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ABSTRACT

Thenew complexes[VO(L/L3)(acac)],[VO(HL?)(H,0)(SO,)1, [{ VO,(LY} ] and
cis-[VO,(L?L®)] [Hacac = acetylacetonate; HL = 2-formylpyridine
thiosemicarbazone ligand or itsderivatives N(4)-ethyl (HL?) and N(4)-phenyl
(HL3)] have been prepared and characterized by spectroscopy. Their redox
behaviour was studied by cyclic voltammetry. They effectively and selec-
tively catalyze the oxidation of primary and secondary alcohol into their

corresponding aldehyde and ketone, respectively.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Biologicd propertiesof thiosemicarbazones(TSCs)
have been extensively studied owingtotheir widevari-
ety of biologicd activities!. Themembersof oneof the
mogt famousfamiliesof TSCshaveatridentateligands
derived from 2-formyplyridinewhich show antitumour
activity duetotheir ability toinhibit the biosynthesis of
DNA23l, Thiosemicarbazones are considered to be
mixed hard-soft chelating agents asthey contain both
N and Satoms. Thisdua character givesthemthe abil -
ity tobind metal ionsin either aneutral or anionic man-
nert. In most cases these TSCs act as a tridentate
ligandsthat coordinate to metal ion through N,N,S-
centres and their coordination behaviour dependson
the nature of meta ions concerned®.

In recent years the medicinal applications of
oxovanadium(1V) and dioxovanadium(V) complexes
with N-, O- and S- donor ligands have been reported
for their potential insulin-mimetic effectd®® and anti-
cancer activities?.
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Asacontinuation of our research on N,N,S-donor
ligand of 2-pyridinethiosemicarbazone (Hptsc) with
different transition metal iong™”, it isof interest to de-
scribethe preparation, spectral characterization and
redox propertiesof the oxovanadium(lV) complexes
[VO(acac)(ptsc)], [V O(acac)(pptsc)], [{ VO,(ptsc)} ]
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HL!: R = H, 2-formylpyridine thiosemicar bazone(Hptsc)
HL?: R =CH,, 2-formylpyridine-N(4)-ethyl thiosemicar bazone
(Hpetsc)
HL?3: R = Ph, 2-formylpyridine-N(4)-phenyl thiosemicar bazone
(Hpptsc)

Schemel: Sructureand tautomerism of 2-formylpyridine-
N(4)-subgtituted thiosemicarbazone(HL )
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and [VO(Hpetsc)(SO,)(H,0)] as well as the cis-
dioxovanadium(V) complexes; cis-[V O,(petsc)] and
as[VO,(pptsc)] whichinvolvethethiosemicarbazone
derivatives, 2-formylpyridine-N(4)-ethyl thiosemicarb-
azone (Hpetc), 2-formyl pyridine-N(4)-phenylthiosemi-
carbazone (Hpptsc). Thereactivity of thecomplex cis-
[VO,(petsc)] towards catalytic oxidations of acohols
in presenceof excessH, O, or t-butylhydroperoxide as
co-oxidantshasa so been reported in comparison with
our previous work on catalytic oxidations by
ruthenium(I1) and (111) complexed+12,

EXPERIMENTAL

I nstrumentation

IR spectrawere measured on aJASCO 410 FT-
IR spectrometer (4000-400 cmt) as KBr discs. *H
NM R spectrawere measured on aVarian Gemini WM-
200 spectrometer (Laser Centre, Cairo University).
Electronic spectrain DMF were recorded using a
Perkin-Elmer Lambda2S. ESR spectrawererecorded
withaBruker EMX spectrometer (Radiation Technol-
ogy Centre, Cairo). Cyclic voltammetric studieswere
carried out on an electroanalyzer CHI 610A, thethree
electrodecell comprised areferenceAgwire, Pt auxil-
iary and working €l ectrode, the complexes (10°M)in
0.1M (n-Bu,N)PF, assupporting e ectrolytewere used.
Magnetic measurements were made on a Johnson
Matthey magneti c susceptibility balance.

