Available online at www.derpharmachemica.com

{“)g
.
*x pO\! 3

Scholars Research Library S

o

Scholars Research

Der Pharma Chemica, 2015, 7(1):184-190
(http://derpharmachemica.com/archive.html)

v

ISSN 0975-413X
CODEN (USA): PCHHAX

Synthesis and characterization of oxomolybdneum (Vand dioxomolybdenum
(VI) complexes with ONO donor hydrazone derived fron 2-benzimidazolyl
mercaptoaceto hydrazide and-hydroxy aromatic aldehyde

Vinayak M. N'", S. K. Patif, Pragasam A, P. N. Tallur* and R. D. NayaR
!Department of Chemistry, Govt. Arts & Science Ql|eKarwar, Karnataka, India

’Department of Chemistry, Basaveshwar EngineerinteGe, Bagalkot, Karnataka, India
3Department of Chemistry, R.T.S. College, Ranebemtamnataka, India

ABSTRACT

A few monomeric novel oxomolybdenum (V) and cisetimlybdenum (VI) complexes with 2-benzimidazolyl
mercaptoaceto hydrazone ligand ()tdf the general formula [MoO(LH)gland [MoO,(L).H,QO] respectively have
been synthesized and characterized by elementyses, molar conductance, magnetic susceptilsitldV-
Visible, Infrared,"H NMR and ESR spectral studies. The interpretatidranalytical data revealed that the
complexes have 1:1 metal to ligand ratio and tigarids exhibit two different types of coordinatia@ttprns. The
spectral data suggest that, the hydrazone ligands @& monobasic terdentate and exist in keto form i
oxomolybdenum (V) complexes whereas in dioxomatylmd€V1) complexes they act as dibasic terdentateexist

in enol form. ESR spectral data suggest that monicrmature of oxomolybdenum (V) complexes withodist
octahedral geometry. The thermal stabilities of tenplexes have been studied by TG and DTG teamiduine
kinetic parameters were calculated from the thermdetompositions of dioxomolybdenum (VI) complesasgu
Coat's—Redfern and MKN methods. The antibacterictivity studies have been under taken and resultes a
discussed.

Keywords: Oxomolybdenum (V), Terdentate hydrazone, monometiermal stabilities, Antibacterial activity

INTRODUCTION

Coordination chemistry of molybdenum still engagles attention, due to the chemistry of its oxidatitate,
coordination number, their impact on structurectigdty and because of the potential applicatiohsnolybdenum
compounds [1-6]. In second series of transitionatsetonly molybdenum represents a biometal, importar
microorganisms, plants and animals. Interest in ¢dhemistry of metallacyclic oxomolybdenum (V) andi)(
complexes grows continuously particularly due teirttpotential relevance as model systems for maylidh
enzymes [7-11]. In a number of enzymatic systeing observed that, the oxidation state of molyhda is
generally high usually +5 or +6. These high oximlaistates may confer properties upon the molybateprotein
complexes (enzymes) which may not have been appaegher from the study of the simple molybdenum
complexes or of other metalloenzymes. Among theybd#num complexesis-dioxomolybdenum (V1) complexes
have been extensively studied, particularly as radde the active sites of oxo-transfer molybdoenegrsuch as
sulfite and aldehyde oxidase, xanthine oxidasethva& dehydrogenase and nitrate reductase [124b43ddition to
these the variety of chemical reactions has begwrted to be catalysed by coordination compounds of
molybdenum [15,16]. Again, coordination chemistfynwlybdenum (VI) assumed special importance bezitus
relatively harmless to the environment [17] and ¢benplexes are of significant interest and attentiecause of
their biological activity including anticancer, drgcterial and antitumor properties [18-24]. Instltontext, the
coordination environment around the molybdenum kn the hydrazones and the increasing in biological
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applications of the complexes has intensified &er@st in this field. In continuation of our earligork [25,26], this
paper describes the synthesis and characterizatioromolybdenum (V) and dioxomolybdenum (VI) coexss
with tridentate ONO donor hydrazones derived frbm ¢ondensation of 2-benzimidazolyl mercaptoacgtivazide
and o-hydroxy aromatic aldehyde, } tStructure 1).

