Available online at www.der phar machemica.com

o>

*x D\

Scholars Research Library qu\a‘ma %_'I

Scholars Research _ 9“’ ;
Der Phar ma Chemica, 2012, 4(5):1812-1818 &
. (http://derpharmachemica.com/archive.html)
| =w=

| SSN 0975-413X
CODEN (USA): PCHHAX

Synthesis, spectral and antibacterial studies of oxomolybdenum (V) and
dioxomolybdenum (V1) complexes with 2-imidazolyl mer captoaceto
hydrazone

Sunilkumar K. Patil, Vinayak M. Naik?and Nirmalkumar B. Mallur®’

'p.G.Department of Chemistry, Karnatak Universithabvad — 580 003, Karnataka, India
Govt. Arts and Science College, Karwar -581301,résaka, India

ABSTRACT

Synthesis of new oxomolybdenum (V) and dioxomatyimlgVIl) complexes with  2-imidazolyl mercaptetac
hydrazone (LK structure I) derived from 2-imidazolyl mercaptess hydrazide and o-hydroxy aromatic aldehyde
are reported. The complexes have been characterigecelemental analysis, molar conductance, magnetic
susceptibility, IR, UV-vis, EPR antH NMR spectral studies. The physicochemical studies spectral data
indicate that LH acts as monovalent ONO donor containing chelatggnt, thus exists in keto form. From
analytical data the stoichiometry of the oxomolyhgta (V) and dioxomolybdenum (VI) complexes have foesmd

to be 1:1 (metal: ligand) ratio with the generalrfmula [MoO(LH)CL] and [MoO,(LH)CI] respectively.
Dioxomolybdenum (VI) complexes are diamagnetic,taionMoQ,”* species, where as oxomolybdenum (V)
complexes are paramagnetic and all the complexesnan-electrolytic nature. ESR spectral data sutgest
monomeric nature of oxomolybdenum (V) complexés distorted octahedral geometry. The thermal sitdsl of

the complexes have been studied by thermogravortetthniques. The hydrazones and oxomolybdenuran@/)
dioxomolybdenum (VI) complexes were screened feir ih vitro antibacterial activities against Salmella
paratyphi and Bacillus cirroflagellosus. Antibadtdr studies of the present complexes show that the
oxomolybdenum (V) complexes were more potent licidies than the ligand and the dioxomolybdenum (VI)
complexes.

Keywords: Dioxomolybdenum (VI), Spectral studies, Thermalbsides, Distorted octahedral, Antibacterial
activities.

INTRODUCTION

Molybdenum is a versatile transition metal withasgke number of stable and accessible oxidatiotesstdhe
oxidation states +4, +5 and +6 has received muemtidn recently. It has been shown that dioxomadérium (VI)
and oxomolybdenum (V) complexes are stable, wheogasnolybdenum (IV) complex is unstable, but stadie
vacuum condition. The higher oxidation states otyimdenum are dominated by complexes contain the and
dioxomolybdenum groups [1-3]. The coordination clemy of hexavalent molybdenum is dominated [4] by
complexes of coordination number 6. A substantizhber of complexes with Mo® core with six coordinated
octahedral structures are reported. Within the rsg:cgeries of transition metals only molybdenum espnts a
biometal important for microorganisms, plants anuirels.

Molybdenum is an essential component of the enzyitnegenase, vitamin, mineral supplements, andatofdor a
lot of enzymes involved in protein synthesis. Aigar of chemical reactions has been reported todtelysed by
coordination compounds of molybdenum [5-7]. The plaxes of molybdenum have also been studied asdelmo
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for molybdenum containing enzymes [8]. Studies omglexes of oxomolybdenum (V) and dioxomolybden) (
have opened up a new vista of research and analfiysischarted biochemical significance.

The increasing biological applications namely aitiobial, antifungal, antitubercular, antitumor igittes [9-10]
etc., of the complexes of transition metal with fagbnes have intensified interest in research aatytical studies
on the metallic complexes [11-13]. We report her¢he synthesis and characterisation of some nemplexes of
oxomolybdenum (V) and dioxomolybdenum (VI) withradéntate hydrazone derived from the condensatfa?r o
imidazolyl mercaptoaceto hydrazide and o-hydroxgnaatic aldehyde abbreviated as L Buring our investigation
various spectral (IR, UV-viSHNMR and EPR) methods have been used. The therahavipur and antibacterial
activities of the complexes have also been studied.

