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The formation constants of some oxovanadium(lVabincomplexes containing Schiff bases resultingnfaondensation of
salicylaldehyde with aniline and with its derivas/were determined spectophotometrically. The sgitled compounds were
characterized by analytical and different physiberical techniques likeH NMR, IR, elemental analysis, mass and UV-Vis
spectral studies. The IR spectra affirm that cowtion takes place through azomethine nitrogenpdmesholate oxygen. Three of
the VO(IV) Schiff base complexdse. bis(salicylideneaniline)oxovanadium(lV), [VO(L], bis(salicylidene-4-methoxyaniline)
oxovanadium (IV), [VO(®),] and bis(salicylidene-4-cyanoaniline)oxovanadiii)(l [VO(L'®),], were studied by
thermogravimetry in order to evaluate their therstability and thermal decomposition pathways. mhenber of steps and, in
particular, the starting temperature of decompmsitof these complexes depends on the equatoriahdigThe complexes
screened for antioxidant activity and thle initio calculations were carried out to determine thacstiral and the geometrical
properties of a typical vanadyl salicylideneanilawnplex, [VO(L%),].
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INTRODUCTION [9-10].
In view of recent interest in the energetic of thetal
Vanadium plays an unusual position among biomedals ligand bonding in metal chelates involving N, O dpbfigand,
it may be available in both anionic and cationiecnfe. The we tried to study Schiff base complexes derivednfitigands
most common ones being vanadate(V) and vanadyl(IV)involving N,O, donor atoms [11-18]. So, the aim of the
Oxovanadium(lV) and (V) have particularly rich cdoration  present work was to support and evaluate the cbelat
chemistry [1,2] that have received much attentfontheir use  behavior of these class of ligands having C=N ahridgBoups,
in oxidation and oxo-transfer catalysis, and fagitipotential towards VO(IV) metal ion and to evaluate their axitiant
therapeutic applications such as the treatmentatfedes [3-6] properties and finally to present the optimized rgetry of
and as anticancer agents [7,8]. one reprentative sample of the complexes.
Particular attention has recently paid to the sysithand
study of the Schiff bases and their complexes. &hesEXPERIMENTAL
complexes are known to be biologically important @erve
as catalysts in various chemical and photochdmigactions Materials
All solvents and chemicals were purchased fromdWer
*Corresponding author. E-mail: asadi@susc.ac.ir Fluka or Aldrich and used without further purifiiat.
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Apparatus and Techniques C—N o
The infrared spectra of all ligands and their ctares

were recorded in the range 4000-400cusing a Shimadzu

FTIR-8300 spectrophotometer applying the KBr disc R

technique. The infrared spectral vibration modeslmsted in OH

Table 2.
The UV-Vis absorption spectra were recorded using

Perkin-Elmer Lambda 2 spectropho_tometer at _roor%pectroscopy for the prepared Schiff bases wererméted
temperature. Mass spectra were obtained with Shimad and were in good agreement with the literature .[Tfe

LCMS-2010EV. The Elemental analysis was carried myt prepared Schiff bases have the structural formbtave in
Thermo Finnigan-Flash-1200.

Scheme IThe structural formula of the Schiff bases

Scheme 1.
Synthesis of the Ligands Synthesis of the VO(1V) Complexes
The Schiff bases were prepared as in the litezatdelting The greenish-grey new complexes were prepared i

points, the elemental composition and the spectraiterature [20]. The prepared Schiff base compleage the
characterization such as IRHNMR, UV-Vis and mass structural formula shown in Scheme Phe physical
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Schiff bases

