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ABSTRACT

Various N/O- and O-donor ligands and their vanadyl(1V) complexes have
been synthesized and characterized by different techniques such as FTIR,
elemental analysis, thermogravimetery and conductometry. The IR data
shows the bidentate nature of the ligands and reveals hexa-coordinated
geometry in the solid state whichisalso confirmed by semi-empirical study.
Conductance measurements reveal the non-electrolytic nature of the com-
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plexes. These complexes have been checked for their alkaline phosphatase
activity in the presence and absence of inhibitor which shows that by the
addition of inhibitor the activity of enzyme decreases and at higher concen-

tration it iscompletely inhibited.

INTRODUCTION

Vanadium compounds show interesting biochemi-
cd and pharmacologica properties¥. Intensivestudies
carried out over the last two decades? showed that
vanadium isoneof themost important supplementsfor
oral diabetestherapy™. Inorganic vanadium saltsare
poorly absorbed from the digestive system, thushigh
oral dosesarerequired. Therefore, variousvanadium
ions-organic ligand complexes were tested in order to
obtain more potent medicinesthan inorganic vanadium
saltd4l. Enzymes contai ning vanadium asan essential
element wereisolated inthe 1980’s. These enzymes
are ableto exercisethe activities of nitrogenase and
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bromoperoxydase'. Presently, numerous papers deal
with thevanadium biochemistry>9. Severd vanadium
compounds haverecently beeninvestigated in animal
model systemsastrestment for diabetes®” and studies
inclinicd tridsin human beingswith organictranstion
metal complex have been devel oped®.
Tetradentate schiff base complexes of
oxovanadium(lV), VO, have been the subjects of
variousstudies®®, Theuseof chird oxovanadium(lV)
complexesinthe preparation of chird sulfoxidefor the
pharmaceutical industry hasbeen widdly studied®,
Other areaof great interest istheroleof thevanadium
speciesinoxygen atom or eectrontransfer reactiond®.
Vanadium(IVV) complexeswith Schiff basesencap-
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sulatedintheY zeolite can act as peroxidase mimicg?®l,
Theshipin-a-bottle gpproach presents many advantages.
(i) zeolites have well-organized nanoporous and
nanochannels, which readily serve as supporting hosts
for variousmolecules; (ii) the zeolitereplaces protein
portion of natural enzymesand providesacontrolled
steric environment for themetal complex, servingasa
model for the active site of cytochrome P-4507-20,
Thereisagreet ded of interest of vanadium complexes
with theligandsof mixed donor atomssuch as oxygen,
nitrogen and sul phur because theseligandsincorporate
by itsdonor atoms both medium crystal field strength
(nitrogen donors) and low crysta field strength (sul-
phur ligands) to generate complexes of unusual stere-
ochemistry!?l, In most casesthe active site contains
either of thesetwo moieties, VO? and V O**, coordi-
nated by oxygen and nitrogen atoms. Thisstrong affin-
ity, isprobably dueto their hard acidic natureand se-
lective stabilization of thesetwo moieties, dependsupon
basicity of donor atoms. Sulphur atoms show less co-
ordination,

In order to extend the research and to fully under-
stand theexact role of vanadium complexesinbiologi-
cal system great efforts have been made to prepare
and investigate oxovanadium(lVV) complexesderived
fromvariousligandg?4,

In continuation to that we arereporting here syn-
thesis of oxovanadium complexeswith N/O and O-
donor ligandsandtheir characterization by different tech-
niques such as FTIR, elemental analysis,
thermogravimetery, semiempirical study and
conductometry. These complexes have aso been
checked for their akaline phosphatase activity.

EXPERIMENTAL

Materialsand methods

Thechemicalswere of analytical gradeand were
used without further purification. VOSO,.3H,O was
procured fromAldrich. Organic solventsweredried
before use according to the standard procedure?!.

Mélting pointswere obta ned using an El ectrother-
mal melting point apparatus model MP-D Mitamura
Riken Kogyo (Japan) and are uncorrected. Infrared
spectrain theregion of 4000-400 cm were obtained
asKBr discswith aBio-Red Merlin FTS 3000 M X
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(USA). Conductance measurementswere made using
EC meter model Cyber Scan 500. Thermogravimetric
analysis was carried out on a Perkin Elmer
ThermogravimetricAnalyzer TGA7. Elementa Analy-
siswascarried out by CHNS-932 Elementa Analyzer
Leco Corporation USA. Themoleculesweremodel ed
by MOPAC 2007 program in gas phase using PM 6
method?”). Selected parts of the complexes not con-
taining themetd ion were preopti mised usng molecular
mechanics methods. Several cyclesof energy minimi-
zation had to be carried for each of the molecules. In
ligands containing NHCO group molecular mechanics
correction was applied. The Root Mean Square Gra-
dient for moleculeswasal lessthan one. Self Consis-
tent Field wasachievedin each case.