MATERIALS AND METHODS

The chemicals used for the synthesis of ligandscamtplexes were of reagent grade. Molybdenum aeestionate

is prepared using standard method. The molybdemdnchlorine contents in the complexes were detexchiny
using standard procedures [27]. Carbon, Hydrogeh Nitrogen were determined on Carlo Erba CHN aralyz
Conductance measurements were made usiffigML@olutions of complexes in DMF using Elico conduity
bridge type CM-82 provided with a cell having cedinstant 0.52 cthThe electronic spectra of complexes in DMF
were recorded on Hitachi 2001 spectrophotometerl@Rrepectra of the ligand and the complexes weterded in
KBr matrix using Perkin Elmer 783 model IR specteten in the range of 4000-200 ¢riMagnetic moments of
oxomolybdenum (V) complexes were measured withradgy balance using mercury tetrathiocyanatocaiea(th

as calibrant. The EPR spectra of oxomolybdenum ¢dnplexes at room temperature were recorded in the
polycrystalline form on Varian E-4X band EPR spephotometer using TCNE as the g-market.NMR spectra
were recorded in DMSO-d6 on a Brucker Avance-30€cspmeter using TMS as an internal standard. W& a
DTG were carried out for the representative comgdeon a Perkin Elmer analyzer in the range of reemperate
to about 80BC in N, atmosphere at a heating rate ofQL.0The kinetic parameters were computed from tkenthl
decomposition of dioxomolybdenum (VI) complexesusyng Coat’'s-Redfern and MKN methods. The ligarmis a
their complexes were screened for their in-vitrditetcterial activity against the pathogenic baet&almonella
ParatyphiandBacillus Cirroflagellosusy cup plate method.

Synthesis of ligands: a) Synthesis of 2-benzimiddgbmercaptoaceto hydrazide:

2-mercapto benzimidazole (18.7 g) was added withirgj to an absolute ethanolic solution (100 nmdntaining

sodium metal (2.8 g) and the resulting mercaptide wlowly treated with ethyl chloroacetate (35-4K). mhe

mixture was refluxed on a steam bath for about @ur fand filtered hot in a dry Buckner funnel. THeoaolic

solution was further concentrated to half of itggimal volume and added hydrazine hydrochloride % The

solution was refluxed for about 20 h on a stearh bat cooled in ice. The separated solid was dittewashed with
water and crystallized from alcohol.

b) Synthesis of 2-benzimidazolyl mercaptoaceto hydeone (LH,):

To an ethanolic solution of 2-benzimidazolyl mertomgeto hydrazide (0.1mol) was added o-hydroxynata
aldehyde (0.1mol) and the mixture was refluxed astemm bath for about 3 hours. The solution waerétl hot
from the suspended impurities, concentrated andedod@he separated solid was filtered, washed wilter and
crystallized from alcohol. The purity of the liganés checked by TLC (Yield 68-72%).

Synthesis of oxomolybdenum (V) complexesthe complex was prepared by adding a methanoliatien of
MoCls (0.01 mol) in small quantities with stirring tohat methanolic solution of the hydrazone ligand{0mol).
The pH of the mixture was adjusted to 4 with NaGAtOAc buffer and stirring was continued for 104b%. The
complex which separated out was suction filteredsived first with aqueous methanol and finally véther and
dried over ROq in vacuum (Yield 68-72%).

N H
\N/ILS—CHZ—(”:—NH—N=(|: R
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LH, Br H
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I. Structure of ONO donor hydrazone ligands (LH,)

185
www.scholarsresearchlibrary.com



Vinayak M. N. et al Der Pharma Chemica, 2015, 7 (1):184-190

Synthesis of dioxomolybdenum (V) complexedlolybdenum acetyl acetonate (0.01mol) was dissbivn ethanol
(O30 ml) in a beaker, to this hydrazone ligand (th6l) was added. The mixture was stirred on magrstiticer for
03 hours at room temperature and refluxed on amith for about an hour. The colored complex thiosined
was filtered, washed with ethanol and dried und&uum over anhydrous calcium chloride (Yield 68-70%

