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ABSTRACT

Two new series of Co (II) Ni (Il) and Cu (Il) metmdmplexes of the type [M {1;6N40,).2H,0] Ac, and [M
(C17H14N4O4).2H,0], where M= Co (11)/ Ni (I1)/ Cu (II) and Ac=CKCOQO, have been synthesized under microwave
irradiation technique. All the synthesized compaumekere characterized by running their TLC for senglpot,
elemental analysis, IRH-NMR, “*C-NMR, magnetic susceptibility measurements anctreleic spectral studies.
Representative compounds have been screened foattienicrobial activity. The zone of inhibitioralues of the
compounds were determined by disc diffusion medigaghst two bacteria Staphylococcus aureus and érsiia

coli and two fungi Aspergillus niger and Aspergillfiavus. The antimicrobial activity results indied that metal
complexes show increased activity in comparisaroafesponding ligands.
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INTRODUCTION

In recent years sustainable chemistry or green idtignhas emerged as an important area of resedrof.field of
green chemistry confront minimum hazard as thegperdnce criteria while designing new chemical psses. One
of the onset areas for achieving this target iexplore alternative reaction conditions and reactioedia to
accomplish the desired chemical transformationk wiinimized by products or waste as well as elitiigathe use
of conventional organic solvents, wherever posdible

Due to eco-friendly nature [2-5] microwave assisgyntheses are considered as a branch of greenisthe
Microwave irradiated reactions reduced pollutiofffeio high yields and low cost together with simfiicin
processing and handling [6-8]. Time required fag g8ynthesis of metal complexes by microwave metheie
been reported comparatively lesstf§n conventional methods.

Hydrazones are eminent compounds having importhatnical properties with diverse biological, physioa
medicinal applications [10]. Hydrazones have beemahstrated to possessti-inflammatory, antimalarial [11,12]
analgesic [13]antimicrobial [1416], anticonvulsant [17]antidepressants [18], anti-tumoral [19], antinacterial
[20], anticancer [21,22] and anti-HIV [23] activitieBhey are also used as intermediates in the sy@shaf nitrogen
containing heterocyclic compounds [24]. Transitioatals complexes of hydrazones were used in tléntent of
tuberculosis [25]In continuation [26,27] of our research work, histpaper we have reported synthesis of two
hydrazones bis-(benzylidene) malonyl dihydrazon@NBBH) and bis-(salicylidene) malonyl dihydrzone (RBH)

and their Co(ll), Ni(Il) and Cu(ll) metal complexbyg adopting greener approach and their antimielctivity.

EXPERIMENTAL SECTION

All the chemicals used were of AR grade and solvemre purified by suitable methods before use.syim¢heses
were carried out in a domestic microwave oven LGlehd1S-1927C fitted with water jacket.
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Synthesis of malonyl dihydrazide (MDH)

20 ml ethanolic solution of diethyl malonate (7182 0.05M) was mixed with hydrazine hydrate (4.8 @lM),
dissolved in 15 ml ethyl alcohol, in a round bottask and subjected to microwave irradiation & 86 for 4 min.
On cooling the solution over a freezing mixture hites solid product was obtained. It was filteredysived with
alcohol followed by ether. Finally, it was driedarnvacuum desiccator over anhydrous GacCl

Synthesis of bis-(benzylidene) malonyl dihydrazonéBBMDH)

1.32g (0.01) malonyl dihydrazide was dissolved 3l (30%) acetic acid and 2.06 ml benzaldehyd®2(@) was
mixed to it in a round bottom. The solution waageld in a microwave oven and irradiated at 180 MBfmin. The
contents were cooled over a freezing mixture, atevhroduct was obtained. It was filtered, washeth acohol
followed by ether and then recrystallized from xtonie of 1:1 DMF and alcohol. Finally, it was drigda vacuum
desiccator over anhydrous CaCsimilarly, bis-(salicylidine) malonyl dihydrazoneas synthesized by irradiating
the equimolar mixture of 1.32g (0.01M) malonyl dilngzide and 2.08 ml (0.02 M) salicylaldehyde inr2l0(30%)
acetic acid in a microwave oven at 260 W for 4 min.

