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ABSTRACT

Synthesis of cis-dichloro/dibromodioxidobis(2-arrsubstitutedbenzothiazole) molybdenum(VI) comeplexave been
carried out by the reaction of ether extract of M@(where X = Cl, Br) with ethanolic solution of 2-Hpa-R-
benzothiazole (where R = NOCHs;, OCH;, OGHs) in 1:2 molar ratio. The newly synthesized comptsuwere
characterized by their elemental analysis and gpéstudiessuch as IR'H and**C{*H} NMR spectroscopy shows
monodentate nature of benzothiazole ligands. Distboctahedral geometry around the central molybdemtom
in these cis-dichloro/dibromodioxidobis(2-aminodbstitutedbenzothiazole) molybdenum(VI) complegsstieen observed.
The synthesized complexes were also screeneddiorathtibacterial, antifungal, anti-inflammatorynéulcer and
antitumor activities using standard methods.

Keywords 2-Amino-6-substitutedbenzothiazole; Antimicrobiattigity; Anti-inflammatory activity; Antiulcer
activity; Antitumor activity.

INTRODUCTION

It was recently found that the medicinal uses apglieations of metal complexes increase their chhiand
commercial importance. Dihalodioxidomolybdenum(Mipmplexes have been attracted special attention of
chemists due to their role on the higher valentyimdénum enzymes such as sulfite oxidase, nitratectase,
xanthine oxidase and xanthine dehydrogenase irogiiml processes believed to have a [M@Dcore [1,2].
Heterocyclic compounds find important place in negdil field. The activities of many enzymes depemdthe
interaction of thiazole group with a metal ion. Bethiazole derivatives [3,4] are the most usefukelreeyclic
compounds show activity as potential anticancemegeCompounds containing benzothiazole moiety Haeen
found useful in many biological activities such @genyl-substituted benzothiazole show antitumoiviagt[5-7],
condensed pyrimidobenzothiazoles and benzothiaalagolines exhibit antiviral activity [8], substied 6-nitro
and 6-aminobenzothiazoles exert antimicrobial &@gtif9-12], bis-substituted amidinobenzothiazolesrabnstrate
anti-HIV activity [13]. Similarly role of benzothimle derivatives have been observed in many otiwodical
activities such as antileishmanial [14,1&jticonvulsant [16], anthelminitic [1@hd anti-inflammatory [18].
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2-Amino-6-substituted benzothiazoles have threedinating centers (endocyclic N, S and Ngtoup) and metal
may coordinate to one or more atoms. In most ofctises, metal coordinates to endocyclic N [19-Bidwever,
there are few examples reported in the literatuneres metal coordinate to endocyclic S [25-2@ng with NH
group [30-32]. Single crystal X-ray diffraction gfas reveal that metal is only coordinated to egddc N [33-42].
The present work deals with the synthetic and ctaraation aspects a@is-dichloro/dibromodioxidobis(2-amino-
6-substituted benzothiazole)molybdenum(VI) compsexXxEhese compounds were tested for AST (Antimiaiobi
Susceptibility Test) againsBtaphylococcus aureufMTCC-96), Pseudomonas aeruginos@MTCC-741) and
Klebsiela pneumoniaéMTCC-109) using disc diffusion method [43]. Antifgal activity of these compounds was
tested agains@spergillus flavusand Aspergillus Nigerusing agar diffusion method [44]. The anti-inflamtory
activity (% inhibition) of the given samples wasafwatedin-vivo using carrageenan-induced paw edema
bioassay method in rats [45] and for antiulcer wtyi Sprague-Dawley rats were procured using
Ranitidine, Aspirin and Ethanol as standard [4Bhe synthesized compounds were studied ifievitro
antitumor screening by multidrug resistance ontilmman breast cancer cell line (MCF-7) and mammanger cell
line (EVSA-7) and cell count was measured by MT3agg47].

MATERIALS AND METHODS

3.1 Chemistry

All synthetic work was carried out under strictiyhgydrous conditions. N&00O,.2H,O was procured commercially
from E. Merck and 2-amino-6-substituted benzotHiezgnitro, methyl, methoxy and ethoxy) were pusgthfrom
Sigma-Aldrich. All solvents (ethanol and diethyhet) were dried by standard methods before useylddehum
was estimated by precipitation as molybdenum oginslioO,(CoHsON),. Chloride and bromide were determined
volumetrically by Volhard's method. Infrared spactwere recorded as nujol mulls between Csl disc®ernkin-
Elmer 983 G spectrometer over the range of 4000et8band in the range 4000-350 ¢ron ABBomem FTLA-
2000 spectrometena, in cm?) using KBr pellets'H and**C{*H} NMR spectra were recorded in DMS®uking
TMS as an internal standard at 400 MHz on a Brékemce Il Spectrometer.

