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INTRODUCTION

Schiff bases are an interesting class of compounds, which
attracts considerable attention of researchers. This is because
of their diversity in its property, structural variability and their
easy preparation [1,2]. They play an important role in the
formation of the chelate compounds [3]. Schiff base having
electrons reaches functional groups such as -OH, -SH and -NH;
at adjacent positions to the azomethine group help to develop
coordination with metal ions, which form stable complexes
[4-12].

Metal complexes derived from Schiff bases are an
interesting area of research. Such complexes have been widely
used as biological [13-20], analytical [21,22] and catalyst [23-
25 field. Form the study, it was observed that the coordination
of Schiff base with metal ions increase the biological activity
of Schiff base [26,27].

Among the heterocyclic compounds, quinoline and its
derivatives were found to be a significant class in the biological
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he reaction of 2-hydrox
sulfonohydrazide. Synthesized Schiff base further utilized for the formation
Cd(TI) metal salts and characterized by different spectroscopic techniques L.é., ,
TGA. The low molar conductance values indicate that synthesized metal(Il) complexes were non-electrolytes. The magnetic moment
value indicates that Cu(I), Ni(II)and CofII) complexes were paramagnetic, Further, these compoun
ins, three fungal strains and cytotoxicity. against the
metal complexes exhibited excellent anticancer activity
good antibacterial activity. _
binding affinity of metal complexes with tubulin protein. Hence, present study proposed
complexes have excellent biological activity and could be act as potential anticancer agents.
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, 7-methylquinolin-3-carbaldehyde and 4-methylbenzene
2 stable nietal complexes with Cu(ID, NiID, Co(TI) and
1 NMR, °C NMR, FT-IR, UV-visible, ESR, MASS and

ds were screed for inhibition activity
A-549 and MCF-7 cell lines by using the MTT method.
against the human lung cancer cell line (A-
Fusthermore, molecular docking study shows the significant
v roposed that all the synthesized Schiff base metal(ID)
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field [28]. Several derivatives of quinoline are found to be
effective antibacterial [17], antimicrobial [29], fungicides [17],
antiviral [30], anti-inflammatory [31, 32] and antitumor activities
[33]. Simultaneously, metal complexes derived from quinoline
Schiff bases have extensive applications in different areas such
as, catalyst in various types of reactions [34,35], dyes in solar
cells [36], corrosion inhibitor [37], antioxidant [2], cytotoxic
[28], DNA cleavage [38], anticancer [39], erc.

To find better antimicrobial and anticancer drug, we have
designed and synthesized novel quinoline Schiff base and its
metal(Il) complexes. Synthesized compounds were confirmed
by different analytical techniques and studied for its anti-
bacterial, antifungal and cytotoxicity activities.

EXPERIMENTAL

{Xl] the reguired chemicals were purchased from Sigma- 49
ASIdnch (.Ihemflcal Co., (USA), Molychem Chemical Supplier 50
(Mumbai, India) and used as such for further synthesis. Fourier 51
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Vilsmeier-Haack reaction as reported method [m

transform infrared spectroscopy (FTIR) spectra were recorded
on a Nicolet iS 10, thermos Scientific, USA spectrophotometer
using KBr pellets in the range of 4000-400 cm’'. Proton puclear

13C NMR) spectra of Schiff base

magnetic resonance ('H and

were measured in DMSO-ds solvent on 8 Bruker Avance 4q0

MHz and 100MHz spectrometers, respectively. Elcct'rqmc

(UV-Visible) spectra were recorded using Carry 100 UV-visible

spectrophotometer. Electron spins resonance (ESR) spectra
1 the JES-FA200 ESR

of Cu(II) complex were performed or
Spectrometer. Thermogravimetric analysis (TGA) of metal
complexes was performed on Mettler-Toledo instrument at the

