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ABSTRACT

The bis (hydroxamato)oxidovanadium(lV) complexesoaiposition [VO(HE?,] { [HL ! = 4-NO,CsH, CONHOT,
4-nitrobenzohydroxamate; HL= [2-Cl-4-NO,CsHsCONHOJ  2-chloro-4-nitrobenzohydroxamate} have been
synthesized by the reactions of VQS&,0 with two equivalents of potassium salts of respe hydroxamic
acids in aqueous methanol. The characterizatioooofiplexes has been accomplished by elemental asalymlar
conductivity, magnetic moment measurements, eld@ctand spectral (IR, ESR and mass) studies. Thgnaix
moment and ESR spectra indicated +4 oxidation stditganadium. The IR spectra suggested bondingutiro
hydroxylamine and carbonyl oxygen (0,0 coordingtiomferred from spectral studies a square-pyrarhida
geometry around vanadium has tentatively been megdor complexes. The thermal behavior of compléees
been studied by TGA technique. The antimicrobialtivities of the newly synthesized complexes, tigaand
precursor have been evaluated against some pathogbacteria E.coli, S.aureus, S.typhi, S.paraityph
S.epidermidis and K.pneumoniae and fungi A. nider,fulva and M. circinelloides by minimum inhibiyor
concentration method. The complexes exhibited mmiamiantimicrobial activity relative to free ligaadand
standard drug compounds. The coordination compoumds complexes with 2-cyanopyridine and 4-
aminobenzonitrile have also been synthesized aachcterized by physicochemical and IR spectral iégpine.

Keywords. Bis(hydroxamato)oxidovanadium(lV) complexes, Batm-4-nitrobenzohydroxamate and 2-chloro-4-
nitrobenzohydroxamate, Antimicrobial activity

INTRODUCTION

Over the years, the coordination chemistry of vamacdhas drawn enormous research interest owingetgotential
applications of vanadium complexes in catalysi$]therapeutics [6-14], material science [15-16{ anagneto-
structural study of polynuclear species [17]. Theldgical relevance of vanadium regarding the efialy,
distribution and toxicity in +4 and +5 oxidationatd has been abundantly establishElge vanadate and some
peroxovanadate complexes have been reported tbieitsulin enhancing potency [18-20]. VOis knownto
possess extensive clinical applications [21-22]

Of numerous ligands known to form metal complexis, hydroxamic acids RCONHOH have been proved to be
excellent ligands with -NHOH moiety as constituehtantibiotics [23], growth factors, [24] food atides, tumor
inhibitors and cell division factors. Owing to thmharmacological [25-26] toxicological [27] and paltbgical
properties [28-29] of hydroxamic acids, their bigital [30] and medicinal applications [31] are welbcumented
[32]. The strong ability of hydroxamic acids to rioichelates is related to their biological effedtee hydroxamic
acids display a range of coordination sites depgndn metal ion involved [33] and pH of the react&nlution
[34]. Hydroxamic acids, R-CONHOH, are inhibitorsesfjic to the respiratory pathway wherein the nataf R
group in compounds affects the concentration atchwvtthe hydroxamic acids are effective. Literatuomtains
reports that some —nitro and —chloroheterocyclelibéx diverse biological activity viz. anti inflamatory,
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vasodilator activity and structure activity relatship have been used in sedatives, hypnotics amdiarobials [35-
36]. The chlorohydroxamic acid have been found eotlie most effective antitumor agent [37]. The t2erb-

(sulphophenoxy) hydroxamic acid derivatives areviim@o possess herbicidal activity. Further it hasrbreported
that nitro heterocycles have good antifungal afstirather than antibacterial activity.

In view of the biological relevance of vanadium aiethydroxamate ligands and as part of our ongoing
investigations on the synthesis of vanadium hydmata complexes [38-41] the present manuscript descthe
synthesis of oxidovanadium(lV) complexes, derivedonf 4-nitrobenzohydroxamate and 2-Chloro-4-
nitrobenzohydroxamate ligands since a few scattegpdrts are met in literature on nitro- substitiutgdroxamic
acids [42-44]. The newly synthesized complexes hiagen thoroughly characterized and evaluated feir th
antimicrobial activity.