MATERIALSAND METHODS

All the chemicals used for the synthesis of ligardl complexes were of reagent grade. Methanol aptyla
acetonate were purified by standard methods. Maghdh pentachloride (Aldrich chemicals) is used and
molybdenum acetyl acetonate is prepared by litezanethod [14].

The metal content and chlorine in all the complewese determined by using standard procedures {i&ijbon,
Hydrogen and Nitrogen were determined on Carlo EZbHN analyser. Conductance measurements were made
using 10°M solutions of complexes in DMF using Elico condvuity bridge type CM-82 provided with a cell
having cell constant 0.52 ¢m The electronic spectra of complexes in DMF wegeorded on Hitachi 2001
spectrophotometer and IR spectra were recordedNioadet 170 SX FT-IR spectrophotometer in KBr p&lin the
range 4000-400 ci Magnetic moments of the complexes were measuiétaMaraday balance using mercury
(I tetrathiocyanatocobaltate (Il) as calibrantheT EPR spectra of oxomolybdenum (V) complexes aimro
temperature were recorded on Varian E-4X band ERRtsophotometer using TCNE as the g markdrNMR
spectra of dioxomolybdenum (VI) complexes were réed on a Bruker Avance 300 MHz spectrometer opeyat
at 300.13 MHz. Thermograms were recorded on a P&flkner analyser in Natmosphere at a heating rate of’C0
Antibacterial activities of the ligands (LHand their oxomolybdenum (V) and dioxomolybdenuf) complexes
along with the standard were carried out against fhathogenic bacteri&almonella paratyphiand Bacillus
cirroflagellosusby cup plate method.

Synthesis of 2-imidazolyl mer captoaceto hydrazone (LH,)

To an absolute ethanolic solution (100 ml) contagnsodium metal (2.8 g) was added with stirring &capto
imidazole (10 g) and the resulting mercaptide waw/ly treated with ethyl chloroacetate (30-40 nihe mixture
was refluxed on a steam bath for about an hourfitaced hot in a dry Buckner funnel. The alcohdimution was
concentrated to about 50% of its original volumed agpdrazine hydrate was added. The solution wdsxed for

about 20 h on a steam bath and cooled in ice. €parated solid was filtered, washed with water eydtallized
from alcohol (yield 72-74%). Further to an ethaodplution of 2-imidazolyl mercaptoaceto hydraz{@elmol),

salicylaldehyde / substituted salicylaldehyde (G@BOrwere added and the mixture was refluxed oreamtbath for
about 3h. The solution was filtered hot from thepgnded impurities, concentrated and cooled. Tparated solid
was filtered, washed with water and crystallizeatrfralcohol. The structure of the ligand is repnése as follows.

N
[\ :
S—CH,—C——NH—N—C Ry
N I
| o

H
HO
Ry
Ligand R1 R,
L'H, H H
L%H, OCH H
L3H, H CH

l. Structure of ligand (LH
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Synthesis of oxomolybdenum (V) complexes

The chloride complex was prepared by adding a metf@asolution of MoCG] (2mmol) in small quantities with
stirring to a hot methanolic solution of the liga¢@nmol) in methanol. The pH of the mixture wasustid to 4
with NaOAc / HOAc buffer and stirring was continuiat 10-15 min. The solid complex which separatet was

suction filtered, washed first with aqueous methama finally with ether and dried ovey®,, in vacuum.

Synthesis of dioxomolybdenum (V1) complexes

Molybdenum acetyl acetonate (0.01 mol) was disgbimeethanol (30-40 ml) was added. The mixture stésed
on magnetic stirrer for about three hours at roemperature and refluxed on a water bath for aboutoar. The
orange red coloured complex thus obtained wasditewashed several times with ethanol and driettuaacuum
over anhydrous Cagl

RESULTSAND DISCUSSION

All the metal complexes are coloured stable towaatisand moisture at room temperature. They ardigtigr
soluble in common organic solvents such as acetomeyoform and soluble in DMF and DMSO. The molar
conductivity of all the complexes in $® DMF solution lies in the range 2.9-6.2 mhoZmol™* indicating the non
electrolytic nature [16]. Magnetic moment of oxogimlenum (V) complexes (1.72-1.79BM) correspondshe
spin only value (1.73BM) expected for oxomolybden(vf) complexes indicating the absence of any Mo-Mo
interactions [17]. All the dioxomolybdenum (VI) cpexes are diamagnetic as expected for° &ystem. The
analytical data (Table.1) shows that all the comgdeare mononuclear and the ligand coordinatdsetonietal ion in
1:1 ratio thus proposed formulae for oxomolybden{y and dioxomolybdenum (VI) are [MoO(LH)g&land
[MoO,(LH)CI,] respectively.