Synthesis of 5-bromo-2-hydroxybenzyledene-
formohydrazideL*

Formichydrazide (1 mmol) and 5-bromosali-
cylddehyde (1 mmol) weredissolved separately in 50
ml of ethanol. Both solution weremixed and refluxed
for 1 hr with continuous stirring in round bottom flask.
Solvent was evaporated by using rotary evaporator
under reduced pressure. The solid product obtained
wasrecrystdlizedin chloroform:n-hexane (1:1).

B
N__O r ~o
7 +
OH

5-bromosalicylaldehyde

Ethanol

_—

1 hr reflux

formichydrazide

0
/,
NH-C
/R

Br\@CH:N
OH

(E)-N'-(5-bromo-2-hydroxybenzylidene)formohydrazide

+ Hzo

Ll

Synthesisof 3-((2,4-dimethylphenylimino)methyl)-
benzene-1,2-diol L2

Equimolar amount of 2,3-dihydroxybenzal dehyde
and 2,4-dimethylanilinewere dissolved in 50 ml of
ethanol separately. Both solutionswere mixed and
the reaction mixture was refluxed for 3 hours. The
solvent was evaporated by rotary evaporator and
solid product obtained was recrystallized in
chloroform:n-hexane (1:1).
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= OH
o NHz2  Ethanol
+ —_—
OH HaC CH, 3 hrs reflux
2,3-dihydroxy- 2,4-dimethylaniline

benzaldehyde
CHs
CH=N
\©\ + HO
OH CHs
OH

(2)-3-((2,4-dimethylphenylimino)methyl)benzene-1,2-diol
L2
Synthesis of N*,N6-bis(2-hydroxybenzyledene)-
adipohydrazidel ®
3 mmol of the adipicdihydrazide and 6 mmol of
sdicylddehydeweredissolvedin 50 ml of ethanol sepa-
rately. Both sol utionswerethen mixed and refluxed for

2 hourswith continuoustirring. Thesolutionwascooled
at roomtemperature. The solid product wasfiltered of f

anddriedinair.
HO
Ethanol
+ —_—
H / 2 hrs reflux
(0]

H>

H
/N\i.;\)oj\

adipicdihydrazide

HoN

Zz—=Z

salicylaldehyde

H I n H
Iill—N—C-(CH2)4-C—N—N
CH CH

+ Hzo
©/OH HO\©

N N®.-bis(2-hydroxybenzylidene)adipohydrazide
L3
Synthesis of 3,4-methylenedihydroxybenzoic
acid L*

A mixtureof 22 mmol of 3,4-dihydroxybenza de-
hyde, 27.5 mmol of dibromoethane, 23 mmol of po-
tassium carbonateand 2 g CuOin 200 ml of DMFwas
heated under inert atmosphereat 130°C for 2.5 hours.
The cooled mixturewas diluted with 65 ml of water
and extracted with four equal portion of 50 ml benzene
and dried over anhydrousK_,CO,. Thedistillation un-

der reduce pressuregave 3.5 g of black residue. Vacuum
digtillation of black resduegiveslight yellow oil, which
turnscrystalineon solidification.

o
I Il
HO Cu K,CO3DMF g Co
H + CHBr,————> H
125-130 °C
HO O

3,4-dihydroxy
benzaldehyde
Then 3,4-methylenedihydroxybenza dehydewas
dissolved inwater (30 ml) and the temperature was
maintained at 40-50 'C. Aqueous solution of KMnO,
(100 ml) wasadded until the odor of m-piperonal was
no longer perceptible. Theresultant mixturewasthen
filtered, and thefiltratewasacidified with dilute HC| the
product was preci pitated out, it wasagain filtered and

washed out with water and dried.
O O
0 c 0 ¢
™ ™
O o)
3,4-methylenedioxy

3,4-methylenedioxy
benzaldehyde benzoic acid
L4

Synthesisof (E)-3-(benzo[d][1,3]dioxol-4-yl)-2-(4-
nitrophenyl)acrylicacid L°

3.25mmoal of benzo[d][1,3]dioxol-4-carbd dehyde
was added to the 2.3 mmol of 2-(4-nitrophenyl)acetic
acidin 10ml of acidic anhydridewhichact asdehydrat-
ing agent. Basic medium was provided by 1.3 mmol of
K,CO, dissolved inwater. Thetemperaturewasslowly
raised to 90-100 °C, sustained for 24 hours. After that
10% HCl and 20 ml of H,O was added in hot solution
and stirred for 2 hoursat roomtemperature. Theresult-
ant mixturewasfiltered and washed with H,Otoensure
the completeremoval of acetic anhydride.