MATERIALSAND METHODS

All the solvents used were of A.R. grade and weteddby standard methods. Vanadyl sulphate (VQQ)O)
(Merck) was used as procured. The potassium 4h@troohydroxamate and potassium 2-chloro-4-
nitrobenzohydroxamate were synthesized by repartethod [45] and characterized by IR spectra. Thedaim
content in complexes was determined gravimetricaiyv,0Os. The elemental analyses were performed on Carlo-
Erba 1108 elemental Analyzer. The conductivity rmeasients in nitrobenzene were made on an Elicowstiivity
bridge type CM-82T. The room temperature magnatisceptibilities were measured by Gouy’s method gisin
Hg[Co(NCS)] as calibrant. FTIR spectra of complexes wereeotdld on a Nicolet-5700 FTIR spectrophotometer
(4000-200 crit) using KBr pellets. Electronic spectra of compkexeere recorded on a Varian Cary-100 Bio UV-
Vis. spectrophotometer using methanol as solvehe Mass spectrum were recorded at room temperature
electré)n spiq ESmass spectra. Thermograms of complexes were mttdndnitrogen atmosphere at a heating rate
of 20°C min™.

2.2 Synthesis of VO(4-NO,C¢H,CONHO); (I) and VO(2-CI-4-NO,CsH3CONHO) , (11) :

In a typical reaction to a solution of potassiumi##ebenzohydroxamate (1g, 0.0045mol) and potas&ahloro-4-
nitrobenzohydroxamate (1g, 0.0039 mol) in metha28imL) was added vanadyl sulphate (0.57g, 0.0022 mo
0.49¢g, 0.0019 mol respectively) dissolved in minimguantity of distilled water (5mL) in separate ewments.
The reaction mixture was stirred for 8 h when aitolue color of reaction mixture changed to darkvn and
separation of solid was observed. It was thenréiteand was washed with methanol and petroleunr.ette
complexes were recrystallized from dichloromethafield: VO(4-NO,CsH,CONHO), (1) 0.9g, (88%); VO(2-Cl-4-
NO,CsH3CONHO), (1) 0.85g, (87%). Anal. Calcd. for gH;gN4OgV [VO(4-NO,CsH,CONHO)] (Formula weight,
429) (%): C, 39.16; H, 2.33; N, 13.05, V, 11.88uRd: C, 39.22; H, 2.39; N, 13.11; V, 11.56;=1.27Scnfmol ™*;
Meff: 1.72 B.M Anal. Calcd. for GHgN4OgVCI [VO(2-Cl-4-NO,CeH3;CONHO),] (Formula Weight, 498 ) (%) C,
33.74; H, 1.60; N, 11.24; V, 10.23. Found: C, 238, 1.55; N, 11.29; V, 10.15;, = 2.43Scnfmol™; pex; 1.74
B.M.

2.3 Preparation of Coordination compounds of VO(4-NO,CsH; CONHO), (1) and VO(2-Cl-4-
NO,C¢H3sCONHO) , (I1) with 2-cynopyridine and 4-aminobenzonitrile:

To a methanol solution of [VO(4-NGgH,CONHO)] (VO(HLY, ) and [VO(2-Cl-4-NQCgH;CONHOY)],
(VO(HL?),) equimolar amount of 2-cynopyridine and 4-aminobeitzite were added in separate experiments. The
reaction mixture was stirred for 4 h at room terapane during which separation of dark color solasvobserved.
The solid compounds so obtained were treated jeetnolether and finally dried under vacuum. Anal.c@afor
[VO(4-NO,C¢H4,CONHO).2-Cyanopyridine]; GH14NeOgV, (Formula weight, 533) (%): C, 45.02; H, 2.62; N,
15.75; V, 9.56. Found: C, 45.10; H, 2.70; N, 15.¥89.60 A, =1.80 Scnfmol™; . 1.73 B.M. Anal. Calcd. For
VO(4-NO,CeH4,CONHO).4-aminobebenzonitrile] £H1s05 NgV, (Formula weight, 546) (%): C, 50.54; H, 2.74; N,
15.38; V, 9.34. Found: C, 50.60; H, 2.80; N, 15.¥09.40; o, =2.09 Scnfmol™; per. 1.74 B.M._ Anal. Calcd. for
[VO(2-CI-4-NO,CsHsCONHO),.2-cyanopyridine] gH14NsOqV, (Formula weight, 602) (%) : C, 39.86; H, 2.32; N
13.95; V, 8.47. Found: C, 39.88; H, 2.38; N, 13.998.50 o,, =4.79 Scnfmol; Mer: 1.76 B.M. Anal. Calcd. for
[VO(2-Cl-4-NO,CgHsCONHOY).4-aminobenzonitrile] 6H16NeOgV (Formula weight, 615) (%): C, 40.97; H, 2.60;
N, 13.65; V, 8.29. Found: C, 40.99; H, 2.64; N,6B3.V, 8.34:A,, = 4.50Scnfmol™; e 1.70 B.M.

