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ABSTRACT

Co(Il), Ni(Il), Cu(ll) and Zn(ll) complexes of Sthbases of N'-[(E)-(2-hydroxyquinolin-3-yl)metlddne]-2-[(4-
methyl-2-ox0-2H-chromen-7-yl)oxy] acetohydrazide@) and 2-[(4-methyl-2-0x0-2H-chromen-7-yl)oxy]-N'-
[(E)-(2-sulfanylquinolin-3-yl)methylidene] acetohpdide(SHQZ) have been prepared. The titled Sbhgks act

as tridentate ligands coordinating through NOO ad80 donor sites via deprotonation during complexatiAll

the metal complexes are found to have the generatula ML. The complexes have been characterized by
elemental analysis, molar conductance, magnetidiss) IR,"H NMR, UV-visible, ESR and thermal studies. From
the above studies it is found that the complexesgss octahedral geometry. The Schiff-bases ard rtiedal
complexes have been screened for their antibadtensifungal and DNA cleavage studies. The resudt®al that

the metal complexes possess higher activity thanctmresponding ligands. Among the metal compleesll)
complexes are found to be more potent in antib&dtexntifungal and DNA cleavage studies.

Keywords. Quinoline, monobasic tridentate, Fluorescenceibacterial, DNA cleavage.

INTRODUCTION

Coumarins are well-known natural products displgyan broad range of biological activities[1]. Owiibg their
diverse bioactivities viz. anticoagulant[2,3] antibacterial, antifungal[4]antibiotic[5], spasmolytic[6],
anthelmintic[7], diuretic[8], anti-inflammatony[9], antitubercular agents[10], anti-histamic agentg[11
antidepressant[12] and antimalerial[13]. Chelatbgity of coumarin derivatives have been studieduggest their
use as a chelating agents[14,15]. Regarding thgh fluorescence ability, they are widely used la®rescent
probes in biology and medicine[16,17]. More recgntbumarin derivatives have been evaluated inrdement of
human immunodeficiency virus, due to their abitityinhibit human immunodeficiency virus integrasefi9]. The
in vitro effects of coumarins on the growth of reeell carcinoma that derived cell lines showed t@wumarin and
7-hydroxycoumarin were potent cytotoxic and cyttstagents. Interest in metal coumarin complexes drésen
from the search for novel lead compounds along it desire to improve the pharmacological profiter
example, some interesting lanthanide complexesoafmarin derivatives like bis(4-hydroxy-3-coumaringcetic
acid,[20] the ligand 8,8 -[1,2-ethanediylbis(niiethylidyne)]bis[7-hydroxy- 4-methylt2-1-benzopyran-2-one]
and coumarin-3-carboxylic acid have been repor2dd3]. Ajaykumar K., Sangamesh A. Patias synthesized
La(lll), Th(lV) and VO(IV) complexes of Schiff basederived from 8-formyl-7-hydroxy-4-methylcoumarmd
studied their antibacterial, antifungal and DNAaslage properties[24]Sangamesh A. Patil et. al. synthesised
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Co(Il), Ni(ll) and Cu(ll) Complexes with 4-Chloro-oumarinaldehyde Schiff Bases and studied threiitro
Antibacterial and Antifungal properties. They fouthat the Schiff base , Co(ll) and Ni(ll) complex@save DNA

as compared to control DNA. aureusand A. nigef25]. Jagannadha et ahave been synthesized and studied the
synergistic behavior of the Schiff bases of 8- fgrt hydroxy-4-methyl-2H-1-benzopyran-2-one withilame and
p-methyl aniline and their interaction with Co(lINi(ll), Cu(ll) and zZn(ll) have been also studiedH
metrically[26].

