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KEYWORDS Abstract Cu(II), Co(IT), Ni(IT) and Zn(IT) complexes of ligands 5-substituted-N'-((7-hydroxy-4-
Indole; methyl-2-oxo0-2 H-chromen-8-yl)methylene)-3-phenyl-1 H-indole-2-carbohydrazides were synthe-
Coumarin; sized, characterized by elemental analysis and various spectroscopic techniques like, IR, 'H
Thermogravimetry—differen- NMR, ESI-mass, UV-Visible, thermogravimetry—differential thermal analysis, magnetic measure-
tial thermal analysis; ments, molar conductance and powder-XRD data. Spectral analysis indicates octahedral geometry
Electrochemistry; for all the complexes. Cu(Il) and Zn(II) complexes of both the ligands have 1:1 stoichiometry of the
Antimicrobial and antioxi- type [M(L)(C1)(H,0),], whereas Co(IT) and Ni(IT) complexes of both the ligands have 1:2 stoichiom-

Gl £5iy etric ratio of the type [M(L),]. The bonding sites are the oxygen atom of amide carbonyl, nitrogen of

azomethine function and phenolic oxygen for the Schiff base ligands. The thermogravimetry—difter-
ential thermal analysis studies gave evidence for the presence of coordinated water molecules in the
composition of Cu(Il) and Zn(II) complexes of both the ligands, which were further supported by IR
measurements. All the complexes were investigated for their electrochemical activity, but only the
Cu(IIl) complexes showed the redox property. In order to evaluate the effect of antimicrobial potency
of metal ions upon chelation, ligands and their metal complexes along with their respective metal
chlorides were screened for their antibacterial and antifungal activities by the minimum inhibitory
concentration (MIC) method. The results showed that the metal complexes were found to be more
active than free ligands. Ligand 1 and its complexes were screened for free radical scavenging activity
by the DPPH method and DNA cleavage activity using supercoiled plasmid DNA.
© 2014 King Saud University. Production and hosting by Elsevier B.V. Thisis an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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malaria and other medicinal applications have been investi-
gated [1-3]. Platinum complexes, such as cisplatin, carboplatin
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specific cancer types. Many transition metal complexes with
copper [4], cobalt [5], iron [6] and vanadium [7] have been
reported as efficient DNA cleavage agents with or without se-
quence specificity, moreover the ligand or the metal in these
complexes can be varied in an easily controlled manner to
facilitate the individual applications [8].

Indole is the parent substance of a large number of impor-
tant compounds and also it is one of the most abundant and
relevant heterocycles in natural products and pharmaceuti-
cals. Therefore, indole plays an important role in the synthesis
of new pharmaceutical products. A large number of pharma-
codynamic compounds containing indole moiety have been
reported to possess a several biological properties viz. antibac-
terial [9], anti-inflammatory [10,11], anticonvulsant [12],
antiviral [13], cardiovascular [14] and COX-2 inhibitor activi-
ties [15,16]. More specifically, several reports describe that
indole-2-carbohydrazides and related compounds are
endowed with MAO inhibitory [17], antihistaminic [18] and
antidepressant activities [19]. Complexing reactions of indole
derivatives with bio metals resulted in the compounds which
are used to treat diseases like depression, rheumatism, mi-
graine and some types of cancer [20].

Coumarin (2H-chromen-2-one) and its derivatives consist-
ing of fused benzene and o-pyrone rings are widely distrib-
uted in nature and exhibit a broad pharmacological profile
[21]. Coumarin analogs are considered to be important class
of compounds due to their several applications in the medi-
cal fields [22-24]. Interest in coumarin derivatives is rapidly
increasing in connection with the marked biological implica-
tion of coumarins particularly in the treatment of human
immunodeficiency virus, because of their ability to inhibit
human immunodeficiency virus integrase [25,26]. Synthesis
of coumarins and their derivatives have attracted much
attention of medicinal and organic chemists, as they are
widely used in pharmaceuticals, fragrances, agrochemicals,
food additives, optical brightener and laser dyes [27,28]. A
large number of coumarin derivatives were found to possess
tissue protective antioxidant properties by affecting the for-
mation and scavenging of reactive nitrogen species (RNS)
and scavenging of reactive oxygen species (ROS) [29].
Among them, hydroxyl substituted coumarins act as effective
metal chelators, free radical scavengers and powerful chain
breaking antioxidants. Nowadays, antioxidant activates
gained much interest, particularly in preventing the adverse
effects caused by the free radicals in the human body are
attracting ones. The free radicals are also associated with
arthritis, inflammation, diabetes, carcinogenesis, mutagenesis
and genotoxicity due to the oxidative stress which arises due
to imbalance between free radical generations [30]. Antioxi-
dant activity of metal complex is found to be induced by
both the identity of the metal and the ligands bound to it
[31]. In view of these findings and in continuation of our
work on coordination chemistry [32-38], we found it is
worth to synthesize Schiff base ligands containing both
indole and coumarin moieties viz. 5-substituted-N’-((7-hydro-
xy-4-methyl-2-0x0-2 H-chromen-8-yl)methylene)-3-phenyl-1H-
indole-2-carbohydrazide and their metal complexes and to
study their pharmacological activities like antimicrobial,
antioxidant and DNA cleavage activities.

2. Experimental

2.1. Analysis and physical measurements

IR spectra of the ligands and metal complexes were recorded
as KBr pellets on a Perkin Elmer — Spectrum RX-IFTIR
instrument covering the range 4000-250 cm™'. Elemental
analysis was obtained from a Perkin Elmer 2400 CHN Ele-
mental Analyzer which is a microprocessor based instrument.
"H NMR spectra of ligands and their Zn(II) complexes were
recorded on the FT NMR Spectrometer model Avance-II
(Bruker), 400 MHz instrument using ds;-DMSO as solvent.
ESI-MS was recorded on a mass spectrometer equipped with
electrospray ionization (ESI) and atmospheric pressure chem-
ical ionization (APCI) sources having mass range of 4000
amu in quadruple and 20,000 amu in ToF. UV-Visible spec-
tra of the Cu(Il), Co(II) and Ni(II) complexes were recorded
on a Elico — SL 164 double beam UV-Visible spectrophotom-
eter in the range 200-1000 nm in dimethyformamide (DMF)
solution (1 x 107 M). At room temperature ESR spectra of
the Cu(Il) complexes in the polycrystalline state were re-
corded on a BRUKER Bio Spin Gmbh spectrometer at a
microwave frequency of 9.1 GHz. The experiment was carried
out by using DPPH as reference with field set at 3000 gauss
using tetracynoethylene as the ‘g’ marker (g = 2.00277). Pow-
der-XRD of the complexes was recorded using a Bruker AXS
D8 Advance (Cu, Wavelength 1.5406 A source). Electrochem-
istry of all the complexes was recorded on a 600 D series
model electrochemical analyzer in DMF using tetrabutylam-
monium perchlorate as a supporting electrolyte. Molar
conductivity measurements were recorded on an ELICO
CM-180 conductivity bridge in dry DMF (10> M) solution
using a dip-type conductivity cell fitted with a platinum
electrode and the magnetic susceptibility measurements were
made at room temperature on a Gouy balance using
Hg[Co(NCS),] as the calibrant.

2.2. Methods

All the chemicals used were of high purity grade; solvents were
dried and distilled before use. Melting points of the ligands and
their complexes were determined by electro-thermal apparatus
using open capillary tubes. The metal and chloride contents
were determined as per standard procedures [39]. The precur-
sors S-substituted-3-phenyl-1H-indole-2-carboxyhydrazide
and 8-formyl-7-hydroxy-4-methylcoumarin were prepared by
the literature methods [40.,41].

