (39) Rowe, R. A.; Jones, M. Mnorg, Synth 1957, 5, 113.
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radiation ¢ = 0.71073 A). The intensities were corrected for Anal. Calcd for GgHNgOVo: C, 52.59; H, 3.79; N, 12.27.
empirical absorption effects using SADABSThe structure was Found: C, 52.39; H, 3.32; N, 12.184 NMR (DMSO-ds, 0): 8.0—
solved by direct method. All non-hydrogen atoms were refined 6.38 (m, 16H, GHz), 2.50 (s, 3H, CH), 2.46 (s, 3H, CH).
anisotropically by full-matrix least squares, with a riding model Electrosynthesis of \AOsL ,~. A solution of 20 mg (0.03-mmol)
for the hydrogen atoms, using the SHELXTL packéye. of V,O3L, in 30 mL of a mixture of dichloromethane and
Synthesis of Ligand (HL). Schiff base ligand, 2-amino-  acetonitrile (0.1 M TBAP) was reduced coulometrically at a constant
benzoylhydrazone of-Bydroxy acetophenone, was prepared by potential of—1.3 V versus SCE in nitrogen atmosphere. Electrolysis
reacting anthranilhydrazide (7.6-g/50.33-mmol) and 2-hydroxy was complete when 2.84 C had passed. The calculated one-electron
acetophenone (6.8-g/50.00-mmol) in stirring ethanol (25 mL) for coulomb count is 2.82. The reduced solution was used for spectral
2 h. The resulting yellowish-white compound was filtered, washed studies.

three times with ethanol, and dried over fused Gallp 170°C.
Yield 70%. Anal. Calcd for GHiN:Os: C. 66.91: H, 5.58: N, Acknowledgment. We thank Dr. S. K. Chattopadhyay,

15.61. Found: C, 66.73; H, 5.53; N, 15.6H NMR (DMSO-d Bengal Engineering College (Deemed University), and Prof.
5): 7.64-6.57 (m’ 8H CéH45 2 46 (S’ 3H, Ch), 13.4 (s OH).’ M. Chaudhury of our department for fruitful discussions. We
Synthesis of \OsL,. A 0.28-g (1.04-mmol) sample of ligand @IS0 thank Dr. S. Goswami of our department for electro-
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stirring, the solution was filtered. Slow evaporation of the filtrate

solution over 5 days produced dark brown crystals. Yiel80% Supporting Information Available: Tables giving crystal data

and details of the structure determination, bond lengths, bond angles,
atomic and hydrogen coordinates, equivalent displacement param-
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