3.1.1 General procedure for the synthesis ofcis-dichloro/dibromodioxidobis(2-amino-6-substituted
benzothiazole) molybdenum(VI) complexes
Cis-dichloro/dibromodioxidobis(2-amino-6-substitutedtmthiazole)molybdenum(VI) complexes (3a-3h) weratisgsized by
the reaction of ether extract of M@} (1a-1h) [48](where X=CI, Br) with ethanolic solution of 2-NH-R-
benzothiazole (2a-2h) (where R=p@H;, OCH;, OGHs) in 1:2 molar ratiqScheme 1) These complexes (3a-3h)
are yellow or greenish yellow solids.

MoO,X;, + 2(2-NH-6-R-benzothiazole) 5  Me(2-NH,-6-R-benzothiazolg)

(1a-1h) (2a-2h) (3a-3h)
Substituent a b c d e f g h
X Cl Br Cl Br Cl Br Cl Br

R NO, | NO, | CH; | CH; | OCH; | OCH; | OGHs | OGHs

Schemel. Synthesis ofisdichloro/dibromodioxidobis(2-amino-6-substitutedkethiazole) molybdenum(VI)
complexes (3a-3h).

Spectral and microanalysis data of (3a-3h):

Synthesis ofcis-dichlorodioxido(2-amino-6-nitrobenzothiazole)molyldenum(VI)complex(3a):
cis-dichlorodioxidobis(2-amino-6-nitrobenzothiazole)ylmdenum(VIl)complex was synthesized on adding
ethanolic solution of NgC;HsN,S (0.2024 g, 1.03 mmol) to ether extract of MG (0.1031 g, 0.52 mmol) in 2:1
molar ratios. Yellow coloured precipitate was fodriemmediately on stirring the reaction mixture. &mn was
stirred for 3 hrs. Yellow precipitate was filterashd washed with dried ether. Precipitate was dimedacuum.
Yield: 0.24 g, 82 % Yellow solid, mp 208C. Anal. Calcd. for GH;oNgOsS,Cl.Mo: C, 28.54; H, 1.71; N, 14.26;
Mo, 16.28. Found: C, 28.34; H, 1.67; N, 14.20; NI6,12. IRvyax in cm* (KBr): 3324, 3226 (N-H stret.), 1536 (N-
H bend.), 1665 (C=N), 1104 (C-N), 654 (C-S), 9623 4Mo=0), 385 and 340 (Mo-CI}H NMR (400 MHz;
DMSO0, 3), 8.39 (s, 2H?H), 8.02 (d, 2H"H), 7.34 (d, 2H®H), 10.12 (bs, 4H, Nb; *C NMR (400 MHz; DMSO,
0), 117.72-140.17 (aromatic ring carbons), 167.63NIC

348

www.scholarsresearchlibrary.com



Keerti Saraswatiet al Der Pharma Chemica, 2013, 5 (4):347-356

Synthesis ofcis-dibromodioxidobis(2-amino-6-nitrobenzothiazole)moybdenum(VI)complex(3b):

Method as above gave 3b. Yield: 0.30 g, 87¥éllow solid, mp 126C. Anal. Calcd. for GH:oNgOsS,Br.Mo: C,
24.80; H, 1.49; N, 12.39; Mo, 14.15. Found: C, 241, 1.57; N, 12.48; Mo, 14.44. IR in cm® (nujol mulls):
3305, 3291 (N-H stret.), 1513 (N-H bend.), 1638 {=1131 (C-N), 666 (C-S), 958, 917 (Mo=GH NMR (400
MHz; DMSO, &), 8.86 (s, 2H?H), 8.26 (d, 2HPH), 7.69 (d, 2H’H), 10.16 (bs, 4H, NbJ; **C NMR (400 MHz;
DMSO, ), 114.84-143.28 (aromatic ring carbons), 170.84NC

Synthesis ofcis-dichlorodioxidobis(2-amino-6-methylbenzothiazole)rmlybdenum(VI)complex(3c):

Method as above gave 3c. Yield: 0.23 g, 85L%ht yellow solid, mp 22fC. Anal. Calcd. for GH:sN4O.S,Cl,Mo:

C, 36.45; H, 3.06; N, 10.63; Mo, 18.19. Found: 6.43; H, 3.02; N, 10.61; Mo, 18.15. IR.xin cm® (KBr): 3342,
3270 (N-H stret.), 1589 (N-H bend.), 1657 (C=N)P31C-N), 677 (C-S), 951, 917 (Mo=0), 398 and 3¥0-ClI).