2.3. Synthesis of the ligands 1 and 2

Equimolar mixture of S-substituted-3-phenyl-1H-indole-
2-carboxyhydrazide (0.001 mol) and 8-formyl-7-hydroxy-
4-methylcoumarin (0.001 mol) with 1-2 drops of glacial
acetic acid as a catalyst in methanol (20 mL) was refluxed
on a water bath for about 4-5h. The reaction was moni-
tored by TLC. The yellow solid separated was filtered,
washed with hot methanol, dried and recrystallized from
dioxane (Scheme 1).
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Scheme 1  Synthesis of ligands 1 and 2.

2.3.1. Ligand 1

Yield = 71%. m.p. 298 °C; Anal. Calcd. (%) for CoH gN304-
Cl: (Mol. Wt. = 471 g) C, 66.24; H, 3.82; N, 8.91; Cl, 7.43.
Found (%): C, 66.32; H, 3.91; N, 9.01; Cl, 7.32. FT-IR
(KBr, cm™'): 3418 br, v(OH); 3240 v(indole-NH); 3057,
v(amide-NH); 1720, v(lactone C=0); 1677, v(amide C=0);
1612, w(C=N); 1230, w(C-0). 'H NMR (ds-DMSO, ppm):
12.62 (s, 1H, phenolic OH); 12.18 (s, 1H, CONH); 12.04 (s,
1H, indole-NH); 8.85 (s, 1H, HC=N); 7.31-7.72 (m, 10H,
ArH); 6.24 (s, 1H, vinyl CH); 2.40 (s, 3H, coumarin CH3).
ESI-MS (v, MmF +2): 471, 473 (100%, 30%).

2.3.2. Ligand 2

Yield = 67%; m.p. 287 °C; Anal. Calcd. (%) for C,7H,;N3O4:
(Mol. Wt. = 451 g) C, 71.84; H, 4.65; N, 9.31. Found (%): C,
71.72; H, 4.77; N, 9.47. FT-IR (KBr, cm™): 3460 br, v(OH);
3245 wv(indole-NH); 3052, v(amide-NH); 1713, v(lactone
C=0); 1673, v(amide C=0); 1614, v(C=N); 1232, »(C-0).
'"H NMR (d,-DMSO, ppm): 12.68 (s, 1H, phenolic OH);
11.93 (s, 1H, CONH); 11.80 (s, 1H, indole-NH); 8.86 (s, 1H,
HC=N); 6.96-7.40 (m, 10H, ArH); 6.25 (s, 1H, vinyl CH);
2.40 (s, 3H, coumarin CH3); 2.39 (s, 3H, indole-CH3). ESI-
MS (M*): 451 (100%).

2.4. Preparation of Cu(Il), Co(1l), Ni(Il) and
Zn(II)complexes of ligands 1 and 2

To the hot solution of 5-substituted-N"-((7-hydroxy-4-methyl-
2-0x0-2 H-chromen-8-yl)methylene)-3-phenyl-1 H-indole-2-car-
bohydrazide (0.002 mol) in methanol (30 mL) was added a hot
methanolic solution (15mL) of respective metal chlorides
(0.002 mol). The reaction mixture was refluxed on water bath
for about 4 h. Sodium acetate (0.5 g) was added to the reaction
mixture to maintain a neutral pH and refluxing was continued
for 1 h more. The reaction mixture was poured into distilled
water. The colored solid complexes separated were collected
by filtration, washed with sufficient quantity of distilled water,
then with hot methanol to apparent dryness and dried in a vac-
uum over anhydrous calcium chloride in a desiccator. The
melting points of all the compounds are depicted in Table 1.

24.1. Cu(Il) complex (1a)

Yield = 68%. m.p. >300 °C; Anal. Calcd. (%) for [Cu(Css.
H7N304CD(CI)(H,0),]: (Mol. Wt. = 604.54 g) C, 51.60; H,
3.47; N, 6.94; Cl, 11.57; Cu, 10.51. Found (%): C, 51.74; H,
3.56; N, 7.08; Cl, 11.41; Cu, 10.43. FT-IR (KBr, cm™'): 3411
br, v(H,0); 3249, v(indole-NH); 3056, v(amide NH); 1723,
v(lactone C=0); 1628, v(amide C=0); 1561, v(HC=N);
1289, v(C-0); 542, v(M-0); 473, v(M-N); 326, v(M-Cl).
ESI-MS (M* +1,m" +2): 605, 607 (10%, 2.7%). UV-Vis
(DMF): 13,590-17,876 cm ™.

2.4.2. Co(Il) complex (1b)

Yield = 59%. m.p. >300 °C; Anal. Calcd. (%) for [Co(Css.
H{7N304Cl),]: (Mol. Wt. = 998.93 g) C, 62.46; H, 3.40; N,
8.40; Cl, 7.00; Co, 5.89. Found (%): C, 62.38; H, 3.55; N,
8.59; Cl, 6.91; Co, 5.94. FT-IR (KBr, cm™'): 3246, v(indole-
NH); 3053, v(amide-NH); 1719, v(lactone C=—0); 1619,
v(amide C=0); 1580, v(HC=N); 1293, v(C-0); 529, v(M-
0); 478, v(M-N). ESI-MS (u*,m" +2): 998, 1000 (12%,
4.5%). UV=Vis (DMF): v, 7912cm™"; vy, 16,982; vs,
21,237 cm™ L.

2.4.3. Ni(Il) complex (Ic)

Yield = 56%. m.p. >300 °C; Anal. Calcd. (%) for [Ni(Cpe.
H | 7N304Cl),]: (Mol. Wt. = 998.69 g) C, 62.48; H, 3.40; N,
8.41; Cl, 7.00; Ni, 5.87. Found (%): C, 62.59; H, 3.56; N,
8.30; Cl, 7.14; Ni, 5.69. FT-IR (KBr, cmfl): 3245, v(indole-
NH); 3076, v(amide-NH); 1717, v(lactone C=0); 1617,
vamide C=—0); 1580, v(HC=N); 1293, w(C-0); 534,
w(M-0); 493, WM-N). UV-Vis (DMF): v;, 8210cm™'; v,,
13,598; v3, 23,874 cm ™"

2.4.4. Zn(Il) complex (1d)

Yield = 66%. m.p. >300 °C; Anal. Calcd. (%) for [Zn(Css.
H7N304CD(CI)(H,0),]: (Mol. Wt. = 606.40 g) C, 51.45; H,
3.46; N, 6.92; Cl, 11.54; Zn, 10.78. Found (%): C, 51.59; H,
3.57; N, 7.08; Cl, 11.40; Zn, 10.63. FT-IR (KBr, cm™'): 3411
br, v(H,O); 3247, v(indole-NH); 3057, v(amide NH); 1718,
v(lactone C=0); 1614, v(amide C=0); 1578, v(HC=N);
1291, ¥(C-0); 509, v(M-0); 455, v(M-N); 366, v(M—Cl). 'H
NMR (ds-DMSO, ppm): 12.27 (s, IH, CONH); 12.05 (s, 1H,
indole-NH); 8.87 (s, 1H, HC=N); 7.33-7.74 (m, 10H, ArH);
6.46 (s, 1H, vinyl CH); 2.40 (s, 3H, coumarin CHj3). ESI-MS
(M + 1, M +2): 607, 609 (13%, 3.2%).

2.4.5. Cu(Il) complex (2a)

Yield = 65%. m.p. >300 °C; Anal. Calcd. (%) for [Cu(C,.
H,oN304)(Cl)(H,0),]: (Mol. Wt. = 584.54 g) C, 55.42; H,
4.10; N, 7.18; Cl, 5.98; Cu, 10.87. Found (%): C, 55.59; H,
4.23; N, 7.25; Cl, 5.90; Cu, 10.74. FT-IR (KBr, cm™!): 3388
br, v(H,0); 3247, v(indole-NH); 3051, v(amide-NH); 1718,
v(lactone C=0); 1621, v(amide C=0); 1547, v(HC=N);
1279, v(C-0); 566, v(M-0); 460, v(M-N); 333, v(M-Cl).
UV-Vis (DMF): 13,782-17,563 cm™".