Quinoline derivatives have proven to be the po#trtnti-inflammatory, analgesics, anti-convulsamttibacterial,
antipyretic, antihypertensive and interferon inagciagents [27]Meth-cohn et. alhave reported the synthetic
applications of 2-chloro-3-formyl- quinoline[28]. &y Schiff bases derived from 2-chloro-3-formyl badveen
reported for their antifungal activities and aseptial biodynamic agents[29]. The Schiff baseswdgkifrom 3-
formyl-2-mercaptoquinoline have also proven to bwartant pharmaceutical agents[30]. X. Zhao et. l@ve
reported Cu(ll) and Co(ll) complexes using 8-hydraiiinoline. It has also been reported that theseptexes are
stronger chelating reagents than dioxtetramine otgctes[31].R. C. Maurya et. alhave reported the synthesis of
dinitrisylmolybdenum(0) complexes with 8-hydroxyigoline sulphonamades and their biological actB2].S.
Mandal et. al.have reported the metal-ion dependent oxidativé@Mavage by transition metal complexes using
qguinoline derivatives, few complexes were repotiegosses potent antitumor activities[38]. Shao et. ahave
reported nuclease activity of Cu(ll) complexes argminoline derivatives. These complexes have beparted to
enhance the DNA cleavage[3#flahammedshafi A. Paniband and Shreedhar D. Dhumwgdthesized Co(ll),
Ni(Il), Cu(ll) and Zn(ll) complexes of Schiff baseterived from 3-formyl-2mercapto quinoline and fduthat
Cu(ll) complexes have more potent antibacteriapprbtes[35]. Narayanachar et. al. has reportedyhéhesis and
antimicrobial studies of some transition metal ctarps of 2-Marcapto quinoline[36]Jitendra H.et. al. has
studied the X-ray diffraction of Cu (ll), Co (IDfe (II) complexes with (RS)-4-(7-chloro-4-quinolgimino)
pentyldiethylamine diphosphate[37§4. K. Shivananda et. alstudied the biological activity some 2-(2-furyl)3-
aryloxymethyl-1,2,4-triazolo[3,4- b]-1,3,4-thiad@z-yl)quinoline derivatives[38].

However the literature survey reveals that the fBchases containing 2-[(4-methyl-2-oxd4Zhromen-7-
yl)oxylacetohydrazide and 3-formyl quinoline detives with their transition metal complexes hawt been
reported and studied so far. Hence the preseny stimds for the Synthesis, Characterization and rAiatiobial
studies of Co(ll), Ni (Il), Cu (Il) and Zn (ll) coptexes with novel Schiff bases derived from 2-[(¢thlyl-2-oxo-
2H-chromen-7-yl)oxy]acetohydrazide with 3-formyl-2drgxy quinoline and 3-formyl-2-mercapto quinoline.

EXPERIMENTAL SECTION

2.1. Physical measurements

Elemental analysis (C, H and N) were performed dPaekin-Elmer 2400 CHN elemental Analyzer Model 6,10
Carloerba Strumentazione. The IR spectra of thentig and their ~ Cu (1), Ni (II), Cu (II) and ZH) complexes
were recorded on a HITACHI-270 IR Spectrophotomeéterthe 4000-250 cth region in KBr discs. Molar
conductivity measurements were recorded on an EECBO82 T conductivity bridge with a cell having dae
constant 0.51. The electronic spectra of the coxeglevere recorded in DMF on a VARIAN CARY 50-BIO UV
spectrophotometer in the region of 200-1100nm. *Fh&IMR spectra of ligands were recorded in CP&id Zn(ll)
complexes in DMSOglon BRUKER 300 MHz spectrometer at room temperatusig TMS as an internal
reference. Thermogravimetric data were measured faom temperature to 108D at a heating rate of %0/min
using PERKIN-ELMER DIAMOND TG/DTA instrument. TheSR spectra of Cu(ll) complexes were recorded at
room temperature on Varian E-4 X-band spectrometierg TCNE as g marker.

2.2 Materials
All the chemicals were of reagent grade and usédowt further purification.

2.2.1. Synthesis of 2-[(4-methyl-2-0x0-2H-chromen-7-yl)oxy]acetohydrazde.(a)
The titled compound was synthesized by the reaafor+hydroxy-4-methyl coumarin with ethyl chloredate in
dry DMF followed by the treatment with Hydrazinedngtte as described by the literature.

2.2.1 Synthesis of 2-chloro-3-formyl Quinoline.(b)

This compound was synthesized by Vilsmier reactising acetanilide, PO¢land DMF at 80C as per the
procedure given in the literature[39]. Yellow cajst(ethyl acetate), yield= 92.24%, m.p. = 172°C73
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2.2.3. Synthesis of 2-hydroxy-3-formyl Quinoline.(c)

2-Chloro-3-formyl Quinoline(0.1mol) was refluxedrf@aOh in HCI(4M) and allowed to cool to room temgtere.
The reaction mixture was poured into crushed icgdbyellow product[40]. Recrystallized from aqusacetic
acid. Yield=89%, m.p.= 295-28¢.