2.4 Antimicrobial activity test

2.4.1 MIC determination by two-fold serial dilution

Thein vitro antibacterial and antifungal activity of oxidovanan(lV) complexes were studied against fungi and
Gram (+ve) and Gram (-ve) bacteria by a minimumhitbry concentration (MIC) method [46]. MIC ise¢Howest
concentration of the antimicrobial agent that présevisible growth after overnight incubation. Alle samples
were tested in triplicate. All test cultures weneaked on soya bean casein agar (SCDA) and inedilmaternight at
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37°C. The MIC assay was performed in a 96-well mitrelplate. For MIC assay of each drug, a row ofvkels
was used out of which last two wells were takerca@strol (no complex added). Each of the ten wedlseived
100uL of the Muller-Hinton broth, except the finsell that received 200 pL of broth containing 500 pL*
concentration of the test complex. From the firgilwcontaining test drug), 100 pL broth was withan with a
sterile tip and added to the 100 pL of the brotthinsecond well and contents were mixed four tifiben 100 pL
was withdrawn from second well and was added tatiivd well. In this way a range of two-fold seriilutions
were prepared (500-0.98ugiL The broth in each well was inoculated with 2ifLtlee bacterial culture and the
contents were mixed by ten clockwise and ten antlalise rotations on flat surface. The plate wasilrated at
35°C and observations for growth of bacteria were méeo after 24h.

RESULTSAND DISCUSSION
The reaction of VOSEBEH,O with two equivalents of potassium 4-nitrobenzaloydmate and 2-chloro-4-
nitrobenzohydroxamate viz. KHLKHL? (Fig.1) afforded the quantitative formation of quexes in confirmation

with elemental analysis according to the followawations:

2(4-NO,CgH,CONHOK)

P> VO(4-NO,CgH,CONHO),  + K,SQ, +5H:0

VOSQ, .5H,0
2(2-Cl-4-NOQ,CgH3CONHOK)
P \/O(2-Cl-4-NO,C¢HsCONHO), + K2SO;+ 5H,0

Scheme 1. Syntheses of bis(hydr oxamato) oxidovanadium(lV) complexes

The complexes are dark brown in color and are iridelin - most of organic solvents but soluble ietimanol and
dimethylsulphoxide. The elemental analysis datee@agwell with the proposed formulae for ligands aiso
confirmed VO(HL*?), composition of the complexes. Efforts to grow gawystal of the ligands and their metal
chelates for X-ray diffraction studies were unsgséel due to their poor solubility in common orgasblvents. The
molar conductance value of millimolar solution dfetcomplexes in nitrobenzene (1.27 and 2.43°Bwit)
indicating their non electrolytic nature and solipiproblem. The room temperature magnetic momextties of
the complexes (I) and (ll) are 1.72 and 1.74 B.&épectively consistent with +4 oxidation state afiadium.

(|:|) o
C——NH——OK <|:|—NH—OK
Cl
NO, NO,
KHL?T KHL?2
Fig. 1

3.1IR Spectra

The formation of complexes was ascertained fromaraparison of IR spectra with that of free hydroxri@ands
scanned in 4000-200 ¢hegion. The characteristic bands of hydroxamic grate due t@(C=0),v(C—N),v(N-O)
and v(N-H) modes. The absorption bands duev(@=0) mode in metal free 4-nitrobenzohydroxamatd an
Chloro-4-nitrobenzohydroxamate ligands have beeenied in 1620 and 1589 ¢megion. The newly synthesized
oxidovanadium (IV) complexes have displayed bane @uw(C=0) mode at 1586 cfm 1550 cn, in respective
complexesThe shift ofv(C=0) mode to lower frequency is indicative of bimgdthrough carbonyl oxygen. The
absorption band due {C—N) mode occurring at 1376 and 1344 'cim respective free ligands appeared at 1382
and 1385 crl in complexes. The sharp bands occurring at 935,@45 cn' in KHL!, KHL?respectively ascribed
to v(N-O) mode have appeared at 94®20 cm' in respective complexes, indicative of bonding tyio
hydroxylamine oxygen [47]. The absorption bandsuaiog at 3230 ciand 3222 cilassigned ta(N-H) in
KHL' and KHL? remains nearly unaltered which excludes the pdigitsf bonding through nitrogen. The
characteristic bands dueiqV=0) mode appeared at 984 and 980'¢m[VO(4-NO,CsH,CONHO),] and [VO(2-
Cl-4-NO,CsH;CONHOY),)] respectively are suggestive of square-pyramidangetry around vanadium. The bands
occurring in 575-534 cthregion have been assigned{v/-O) mode in complexes. The non-observance of and
785 cm® assignable to V-O-V asymmetric stretch are indieatof mononuclear nature of complexes. The
absorption bands observed in 1590-1520 bave beeascribed ta (NO,) mode.
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3.2 Magnetic studies