2.4.6. Co(Il) complex (2b)

Yield = 54%. m.p. >300 °C; Anal. Calcd. (%) for [Co(Cy7.
H,N304),]: (Mol. Wt. = 95893 ¢) C, 67.57; H, 4.17; N,
8.75; Co, 6.14. Found (%): C, 67. 71; H, 4.28; N, 8.89; Co,
6.09. FT-IR (KBr, cm™'): 3236, v(indole-NH); 3049, v(amide



Table 1 Physical, analytical and magnetic susceptibility data of ligands 1 and 2 and their complexes.

Ligand/complexes Molecular Mol. Elemental analysis (%) Calcd (Found) Mag. Moment  Molar conductance  Color
formula Wt. (g) . peff (BM) (ty) ohm ™! em?

M.p. °C (yield %) M C H N Cl mol-

1 HL] C2(,H18N304C1 471 298 — 66.24 3.82 8.91 7.43 — — Yellow
(71) (66.32) (3.91) 9.01) (7.32)

2 HLZ C27H21N304 451 287 — 71.84 4.65 9.31 — — — Yellow
67) (71.72) 4.77) (9.47)

1a [Cu(L))(C)(H;0);]  [Cu(CysH 7N304CD(CH(H,0),]  604.54 >300 10.51 51.60 3.47 6.94 11.57 1.79 31 Green
(68) (10.43) (51.74) (3.56) (7.08)  (11.41)

1b [Co(L)] [Co(Cs6H 7N304Cl),] 998.93 >300 5.89 62.46 3.40 8.40 7.00 5.01 19 Brown
(59) (5.94) (62.38) (3.55) 8.59)  (6.91)

1c [Ni(Ly),] [Ni(Cy6H7N;304Cl),] 998.69 >300 5.87 62.48 3.40 8.41 7.00 2.90 20 Green
(56) (5.69) (62.59) (3.56) (8.30) (7.14)

1d [Zn(L;)(C1)(H>0),]  [Zn(Cy6H17N30,4Cl)(C1)(H,0),]  606.40 >300 10.78 51.45 3.46 6.92 11.54 - 30 Orange
(66) (10.63) (51.59) (3.57) (7.08)  (11.40)

2a [Cu(L,)(C)(H,0),]  [Cu(Cy7H9N304)(ClH(H,0),] 584.54 >300 10.87 55.42 4.10 7.18 5.98 1.80 28 Green
(65) (10.74) (55.59) (4.23) (7.25)  (5.90)

2b [Co(L,),] [Co(Cs7H50N304)] 958.93 >300 6.14 67.57 4.17 8.75 - 5.12 16 Brown
(54) (6.09) (67.71) (4.28) (8.89)

2¢ [Ni(L,),] [Ni(Cy7H59N304),] 958.69 >300 6.12 67.59 4.17 8.76 - 2.97 18 Green
(57) (6.02) (67.42) (4.29) (8.84)

2d [Zn(L,)(CD)(H,0),]  [Zn(Ca7H,0N304)(C)(H,0)5] 586.40 >300 11.15 55.25 4.09 7.16 5.96 - 26 Orange
(61) (11.02) (55.33) (4.17) (7.20)  (5.84)
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NH); 1712, v(lactone C=0); 1615, v(amide C=0); 1577,
WHC=N); 1287, w(C-0); 536, v(M-O); 468, vw(M-N).
UV-Vis (DMF): v;, 7504 cm™; v,, 16,114; v3, 20,385 cm ™.

2.4.7. Ni(Il) complex (2c)

Yield = 57%. m.p. >300°C; Anal. Calcd. (%) for [Ni(Cs,7.
H,N304),]: (Mol. Wt. = 958.69¢g) C, 67.59; H, 4.17; N,
8.76; Ni, 6.12. Found (%): C, 67. 42; H, 4.29; N, 8.84; Ni,
6.02. FT-IR (KBr, cm™'): 3248, v(indole-NH); 3049, v(amide
NH); 1716, v(lactone C=—0); 1611, v(amide C—0); 1578,
v(HC=N); 1299, »(C-0); 550, v(M-0); 478, v(M-N).
UV-Vis (DMF): v, 8410 cm™'; v,, 13,894; v5, 24,194 cm ™.

2.4.8. Zn(II) complex (2d)

Yield = 61%. m.p. >300 °C; Anal. Caled. (%) for [Zn(Cys.
H,oN304)(C)(H,0),]: (Mol. Wt. = 586.40 g) C, 55.25; H,
4.09; N, 7.16; Cl, 5.96; Zn, 11.15. Found (%): C, 55.33; H,
4.17; N, 7.20; Cl, 5.84; Zn, 11.02. FT-IR (KBr, cm™"): 3435
br, v(H,0); 3254, v(indole-NH); 3053, v(amide NH); 1712,
v(lactone C=0); 1618, v(amide C=O0); 1577, v(HC=N);
1298, ¥(C-0); 570, v(M-0); 466, v(M-N); 366, v(M—Cl). 'H
NMR (ds-DMSO, ppm): 12.11 (s, 1H, CONH); 11.89 (s, 1H,
indole-NH); 8.95 (s, IH, HC=N); 6.98-7.61 (m, 10H, ArH);
6.40 (s, 1H, vinyl CH); 2.53 (s, 3H, coumarin CHj3); 2.40 (s,
3H, indole CHj;).

2.5. Pharmacology

2.5.1. Antimicrobial assays

The synthesized Schiff bases 1 and 2 and their metal complexes
were studied for their antibacterial and antifungal activities by
the Muller-Hinton agar (MHA) and potato dextrose agar
(PDA) dilution method respectively. The in vitro antibacterial
activities of the test compounds were tested against two Gram-
positive Bacillus subtilis (MTCC 736) and Staphylococcus aur-
eus (MTCC 3160) and two Gram-negative Escherichia coli
(MTCC 46) and Salmonella typhi (MTCC 98) bacteria. The
in vitro antifungal activities were carried out against Aspergil-
lus niger (MTCC 1881), Cladosporium oxysporum (MTCC
1777) and Candida albicans (MTCC 227) fungi in accordance
with the international recommendation provided by the Clini-
cal and Laboratory Standard Institute (CLSI). The stock solu-
tions of the each test compound and their respective metal
chlorides (1 mgmL™") were prepared by dissolving 10 mg of
the each sample in 10 mL of freshly distilled DMSO solvent.
Further, the different concentrations of the test samples (100,
75, 50, 25 and 12.5 pgmL™"), were prepared by diluting the
stock solution with the required amount of freshly distilled
DMSO.

For antibacterial activity, Muller-Hinton agar plates con-
taining final concentration of 100, 75, 50, 25 and 12.5 pg mL ™"
of each test compound and their respective metal chlorides
were inoculated with standardized inoculum of test strains of
bacteria (McFarland standard 0.5). Before inoculation these
plates were incubated overnight to check the purity. Using
the standard multipoint inoculator, test bacterial culture was
inoculated on the surface of the Muller-Hinton agar and the
plates were kept for incubation at 37 °C in inverted position.
One control plate of Muller-Hinton agar without the test com-
pound was incubated with test strains of bacteria and kept for
incubation at the same condition. After 24 h of incubation

MIC (minimal inhibitory concentration) of each test com-
pound was recorded as the lowest concentration of compound
with no visible growth of bacteria.

For antifungal activity, potato dextrose agar plates contain-
ing final concentration of 100, 75, 50, 25 and 12.5 pg mL~! of
each test compound and their respective metal chlorides were
inoculated with 100 pL of spore suspension of 7 day old cul-
ture of test fungi (10® spore/ml). These plates were kept for
incubation at 32 °C. Along with these plates one control plate
without test compound was inoculated with its respective test
strains of fungi and was placed for incubation at the above de-
scribed condition. After 48 h of incubation MIC (minimal
inhibitory concentration) of each test compound was recorded
as the lowest concentration of compound with no visible
growth of fungi.