R
[VO(LY,)? Bis(salicylideneaniline)oxovanadium(IV) H
[VO(L?),]? Bis(salicylidene-4-methoxyaniline)oxovanadium(lV) -QICH;
[VO(L3),]? Bis(salicylidene-3-hydroxyaniline)oxovanadium(lV) -GH
[VO(L%),]? Bis(salicylidene-4-hydroxyaniline)oxovanadium(lV) -@H
[VO(L?®),]? Bis(salicylidene-3-chloroaniline)oxovanadium(IV) a-
[VO(L®),]? Bis(salicylidene-4-chloroaniline)oxovanadium(lV) @l-
[VO(L"),]? Bis(salicylidene-3-bromoaniline)oxovanadium(lV) B3-
[VO(L?®),]? Bis(salicylidene-4-bromoaniline)oxovanadium(lV) 4-B
[VO(L?),]? Bis(salicylidene-3-cyanoaniline)oxovanadium(lV) NC
[VO(L9),]? Bis(salicylidene-4-cyanoaniline)oxovanadium(IV) INC
[VO(L'h,]? Bis(salicylidene-3-nitroaniline)oxovanadium(lV) 3N
[VO(L'?),]? Bis(salicylidene-4-nitroaniline)oxovanadium(IV) 40N
[VO(L),]° Bis(salicylidenebenzylamine)oxovanadium(lV) H
h=0"n=1

Scheme ZThe structural formula of the Schiff base comptexe
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Table 1. Physical Properties of the Prepared Complexes

Synthesisab initio Calculations and Properties

concentrations of the metal sulfate (1 x°107 x 10* M) at
25 °C and at constant ionic strength (0.1 M NaglQhe

Compounds m.p. (°C) Color interaction of NaCIQ with the ligands was negligible. In a
typical titration 2.5 ml of the ligand solution wasnsferred
[VO(LY).] >250 Green into the thermostated cell compartment of the U¥-Vi
[VO(L?).] 238 Olive green instrument, which was kept at constant temperat0el °C)
[VO(L®).] >250 Dark green by circulating water, and was titrated by the mei@th
[VO(L?).] >250 Green solution.
[VO(L®),] 240 Green The titration was performed by adding aliquots tbé
[VO(L®).] 250 Greenish-grey metal ion with a Hamilton pl syringe to the liganghe
[VO(L),] 250 Brownish green absorption measurements were carried out at various
[VO(L®),] 250 Pale green wavelengths where the difference in absorption wiaes
[VO(L®),] 250 Olive green maximum after equilibrium. The formed complex shows
[VO(L*),] 250 Light green different absorption from the free ligand, whiletietal ion
[VO(L).] >250 Green solution shows no absorption at those wavelengitss.an
[VO(L*?),] >250 Light green example, the variation of the electronic spectra KoL,
[VO(L*®),] >250 Green titrated with various concentrations of VO(§@H,O at 25

°C in MeOH is shown in Fig. 1. The same procedusas w

followed for all other systems.
properties and spectral chracterizations are stinwiables 1,
2 and 3. RESULTSAND DISCUSSION
Thermodynamic Studies of Complex Formation and
The formation constant¥; of the complexation were
determined by spectrophotometric titration of a eéix

concentration of the ligands (5 x®18) with various

Physico-Chemical Characterizations

Geometrical Configuration of the Complexes
VO(IV) salt react with Schiff base ligands in In2olar

ratio in alcoholic medium to afford greenish-gregmplexes.

Table 2. IR Spectral Data (ci) of the Complexes

Compounds Vo-H VC-H VesN Vc=c VM-N Vv=0 Vean
[VO(LY),] 3425 2920 1606 1542 426 977

[VO(L?),] 2997 1612 1542 440 972

[VO(L3),] 3440 2854 1604 1502 426 974

[VO(L%),] 3444 2965 1608 1504 432 978

[VO(L®),] 2998 1612 1542 420 975

[VO(L®)2] 2889 1604 1539 435 983

[VO(L"),] 3012 1608 1542 452 975

[VO(L?),] 3444 3042 1604 1539 462 983

[VO(L?),] 3444 2296 1608 1542 416 976 2229
[VO(L'9),] 2986 1604 1585 466 983 2221
[VO(LY),] 3445 2885 1608 1558 432 985

[VO(L'?),] 3483 2885 1604 1581 424 983

[VO(L*®),] 3444 2980 1612 1546 420 991
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Table 3. UV-Vis? Mass Spectra and Elemental Analysis Data of thailexes

Elemental analysi€%, Found)