Analysis

Carbon, hydrogen and nitrogen were determined
by microanalytical unit of Cairo University. Thevana
dium content of each of the complexes was deter-
mined*3 after decomposition by gentle heating using
conc. HNQ, (threetimes) and completedrying. The
orangemeass (V,0,) obtained wasdissolved indilute
H,SO, and sodium sulphiteor ethanol with heating are
usedtoreducevanadium(V) into vanadium(lV) and then
titration againgt standard KMnO, isperformed. Satis-
factory vanadiumandyticd datafor complexesare con-
sgentwithther formula

Prepar ation of ligands

TheligandsHptsc(HL?), Hpetsc(HL?) and Hpptsc
(HL?3) were prepared by refluxing an equimolecul ar

= Fuyl] Paper

amounts (10 mmol) of thiosemicarbazide (or itsN(4)-
ubdtituted derivatives) and 2-formyl pyridine (20 mmol)
inmethanol or 5:1 methanol-water mixtureif appropri-
atefor dissolution of thethiosemicarbazide. Conden-
sation by reflux (3-4 h) was performed on water bath
wherewhiteor paleyellow crystalline productsof the
ligandswere obtained (Yield, > 70%).

Prepar ation of complexes
[VO(acac)(LY)] (1)

Solutions of thecomplex [V O(acac),]1* (0.13 g,
0.5mmol) and theligand HL(0.09 g, 0.5 mmol) were
prepared separatey in minima amountsof MeCN and
then mixed. The mixturewasthen refluxed (65°C 30
min on awater bath, during which adark green pre-
cipitate was formed, filtered off, washed with hot
MeCN, Et,0 and dried invacuo over P,O, . Increase
timeof reflux to 3h gave the same compound and yield
(~70%).

[{VO,(LY}1(2)

Tothesolutionof theligand HLY(0.11 g, 0.6 mmol)
in EtOH (15 cm?®) was added grinded NH,V O, (0.06
g, 0.5 mmol) in an open round flask (25 cm?) and the
mixturewas heated (65°C) with stirring on water bath
(2-2.5h) wherean evol ution of ammoniaobserved and
aydlow precipitate generated during thereaction. The
niceyellow precipitate wasfiltered while hot washed
with EtOH and Et,O and dried in vacuo (yield 90%).

[VO(HL?)(SO,)(H,0)] 3)

The ligand HL?(0.104 g, 0.5 mmol) in 10 cm3
MeOH was added to a solution of vanadyl sulphate
VOSO,.H,0 (0.09 g, 0.5 mmol) in 10 cm®> MeOH
andthe mixturerefluxed for 0.5 h onawater bath, dur-
ing which a pale green precipitate was filtered off,
washed with hot MeOH, Et O and driedinvacuo over
P,O, (yield 75%).
cis[VO,(LY)] (4)

Method 1

Solutionsof thecomplex [VO(acac),] (0.139,0.5
mmol) andtheligand HL?(0.104 g, 0.5 mmol) werepre-
pared separately inMeCN and then mixed. Themixture

was refluxed (65°C) for 10 h on awater bath during
whichagreen solution changedinto aydlow precipitate
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[VO(acac)]

1
65°C, MeCN, 3 h [VO(L")(acac)] (1)

HLI—
NH,VO
——— =3 [{VO(HLY},] (2)
65°C, EtOH, 2 h
VOSO,H,0 )
650C. MeOH, 05 h  LYO(HLZ(SO4)(Hz0)] (3)
VO@eac)]l _  cis-(voyL?) (4)
65°C, MeCN,10 h (85%)
AL VO
acac
VO] cis-vo,(L2)] (@)
65°C, EtOH, 10 h (50%)
NH,VO
0 (is-[VO,(LD)] (4)
65°C, EtOH, 2 h (85%)
[VO(acac),]
- [VO(L3)(acac)] (5)
65°C, MeCN, 3 h
HL3___

[VO(acac),]
659C, MeCN,10 h

» Cis-[VOy(L%)] ()

Scheme?2 : Prepar ation of complexes
MeCN
[VVO(acac),] + L —— [VVO(L)(acac)] + Hacac (1)

2[vVO(L)(acac)] + 11202 + H0

wet MeChi

2[VVO,(L)] + 2 Hacac )

(HL = HL?, HL3)

2yV03 + 2 Hptsc
EtOHlA

[{VO,(Hptsc)}] + 2H,0 + 2NHj ®)
@)