The minimum concentration of each test compound with
no visible growth of test bacteria/fungi was reported as MIC
for their respective strains. Blank tests have shown that DMSO
in the preparation of the test solution does not affect the test
organisms. The results were compared with that of gentamy-
cin, a broad-spectrum antibiotic for bacterial strains and fluco-
nazole for fungal strains as positive control.

2.5.2. Antioxidant assay (free radical scavenging activity)

The free radical scavenging activity of ligand and its metal
complexes were determined with the 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) method [42]. Different concentrations of
compounds (12.5, 25, 50 and 100 pg) and standard butylated
hydroxy anisole (BHA) were taken in different test tubes.
The volume of each test tube was adjusted to 100 pL by adding
distilled DMF. To each test solution in DMF, 5 mL methano-
lic solution of DPPH (0.1 mM) was added to these tubes. The
tubes were kept at ambient temperature for 30 min. The con-
trol experiment was carried out as above without the test sam-
ples. The absorbance of test solutions was measured at 517 nm.
The decrease in the absorbance of DPPH was calculated
comparative to the measured absorbance of the control. The
percentage radical scavenging activity was calculated using
the following formula:

% Radical scavenging activity
_ [Control optical density — Sample optical density

- - 100
Control optical density x

2.5.3. DNA cleavage experiment

The extent to which the synthesized compounds could serve as
DNA cleavage agents was studied using supercoiled plasmid
DNA pBR 322 (Bangal re Genei, Bengaluru, Cat. No.
105850) as a target molecule. The agarose gel electrophoresis
method was employed to test the efficiency of cleavage by
the synthesized compounds. Each test compound (100 ug)
was added separately to the 225 ng pBR 322 DNA sample
and these samples mixtures were incubated at 37 °C for 2 h.
The electrophoresis of the test compounds was done according
to the literature method [43]. Mixture of agarose (600 mg) and
hot tris—acetate-EDTA (TAE) buffer (60 mL) (4.84 g Tris base,
pH-8.0, 0.5 M EDTA L") was heated to boil for few minutes.
The hot gel was poured into the gas cassette fitted with comb.
On cooling to room temperature gel gets solidified and the
solidified gel was placed in the electrophoresis chamber
containing TAE buffer. Equimolar mixture DNA sample
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(20 pL) initially treated with the test compounds and bromo-
phenol blue dye along with standard DNA marker containing
TAE buffer was loaded carefully into the wells and a constant
electricity of 50 V was supplied for about 40 min. Later, the gel
was removed and it is stained with ethidium bromide solution
(10 pg mL~") for 10~15 min and the bands were observed and
photographed under UV-illuminator.

3. Results and discussion

All the synthesized metal complexes are colored solids, amor-
phous and non-hygroscopic in nature and possess high melting
points (>300 °C). The complexes are insoluble in water and
common organic solvents but are soluble in DMF and DMSO.
Elemental analysis and analytical data of the complexes
suggest that the metal to ligand ratio of the complexes is 1:1
stoichiometry of the type [M(L)(Cl)(H,0),] for Cu(Il) and
Zn(I1) complexes and 1:2 stoichiometry of the type [M(L),)]
for Co(IT) and Ni(II) complexes of ligands 1 and 2 respectively,
where L stands for deprotonated ligand. The molar conduc-
tance values are too low to account for any dissociation of
the complexes in DMF (16-31 ohm ™! cm? mole™"), indicating
their non-electrolytic nature (Table 1) [44].

3.1. IR spectral studies

The important IR bands of the ligands and their metal
complexes are represented in Table 2. In the IR spectra of li-
gands 1 and 2, absorption due to phenolic OH have exhibited
bands at 3418 and 3460 cm ™', absorption due to indole NH
and CONH functions have displayed bands at 3240 and
3057 cm™" and 3245 and 3052 cm™', respectively. Two sharp
peaks observed at 1720 and 1677cm™' and 1713 and
1673 cm ™! are due to the lactone carbonyl function and amide
carbonyl function attached to 2-position of indole moiety of
both the ligands. Absorption bands due to azomethine func-
tion and phenolic C—O function of the ligands 1 and 2 have ap-
peared at 1612 and 1230cm™' and 1614 and 1232cm™ ',
respectively.

The absence of absorption bands due to phenolic OH
groups at 3418 and 3460 cm™' in the IR spectra of Cu(Il),
Co(II), Ni(I) and Zn(II) complexes of ligands 1 and 2 indi-
cates the formation of bonds between metal ion and phenolic
oxygen atom via deprotonation. This is further confirmed by
the increase in absorption frequency of phenolic C—-O which
appeared in the region 1289-1293 and 1279-1299 cm™!,
respectively in the metal complexes of ligands 1 and 2 under
the present study. The absorption band due to indole NH
and NH of CONH functions of the above metal complexes
of ligands 1 and 2 has displayed bands in the region 3245-
3249cm™' and 3053-3076cm™' and 3236-3254cm”' and
3049-3053 cm ™!, respectively, which have appeared at about
the same region as in the case of respective ligands, thus
confirming the non-involvement of either indole NH or NH
of CONH function in coordination with the metal ions. The
absorption band due to lactone carbonyl function in all the
metal complexes have appeared at about the same region
1723-1717 and 1718-1712 cm ™' of both the ligands 1 and 2,
there by indicating the non-involvement of lactone carbonyl
oxygen in coordination with metal ions. The absorption
frequency of amide carbonyl and azomethine functions which

IR spectral data (cm™') of ligands 1 and 2 and their complexes.
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Table 3

'"H NMR data of ligands 1 and 2 and their Zn(II) complexes.

Ligands/Zn(II) complexes '"H NMR data (ppm)

1/HL,

12.62 (s, 1H, phenolic OH), 12.18 (s, 1H, CONH), 12.04 (s, 1H, indole NH), 8.85 (s, 1H, HC=N), 7.31-7.72

(m, 10H, ArH), 6.24 (s, 1H, =CH) and 2.40 (s, 3H, coumarin CH3)

2/HL,

12.68 (s, 1H, phenolic OH), 11.93 (s, IH, CONH), 11.80 (s, 1H, indole NH), 8.86 (s, 1H, HC—=N), 6.96-7.40

(m, 10H, ArH), 6.25 (s, 1H, =CH), 2.40 (s, 3H, coumarin CH3) and 2.39 (s, 3H, indole CH3)

1d/[Zn(L,)(CD)(H20);]

12.27 (s, 1H, CONH), 12.05 (s, 1H, indole NH), 8.87 (s, IH, HC=N), 7.33-7.74 (m, 10H, ArH), 6.46

(s, IH, =CH) and 2.40 (s, 3H, coumarin CHj3)

2d/[Zn(L2)(CD(H0),]

12.11 (s, 1H, CONH), 11.89 (s, 1H, indole NH), 8.95 (s, IH, HC=N), 6.98-7.61 (m, 10H, ArH), 6.40

(s, 1H, =CH), 2.53 (s, 3H, coumarin CH3) and 2.40 (s, 3H, indole CH3)

appeared at 1677 and 1612 cm™" and 1673 and 1614 cm™! in
case of ligands 1 and 2, has been shifted to lower frequency
by 63-49 and 51-32 cm ™! and 62-52 and 67-36 cm™ !, respec-
tively in the complexes and appeared in the region 1628-1614
and 1580-1561 cm ™" and 16211611 and 15781547 cm ™" indi-
cating the involvement of oxygen atom of carbonyl function as
such without undergoing any enolization [45] and nitrogen
atom of azomethine [46] function in complexation with the me-
tal ions. This is further confirmed by the appearance of new
bands in the region 542-509 and 493-455 cm™! and 570-536
and 478-460 cm™' due to M—O and M—N stretching vibrations
[47] in all the complexes of ligands 1 and 2. The appearance of
new bands in the region 366-326 and 366-333 cm ' in Cu(II)
and Zn(II) complexes of both the ligands respectively is due to
M-CI bands. The broad band due to co-ordinated water mol-
ecule appeared at 3411 and 3388cm™' and 3411 and
3435cm™! in the Cu(Il) and Zn(II) complexes of ligands 1
and 2 respectively.