'H NMR (400 MHz; DMSO03J), 7.43 (s, 2H%H), 7.31(d, 2HPH), 7.09 (d, 2H®H), 2.30 (s, 6H, Ck); 9.04 (bs, 4H,
NH,); **C NMR (400 MHz; DMSO$), 20.69 (CH), 114.72-140.17 (aromatic ring carbons), 167.63NC

Synthesis ofcis-dibromodioxido(2-amino-6-methylbenzothiazole)molylbenum(VI)complex(3d):

Method as above gave 3d. Yield: 0.19 g, 87 %ght yellow solid, mp 12%. Anal. Calcd. for
C16H16N4O,S,BroMo: C, 31.19; H, 2.62; N, 9.09; Mo, 15.57. Found:30.84; H, 2.79; N, 8.95; Mo, 15.67. 1Ry

in cm® (nujol mulls): 3305, 3293 (N-H stret.), 1580 (Nb¢nd.), 1638 (C=N), 1153 (C-N), 672 (C-S), 940, 900
(Mo=0).*H NMR (400 MHz; DMSOJ), 7.43 (s, 2H%H), 7.31(d, 2HPH), 7.09 (d, 2H°H), 2.32 (s, 6H, Ck); 9.08
(bs, 4H, NH); **C NMR (400 MHz; DMSO,3), 20.69 (CH), 114.72-140.17 (aromatic ring carbons), 167.63
(C=N).

Synthesis ofcis-dichlorodioxido(2-amino-6-methoxybenzothiazole)mglbdenum(VI)complex(3e):

Method as above gave 3e. Yield: 0.23 g, 82 @Greenish yellow solid, mp 220. Anal. Calcd. for
C16H16N4O4S,Clo,Mo: C, 34.36; H, 2.88; N, 10.02; Mo, 17.15. Fouig:34.65; H, 2.94; N, 9.87; Mo, 17.34. 1Ry

in cm* (KBr): 3333, 3277 (N-H stret.), 1555 (N-H bend.§52 (C=N), 1180 (C-N), 666 (C-S), 958, 916 (Mo=0).
'H NMR (400 MHz; DMS0), 7.39 (s, 2HH), 7.27 (d, 2HPH), 6.90 (d, 2HH), 3.74 (s, 6H, OCH}, 9.65 (bs,
4H, NH,); *°C NMR (400 MHz; DMSOJ), 56.32 (OCH), 106.54-156.29 (aromatic ring carbons), 167.94NLC

Synthesis ofcis-dibromodioxidobis(2-amino-6-methoxybenzothiazole)mlybdenum(VI)

complex (3f):

Method as above gave 3f. Yield: 0.28 g, 85 %reenish yellow solid, mp 230. Anal. Calcd. for
Ci1eH16N404SBroMo: C, 29.65; H, 2.49; N, 8.64; Mo, 14.80. Found:20.77; H, 2.43; N, 8.86; Mo, 14.78. 1Ry

in cm® (nujol mulls): 3350, 3291 (N-H stret.), 1583 (Nb¢nd.), 1652 (C=N), 1180 (C-N), 680 (C-S), 940, 904
(Mo=0).*H NMR (400 MHz; DMS0J), 7.37 (d, 4H%H & °H), 6.80 (d, 2HH), 3.74 (s, 6H, OCH), 9.46 (bs, 4H,
NH,); **C NMR (400 MHz; DMSOp), 55.51 (OCH), 106.65-156.27 (aromatic ring carbons), 167.82NC

Synthesis ofcis-dichlorodioxidobis(2-amino-6-ethoxybenzothiazole)mlybdenum(VI) complex (3g):

Method as above gave 3g. Yield: 0.37 g, 84 @Greenish yellow solid, mp 180. Anal. Calcd. for
C1sH20N4O4S,Clb,Mo: C, 36.81; H, 3.43; N, 9.54; Mo, 16.33. Found:3Z.08; H, 3.34; N, 9.32; Mo, 16.60. iRy

in cm* (KBr): 3350, 3291 (N-H stret.), 1569 (N-H bend.52 (C=N), 1111(C-N), 666 (C-S), 944, 902 (Mo=0).
'H NMR (400 MHz; DMS0J) 1.28 (t, 6H, CH), 3.91 (q, 4H, OCH), 8.06 (s, 2HH), 7.06 (d, 2H"H), 6.74 (d,
2H, °H), 9.45 (bs, 4H, Nb).