Synthesis of metal complexes

20 ml ethanolic solution of bis-(benzylidene) malbdihydrazone (0.30 g, 0.001M) was mixed with 1Dagueous
solution of cobalt acetate tetrahydrate (0.24 §00M)/ 0.24 g nickel acetate tetrahydrate (0.00Y¥ {@)20 g,
0.001M) of copper acetate monohydrate. The mixturere irradiated in the microwave oven in the rang§8-500
W for 5-7 min. and allowed to cool at room temperat Colored precipitates were obtained. The pitatgs, thus
obtained, were filtered, washed with water and mth#hen with diethyl ether and recrystallized fronixture of
acetone and acetonitrile. Finally, products weilieddin vacuum desiccator over anhydrous Ga&nilarly, metal
complexes of bis-(salicylidine) malonyl dihydrazomere synthesized by irradiating 10 ml ethanolilison of bis-
(salicylidine) malonyl dihydrazone (0.34g, 0.001Myith 15 ml aqueous solution of cobalt acetateatstdrate
(0.24 g, 0.001M) /0.24 g nickel acetate tetrahya(@t001M)/ (0.20 g, 0.001M) of copper acetate ninydoate in a
microwave oven at 400-520W for 4-8 min. respectivel

RESULTS AND DISCUSSION

Physical and analytical data measurements

Melting points were taken in open capillaries anel ancorrected. The purity and formation of ligamasl metal
complexes were ascertained by running their TLCsfagle spot. C, H, N analyses Table.1. were caroigt on
Carlo Earba 1108 elemental analyzer. Infrared spestre recorded on ‘Bruker’ Spectrophotometer gis{iBr
pellets in the range 4,000-400 ¢mMH-NMR spectra were recorded in DMSO solvent on NBjfectrophotometer
Bruker DRX 300. Chemical shift$) were expressed in ppm downfield from internahdad TMS.**C-NMR
spectra were recorded dnercury Plus 300MHz NMR Spectrometer by employingdS as internal standard in
DMSO-d; solvent. The electronic spectra of complexes wecerded in dry DMF/ DMSO at room temperature at
UV-VIS-NIR Spectrophotometer Cary 5E. The magnstisceptibilities were measured ats room temperatura
Gouy balance using Cug®BH,0 as calibrant.

Table 1: Physical properties and elemental analysefta of MDH, BBMDH, BSMDH & their metal complexes

Elemental Analysis% M.P./D.T.
S. No.| Name of Compounds Molecular Formula Colour Carbon| Hydrogen| Nitrogen (£2°C)
CI(F) CI/(F) CI/(F)
27.27 6.06 42.42

1. | MDH CeHeNLO White ovan)| a3 | @ien| 120°C
2. | BBMDH CuHiNLOs White (g?gg) (i:ég) &gég) 185°C
3. | BSMDH GHiNLOs Light yellow (gcl)zcl’g) é:;g) &?:gg) 220°C
4. | [Co(BBMDH).2HOJAC, | [CO(CiH1eN:05).2HO]AC, | Dark brown (jgzgg) (g:gg) (1;5755) 260C
5. | [Ni(BBMDH).2H,0]Ac, | [Ni(CiH:N4Os).2HO]AC, | Dark brown (jgii% (‘3‘:22) (ﬂ:g% 200C
6. | [Cu(BBMDH).2HOJAC, | [Cu(CiHieNO2).2HOJAC, | Black é;:?g) é:g‘s‘) (ﬂ:gg) 180°C
7. | [Co(BSMDH).2HO] [CO(CiH1N40).2H:0] Dark brown (j;:%g) (g:ég) (ﬁ:gg) 201°C
8. | [Ni(BSMDH).2H,0] [Ni(C1/H1NLO) 2H;0] Dark green (j;ég) é’:ég) (ﬁ:%‘) 270°C
9. | [Cu(BSMDH).2HO] [CU(CiH1NO).2H,0] | Dark green é‘?;gé) (j:éé) &5:1% 230°C