RESULTS AND DISCUSSION

Oxomolybdenum (V) and dioxomolybdenum (VI) complexe coloured, insoluble in common organic sokent
but soluble in DMF and DMSO and are stable towaadtsand moisture at room temperature. The molar
conductivity of the complexes in M DMF solution lies in the range of 2.9-9.4 mho’anol™”, these values are
much less than those expected for 1:1 electrobmeshence all the complexes are treated as notradiges [28].
Magnetic moments of the oxomolybdenum (V) complefeg1-1.78 BM) correspond to the spin only vallie’3
BM) expected for oxomolybdenum (V) complexes intiog the absence of any Mo-Mo interactions [29]eTh
interpretation of the analytical dat@iable.) reveal that the mononuclear complexes and ttendigcoordinates to
the molybdenum ion in 1:1 ratio, thus proposed fdem for oxomolybdenum (V) and dioxomolybdenum (VI)
complexes are [MoO(LH)G] and [MoQy(L).H,O] respectively.

Electronic spectraThe ligands show bands at 328-370, 301-332 and2288am. The spectra of oxomolybdenum
(V) complexes show moderately intense band in ¢iggon 365-390 nm which may be attributed ta)O6 d(Mo)
transitions. The band due to the transitf®y —%A; (dxy—d,p) is probably masked by the above band. The
complexes also exhibit two more bands, a mediugmsity band at ~ 490nm and 705-740 nm assigné@,te’B,
(Oyy—0Ox2-y2) and’B,—’E; (dyy —0xz d,;) transitions respectively indicate the presencarofinpaired electron in the
dy, orbital. No bands are observed above 980 nm andehihe possibility of tetrahedral structure camied out.
From the electronic spectra the complexes can heestt considered as octahedral [30] with stronpgenal
distortion resulting from the Mo=0O multiple bonch Hioxomolybdenum (VI) complexes the ligand bands a
shifted due metal charge transfer transition. Theeace of any bands in the visible beyond 425 rggesst that the
oxidation state of molybdenum there in is +6, whishfurther supported by the diamagnetic behaviouthe
complexes.

Table-1: Analytical and physical data of oxomolybdaum (V) and dioxomolybdenum (VI) complexes with hydazone ligands

o Complex formula Found (Calcd) % Molar

3 [Abgreviation] C H N Mo Cl conductance Igel\f;l

O Q'cn’mol? :

o, | MOO(CroHNOS)CH] 3868 | 2.61 | 11.32 | 16.23 | 14.39 6o 74

v | [MoO(L'H)Cl] (39.02) | (2.64) | (11.38) | (16.26) | (14.43) ' :

<. | MoO(CéHuN.O;SCICH | 3636 | 224 | 1060 | 1516 | 20.18 - L7

2 | [MoO(L’H)Cl] 36.47) | (2.28)| (10.64) | (15.19) | (20.23) ' :

| MoO(CHNO;SBICH | 3354 | 207 | 9.78 | 13.89 | 1236 o L

3 | [MoO(L*H)Cl] (33.63) | (2.10)| (9.81) | (14.01) | (12.43) : :

<. | MOO(C,HNOS)CH] 40.16 | 2.94 | 10.98 | 15.66 | 13.98 3 76

4 | [MoO(L*H)Cl] (40.32) | (2.96) | (11.07)| (15.81) | (14.03) : :

| MOO(C,H:NOS)CH] 38.60 | 2.82 | 10.64 | 15.25 | 1351 o6 74

5 | [MoO(L*H)Cl] (39.08) | (2.87)| (10.73)| (15.33)| (13.60) ' :
[MoOx(CreHuNOS)HRO] | 41.06 | 2.97 | 12.02 | 19.95 )

Co | [MoOLLYH,0] 40.44) | 3.01) | (11.94)| (20.37)| - 34 Diamag.
[M0Ox(CagH:N:O,SC)FeO] | 37.86 | 2.54 | 11.06 | 17.93 )

€ | [MoOA(L?) H,0] (38.06) | (2.58) | (11.10)| (18.02)] - 4.2 Diamag.
[M0OA(CieH:NsO,SBNHO] | 35.32 | 2.35 | 10.08 | 17.18 )

Cs | IMoOL(L?) H,0] 34.97) | (2.38) | (10.20)| (17.47)| - 2.9 Diamag.
[MoOA(CiHuNO,S) HO] | 41.97 | 3.29 | 11.46 | 19.72 )

Co | [MoOLLY H,0] 4215)| 3.31)| a157)| (19.82)| - 2.4 Diamag.
[M0Ox(CirH:N.OsS) FO] | 20.96 | 3.48 | 11.21 | 19.64 )

C10 | [MoOA(L%) H,0] 40.82) | (322 | 11.19)| (19.18)| - 35 Diamag.