Amax (NM) Mass spectrar(/2 c H N

[VO(LY),].H,0 264,330(sh) 459, 263, 196 65.41(65.81) 4.64(4.25) 5.87(6.01)
[VO(L?),] 270,350,407(sh) 519, 293, 226, 66 64.74(64.64) 66(4.72) 5.39(5.29)
[VO(L3),].0.25H,0 267,338(sh) 491, 213, 197, 66 62.97(62.55) 49313 5.65(5.89)
[VO(L*%,].H,0 266,349,410(sh) 491, 279, 213, 66 61.30(61.32) 35(4.39) 5.50(5.44)
[VO(L)] 268,336(sh) 527, 298, 231, 66 59.11(57.52) 3.83(3 5.30(4.99)
[VO(L®),] 266,340(sh) 527, 231, 66 59.11(59.51) 3.43(3.33) 5.30(5.07)
[VO(L")] 266,336(sh) 614, 340, 276 50.60(50.29) 2.94(3.25) 4.54(4.73)
[VO(L®),].0.1H,0 266,337(sh) 614, 340, 276 50.45(50.82) 2.96(2.82) 4.53(4.17)
[VO(L9),].0.75H,0 244,273(sh) 508, 288, 221, 66 64.31(64.39) 3.283 10.71(10.69)
[VO(L9,] 272,331(sh) 509, 221, 66 66.02(66.15) 3.56(3.51) 11.00(11.42)
[VO(LY,].0.3H,0 278,355(sh) 549, 308, 242, 66 56.29(56.03) 3.2083 10.10(10.22)
[VO(L*®,].0.25H,0 270,345(sh) 549, 308, 242, 66 56.38(56.33) 3.38(3 10.12(10.22)
[VO(L*),].0.5H,0 274,352 487,277,211 67.74(67.81) 5.08(5.25) 5.64]

Solvent is MeOH.

Abs.

optimum geometry of one of the newly synthesizetigexes
was elucidated bgb initio calculations.
IR Analysis. The IR spectra provide valuable information
regarding the nature of functional groups attadioetthe metal
atom. The ligands and the metal complexes wereactezized
mainly using the azomethine band. The main infraradds
and their assignments are listed in Table 2. Theadd

230 330 430
Wavelength (nm)

Fig. 1. The variation of the electronic spectra of.H titrared
with VO(SQ).nH,O at 25 °C in 96% methanol.

The ligands and the complexes are stable at reampérature
and are nonhygroscopic. The synthesized ligands theil

complexes were characterized by elemental analysiss and
spectral techniques. Furtheremore, the thermodysarand
the antioxidant properties of the complexes werglied. The

1024

complex shows a band 440 cm' attributed to V=0
frequency [21]. In addition the spectra of the tida show
-C=N band in the region 1608-1620 tnwhich is shifted to
lower frequencies in the spectra of all the comgdexl606-
1612 cn) indicating the involvement of the -C=N nitrogen i
the coordination to the metal ion [22,23]. Assigminef the
proposed coordination sites is further supported thg
appearance of medium bands at 400-450" @nd 450-500
cm® which could be attributed ta(M-O) and v(M-N)
respectively [24,25]Thus the oxovanadium(lV) complexes
have the general structure which were shown in @eh2
Elemental analysis. The stoichiometry of the ligands and
the vanadyl complexes were confirmed by their elgale
analysis. The metal/ligand ratio was found to k& Has been
arrived at by estimating the carbon, hydrogen aitcbgen
contents of the complexes. Elemental analysighef VO(IV)
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complexes show good agreement with the proposedtstes
of the complexes (Table 3).

Mass spectra. The mass spectra of the vanadium(IV)
chelates show intense peaks including [\[nd [VOLy+H]*
that confirmed a structure of stoichiometry of fot ligands
to vanadium(lV). The spectra of the vanadyl(lV) qdexes,
also show some peaks corresponding to [VOhphd L
fragments (Table 3).

UV-Vis analysis. The ligands show two absorption bands
at UV-Vis region. A nr* transition band at 326-410 nm and a
n-m* transition band at 240-300 nm are shown in tgards.
These absorption bands show a slight shift to lighergy in
the complexes that is evident for unalteration citme of
ligands in complexation .