The room temperature magnetic moment of 1.70 aié B.M. for complexes [VO(4-N&sH,CONHOY)] and
[VO(2-Cl-4-NO,CsH,CONHOY,] respectively, in accordance with value expectdd, S=1/2 systems, establish
the existence of mononuclear and paramagneticenafizomplexes.

3.3 Electronic Spectra

The UV-Vis spectra of vanadium precursor, ligands aewly synthesized complexes have been reconded i
methanol. The electronic absorption spectra of VOO exhibited bands at 252, 306 and 780 nm a peculiar
feature of vanadyl complexes [48]. The ligands Ktahd KHL* showed bands at 255, 364, 398, 416 nm and 288,
362, 386, 400 nm respectively attributed to ingratidn—n* transitions.

The complexes [VO(4-N&H,CONHO)] and [VO(2-Cl-4-NQC¢H,CONHO),] displayed bands at 364, 396,
500, 690 nm and 288, 352, 540, 698 nm respectitctronic absorption bands in 540-400 nm regi@nascribed
to LMCT transition. These spectral observations imreagreement with those reported for square- pigam
oxidovanadium(lV) complexes.

3.4 ESR Spectra

Theroom temperature X-band ESR spectra of bis(hydratajoxidovanadium(lV) complexes exhibited eightlwel
resolved lines due to the interaction of an unpbékectron of vanadium(lV) center with its own reus, 1= 7/2 in
accordance with a single paramagnetic speciesraidram(lV). The g, values determined from spectra afie98
similar to spin only value (free electron value2dd0) suggesting little spin orbital coupling.

3.5Mass Spectra

The major ES MS peaks observed for oxidovanadium(lV) hydroxamedmplexes are given. The complexes
[VO(HLY] (1) and [VO(HL?)] (l1) exhibited low intense molecular ion peakratz (%) 429(3.75) and 498(4.98)
respectively. The base peak at m/z 453 (75) and1®8% in complexes (1) and (Il) corresponded to [¥AD%),
+Na+H] and [VO(HL?) -COJ" respectively. The other structurally importaneime peaks in (I) occurring at m/z
[HL-NHO+H]"; 150(36.76), HE; 182(17.96), [VO(HE),-HL*-NO,+3H]"; 205(40.90), [VO(HL),-2NO,+H"] ;338
(56.99) respectively.

The absence of peaks at higher m/z value than mlalemass are indicative of monomeric nature of glexes.
Complex of composition [VO(H1), exhibited peaks at [VO(H),-CO+2H]"; 472(4.92), [HE-NHO-H]"; 186(5.63),
[VO(HL?),-HL%NO,+3H]"; 239(18.06), [HE-CI+3H]" 184(5.63), [VO(HI9),-2H'];496(5.27) respectively. Based
upon physicochemical and FTIR, UV-Vis. and massspedata coupled with magnetic moment measuresnent
square pyramidal geometry around vanadium maytteelﬁbe proposed (Fig. 2,3).