3.2. '"H NMR spectral data

The "H NMR data of the synthesized ligands and their Zn(II)
complexes are presented in Table 3. The 'H NMR spectra of
the ligands 1 and 2 displayed three singlets each at 12.62,

MAHENDRA 5. 38 (0.400) Cm (2:55) -

e

12.18 and 12.04 ppm and 12.68, 11.93 and 11.80 ppm,
respectively, due to the proton of phenolic OH, amide NH
and indole NH of ligands 1 and 2, respectively. The signals
due to proton of azomethine function have appeared at 8.85
and 8.86 ppm in both the ligands 1 and 2. The aromatic pro-
tons of each of the ligands 1 and 2 have resonated as multiplets
in the region 7.31-7.72 ppm (m, 10H, ArH) and 6.96-7.40 ppm
(m, 10H, ArH). Three protons of the methyl group attached to
4-position of coumarin moiety have resonated as distinct
singlets at 2.40 and 2.40 ppm in both ligands, respectively.
Three protons of the methyl group attached to 5-position of in-
dole moiety of ligand 2 have appeared as distinct singlet at
2.39 ppm.

In the case of Zn(IT) complexes, the absence of signal due to
proton of two phenolic OH groups confirms the involvement
of bonding of the phenolic oxygen atom to metal ion via
deprotonation. The signals appeared at 12.27 and 12.11 ppm,
12.05 and 11.89 ppm, 8.87 and 8.95ppm, 7.33-7.74 and
6.98-7.61 ppm and 2.40 and 2.53 ppm are due to amide NH
proton, indole NH proton, azomethine proton, aromatic pro-
tons and three protons of the methyl group attached to 4-posi-
tion of coumarin moiety in each of Zn(II) complexes of ligands
1 and 2, respectively. Singlet appeared at 2.40 ppm in case of
Zn(II) complex of ligand 2 is due to three protons of the
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methyl group attached to S-position of the indole moiety.
When compared to the '"H NMR spectra of ligands 1 and 2
and their Zn(IT) complexes, all the signals due to protons have
been shifted toward down field strength confirming the
complexation of Zn(II) ions with the ligands. Thus the 'H
NMR data support the structures of ligands and their
complexes.

3.3. ESI-mass spectral data

Mass spectral data confirms the structure of the ligands and
the complexes as indicated by the peaks corresponding to
their molecular mass. Ligands 1 and 2 and Cu(Il), Co(II)
and Zn(IT) complexes of ligand 1 have been studied for their
mass spectral studies. The ESI-mass spectra of the com-
pounds exhibited molecular ion peaks equivalent of their
molecular weight along with other fragmentation peaks. The
representative mass spectrum of ligand 1 (Fig. 1) shows
molecular ion peak due to vt at m/z 471, 473 (100%, 30%)
which is equivalent to its molecular weight and is also a base
peak. This on loss of CO molecule and two hydrogen radicals
gave a peak recorded at m/z 441, 443 (6%, 1.5%). Further,
this on simultaneous loss of C;4H;NCI radical and methyl
radical gave a fragment ion peak at 202 (25%), which on
expulsion of C,HO radical, HCO radical, N, molecule and
H, molecule gave a peak recorded at m/z 102 (6%). The
molecular ion peak due to \ft+ at m/z 471, 473 (100%, 30%)
has also underwent fragmentation by another route by simul-
taneous loss of C,O molecule, methyl radical and hydroxyl
radical giving a fragment ion peak recorded at m/z 399, 401
(13%, 4.5%). This fragmentation pattern is in consistency
with its structure (supplementary data).

The mass spectrum of ligand 2 shows molecular ion peak
due to M+ at m/z 451 (100%) which is equivalent to its molec-
ular weight and is also a base peak. The molecular ion peak on

MAKENDRA Ba 12 (0.175) Cm (7:31)
100n 2205+
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simultaneous loss of HCO radical, hydroxyl radical, hydrogen
radical and two hydrogen molecules gave a fragment ion peak
at m/z 400 (7%). This fragment ion, underwent further frag-
mentation by two routes; one by the loss of hydrogen radical
giving a fragment ion peak recorded at m/z 399 (14%) and an-
other by loss of CoH,O molecule gave a fragment ion peak re-
corded at m/z 274 (12%). Further, the fragment ion at m/z 274
(12%) has underwent fragmentation by two routes, one by loss
of CO molecule giving a fragment ion peak recorded at m/z
246 (9.5%) another by simultaneous loss of CHN, radical
and methyl radical giving a fragment ion peak recorded at
m/z 218 (13%). This fragmentation pattern (supplementary
data) is in consistency with its structure of ligand 2.

Similarly the mass spectra of Cu(Il) (1a) (Fig. 2) and Co(II)
(1b) complexes of ligand 1 exhibited molecular ion peak \* at
m/z 605, 607 (10%, 2.7%) and 998, 1000 (12%, 4.5%), respec-
tively which corresponds to their molecular weight. The mass
spectrum of Zn(II) (1d) complex of ligand 1 gave a molecular
ion peak due to \* + 1 at m/z 607, 609 (13%, 3.2%), which on
loss of one hydrogen gave a peak at m/z 606, 608 (8%, 1%)
which is equivalent to its molecular weight. The fragmentation
patterns of Cu(II), Co(II) and Zn(IT) complexes of ligand 1 are
depicted in supplementary data.

3.4. Electronic spectral studies

The formation of metal complexes was also confirmed by elec-
tronic spectra. Electronic spectral data of the Cu(Il), Co(II)
and Ni(II) complexes of the ligands 1 and 2 recorded in freshly
prepared DMF solution (1073 M) at room temperature are gi-
ven in Table 4. The Cu(II) complexes of ligands 1 and 2 dis-
played single broad band each with low intensity in the
region 13,590-17,876 cm ™' (1a) and 13,782-17,563 cm™! (2a).
The broad band is assigned due to three transitions
2B1g - 2Eg, 2B1g - szg and 2B1g - zAtg, which are of similar
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Figure 2 ESI mass spectrum of Cu(II) complex 1a.
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Table 4 Electronic spectral data and ligand field parameters of the Cu(II), Co(I) and Ni(IT) complexes in DMF (10~3M) solution.

Complexes Transitions in cm ™’ Dq (cm™") B (ecm™) p % Vo/vy LFSE (k cal.)
Vl* Vo V3

(1a) [Cu(L,)(CI)(H,0),] 13,590-17,876 = = = = = 26.95

(1b) [Co(L4)y] 7912 16,982 21,237 907 967 0.929 7.01 2.14 15.54

(1e) [Ni(Ly)2] 8210 13,598 23,874 821 855 0.822 17.78 1.65 28.14

(2a) [Cu(L,)(Cl)(H,0)] 13,782-17,563 - - - - - 26.828

(2b) [Co(L+)] 7504 16,114 20,385 861 934 0.898 10.19 2.14 14.76

(2¢) [Ni(Ly),] 8410 13,894 24,194 841 856 0.808 17.69 1.65 28.83

* Calculated values.

in energy and give rise to only single broad absorption band
and the broadness of the band is due to dynamic Jahn—Teller
distortion. Based on these data the Cu(II) complexes have dis-
torted octahedral geometry [48].

The electronic spectra of Co(II) complexes of both the
ligands show two absorption bands each observed at 16,982
and 21,237 cm™' (1b) and 16,114 and 20,385cm™' (2b) due
to two transitions 4T1g (F)—> 4A2g (F) (v,) and 4Tlg
(F)— 4T2g (P) (v3) respectively. These data are in good agree-
ment with the reported values [49]. The lowest band, v, was not
observed due to the limited range of the instrument, it is calcu-
lated using the band fitting procedure suggested by Underhill
and Billing [50]. These transitions suggest octahedral geometry
for both the Co(Il) complexes.