Abbreviation: F = Found, C = Calculated, M.P. = Miglg Point, D.T. = Decomposition Temperature
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Malony! dihydrazide (MDH)

IR (KB, Vmaxin cm™): 3398.79 (-NH), 3398.79 (N-H), 2930.10 (C-H of GHnoiety), 1718.57 (C=0), 1424.77
(C-H bending), 1216.44 (C-N), 1017.80 (N-NJ.NMR (300 MHz, DMSO, 6 ppm): 2.509 (-NH), 8.398 (1H, s,
—CONH), 4.234 (1H, s, Ctproton)**C- NMR (300 MHz, DMSO-dy): 6 41.1(CH), 169.4(C=0).

Bis-(benzylidene) malonyl dihydrazone(BBMDH)

IR (KBr, Vmay in cm?): 3215.62 (N-H), 3078.90 (C-H of aromatic ring), 29®B (C-H of CH moiety), 1715.14
(C=0), 1599.21 (C=N), 1559.16 (C=C), 1428.90 (C-e#hdling), 1240.98 (C-N), 1007.14 (N-N), 976.61 (@

of plane).*H-NMR (300 MHz, DMSO, & ppm): 8.723 (1H, s, -CONH), 3.620(1H, s, @btoton), 8.233 ((1H, s, -
N=CH), 7.285-7.361 (5H, m, aromatic ringL- NMR (300 MHz, DMSO-dq): & 42.3(CH), 172.7(C=0),
153.7(C=N), 130.2, 128.6, 127.5, 130.4K6).

Bis-(salicylidene) malonyl dihydrazone(BSMDH)

IR (KB, Vmay in cm™): 3572.53 (Phenolic —OH), 3277.49 (N-H), 3062.47 (5-2D37.28 (C-H of Chimoiety),
1700.87 (C=0), 1592.82 (C=N), 1584.91 (C=C), 14871@-H bending), 1266.53 (C—N), 1035.05 (N-N), 229.
(C-H out of plane)*H-NMR (300 MHz, DMSO, 6 ppm): 5.924 (1H, s, phenolic proton), 8.434 (1H, s, -CONH
6.856-7.005 (4H, m, phenolic ring), 3.626(1H, s, ,GHoton), 8.297 ((1H, s, -N=CH)*C-NMR(300 MHz,
DMSO-dg): 6 41.8(CHy), 172.0(C=0), 154.1(C=N), 117.9, 129.9, 121.4,.233.4.3,157.2(6H.,).

IR spectral data of metal complexes

Co (), Ni (1), Cu (II) complexes of bis-(benzylidene) malonyl dihydrazone

(KBr, vmax in cml): 3434.88-3424.93 (coordinated,®), 3217.44-3215.24 (N-H), 3079.77-3078.38 (C-H of
aromatic ring), 2930.18-2924.01(C-H of ¢hhoiety),1692.07-1680.29 (C=0), 1575.68-1565.82N);4559.26—
1491.87 (C=C), 1420.58- 1404.53 (C-H bending), 12401240.93 (C-N), 1067.63-1025.46 (N-N), 957.09-06
(C-H out of plane), 853.33-847.50 (OH deformatidrc@ordinated water), 510.64-507.66 (M—N), 445.(B%4-22
(M-0).

Co (I), Ni (Il), Cu (Il) complexes of bis-(salicyidene) malony! dihydrazone

(KBr, Vmax in cm™): 3439.97-3406.67 (coordinated,®), 3296.83-3272.47 (N-H), 3058.96-3053.37 (C—H of
aromatic ring), 2931.39-2923.00(C-H of &hioiety), 1716.04—1703.87 (C=0), 1575.54-1565@7N), 1562.13—
1547.82 (C=C), 1467.41-1448.62 (C-H bending), 18731253.48 (C-N), 1047.24-1033.28 (N-N), 968.82-B812
(C-H out of plane), 877.58-867.11 (OH deformatidrc@ordinated water), 552.71-548.06 (M—N), 450.23%+-84
(M-0).