C—‘)\“/ Q @\K o

N—o O_C
Fig.2 Fig. 3

Table: 1 Mass Spectral table of Bis(hydroxamato)oxidovanadium(lV) Complexes

Complex m/z(%) Complex m/z(%)
[VO(HLY] 429(3.75) »
[VO(HL),+Na+H]' 453(75) | VOHL) 498(4.98)
[VO(HLY,-0]" 413(6.46) | [VO(HL?)-2 HI* 496(5.27)
[VO(HL?),-CO+2 HJ 472(4.92)
[VO(HL?),-CI-NO2-3H]* 413(4.44)
[VO(HLY),-NO+6H]* 389(4.51) | [VO(HI),-2Cl-2NO-4H]* | 332(3.08)
[VO(HLY-2NO+5 HJ* 338(56.99) | [VO(HL?)-HL-NO+3H]" | 239(18.06)
[V(HL),-HL-5H]* 244(28.94)| [VO(HL?-COJ" 255(100)
[VOl(HLl)z-HLl-N02+3H]+ 205(40.90)| [HL*CO-2H] 242(3.06)
[HLY] 182(17.96) -
[HLLNHO+H1] 150(36.76)| (L] 216(7.72)
[HL2CI+3H] 184(5.63)
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3.6 Cyclic Voltammetery

Cyclic Voltammetery is a versatile electrochemitadhnique which allows to probe the mechanicsedbx and
transport properties of a system in solution orrotgystalline solid state. Its versatility combinedh the ease of
measurement has resulted in extensive use in fadldsdox electrochemistry of coordination compaginarganic
chemistry and biochemistry. This technique yieldf®rimation about reaction reversibility and alséecs a very
rapid means of analysis for suitable system. Théhatkis not only valuable for the investigation siépwise
reactions but also for direct investigation of tesec intermediate. The systems exhibiting a widege of rate
constants and transient species with half livetheforder of milliseconds can be studied by varytmg scan rate.
The voltammetric data of complexes is taken asterion of complex stability.

Table 2: Cyclic voltammetric Data for bis(hydroxamato)oxidovanadium(lV) Complexes

Complex Scrﬁclr;te Redox couple | Epa (V) | Epc (V) | AE (mV)
[VO(HLY , 100 VvO*VO™ | -0.5653 | -0.4542] -11.11
[VO(HLY , 150 vO*'VO* | -0.4610 | -0.6165 15.55
[VO(HLY), 200 VvO*'vo* | -0.6208 | -0.3431| -27.77
[VO(HL?), 100 vO*'vO* | -0.6763 | -0.7141 3.78
[VO(HL?®, 200 vO*'vO* | -0.5098 | -0.7518 15.38

Owing to the variable oxidation states exhibitedvaypadium, the reduction/oxidation is known to acbatween
different oxidation states without the involvemeffitigand molecule [49]. The one electron reactiforsvanadium
complexes are represented as:

vV == = Vv + el (1)
vV 4+ el (2
vWo =</ Vvo - €’ 3

In order to probe the electrochemical propertieexaflovanadium(lV) hydroxamate complexes [VO@. (1) and
[VO(HL?),] (II) the cyclic voltammetric measurements in M&@,0 (5:95) at different scan rates 100mV, 450
mV s*and 200 mV $ have been performed. The initial scan in the andifiection in -2.0 v to +2.0 v range of
complexes displayed single prominent cathodic amod@& peak at negative potentials suggesting tlyetbbt
oxidovanadium(lV) compounds can be oxidized atiligly lower potential. The peak potentials haverbéound to
correspond to one electron change and no revergblections have been found for the complexes ustdiely [50].
The separations between cathodic and anodic peaindicative of quasi-reversible behavior [51-52]\W'/V"
redox couple. The negative potentials oW couple in the complexes are indicative of theabgity suggesting
thereby that oxidovanadium(lV) complexes can beliaeid at distinctly lower potential. The electrqutecess can
therefore be represented as:

VO (HL)] ® < [VOV(HL)]* )

The variation of the scan rate between 100 m¥rsl 200 mV$ showed marginal to appreciable increase in peak
potential AE,) (Table. 4) indicating thereby that the reacti®ujiite slow and of are quasi-irreversible nature.

3.7 Thermal Studies

The thermal decomposition behavior of complexes VO(4-N@CH,CONHO), (I) and VO(2-Cl-4-
NO,CsH,CONHO), (II) has been studied by TGA technique in Btmosphere (Table 3). The TG curves of
complexes (1) and (Il) (Figs. 4 and 5) have showese to be thermally stable up to 30°CLand 24.80°C,
respectively, after which temperature the compleitgs(ll) have been observed to undergo two aneéehstep
decomposition respectively.

In case of VO(4-N@gH,CONHO), (1), the initial mass loss of 20.19% in 30.11-B¥8C temperature range
accounted for the loss of two -N@roups. The mass loss of 28.2% in second stepspmonded to the loss of one
ligand HL" yielding black-colored residue \4@vith some contaminated organic matter.