IR spectra:The important infrared frequencies exhibited by fitee ligands and their complexes are listedable

2. The infrared spectra of hydrazones §) show bands in the regions 3215-3190, 3062-30251400-1678 cit
assigned ta(N-H) of hydrazidep(N-H) of imidazole moiety and(C=0) respectively. The bands duewi&€-0)
andv(C=N) are located in the regions 1510-1485 and 1BBI2 cni respectively. These ligands show a broad
band around 3410-3365 chuue to the intramolecular hydrogen bonded -OH. ligends exhibit two different
types of coordination pattern. In all the complexhe band due ta(OH) disappears indicating clearly the
involvement of oxygen of the phenolic group in alination after deprotonation. The shift of th@-O) to higher
frequency by 18-22 cthindicates the coordination of phenolic oxygenhe molybdenum ion. In oxomolybdenum
(V) complexes the band due #(NH) of hydrazide remain unaltered this suggest tlo@rdination of the ligand in
keto form. The intense ligand band in the regiohQt%485 crit shift to higher region ~18-22 ¢hthis supports the
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deprotonation of phenolic —OH on coordination witktal ion. Theo(C=0) andv(C=N) bands in the spectrum of
the ligand show a down field shift by 14-20 tim the spectra of the complexes indicating coartiam through
carbonyl oxygen and azomethine nitrogen respegtij@l]. The coordination of azomethine nitrogen rats
further supported by the shift of (N-N) vibration observed in the region 989-9757cin the ligands to higher
frequency by ~15-18 ctin the complexes this is due to the reductioroogl pair repulsion forces in the adjacent
nitrogen atoms. A very strong band observed inréigion of 954-940 crhin the spectra of oxomolybdenum (V)
complexes corresponds to Mo=0 stretching frequéBtly

In IR spectra of the dioxomolybdenum (VI) complexies bands due to(N-H) hydrazide and(C=0) disappear
due to enolization of the ligands followed by cdoedion of carboxyl oxygen to the metal ion via d&pnation, it

is further supported by the appearance of a new hasund 1616-1602 ¢hdue to >C=N-N=C<. The band due to
v(C=N) also suffers a negative shift by 16-20 cindicating the involvement of azomethine nitrogenthe
coordination. The complexes contain a medium irger®ad band around 3530-3475 cthave been assigned-
OH) of coordinated water, further confirmed by that studies. In the present dioxomolybdenum (Vinptexes
the acetyl acetonate groups are totally exchandeytsazone ligands that act as dibasic terdentates.complexes
with cis MoQ, moiety exhibit two strong bands at 980-935 and-868 cni" assignable to symmetry and
asymmetrioo(O=Mo=0) respectively [32,33].

In the far IR region the complexes show bands atobf2-538 and 432-414 chrare assigned to(Mo-O) and
v(Mo-N) modes respectively. Th&Mo-N) band is usually sharp and strong andfido-O) band is broad and
strong. Since a large dipole moment change is ragbin the vibrations of the Mo-O bond comparisomhiat of the
Mo-N bond. Hence it is expected that tH{#0-O) band should appear at a higher energy inpasison to that of
thev(Mo-N) band. The Mo-O bond length is usually shotten the Mo-N bond length and this also suppibws
occur of thev(Mo-O) band at a higher energy in comparison te tfidhev(Mo-N) band. In oxomolybdenum (V)
complexes the band around 328-315%@srassigned to thgMo-Cl) mode [33].