TABLE 1 : Analytical and magnetic moments data for
thiosemicar bazone complexes

Compound Color \E(I,ZI)d Fognd (Cal:.)% N (B!.ll?/:)a
Hpytsc (HLY) White 75 46.6(46.7) 45(4.4) 31.2(3L1)
[VO(LY)(acac)] @ g?ffmf 80 416(417) 4.2(41) 160(162) 165
[{VO, (LY} () Yelow 75 323(32.1) 25(2.7) 21.3(214) Dia
Hpyetsc (HL?) Yellow 80 5L8(51.9) 5.7(5.8) 26.6(26.9)

[VO(HL?)(H,0)(S0](3) P3¢ 75

groen 27.7(27.8) 3.6(3.6) 14.2(14.4) 1.70

[VOL(L?)] (4) Yellow 60 37.0(37.2) 3.5(3.8) 19.1(19.3) Dia
Pale

Hpyptsc(HL®) yellow 85 61.0(60.9) 4.5(4.7) 21.7(21.9)

[VO(L3)(acac)] 5) gDri‘rm}‘ 75 51.0(51.3) 4.0(4.3) 13.1(13.3) 1.67

[VOL(LY)] (6) Orange 65 46.0(46.2) 3.0(3.2) 16.3(16.6) Dia

@Dia = Diamagnetic

which wasfiltered off, washed with hot MeCN, Et,0
anddriedinvacuo over PO, (yield 85%).

The samereaction was carried out but in EtOH or
MeOH solvent instead of MeCN, the comound (4) was
also obtained but with smaller yields (45 - 50%).

Method 2

Complex (4) was prepared asdescribed for (2) by
replacingHL2for HL! (yield 85%).

[VO(L®)(acac)] (5)

Similar procedurefor preparation of the complex
(1) isusedinwhichtheligand HL3(0.128 g, 0.5mmol)
replacesHL? (yield 65%).

Gis[VOLL?)] (6)

Thiscomplex wasprepared by followingsmilar pro-
cedure (method 1) for complex (4) usngtheHL®(0.128
g, 0.5 mmol) instead of HL2.

Catalyticoxidation by cis-[VO,(L?)] (4)
(1) H,0, asco-oxidant

Theoxidation of p-methoxybenzyl acohol istypi-
cal. To a solution of the alcohol (10 mmol) in
dichloroethane 10 cm?, complex (4) (10 mmol) and
aliquat 336(1mmol) were added. The mixture was
heated to 70-80°C with stirring, then 30% H,0, (3.5
cm?®, 30 mmol) were added dropwise at constant rate
over 40 min. Thereaction continued for further 80 min.,
then the reaction solution was extracted with CH,CI,,
(3x10 cm?3). Theextractswere combined, dried over
anhydrous Na,SO, and evaporated to dryness. The
aldehyde content was quantified as its 2,4-dinitro-
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TABLE 2: IR spectral data of thiosemicar bazoneligandsand their vanadium complexes(cm)

Compound Vv(N*H) Vv(N%H) v(C=NY VV((%:E;/ v(N-N) py(ip)* (op) v(V-N) Other bands  Assignments
1 3435s 820m 620m

Hpytsc (HLY) 32605 3160vs  1608s ) 1060s 420m - - -
937vs v(V=0)
[VO(LY(acac)] ggggi - 1635s 80-2m 1022m Siéw 536m 1515vs v¥(C=0)
1376vs vi(C=0)

3348m
1 ) 1061m 624m 505w 933vs vE(VOy,)
[{VOA(HLO}] 3286m 1620sb 700w Goany  azsw  462m 895s Vi(VO,)
2 620m

Hpyetsc (HL?) 32825 3132mb 15855 802m  1058m o - - -
480w 3400b v(O-H)
[VOHL?(H,0)(S0)]  3210mb 2970sb 11%‘205? 880m  1120s iggm 970s v(V=0)

1110sh, 520m v(SO,4) unidendate

. 2 i 1610m - 635m 937vs vE(VO,)
Cis[VOy(L9)] 3259s 15745 690m 1057m 208w 482w 891s V(VOy)

Hpyptsc(H L3) 3300s 3120sb 1600vs 820m 1080s %gw - - -
) s40m 1515s VS(C=0)
[VO(L®)(acac)] 3372m - 1603vs 1023m 480w 1395s v¥(C=0)