Synthesis ofcis-dibromodioxidobis(2-amino-6-ethoxybenzothiazole)mighdenum(VI) complex (3h):

Method as above gave 3h. Yield: 0.25 g, 82 @reenish yellow solid, mp 190. Anal. Calc. for
C1sH20N404S:BroMo: C, 31.97; H, 2.98; N, 8.28; Mo, 14.19. Found:32.24; H, 3.06; N, 8.40; Mo, 14.11. 1R«

in cm* (nujol mulls): 3304, 3277 (N-H stret.), 1592 (N&¢nd.), 1638 (C=N), 1124 (C-N), 625 (C-S), 982, 947
(Mo=0).*H NMR (400 MHz; DMSO) 1.29 (t, 6H, CH), 3.80 (q, 4H, OCh), 8.10 (s, 2H?H), 7.08 (d, 2H"H),
6.78 (d, 2H/H), 9.43 (bs, 4H, Nb).
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3.1.2 BIOLOGICAL SECTION

Biomedicinal Assay ofcis-dichloro/dibromodioxidobis(2-amino-6-substituted be&zothiazole)molybdenum(VI)
complexes

Antimicrobial activity

All the synthesized compounds were tested for thefibacterial activity against various bactetiactobacillus sp.,
Pseudomonas aeruginosa, Staphylococcus aureus,oddiccusleutius, Kocuria roseand antifungal activity
againstAspergillus Niger and Aspergillus candidusing paper disc method. Muller Hinton Agar (Hi-NeedPvt.
Ltd. Mumbai, India) was used to culture the testtbaa and Potato Dextrose Agar was used to cufturgi. The
microbial culture were grown at 370C for 8 hourd #men appropriately diluted with sterile

0.8% saline solution. The concentration of testgdrwas kept 20Qg/mL in DMF. Standard drugs Novobiocine,
Gentamycin, Kanamycin, Amikacin (for antibacteriafd Ampicilline (for

antifungal) were used for comparison. The antinbi@bactivity was evaluated by measuring the

zone of growth inhibition around disc of test origam

Antibacterial Screening

Antibacterial activity of these compounds was deteed by disc diffusion method [43]. All the synsiwed
compounds were screened for antibacterial actaifginst S aureus, P. aeruginosa and K. pneumonibethis
technique, the filter paper (Whatman No. 1) stedikcs of 5 mm diameter, impregnated with the ¢eshpounds
(10 ug/ml of ethanol) were placed on the nutrient adarepat 37C for 24 hrs. The inhibition zones around the dried
impregnated discs were measured after 24 hrs. Giivtya was classifieds as ‘highly active' (diametel4 mm);
"moderately active" (diameter=10-14 mm) and 'slglctive' (diameter=6-10). The diameter less thanm was
regarded as inactive.

Antifungal screening

Antifungal activity of these compounds was testgdafar diffusion method [44] using four concentras of the
test compound, via, 10, 20, 50 and 38§ml; againstAspergillus flavus and Aspergillus Niggdne ml of each
compound was poured into a Petri dish having al20025 ml of molten potato dextrose agar medium.thes
medium gets solidify, Petri dishes were inoculategarately with the fungal isolates and kept 4C2f@r 96 hrs.
All the values (% inhibition) were recorded. The i#hibition of these compounds was calculated byngisi
following mathematical equation.

Percent (%) Inhibition = C-T/C X 100;
Where: C = Diameter of fungus in control, T = Didereof fungus in test compound.

Anti-inflammatory screening

The anti-inflammatory activity (% inhibition) of éhgiven samples was evaluateevivo using carrageenan-induced
paw edema bioassay method in rats [46]. The % itidnibvalues were determined for each samples ushenyl
butanone as a reference standard drug. The frpsbhared suspension of carrageenan (0.2 ml, 1.@8% saline)
was injected subcutaneously into the planter apmséiof the hind paw of the rats of both genderalé/female)
of about 120-140 g of body weight. One group oéfrats was kept as a control and the animals @ratoup of
five each were penetrated with the test compouindsngorally 30 min before the carrageenan injectibine paw
volume was measured by a water plethysmometer|saitctiee time of treatment and then at an inteofaine hour
for four hour. The mean increase of paw volumeaahdime interval was compared with that of congna@ups and
% anti-inflammatory values was calculated as givelow.