2.2.4. Synthesis of 2-Marcapto-3-formyl Quinoline.(d)

A mixture of 2-Chloro-3-formyl Quinoline (5.73g, Z8mmol) and sodium sulphide (8.4g, 9.2mmol) wdlsixed
for 10min on a water bath in ethanol (50ml). Cod€Il (15ml) was added dropwise to the reaction mietrhe
marcapto compound precipitates as a yellow cryseabolid which was further filtered, washed withanol, dried
and crystallized from ethyl acetate and benzer® (81]. Yield= 84%, m.p. = 19%.

2.2.5. Synthesis of Schiff bases (OHQZ and SHQZ):

The Schiff base OHQZ was synthesized by the coradiems of 2-[(4-methyl-2-oxo--chromen-7-
yl)oxylacetohydrazid@)(0.1M) and 2-hydroxy-3-formyl Quinoline(c) (0.1M) iethanol under reflux for 6 hours at
a pH of 5.5-6.0 using acetic acid. The purity wheaked by TLC (Hexane: Ethyl acetate).The Schifeb&8HQZ
was also synthesized by the above said method @s[(¢rmethyl-2-oxo-B-chromen-7-yl)oxylacetohydrazide(a)
(0.1M) and 2-mercapto-3-formyl Quinoline(d) (0.1M).

2.2.6. Synthesis of Co(l1), Ni(l1) Cu(l1) and Zn(l1)complexes:

For the Synthesis of transition metal complexes efiwanolic solution of the respective metal(ll)ozldes(0.01mol)
and the Schiff bases(OHQZ and SHQZ)(0.02mol) wefleixed for 4h on a water bath at the pH 7.0-7.d famther

filtered, washed successively with ethanol andresimel finally dried over fused Cah vacuum. Yield of all the
complexes lie in the range of 67-73%.

2.3 Pharmacol ogy

2.3.1. In Vitro antibacterial and antifungal assay.

The synthesized Schiff bases and their Co(ll), INi(Cu(ll) and zZn(ll) complexes were studied foreith
antibacterial and antifungal activities by potatextlose agar diffusion method and nutrient agarhotkt The
antibacterial and antifungal activities were doh&@0, 50 and 20 mgtconcentrations in DMF solvent using two
bacteria Escherichia coli and Staphylococcus aureusand two fungi@spergillus niger and Penecillium
chrysogenumstrains by minimum inhibitory concentration ( MI@ethod[42].These bacterial and fungi strains
were incubated for 24h and 48h a’G7respectively. Standard antibacteriStgptomycinand antifungal drugs
(Nyastatir) were used for comparison under similar conditidkivity was determined by measuring the diameter
of the zone of inhibition (mm). The results of &aiiterial and antifungal activity are given in &l

2.3.2 DNA cleavage experiment.

2.3.2.1. Preparation of culture media

DNA cleavage experiments were carried out accorttintpe literature [43, 44Nutrient broth (peptone, 10 "
yeast extract, 5 g% NaCl, 10 g T) was used for the culturing &. coli. The 50mL medium was prepared and
autoclaved for 15 min at 12 under 15-lb pressure. The autoclaved medium a@sulated with the seed culture.
TheE. coliwas incubated for 24 h.

2.3.2.2. Isolation of DNA

The fresh bacterial culture (1.5 mL) was centrifdi¢re obtain the pellet, which was then dissolve@.BimL of lysis

buffer (100 mM Tris pH 8.0, 50 mM EDTA, 10 % sodiuwndecyl sulphate (SDS)). To this, 0.5 mL of saraa
phenol was added and incubated afGHor 10 min. It was then centrifuged at 10,000 rfam10 min, and to the
supernatant, an equal volume of chloroform: isoaahgbhol (24:1) and 1/20th volume of 3 M sodiumtate (pH

4.8) were added. Then, this solution was centrifuge 10,000 rpm for 10 min and to the supernatantol of

chilled absolute alcohol was added. The precipit@blA was separated by centrifugation and the pelbs dried
and dissolved in a TAE buffer (10 mM Tris pH 8.0nM EDTA) and stored in cold conditions.