Electronic spectral Studies

The electronic spectra of Co (Il) complexes dispththree bands in the region 12970-12738, 154584,418416-
18181cni corresponding to transitiofd ;43— "Tog [F1, “T1g—*Asg [F1, and*T;4—*T14 [P]. Hence, it suggested that
the synthesized Co (II) complexes have octahedrahmptry [28]. The magnetic moment values of theattofhl)
complexes were found 4.60- 4.30 B.M. which are alggportive of octahedral geometry.

Ni (1) complexes exhibited three bands in the oegi2953-12610, 19083-14285, 26809-21321mmresponding
to transitionSA,q—Tog 2Ay—>T1g [F], and®A,,—°Ty, [P] respectively which suggested [28] that thesmplexes
have octahedral geometry. The magnetic moment sadué2-3.29 B.M for Ni (Il) complexes also suppaitte
suggested geometry.

The electronic spectra of Cu (Hpmplexes exhibited three bands in the region 12926, 15723-15455, 23980-
23094 cnit corresponding to transitiodB;g—Ayg “B1g—Bag, and’By—Ey4 respectively. These bands indicating
distorted octahedral geometry [29] for these comgse The distorted octahedral geometry was furtih@firmed
from their magnetic moment values 1.45-1.40 B.M.

On the basis of IR, electronic spectral data angnegac susceptibility values it seems reasonabessume that the
M (Il) complexes have the following structures.gFl & 2)
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M* = Co (1), Ni (1I), Cu (1I)
Fig. 1: Metal complexes of bis-(benzylidene) malohgihydrazone

M*' = Co (II), Ni (IT), Cu (II)
Fig. 2: Metal complexes of bis-(salicylidene) malgh dihydrazone

Antimicrobial activity

Disc diffusion method [30] was used to screen thin@crobial activity of all the synthesized compais against
two bacteriaStaphylococcus aureygram +ve) and=scherichia coli(gram -ve) and fungAspergillus nigerand
Aspergillus flavusin this method, discs of 6 mm were loaded witlfiedént concentrations 100, 50, 25, 12.5, 6.25
ng/ml of compounds. The compounds were dissolvelDif% DMSO which was found to be biologically ingeti
The bacteria were subcultured in Muller—Hinton Agaedium and the fungi were subcultured in Sabosred’
dextrose agar medium. These discs were placedeosalidified culture plates of different microorgams against
which the sensitivity has to be measured. Thesephaere incubated at %7 for 24 h in the case of bacteria and
28°C for 96 h in the case of fungi. The zones of iitih were measured in mm. Ciprofloxacin compounasw
screened in triplicate and the mean of maximum zofhehibition values in diameter (in mm) with sthard
deviation have been reported in Table. 2, 3, 8, 3, 8.

Table 2: The maximum zone of inhibition values (irmm) with standard deviation for MDH, BBMDH and its metal complexes against
the bacteria Staphylococcus aureus

Conc. [ug/ml) MDH BBMDH | Co(ll) BBMDH |Ni(ll) BBMDH Cu(ll) BB MDH | Ciprofloxacin
100pg/mi 12.9+0.50| 14.1+0.41 15.5+0.20 16.3+0.45 17.980 20.4+0.52
50 pg/ml 11.7+0.25| 12.9+0.1( 13.5+0.15 14.7+0.20 16.880 17.7+0.25
25 pg/ml 10.5+0.25| 11.5+0.2( 12.2+0.32 13.0+0.50 14.2%0 16.4+0.30
12.5pg/ml 9.0£0.10 | 10.0+0.4( 11.2+0.25 12.1+0.65 13.820. 15.3+0.30
6.25pg/ml 8.0+0.15 9.0+0.40 10.0+0.25 11.1+0.10 12.080.4 13.9+0.40

25

—e—100pg/ml

E 20
é ——50pg/ml
£ s
E:E /-/ 25pg/ml
= 10 2
:c: i 12.5ug/ml
g s
S —t—6.25ug/ ml

0

MDH

BEMDH

Co(II)BBMDH Ni(II)BBMDH CudI)BBMDH Cliprofloxacin

Compounds

Fig. 3: Antibacterial activity trends of MDH, BBMDH and its metal complexes
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Table 3: The maximum zone of inhibition values (inmm) with standard deviation for MDH, BBMDH and its metal complexes against
the bacteriaEscherichia coli