% anti-inflammatory = (1-DT/DC) X 100

Here
DT- volume of paw edema in drug treated, DC- volwhpaw edema in drug control

Anti-Ulcer screening

Aspirin (ASP) Induced Ulcers:-Aspirin in dose of 200mg/ kg (20mg/ml) was admiaisd to the animals on the
day of the experiment and ulcers were scored &fterhrs. The animals were sacrificed and the stdmnveas then
excised and cut along the greater curvature, washegfully with 5 ml of 0.9% NaCl and ulcers wesmed by a
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person unaware by the experimental protocol irgthadular portion of the stomach. Ulcer index wakulated by
adding the total number of ulcers/ stomach and t&eerity of ulcers/stomach. The pooled group ugmore was
then calculated by reported method [47].

Ethanol (EtOH) induced Ulcers:-The gastric ulcers were induced in rats by adnenisg ethanol (1ml/200gm/kg
for 1 hr) and the animals were sacrificed by cevidislocation and the stomach was incised alomrggiteater
curvature and examined for ulcers. The ulcer index scored, based upon the product of length adthwif the

ulcers present in the glandular portion of the stom(mni/rats).

Antitumor screening

This method was carried out to estimate the effétést compound on the growth of tumor cells. Tibhenan breast
cancer cells lines (MCF-7) were employed. The huimaast cancer cell line (MCF-7) and mammary caocedr
line (EVSA-7), were co-incubated with the test campds at Jug/ml doses for 96 hrs and the cell growth count
was measured by MTT assay [45he basic principle involved in this assay depepds the reduction of tetrazoleum
salt. The yellow colored tetrazoleum MTT, [3-(dimethyithiazol-2-yl)-2,5,-diphenyitetrazoleumbromlidis reduced by
metabolically active cells in part by the actiondghydrogenase enzymes to generate reducing eguisauch as
NADH and NADPH. The resulting intra cellular purpleolour zones was solubilized and quantified by
spectrophotometer method. The MTT was dissolve®BE (Phosphate Buffer Saline) at a concentratio® of
mg/ml. Then 5Qul of the MTT solution was added to each well of #&well culture plate, containing the 10D
culture along with test compound and incubated&E 3or 4 hrs. The medium was then removed carefuitiiout
disturbing the purple colored crystals. Then, 5S®idimethylsulfoxide (DMSO) was added to each vaeitl mixed
thoroughly to dissolve the crystals. The platesewben read on ELISA plate reader at a waveleng#Y® nm. The
readings were presented as optical density/celitcou

RESULT AND DISCUSSIONS

The elements (C, H and N) found for all the molactibrmulas (3a-3h) were in close agreement withcddculated
one. The relevant assignments of the IR bands be&e made on the basis of compariswitk the spectra of the 2-
amino-6-nitrobenzothiazole [49] and the ether esttrd the MoQX, [48]. The IR spectra of (3a-3h) exhibit strong
broad absorption bands due to asymmetric and syrioél stretching vibrations in the region 3350-338r" and
3293-3226 cril respectively. A sharp absorption band for NH begdiibrations appears in the range 1592-1513
cm’. Strong bands for(C=N) and weak bands for |(C-N) were observed in the region 1665-1638'and 1180-
1103 cn, respectively [S0Medium intensity bands faf{C-S) were seen in the region 680-625"csnggesting the
presence of benzothiazole moiety in these compouhes characteristic strong bands in the range82940 and
947-900 crit can be assigned to the (Mo=0) symmetric and antisgtric stretching modes [5I[wo medium
intensity bands for(/1Mo-Cl) in the region 398-385 cfand at 340 cfhin the compounds 3a and 3c suggest the
cis-orientation [52] of the two chloro groups to metahtre.

Table 1. Antibacterial activity (Zone of Inhibition (mm) dia.£S.E) results of compounds 3a-3h.