2.3.2.3. Agarose gel eectrophoresis

Cleavage products were analyzed by the agaroselgefrophoresis method.Test samples (1 mg mL-1k wer
prepared in DMF. The samples (2§) were added to the isolated DNABfcoli. The samples were incubated for 2
h at 37C. Then 2QuL of DNA sample (mixed with bromophenol blue dyeaat:1 ratio) was loaded carefully into

the electrophoresis chamber wells along with adgtecthDNA marker containing TAE buffer (4.84 g Thase, pH
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8.0, 0.5 MEDTA per 1 L) and finally loaded on agsg@el and a constant electricity of 50V was ph$searound

30 min. The gel was removed and stained with 1@0mL™* ethidium bromide for 10-15 min and the bands
observed under Vilberlourmate Gel documentatiortesysand photographed to determine the extent of DNA
cleavage. Then, the results were compared withofhatstandard DNA marker.

RESULTSAND DISCUSSION

The synthesized complexes are colored and areuiisoh water, methanol and ethanol, totally saublDMF and
DMSO. The elemental analyses (table-2) are comgistéth the type ML. The conductivity measurement in
DMF/DMSO at the 10-3M concentrations is too lowatount for any dissociation of the complex in DRIMSO.
Hence, the complexes may be regarded as non-digetroln order to establish whether the water ke present
in the synthesized complexes coordinated to thalnet, weighed complexes were dried ovg®f in vacuum for

1 h and weighed again. No loss in weight was olegkrThis was confirmed by heating the complex fdr at
105°C and no weight loss was considered for the wattdrydration. These observations suggest that, nierwa
molecules in the Co(ll), Ni(ll), Cu(ll) and Zn(Idomplexes are coordinated to the metal ion.

3.1 Infrared spectra

The IR spectra (table-3) of the Schiff bases shbaracteristic bands due ¥gNH), v(OH) andv(SH) in the region
3145-3179cr, 3428-3489cm and 2362-2382cirespectively. The strong band in the region 163B616.615-
1628 and 1387-1394 chin the IR spectra of the Schiff bases are assigmeghs{ C=0),v(C=N) and phenolie(
C-0) vibrations respectively. A high intensity baaid1700- 1730cthwas assigned ta(C=0) (Lactone carbonyl)
which remains almost unaltered in the complexegaiohg the non involvement in the coordination.wéwer the
band due to,migd C=0) at 1635-1676ctin the Schiff bases exhibited downword shift bgGi:m‘l indicating that
amide oxygen is coordinated to the metal ions.

In the case of Co(ll), Ni(ll), Cu(ll) and Zn(ll) coplexes we observed the following changes. The bapgeared
around 1615-1628cmdue tov(C=N) in Schiff bases shifted to 1590-1603 trshowing the shift of the band to
lower wave numbers and indicating that the azometlgroup of the ligands has co-ordinated to theahieh
through nitrogen. IR spectra of ligand (OHQZ) shawroad medium intensity band in the region 34289841
due to phenolic-OH, absence of this band in congdesuggested that coordination through oxygen ehglic-OH
via deprotonation. The deprotonation of the thi@ugp in (SHQZ) is indicated by the absence of adbarthe metal
complexes at 2362-2382 cirwhich is due ta((SH) of Schiff bases, indicating that, the Schibs are coordinated
to the metal ion through the thiolate sulphur atdiis is further supported by the lower frequenapd appeared in
the region 752-762 ctin the metal complexes due ¢qC-S). The new bands in the region of 469-478c80-
470cm'® and 341-378 cihin the spectra of the metal complexes are assitmatretching frequencies of (M-N),
(M-0) and (M-S) bond formation respectively. A repentative IR Spectrum of [Ni(SHQZ)omplex is shown in
figure-1.

3.2 1H-NMR spectra

Spectrum ofH NMR in DMSO-g; solvent was recorded at room temperature(tabl@.ligand (OHQC) showed
sharp peak at d 13.8 (S, 1H) due to OH at 2-pasiigphenyl ring of 2-hydroxy quinoline moiety, batthe case of
Zn(Il) complex which has been disappeared indigatire involvement of phenolic oxygen in the cooatiion via
deprotonation. A singlet corresponding to one prasbserved at 10.92ppm is probably due to SH gioughe
ligand (SHQC). Hydrogen bonding leads to deshigldind an increase in the frequency of the PMR sighthe
hydrogen bonded proton. The Schiff bases exhilgitdharacteristic resonance at 8.7 ppm due to tbmethine
proton. The sharp multiplet signals of the phenyitgns are found in the region 7.46-9.45ppm. Cp{i)Il) and
Cu(ll) complexes being paramagnetic in nature werdIMR inactive. The peak due to SH group in ligand
appeared at 10.92 ppm in the ligand was not obdervéhe Zn(ll) complexes. This confirmed the invenent of
thiolate Sulphur in coordination with the metal daprotonation. The downfield shift of the azomet¢hproton
from 8.7 ppm in the ligand to 9.23ppm in the compkeindicated the participation of azomethine gigm in the
coordination[45]. The IHNMR spectrum of [Zn(SH@W¥ given in figure-2.