700w 430w ~
951vs v(V=0)
. 3 3370m ) 1607w - 630w 935vs vE(VOy,)
cis{VOLY)] 3215mb 1591s 735w 09 47g,  S0OW 898s Vi(VO,)

dip = in- plane bending, op = out-of plane bending

TABLE 3: 'HNMR dataof ligandsand their vanadium(V) complexes

Compound HN(4) HN(2) H(C=N) HC(6) HC(5) HC(4) HC(3) solvent Other signals Assignments
Hpytsc(HLY) gég: 1164s 808s 855d 738t  7.80t 835  deDMSO - -

8.475(1H) 8.60d 7.57t(1H)

VO, (HLY}d @) 7o 7o0s - BOBSLH) (@) 7am(ary MEUEN BZTEE . gopmso : :
- SIS L 8.455(1H) 8.56M 757H(1H) o1\ o1 g o041 GrDMSO /D0
8.07s(1H) (2H) 7.37t(1H) © :

» ] 3.63¢(2H) -CH,
Hpyetsc (HL?) 866s 1160s 809s B856d 736t 780 825  dDMSO T Iibel &
. » ] ) 3.37q(2H) -CH,
cs[VOL(LY)] (4) 8.565 809s 853d 758 78d 8240  d;DMSO  Tiid’l il

3 i 7.56d (2H)  Phenyl ring
Hpyptsc(HL®) 10235 1200s 820s 850d 724 785t 84ad  dDMsO g gl U
Gs[VOALY)] (6) 1033 -  888s 876d 7.7t 837t 803d  deDMso  82d(@H)  Phenylring

7.40t, (3H) protons

TABLE 4: UV-Visspectral and cyclic voltammetricdatafor complexes

Compound Amax (€, Mlem™)? Epa(V) Epc(V) Solvent
[VO(LY)(acac)] (1) 290(22690), 340(20850), 420(23610), 600(215), 755(80) +0.85 DMF
[{VO, (HLY},] (2) 305(21850), 337(15810), 438(23360) -08 MeCN
[VO(HL?)(H,0)(S0,)] (3) 270(9000), 310(21000), 420(2500), 678(40) - - DMF
[VO,(LY)] (4) 306(9175), 438(12240) -0.39 MeCN
[VO(L®)(acac)] (5) 350(26190), 378(32570), 427(50530), 586(155), 748(60) +0.77 MeCN
[VO,(LY)] (6) 295(15730), 315(10810), 440(18078) -0.77 DMF

3n DMF solution ®ill — defined peak
phenylhydrazonederivaive. and) t-BuOOH (2.5 M) indry benzene (25 mmol) were

. added. The mixture was stirred at RT for 2 h, then
(2) t-BUOOH asco-oxidant evaporated to dryness and extracted with Et,0 (3x20
Totheacohol (10 mmol), complex (4) (102mmol)  cm3). Theextracts combined, evaporated and the al-

== [H01jANIC CHEMISTRY
A Tndian ﬁawml




144

Vanadium(lV) and (V) complexes of 2-formylpyridinethiosemi- carbazone

ICAIJ, 5(3) September 2010

FPull Paper

dehyde product was quantified as above using 2,4-
dinitrophenylhydrazone.

RESULTSAND DISCUSSION

Synthesis of complexes

Both anayticd (TABLE 1) and spectroscopic data
of IR and tHNMR (TABLE 2 and 3) are consistent
with thestructure of theligands (Scheme 14).

Preparation of oxo- and dioxovanadium complexes
described in experimental section can be summarized
inscheme2.

Inliterature, smilar oxovanadium complexestothat
of [VO(HL?)(SO,)(H,0)] (3) (HL*=Hpetsc) for the
ligands Hptsc (HL?) and Hpptsc (HL2) have been pre-
pared under our similar conditions®®. The complexes
[VO(L)(acac)] (A) and cis-[VO,(L)] (B) (L =
monoanionsof 2-acetyl pyridinethiosemicarbazonesor
itsderivatives N(4)-methyl/phenyl thiosemicarbazone
had been synthesi zed from the reaction of theligands
HL and [VO(acac),] inMeCN at RT for atime of 15
min. and 5 days for the complexes (A) and (B), re-
spectively!*é. Our attemptsto prepare anal ogue com-
plex of (B) with the ligand Hptsc (HL') was unsuc-
cessful under thesereported conditiong*®. Reaction of
[VO(acac),] with HL* ligand in presence of Et,N in
MeOH andreflux gaveonly avery little brown precipi-
tate of unidentified product.