All the vanadyl(IV) complexes have a band at 3Z0-Am
in solvent corresponding to a d-d transition barfds band is
not always observed, being often buried beneathigh h
intensity charge transfer band (or more accuratieé/ low
energy tail of that band), and when it is obsenieds
generally a shoulder (Table 3). The electronic Bpeof the
formed complexes at the end of the titration precssre the
same as the electronic spectra of the separatelthesized
complexes as is seen in Fig. 2.

Thermal analysis. The thermal dehydration and the
decomposition of three ligands, HLHL? HLY and their
complexes, VO(b),, VO(L?),, VO(L'),, under investigation
were studied to evaluate their thermal stabilitgl dhermal
decomposition pathways, as can be seen from th®TG/
curves presented in Fig. 3.

The hydrated water molecules are associated whith
complex formation and found outside the coordimasphere
formed around the central metal ion. The dehydnatibthis
type of water takes place in the temperature r&tg220 °C.
On the other hand, the coordinated water molecales
eliminated at higher temperatures than the watdecntes of
hydration. The water of coordination is usuallyméhiated
[26,27] in the temperature range 100-316 °C. Tlyauoic part
of the complexes may decompose in one or more stéps
the possibility of the formation of one or two imediates.
These intermediates may include the metal ion witbart of
the Schiff base in case of 1.1 or 1:2 complexeses€h
intermediates may finally decompose to stable nwtiales.

From the thermogravimetric curve of Hhne can see that

0.8 1
0.6

Abs

0.4
0.2

0 T L
280 380 480
Wavelength (nm)

Fig. 2. UV-Vis spectra of HE*(—), VO(L™), separately
synthesized (- —-) and the produthe®nd of
titration (.....).

the weight loss of the ligand takes place in sirggégp in the
temperature range 180-300 °C without residue instraple
holder at 300 °C (Fig. 3, curve a).

The thermal decomposition of Bloccurs in three steps.
The first mass loss (observed 46.6%), can be sebtmebn
300-400 °C (calcd. weight loss for 1 mol ofHgO 47.5%)
corresponding to the elimination of 1 mojHgO group. The
decomposition continues with the gradual weighslog to
450 °C. This weight loss in the temperature ran@f@450 °C
(observed 10%), assuming weight removal of the @bl
(calcd. 7.5%). The third step of the thermal decosition,
which occurs in the range 450-600 °C, was assi¢méte loss
of the GHe group (observed 33.3%) (calcd. 34.4%) The final
residue with attaining a constant weight (obsert®d6%)
roughly corresponds to NC group (calcd. 11.4%).(Bigurve
b).

For HL™ a mass loss occurred within the temperature
range 118-280 °C corresponding to the loss of yydrated
water molecule (observed 4.8%) (calcd. 7.4%) sitloe
elemental analysis does not suggested water oftigdr The
HL'°showes good stability and the decomposition tentpera
start above 320 °C. In the temperature range 3B0°89a
mass loss (observed 23%) occurred corresponditigetdoss
of CN and OH groups (calcd. 18.3%). At the tempesat
range 396-600 °C a mass loss (observed 23%) (chd%
assuming weight loss for 1 mol ot group), occurred due
to the elimination of a gHg group. The final residue with
attaining a constant weight (observei8%) roughly
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Fig. 3. TG (solid) and DTG (dash) curves: (a) ¥(b) HL? (c) HL'® (d) [VO(LY).]; (e) [VO(L?), and (f) [VO(L*9),].

corresponds to Ei;N (calcd. 43.7%) (Fig. 3, curve c).

thermal stability found for the ligands is: HL> HL? > HL®

The complex VO(E), decomposes in three steps. The firstand for the complexes is: VO[> VO(L*®, > VO(L?),. The

step occurs between 151-207 °C (observed 12%) aluket
hydrated water molecule in the structure. Accordmthis the
real mass loss is about 207 °C. The second thervesit was
observed in the range of 207-300 °C is probablyatig
decomposition of the ligand (observed 16%). Thedtihhass
loss between 300-500 °C was assigned to the labe okst of
the ligand with the residue about 4% in the sarhplder (Fig.
3, curve d).

