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ABSTRACT

The synthesis oxovanadium(IV) complex, [VO(L)] SO, is achieved using in-situ method, where VO*" ion acts as a
kinetic template for the formation of ligand derived by condensation of 1,2-diacetylbenzene with o-
phenylenediamine in 1:2 molar ratio in aqueous ethanol medium. The parent complex, [ VO(L)] SO, after reaction
with p-diketones, result macrocyclic complexes, [VO(mac)] SO, , where mac = macrocyclic ligands derived by
reactions of [VO(L)] SO4 with acetylacetone, benzoylacetone, thenoyltrifluoroacetone and dibenzoyl methane. These
vanadyl complexes are characterized and their tentative structures are ascertained on the basis of eemental
analyses, molar conductance, magnetic moments and spectral (electronic, infra-red and esr) data. All the vanadyl
complexes are five-coordinate having tetradentate chelating ligands. These vanadyl complexes were tested for their
antifungal activities against Aspergillus niger and Aspergillus flavus, which showed significant antifungal activities.

INTRODUCTION

The coordination chemistry of transition metalshachiff base ligands have resulted many intergstiolecules
focused to model for metal - containing sites intatle-proteins and enzymes [1-5]. In recent ye&whiff base
complexes of V& has attracted huge interest involving ligands withogen and oxygen donor atoms [6]. Role of
vanadium in enzymatic systems such as in the hadgases [7-9], phosphorylation [10], insuline rigking [11-
12], prophylaxis against carcinogenesis [13]. Thi#gsdings have induced curiosity resulting more &agis to
study vanadium role in biological systems. Them r@ports that vanadium enters into the organisrimbalation,
the gastrointestinal tract and the skin, whichpiecifically stored in certain organs mainly in ther, Kidney and
bones. In order to explore the pharmaceutical aepptins of vanadyl ion in complexed form, a serads
oxovanadium(lV) complexes with ligands derived lbpdensation of 1,2-diacetylbenzene with o-phenyleamine

in 1:2 molar ratio in agueous ethanol medium amir ttyclization withp-diketones is reported, where vanadyl ion
play a key role as kinetic template. The antifungialdies of these vanadyl complexes are carriedagatnst
Aspergillus niger and Aspergillus flavus.

MATERIALSAND METHODS

Materials

Reagent grade chemicals and solvents were usdtinynthesis. Vanadyl sulphate, 1,2-Diacetylbeazerd o-
phenylenediamine used were Aldrich products. Theiketones such as acetylacetone, benzoylacetone,
thenoyltrifluoroacetone and dibenzoylmethane wésedSResearch Laboratory products.
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Analytical and Physical Measurements

Standard gravimetric method was used for quantégaistimation of Vanadium as its sodium vanada#.[1
Estimation of Sulphur was made as barium sulphigg [The standard method for determination of mglfpoint (
uncorrected ) was employed using sulphuric acith.b@bshniwal conductivity bridge, model no. CLO102s
used for conductance measurements at room temperdtue magnetic susceptibility of the complexepamvder
form was carried out at room temperature using Gudyalance. Mercury tetrathiocyanatocobaltate(ll),
HQ[Co(CNS)], ( Xy = 1644 X 10 c.g.s. unit at 20C ) was used as calibrant. The electronic spemfirthe
complexes were recorded on Beckmann DU-2 specttopteier in the ranges 2000 — 185 nm using
dimethylformamide as solvent. The room temperatmet liquid nitrogen temperature e.s.r. spectra wezerded at
SAIF, IIT Mumbai, India. The infrared spectra ofetlcomplexes were measured on IRAffinity-1, FTIR
spectrophotometer, SHIMADZU using KBr pellets i trange 4000 cth— 200 cn.

Antifungal studies

The oxovanadium(lV) complexes were tested for theiifungal activity against the fungi Aspergilltiavus and
Aspergillus niger using standard methods [16]. &hazole ( 75 pg/mL) was used as a standard drug.sfdck
solutions of the oxovanadium(IV) complexes (10@npig were prepared in dimethylformamide (DMF) andrev
added to potato dextrose sugar (PDA). This miximas poured into sterile Petri dishes and alloweddiidify.

Fungal spores were inoculated at the centre ofrtbéium. Finally, the Petri dishes were incubate80& K for 72
hours. The percentage inhibition was calculatethbyequation :

% Inhibiton = (C- T) x 100/C
Where C is the diameter of the fungal colony intodl plate and T is diameter of fungal colonyt {gate.

In-situ synthesis of oxovanadium(lV) complex with ligand derived by condensation of 1,2-diacetylbenzene

with o-phenylenediamine ( 1:2)

Vanadyl sulphate ( 2 mmol ) was dissolved in meth&®5 mL), which was added into a refluxing sadatiof 1,2-
diacetylbenzene ( 2 mmol ) and o-phenylenediam{demmol ) in ethanol ( 25 mL ). The reflux of réaa mixture
was continued for 5 hours, when the color of tHetsm turned green with little precipitation. A tagreen color
product was isolated after evaporating solvent umdeuum. The isolated complex was thoroughly weslih

methanol / ethanol ( 1:1 ) mixture (10 mL ).