Similar cis-dioxovanadium complexesto those of
ours cis-[VO,(L%/L3)] (4) and (6) had also been ob-
tained from thereaction of [V O(acac),] and theligands,
5-methyl-3-formyl pyrazol-N(4)-methyl/ethyl/dimethyl
thiosemicarbazoneinreflux (3 h) and tanding the solu-
tionsat RT for afew dayes'?. Other relavant oxo- and
dioxovanadium complexes[VO(NNO)(acac)] and cis-
[VO,(NNO)] [NNO =monoanion of N,N,O- triden-
tate donor ligand(-1)] had beenisolated after reaction
of the ligand, HNNO with [V O(acac),] or KVO,in
MeOH!18l,

Reaction of equimolecular amountsof [V O(acec),]
and theligand Hpptsc (HL3) inrefluxing MeCN yields
[V O(pptsc)(acac)] (5), but we could not isolate the
and ogue complex with Hpetsc (HL?) ligand under these
conditions. Here, asin the complexes(4) and (6), the
ligandsHL2 and HL 3 reactsout of itsenolictoutomeric

TABLE5: Catalytic oxidation of alcoholsby cis- [VO,L?] (4)

Substrate prouduct® |r-|nzeo(§1) Turnover® tT?rl;g((Dh? Turnover®
Benzyl alcohol A 2 250 25 120
p-Methoxybenzyl alcohol A 2 500 25 300
Cyclohexanol K 2 220 3 160

aA = corresponding aldehyde, K = corresponding ketone.
bTurnover = moles of product / moles of catalyst

form (scheme 1b), i.ein N,N,S(-1) mode. On aerid
oxidationinMeCN or MeOH the dioxovanadium(V)
complexescis-[VO,(L7L?)] areobtained, areaction
whichrequireswater. Theintermedi ate green complexes
[VO(LYL3)(acac)] (1) and (5) could beisolated from
MeCN prior to aeration. Equations (1) and (2) repre-
sent the synthetic procedures as have been suggested
for similar related complexed?d.

The dimmer dioxovanadium complex
[{VO,(ptsc)} ] (2) formed fromreactionsof NH, VO,
and theligand Hptsc (HL?) in reflux EtOH, istenta-
tively suggested to be obtai ned according equation (3),
supporting our observation for evolution of NH, during
thereaction.

Analytica dataof thecomplexes(TABLE 1) arein
agood agreement with their composition. The solid
complexesareair sableand partidly solubleinMeCN
but soluble in DMF and DM SO in which the molar
conductivitiesof these complexesarenon-electrol ytes,
asexpected.

Magnetic propertiesand EPR spectra

M agnetic susceptibility measurementsof thesolid
complexeswere studied at room temperature. Com-
plexes(1), (3) and (5) are paramagnetic correspond-
ing to one electron unpaired (3d") withvaluesof
1.65 - 1.70 BM, close to the spin-only value (1.73
BM) for one unpaired €l ectron*®. The other vanadium
complexes(2), (4) and (6) werefound to be diamag-
netic and aresilent EPR whichisconsistent with the
oxidation stateof +5 (3d°) for the vanadium centers??.

Theroom temperature X-band EPR spectrum of
therepresentative complex [V O(LY)(acac)] (1) wasre-
corded for apowdered sample (Figure 1). Only one
lineisobserved with gvalue=1.96 (lessthan g, of the
freeelectron, g, =2.0023). Thisissimilar to many other
ESR spectra of powdered oxovanadium(lVV) com-
plexed6222 suggesting that the packing in solid state
isaccompanied by magnetic exchangeinteraction be-
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tween nelghbour molecules. This phenomenonisvery
knownin Cu(ll) amino acids peptidesand other mol -
ecules compoundg?27,