The weight loss of VO®), and VO(L!%), takes place in a
single-step. The decomposition temperatures of \/@(&nd

number of decomposition steps of the ligand depamdthe
substituent group leading to differences in therprakcess for
the complexes, the number of steps and, in paaticuhe
initial temperature of decomposition of these coempb
depend on the equatorial ligand.

Thermodynamic | nter pr etations

With the goal of the study of the steric and thexionic
parameters of the ligands on the formation constant the
thermodynamic free energy, the interaction of tigarlds as

VO(L'®, observed in the range of 140-245 °C and 194-29@onors and VO(IV) as acceptor were carried out.

°C, respectively without residue in the sample aokt 600 °C
(Fig. 3, curves g,f).
According to the results discussed above,dtdger for

1026

The formation constantsK; were calculated using
SQUAD computer program [28,29]esigned to calculate the
best values for the formation constaritsthe proposed
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reaction model (reaction 1) by employing a nondindeast-
squares approach.

—
«—

2HL + VO(SQ)).nH,O
SQ% +2H

[VO(LJ].nH,O +
)

The free energy changadG® values of the formed
complexes were calculated fromg* =-RTInk, at 25 °C.
(See Table 4.)

As the results show, in thgara substituted Schiff base
ligands, the formation constants (iKY varies as can be
expected from the electronic effects of the sulbstits at
positions 4,4. Thus,
according to the sequence OH > OCHH > Br= ClI > CN. In
fact, for the selected Schiff bases, Hammett tyhationships
were found between the Ig values andop, the para-
substituent constant [30-32]. Such correlations slvewn in
Fig. 4.

To study the effect of the position of the subsgtitts on
the formation of the complexes, the substitutedfSbhses in
the position-3 by hydroxy, chloro, bromo, nitro angano
were selected. The results show that for substituen

the formation constants deerea

0.8
0.6
0.4
2 0.2

e 4-CN

-0.2
-0.4
-0.6

~
EN
(o]

Fig. 4. Linear correlation between tpara substituent
constantsgp, and log; for the complexes,
VO(L), VO(L?)2, VO(LY),, VO(L%),, VO(L?)
and VO(£9),in methanol at 25 °C according to
Scheme 2.

Solvent Effect
For studying the effects of solvent on the formati
constant, we carried out the interaction of theahign with

position has more steric effect than position-£gJable 4).

the formation constants were solvent dependentthedtrend

Table 4. The Formation Constants, ldg for the VO(IV) Schiff Base Complexes at

25 °C in Methanol

ligand logKs AG® (kJ molh) op
HL! 8.69 +0.55 -49.58 +1.11 0
HL? 9.26 +0.06 -52.81+0.76 -0.268
HL® 9.64 +0.24 -54.98 +0.19

HL* 9.93 +0.66 -56.63 + 0.07 -0.370
HL® 8.09 +0.09 -46.14 +0.09

HL® 8.23+0.32 -46.93 +0.32 0.227
HL’ 8.22+0.10 -46.88 +0.19

HL® 8.39 +0.23 -47.85 +0.37 0.232
HL® 7.02+0.15 -40.03 £ 0.44

HLO 7.60 +0.49 -43.34 +0.19 0.660
HL? 6.68 +0.10 -38.09+0.12

HL3 8.46 +0.41 -48.25 +0.74
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Table5. The Formation Constants, g for the VO(IV) Complexes at 25 °C in Two Solvents

HL? HL® HL* HL®
CH:CN 10.28 +0.16 9.86 +0.10 10.06 + 0.63 8.98 80.1
96% methanol 9.26 +0.06 8.98 +0.10 9.07 +0.69 3980.23

is related to the donor number of the solvents. Glaémann
donor number for CECN is 14.1 and for MeOH is 30 [33].
The formation constants in MeOH with higher donamber
are less than those in @EN, therefore the formation constant
decreases with increasing in donor number of tHeesb
(Table 5). These results show that the acceptobeiter
solvated in MeOH than in GEN. According to Eq. (1),
MeOH with higher donor number solvates VO(IV) cente
stronger than CKCN, so the metal ion tendency for the
interaction with the donors decreases and the fioma
constants become lower in this solvent (See Table 5

Trolox Equivalent Antioxidant Assay

The Trolox Equivalent Antioxidant Capacity (TEAC)
value is defined as the millimolar concentrationaofl rolox
solution having an antioxidant capacity equivalena 1 mM
solution of the substance under investigation. EighEAC
values indicate higher antioxidant activity; values are
highly desirable.