3,4-methylenedioxy
benzaldehyde

Acidified KMnO,4

40-50°C

o I
n H,C-C—OH AC,0,
C~H K,COg3
+
o 90-100 °C/
5 / 10% HClI
NO,

benzo[d][1,3]dioxole-
4-carbaldehyde

2-(4-nitrophenyl)-
acetic acid
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(E)-3-(benzo[d][1,3]dioxol-4-yl)-
2-(4-nitrophenyl)acrylic acid
L5
General procedure for the synthesis of ligands
L6-L®

A solution of phthalic/maeic/succinicanhydride (1
mmol) inglacia acetic acid (300 ml) wasadded to the
solution of subgtituted anilineinglacid aceticacid (150
ml) and the mixturewas stirred at room temperature
over night. The preci pitatesformed werefiltered off,
washed with cold digtilled water (200 ml) and air dried.

glacial acetic

. acid
R=NH; + Anhydride — 3 carboxylic acid

overnight
stirring

cl
WhereR = /©/
cl” ; ; 0N
Cl Cl
0 0 0
Anhydrides= QO QO (:Qo
0 o} 0

Carboxylicacids

%
NH-C |, //o
/©/ HC=C—¢
al OH
Cl
4-(3,4-dichlorophenylamino)-4-oxobut-2-enoic acid
L6
Va
Cl NH-C\ _H //O
\©/ HC—C—C\
OH
Cl
4-(3,5-dichlorophenylamino)-4-oxobut-2-enoic acid
L7

—= Fyl] Paper

(0]

/7

NH-C C\

0 { } oH
O,N

2-((4-nitrophenyl)carbamoyl)benzoic acid
L8

=0

/O

NH-C 0
\ //
/©/ CHz CHy- ¢
O,N OH

4-(4-nitrophenylamino)-4-oxobutanoic acid
L9
Purchased ligandsL, L1

0] 0]
|
NH, cl

2-aminobenzoic acid 2-chloro-5-iodobenzoic acid
LlO L:L1.

General procedurefor thesynthesisof complexes
with N/O donor ligands

V0S0,.3H,0 (1 mmol) wasdissolved in 25 ml of
methanol in around bottom flask at room temperature
and then added solution of ligand (1 mmol) dropwise
on continuousstirring intoit. Thereaction mixturewas
refluxed over water bath for 5-6 hours. The solvent
was evaporated by rotary evaporator and solid prod-
uct obtained wasdriedinair.

Methanol

VOS0,. 3H,0 + N/O Ligand —— VO(N/O)ligand .3H,0
5-6 hrs
reflux
Complex no. Ligand
1 Lt
2 L?
3 L

General procedurefor theformation of complexes
with O-donor ligands

It hasbeen carried out in two steps.
Sepl
Ligand solution (1 mmol) was suspended in water

and equimolar amount of agueous solution of NaHCO,
was added into it drop wisewith continuous stirring.
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After 2 hours, the solvent was evaporated by rotary
evaporator under reduced pressure and solid obtained
wasdriedinair.

stirring

R-COOH + NaHCO3 ———» R-COONa + H,O + CO,
Room temp

Sep 2

Sodium st of theligand (1 mmol) wasdissolvedin
distilled water and add VOSO,.3H,0 (0.5 mmol) in
portion and tirred thereaction mixturefor 2hrsat room

temperature. Precipitatesformed werefiltered off and
washed with distilled water and driedinair.

Distilled
water
VOS0,43H0 + 2Na salt of ligand —— VO(Ligand),.H,0
Room
temp
Complex no. Ligand
4 L*
5 L®
6 L®
7 L’
8 L®
9 L®
10 L*
11 L*

RESULTSAND DISCUSSION

The synthesi zed complexesarecrystdline, colored
and stableat room temperature and are solublein com-
mon organic solvents. The physical propertiesand e-
ementa anadysisdataof theligandsand complexesare
reported in TABLES 1 and 2, respectively.