Table 1: Results of chemical analysis, magnetic susceptibility and molar conductance data of theligandsand their oxomolybdenum (V)
and dioxomolybdenum (V1) complexes.

Molar conductanceg
(QcnPmol?)

Elemental analysis Found (Calcd%)
C H N Cl Mo
51.80 | 419 | 10.68
(5217)| (4.35) | (029)| - -
: 3200 | 233 | 12.86 | 14.94 | 20.09
MOOCLHCEL | 39 44y | (2.20) | (12.22)| (15.50) | (20.95) 1.72 54
: 3314 | 262 | 12.24 | 803 | 21.34
MOOALHCIT | 3584y | (250) | (12.77)| (8.09) | (21.88) - 6.2
50.02 | 451 | 18.92
(50.98) | (457) | 1830)| - - - -
3112 | 263 | 11.23 | 1415 | 19.12 79 2o
31.97)| (266) | (11.47)| (1455) | (19.66) : :
; 3296 | 273 | 1174 | 741 | 19.86
MOOALHCIT | 3530y | (2.77) | (11.95)| (7.58) | (20.48) - 47
53.06 | 4.70 | 18.91
(53.79)| (4.83) | (931)| - - - -
; 3264 | 261 | 11.43 | 1486 | 19.82
MOO(LH)CL] | 3305y | (275) | (11.86) | (15.04) | (20.32) 1.74 33
3392 | 2.76 | 1202 | 7.79 | 2091

(34.47) | (2.87) | (12.37)| (7.84) | (21.20) -

Ligand&Complex Magnetic Moment (BM)

L'*H,

L?H,

[MoO( L2H)Cl]

L3H,

51

[MoO( L3H)CI]

The important IR frequencies of ligand LENd its complexes are given in Table. 2 the IR&pef ligands show a
broad band around 3380-3345¢mue to the intramolecular hydrogen bonded —OH. ligaads show bands in the
regions 3200-3185, 3050-3030 and 1690-1665assigned ta(N-H) of hydrazidep(N-H) of imidazole moiety
andv(C=0) respectively. The bands duev@-0O) andv(C=N) are located in the regions 1520-1490 and 4640
1625cnt respectively. In oxomolybdenum (V) and dioxomolghdm (VI) complexes the band due wOH)
disappears indicating clearly the involvement ofgen of the phenolic group in coordination aftepm¢onation.
The band due to(NH) of hydrazide remain unaltered this suggest tioardination of the ligand in keto form. The
intense ligand band in the region 1520-149%ahift to higher region ~15-20¢hthis supports the deprotonation of
phenolic —OH on coordination with metal ion. THE€=0) andv(C=N) bands in the spectrum of the ligand show a
down field shift by 22-30cfhin the spectra of the complexes indicating coatim through carbonyl oxygen and
azomethine nitrogen respectively [18,19]. The comtibn of azomethine nitrogen atom is further sanpgd by the
shift of v(N-N) vibration observed in the region 996-985ctin the ligands to higher frequency by ~ 16-20dm
the complexes this is due to the reduction of Ipaie repulsion forces in the adjacent nitrogemet§20]. A very
strong band observed in the region of ~ 948-942imthe spectra of oxomolybdenum(V) complexes apoads

to Mo=0 stretching frequency [18], dioxomolybdeni)(complexes displays two Mo=0 stretching band948-
935cm" and 916-900cthdue to symmetric and antisymmetric stretchinghef ¢is-MoQ?* core [21]. The Mo@*
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prefers to form the cis configuration due to maximutilisation of the d groups. The new weak bands at 585-
560cm® and 474-465cth in the metal complexes have been assigned touth®-O) and v(Mo-N) modes
respectively.