The Ni(IT) complexes under present investigation exhibited
two bands each in the region 13,598 and 23,874 cm ! (1c) and
13,894 and 24,194 cm™! (2¢). These bands are assigned to 3A2g
(F) = Ty, (F) (v2) and *A,, (F) = *T1g (P) (v3) transitions
respectively, in an octahedral environment. The band v; was
calculated by using a band fitting procedure [50].

The ligand field parameters, such as the Racah inter elec-
tronic repulsion parameter (B’), ligand field splitting energy
(10 Dq), nephelauxetic parameter (f5) and ligand field stabiliza-
tion energy (LFSE) further support the octahedral geometry of
the complexes [51]. The calculated B’ values for the Co(II) and
Ni(IT) complexes of both the ligands were lower than the free
ion values, which is due to the orbital overlap and delocaliza-
tion of d-orbitals. The § values are important in determining
the covalency for the metal-ligand bond and they were found
to be less than unity, suggesting a considerable amount of cov-
alency for the metal-ligand bonds. The f value for the Ni(II)
complexes was less than that of the Co(II) complexes, indicat-
ing the greater covalency of the M—L bond [52].

3.5. Magnetic susceptibility studies

The room temperature magnetic measurements were obtained
for paramagnetic Co(II), Ni(I) and Cu(II) complexes of li-
gands 1 and 2 and are listed in Table 1. The observed magnetic
moments for Cu(Il) complexes are 1.79 BM (1a) and 1.80 BM
(2a) which attributes to one unpaired electron with slight orbi-
tal contribution to the spin only value of 1.73 BM and the ab-
sence of spin—spin interactions in the complex accounting for
the possibility of a distorted octahedral geometry [53]. In octa-
hedral Co(II) complex the ground state is 4T1g. and the orbital
contribution to the singlet state lowers the magnetic moment
values for the various Co(II) complexes which are in the range
4.12-4.70 and 4.70-5.20 BM for tetrahedral and octahedral

complexes respectively [54]. In the present study the observed
magnetic moment values for Co(II) complexes are 5.01 BM
(1b) and 5.12 BM (2b) which indicate octahedral geometry
for both the Co(Il) complexes. For Ni(I) complexes the ob-
served magnetic moment values are 2.90 BM (1c¢) and
2.97 BM (2¢) which are well within the expected range for
Ni(IT) complex with octahedral geometry i.e. 2.83-3.50 BM
[55].

3.6. ESR spectral studies of the Cu(Il) complex

The ESR spectra of the Cu(II) complexes in a polycrystalline
state were recorded at room temperature to elucidate the
geometry and degree of covalency of the metal-ligand bond
or environment around the metal ion. The X-band ESR spec-
tra of Cu(Il) complexes [Cu(L;)(Cl)(H,O),] (1a) and [Cu(L,)(-
C1)(H,0O),] (2a) have been recorded at a frequency of 9.1 GHz
with a field set of 3000 G. The spin Hamiltonian parameters
for the Cu(Il) complex is used to derive the ground state. In
octahedral geometry with the g-tensor parameter
g1 > g > 2.0023, the unpaired electron lies in the d2 orbital
and g, > g, > 2.0023, the unpaired electron lies in the dy,_,»
orbital in ground state [56]. In the present study the observed
measurements for Cu(I) complexes [Cu(L,)(CI)(H,0),] (1a),
g, (2.154) > g, (2.034) > 2.0023 and [Cu(L,)(Cl)(H,0),]
(2a), g (2.146) > g, (2.031) > 2.0023 indicate that the com-
plex is axially symmetric and copper site has a dy,_,, ground
state characteristic of octahedral geometry [57]. The g, value
is an important function for indicating the metal-ligand bond
character, for covalent character g, < 2.3 and for ionic
g > 2.3, respectively [58]. In the present Cu(II) complexes
the g, values were less than 2.3, indicating an appreciable cova-
lent character for the metal-ligand bond. The geometric
parameter (G), which is the measure of extent of exchange
interaction is calculated by using g-tensor values by the expres-
sion G = g,—2/g,—2. According to Hathaway [59], if the G
value is less than 4, the exchange interaction between the cop-
per centers is noticed whereas if its value is greater than 4 the
exchange interaction is negligible. The calculated G-values for
the present Cu(Il) complexes are 4.43 (1a) and 4.65 (2a) respec-
tively indicate that the exchange coupling effects are not oper-
ative in the present complexes.

3.7. Thermal studies

The thermal behavior of Cu(Il), Co(II), Ni(II) and Zn(II)
complexes of ligand 1 was investigated as a function of
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Table 5 Thermal data of the complexes of ligand 1.

Complex Decomposition % Weight loss % Metal oxide Inference
e iy (L) Obsd. Cald. Obsd. Cald.
la 271 6.32 5.95 - - Loss due to two coordinated water molecules
376 17.88 16.53 - - Loss due to CO, molecule, the CH3 group and a
Cl atom
388 35.48 33.92 - - Loss due to CoH4N moiety and a Cl atom
Up to 715 - - 13.28 13.15 Loss due to remaining organic moiety
1b 312 12.52 11.82 - - Loss due to two CO, molecules and two CHj
groups
383 9.09 7.94 - - Loss due to two Cl atoms
426 37.50 37.11 - - Loss due to two CoH,4 moieties and a phenyl
group
Up to 715 - - 7.36 7.50 Loss due to remaining organic moiety
1c 366 17.53 18.82 - - Loss due to two CO, molecules, two CH3 groups
and two Cl atoms
398 42.53 44.25 - - Loss due to two CoHsN, moieties and a phenyl
group
450 22.83 24.13 - - Loss due to a phenyl group and O, molecule
Up to 715 - - 7.58 7.47 Loss due to remaining organic moiety
1d 204 4.92 5.93 - - Loss due to two coordinated water molecules
352 13.07 13.84 - - Loss due to CO, molecule and a Cl atom
441 48.34 46.80 - - Loss due to C4HoNCI and two H, molecules
Up to 715 - - 13.48 13.42 Loss due to remaining organic moiety

temperature. The suggested stepwise thermal degradation of
the complexes with respect to temperature and the formation
of respective metal oxides are depicted in Table 5. Thermo-
gravimetic—differential thermal analysis curve of Cu(Il)
complex (1a) (Fig. 3) shows that the complex is stable up to
270 °C and no weight loss occurs before this temperature
and underwent decomposition in three successive steps. The

first stage of decomposition represents weight loss of coordi-
nated water molecules at 271 °C with practical weight loss of
6.32% (Cald. 5.95%). The resultant complex underwent sec-
ond stage of degradation and gave break at 376 °C with a prac-
tical weight loss of 17.88% (Cald. 16.53%), which corresponds
to the decomposition of CO, molecule, the methyl group and a
chlorine atom. Further the complex underwent third stage of
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Figure 3 TG-DTA curve of Cu(Il) complex 1a.
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Figure 4  Cyclic voltammogram of Cu(Il) complexes at scan rate of 0.1 Vs~

decomposition and gave a break at 388 °C with a weight loss of
35.48% (Cald. 33.92%) due to loss of CoH4N moiety and a
chlorine atom. Thereafter, the compound showed a gradual
decomposition in a gradual manner rather than with the sharp
decomposition up to 715 °C and onwards due to the loss of the
remaining organic moiety. The weight of the residue corre-
sponds to cupric oxide.

The thermogram of Co(II) complex (1b) shows the first
stage of decomposition at 312 °C with practical weight loss
of 12.52% (Cald. 11.82%), which corresponds to weight loss
of two CO, molecules and two CH; groups. Further the com-
plex underwent decomposition and gave a break at 383 °C
with a practical weight loss of 9.09% (Cald. 7.94%), corre-
sponds to weight loss of two Cl atoms. The resultant complex
underwent third stage of decomposition at 426 °C with the
weight loss of 37.50% (Cald. 37.11%) due to loss of two
CyH4 moieties and a phenyl group. Thereafter the complex
showed gradual decomposition up to 750 °C with a weight loss
of remaining organic moiety, the weight of the residue corre-
sponds to cobalt oxide.