Conductance measurement

Conductance measurementsof theligands/sodium
st of ligandsand their oxovanadium(lV) complexeswere
carried out at room temperature. The conductance of
the solvent was deducted from the measured value.
Ligands show high molar conductance ascompared to
synthesized complexes, indicating the non-e ectrolytic
nature of thesynthesized complexes® (TABLE 3).

I nfrared spectroscopy

Infra-red spectral dataof the synthesized ligands
and their oxovanadium complexeswererecorded as

KBr discs, in therange 4000-400 cm®. The character-
istic peaksfor theligands and their oxovanadium(1V)
complexes were assigned and found in close agree-
ment with thereported valuesin theliteratures®, The
most important frequencies in the complexes are
v asym(COO), Usym(COO), v(O-H), v(C=N), v(N-H),
v(V=0) and v(V-O). The main bands in the infra-red
spectraof ligandsand the complexesarelistedinthe
TABLEA4.

The characteristic peaksassigned tov asym(COO)
intheregion 1586-1698 cmtinthefreeligands shifted
tolower frequencies, and theuwm(COO), inthelRre-
gion 1364-1449 cm* shifted to higher frequenciesin
the complexes, showing the bidentate nature of the car-
boxylate group ligandsinthecomplexes®. Thediffer-
enceAv = [uasjm(COO)-uwm(COO)] helpsin predict-
ingthenature of theligandsinthe complexes. TheAv <
200 cmt confirmsthe bidentate nature of theligandgY.
In case of N-donor ligands v(C=N) peaks that ap-
pearsa 1609-1623 cnshifted tolower va ues, showing

TABLE 1: Physical propertiesof ligandsand vanadyl(1V)
complexes

0,
Cﬁrgp. Fo'\rllrgll:na '\\A/\?tl. Color yigl)d rrgé) .
(LY  CgH/N,OBr 24306  White 75 247-248
(1) CgHN,OBIV 36304 B;‘:}NJF 76 207-208
(L)  CpsHisNO, 24129  Brown 73 145
(2) CisHxNOV 361.26 Dark Brown 72 180 dec.
(L%  CyoHuN,O,4 38241  White 71 >300
(8) CxHxN,OgV 50239 Dark Brown 73 250 dec.
(LY  CgHeOs 166.13  White 74 128-129
(4) CyHpOpV 4152  Green 68  >300
(L% CiHuNOg 31326 Off-white 78 210
(5) CgpHxN,OV 70946  Green 65 200 dec.
(L% CypHNOCl, 26007 Lightbrown 77 185
(6) CxHuN,OClV 603.09  Green 65 205 dec.
(L) CpHNOCl, 26007 Lightyellown 76 235
(7)  CxHuN,OClV 60309  Green 63 256
(L%  CuH1oN,0s 286.24 Off-white 77 100-101
(8) CxHxN, OV 65542  Green 64 210 dec.
(L%  CyoH100sN; 2382  White 76 155-156
(9) CxHxN,OpV 55933  Green 66 > 300
(L CH/NO, 13714  White 100-101
(10) CuHuN, OV 35721  Green 62 160 dec.
(LY  CcH,0,C 28246  White - 145146
(11) CuHgOCl,l,V  647.87  Green 63 >300

Tnorganic CHEMISTRY
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TABLE 3 : Conductance measurement of ligands and
vanadyl (V) complexes

Compound % %H %N Ligand Conductance Compound Conductance
No. Calcd. Found Caled. Found Calcd. Found No. Sem?/mol No. Sem?/mol
(Lh 3953 3957 290 294 1153 1149 (] 304 ) 13.09
@ 2647 2643 333 337 772 7176 L9 250 ) 18.90
(L) 7467 7463 627 631 581 58 (3 360 3) 447
) 4987 4991 558 562 388 392 (L“Na) 8270 @) 208
(L) 6282 6278 580 584 1465 1469 (|5 79.33 ) 553
©) 4781 4785 542 538 1115 1111 (|6\y) 66.03 () 523
(L 5784 5780 364 368 - - (L'Na) 87.93 ) 184
%) 46.28 4624 291 295 - - (L®Na) 85.40 ®) 496
(L) 6135 6131 354 358 447 443 (|9 12750 © 759
(5) 5417 5413 313 317 395 398 (L™Na) 79,50 (10) 339
(L) 4618 4622 271 267 539 542 ([ip 106.50 (11) 362
(6) 30.83 3987 234 230 465 4.69 .