The total antioxidant capacities of the testedstuires are
shown in Table 6. According to these results, thestigated
complexes did not show any significant antioxideaypacity.

According to these results, [VO{l] has the highest
TEAC among all the other complexes. The compleXeAd
trend is as follow:

[VO(L®)2] > [VO(L?)s] = [VO(L®)g] > [VO(LY)] > [VO(L™)s]
and

[VO(L®)2 > [VO(L )]

Computational Studies

Methodology. Molecular structural calculations were
performed using GAUSSIANO3 [34] program at B3.6-

1028

Table 6. The Antioxidant Assay Results for the Compounds

at 30 °C

Complexes TEAE

[VO(LY),] 0.35+0.08
[VO(L?),] 0.42+0.19
[VO(L®),] 0.19 +0.05
[VO(L®),] 0.36 +0.11
[VO(LY),] 0.05+0.02
[VO(L?®),] 0.48 +0.02
[VO(L'9),] 0.07 +0.04

% = 6 min. "TEAC = Trolox equivalent antioxidant
capacity.

311g//HF/6-311g level of theory. Geometry optimiaas
were carried out in the gas phase of
bis(salicylideneaniline)oxovanadium(lVV) complex Rout
imposing geometrical restrictions on thds and trans
conformers. Both conformers were optimized at HE16g
level of theory following the optimization by the N
molecular mechanic force field to assign force diel
parameters on the basis of bonding characterisigiag
standard package. In two cases, the local minimoengy of
the optimized structures was computed at B3LYP quéin
3119 basis set for studying the HOMO, LUMO, and glap.
The electronic properties of model compound, dipotanment
and atomic charges, were also computed at the &amakof
theory.

Structural properties. The optimized structures of tloes
and the trans conformers of the bis(salicylideneaniline)
oxovanadium (1V), [VO(t),], (Scheme 2) are shown in Fig. 5.
It can be seen that theis conformer involves the 4
molecule coordinatedis to V=0; thetrans conformer has the
H,O molecule coordinatellansto V=0. Table 7 shows the

the
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geometrical parameters, bond lengths and bond sngle
computed at B3LYP/6-311g level of theory for thesinstable
conformer of the complexge.transconformer. The functional
groups taking place in the different position ledds bond
distances to be different in both conformers.

The distance between vanadium and oxygen of therwa
(V-0O53) in trans conformeris longer than the V-O bond
length, 2.362 A versus 1.791 A, as estimated fo¥@ bond
of unit valency [35]. This indicates that the watemtent is
not coordinated to Vanadium oxide, V=0. On the otide,
the bond length (1.571 A) in V-O52 is in accord hwit
theoretical study (1.59 A) [36] and X-ray method5@8 A)
[37]. Since the bond length reported here is lhas fa single
bond; therefore, the double bond property is exgzeéor V-
052 as also have been observed experimentally.

Electronic properties. It is reasonable to expect that the
electronic properties of theis and trans conformers to be
quite different. The basic parameters of confornecatsulated
at B3LYP/6-3119 level of theory are shown in Table

The lowest molecular energy corresponds to the cotde
geometry in vacuo that shows tkrans conformer is more
stable thartis conformer by 10.503 kJ mibl The molecular

Fig. 5. The optimized structure for thens (right) andcis
(left) conformers of the salicylidemdine complex,
[VO(LY),]. [Oxygen, red; nitrogen, blue; carbon, dark
gray; hydrogen, light gray].