3.3 Electronic spectra

The electronic absorption spectra of the metal dexgs were recorded in freshly prepared solution®MF at
room temperature. (Figure-3). The Cobalt(ll) compkeexhibited two distinct bands in the region 99288 cnt
and 18860-20660 cicorresponding t8T(F)— “Too(F) (v1) and*Tiq (F)— *T14 (P) (s) transitions respectively
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which suggests an octahedral geometry around thalt€id) ion [46]. Thev, band that involves a two-electron
transition is not observed in spectra because sopibximity to strongvs transition. The electronic spectra of
nickel(ll) complexes showed d-d bands in the redifa50-10790 cfy 16333- 16889 cthand 26824-27620 cin
respectively. These are assigned to Yg(F) —>Tog(F) (1), *Ax(F) = T1g(F) (vo) and A ((F) —°Ti(P) (va)
transitions respectively, which indicate an octabbdjeometry around Ni(ll) ion(table-5). The lighrdield
parameters are given in table-4. The value6f; is found to be around 1.53, and tlg value is around 3.18,
which is within the range of 2.8-3.5 BM, suggestthg octahedral environment. The values of the elapixetic
parameterp, indicate the low covalent character of the mbgglnd ¢ bonds [47].(table-6).

The electronic spectra of Cu(ll) complexes displap prominent bands. A low-intensity broad bandaofund
14,392 crit is assignable tBTg<— 2Eg transition and another high intensity band at 28,6m-1 is due to symmetry
forbidden ligand— metal charge transfer. On the basis of electrepéctra distorted octahedral geometry around
Cu(ll) ion is suggested[48](table-7).

3.4 Magnetic data

The magnetic susceptibility measurements of theptexes were performed at room temperature (Tabléi¢
magnetic moment value for Cu(ll) complexes of tlgahd OHQC and SHQC are 1.97 B.M and 1.99 B.M.
respectively. The copper atom is less than the abwmalue(1.84-2.20 B.M.). The magnetic moment vailhserved
for Cu(ll) complexes under present study indicatetshedral geometry around Cu(ll) complexes. Orother hand
Ni(Il) and Co(ll) complex have shown magnetic momealue 2.97 and 4.88 B.M respectively. This intksa
octahedral geometry for their Ni(ll) and Co(ll) cplaxes[49].

3.5. ESR spactra

The ESR spectrum of one representative Cu(ll) cemffigure-was recorded at room temperature (30@hg at
liquid nitrogen temperature(77 K) which has extatiunresolved broad signals giving only one g valee giso (9
iso at 300 K is 2.066 respectively). The shape of ESdRcates that the present complexes may have rtisto
octahedral geometry [50].(figure-4)

3.6. Thermal studies of the metal complexes.

In the present investigation TGA and DTG studie€ofll), Ni(ll), Cu(ll) and Zn(Il) complexes haveebn carried
out in static air at a limiting temperature of 1800using the heating rate of " min'. The spectrum of one
representative Ni(ll) complex is presented in (BaB). The decomposition of the complexes showatl ttie two
Coumarin and two Quinoline moieties were lost ie tlegions of 215-245, 310-345, 350-395 and 420@75
corresponding to mass losses of 23.16% (cal.23.589634(calc. 21.06%), 21.44%(calc. 21.72%) an@2%(calc.
24.04%). Finally, the formation of metal oxide tqulce above 50C (figure-5).

3.7 UV-Fluorescence Spectra
The UV-Vis and fluorescence spectra of ligands treir complexes were determined in 200— 800 nmoregi
DMSO and DMF.(table-9)

For ligand (SHQC) and its complexes, two absorpti@xima were observed in the range 250-290 and42@43m
due ton— n* and n—z* transitions, respectively. In fluorescence spe@mission were observed in the range 413-
467 nm, the highest emission was observed for tigesi7 nm which decreases on complexation with metal
DMSO solvent.

Similarly in DMF solvent, two absorption maxima wesbserved in the range 250-290 and 302-422 nntadwe
n* and n—n* transitions, respectively. In fluorescence spgemission were observed in the range 439-472 tmam, t
highest emission was observed for Cu-complex 47Zfigure-6) [51, 52].