Conc. @g/ml) | MDH BBMDH | Co(Il) BBMDH |Ni(ll) BBMDH _ Cu(ll) BB MDH | Ciprofloxacin
100pug/ml 13.5+0.35| 14.4+0.4] 17.0+0.43 16.1+0.26 18.2%0 23.0+0.2
50 pg/ml 12.1+0.1 | 13.0+0.15 14.0+0.20 15.0+0.2 16.0%0.2 20.2+0.2
25pug/ml 11.1+0.36] 12.0+0.25 13.0+0.1 14.0+0.15 15.000. 18.5+0.41
12.5pg/ml 9.940.20 10.8+0.2 12.6+0.52 11.7+0.20 14.480.4 17.0+0.2
6.25pg/ml 8.6+0.41 9.7+0.30 11.6+0.25 10.6+0.43 12.9+0.3 15.8+0.30

25

—e—100pg/ml

= 20
é ——50ug/ml
5
= 15
':'§ 25ug/ mi
=
= 10 -
= 12.5ug/ml
g s
N —+—6.25pug/ml

o

MDH BBMDH Co(I)BBMDH  Ni(l)BBMDH  Cu(Il)BBMDH Ciprofloxacin
Compounds

Fig. 4: Antibacterial activity trends of MDH, BBMDH and its metal complexes

Table 4: The maximum zone of inhibition values (inmm) with standard deviation for MDH, BBMDH and its metal complexes against
the fungi Aspergillus niger

Conc. @g/ml) | MDH | BBMDH | Co(I) BBMDH__|Ni(Il) BBMDH _ €u(ll) BB MDH | Fluconazole
100pg/mi 13.6+0.40| 14.6+0.1( 16.0+0.2 17.0+0.2 18.280.3 20.9+0.85
50 pug/ml 12.0£0.20| 13.0+0.4( 14.8+0.15 15.3+£0.35 16.150 18.4+0.66
25 ug/ml 10.7+0.64| 11.9+0.1( 13.0+0.15 12.6+0.15 14.380 16.7+0.3
12.5pug/ml 9.0+0.10 | 10.0+0.2¢ 12.1+0.1 11.0+0.20 13.160.2 15.3+£0.35
6.25ug/ml 8.0+0.10 9.2+0.26 11.0+0.25 10.0+0.62 12.350.4 14.3+0.36
25
,g =——100pg/ml
g 20 -
‘g —m—50ug/ml
= 15
% 25pug/ml
—
Y 10
=]
g e 12.5pg/ml
< =
N S
== 6.25ug/ ml
(1]

MDH BBMDH Co(IDBBMDH NidDBBMDH CudDBBMDH Fluconazole
Compounds

Fig. 5: Antifungal activity trends of MDH, BBMDH an d its metal complexes

Table 5: The maximum zone of inhibition values (irmm) with standard deviation for MDH, BBMDH and its metal complexes against the fungi
Aspergillusflavus

Conc. @g/ml) | MDH | BBMDH | Co(l) BBMDH _|Ni(ll) BBMDH _ €u(ll) BB MDH | Fluconazole
100pg/ml | 13.2#0.25| 14.4%0.4% 17.0+0.25 15.9+0.58 17.2%0 20.6+0.87
50 ug/ml 12.7+0.20] 13.1£0.2( 15.40.35 14.4£0.33 16.360 18.40.50
25 ug/ml 11.0+0.37| 12.1#0.1 13.0£0.20 13.90.10 15.5%0 16.90.10
125ug/ml | 9.6£0.32 | 10.3%0.1§ 11.820.65 12.910.10 14.030. 15.5:0.61
6.25ug/ml | 8.740.20 | 9.1+0.20 11.00.35 10.7+0.70 12.080.1 | 14.5:0.51

Antimicrobial activity of the synthesized hydrazjde/drazones and their metal complexes was caotigdn vitro
against two bacteri&taphylococcus aurewmndEscherichia coliand two fungiAspergillus nigerand A.niger. All
tested compounds showed good antimicrobial actagiginst both bacteria and fungi. The metal corgdeshowed
more activity as compared to hydrazide (MDH) andragones (BBMDH & BSMDH).