Complex of composition VO(2-Cl-4-NfGgH,CONHOY), (I1) showed an initial mass loss of 10.59% in tengure
range 24.80-130.7% accounting for the loss of —N@roup from one ligand. The mass loss of
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TGA
%
100,00
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End 151.87C
Weight Loss -1.235mg
20.186%
Start 154.06C 2 2
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Fig.4
Tan 2.tad TGA
a
100,00
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End 130.75C
apqn Vveight Loss -D.Bj?mg Start 131.77C
-10.595% End 263.83C
Weight Loss -3.426mg
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GO.0G
Starl 265.35C
End 447 60C
Weight Loss -1.463mg
-16.368%
40,00
0.00 100,00 200,00 30000 A00.00 50000
Temp |C]
Fig.5

38.31 % in temp. range of 131.77 - 447°6D in second stage of decomposition correspondelletdoss of HE
group. The mass loss of 16.38% in third step cpoeded to the loss of —CI group yielding ¥@ompared to the
formation of \LOs as the final product of decomposition in mosthaf anadium complexes, the formation of YO
in complexes under study is in agreement with oamiex observations [53-54]. The formation of Y@s
thermolysed product of oxidovanadium(lV) hydroxaenabmplexes has been confirmed by IR spectrasidue.
The IR spectra of residue showed characteristiorgkion bands of V@ occuring due ta (V=0) andv (V-O)
mode at 990 cthand 670, 652, 615, 525 and 325 traspectively [55-56].
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-2NO
A, VO(4-NO,C4H,CONHO), ———=2—= VO(CgH,CONHO),

-C¢H,CONHO

VO, + contaminated organic matter

Scheme2. Thermal decomposition scheme of VO(HL?Y),

B.  VO(2-Cl-4-NO,CgHaNHO),

-NO,

Y

VO (2-Cl-GsH3CONHO) (2-Cl-4-NGCeH;CONHO)

-2-Cl-4-NO,C¢gH3CONHO

Y
Cl

VO(2-Cl-GH3CONHO) ———» v, + contaminated organic matter

Scheme 3. Thermal decomposition scheme of VO(HL?),

Table 3: Thermal decomposition data of bis(hydroxamato)oxidovanadium(lV) Complexes

Initial decomposition Stages of TGA Data
Complex temperature decomposition Decomposition Weight loss Decomposition
(°c) (°c) Range (%) Products

VO(HLY), 30.11 F 30.11-151.87 20.19 VO(H), -2NG;

v 151.87-558.36 28.2 VO(H); - HL*- NO,
VO(HL?), 24.80 ? 24.80-130.75 10.59 VO(H)o- NO;

v 131.77-263.83 38.31 VO(H)o-NO,- HL?

3¢ 265.35-447.60 16.38 VO(H).-NO,- HL*-CI-O

On the basis ofanalyticaland IR, UV-Vis. and mass spectral data a distortedasgjpyramidal geometry for
oxidovanadium(lV) hydroxamate complexes has beepgsed and representative structures for the coplare
given (Figs. 5,6).

3.8 Coordination compounds of [VO(HL*?),] with 2-cynopyridine and 4-aminobenzonitrile:

The 2-cyanopyridine and 4-aminobenzonitrile arevkmdo possess extensive coordination chemistry cisplay
interesting coordination behavior owing to the pres of two potential donor sites viz. pyridineragien and the
nitrile nitrogen in former and nitrile nitrogen,tmigen of amino group in case of 4-aminobenzoeitiihformation
for the formation of these adducts and bonding rmadanitrogenous bases has been ascertained froypasson of
IR spectra of isolated coordination compounds whtht of free bases. The diagnostic coordinatiorsitiga bands
of cyanopyridine are nitrile stretchingCN), v(C=C) andv(C=N) ring stretching and ring breathing frequencie
Thev(C=N) mode, known to occur at 2240 ¢rim 2-cyanopyridine has been observed at 2235 and 2238 ci,
remains almost unaltered which may be attributedth resonance and electronic effects frerback bonding
with metal, suggesting thereby the non-participatié cyano group in coordination. The bands ocogrin 1600-
1400 cm and 1080-965 cihregions have however been found to move towamgisehiwave numbers suggesting
the coordination of these bases through pyriding nitrogen only. The coordination through the giyré ring
nitrogen is known to lead to characteristic bludtslin the positions of pyridine ring vibrationgyv four principal
bands of pyridine in 1600-1430 &megion due to C=C and C=N stretching vibrations/entm higher wave number
on coordination, with the highest frequency bandng the largest shift without much change in thsifion of
v(CN). The ring breathing frequencies and C—H ineldeformations occurring in the 1250-985tragion have
been also been found to shift to higher wave nunidending through pyridine nitrogen is further sappd by the
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appearance of bands in 338-325'cmegion assigned t@(V«—N) mode [57] establishing thereby that the
coordination of cyanopyridine has occurred throtigh nitrogen.