3.9 DNA cleavage studies.

The representative Schiff base SHQZ, Co(ll), Nj(@u(ll) and Zn(ll) complexes (figure-7) were stedifor their
DNA cleavage activity by agarose gel electrophaereséthod. Lanes,l.C; and G represents the cleavage activity
of the Schiff base SHQZCo(ll) and Ni(ll) complexes respectively on theleged DNA of E. coli and the
difference in the migration was observed compaoeithé control DNA ofE. coli (Lane Ctl). The cleavage activity
of Cu(ll) and Zn(Il) complexes on isolated DNA $f aureugsepresented by Lanesg @nd G of respectively, the
migration was observed compared to the Lane Ct2aatrol DNA ofS. aureus.
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Table-1. Antibacterial and antifungal activity of ligands OHQC, SHQC and their Co(I1), Ni(I1), Cu(ll) and
Zn(l1) complexes (zone of inhibition in mm)

Conc. Antifungal Antifungal
code Compound pg/L  Aniger C.albicans E.coli B.cirroglagellous
100 17 16 19 18
OHQZ  GuH1/NsOs 50 08 09 12 11
25 - - 02 03
100 20 19 22 23
SHQZ  GHiN:O,S 50 12 11 16 15
25 05 04 09 10
100 19 18 22 21
1 [Co(OHQZ)Y] 50 08 09 15 14
25 - 01 03 07
100 21 22 26 25
2 [Ni(OHQZ),] 50 11 12 18 19
25 - - - -
100 25 24 27 26
3 [Cu(OHQZ)] 50 08 09 15 14
25 07 07 08 07
100 18 17 20 21
4 [Zn(OHQZ)Y] 50 10 09 13 15
25 03 04 07 08
100 21 20 24 25
5 [Co(SHQZY] 50 14 12 15 17
25 07 06 09 10
100 19 18 22 21
6 [Ni(SHQZ),] 50 08 09 15 14
25 - 01 08 07
100 23 24 27 28
7 [Cu(SHQZY] 50 14 13 19 20
25 07 08 10 11
100 20 18 22 23
8 [Zn(SHQZY] 50 11 08 14 15
25 02 02 08 09
100 - - 28 28
9 Gentamycine 50 -- -- 21 21
25 - - 13 13
100 22 22 - -
10 Flucanazol 50 14 14 - --
25 07 07 - -
100 11 09 12 08
11 DMF 50 06 05 06 03
25 02 - - 02
Less than 10mm---------- Inactive; Less than 10-15mmWeakly active; Less than 15-20mm------ Modelya
active; More than 20mm--------- Highly active

Table 2. Analytical, magnetic and conductance data of the Schiff bases and their Cu (I1), Ni (11), Cu (1) and
Zn (1) complexes along with molar conductance and magnetic moment data

C% H% N% S% M% Molar condt.
Code Ligand/complex Calc. Calc. Calc. Calc. Calc. Ohm* cm? (gr\;)
(Found)) (Found) (Found) (Found) (Found) mole™*
6550 425  10.42 -
OHQZ  CoHiNeOs (g1 87y  (411) (9.67) : : :
6119 373 973 6.82
1 [Co(OHQD]  (5o'8g)  (344)  (9.58) - (6.62) 8.31 4.80
. 6120 374 973 6.80
2 NOHQZY] (6078 (311 (1014  ° (6.99) 6.08 320
60.86 371  9.68 7.32
3 [CUOHQD] 5112y  (207)  (9.96) - (7.45) 8.12 L7
60.73 371 966 7.52 .
4 [ZnOHQZY  (g023)  (a11) (1021) (7.32) 77 Dia
SHQZ 6300 409 1002  7.64
CotiNOsS  6417)  (387) (963) (7.47) - - -
. [Co(SHQZ)] 5899 360 938 716 658 4o 502

(59.16) (3.12) (8.79) (6.97)  (5.98)
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[Ni(SHQZ)] 5001  3.60 9.38 7.16 6.55

6 (6032) (276) (924) (6.77)  (6.19) 6.33 3.28
[CuSHQZ)] 5869 58 933 742  7.06

7 (59.22) (265) (8.79) (6.84)  (7.91) 731 179

o [Zn(SHQZ)] 5857 357 931 711 7.5 . bia

(59.11) (3.14) (8.66) (6.88)  (8.42)