Table 7. Structural Parameters for the Ground Statbetrans Conformer of Salicylideneaniline
Calculated at B3LYR¥B1g Level of Theory. Labels for Atoms can be FebimFig. 5

Bond length (A) Bond angle (°) Dihedral anffl)
V-053 2.362 H54-053-H55 115.896 052-V-053-H54 32.234
V-047 1.943 052-vV-047 105.298 052-V-0O53-H55  147.722
V-051 1.943 052-V-N23 96.185 047-V-053-H54  171.663
V-052 1571 052-v-051 105.296 047-V-053-H55 -8.294
V-N23 2.175 052-V-N46 96.188 051-V-053-H54 -8.337
V-N46 2.175 052-v-053 180.000 051-V-0O53-H55  171.707
C4-047 1.316  V-0O51-C49 135.734 052-V-051-C49 80.666
C49-051 1.316  V-023-C15 117.998 052-V-N46-C34  -95.859
053-H54 0.943 V-047-C4 135.733 052-V-N46-C41 79.948
053-H55 0.943  V-O53-H55 122.041 052-V-N24-C41 79.948
C41-N46 1436  V-O53-H54 122.063 052-V-N23-C11  -95.838
C34-N46 1.284  V-N23-Cl1 124.039 052-V-N23-C15 79.959
C15-N23 1436  V-N46-C41 117.996 051-V-047-C4 -99.374
C11-N23 1.284  V-N46-C34 124.041 N23-V-O53-H55  -95.340
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Table 8. The Computed Electronic Properties for tieeand therans
Conformers of the Complex

Cis Trans
Eqr (a.u.) -2358.577 -2358.581
H (Debye) 3.265 4.720
point group C1 C1
HOMO (a.u.) -0.080 -0.072
LUMO (a.u.) -0.062 -0.063
HOMO-LUMO gap (eV) 0.488 0.254

Fig. 6. HOMO (left) and LUMO (right) orbitals of theis conformerin vacuo

energies mainly reflect the differences in bondatises and of the conformer.
angles and to a much less extent the changes sonal The atomic charges calculated by initio method at
angles between the two conformers. B3LYP/6-311g level of theory for two conformers at@own
The trans conformer increases the HOMO and decreasem Table 9. The trend of reinforcing by the enhaneast of the
the LUMO level, which shrinks the HOMO-LUMO gap charge over the vanadiumtirmns relative to thecis conformer
(compared tais conformer) by 0.234 eV. suggests that this conformer might offer a valifb&fon the
As shown in Figs. 6 and 7, in tkis conformer the HOMO  structural properties of the complex although tharge on the
and LUMO are localized over the rings. While in thens  center of the complex (V) for two conformers is not
conformer, the HOMO is localized over the centertldé  appreciably different.
molecule, involving V-O channels, and LUMO that is  Stability of the bis(salicylideneaniline)oxovanadium
distributed over the complex is delocalized. Therefatrans  (IV) derivatives. The aim of this study was two-fold. First,
conformer is expected to reduce the HOMO-LUMO ghthe  synthesize the stable complexes of the salicylideii@e and
complex. As a result, the electric dipole momenthe cis  characterize them by the experimental results. 18gcto
conformer is less thamansthat in part explains the unstability investigate the conformer structures aofepresentative
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Fig. 7. The same as Fig. 6 but for ttiens conformer.

Table9. The Computed Mulliken Atomic Charges of the Comgta thecis and
ttnens Conformers. See Fig. 5 for Atomic Labels

Transonformer Cisconformer
No. Symbol Atomic charge Symbol Atomic charge
1 C -0.1806 C -0.2122
2 C -0.1437 C -0.0923
3 C -0.1196 H 0.1476
4 C 0.3990 H 0.1523
5 C -0.2163 H 0.1601
6 C -0.0960 H 0.1479
7 H 0.1475 C 0.0847
8 H 0.1531 H 0.1996
9 H 0.1683 C -0.1023
10 H 0.1474 C -0.1851
11 C 0.0669 C 0.0671
12 H 0.1592 C -0.1256
13 C -0.0986 H 0.1576
14 C -0.1738 C -0.0852
15 C 0.1236 C -0.1773
16 C -0.1272 H 0.1553
17 H 0.1479 H 0.1782
18 C -0.0687 H 0.1551
19 C -0.1851 N -0.6466
20 H 0.1502 \% 1.6555
21 H 0.2019 C -0.1059
22 H 0.1530 C -0.1465
23 N -0.6632 C 0.3884
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