The principal bands of cyanoannilines which areeexgd to undergo significant changes are dug @N) mode
occurring at ~ 2240 cirand v (NH) asymmetric and (NH) symmetric modes appearing around ~ 3440 anal ~
3360 cn' in uncoordinated cyanoanilines. It is generallgipreted that a decreaseb{&N) mode is results from
coordination of cyano group through its triple bomkile coordination through — NHyroup leads to characteristic
negative shift. The IR spectra of coordination conms of 4-cyanoanilines have shown that bandstawgsym
(NH) andvs,m(NH) mode have remained almost unaltered upon @uatidn. A significant shift by 30-40 chin
v(CN) mode towards higher wave number has beenredxden coordination compounds. These observation
suggest that nitrogen of amino (-B)Hyroup is not involved in coordination to the niatdoile nitrile (CN) gets
coordinated to the metal through its nitrogen. $hand distinct bands observed around ~320' ém the
coordination compounds have been assigned(Y¥6—N) modes. An explanation for the observations ie th
coordination compounds oxidovanadium(lV) hydroxaesatith 4-cyanoanniline have shown that nitrogenitiie
group and not amino group may be given in termmioérent electron withdrawing property of nitrileogp from
the ring through resonance which thereby reducesitimor character of amino group in cyanoanilirtee &bsence
of bands due to (V=0) occurring at 935 and 978 ¢rin present complexes was found to shift to lofsequency

in 930-910 crit region in addition compounds [56]. This observethds may be attributed to the electronic
donation of the base to vanadium—{\), which increases the electron density on theamdtorbitals, and
consequently the,p—d, donation from the oxygen atom to vanadium is etqueto be reduced. On the basis of
above data, a six-coordinate distorted octahedrahgtry around vanadium (Figs. 5, 6, 7, 8) mayatergly be

proposed for coordination compounds.
—o W/O_HNQNOZ

OZNQ o ‘
OC—N
NH, #

Fig.5 Fig. 6
cl
O—HN
cio\ﬁ/ NO,
Cl /V\
N _
o HN o| 0— ¢
PR O—HN N
TO\E/ w m !
ON JIN —
HN o| ©
N
@CN cl
Va NH,
Fig. 7 Fig. 8

3.9 Antibacterial activity

The vanadium precursor, ligands and newly syntkdsizomplexes were testeéd vitro for their antibacterial
activity against Gram +ve bacteria viataphylococcus aureus, Staphylococcus epidermidisGram —ve bacteria
Escherichia coli, Salmonella typhi, Salmonella ggphi and Klebsiella pneumoniaamploying MIC method. The
results were compared with treated control, comrakrantibiotic tetracycline hydrochloride which ibited
bacteria under study in 7.81-15.62 pg/mL range. rEselts show that the VOQBH,O inhibits all the bacteria at
250ug/mL. The KHLEinhibits S. epidermidis, E. coli, S. paratyphi and K. pnenmeat 250 pg/mL and forS.
aureus, and S. typlait 125 pg/mL. The KHthas been found to inhib®. typhiat 3.9 pg/mL an. aureus at62.5
png/mL , while remaining other bacteria are inhibitg 125 ug/mL.