Table-2: Important IR frequencies of the hydrazondigands and their complexes

Ligand / Complex v(OH) phenolic v(C=0) ;)ig;]l:gh v(Mo-0) | v(Mo-N) | v(Mo=0)

f%ﬁH“N“OZS 3398 1684 | 1648

2
[MOO(C16H13N4OZS)C|2]
[MoO(LH)Cl] 1663 1630 541 426 948
[M0O(C16H12N4O.S)HO]
[MoO4(LY)H,0] 1628 539 432 972 868
f%,i,H“N“Ozsc' 3409 1678 1624

2
[MOO(C16H12N4OZSC|)CE|
[MoO(L2H)Cl] 1658 1608 533 419 954
[M0O2(C16H11N4O-SCI)H,O]
[MOOZ(LZ) H;0] 1610 542 427 965 873
e 3375 1697 | 1635

2
[MOO(CleH12N4OZSBr)Clz]
[MoO(L3H)Cl,] 1674 1618 552 430 945
[M0O2(C16H11N4O-SBr)H,O]
[MoO,(L®) H,0] 1616 547 422 978 89p
E},Z,HlﬁN“OZS 3368 1689 | 1628

2
[MOO(Cl7H15N4OZS)C|2]
[MoO(L*H)Cl,] 1666 1612 546 426 942
[M0O2(C17H14N402S) HO]
[MoO,(L*) H,0] 1612 538 418 938 87p
Eslﬁ':mN“oﬁ 3402 1672 | 1645
[MOO(C17H15N4O3S)C|2]
[MoO(L°H)Cl] 1656 1620 551 422 951
[MoO»(C17H14N405S) HO]
[MoO4(L%) H,0] 1622 540 428 966 864

M NMR spectra The '"H NMR spectrum the ligand ¢H,) shows a multiplet between 7.28-8.08 ppm due to
aromatic protons, singlet at 3.72 ppm due to »(iotons, singlet at 8.32 ppm is due to azomethim¢on. The
singlets at 12.03, 11.02 and 12.67 ppm are assitmgzhenolic —OH, -NH (hydrazine) and —NH (imidaol
respectively. In the dioxomolybdenum (VI) compleMdO,(L?).H,0] the signal of phenolic -OH has been
disappeared indicating the involvement of phenokggen in the coordinatiovia deprotonation. Further the proton
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singlet signal at 11.02 ppm due to -NH (hydraziseglso disappears confirms that ligand acts aasiiiterdentate
and exist in an enol form in the complex, whiclaliso supported by IR. The azomethine proton peakifted to

downfield to 8.64 ppm suggests that the involvenudrezomethine nitrogen to the metal ion. The midti signals

are observed between 7.26-8.02 ppm due to aroprations.

ESR spectra: The ESR spectrum of polycrystalline form of [Mo®)Cl,] complex is characterized by only a
single line with unresolved parallel and perpenldiccomponents. The ESR parameters were found tg be
1.9402, g=1.9052 and g=1.9197. The calculated,gvalue indicates that the complex is monomeric with
molybdenum in the pentavalent state [34-36].

Thermal studies:Thermal stabilities of the representative complefs®O(L*H)Cl;], [MoO,(LY)H,0] and
[MoO,(L%)H,0] were studied using TG in air at a heating rdté@8C per min in conjugation with DTG. The TG
and DTG curves of the complexes exhibit a plateéa®5°C indicating the absence of coordinated water bermot
solvent molecule. The complex [MoOf)Cl,] undergoes decompositions in three steps in betviemperature
range of 195-5AT as denoted by the DTG peaks at®®4210C and 468C. First mass loss of 7.07 (Calcd 7.12%)
corresponds to the elimination of one chlorine atdMonodentate ligand trans to oxo oxygen is wedddynd to
molybdenum and are known to undergo cleavage otinged37]. The second mass of 41.05% (41.87%)
corresponds to the loss of a part of the ligagHg50S, finally a mass loss has been ascribed to tidative
decomposition of the remaining part of the comptegive MoQ as the ultimate residue.

The dioxomolybdenum (VI) complexes undergo decoritiposin two steps Table 3) The complexes were stable
upto (1125°C, they registered the first decomposition betwidentemperature randé 30-185C, the weight loss in
the step corresponds to the loss of one mole afbwated water molecule. The second step of decsitipo occur
between the temperature ranges85-596C, the weight loss in this step corresponds toldlss of one mole of
ligand. Beyond 60t a plateau is obtained which indicates the foromatf stable molybdenum oxide (MgO
product.