Compound Compounds Pseudomonas Aerugines Staphylococcus aureus Klebsiela pneumoniae
No. Mean %* Mean %*® Mean %*
3a [MoG,Clo(NO,C7HsN,S)] 11.00+0.57 46.15 8.10+0.16 .823 12.00+1.15 53.84
3k [M0O;Br(NO,C7HsN,S),] 10.94+0.48 45. 8.04+0.10 23. 11.88+0.70  52.¢
3c [MoQ,Cl(CH;C7HsN,S),] 11.33+0.66 48.69 11.00+0.57  136. 8.58+0.29 27.53
3d [MoG,Bry(CH3C7HsN,S),] 11.2440.60 48.00 8.70+0.26 483 12.06+0.77 54.30
3e [MoG,Cl,(OCH;C7HsN,S),] 11.42+0.68 49.38 11.12+0.0.62 7.0 8.72+0.32 28.61
3f [MoO,Br,(OCH;C7HsN,S),] 11.33+0.66 48.69 11.00+0.57  156. 8.54+0.22 27.23
3g [MoO,Cl(OC,HsCrHsN,S),] 9.94+0.40 38.00 12.22+0.82 .56 11.86+0.66 52.76
3h [MoG,Br,(OC,HsC7HsN,S)] 09.88+0.38 37.53 12.06+0.77  3BA. 11.42+0.68  49.38

Untreated Control No inhibition No inhibition Nohibition
Ampicilin (standard) 18.0+0.21 100 .862£0.50 16.26+0.30 100

Mean-mean value of diameter of Inhibition zone wtindard error in millimeters.

#Percentage was calculated after subtracting disavgiter (5 mm) from all observations.
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The™H NMR spectral data in DMSO%dor compounds 3a-h, revealed characteristic sgyfal methyl protons at
2.30-2.32, methoxy protons at 3.74, ethoxy proiarthe region 1.28-1.29 and 3.80-3.91 and aronmtitons in
the region 6.74-8.86 and NH protons in the ran@®2-40.16. In thé”®C NMR spectrum of 3c, sharp signal for
methyl carbon was observed at 20.69, charactess}iwls for aromatic carbons at 114.72, 121.68,6%, 127.50,
132.62 and 140.17 and signal for carbon atom (G&tN)67.63 ppm shows the presence of signals camesjp the
2-amino-6-substitutedbezothiazole moiety [53]. $amy, *C NMR spectra for other compounds give the
characteristic signals.

Table 2. Antifungal activity results of compounds a-3g.

Compound Compounds Con. Aspergillus flavus % Aspergillus niger %
No. ug/ml (dia.mm) Inhibition (dia.mm) Inhibition
3a [MoG:,Cl(NO,CHsN,S)] | 10 1.2 60.0 1.0 50.0

20 1.0 66.6 1.0 50.0
50 0.6 80.0 0.5 75.0
100 0.4 86.7 0.2 90.0
3b [MoO:Bry(NO,C;HsN,S),] | 10 1.4 53.3 1.5 25.0
20 1.0 66.6 1.0 50.0
50 0.7 76.€ 0.€ 70.C
10C 0.4 86.7 0.1 95.C
3c [MoQO,Cl(CHsC7HsN,S)] | 10 14 53.3 1.0 50.0
20 1.2 60.0 1.0 50.0
50 1.0 66.6 0.6 70.0
100 0.8 73.3 0.2 90.0
3d [MOOzBrz(CH3C7H5st)2] 10 1.4 53.3 1.5 25.0
20 1.0 66.6 1.0 50.0
50 0.7 76.6 0.6 70.0
100 0.4 86.7 0.2 90.0
3e [MoG,Cl,(OCH;C7HsN,SY] [ 10 1.2 60.0 1.0 50.0
20 1.C 66.€ 0.7 65.0
50 0.6 80.0 0.5 75.0
100 0.4 86.7 0.2 90.0
20 1.0 66.6 1.0 50.0
50 0.7 76.6 0.6 70.0
100 0.4 86.7 0.3 85.0
3g [MoQ,Cl(OCHsC7HsN,S)]| 10 1.0 66.6 1.2 40.0
20 1.2 60.0 1.0 50.0
50 0.6 80.0 0.4 80.0
100 0.4 86.7 0.1 95.0
Control 3.0 - 2.0 -

Table 3. Anti-inflammatory Activities results of compounds 3a-3h

Compound N Compounds % Inhibition
(50 mg/kg body weigh

3a [MoG,ClL(NO,C;HsN,S)] 25.5
3b [MOOzBrQ(NOZC7H5NQS)2] 27.4
3c [MoG,Clo(CHsC7HsN,S)) 24.7
3d [MoGQ;Bry(CHsC7HsN,S),] 26.5
3f [MOOzBrz(OCH3C7H5st]z] 247
39 [MOOzclz(OC2H507H5NzS)z] 20.4
3h [MOOZBI‘Z(OCZH5C7H5N2$)2] 22.2

Phenyl butazor 38.¢
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Table 4. Anti-ulcer Activity results of compounds &-3h.