[VO(L)ISO,

Yield ( 78%); D.P. > 268; IR( Vimay KBr, cmi®): 1610(>C=N) , 304(V-N), 980 ( V=0), 1135, 956,06(6Q7 ),
3352 (assy.), 3170(sym.) (N-H); UW(cm%): 11130 B, — °E), 15200 {B, — °B,), 21300 (B, — °A;),
35200 ( >C=N ) ; Anal. Cacl. for £H,,N40sSV (504.94) ( % ): C- 52.28, H- 4.36, N-11.09, S34 V- 10.08;
Found (% ): C- 52.60, H- 4.40, N- 11.12, S- 6)810.06.

In-situ synthesis of macrocyclic complexes of oxovanadium(l1V) using B-diketones as cyclizing reagents
Vanadyl sulphate ( 2 mmol ) was dissolved in meth&®5 mL), which was added into a refluxing sadatiof 1,2-
diacetylbenzene ( 2 mmol ) and o-phenylenedianfidenmol ) in ethanol ( 25 mL ). The reflux of réaa mixture
was continued for 5 hours, when the color of thieitean turned green with little precipitation. Thig¢ reaction
mixture, an ethanolic solution ( 10 mL ) of acetgtone ( 2 mmol ) and glacial acetic acid ( 1 mkeye added.
This reaction mixture was reflued further for ab8uiours which resulted green precipitate aftedingdt under
refrigerator. The vanadyl complex was purified bgshing with the methanol / ethanol ( 1:1 ) mixt¢é mL ).
The similar procedure was followed for the synthesi other oxovanadium(lVV) macrocyclic complexesngs
benzoylacetone, thenoyltrifluoroacetone and dibginzethane.

[VO(mac')]S0,

Yield ( 68%); D.P. > 278; IR( Vimay KBr, cm): 1615(>C=N) , 305(V-N), 982 ( V=0), 1134, 9555507 ) ;
UV (v, cm®): 11230 B, — °E), 15250 ¢B, — °B,), 21350 (B, — 2A;), 35300 ( >C=N ) ; Anal. Cacl. for
CoHogN4OsSV (504.94) ( % ): C- 56.95, H- 4.57, N-9.84, $6F.V- 8.95; Found ( % ): C- 52.60, H- 4.40, N-
11.12, S- 6.38, V- 10.06.
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[VO(mac?)]S0,

Yield ( 65%); D.P. > 288: IR( Vmax KBr, cm?): 1612(>C=N) , 306(V-N), 980 ( V=0), 1136, 958,86(BQ% ) ;
UV (v, cm®): 11330 B, — °E), 15300 ¢B, — °B,), 21380 (B, — 2A;), 35350 ( >C=N ) ; Anal. Cacl. for
CaoHogN4OsSV (630.94) ( % ): C- 60.86, H- 4.44, N-8.88, S9A.V- 8.07; Found ( % ): C- 60.98, H- 4.48, N-
11.32, S- 6.08, V- 8.08.

[VO(mac®]S0,

Yield ( 66%); D.P. > 28%4: IR( Vmax KBr, cmi): 1612(>C=N) , 305(V-N), 984 ( V=0), 1134, 960,66(BQ° ) ;
UV (v, cm®): 11340 (B, — °E), 15350 ¢B, — °By), 21370 B, — 2A;), 35340 ( >C=N ) ; Anal. Cacl. for
CaoHoaN4OsS,F3V (690.94) (% ): C- 52.10, H- 3.33, N-8.10, S-®.%- 7.37; Found ( % ): C- 52.22, H- 3.36., N-
8.12, S-9.08, V- 7.40.

[VO(mac’)]S0,
Yield ( 64%); D.P. > 280; IR( Vimayx KBr, cmi®): 1610(>C=N) , 306(V-N), 980 ( V=0), 1138, 956,5(BQ" ) ;
UV (v, cm?): 11300 B, — °E), 15370 B, — °By), 21390 B, — 2A;), 35390 ( >C=N ) ; Anal. Cacl. for
CaH3oN4OsSV (692.94) ( % ): C- 64.07, H- 4.33, N-8.08, S4.V- 7.35; Found ( % ): C- 64.00, H- 4.30, N-B.0
S-4.61, V- 7.32.

RESULTSAND DISCUSSION
The reaction scheme for the formation of vanadyhplexes are presented below:

Reaction Scheme: o o

M . HaC CH3
Hzl HC R R o
VOS0,43H-0
HaC CH: + —_—
(o] o

B-Diketone MO N
[ I\ A——.
HalN Ethanol N ?I/ NN
W XD )
M
H: Hy ,J\/K -

50, T N 504
o-phenylenediamune

CHz

1.2-Diacetyibenzens

Where,
R R B-Diketone
-CH4 -CH4 Acetylcetone
-CaHg -CHy Benzoylacetone
-C4H,S -CFy Thenoyltrifluroacetone
-CaHlg - CgHsg Dibenzoylmethane

As shown in the reaction scheme, the parent oxaianglV) complex was synthesized by in-situ methnd
refluxing the reaction mixture containing vanadylphate, 1,2-diacetylboenzene and o-phenylenediainiriel:2
molar ratios in aqueous ethanol medium. The reactpear to proceed as follows:

VOSQ,.3H,0 + 1,2-Diacetylbenzene + o-Phenylémmthe — [VO(L)]SO, + 5HO

The oxovanadium(lV) complex was reacted wiidiketones in 1:1 molar ratio, which resulted fotima of
macrocyclic complexes, [VO(mac)]2Q by condensation of terminal amino group withokét group off-
diketones. The elemental analyses of the oxovangt) complexes show 1:1 metal to ligand stoichivme

INFRARED SPECTRA

The complex, [VO(L)]SQ, show bands at 1610 &mwhich may be assigned to the coordinated azometiioup
[16]. The bands appearing at 3352 cnand 3170 cf may be assigned to asymmetrical and symmetricall N-
stretching modes of the non-coordinated terminahangroups of the ligand, L [17]. A band at 304 ciarther
support the coordination of nitrogen atom to vanadi which may be assigned to v (V-N) vibrations][IBhe
presence of an intense band at 980" emay be assigned to v (V=0) vibration [19]. Thei@sulfate group in the
complex is indicated [ 20] by three bands at 1&88 (vs), 956 cnt (v;) and 600 cm (v,). The absence of,v
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band and non-splitting ofsvband indicate that Td symmetry is retained. Thigared bands of macrocyclic
oxovanadium(lV) complexes have similar patternsepkthat ys,m and v, vibrations of terminal -Nklgroup
disappear in cyclisation reaction witp-diketones.

MAGNETIC MOMENT AND ELECTRONIC SPECTRA

The magnetic moment values of all the oxovanadiMingbmplexes were found in the range 1.71 - B74. at
room temperature, which are well within the rangpeorted for vanadyl complexes with paramagnetid¢regn21].
This data confirm mononuclear nature of oxovanadiVincomplexes. The electronic spectra show bamdgé
regions 11,130 cth- 11,340 crit 15,200 crit - 15370 crit and 21300 cfh - 21390 crit which are in accordance
to other reports for oxovanadium(lV) complexes imirmy nitrogen / oxygen donor atoms. According @llBausen
and Gray scheme, these electronic bands have ksigmed to’B, — °E , ?B, — °B, and B, — %A, transitions
respectively. One more electronic band observethénregion 35,200 - 35,390 ¢mmay be assigned to the
transition arising out of azomethine linkages [.22]

ESR SPECTRA

The X-band esr spectra of the oxovanadium(lV) cexgs were recorded at room temperature and ligjtriogen
temperature, which show eight lines due to hyper§plitting originating basically from the inter@cet of unpaired
electron with a *'V nucleus having the nuclear spin no. | = 7/2 [253- Anisotropy is not visible at room
temperature because of rapid tumbling of moleciesolution and only g-average values are obtaihEvever,
anisotropy is clearly visible in the spectra atitjnitrogen temperature and eight lines each dug tand g are
observed separately showing o< g and A > AL Theg, g, A, and A values, which are measured from
the esr spectra, are in good agreement for sqyaaengal structure.

Table.3 X-Band ESR spectral data of oxovanadium(lV) complexes

Complex  Room Temp. Liquid nitrogemperature

g1 w9 g [¢]] A AL 1Al
[VO(L)]SO4 1.980 1.930 1970 1.956 190.70 66.48  107.88
[VO(mac)]SO, 1.982 1.932 1.973 1.959 0.80 65.90 107.53
[VO(mad)]SOs 1.981 1.931 1.972 1.958 0.60 65.88 107.45
[VO(mac)]SOs 1.982 1.932 1.973 1.959 0.792 65.90 107.50
[VO(mad)]SO, 1.982 1.931 1.972 1.958 0.79 65.92 107.51

Antifungal Activity

The oxovanadium(lV) complexes were tested for theiifungal activity against the fungi Aspergilltlavus and
Aspergillus niger and significant antifungal adyvbut [VO(mad)]SO, was found to exhibit most active , which
may be due to sulphur and fluorine atoms presettiénthenoyltrifluoroacetone, a cyclising agenpatiketone.
The percentage inhibition was calculated by theatign :

% Inhibition = (C-T) x 100/C

Where C is the diameter of the fungal colony intoal plate and T is diameter of fungal colony ésttplate. The
antifungal activity of the oxovanadium(lV) complexare summarized below:

Complex Zone of inhibition (in %) Conc. (ug/mL)
Aspergillus flavus Aspergillus niger
[VO(L)]SO4 64 68 100
[VO(mad)]So, 63 69 100
[VO(mad)]SOs 66 68 100
[VO(mac®)|SO, 76 80 100
[VO(mad)]SO, 67 69 100
" Fluconazole 100 100 75

""Sandard Drug, * average of threereplicates

The antifungal activity of oxovanadium(lV) complexés attributed due to reduced polarity of metal &fter
coordination by ligand molecule, which could enteatite lipophilic character of the central metal faqilitating it
to be more permeable through the lipid layer of m@mbrane. It significantly enhance the antifungadperty of
VO(IV) complexes.
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