Infrared spectra

Selected diagnogticbands of thesolid infrared spec-
traof the ligands and their complexes are shown in
(TABLE 2) thelR spectraof theligandsexhibit asharp
bands at 3435, 3282 and 3300 cm* for HL*, HL2and
HL 2 ligands, respectively, assignableto v(N-H) of the
termina amino derivatives. These bandsremain more
or lessunaltered in all complexes, implying the non-
participation of thetermina nitrogenin coordination as
similarly found for thecomplexes[VO(LY)X,] (X =Cl,
Br, CIO,) ™. Theabsence of v(°N-H) bandissugges-
tive of deprotonation of ahydazinic—N2H protonin
complexesviathioenolateform (Scheme 1b)229, The
vibrations attributed to v(C=C) + v(C=N) at 1585-
1608 cm'* for the free thiosemi carbazoneligandsare
shifted to higher wave numbersinthe corresponding
complexesindicatingtheinvolvement of theazomethine
nitrogenincomplexation assmilarly observedinZn(ll)
thi osemi carbazone complexes®. Theshift of thev(N-
N) band inthe R spectraof the complexes compared
tothat intheligand isaconfirmation of the coordination
through theazomethinenitrogen atom®13, Thegpectra
of thefreeligands shows the thioamide bands which
possessesacong derablecontribution from v(C=S) near
800 cm?, these bands are shifted to lower energy at
(690-733 cmt) on coordination of thiolate form!3*3,
with the appearance of new bandsdueto v((C=N?)1%,
The oxovanadium complexesexhibit astrong v(V=0)
modein 940-970 cm* region. Two strong absorption
bandsin 900-940 cm* region corresponding to the anti-
symmetric and symmetric stretching modes for the
dioxovanadium complexes®31, The lowering of
v(VQ,) ispossibly dueto theinvolvement of one of
the oxygensin hydrogen bonding with other groups
present in the complexes®!. The out-of -planeand in-
plane bending vibrations of the pyridinering in the
uncomplexed ligands near 405 and 620 cm! are shifted
to higher frequencieson complexation, confirming the
coordination of theligandsto themeta viathe pyridine
nitrogen as similarly observed in the copper(ll)
thiosemi carbazone complexes®!. There are two ab-
sorption bands at 1515 and near 1385 cm' for the
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spectraof thecomplexes(1) and (5), corresponding to
v&(C+0) and v¥(C==0) modes of acetylacetonate
moiety. The bands at 1110 and 520 cm™ are due to
coordinated unidentate sulphate group’. Thebandsin
460-536 cn can be attributed to v(V-N) modeswhile
thosefor v(V-S) are expected bel ow 400 cr 11031,

'H NMR spectra

The'H NMR spectraof [{ VO,(ptsc)} ] (2), cis-
[VO,(petsc)] (4) and cis[VO,(pptsc)] (6) in(CD,),SO
solution arelistedin TABLE 3 (Scheme lafor atom
numbering). TheH NM R spectraof theligandsshows
N-(2)-H resonanceat adownfield chemica shift near
d 11.6 ppm for ligands HL*(Hptsc) and HL? (Hpetsc),
andat 6 12.0 ppm for HL®(Hpptsc) ligand, indicating
that thisprotonisinvolvedinanintra- or inter-molecu-
lar hydrogen bond®. This N-(2)-H resonanceis ab-
sent in the spectra of complexes according to
deprotonation and formation of athiol form. Thereso-
nanceof pyridinering hydrogen alomsin the complexes
display resonancesfor the hydrogen protonsat down
or up field compared to that of theliganditself. These
show that N-pyridineatom involvesin coordination by
vanadiumion, similar to thosefound for cis-[VO,(L)]
(HL = 2-acetyl pyridine-N-(4)-methyl phenyl thiosemi-
carbazone)*d. A down-fidd shift for theazomethine H(
C’=N) proton is observed in the complexes (2) and
(6) whichisattributed to participation of theazomethine
nitrogen in coordination™®, In complex (4) thereisno
changein theresonance of H-(C’=N) proton, indicat-
Ing non—involvement of azomethine nitrogen in bond-
ing, thethioamideN?-nitrogen unusudly involveinbond-
ing with vanadiumion, asin case of thecomplex cis-
[VO,(L)] (L =monoanion of 5-methyl-3-pyrazole-N-
(4)-methyl thiosemicarb- azone) whichischaracterized
by the X -ray crysta structure”.