heating range of 20 °C/min with a temperature range of 25 to
1000 °C. Electrospray ionization mass spectra (ESIMS) were
recorded on a Waters Micromass Q-T of Micro with atmos-
pheric pressure chemical ionization (APCI) sources. Elemental
analyses were performed on a FLASH EA 11 12 series instru-
ment. The magnetic moments were measured by the Gouy
method at 25 °C using the MKI Johnson Matthey model. Molar
conductance was measured on DDS-11C type conductivity
Bridge in DMSO solution at a concentration of 10” M.
Synthesis of quinoline Schiff base ligand (HL): 2-Chloro-
7-methylquinoline-3-carbaldehyde was synthesized using

i ? Reflux
+ —_—
)J\ )J\ .
[0}
NH,

2-chloro-7-methquuinoline-3-carbaldeyde Was furthe,
for the formation of z'hydm"y'7'me‘hquuﬁloline.3hc;; %
deyde. 2.Chloro-7-methylquinoline-3-carbaldeyde (29 - X
and 2 mL H,0 was dissolved in 4 mL acetic acid and ref, o) 4
for 4 h. The progress of the reaction was checked by thin.l:ed

chromatography (TLC). The obtained product, 2-hydroy Yer
methy]quinol:’ne-B—carbaldcyde was washed with disﬁ{,.?“ y
water and recrystallized in absolute ethanol. The recrystyj; g

2-hydroxy-7-methquuinoline-3-carba]deyde was further qud
for the synthesis of the final Schiff base ligand. For the fmnaﬁscd
of the final ligand, a mixture of 2'hydmxy'?‘me‘hquuino“n:n u
3-carbaldeyde (1 mmol), 4-methylbenzenesulfonohydray; e 8
(1 mmol) and 5-10 drops acetic acid in 15 mL ethang| wag i
placed in a round bottom flask. The mixture was refluxed ,, o
75 9C for 5 h. The progress of the reaction was checkeg by i
TLC. The reaction mixture was quenched with crushed ice ang 5
extracted with ethyl acetate. The organic extracts were washeq :‘
with brine solution and dried over anhydrous sodium sulphare I
The solvent was evaporated under reduced pressure to obtaj,; 0
the corresponding crude compound, which was purified with y
ethanol (Scheme-I). 'H NMR: (100 MHz, DMSO-d, 5 ppm).
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Scheme-I: Synthesis of ligand and its metal complexes
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1H, NH), 11.18 (s, IH, OH), 8.12 (s, IH, Ar-H), 8.07
g7 (s |H, Ar-H), 7.73-7.71 (d, 2H, Ar-H, J =1.5Hz),6.89-6.87(d,
g8 2H Ar-H, J = 7.5 Hz) 7.56 (s, 1H, Ar-C=CH), 7.38-7.36 (d,
99 1H, Ar-H, J = 8 Hz), 7.22-7.20 (d, 1H, Ar-H, J = 8 Hz) and
00 230 (s, 6H, .CHy); *C NMR (100 MHz, DMSO-ds, & ppm):

161.84, 143.48, 142,43, 141.93, 139.29, 136.45, 135.19,
102 12945, 128.45, 127.45, 124.18,123.90, 117.21, 1 15.43,21.90
103 and 21.51. .
104 Synthesis of metal(11) complexes: A hot ethanolic
[05 solutions of metal(11) chloride (5 mL, 0.0015 mol) were added
106 to 30 mL hot cthanolic ligand solution (0.0030 mol) in 250
107 mL round bottom flask. The reaction mixture was stirred for
108 30 min and few drops of 5% NaOH solution were added to
109 maintain basic condition of the reaction. Further, the reaction
110 mixture was refluxed for 4 h to complete the formation of the
111 metal(ll) complexes. The formed coloured metal(1I) complexes
112 were washed with distilled water followed by ethanol.

96 l ]-57 (S!