w) 4618 4622 271 275 539 543 the complexr_;ttl onthrough N. The appearance of new
@ 2083 3979 234 230 465 469 sharp bandsin the range 990—903 and 578-504 cm*
Y 5374 5870 352 356 979 083 dueto UV_ZO and vV-0O, resp_ectlvely, co_nﬁrms the
@ 5131 5135 3208 312 855 859 _compl exation. TheO-H stretchllr[13§1]]of water isobserved
(L 5042 5046 423 427 1176 11.72 Intherangeof %15—34& e

) 4295 4299 360 364 1002 1006 Ihermalanalysis

(L") 6131 6135 514 510 1021 127 Thermal anaysisof complex 5 showsfragmenta-
(10) 4707 4711 395 391 784 780 tioninthreesteps. Firstisfrom 178to 245°C, second
(B) 2976 2980 143 147 - - isfrom 292 to 375°C and thethirdisfrom 377 t0 499
(12) 2595 2591 124 1.28 - . °C. The observed weight loss 19.14%, 25.61% and

TABLE4: IR spectral dataof ligandsand vanadyl(1V) complexes(cm?)

Comp.No. v(O-H) wv(N-H) v(C=0) v(C=N) v(V=0) v(V-O) vam(COO) vgm(COO) Av
() - 3185 1706 1609 - - - - -
(1) 3415 - 1584 990 504 - - -
(L3 - - 1623 - - - - -
2 3428 - 1598 974 575 - - -
(L3 - 3201 1668 1616 - - - - -
3 3425 - 1599 940 575 - - -
(L% - - - - - 1672 1449 223
4 3467 - - 903 554 1656 1532 124
(L% - 3263 1704 - - - 1648 1378 270
(5) 3420 3269 1707 - 977 551 1629 1471 158
() - 3560 1700 - - - 1650 1390 260
(6) 3427 3269 1708 - 975 578 1629 1470 159
(L) - - - - - 1698 1420 278
(7 3432 - - 925 561 1678 1484 194
(%) - 3342 1714 - - - 1635 1364 271
(8) 3447 - 1718 - 982 561 1552 1407 145
(L9 - - - - - 1693 1432 261
9) 3452 - - 972 565 1567 1460 107
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Comp.No. ©(O-H) o(N-H) ©v(C=0) v(C=N) v(V=0) v(V-O) 1vam(COO) wvgyn(COO) Av

(L™ - 3362 1752 - - 1586 1440 146

(10) 3416 3341 1700 986 561 1545 1441 104

(L* - - - 1685 1425 260

(11) 3425 983 559 1653 1550 103
50.76%, are in good agreement with the theoretical Step 3

weight loss of 19.74%, 25.38% and 47.53%, respec-
tively. Following are the proposed fragmentationsin

variousranges.

Step 1

C3oH2oN2094V —— CygH1gNO11V + CgHy + H,O + NO,
(Residue)

Step 2

C26H1gNO11V —= CygH1107V + CO+CH, +
CeHy + H0 +NO,
(Residue)
Step 3

C18H1107V —_— V 4+ 2002 +CO +

/

CH=C
O
O; —/ |

(Residue)

Thermal analysisof complex 6 showsthree stepsde-
composition. First step startsat 139 'C and extends up
to 219 °C, second step coversthe temperature range
of 222-292°C and thethird step shows degradation at
296-538 °'C. The observed weight loss 21.58%,
22.20% and 46.59% arein good agreement with the
theoretical weight lossof 21.72%, 24.21% and 43.00%,
respectively. Thethermogravimetric dataissummarized
inTABLEDS.
Step 1

Ca0H14N,0gCl,V  ——— C1gHgNO4CILV +

H,O + CO, + CO + CoH,+NH

(Residue)

Step 2

C16H9N04C|4V _— C10H6N04C|2V + C6H3+C|2
(Residue)

C10H6N04C|2V — VO + C6H3 + Clz + CO+
COZ + C2H2 + NH
(Residue)

Therma andysisof complex 7 showsdecompositionin
three steps, first at 115-207 °C, second at 208-276°C
and third at 279-522°C with the observed weight |oss
of 20.30%, 24.36% and 41.0% which are in good
agreement with thetheoretical weight lossof 21.72%,
24.21% and 40.29%, respectively.
Step 1