OO0OO0OIONOIOZIIOIOIOIOOOOIIITOOTOOOS

1.6689
-0.1195
-0.1437
-0.1807
0.1531
-0.2164
-0.0961
0.1476
0.1683
0.1474
0.0669
-0.1852
-0.1273
-0.0687
0.1531
-0.1738
0.1502
0.1237
0.2019
-0.0985
0.1479
0.1592
-0.6630
-0.7214
0.1825
0.3990
0.1825
-0.7215
-0.4946
-0.8064

-0.1808
0.1511
-0.2100
-0.0979
0.1453
0.1473
0.1441
0.0721
-0.1794
-0.1250
-0.0483
0.1475
-0.1742
0.1496
0.0728
0.1529
-0.0704
0.1497
0.1756
-0.6374
-0.7451
-0.7122
-0.4994
0.1800
0.1790
-0.2122
-0.0923
0.1476
0.1523
0.1601

ITIIOOIIOO0OO0OZIIOIOIOIOOOOIIIOOT?®C

complex by structural optimization using

minimization in the gas phase.

The substitution of R with different groups prowde
different complexes. It is interesting to understane role of
R group (Scheme 3) as it produces preferentiallstaoe

complexes.

The optimized structures of the VO(I\§omplex have

been taken to describe molecular

1032

energies of
bis(salicylidene-3-chloroaniline)oxovanadium(lViand

bis

the energy (salicylidene-4-chloroaniline)oxovanadium(lV).  Forthis

purpose we should have certain structural impliceti of
increasing stability. The analysis of the molecwgéactronic
structures of complexes revealed that occupyingipos 3-3,
3-37, 3’-3’, and 4-4 of the VO(IV) complex by chitte group
lead to complexes with different stabilities. Themputations
indicate that 4-4 position (4-Cl) provides the masable

thaccommodation. See Fig. 8 for detail.

The most striking outcome of the presett initio studies
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KA
R R

Scheme 30ccupying positions by R (Cl) group in the
complex to be studied

-3277.783

3-3277.785
S

~

L

-3277.787

-3277.789

the confotioas of

for
the bis(salicylidene-3-chloroanilinepeanadium(1V)
and bis(salicylidene-4-chloroanilinedeanadium(lV)
complexes as calculated at the B3LYP/6g3evel of
theory.

Fig.8. The energy profile

is the observation that the structure with 4-4 t@ss
occupied is consistent with the experimental foromat
constant of the salicylidene-chloroanilinéherefore, the

bis(salicylidene-4-chloroaniline)oxovanadium(lV) tise most
stable structure between chloride substituent ceresl
considered (Fig. 8) in gas phase and in methandian&hese
results shed some additional light on the naturiefstability
of the conformers and the most stable conformerthef
derivatives  of  bis(salicylideneaniline)oxovanadilv)(
complex.

CONCLUSIONS

The structural, geometrical, thermal, thermodynanand
antioxidant properties of the oxovanadium(lV) coexgs
have been investigated. The structural and electron
properties of thecis and the trans conformers of the
bis(salicylideneaniline)oxovanadium(lV) have been
investigated by means ab initio computational techniques.
These calculations have shown that tifaes conformer has a
profound effect on the properties of the complasQ(L"),].
The structural properties @fs andtrans are similar and the
geometrical differences are mainly limited to thasition of
the functional groups in the rest of complexes. Ttnans
conformer is the most stable complex in gas pHageargued
that substitution in 4-4 positions increases ttabiity. This
explains the experimental formation constants \malue
Interestingly, according to the electronic struetusccupying
the 4-4 positions with Cl promotes the complex bgduction
in HOMO-LUMO gap which leads to an increase in the
formation of trans conformer. This finding is further
supported by the fact that the experimental foromationstant
of the bis(salicylidene-4-chloroaniline)oxovanad{iv)
complex determined is larger than bis(salicylid8ne-
chloroaniline)oxovanadium(lV). According to the
thermodynamic studies, the formation constants lé t
complexes depend upon the steric and the electronic
characteristic of the ligands. Moreover, the madlacu
electronic structure of each complex plays an irtgudrrole
on its thermodynamics and the thermal properties.dvident
that there is a close relationship between thesgous
properties. According to the antioxidant capacitiEs the
tested substances, the investigated complexes atidshow
any significant antioxidant capacity.
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