113 Biological study

114 Antibacterial study: The broth dilution method was used
115 to measure the minimum inhibitory concentration (MIC) of
116 prepared compounds [41]. Dimethylsulfoxide (DMSO) was
117 used as a solvent for diluent and it has no biological effect on
118 selected bacterial strain [42). In this study, two Gram-negative
119 bacteria viz., Escherichia coli MTCC 443) and Pseudomonas
120 aeuruginosa (MTCC 1688) and two Gram-positive bacteria
121 viz, Staphylococcus aureus (MTCC 96) and Staphylococcus
122 pyogenus (MTCC 442) were tested against the synthesized
123 Schiff base ligand and its metal(ll) complexes. Chloram-
124 phenicol and ampicillin were used as the standard drugs for
125 reference. Serial dilutions of Schiff base ligand and its metal
126 (II) complexes were prepared for the primary and secondary
127 screening. The control plate with no prepared compounds and
128 drug was subculture spreading evenly over a plate suitable for
129 the growth of selected bacterial pathogens and kept overnight
130 at 37 °C in incubator. The MIC of the control bacterial strain
131 wasassessed to check the efficacy of the reference drug concen-

@132 wrations. The lowest concentration was recorded as the MIC.

133 The amount of growth from the control plate before incubation
134 was compared. Synthesized compounds were diluted to 2000
135 pg/mL concentration as a stock solution. In primary screening,
136 125,250 and 500 pg/mL concentrations of synthesized comp-
137 ounds were taken. The synthesized compounds found active
138 in primary screening were further tested in the second set of
139 dilutions against all the selected pathogens. The particles found
140 active in primary screening were diluted similarly to 100, 50,
141 25,12.5,6.250, 3.125 and 1.5625 pg/mL concentrations. The
142 MIC was considered for the dilution showing at least 99%
143 inhibition,
144 ‘ Antifungal study: The antifungal activity of the synthe-
145 sized compounds was studied with three fungal strains vi
146 Aspergillus clavatus (MTCC 1323), Candida albicans (MT Czé
1 ;17 227) and Aspergillus nig-er (MTCC 282) using agar dilution
148 p'rotocol (41]. To determine MIC, a stock solution of th
149 sized c_ompounds was prepared in DMSO and then incom
]l ;(I) orated.m a specified quantity of sterile molten dextrolsl;C: il
for antifungal screening. The inoculate was prepared by tahg;:

a stock to about 100 mL of nutricnt _ ’
i:l:(.ll clean conical flasks. The conical flasks were lncubatefi d:
27 °C for 24 h before the experiment. Thc_ plates were l\'e[;
under aseptic conditions 1o allow the diffus:op of thchsollll:;S
properly into potato-dextrose agar rncdlum. Then, the p e
were incubated at 25 °C for 48 h. The highest dllutxlc(J:nWIth
playing at least 99% inhibition zone was taken la.de ’ Tlhc
nystatin and gruscufulvin as a swndar(.l fcﬁ’:rcnu rugs.
triplicate analysis was performed to minimize (:rmm.| .
Cytotoxicity: The cells were seeded at adensity © “’Pf’.l )
imately 5 x 10° cells well ina 96-well flat bottom microtitr
e maintai ° ight in 95% humidity and
plate and maintained at 37 °C _ovcrmg 0. SuM)
5% CO,, Different concentrations (50, 40, 30. \ ed‘f e
of samples were treated and the cells were mcu‘ba! ‘ ol;1 e
next 48 h, The cells in well were washed twice \J'Vl[h p ohsp o
buffer saline (PBS) and 20 uL of MTT [3—(4.5_-C'11m€lhly1 _'ﬂnz p
2-y1)-2,5 diphenyltetrazolium bromide] staining SO m:-,owc”
mg mL" in phosphate buffer saline) was added (0 T;mso
and the plate was incubated at 37 °C. After4h, 100 p !. y
was added to each well to dissolve the fom-lam cry§m s an
the absorbance was recorded at 570 nm using 2 microplate
L. - .
rMd‘;\/lolecular docking study: To investigate the bmdm'g
mode of various drug-metal complexes (Cd, Co, Cu and Ni)
with B-tubulin receptor, molecular docking was perform;d
using Auto Dock software [43]. The microtubules are essential
in cell division [44]. The inhibition of microtubules structure
leads to disturb its dynamics that’s leads to cell apoptosis and
death [45]. Hence, we used B-tubulin as target receptor for the
molecular docking study, to understand the binding mode of
various metal-drug complexes with B-tubulin. The crystal
structure of tubulin (1JFF.pdb) was retrieved from the protein
database. The three dimensional atomic coordinates of the
metal complexes (Cd, Co, Cu and Ni) were built Discovery
Studio Visualizer [46]. The grid box of 80 x 80 x 80 was built
around the paclitaxel binding pocket with grid spacing 0.375A.
Herein, we performed a local docking protocol, to explore the
binding mode of metal-drug complexes using AutoDock. Here,
Lamarckian Genetic Algorithm was used for molecular docking
and output conformations were further clustered using an all-
atom RMSD with a cut-off of 4 A. The lowest binding energy
confc.)rm.ation were further utilized for bonding and non-
bonding mterlactions analysis and visualization using (DeLano,
ety oo Studio visualizer (46] and PyMol [47],