Among the metal complexes of BBMDH the maximum zoofe inhibition was found 12.0 mm against
Staphylococcus aurewsnd 12.9 mm againdEscherichiacoli for copper complex at the lowest sconcentratio
6.25ug/ml. For metal complexes of BSMDH maximum zoneimifibition againstStaphylococcus aureusnd

Escherichia coliwas found 12.4 mm and 14.5 mm respectively foipeoggomplex at the lowest concentration of
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6.25 ug/ml. However, at this concentration the standardyctiprofloxacin exhibited maximum zone of inhibit
13.9 mm againsstaphylococcus aureasmd 15.8 mm againg&ischerichia coli.

25
=—=—100pg/ ml

N
o

——50ug/ml

W 250g/mi

——12.5nug/ml

B B
o w

7.one of Tnhihition (mm)
w

6.25ug/ml

T T T
MDH BBMDH Co(l1)BBMDH Ni{ll)BBMDH  Cu(11)BBMDH Fluconazole
Compounds

Fig. 6: Antifungal activity trends of MDH, BBMDH an d its metal complexes

Table 6: The maximum zone of inhibition values (irmm) with standard deviation for MDH, BSMDH and its metal complexes against the bacteria

Staphylococcus aureus
Conc. @g/ml) MDH BSMDH | Co(ll) BSMDH | Ni(ll) BSMDH |Cu(ll) BS MDH | Ciprofloxacin
100pg/ml 12.9+0.50{ 15.0+0.3( 16.1+0.55 17.0+0.15 18.360 20.4+0.52
50 pg/ml 11.7+0.25| 13.6+0.3( 14.7+0.20 15.6+0.26 16.860 17.7+0.25
25 pg/ml 10.5+0.25| 12.3+0.55 13.2+0.30 14.1+0.56 15.6%0 16.4+0.30
12.5pg/ml 9.0£0.10 10.9+0.15 12.8+0.25 11.8+0.15 14.360. 15.3+0.30
6.25pug/ml 8.0£0.15 10.0+0.87 12.0+0.20 11.0+0.15 12.4%0. 13.9+0.40
25 4
——100nug/mli

-
th
L

—l—50ug/ml
/-//- 25ug/ml
10 -
—12.5ug/ml

th
L

Zone of Inhibition (mm)

—t— 6. 2518,/ Ml

MDH BSMDH CodDBSMDH NidDBSMDH CudDBSMDH Ciprofloxacin

Compounds

Fig. 7: Antibacterial activity trends of MDH, BSMDH and its metal complexes

Table 7: The maximum zone of inhibition values (irmm) with standard deviation for MDH, BSMDH and its metal complexes against the
bacteria Escherichia coli

Conc. @g/ml) | MDH BSMDH_| Co(ll) BSMDH | Ni(ll) BSMDH__[Cu(ll) BS MDH | Ciprofloxacin
100pug/mi 13.5+0.35| 16.2+0.45 17.2+0.3 18.0+0.20 19.060. 23.0£0.20
50 pg/ml 12.1+0.1 | 15.3+0.30 16.2+0.2 17.3+0.1 18.1+0.25 20.2+0.20
25 ug/ml 11.1+0.36| 14.3+0.47 15.2+0.15 16.2+0.25 17.250 18.5+0.41
12.5pg/ml 9.9+40.20 | 13.4+0.25 14.1+0.10 15.2+0.30 15.950. 17.0+0.20
6.25ug/ml 8.6+0.41 | 12.2+0.02 13.0+0.15 13.7+0.26 14.85%0. 15.8+0.30
25
E —— 100 g,/ mi
E 20 -
‘g ~ ——50ug/ml
:E 15 -
ﬁ 10 - 25pug/mi
=
= s —=—12.5ng/ml
= E
N
o . . . . . y e 6.25 pg/mil
MDIH BSMDH Co(IID)BSMDH NIi(II)BSMDH CudI)BSMDH Ciprofloxacin
Compounds