Table-3. Infrared spectral data of Schiff bases and their metal complexesin cm™

Code Ligand/complex V oH V sH Lgcctzoone :nilzc(i)e V NH Vec=N VMmN VMO Vwms
OHQZ CoH17N30s5 3360b - 1728 1684 3160 1614 - - -
1 [Co(OHQZ)] - - 1722 1650 3145 1610 508 450 -
2 [Ni(OHQZ),] ; ; 1708 1645 3137 1609 485 467 -
3 [CU(OHQZ)] ; ; 1713 1654 3159 1608 510 468 -
4 [Zn(OHQZY] - - 1712 1651 3160 1611 495 450 -
SHQZ CoH17N304S - 241( 171¢ 1678 3144 1617 - - -
5 [Co(SHQZ)] ; ; 1709 1645 3148 1588 488 456 434
6 [Ni(SHQZ)] - - 1711 1638 3154 1576 511 466 428
7 [Cu(SHC2),] - - 1715 163¢ 3160 1601 47¢ 464 42z
8 [Zn(SHQZ)] ; ; 1719 1648 3164 1589 486 458 433

Table-4. Theimportant *HNM R data of Schiff bases and Zn(l1) complexes.

Code Empirica formuls  OH SH H-C=N- O=C-N-H C-H (Ph

L. OHQZ 125 - 8.9 10.5 6.2
L, SHQZ - 1092 87 10.4 6.1
4 [Zn(OHQZY] - - 8.2 10.0 6.6
8  [Zn(SHQZY] - 8.4 10.1 6.7

Table5. Electronic spectral data of octahedral Co(ll) complexes (in DM F solution)

Code Complex V1 V2 V3 Dg B B vyvi  LFSE
Kcal/mol

1 [Co(OHQZ)] 10152 16260 20618 869 945 0.973 1.601 14.89

5 [Co(SHQZ)] 10146 16250 20605 868 944 0.972 1.602 14.88

Free ion value for Co(ll) = 971ci LFSE = 12Dq

Table 6. Electronic spectral data of Ni(ll1) complexesin DMF solution.

LFSE
Kcal/mol
2 [Ni(OHQZ),] 11049 15302 26115 933 895 0.860 1.385 31.98
6 [Ni(SHQZ);] 1025¢ 1545 2469 86€ 83C 0.79¢ 1.50¢ 29.6¢

Free ion value for Ni(ll)=104cfy LFSE=12Dq; 350 ciKcal

Code Complex Vi V2 V3 Dq B’ B Vo V1

Table 7. Electronic spectral data of Cu(ll) complexesin DM F solution.

Complex Amax  Amax ;
Code Complex am omt Assignment
584 17123
342 29240 T, %E,
s [CUlOHQZ] 597 33670  Ligand
258 38760
658 15198
2 2
7 [ Cu(SHQZ)] 385 25974  Tou.. By

332 30121 Ligand
264 3787¢

This shows that, the control DNA alone does notshay apparent cleavage where as Schiff base Si@Qdl),
Ni(ll) and Cu(ll) complexes have showed. Howevdre hature of reactive intermediates involved in Di¢A
cleavage by the complexes has not been clear. &héts indicated that, the important role of mé&tak in these
isolated DNA cleavage reactions. From these reswdtinfer that, the Schiff base SHQZ, Co(ll), Nji#nd Cu(ll)
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complexes act as a potent nuclease agent. As thpatmd was observed to cleave the DNA, it can beladed
that, the compound inhibits the growth of the pgtric organism by cleaving the genome.

Table 8. Thermal data of complexes

Temp

Complex code Complex ©C) % weight loss  Proposed chemical change Metal %
236 25.72 Coumarin
(25.94) moiety 9.21
1 [Co(OHQZ)] 202 61.41 Quinoline (9.46)
(61.64) Moiety
239 32.41 Coumarin
) (32.63) moiety 8.79
2 [Ni(OHQZ),] ag7 58.19 Quinoline (9.03)
(58.37) Moiety
232 34.46 Coumarin
(33.63) moiety 8.79
3 [Cu(OHQZ)] a7 57.19 Quinoline (9.03)
(58.32) Moiety
238 32.41 Coumarin
(32.63) moiety 9.29
4 [Zn(OHQZY] 77 58.17 Quinoline (10.03)
(57.37 Moiety
239 31.49 Coumarin
(32.73) moiety 8.79
5 [Co(SHQZ)] 357 59.17 Quinoline (9-13)
(57.37) Moiety
299 32.41 Coumarin
. (32.63) moiety 8.97
6 [Ni(SHQZ)] a7 58.19 Quinoline (10.03)
(58.37) Moiety
235 35.46 Coumarin
(34.63) moiety 9.89
7 [Cu(SHQZ)] 283 58.49 Quinoline (10.73)
(57.97) Moiety
239 39.79 Coumarin
(40.63) moiety 9.99
8 [Zn(SHQZ}] 374 60.19 Quinoline (10.77)
(58.22) Moiety