~ 7 'RESULTSAND DISCUSSION

Elemgntal analysis: From the elemental analysis data
1(?;::113-1);1"{ was confirmed that the synthesized Schiff base
thge prea::m :;S metal(II) complexes are completely formed. All
o DMg compounds were subjected to molar conductance
nD O solvent at the concentration of 10° M. The mola
r::geus;T;% gg t'l?e rr;etal cjomplexes was found to be in lher
Dbt wes o l::m mol™. From the obtained values (Table-
e noo csonels ;t ::ilt;lh: VS'):jthSiZCd metal(Il) complexes
molecules in the c:oordinationl S‘:)’;fet‘;ef(;;;f]l " S o mater
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TABLE-1
UINOLINE SCHIFF BASE LIGAND AND ITS METAL(IT) COMPLEXES
PHYSICAL AND ANALYTICAL DATA:OF Q e B O
Yield — mp. Am (cm Het mw. N n
Compounds %) o) Q'mol!) (BM) c ____L\
220-222 - - 35510 59.98(60.83) 11.52(11.82)  4.56(4.82) Be5(5py
CiyHpNOyS 81 58 1.78 77235  55.85(55.98) 10.86 (10.88) 4.14 (4.18) 841 (8 30)
[(CuHpN,OSKCu] 73 >300 4 156 76650 56.19(5634) 1057(10.96)  413(420) 829336
(CHNODN T8 0 @ 48l 7674 S624(563) 106901095 410G@) gy 33,
[(C“H:Niois):c.dl 78 >300 68 - 823.22 5273 (52.65)  10.30(9.85) 3.66 (3.93) %
207 FT-IR spectroscopy: FT-IR spectra of all the prcpm_’cg values [:\;efzoaglla;ommatcly equal to its reported octahedry) %
208 Schiff base ligand and its metal(Il) complexes were carric geome 61]. .
209 outand clcarlygshowcd a difference with FT-IR peaks. The peak ESR spectra: The ).(-b-and. ESR spectra of copper(ll) 5,
210 observed at 1652 cm’ was due to the azomethine v(C=N) stret- complex were recorded at liquid nitrogen temperature in DMs) ’
211 ching, which shifted to a lower wave value (1634-1622 cm™)  solvent. Fig. 1 shown ESR spectra of Cu(Il) complex. It Provideq
212 in the complexes indicating the participation of azomethine  information about the env:ronmcntozf the central metal ion j, %
213 nitrogen in coordination with the metal ion (N-M) [48]. The  the complex. (;ovalency parameter o was calculated to dete,. %
214 phenolic v(O-M) stretching vibration band was observed at  mine the bonding l.)etween c.:emral metal ions and surrounding ;
215 1349 cmin the free ligand. In metal(1l) complexes, this band ligand. The followzmg equation was used to calculate the coyy). Py
216 appeared at lower frequency 1036-1018 cm’'region, confirming ~ ency parameter ot 25
217 the participation of the phenolic group in complex formation  2Cy(II) = - (A40.036) + (g1 - 2.002) + 3/7 (g, - 2.002) +0.04(, 2%
218 [49]. The vibration bands for the SO; group in the free ligand =
219 molecule appeared at 1316 cm™ and 1188 cm™ Vaym(SO,) and : ! A —_
220 Vaym(SOy), respectively. In the metal(II) complexes, the asym/ o ; i
221 symm. bands shifted to 1266-1222 and 1134-1112 cm™, respec- l ; !
222 tively, upon the coordination of the central metal ion [49-55]. - v b -
223 The additional peaks observed in metal complexes in the range f i '
224 of 460-419 cm™ were due to N-M bonding and 517-509 cm™ | | |
225 were due to O-M bonding [56,57]. The characteristic bands ? —
226 of the stretching frequency are listed in Table-2. ‘ | ’r
227 UV-Visible spectra and magnetic moment: UV-Visible , | : | ; ,j
228 spectra of the synthesized Schiff base ligand and its metal(II) N { ogr ! T
229 complexes were recorded in DMSO solvent (10° M). The 1 . 4, S S feicktode
230 absorption band in ligand molecule appeared at 320 nm and | l | t _ ‘
231 274 nm for n—7n* and n—7* transitions, respectively. These