C20H14N208C|4V — C16H9NO4C|4V + Hzo +

CO; + cO + CyH+NH

(Residue)
Step 2
C16HgNO,Cl,V —— C1gHgNO,CILV + CgHgz + Cly
(Residue)
Step 3

C1oHgNOClV —— VO, + CgHz+Cl, + 2CO 4

C,H, + NH

(Residue)

Thermogravimetric dataof complex 11 showssingle
step fragmentation, starting from 163 °C and extend up
to 411 °C. The observed weight loss 78.19 % isin
good agreement with the theoretical weight loss of
77.93%. The observed weight 21.80 % of residueis
almost equal to the theoretical weight 22.06 %. The
proposed fragmentations can be shown by thefollow-
ing step:
Step 1

C14H306C|2 |2V — |2 + C|2 + Hzo +

X

(Residue)

o)
oo
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TABLE 5: Thermogravimetric data of vanadyl (V) complexes

Comp. Compound Tem%. Evolved components %wtloss %wtloss Residue% observed
no. range"C obs. calcd. (calcd.)
178-287 H,0, CsH,, NO, 19.14 19.74 \%
5 C3oH2oNOV 292-375 H,0, C¢H3, CO, CH, 25.61 25.38 7.19
377-499 H,0, CsH,4, 2CO,, 2CO, CsH3, CH 50.76 47.53 (6.93)
139-219 H,0, CO,, C,H,, NH, CO 21.58 21.72 VO
6 CooH1aN2OgVCl,  222-292 CgHs, Cl, 22.2 24.21 12.19
296-538 CgHa, Cly, CO,, NH, C;H,, CO 46.59 43 (11.11)
115-207 H,0, CO,, CO, C,H,, NH 20.30 21.72 VO,
7 CooHwaN,OgVCl,  208-276 CgH3,Cl, 24.36 24.21 14.70
279-522 CgHs, Cly, 2CO, NH, C:H, 41.0 40.29 (13.7)
11 C14HsCl,06 1,V 163-411 CgHs, C, H,0, I,, Cl, 78.19 77.93 VOsC
21.80
(22.06)

Semi-empirical study

Inthecomplex 2, theligand bindin bidentate (N,O)
fashion together with aterminal oxo ligand and three
water molecules. Themode ed structure show distorted
octahedra geometry around vanadium. Theapical va
nadium oxygen distanceis1.57 A. The V(IV)-O bond
lengthsfor coordinated water moleculesin the equato-
rial planeare2.20 A and 2.34 A, respectively. The V-
O (eq. lig) bond lengthis1.96 A, while the V-N (eq.
lig) is2.06 A. The long V(IV)-O bond length in the
axiad position 2.54 A, may be due to the trans influence
of the oxo group. The O(apical)-V-O(lig) anglesis
109.1 and O(apica)-V-N(lig) is106.2°, while the api-
cal O-V-O(H,0eq) angles are 109.1 and 98.4°. The
vanadiumionis0.61 A above the mean equatorial plane
formed by the three oxygen atoms and one nitrogen-
coordinating atom. TheN(eq.lig)-O(eq.lig) bitedistance
is2.85A.

In complex 4, the modeled structure shows dis-
torted octahedra geometry around vanadium atom. The
apical vanadium oxygen bond lengthis1.55 A. The
V(1V)-O bond lengthsfor coordinated water molecules
in the equatorial planeare 2.23 and 2.14 A, respec-
tively. Thelonger VV(IV)-O bond lengthintheaxid po-
sStionis2.75 A may be due to the trans influence of the
oxo group. TheV-O(eq)(lig) bond lengthis2.19 and
2.13 A. The O(apical)-V-O(lig) angles are 109.9 and
108.0°, while the apical O-V-O(H,0O) anglesare 104.1
and 106.8°. The O(eq.lig)-O (eq.lig) bite distance is
2.18 A. The vanadium ion is 0.64 A above the mean

equatoria planeformed by thefour oxygen-coordinat-
ingaoms.

In the modeled complex 7, thetwo carboxylate
ligands bind in bidentate (O,0) fashion and exhibit
distorted octahedral geometry around vanadium. The
apical vanadium oxygen distanceis 1.55 A. The V-O
(eg. lig) bond is 2.17, 2.17, 2.31 and 2.31 A. The
longer V (1V)-O(H,0O) bond lengthin the axial posi-
tion 2.55 A, may be due to the trans influence of the
oxo group. The O(apical)-V-O(lig) anglesare 105.7,
105.9, 106.1 and 106.2°, while the apical O-V-
O(H,0) angleis151.3°. The vanadium ion is 0.61 A
above the mean equatorial planeformed by thefour
coordinating oxygen atoms. The O(eq.lig)-O(eq.lig)
bitedistanceis2.19 A.