In the thermogram of the Ni(II) complex (1¢), the first stage
of decomposition represents the weight loss of two CO, mole-
cules, two CHj; groups and two Cl atoms at 366 °C with a prac-
tical weight loss of 17.53% (Cald. 18.82%). The resultant
complex underwent further degradation and gave break at
398 °C with a practical weight loss of 42.53% (Cald. 44.25%),
which corresponds to the decomposition of two CoHsN, moie-
ties and a phenyl group. Further the resulting complex under-
went decomposition and gave a break at 450°C with a
practical weight loss of 22.83% (Cald. 24.13), which corre-
sponds to the weight loss of a phenyl group and an O, molecule.
Thereafter, the compound showed a gradual decomposition up
to 715 °C with a weight loss of remaining organic moiety. The
weight of the residue corresponds to nickel oxide.

In case of Zn(II) complex (1d) the first stage of decomposi-
tion occurs at 204 °C with practical weight loss of 4.92% (Cald.
5.93%), which represents the loss due to two coordinated water
molecules. Further the complex underwent second stage of
decomposition and gave a break at 352 °C with practical weight
loss of 13.07% (Cald. 13.84%), due to loss of CO, molecule and
a chlorine atom. The third stage of decomposition occurs at

441 °C with practical weight loss of 48.34% (Cald. 46.80%),
due to loss of C4HoNCI moiety and two hydrogen molecules.
Thereafter, the compound showed a gradual decomposition up
to 715 °C with the weight loss of the remaining organic moiety.
The weight of the residue corresponds to zinc oxide. The per-
centage metal content in all the complexes as done by elemental
analysis agrees well with the thermal studies.

3.8. Electrochemistry

Electrochemical methods offer the potential to determine the
number of electrons involved in the redox process. The elec-
trode potential at which the complex undergoes oxidation or
reduction can be rapidly located by cyclic voltammetry. The re-
dox behavior of all the complexes was investigated in DMF
(1073 M) solution containing 0.05 M tetrabutylammonium per-
chlorate as a supporting electrolyte in an oxygen free condition
using a glassy carbon working electrode by cyclic voltammetry,
which is the most versatile electro analytical technique for the
study of electroactive species. Only the Cu(II) complexes of
both the ligands exhibited redox properties. The voltammo-
gram of two Cu(Il) complexes are shown in Fig. 4. The cyclic
voltammogram of Cu(Il) complex (1a) in DMF at a scan rate
of 0.1 Vs~! shows well defined redox process corresponding
to the formation of Cu(II)/Cu(I) couple at (reduction peak)
E,. = 0220V and (oxidation peak) E,, = 0.527V versus
Ag/AgCl. The peak separation of this couple is found to be
quasi-reversible with AE, = 0.307 V and the ratio of anodic
to cathodic peak height was less than one. The difference be-
tween forward and backward peak potential can provide a
rough evaluation of the degree of the reversibility of one elec-
tron transfer reaction. Thus, the analysis of cyclic voltammetric
response to 0.1, 0.15 and 0.2 Vs~ ! scan rates gives the evidence
for quasi-reversible one electron redox process. The ratio of
anodic to cathodic peak height was less than one and peak cur-
rent increases with the increase of square root of the scan rates,
establishing diffusion controlled electrode process [60]. From
the peak separation value AE, and peak potential which in-
crease with higher scan rates, we can suggest that the electrode
process are consistent with the quasi-reversibility of Cu(Il)/
Cu(I) couple [61].
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The Cu(Il) complex (2a) exhibits the reduction peak at
E,. = 0200V with the corresponding oxidation peak
Ey, = 0.533V, which corresponds to the formation of
Cu(II)/Cu(I) couple. The peak separation of this couple is
AE, = 0.333 V which increases with increasing scan rates.
These characteristics are in consistency with the quasi-revers-
ibility of Cu(11)/Cu(I) couple.

3.9. Powder X-ray diffraction studies ( Powder-XRD)

Crystals that are suitable for single-crystal studies were not ob-
tained since all the metal complexes are not soluble in common
organic solvents but soluble in some polar solvents like DMF
and DMSO. Hence powder-XRD pattern of metal complexes
of the ligand 1 has been studied in order to test the degree of
crystallinity of the complexes. Powder X-ray diffraction pat-
tern for Cu(II) complex (1a) showed 14-reflections in the range
of 6-56° (20), which arose from diffraction of X-ray by the
planes of complex. The interplanar spacing (d) has been calcu-
lated by using Bragg’s equation, nl = 2d sinfl. The calculated

interplanar d-spacing together with relative intensities with re-
spect to most intense peak have been recorded and depicted in
Table 6. The unit cell calculations have been calculated for
cubic symmetry from the entire important peaks and
I + k* + P values were determined. The observed interpla-
nar d-spacing values have been compared with the calculated
ones and it was found to be in good agreement. The
W + k> + P values are 1, 12, 14, 17, 18, 20, 27, 28, 35, 45,
51, 56, 76, and 82. It was observed that the presence of forbid-
den number 28 indicates that the Cu(II) complex may belong
to hexagonal or tetragonal systems.

Similar calculations were performed for Co(II), Ni(II) and
Zn(IT) complexes of ligand 1. The Co(II) (1b) and Ni(Il) (1c)
complexes showed 9- reflections each, whereas Zn(II) complex
showed 16-reflections each in the range 3-75° (20), respec-
tively, which arose from the diffraction of X-ray by the planes
of these complexes. All the important peaks of Co(II), Ni(II)
and Zn(IT) complexes have been indexed and observed values
of interplanar distances (d) have been compared with the cal-
culated ones and it was found to be in good agreement. The

Table 6 Powder X-ray diffraction data of Cu(Il) complex of ligand 1.

Peak 20 0 Sinf Sin%0 1000 Sin?0 1000 Sin?0/CE  hkl d ain A
(7 + 1+ P) Obsd. Cald.
1 6.015 3.0075  0.0524  0.0027 2.70 1.00(1) 100 14.681 14.694 14.818
2 21.142 10.571 0.1834  0.0336 33.60 12.44(12) 222 4.1989 41984 14815
3 22.243 11.121 0.1928  0.0371 37.17 13.76(14) 321 3.9935 3.9937  14.819
4 24.643 12.321 02133 0.0454 45.40 16.81(17) 322 3.6096 3.6099  14.816
5 25.820 12.910 0.2234  0.0499 49.90 18.48(18) 330 3.4477 3.4467 14818
6 26.904 13.452 0.2326  0.0541 54.10 20.03(20) 420 3.3113 3.3104  14.816
7 31.212 15.606 0.2690  0.0723 72.30 26.77(27) 333/511 2.8633 2.8624  14.816
8 32.118 16.059 0.2766  0.0765 76.50 28.33(28) = 2.7846 27838  14.817
9 35.597 17.798 0.3056  0.0933 93.30 34.55(35) 531 2.5200 25196  14.817
10 40.789 20.394 0.3484  0.1213  121.30 44.92(45) 630 2.2104 22101  14.817
11 43.527 21.763 0.3707  0.1374  137.40 50.88(51) 711 2.0775 20771  14.817
12 45.884 22.942 0.3897  0.1518  151.80 56.22(56) 642 1.9761 1.9758  14.807
13 53.844 26.922 0.4527  0.2049  204.90 75.88(76) 662 1.7012 1.7009  14.817
14 56.127 28.063 0.4704 02212 221.20 81.92(82) 910 1.6373 1.6369  14.818

Table 7 Minimum inhibitory concentration (MIC pg mL™") of ligands (1 and 2) and their metal complexes.