232
233
234
235
236
237
238
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—_—

bands in metal(l!) complexes were shifted at bathochromic
shift. For Ni(II), Cd(II), Cu(Il) and Co(II) complexes, the
absorption bands appeared at 333 and 381, 343 and 389, 339
and 388, 352 and 390 nm, respectively. The absorption band
at a bathochromic shift in metal complexes confirmed that the
ligand moiety was coordinated with central metal ions [58].
The magnetic moment for Cu(II), Ni(lI) and Co(II)

Fig. 1. ESR spectrum of Cu(II) complex

Hamilatoniaon parameter was used to calculate the ground 25
state of the Cu(II) complex. All the calculated values are given
in Table-3. The obtained gy and g, values are greater than free
electron g values. The trend in g values is gi > gu > 2.0023,
these values indicate that the unpaired electrons present in diy?
ground state, which are characteristics of octahedral geometry

239 complexes was calculated using the Gouy balance at 25 °C, . was 263
240 The observed magnetic moment values for Cu(II), Ni(II) and E.gﬂ dT;hz:alc:]atgi S valuo ial symrfletry pﬁl::;‘eg,_(ju 264
241 Cd(IT) complexes were found to be 1.78, 3.56 and 4.81 BM. ;-0 j , Which suggested that the Interaom -0 o6
242 respectively. The magnetic moment obtained for Cu(II) complex c arlls T‘: r(lieg l.glble [64.]' The effective magnetic o 266
243 was approximately equal to spin-only value of one unpaired Aliedusing eqhation:
244 electron 1.75 B.M. for octahedral geometry [59]. In case of 2 _ 312 267
245 Ni(II) and Co(I¥) complexes, the observed magnetic moment Hefr = Z(g“)
KEY FT-IR FREQUENCY (cni”') OF QUINOLINE SCHIFF BASE LIGAND AND ITS METAL(I) COMPLEXES _____—
Compounds V(C=N) V(C-0) VM) T - e V80—
C,HN;0,S 1652 1349 — ~ 1316 1188
[(C,gH17N;055),Cu] 1622 1035 460 517 1246 i g
[(CyHsN;0,S),Ni] 1632 1036 419 510 1223 1134
[(CoyHiN;058),Co] 1634 1018 459 516 1222 }m
MOJS),CCU 1633 1035 452 509 1266 .
4
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E(
2N