Table2: Important IR spectral data of ligandsand their oxomolybdenum (V) and dioxomolybdenum (V1) complexes

; v(N-H) V(N-H) _ v(C=N) ) . i _ i i
Ligand/Complex imidazole | Hydrazine v(C=0) azomethine v(C-0O) Phenolic| v(N-N) | v(M=0) | v (M-O) | v(M-N)
R 3032 3192 1686 1638 1508 987 - - -
[MoO(L'H)Cl] | 3031 3196 1658 1613 1526 1006 944 57¢ 473
[MoO(L'H)Cl | 3035 3194 1662 1617 1524 1007 ooz 582 468
H, 3048 3180 1679 1627 1503 99§ - - -
[MoO(L?H)Cl] | 3051 3185 1654 1605 1520 1014 946 569 a7
[MoO(L2H)C] | 3047 3182 1651 1603 1522 1017 ggz 571 466
U, 3034 3185 1672 1631 1494 992 - - -
[MoO(L°H)CL] | 3031 3188 1652 1613 1509 1000 942 58] 470
[MoO(L*H)Cl] | 3036 3190 1648 1618 1512 1012 o3 575 473

Electronic spectra of the tridentate ONO donor hydne ligand and the oxomolybdenum (V) complexesrewe
recorded in DMF. All the oxomolybdenum (V) complex&how moderately intense band in the region 35438
which may be attributed to @ — d(Mo) transitions. The band due to the transitiBa — %A, (dyy —d,) is
probably masked by the above bands. The complest@bietwo more bands, a medium intensity band485nm
and 715-750nm assigned 1B, — °B; (dy —0k. y2) and’B, — °E; (dy, —d,,  dy,) transitions respectively (an
unpaired electron is in theydorbital). The electronic spectra thus indicateabetral environment for all the
complexes [22]. No bands are observed above 10@Owahinence the possibility of tetrahedral structane be ruled
out. The complexes can be at best considered abeamtral with strong tetragonal distortion resultingm the
Mo=0 multiple bond.

In electronic spectra of dioxomolybdenum(VI) comyas three bands observed in the region 290-425andwe to
metal charge transfer transition the absence oflmmds in the visible region beyond 430nm sugdest the
oxidation state of molybdenum there in is +6 whishalso supported by the diamagnetic behaviourhef t
complexes.

The X-band ESR spectrum of [Md@H)Cl,] has been recorded in the polycrystalline forntaim temperature
using DPPH free radical as the g marker. The spec{Fig.1) is characterised only a single line witiresolved
parallel and perpendicular components. The absorgti ~3350 G is characteristic of Mepecies and the absence
of any half field signal at ~1500 G rules out angtat-metal interaction in the complex. The ESR peters (Table
3) were found to be;g1.9428 g=1.9072 and g=1.9191. The calculated,gvalue indicates that the complex is
monomeric with molybdenum in the pentavalent st2s.

32‘00 33‘00 34‘00 35‘00 3(;00
Applied magnetic field (G)
Fig.1: ESR spectrum of [Mo(L*H)Cl,]

'H NMR spectral data of the ligandH, and its dioxomolybdenum (VI) complex is preserited@able 3.*H NMR
spectrum of the ligand'H, shows a multiplet between 7.32-8.02ppm duedamatic protons. Singlet at 3.68ppm
due to —CH- protons, singlet at 8.36ppm due to azomethintoprdhe singlets at 12.04, 11.02 and 12.76ppm are
assigned to phenolic —OH, —NH (hydrazine) and —Mtidazole) respectively. But in the case of dioxdyhdenum

(VI) complexes the signal of phenolic —OH has bésappeared indicating the involvement phenolicg@xyin the
coordination via deprotonation. The singletd8t36 observed in the spectrum of ligand shows déeld shift
indicating nitrogen of azomethine group in compkex8ignal due to —NH(hydrazine) &1.02 in the free ligand,
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appears almost same region in the complexes. Resdrthis signal in the complex indicates thaatig exists in

the keto form.

Table3: ESR and *H NMR spectral data

ESR spectral datg 'H NMR spectral data
of [MoO(L'H)Cl] L'H, [MoO,(L*H)CI] | Assignment
7.32-8.02m 7.26-8.01m Aromatic protons
9 1.9428 3.68s 4.22s -CHprotons
1.9072 8.36s 8.62s -N=CH azomethine protpn
9 ) 11.02s 11.01s -NH hydrazine proton
12.04s _ -OH proton(phenolic)
Gav 1.9191 12.76s 12.75s -NH imidazole proton

Thermal decomposition behaviour of the complexesQYL'H)Cl,] and [MoQL?H)CI] were studied using TG
and DTG technigues by heating in air at a rate df0°C per min. The TG and DTG curves of the complefég. (
2 & 3) exhibit a plateau up to 22Q indicating the absence of coordinated water lersolvent molecules and also
that the complexes are stable up to this temperaliie complex [MoO(H)CL] is stable still 21°C with total
decomposition of the complex at 58D in three stages as denoted by the DTG peaks5dC2308°C and 472C.
First mass loss of 7.68% (Calcd 7.73%) correspandbe elimination of one chlorine atom. Monodeathgand
trans to oxo oxygen is weakly bound to molybdenurd are known to undergo cleavage on heating [28& T
second mass of 35.98% (Calcd 36.81%) corresponitie toss of a part of the ligandksN;OS, finally a mass loss
has been ascribed to the oxidative decompositidgheofemaining part of the complex to give Mo the ultimate

residue.