Table 9. Emission spectral data of Schiff base (OHQZ) and itsNi(ll),

Cu(ll) and Zn(I1) complexesin DM SO.

Solvents Compound code (EX) nm  (EM) nm
OHQC 37C 51€
DME [Ni(OHQZ),] 370 508
[Cu(OHQZY) 370 513
[Zn(OHQZY) 370 519
SHQZ 362 510
[Ni(SHQZ),] 362 502
DMSO [Cu(SHQZY] 362 507
[Zn(SHQZY] 362 514
Scheme
Step-1:
HsC o) o
" ° ° o DMF Hsczok/o o~~° DMF HZN\NHJbO ~F°
= O
—0 16Hr Z
CH3 @) CHy

CH
7-hydroxy-4-methyl- ethyl[(4-methyl-2-oxo- :

cl
2H-chromen-2-one ethyl chloroacetate

Step-2:
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=
N~ ToH
(b)

2-hydroxyquinoline-3-
carbaldehyde

=
N SH
(c)

2-sulfanylquinoline-3-
carbaldehyde

o DMF CHO
SRR e
— 16Hr =
NH  CHy NT el

2-chloroquinoline-3-

N-phenylacetamide carbaldehyde

Step-3

X
Ethanol, reflux H -
@ + () —— | o o o
8-Hr _N

X
Ethanol, reflux H X
@ + (© — = | 0 o X0
8-Hr _N
N

(SHQZ)

Step-5:
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. Ethanol
OHQC + M(Il)-Chlorides > O/,M_’o
Reflux,5-6Hr Ny Io
_ /N\N)ﬁ
\ .0 (o] (o]
e
=
| M= Co, Ni, Cu, Zn ]
Step-6: B
Lo,
(0] (0]
H/ \
Ethanol

SHQC + M(ll)-Chlorides

Reflux,5-6Hr NS \|O
= /N\N/‘\\

- M= Co, Ni, Cu, Zn -

Figure-1: IR-Spectrum of [Ni(SHQZ),] complex:

Figure-2: 'HNM R spectrum of [Zn(SHQZ),] complex:
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Figure-5. TG/DTA curve of [Co(SHQC),] complex
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Figure-6. Emission spectra of Schiff base-1, Co(l1), Ni(I) and Cu(ll) in DMF
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Figure-7. DNA cleavage study on genomic DNA of E. coli and S. aureus

.2 €l €2 Cct2 C3 C4

Lane M= standard molecular weight markeane Ct;=control DNA of E. coliLane L,= E. coli DNA treated with SHQZ;
Lane C1= E. coli DNA treated with[Co(SHQZ]} Lane C2,=E. coli DNA treated with [Ni(SHQZ); Lane Ct,= control DNA of
S. aureuslane C3= S. aureus DNA treated with [Cu(SHQE)Lane C4= S. aureus DNA treated with [Zn(SHQE)

CONCLUSION

Due to insolubility in water and common organicveoits, all the complexes are thought to be polymierhature.
The tentative structures of all the complexes asetl on elemental analysis, IR, 1INMR, electroniagmetic
measurements, thermal studies and mass spectrtheOpasis of different techniques, it is propodeat @ll the
complexes possess octahedral geometry (figureeBjranSchiff bases act as versatile tridentatetigacoordinated
to metal ion trough carbonyl oxygen, nitrogen amighlsur atoms.

The electrochemical properties of the metal congdervestigated in DMF showed most significant eleetron
transfer processes. From the in vitro antibactenial antifungal activity against representativetérga and fungal
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strains, it is evident that the Cu(ll) complexeg anost active towards the bactericidal activitylaver MIC
concentrations. The Schiff base SHQZ, Co(ll), Niéihd Cu(ll) complexes have the potent DNA cleavagperty.

- M= Co, Ni, Cu, Zn - - M= Co, Ni, Cu, Zn

Figure-8: Proposed Structure of the complexes
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