bt (1M
-
1,60

TGAt Table-4 summarkeed with decomponltion
o range, losN of welght (notual and l‘nluulm‘::“m‘.‘
v of the losy fragments, All the vum]ﬂnuvn“ml.'
31 decompoyed newr 200 °C temperature, which Imlh-mv:lm
72 absence of water molety. The TG curve of the Co comple “l“
11 shownin Fil 2. The thermogram of the Co** complex m'm:ﬂ,.';
14 three decomponition SEeN. In stago (st the 12,19% welght
15 loss (caleulated 13,29%) was observed between the Iullllll.'l'ill:I'c
76 Tange 200-240°C, correxponding to loss of Cyl; Hgand molety
17 Inthe second StURe, 28,97% welght loxs wan obrerved (cnlmli
25 28.10%) in the remperature range 280-680 “C, due (o low of
0, moiety of the coordinated llgand molecule, In slep

m (.‘n"uNi
80 third, 21,88% loss Was observed (caleulnted 23.80%) In the
A1 rnge of 720-980 o¢* with loss of CyHeN, Oy molety. In the end,

42 21.91% residue remalna present, The remaining resldue contalnw
183 metal oxide along with non-decomponed organle molety.

184 Mass spectrai To conflrm the complote formatlon, all
18§ the metal(1) complexes were subjected 10 1iS1-MS. The ESI-
186 MS spectrum of Ni(11) complex (Fig. 3) shows u molecular
)87 ionpeakatM” 766, which corresponds (o ity molecular welght.
288 Ligand, Cu(ll Co(11) and Cd(Il) metal complexes show
289 molecular on peak atM* 186, 771,765 und 823, respectively.

290 The obtained molecular lon peaks of prepared compounds are
ding molecular welght, From

n
o temperatit
10 a8 goment

compounds, Schiff buse ligune
excellent nctivity with all
Cu(ll), Co(ll) und Nicll) comp
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TARLY 4 , . '
STEPWISE THERMAL DECOMPOSITION STUDY OF QUINOLINE SCHIFF BASE METALLI) COMPLEX LS

“Welght loss (%)

Complex Decomposition temp, (°C) === ==g 2 4 _ ff!!‘i'!hf@i T Interferen:
——— e oserveC, - T i
200-240 12.92 W, 3
280-680 . .97 26,10 NG,
((Cal NS Col 720.980 21,88 2340 CHNO,
Residue [ 1 .| DO ... Cof) s CHING g
00460 44,38 44,10 €05 J
2 ),8); $50-980 16.56 16.80 CHN
[(CyHN08),Cu) Sasiine M.16 12.90 08 O
220-340 16.15 1690 f:,,ll,‘i ~
" 350-640 21.65 22,15 (:Ju.m;'_-,
[(Cul N0, Ni) 660-980 18.15 18.10 CHLO8
Residue 36.83 40,90 Ni() + ('M“”.'.()‘
180-260 13.84 14.21 (_:.H,H -
280-540 25.03 2530 C '.,j N ’ﬁ_
[[Culla,0:5)CH) 560-980 253 224 CHNOS
Residue 31.19 37.90 CdO + C HNG

50 ®E.COLI MTCC 443
200 P.AERUGINOSA MTCC 1688
= S.AUREUS MTCC 96
190 ¢ B i W 5.PYOGENUS MTCC 442
100
50
0 _—
P $ &
& &
* &
y\\
&
Fig. 4. Antibacterial activity of ligand and its metal complexes (MIC, mg
mL™")
100 and 1250 pg/mL using agar plate method. Among the

synthesized compounds ligand molecule has shown good
activity with all three fungal strains. In metal(II) complexes,
Cu(II) complex showed excellent activity against fungal strain
C. albicans. Co(II), Ni(II) and Cd(II) complexes exhibit good
activity against fungal strain C. albicans (Fig. 5).
Cytotoxicity: The in vitro cytotoxicity of ligand and its
metal(lI) complexes was investigated against A-549 (human
lung cancer) and MCF-7 (human breast cancer) cell lines and
results are tabulated in Table-5. Paclitaxel was used as the
standard drug during the activity. The ligand and its metal(II)