Fig. 8: Antibacterial activity trends of MDH, BSMDH and its metal complexes

In the case of antifungal study, the maximum zofénbibition equal t012.3 mm was found against thagi
Aspergillus nigerand 12.0 mm foAspergillus flavuswhich was exhibited by copper complex of BBMDHtlag¢
lowest concentration 6.2%/ml whereas for metal complexes of BSMDH agafsergillus nigerandAspergillus
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flavus the maximum zone was shown by copper complex twhias found to be 12.2 mm and 11.7 mm at the
lowest concentration 6.26g/ml. However, the standard drug Fluconazole exnibimaximum zone of inhibition
14.3 mm and 14.5 mm at this concentration ag#ispergillus nigeandAspergillus flavusespectively.

Table 8: The maximum zone of inhibition values (intmm) with standard deviation for MDH, BSMDH and its metal complexes against the
fungi Aspergillus niger

Conc. @g/m)) | MDH BSMDH | Co(ll) BSMDH | Ni(Il) BSMDH |Cu(ll) BS MDH | Fluconazole
100pug/ml 13.6+0.40| 15.1+0.15 17.0+0.26 16.0+0.15 18.260 20.9+0.85
50 pg/ml 12.0+0.20| 13.7+0.15 16.0+ 0.15 15.1+0.41 10.68 18.4+0.66
25ug/ml 10.7+0.64| 12.8+0.3( 13.5+0.35 14.2+0.20 15.2%0 16.7+0.3
12.5pg/ml 9.0+0.10 | 10.2+0.65 11.4+0.45 12.7+0.20 13.880. 15.3+0.35
6.25ug/ml 8.0+0.10 9.2+0.43 10.5+0.2 11.2+0.26 12.2+0.30] 14.3+0.36
25 4

—e—100png/ml
20
——50ung/ ml

-
h
I

25ug/ml
10 -
12.5pug/mi

——6.25ug/ml

th
I

Zome of Inhibition (mm)

MDH BSMDH Co(IIBSMDH Ni(INBSMDH Cu(II)BSMDH Fluconazole

Compounds

Fig. 9: Antifungal activity trends of MDH, BSMDH and its metal complexes

Table 9: The maximum zone of inhibition values (irmm) with standard deviation for MDH, BSMDH and its metal complexes against the fungi
Aspergillus flavus

Conc. (ug/ml) MDH BSMDH | Co(ll) BSMDH | Ni(ll) BSMDH |Cu(ll) BS MDH | Fluconazole
100pg/ml 13.2+0.25| 14.6+0.3§ 16.3+0.35 17.2+0.30 18.260 20.6+0.87
50 pg/ml 12.7+0.20| 13.3+0.36 14.7+0.10 15.7+0.25 16.360 18.4+0.50
25 ug/ml 11.0+0.37| 12.2+0.2§ 13.0+0.20 13.9+0.26 14.2%0 16.9+0.10
12.5pg/ml 9.6+0.32 | 10.5+0.15 12.0+0.26 11.7+0.92 12.830. 15.5+0.61
6.25ug/ml 8.7+0.20 | 8.3+0.35 10.7+0.70 9.7+0.20 11.7+0.30] 14.5+0.51
25 4
—s—100png/ml
- W
=
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£ 15 =
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Fig. 10: Antifungal activity trends of MDH, BSMDH and its metal complexes

Acknowledgements

Authors are thankful to DST-FIST for providing gtaior FT-IR and UV-Visible spectrometer, Sophistaz
Analytical Instrument Facility (SAIF) a division &DRI, Lucknow (India) for providing C, H, N analgsH-
NMR & '*C-NMR analysis. The biological activity was done dallaboration with Microbiology Department,
School of Life Sciences, Dr. B. R. Ambedkar UniwgrsAgra.

REFERENCES

[1] RS Varma. Microwaves in Organic Synthesis (A. Lquiy.), Wiley-VCH, Weinheim. Chapter 2006 362-
415.