Mass.mg

1.0 ~

0.5

0.0

[~ 0.000

[--0.002

--0.004

--0.006

[--0.008

Deriv. mass (mg / °C)

I--0.010

+~-0.012

-0.014

T
100

T
200

300

400

T
500

600

Temperature.uc

Fig.2 TG and DTG curvesof [MoO(L*H)Cl,]

The decomposition of the complex [Mg@?H)CI] occured in three stages as indicated by th&Peaks at 29%C
and 424°C and 752C. The first decomposition starts at ~28D and ended at 34C. The mass loss of 32.68%
(Calcd 33.23%) corresponds to the loss~od.5mole of the ligand. The second stage was moneplicated it
ranged from  340-53%C. The weight loss in this stage was 58.27% (C&Rd8%). The weight of the sample at
535°C was consistent with the formation of Mp@@'he sample shows another weight loss in the neg85-770°C.
The weight loss of the sample at 7% was less then that expected if Mo@as formed this may be due to the
volatilisation of MoQ above  688C?°

Mass.mg

35

0.000

3.0 H

2.5

204

1.0 4

0.5+

0.0

|--0.002

\ [--0.004

}--0.006

|- -0.008

Deriv. mass (mg / °C)

-0.010

I--0.012

-0.014

T
100

T T T
200 300

T T T
400 500 600

Temperature, 'C

T T
700 800

Fig.3 TG and DTG curvesof [MoOy(L?H)Cl]
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Antibacterial activity:

The ligands and their complexes were screenedrfiilvacterial activity agains$almonella paratyphandBacillus
cirroflagellosusand the results obtained are presented in Tableedident from the bacterial screening data that,
hydrazones are weakly active than complexes, dyéhalligands and the complexes are less activeapared to
the standard contrimoxazole used in the presenystlihe antibacterial studies reveal that oxomotyhdn (V)
complexes show higher activity than the dioxomobngm (VI) complexes (Fig. 4). The antibacteriahatt of the
complexes may result from various modes by whigs¢hantibacterials act on bacteria. It may be duadtors
such as inhibition of cell wall formation leadinglysis, damage of the cell wall leading to lossel contents and
hence to a cell death, inhibition of protein praditut and there by arresting bacterial growth ardhition of the
production of nucleic acids, thereby preventingtbaal production. Metal chelates have simultangopslar and
non-polar properties; this makes them suitablepfenmeation in to cells and tissues. Changing hyuliofy and
lipophilicity probably leads to a reduction of thelubility and permeability barriers of cells, whim turn enhances
the bioavailability of chemotherapeutics on the diaad and their potentiality on the otffefThe low activity of
dioxo-complexes may be due to low lipid solubilisteric and pharmacokinetic factors which play Ivitdes in
deciding the potency of an antibacterial agent.

Table4: Antimicrobial activity of the ligands and their oxomolybdenum (V) and dioxomolybdenum (VI) complexes
(Zone of inhibition in mm)

SINo Compound Antibacterial activity

S.p B.c

1 L'H, 12 11

2 [MoO(L'H)Cl] 20 21

3 [MoOy(L’H)CI] 16 15

4 L’H, 13 12

5 [MoO(L*H)Cl] 23 22

6 [MoOx(L?H)CI] 15 17

7 L°H, 11 14

8 [MoO(L*H)Cl,] 23 24

9 [MoO,(L*H)CI] 18 16

10 Contrimoxazole| 30 28

S.p=Salmonella paratyphi B.c=Bacillus cirroflagellosus

ESp EBc

ZONE OF INHIBITION IN mm

COMPOUNDS

Fig.4 Antibacterial activity of ligands and their complexes
CONCLUSION

The spectroscopic, analytical and thermal dataicatds that the molybdenum exist in a distortechlvedral
environment with the ligand as a monovalent tridentchelating agent (Structure 11). The resultanfibacterial
studies revealed that the oxomolybdenum compléexew siigher activity than the ligand and the dioxdyhdenum
complexes.
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I1. Proposed structures of (a) oxomolybdenum (V) (b) dioxomolybdenum (V1) complexes.
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