CABCAN s,
B ANGER MICf gy
_WACLAVATIS M )

Fig. 5. Antifungal activity of ligand and its metal complexes (MIC, mg
mL™")

complexes showed inhibition of cell value ICs, in the range
33.55-47.61 pM for A-549 and 30.95-46.81 pM for MCF-7 7
cell lines, The ligand and its metal complexes exhibited higher ©
activity against the A-549 cancer cell line and lowered in the I~
case of the MCF-7 cancer cell line compared to standard. Th
obtained results showed that the most of the synthesized metd ™
complexes were found to be more active than their correspos- =
ding ligand molecule (Fig. 6). The order of activity of all the =

synthesized compounds against the A-549 cancer cell line 8 *

Al

‘TABLE-§
HYDROGEN BONDING INTERACTIONS OF B-TUBULIN WITH
VARIOUS QUINOLINE SCHIFF BASE LIGAND METAL(Il) COMPLEXES

Complexes Binding energy Atoms involved in the bonding Distance — |
(keal/mo!) interactions atom pair Angle Eﬁ_‘
Cd-Metal 1132 Drg-1:H - O-THR276 1.76776
ARG278:N - HC-Drg 1.5812 143.055 L
Co-Metal -10.70 Drg-H - O-THR276 1.78816 i
ARG278-N - HC-UNL 3.58511 149.203 8
Drg:H - O-THR276 1.95704
Drg:CH - O-THR276 2.9193
-Metal -12.39 . 6
s Drg:CH - 0-ALA233 3.63567 123.963 %
ARG278-N - HC-Drg 3.83767 -
Ni-Metal -11.39 %ﬁgoogéngﬁ 1.7098 157.537 8D
W :0 - HC-Drg 3.15848 o
6
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4 i:lli ! interactions with drug-Cd complex as shown in Fig. gA. Next, 347

N analysis of (3-tubulin-Cd metal complex is stabilized by 348

. { hydrogen bonding interaction of Thr276 (1.78 A) and carbon 349

w hx""’}!t‘" bonding interaction with Arg278 (3,58 A) shown in 350

" 1 (Fig. 813), similar to (3-tubulin-Cd metal complex (Fig. 8A). 351

| Also, [3-tubulin-Co metal complex shows non honded 1nter- 352

® ‘ action such as Thr220, Thr223. Ser277, Gin2A2 torm® van der 353

w1 — L Waals, Asp226 forms 1t- anion, His-22Y makes r-x T-shaped 354

o e ' & ’ - - — interaction and Leu217, Lys218, Leu2l9. Pro274, Leu286. 12:

& 3 O S Leu371 and Pro360 forms hydrophobic alkyland m-alkyl types 5

N \,"96& 0;-"?6# 0"’06# ‘i}ﬁ‘# .@'p# of interactions with drug-Cd as shown in Fig 5B 357

v ".@‘@ The analysis of B-tubulin-Cu metal complex shows the 358

& hydrogen bonding interactions of Thr276 (1.95 and 2.9] A) 359

B 0. it eytotoxicity of ligand and metal complexes (Table-5) and carbon bonding interactions Ala233 (3.63 :_"\) 360

and Arg278 (3.83 A) shown in (Fig. 8C). In addition. Arg278 36]

g QuxCo> Cd > Ni-complex > ligand and for MCF-7 cancer makes n-donon bonding interaction. Leu371 makes mosigma 362

.\':q cell line Cu > Co > Cd > ligand > Ni-complex. bonding, Asp226 forms m-anion, His229 forms 7-x T-shaped 36}