[2] H Madani; MH Safouane; M Tassadit; B Baya; Rgfifa; C Farid; H MadmafTetrahedron 2006 62(24),
5652-5655.

[3] E Suna; | Mutule. Microwave assisted heterocydtiernistry,2006 266, 49-101.

[4] P Appukkuttan; E Erik van der. Microwave-Assistedtital Product Chemistr2006 266, 1.

[5] KM Hosamani; H R Seetharamareddy; RS Keri; M $&imanthagouda; MG Moloney. Enzyme Inhib. Med.
Chem, 2009 24(5), 1095-100.

839



Devendra Kumar et al J. Chem. Pharm. Res,, 2015, 7(3):833-840

[6] K Mahajan; M Swami; RV SinghRus. J. Coord. Chen009 35(3), 179-185.

[7]1 K Mahajan; N Fahmi; RV Singhndian J. Chem.2007 46 A (8), 1221-1225.

[8] K Sharma; R Singh; N Fahmi; RV SingBpectrochimica Act®01Q 75(1), 422-427.

[9] AP Mishra; N Sharma; RK JainAvances en Quimica2012 7(1), 77-85.

[10]S Rollas; SG KucukguzeMolecules2007, 12, 1910-1939.

[11]WB Janior; MS Alexandre-Moreira; MA Alves; A Re-Rebolledo; GL Parrilha; EE Castellano; OE Piro
EJ Barreiro; LM Lima; H BeralddVolecules 2011 16, 6902-6915.

[12]S Gemma; G Kukreja; C Fattorusso; M Persico; MmBno; M Altarelli; L Savini; G Campiani; E
Fattorusso; N BasilicoBioorg. Med. Chem. Let2006 16, 5384-5388.

[13]PC Lima; LM Lima; KC Silva; PH Leda; ALP Mirand&@AM Fraga; EJ BarreiroEur. J. Med. Chem200Q
35(2), 187-203.

[14]1D Kumar; S Singh; Neelam; R Akhtak. Pharm. Res2012 5(2),830-834.

[15]SS Borhadel. Chem. Pharm. Re2013 5(7), 88-95.

[16]SK Patil; VM Naik; NB Mallur.J. Chem. Pharm. Re2012 4(4), 2029-2036.

[17]SK Sridhar; SN Pandeya; JP Stables; R Atmak&ur. J. Pharm. Sci2002 16,129-132.

[18] SN Pandeya; H Manjula; PN Singhdian J. Physiol. Pharmacgl200Q 44(4), 509510.

[19] SAM El-Hawash; AE Abdel Wahab; MA El-Demellawrchiv der Pharmazig2006 339(1), 14-23.

[20]1D Sriram; PYogeeswari; RV DevakaraBioorg. Med. Chem2006 14(9), 3113-3118.

[21]LR Morgan; K Thangaraj; B LeBlanc; A Rodgers; LT dod; CL Hooper; D Fan; BS Jursid. Med. Chem
2003 46(21), 4552-4563.

[22] LR Morgan; BS Jursic; CL Hooper; DM Neumann; K Tharaj; B LeBlanc.Bioorg. Med. Chem. Lett2002
12(23), 3407-3411.

[23]P Vicini; M Incerti; PL Colla; RE Lodddzur. J. Med. Chem2009 44, 1801-1807.

[24]1RS Varma,; V PolshettiwaPure Appl. Chem2008 80(4), 777-790.

[25]J Patole; U Sandbhor; S Padhye; DN Deobagkar; 8§04 A PowellBioorg. Med. Chem. Left2003 13,
51-55.

[26]1D Kumar; S Singh; N Sharma; R Akht&roc. Natl. Acad. S¢i2012 82(4),295-301.

[27]1D Kumar; S Singh; Neelam; S SindProc. Natl. Acad. Sci2015 doi10.1007/s40010-015-0202-8.
[28]ABP Lever; E Mantovanilnorg. Chem.1971, 10(4), 817-826.

[29] ABP Lever. Inorganic Electronic Spectroscopy, EisevAmsterdam1968

[30]HG Aslan; N KaracarMed. Chem. Ref2013 22(3), 1330-1338.

840