Compound Bacteria Fungi

B. subtilis S. typhi E. coli S. aureus A. niger C. albicans C. oxysporum
1 50 100 50 50 50 50 50
2 75 100 75 100 75 100 75
la 12.50 25 12.50 12.50 12.50 25 25
1b 25 75 25 25 25 12.50 12.50
1c 25 75 25 25 25 25 25
1d 25 75 25 25 25 25 25
2a 25 75 25 50 25 50 50
2b 25 75 50 50 50 50 25
2c 25 75 50 50 50 75 50
2d 50 75 50 75 50 75 50
Cucl,.2H,O > 100 >100 > 100 >100 > 100 > 100 >100
Cocl.6H,O > 100 >100 > 100 >100 >100 >100 >100
Nicl,.6HO > 100 > 100 > 100 > 100 >100 >100 >100
Zncl, > 100 > 100 > 100 > 100 >100 >100 >100
Gentamicin 12.50 12.50 12.50 12.50 — — —
Fluconazole = = = = 12.50 12.50 12.50
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unit cell calculations were performed for cubic system and the
I* + k* + P values were determined for the above complexes.
The Co(II) (1b) complex showed the absence of forbidden
numbers (7, 15, 23, 71 etc.) which indicates that complexes
have cubic symmetry. The calculated lattice parameters for
Co(IT) complex were a = b = ¢ = 3.36 A, whereas for Ni(IT)
(1c) and Zn(IT) (1d) complexes, it was observed that the pres-
ence of forbidden numbers 23 and 71 for Ni(II) complexes and
28, 123 and 210 for Zn(IT) complexes indicates that the both
complexes may belong to hexagonal or tetragonal systems.

3.10. Pharmacological results

3.10.1. In vitro antimicrobial activity

The synthesized ligands (1 and 2) and their metal complexes
have been screened for their antimicrobial activity. The anti-
bacterial activity of the synthesized compounds was tested
for their effect on E. coli, S. typhi, B. subtilis and S. aureus bac-
terial strains and antifungal activity was tested on C. albicans,
C. oxysporum and A. niger fungal strains. Minimum inhibitory
concentration (MIC) values of the compounds against the
respective strains are summarized in Table 7. The antimicro-
bial screening results of all the synthesized compounds exhib-
ited antimicrobial properties and it is important to note that
the metal complexes exhibited more inhibitory effect compared
to their respective parent ligands and their metal chlorides.
Due to the presence of the electron withdrawing group, the
chloro substituted compounds showed better zone of inhibi-
tion compared to methyl substituted compounds. The en-
hanced antimicrobial activity of the complexes over the
ligands and their respective metal chlorides can be explained
on the basis of the chelation theory [62,63]. It is known that
chelation enhances the ligand to act as more powerful and po-
tent bactericidal agents by inhibiting the bacterial growth, thus
zone of inhibition of metal complexes was found to be higher
compared to their free ligands. The enhancement in the activity
may be rationalized on the basis that ligands mainly possess
azomethine (C—=N) bond. More over in metal complex, the
positive charge of the metal ion is partially shared with the het-
ero donor atoms (nitrogen and oxygen) present in the ligand,
and there may be 7 -electron delocalization over the whole che-
lating system [64,65]. Hence the increase in the lipophilic char-
acter of the metal chelates favors its permeation through the
lipoid layer of the bacterial membranes and blocking of the
metal binding sites in the enzymes of microorganisms. The
other factors such as conductivity, solubility and bond length
between the ligand and the metal ion also increase the activity.

3.10.2. Antioxidant assay (DPPH free radical scavenging
activity)

The free radical scavenging activity of ligand 1 and its metal
complexes was done by the DPPH method. Antioxidant activ-
ity of the test compounds was examined by measuring radical
scavenging effect of DPPH radicals. The results of the free rad-
ical scavenging activity of the compounds at different concen-
trations are shown in Fig. 5 and ICs, values of the test
compounds are depicted in Table 8. It was observed that the
free radical scavenging activity of these compounds was con-
centration dependent. Among the examined compounds ligand
1 and its Cu(II), Co(II) and Ni(II) complexes have exhibited
good scavenging activity, whereas Zn(II) complex has showed

100 +
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2 80 A m25
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§ 70 + 50
@ 2 60 -
- & |
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28 40
15
3 30
= 20
X 10
0 i
1 la 1b 1c 1d BHA
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Figure 5 Antioxidant activity results of ligand 1 and its
complexes.
Table 8 ICsy values of DPPH radical scavenging activity of

ligand 1 and its complexes.

Compounds ICs values (ug mL™")
1 54.10
la 68.78
1b 67.68
1c 76.49
1d 88.48

moderate activity. The antioxidant activity of the ligand 1 was
comparatively high when compared to all the metal complexes
and is due the presence of the phenolic OH group and the
marked antioxidant activity of metal complexes is due to the
coordination of metal with azomethine nitrogen, carbonyl oxy-
gen of amide function attached to the 2-position of indole and
phenolic oxygen of coumarin moiety via deprotonation. In

22.226 kb

Figure 6 DNA cleavage of supercoiled plasmid DNA pBR322.
M, standard molecular weight marker; C, control. Lane 1, 1a, 1b,
1c, and 1d were treated plasmid DNA pBR322 with respective
compounds.
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Figure 7 Proposed structures of the complexes.

case of the ligand 1 hydrogen of the OH group donates to the
DPPH and converts itself into the stable free radical and in
metal complexes the hydrogen of azomethine is more acidic
than the hydrogen of the indole NH. Hence, hydrogen of azo-
methine could be easily donated to the DPPH free radical and
converts itself into the stable free radical. Moreover, the acidic
nature of hydrogen atom attached to azomethine nitrogen in-
creases on complexation with metal ions. Hence hydrogen
atom becomes more liable.

3.10.3. DNA cleavage activity

The ligand 1 and its Cu(Il), Co(II), Ni(II) and Zn(II) com-
plexes were studied for their DNA cleavage activity by the aga-
rose gel electrophoresis method against supercoiled plasmid
DNA pBR 322 (Bangal re Genei, Bengaluru, Cat. No.
105850) as a target molecule and the gel picture showing cleav-
age is depicted in Fig. 6.

DNA-cleavage studies are used to construct new and ra-
tional design of more efficient drugs that are targeted to
DNA [66]. The metal complexes were able to convert super-
coiled DNA into open circular DNA. Treatment of DNA on
the complexes revealed that, all the complexes have acted on
DNA as there was molecular weight difference between the
treated DNA samples and the control. The difference was ob-
served in bands of lanes compared to the control DNA pBR
322. The results indicate the important role of nitrogen and
oxygen atoms to the metal ions in these isolated DNA cleavage
reactions. On the basis of the cleavage of DNA observed in
case of ligand 1 and its Cu(II), Co(II), Ni(II) and Zn(II) com-
plexes, it can be concluded that all the compounds under the

present study inhibited the growth of pathogenic organism
by DNA cleavage as has been observed on the DNA cleavage
of supercoiled plasmid DNA pBR 322.

4. Conclusions

Based on the spectroscopic studies, the coordinating ability of
the ligands has been proved in complexation reaction with
Cu(II), Co(II), Ni(IT) and Zn(II) ions. The newly synthesized
ligands act as an ONO donor tridentate chelate around the
metallic ion. Metal ion is coordinated through oxygen atom
of carbonyl function, azomethine nitrogen and phenolic oxy-
gen atom via deprotonation. Cu(Il), Co(II), Ni(IT) and Zn(II)
complexes of both the ligands possess octahedral geometries.
Cu(Il) complexes of ligands 1 and 2 exhibit one electron
transfer quasi-reversible redox activity in the applied poten-
tial range. The antimicrobial activity results showed that all
the complexes have exhibited higher activity when compared
to their respective ligands. Ligand 1 showed efficient antiox-
idant activity compared to their complexes. The electropho-
retic studies indicated that all the metal complexes have
good efficiency toward DNA cleavage. From the present
study, it can be concluded that other ligands containing in-
dole and coumarin derivatives and their metal complexes
can be synthesized and characterized which will give valuable
information in the field of coordination and inorganic chem-
istry about the bonding modes and elucidating various struc-
tures. Based on the analytical data and spectral studies,
proposed structures of all the complexes are depicted in
Fig. 7.
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