The *H NMR spectrum of the dimeric complex
[{VO,(pts0)}] (2) in(CD,),SO (datalistedin TABLE
3) showed resonances for fourteen protons, as ex-
pected; four broad singletswhich disappeared using
(CD,),SO / D,0 solvent, attributable to four non-
equivaent protonsof two termina H,N-(4) protons. A
pair of non-equiva ent two proton resonancesfor each
of H( C"=N) and H-C-(5) protons. Theremaining six
protonsin pyridinerings H-C-(3), H-C-(4) and H-C-
(6) show resonance corresponding to apair of protons
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Scheme 3: Suggested structurefor thedinuclear complex (2)
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|— H H
H-C
| R
R
(L = monoanion of the tridentate Hpetsc ligand (HL2))
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for eachinthecomplex (2).

Thenon-equivaent protonsin our dimmer com-
plex [{VO,(ptsc)} ] (2) are expected dueto anet of
intermolecular hydrogen bonds. (4)-N-H--O=V, (4)-
N-H....N-(2), pyridine-C-H....O=V and probable
(2)-N=C-H....0=V, as has been found by X-ray crys-
tal structure for the monomer complexes cis-
[VO,(aptsc)] (Haptsc = 2-acetyl pyridinethiosemicarb-
azone)llﬁ] and cis[VO,(L)] [L’ = N,N,O-tridentate
donor ligand (-1)]7. Our attemptsto get suitablecrys-
talsfrom complex (2) for X-ray study were unsuccess-
ful, however on the basisof analytical, spectroscopic
data(IR and *H NMR), the suggested structure of the
complex (2) can beformulated as below. Each vana-
diumionisinadistorted octahedra N,SO, coordina-
tion sphere asthedinuclear molecule(2) resemblestwo
edge-shared octahedra. Thecomplex providesarare
example of adi(u-oxo)-bridged divanadium(V) spe-
ciesformed by dimerization of adioxovanadium com-

plex with tridentateligand“>+.
Electronic spectra

Theé ectronic spectraof complexeswererecorded
inDMFandtheir resultsaresummarizedin TABLE 4.
The spectra of complexes (1), (3) and (5) show low
intensity (e, 40-215 M1cm™?) ligand field transitions,
characteristic of square pyramidal oxovanadium(IV)
complexed®4449, On the basisof Balhausen and Gray
model“® the observed bands around 750 and 600 nm
are due to ?B,(d, ) — *E(d,, d,) and ?B,(d ) —
2Bl(dxz_yz) trangitions, respectively. Whilethe expected
third band of low intensity dueto®B.(d ) —*A (d?)
may be obscured by charge-transfer band (LMCT)
around 420 nm (g, 2500-50530 M-*cm'?). The other
high intensity bands around 350 nm are assigned to
LMCT whilethe bands near 310 nmisduetointra-
ligand (x — 7*) transition”.,

Thespectraof vanadium(V) complexes(2), (4) and
(6) (have a3d° configuration) showed no d-d transi-
tions, asexpected. Theintense bands below 450 nm
aresmilarly attributed to LMCT and intra-ligand tran-
sitionsasthose found abovefor vanadium(IV) com-
plexed®,

Redox properties

The electron transfer properties of oxovana
dium(IV) and dioxovanadium(V) complexeswerestud-
ied by cyclic voltammetry. Voltammetric dataversusa
slver dectrodefor DMF or MeCN solution of thecom-
plexes (10° M) inthe presence of 0.1 M (Bu",N)PF,
asasupporting electrolyteareshownin TABLE 4 and
figure 2 as arepresentative example, the E, , for the
ferrocene/ferrocinium (Fe/Fe) couple under the ex-
perimental conditionswas0.39V (AE =70 mV)“el,
The voltammograms of [VO(LY)(acac)] (1) and
[VO(L3)(acac)] (5) show anirrevers bleoxidation peak
near +0.80V, attributed to V'V/VV oxidation asthat ob-
served for smilar oxovanadium(IV) complexes’®49, The
dimmer complex [{ VO,(ptsc)} ] (2), displaysabroad
reduction peak centered at - 0.8 V corresponding to
VVIVV reduction, smilar to thosefound for di(u-oxo)-
bridged divanadium(V) complexes“43, For cis-
dioxovanadium(V) complexes(4) and (6), dsoanirre-
versible reduction peak at - 0.39 and - 0.77 V were
found, respectively, dueto VV/V'V reduction assimi-
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Figurel: ESR spectrum (X-band) for powdered [VO(LY)(acac)]
(1) at room temperature