Complex [VO(HLY),] has shown remarkable inhibitory effect agaiBstepidermidisat 7.81 pg/mL and againSt
aureus and E. colat 31.25 pg/mLComplex VO(HI?), has shown significantly enhanced inhibitory acgivithe
complex VO(HL?), has shown enhanced activity agaiisparatyphiat 7.81 pg/ml(Table 4) relative to free ligand
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but similar to ligand again8. typhi The activity have been observed to increase derably on complexation. An
explanation to the observed promising antibactesigtivity of complexes can be attributed to theldgaal
significance associated with vanadium, hydroxanigends and efficient diffusion due to reductiontloé polarity
of central metal ion because of partial sharingtofpositive charge with the ligand on coordinatishich favors
permeation of the complexes through the lipid ldtagf cell membrane [58]. The antibacterial atyivaof —Cl
substituted hydroxamate ligand as well as complag been reported to be more than the ,N@bstituted
hydroxamate ligand and respective complex, probdinly to +1 effect of —CI gp. This in turn is respiirle for
increasing the hydrophobic character and lipostitybf the molecule in crossing cell membrane ok t
microorganism, and hence enhances the biologidhtation ratio and activity of the testing drugfopound
(Graphic 1). The observed trend to antibacterigiviig in all microorganism is not similar becausé variant
liposolubility of complexes for different bactef9].

3.10 Antifungal activity

The potassium 4-nitrobenzohydroxamate and 2-chenidrobenzohydroxamate ligands and VO(4-
NO,CsH,CONHO), (I) VO(2-Cl-4-NO,CsH;CONHO), (1) were screened in vitro for their antifungaltiaity on
selected fungA. niger, B. fulvaandM. circenelloidsusing MIC method (Table 5). The results were camgpavith
standard antifungal drug fluconazole (treated adhtwhich inhibits the fungi under study at 3.9 miy The
VOSO,.5H,0 inhibits the growth of selected fungi niger and B. fulvaat 62.5 pg /mL and/. circenelloidsat
15.62 pg /mL. Analysis of data has shown that mitas 4-nitrobenzohydroxamate inhibit fungi at lower
concentration 62.5 foA. niger M. circenelloidesand 125ug /mL foB. fulvacompared to potassium 2-chloro-4-
nitrobenzohydroxamate which inhibifs. niger and M. circinelloidesit 125 pg/mL and. fulvaat 250 pg/mL.
Complex (I) has improved antifungal activity agaiAs niger and M. circinelloidesComplex (1) inhibits A. niger
and M. circinelloidesat 15.62 pg/mL.

Complex (II) has shown pronounced activity at 7 8§/mL againstM. circinelloides Although the antifungal
acivity of complexes is less than standard fungiciet it is quite promising compared to other oxahadium(1V)
complexes (Graphic 2). Complex VO(2-Cl-4-MH,CONHO), inhibits M. circinelloides at significant lower
concentration.
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Table4: In vitro antibacterial activities of bis(hydroxamato)oxidovanadium(lV) Complexes

: Bacteria

Ligand/Complex E.coli S.aureus S.typhi S.paratyphi S.epidermidis K.pneumoneg
VOSO,.5H,0 250 250 250 250 250
(KHLY 250 125 125 250 250 250
(KHL?) 125 62.50 3.9 125 125 125
[VO(HLY 4] 31.25 3125 62.5 62.5 7.81 62.5
[VO(HL?) 4] 1562  31.25 3.9 7.81 62.5 62.5
Standard Drug Tetracyclin 15 65 1560 7.1 15.62 15.62 15.62
Hydrochloride

Table5: In vitro antifungal activities of bis(hydroxamato)oxidovanadium(lV) Complexes

. Fungi
Ligand/Complex A.Niger B.Fulva Moinelloides
VOSQ,.5H,0 62.5 62.5 15.62
(KHLY 62.5 125 62.5
(KHL?) 125 250 125
[VO(HLY) 2] 15.62 62.25 15.62
[VO(HL?) ] 31.25 31.25 7.81
Standard Drug 39 39 39
Fluconazole

CONCLUSION

The bis(hydroxamato)oxidovanadium(lV) complexes ivdgt from potassium 4-nitrobenzohydroxamate and
potassium 2-chloro-4-nitrobenzohydroxamate ligahdse been synthesized and characterized thorougiply
various spectral studies. The bidentate naturg/dfdxamate ligands involving coordination throughlitoxylamine
oxygen (-NHO) and carbonyl oxygen (C=0) and a sgygramidal geometry around vanadium has beenrater
from spectral studies. The electrochemical study stoown these to exhibit quasi-reversibléW' redox couple.
The complexes have shown promising biological @gtimgainst tested pathogenic bacteria and funigitive to
standard drug compound. The complexes derived fechloro-4-nitrobenzohydroxamate ligands have shown
pronounced antimicrobial activity than 4-nitrobehgdroxamate analogue.
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