Table-3: Thermal data for thermal decomposition ofdioxomolybdenum (VI) complexes

Weight loss (%) Residue (%)

Complex Decomposition temp. range (K) Peak temp (K)ecomposition produc MoOs;
Obs Calcd Obs| Calcd
1 395-460 416 1 mole 0 3.74 3.83
[MoOL).H0] 460-856 538 1 mole ligand 65.38 65.1329.92 | 30.60
[MoO,L%).H,0] 408-466 423 1 mole 4@ 3.66 3.60
466-868 554 1 mole ligand 68.06 67.2327.62| 28.76

The kinetic parameters such as activation enenglyopy of activation and Arrhenius factor were ciédted from
the thermal decomposition stages of dioxomolybde(uhi complexes (Table 4) using Coat’s-Redfern afidN
equations by graphical as well as least squareadeth each complex, the energy of activation vdawehe second
stage decomposition was found to be higher thasetlfar the first stage decomposition but the entiffactivation
values are in reverse manner, which indicatesthigatate of decomposition decreases in stepwistioaea [38].

Table-4: Kinetic parameters for the two stages ofttermal decomposition of dioxomolybdenum (V1) complees using Coat's-Redfern
(MKN) equation

Complex Decomposition stage  Energy of activation, E (kJ mol*) Arrhenius factor, A Entropy of activationAS

(sh (JK! mol?)
| 22.6374 117.7479 208
[MoOzLY).H,0] (22.6412) (67.3484) (-212)
A " 47.9465 22 o1y 10 ; T
(49.1466) 61 x10(17.66 x 10) (159)
18.9033 516
MoOAL® HO] I (19.0375) 36.4553 (22.7664) (222)
T L 295801 31.74 x 16 (24.41 x 10) -143
(50.8878) : ' (-147)

Antimicrobial activity: The ligands and their complexes were screenednfilbacterial activity againssalmonella
Paratyphiand Bacillus Cirroflagellosushy cup-plate method and the results obtained agsepted iriTable 5 It
evident from the bacterial screening data thatrém@hes are weakly active than complexes, ovenallligands and
the complexes are less active as compared to dmelastdContrimoxazoleused in the present studfyg.1). The
comparative study of the ligands and their compeawwealed that the oxo- complexes showed highasitgcthan
the dioxo-complexes. The low activity of dioxo-cdewes may be due to low lipid solubility, stericdan
pharmacokinetic factors which play vital roles gciling the potency of an antibacterial agent [39].
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Table -5: Antibacterial activity of the hydrazonesand their complexes
(zone of inhibition in mm)

Code Compound Antibacterial activity
S.p B.c
L, [ L', 14 13
C: | [MoO(L'H)CI,] 18 17
Cs | [MoOyLY.H,0] 16 15
L, | LH, 13 14
C; | [MoO(L*H)Cl,] 17 17
C; | [MoOyL?).H.0] 15 16
Ly | L°H, 14 13
C: | [MoO(L*H)Cl] 17 18
Cs | [M0OyL5.H.0] 16 15
Ls | L*H, 12 13
C, | [MoO(L*H)Cl,] 15 16
Cs | [MoOyL?).H,0] 14 15
Ls L°H, 13 14
Cs | [MoO(L°H)CI;] 17 18
Cic [MOOz(LS).HzO] 15 16
Cont | Contrimoxazole 29 32
32 -
g 28
=
= 24
-
.§ 20 -
s
= 16 -
£ 12 - "5.p
[ EB.c
o 8-
=}
N4
0 _
Il ¢ ¢ L2 C2 C7 13 C3 8 14 C4 (9 I3 C5 C10 Cont
Compounds

Fig.1. Antibacterial activity of hydrazones and thé complexes
CONCLUSION

On the basis of all the above analytical, speenal thermal studies, a distorted octahedral gegnitructure 1)
has been tentatively proposed for all the compleXés hydrazone ligand acts as monobasic tridemtateketo
form in oxomolybdenum complexes whereas in dioxgfmdénum complexes it acts as dibasic tridentatmianol
form. The results of antibacterial data show tha &ntibacterial activities of the ligands were arded on
complexation, but less active than the standard.usé observed that, oxo- complexes showed highgvity than
the dioxo-complexes.
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II. Proposed structures of oxomolybdenum (V) complees
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