-“.‘0 Molecular docking of B-tubulin with drug-metal interactions with drug-Cu metal _complex and Leu217, Lcull‘: ;2—;

331 complexes: We employed molecular docking, to investigate f"'d Pr9274 forms hy.dro.phobjc alkyl and n_-alkyl type © o

W e {nicraction of metal complexes (Cd, Co, Cu and Ni) with interactions 4 shown in Fig. SC'. Next,.ana]yzfls of Bzf,':’,b(ulh"}lo Yoo

333 B-tubulin through AutoDock4.2 [43). The lowest binding ﬁl metal complex sh.ow .bondmg. interactions wulh5 'I;lr sho.wn res

134 energy conformation of metal complexes (Cd, Co, Cu and Ni) : )a.nd carbon bonding interactions AsP226 (3. )as T 6

135 \ith tubulin was found at-11.32, -10.70, -12.39 and -11.39 in Fig. 8D, Leu217, The220, Thr223, His229. Arg284. GIn2%0 -0

336 keal/mol, respectively. All the metal(II) complexes show a Gly370 and.L'EU37] forms van der ,Waals '_mcrracu,om’_'hASp" '371
337 considerable binding energy and affinity with -tubulin as ﬁ?rms n-anion, Lys281 forms amide-m stacked as shown 1n

R ; . Fig. 8D. While, Leu219, Arg278, Pro360 forms hydrophobic 372

338 shownin Fig. 7. The analysis of B-tubulin-Cd metal complex £i ) own Fig. 8D. 373
139 show the conventional hydrogen bonding interaction of residue type of alkyl and r-alky! type of interactions a5 shOWR F1&- 7

340 Thr276 (1.76 A) and carbon hydrogen bonding interaction Conclusion 374

341 withArg278(3.58 A) (Table-5). The Asp226 show electrostatic A novel quinoline Schiff base ligand and its metal(ll) 375

342 interactions, Thr220, Thr223, Phe272, Ser277,GIn282,Arg284  complexes were successfully prepared and characterized. The 376

343 forms van der Waals interactions, Arg273 forms n-lone pair  synthesized Schiff base and its metal(1l) complexes were 377

344 and Asp226 makes T-anion type of interactions with Cd-metal  screened for antibacterial, antifungal and cytotoxicity activities. 378

345 complex asshownin Fig. 8A. While, Leu217,Lys218,Leu219,  Among the prepared compounds, the Schiff base ligand and 379

380

346 His229, Pro274, Leu371, Leu285, Pro360 forms hydrophobic  its Cd(II) complex showed an excellent activity against all four

Fig. 7. Molecular docki '
(cyan), Cu (x::;ﬁ:lf B-lubu!in with drug-metal complexes. Here, (A) shows the overlapped docked conformation of Cd (green), Co
respectively. (B) 202) and Ni (yellow) metal complexes, the atoms such as N, O and H are shown in blue, red and white 1,
med view of B-tubulin binding pocket with overlapped conformation of metal complcxe’s colon

7
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metal complexes, this
Discovery Studio Visualizer [46]

| study, it was concluded
391 compounds have excellent Cytotoxicity properties Wnt::)a:raeg

192 to the standard drug paclitaxe]. Ligand and Cd(1) complex
93 has excellent antibacterial activity compared to the standarg

=-10.70 kcalfmel. C
of B-tublin with Ni-me
complex compare 10 other rubuls =
leraction images WETe generated wsng

:

drug Ampicillin. Furthermore, the binding modes ¢ *
Interactions of metal complexes with B-tbulin receptor pros j
o-© confirmed by molecular docking study, The docking 5 ]
Tevealed that all the metal(ll) complexes show excelles’ .
binding affinity at the Paclitaxel site of the B-tubulin. Heact 4
1L1s concluded that Prepared compounds possessed excelke®

S F
Cytotoxicity Properties and could be used as potential lead fr 4
cancer treatment.
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