Aspirin Induced Ethanol Induced
Compound Ng. Compounds Ulcer Index (mm?/rat) | Protective Ratio (%) | Ulcer Index | Protective Ratio (%)
(mm?%rat)
3a [MoGClo(NOC7HsN,S)] [ 7.240.58 61.68 19.945.4 18.21
3b [MoO,Bry(NO,C/HsN,S),] | 7.2+0.58 61.68 19.745.2 18.17
3c [MoOCl,(CHsC/H:N,S),] | 7.1+0.54 61.21 19.845.5 18.18
3d [MoO,Bry(CHsC;HsN,S)] | 7.3+0.58 61.72 19.845.4 31.24
3e [MoQ,Clo(OCH;C7HsN,S)] | 6.2+0.28 62.16 14.4+2.2 34.70
3f [MoO,Bry(OCHsCrHsN.S)] | 7.2+0.54 61.68 19.65.3 33.72
39 [MoO,Cl,(OGHsC/HsN,S)]| 7.2+0.56 61.70 19.615.2 31.20
3h [MoO,Bry(OC,HsC;HsN,S),)| 6.4+0.28 62.18 14.6+2.4 34.71
Ranitidine 7.6+0.53 58.46 10.3+3.3 57.43
Aspirin 18.3+1.¢ - - -
Ethanol - 24.246.5 -
Table 5.1n vitro-Anti tumor activity results of compounds 3a-3h
Compound N¢ Compounds Cell No. x 16(MCF-7) Cell No. x 104(EVSAY
3a [MoQ,Cl(NO,C/HsN,S),] 11.69+1.02 10.68+1.08
3b [MoO,Br(NO,CrHsN,S),] 11.58+1.02 10.62+1.06
3c [M0oO,Clo(CHsC7HsN,S)] 9.17+0.87 9.69+0.92
3d [MOOzBrz(CH3C7H5NzS]2] 11.89+1.1; 10.68+1.0i
3e [MoQ.Cl,(OCH;C7HsN,S),] | 9.62+0.52 9.62+0.90
3f [M0oO,Br(OCH;C7HsN,S),] | 9.67 + 0.54 9.69+0.92
39 [MoO,Cl(OC,HsC/HsN,S)] | 9.22+0.72 9.62+0.88
3h [MoO,Bry(OCGHsC/HsN,S)] | 9.24 +0.72 9.66+0.90
Negative Control 10.21+1.01 10.23+1.03
Positive Control 40.26+3.23 42.24+4.22

*Negative Control- Culture Medium only, **Positi¥gontrol — 178, estradiol

C

H
b
H
\\ &l
/ \\—NHQ
R g
\

Fig.1. Structure of 2-amino-6-substituted benzothiaole ligand

MoO,X, +2
R

(La-1I) 2al)

(3a-3h)

Figure 2. Proposed structure of cis-dichloro/dibromodioxidobis(2Z-amino-6-
substitutcdbenz othiazole)molybdenum(V 1) complexes (3a-3h).
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2.1 Antibacterial Activity

The compounds were tested for antibacterial agtigigainst three bacterial straifseudomonas aerugingsa
Staphylococcus aureuand Klebsiela pneumonia@ising 10ug/ml concentration of test compourfdable 1).
Compounds 3a-3f was found moderately active ag&naeruginosas seen in their inhibition zone values. In case
of S. aureuscompounds 3c and 3e-3h show higher to moderaigtgavhile compounds 3a, 3b and 3d exhibit
lower efficacy against this bacterial strain. WhadgainstK. pneumoniaeantibacterial action is maximum for
compound 3d and minimum for compound 3f. Other poumds 3a, 3b, 3g and 3h also show good inhibition.
was found that the compounds having nitrogen alghsu content generally form complexes with metalngnes,
particularly those which are responsible in basigsiology likecytochrome oxidasand therefore affect the growth
of bacteria. This may also be found that these @um@s may react with peptidoglycan layer of baaterell and
damage it by puncturing it followed by death of teai@l cell [54].Some times this kind of compounds in low
concentration may cause bacteriostatic conditiosloyw down the growth of bacteria. The presencehédrine and
bromine group along with molybdenum also affectsdbtivity.