Incomplex 9, thetwo carboxylateligandsbindin
bidentate (O,0) manner together with aterminal oxo
ligand and onewater moleculein order to completethe
metal coordination sphere. Themode ed structure show
distorted octahedra geometry around vanadium atom.
The apical vanadium oxygen distanceis1.55 A. The
V-0 (eqg. lig) bond lengthis2.18 and 2.29 A. The long
V(IV)-O(H,0) bondlengthintheaxia positionis2.63
A, which may be due to the trans influence of the oxo
group. TheO(gpica)-V-O(lig) angles are 106.6, 107.1,
107.3 and 106.9°, while the apical O-V-O(H,0) angle
i$151.1°. The vanadium ion is 0.65 A above the mean
equatorial plane formed by four oxygen atoms. The
O(eq.lig)-O(eq.lig) bitedistanceis2.18 A.

In the modeled structure of complex 10, thetwo
carboxylateligandsbindin bidentatefashion and show
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distorted octahedral geometry ar ound vanadium. The 05 Vi O10 1479 O5 V1 025 1041
apical vanadium oxygen distanceis 1.55 A. The V-O 025 Vi O2 1503 C9 08 V1 910
(eq.lig) bond lengthis2.33,2.16,2.16 and 2.33A. g o010 vi 938 05 Vi 08 1057
Thelonger V(IV)-O(H,O) bondlengthintheaxid po-  c17 18 c19 1163 c18 ci9 cu 1216
sitionis2.54 A, which may be due to the trans influ- Complex 7

enceof theoxo group. The O(apica) —V-O(lig) angles vi 067 231 vi 034 231
are105.1, 106.0, 105.6, 106.0°, while the apical O-

_ : R V1l 068 155 V1l 069 255
X—O(H 2O})1 angleis 150.9 : ll“hf Var}fadlum ion I11s (;.61 2 ol 141 030 N29 122
above the mean equatorial plane formed by the four 031  N29 122 vi o2 217

coordinating oxygen atom. TheO(eq.lig)-O(eq.lig) bite
distanceis2.19A.

The model ed structure of complex X1, show the
distorted octahedral geometry around vanadium. The
apical vanadium oxygen distanceis1.56 A. The V-O
(eq. lig) bondis2.16, 2.28 A. The long V(IV)-O(H,0)

02 vl 035 1114 O2 vVl 067 1482

02 Vi 034 584 02 vl 068 106.2
034 Vi 068 1059 034 V1 069 619
C57 C58 C59 1192 (C58 C59 C54 1202
C57 N62 063 1178 063 N62 064 1246

bond lengthintheaxial position 2.65 A, may be due ~ COMP'ex 9

tothetransinfluenceof theoxogroup. TheO(apica)- €1/ 0% 128 Cl7 016 128

V-O(lig) anglesare 106.8, 106.8, 106.8and 106.9°, V1 ©2 218 Vi 016 218

whilethe apical O-V-O(H,0) angleis 152.6°. The ~ V1 029 229 Vi 015 229
030 V1 1.55 031 V1 263

vanadiumionis0.64 A above the mean equatorial
planeformed by thefour coordinatingoxygenatoms. ~ ©2 V1 02 1458 02 V1 OI5 586
The O(eq.lig)-O(eq.lig) bitedistanceis2.18 A. The =~ ©2 V1 030 1069 0Oz V1 031 892
bond lengthsand bond anglesfor dl non-hydrogen  ©16 vl 029 586 016 V1 0Ol5 1463
alomsaregivenin TABLE 6. Thegeometry optimised G ¢c6 C7 1213 G5 C6 113 1195
structuresaregivenin Figures1-6. Thecalculated ©15 V1 031 612 030 V1 031 1511
vauesareclosetotypica valuesof smilar complexes ~ Complex 10