larly observed for cis-dioxovanadium(V) complexes™™.
Catalyticoxidation

As a consequence of low radius/charge ratio of
vanadium(V) centers, they areusudly strong lewisac-
ids, which makes them suitablefor the activation of
peroxidic reagents*?- Accordingly, vanadium(V) com-
plexes have been found to act ascatal yst precursorsin
variousoxidation reactionslike epoxidation of dkenes
and allylic alcohols, oxidations of sulphides to
sul phoxidesand sulphones, hydroxylations of alkanes
and arenes, and oxidations of acohol .

Inthe present work we have used cis-dioxovana
dium(V) complex, cis-[VO,(L?)](4) asacatalyst for
sl ective oxidation of primary and secondary acohols
to thecorresponding a dehydes and ketones, inthe pres-
enceof hydrogen peroxide (H,0,) or t-butylhydroper-
oxide (t-BuOOH) as co-oxidants (TABLE 5). Slow
dropwise addition of 30% H,O, over 0.5 h to
dichloroethane sol ution containing the vanadium cata-
lyst (4) and diquat 336 (asaphasetransfere catalyst)
at 75°Cwith gtirringfor 2 h, p-methoxybenzyl acohol
was oxi dized selectively to the corresponding al dehyde
and high turnover was obtained (ca500), while half
turnover (~250) found for benzyl dcohol smilar tothat
found RuCl /H,0O, system™®!. Cyclohexanol wasalso
oxidized toto cyclohexanonewith turnover (220) higher
than that for ruthenium(l11)-bi pyridine complexesun-
der thesame condiitiong*?. No oxidation productswere

—= Fyll Poper

50—

Current / 1e-5A

Potential / V
Figure 2 : Cyclic voltammogram in MeCN with 0.1 M
(Bu",N)PF, scanrate 50 mVS*for; (a) [Fe(C.H,),]%*, (b) ~
102 M [VO(L3)(acad)] (5)
obtained in theabsence of Aliquat 336, suggesting that
the phasetransfere catalyst brings both the vanadium
catayst and H,O, into theorganiclayer wherereaction
occurs. Using t- BUOOH (2.5 M) in dry benzene as
co-oxidantinstead of H,O, and without the phasetrans-
fer catalyst, the oxidations were carried out at room
temperature. Primary alcohols were oxidized to the
corresponding aldehydes and secondary acohol to
ketone with high turnovers (120-300) as shown in
TABLE 5. Under smilar reaction conditionscarried out
abovefor alcohol oxidationswe have observed that
ruthenium(11/111) bipyridine complexes2 gave simi-
lar product yidldsand turnoverswhereit wassuggested
the oxoruthenium speciesof higher oxidation states(1V
or VI) aretheactiveintermediatesresponsiblefor the
catalytic oxidationsin the presence of t-BuOOH or
H,0, as co-oxidantgt 125253,

In the presence of excess peroxide, oxovana-
dium(IV) and cis-dioxovanadium(V) complexesare
converted to oxoperoxovanadium(V) complexeg32%054,
Wesuggest that oxidetion by our cis-dioxovanadium(V)
catalyst cis-[VO,L?] (4) inthe presence of H,0, or t-
BuOOH as co-oxidants proceeds viathe oxoperoxo-
vanadium intermediateinwhich V (V)/V (IV) species
occur. Vanadium monoperoxo complex canfunctionas
a‘catalytic pump’ for the generation of hydroxyl radi-
cal g%, These are very reactive and strong oxidants
speciesand promote other radical chains, e.g. by ab-
stracting an H atom from an organi ¢ substrate®®. The
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mechanism for the cata ytic oxidation of acohol by the
present cis-dioxo vanadium(V) catdyst (4) inthe pres-
ence of excessperoxide e.g. H,O, can be suggested™
asfollowsbel ow.
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