2.2 Antifungal Activity

The antifungal activity of these compounds weréetbagainst two pathogenic fungal strains Mepergillus flavus
andAspergillus nigerusing four concentrations 10, 20, 50 and L@dml of the test compound3able 2). It was
found that in 10Qug/ml concentration of test compounds, higher peegminhibition againsA. flavusandA. Niger
was observed. All these compounds show higher tdemate activity against both fungal strains in 20,and 100
pg/ml concentrations. The presence of nitrogen amghsir content in ligand enhances the activity efnpounds
against fungal strains. These compounds generabyeninside the fungal cell and form complexes wtibse
enzymes which are responsible for their physiolmiipwed by suppression of growth of cell. Composimday also
affect the growth by damaging the cell wall asase of fungus [54].

2.3 Anti-inflammatory Activity

Anti-inflammatory activity (% inhibition) of the may synthesized molybdenum complexes, 3a-3h weakiated in
Vivo using carrageenan-induced paw edema bioassdlyoeh in rats. The % inhibition values were deteedi for
each compound is given {fTable 3). It has been found that the anti-inflammatory\atiis influenced by the
nature of ligand and the environment around thealrieh. The compounds 3b and 3d show higher agtiitd
compounds 3a, 3c and 3f show moderate activityrastdof compounds found less active. The presehn#rogen
and sulphur content in the ligand has played anomapt role on activity. The presence of methytraniand
methoxy group also incorporate the effect on effjcaf the compound. Besides this, the conformationa
arrangement around the metal atom and ligand magtaw cellular fluid and the stability of metaggind bond may
also play an important role in transport of orgamiciety across the cellular membrane and to showaativity
[55].

2.4 Anti-Ulcer Activity

Anti-ulcer activity was performed on Sprague-Dawtats (140-180g). The compounds exhibit highewigtithan
the standard Ranitidine when the tests were caaigdvith Aspirin (ASP) induced and moderate atyivias seen
when the tests were done with Ethanol (EtOH) ind@able 4). It was known that aspirin caused mucosal damage
[56] by interrupting the synthesis of prostaglanai increasing acid secretion and back diffusifad‘dons, which
results in over production of leucotrienes and otm®ducts of 5-lipoxygenase pathways. Hence tloteptive
action of these compounds against aspirin-indueetrig ulcer could possibly be due to its inhibjteffect on 5-
lipoxygenase enzymes pathway. In case of ethadalcied ulcer which is predominantly occurs at gldadpart of
stomach was reported to stimulate the formatiorleatotrienes C-4, mast cell secretary products readtive
oxygen species, which results in the damage ofrigastucosa of rat. These compounds could possilay pn
important role in inhibition of these pathways.

2.5 Antitumor Activity

Antitumor activity of the compounds 3affable 5) were studied on the growth of human breast adeoiocena
cell line (MCF-7) and mammary cancer cell line (EA/3). It was found that compound 3c is most effextand
compound 3d is least effective for MCF-7 cell liwaile rest of the compounds 3e-3h show moderatecefffor
MCF-7. Similar trend was seen for EVSA-7. It maggible that the compound generally interacts withreceptor
site of multienzyme complex responsible for theostdtic and cytotoxic conditions for a cell. It miag noted that
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compound generally binds with nitrogen 7 positiohpurine [57] bases in DNA molecule, where thegcted with
labile hydrogen and form complex with DNA strandfeeting replication and transcription of DNA molide and
stop the cell division along with protein synthesis

CONCLUSION

In present study we have prepared and charactesisadturally thecisdichloro/dibromodioxidobis(2-amino-6-
substitutedbenzothiazole)molybdenum(VI) complexéma@ with their biological studies (Figure 2). Qisted
octahedral geometry around molybdenum is suggestethe basis of spectroscopic studies. Biologictivities
show that the newly synthesizewblybdenum(VI) complexes may be utilized for vareggplications. Maximum
antibacterial activity is shown agairst aureusy the compound 3g. In case of antifungal actigitycompounds
were found effective againét flavusexcept 3c and compounds 3b and 3g are more senagainsA. Niger. The
anti-inflammatory activity of compound 3b was fountinost and compound 3g has least activity. In cdsanti-
ulcer activity compound 3h shows highest activitythein-vitro anti tumor screening of human breast cancer cell
line (MCF-7) compound 3c is most effective. In cafenammary cancer cell line (EVSA-7) compounds8d 3e-

3h are effective.
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