inliterature®>, C32 €31 153 C31 C29 150

TABLE 6 : Selected bond lengths and bond angles of vi 028 216 030 Vi 2.33

vanadyl(1V) complexes 054 V1 155 V1l 055 254
Complex 2 V1 02 216 Vi 04 233
s a4 143 N2 Cl7 144 02 V1 030 1480 ©O2 V1 054 1060
Vi N2 206 vi O10 196 02 V1 055 895 04 V1 028 1493
034 V1 220 Vi 037 234 C29 028 V1 956 030 C29 028 1174
040 V1 157 o4l Vi 254 C29 030 V1 883 C32 C31 C29 1114
N2 Vi 010 9.2 N2 Vi 034 867 C38 C39 C40 1207 C38 C39 N44 1196
N2 Vi 037 1509 OI10 V1 034 1369 Complex 11
010 V1 040 1130 C3 N2 V1 1169 ¢ 02 130 c3 017 128
N2 V1 040 1062 O10 V1 037 656 V1 0z 216 Vi 018 216
040 V1 041 1596 C9 010 V1 1153 vi 033 228 vl 017 228
Complex 4 034 V1l 156 035 Vi1 2.65
Cl8 C19 141 Cl19 Cl1 140 02 V1l 018 1099 02 V1 033 1464
Vi 02 214 Vi 05 223 02 V1l 017 589 02 V1 034 1069
Vi 08 219 Vi 010 213 02 Vi 035 883 018 V1 033 589
025 V1 155 026 V1 275 C21 C20 C19 1185 C25 C20 Cl19 1225
62 vi 05 692 02 V1 08 1430 C20 C21 C22 1212 C21 C22 C23 1196
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Figure5: Geometry optimized structureof complex 10

Alkaline phosphatase activity

Thealkaline phosphatase activity was checked by
monitoring therate of hydrolysisof p-nitrophenyl phos-
phate at 25°C in 0.1 M Na,CO,-NaHCO, (sodium
carbonate-bicarbonate) buffer (pH 10.1)8,

Theenzyme catayzesthe hydrolysisof phosphate
monoestersto give inorganic phosphate and an aco-
hol. Theidentity of thed cohol variesdepending onthe
specific phosphatase, and could be somesmall organic
mol ecul e such asanucleotide (the building bl ocks of
nucleic acids) or anamino acidin aprotein (aserine,

= Fyll Paper

o~
Figure2: Geometry optimised structureof complex 4

Figure6: Geometry optimized structureof complex 11

tyrosine, or threonine).

The assay of alkaline phosphatase activity takes
advantage of thefact that the enzymeis non-specific,
and utilizesthenon-biologica substrate p-nitrophenyl
phosphate (colourless) to give yellow colourd p-
nitrophenol upon hydrolysiswhich hel psto monitor
thereaction.

Alkaine phosphatase activity in the presenceand
absence of inhibitor was measured spectrophotometri-
cally using p-nitrophenyl phosphate asthe substrate.
The release of yellow colour p-nitrophenol chro-
mophorewasmonitored at 405 nm wave ength. En-
zymeactivity isexpressed asthe uM of p-nitrophenol
released per minute. By the addition of inhibitor the
activity of the enzyme decreases and at higher con-
centrationit iscompletely inhibited in some casesas
showninFigures7and 8.

Theinhibitory effect of vanadate on dkalinephos-
phatase activity mirrorsacompetitive modeof inhibi-
tionthat ischaracteristic of VO,**%. Dueto the struc-
tural and electronic s milarity of vanadatewithinorganic
phosphate, vanadate may have distorted configuration
with theactive site of dkaline phosphatase activity'®,
thereby resultingin avery slow rate of formation and
breakdown of enzyme substrate complex.
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Figure7: Effect of inhibitor on theactivity of theenzymefor
complex 1,5and 6
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Figure8: Effect of inhibitor on theactivity of theenzymefor

complex 8,9and 10

CONCLUSION

Stoichiometric amounts of ligands and
VOSO,.3H,0inmethanol/weter under reflux/roomtem-
peratureyid dsoxovanadium(lV) complexesin quanti-
tativeyidd. InIR spectragppearance of new sharp bands
in the range 990-903 and 578-504 cm* dueto vV=0
andv V-0, respectively, confirms the complexation. The
loweringofv__(COQ) vibrationd frequency andrising
of v S/m(COO)a?requency of carboxylategroupisindica
tivefor the bidentate nature of the carboxylate group.
Thermogravimetric analysis data demonstrate that
decompositon begins above 100 °C and extend up to
538°C, withtheremoval of gaseous productsand the
theoratical weight lossarein close agreement with ex-
perimenta |y observed weight loss. Themolar conduc-
tivities of the complexes are observed in the range of
1.84-18.90 Scn?mol indicating the non-ionic charac-
ter of thecomplexes. Thedkainephosphatase activity
inthe presence and absence of inhibitor showsthat by
theaddition of inhibitor, theactivity of enzymedecreases
and a higher concentrationitiscompletely inhibited.
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