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Abstract
A series of substituted hydrazinyl pyridine basechifs base ligands (:L°% and

corresponding palladium(ll)  complexes were syn#tess and characterized by
conductivity measurementH NMR, *C NMR and liquid chromatography mass
spectrometry (LC-MS). Synthesized compounds wereesed against various biological
activities. UV-Vis spectroscopy, fluorescence spsttopy, viscosity measurement, and
molecular docking studies were used to determieebthding mode between complexes
and HS-DNA, which suggest intercalation mode of DHNiAding. The protein binding
study of complexes was evaluated by UV-visible spscopy. Antibacterial activity of
the complexes was screened against two Gram (+wae)haee Gram (-ve) bacteria and the
result shows that all complexes are more effectigainst microorganisms than their
respective ligands. The cytotoxicity of the synthed compounds was tested against brine

shrimp andS. pombeell. The LGy values of the ligand and complexes are found én th



range of 9.24-14.12 pg/mL and 5.68-7.94 pg/mL, eespely. The DNA cleavage
activity of metal complexes was performed usingreg@ gel electrophoresis. All
compounds were tested for anticancer activity aggdinman colorectal (HCT-116) cancer
cell lines. The result shows that all the compouedsbited effective cytotoxicity against

the tested cell line.

Keywords: Mixed-ligand Pd(Il) complexes, SAR, Protein bindigll line study

1. Introduction

The success of cisplatin in cancer treatment leel filbundation of metal-organic,
organometallic complexes, and inorganic compoundsiodern medicinal chemistry [1-
7]. Various factors are responsible for the indregasncidence of cancer, of which
modernization of our society is a major one. Incearireatment, resistance to drugs is one
of the most significant problems [8, 9]. Severaltiplum drugs are used for the treatment
of cancer, but the side effects connected withuege of these drugs considerably limit
their application [10]. Thus, transition metal lit&nium, iron, osmium, rhodium, iridium,
palladium, and coinage metal ions have been comsides alternatives to platinum based
metallodrugs due to the cytotoxic properties of sahtheir compounds [11].

Effective biological activity of palladium(ll) anglatinum(ll) complexes have attracted
significant attention in the research area [9, 1Phe interest in platinum(ll) and
palladium(ll) complexes containing S, S-, N, N- a@d S-donor have increased in
nowadays with the desire to synthesize antitumargsirhaving reduced toxicity than
cisplatin and its analogues [13]. Anticancer agémwtge resulted in the development of a
large number of palladium(ll) complexes with nitemgdonor ligands, such as various
alkyl and aryl substituted amines and imines, pyadand pyrimidine derivatives, in
which some of exhibit effective antitumor propestheothin vivo andin vitro [14].

Schiff base ligands are mostly applied in coordarathemistry and it can coordinate
with a large number of 3d, 4d, 5d transition mefaty. Palladium is an important metal in
medicinal research due to significant similariti@s the coordination chemistry with
platinum [16]. The initial way for cancer therapyllwbe metallodrugs started in the

interaction between DNA and coordination complex@tese include three main



interactions between DNA and metal complexes: aafation, groove binding, and
electrostatic interaction [17, 18].

In continuation of our earlier work [19], six newdrazinyl pyridine based Schiff base
and their mixed-ligand palladium(ll) complexes wesgnthesized and characterized.

Synthesized compounds were screened against vdnimogical activities.

2. Experimental section

2.1 Chemicals and materials

Commercial grade solvents and reagents were usiwifurther purification. Sodium

tetrachloropalladate (Il) was purchased from S.ibe fchem. Ltd (SDFCL). 2-Acetyl

pyridine, 2-hydrazinopyridine, 2-chlorobenzaldeby@-bromobenzaldehyde, 4- chloro
benzaldehyde, 4-bromo benzaldehyde, 4-flourobeehgtte, 4- methylbenzaldehyde,
Hearring sperm HS-DNA and bovine serum albumin (B8#&re purchased from sigma
aldrich chemical co. (India). Nutrient Broth (NBgarose, ethidium bromide (EtBr), tris-
acetate-EDTA (TAE) and bromophenol blue were pwetdafrom Himedia (India). The

solvents used for spectral measurements were ofrsgeopic grade from aldrich.

2.2 Physical measurements

'H NMR (400 MHz) and®*C NMR (100 MHz) spectra were recorded on a Brudkence
400 spectrometer at room temperature using deateitethyl sulphoxide (DMS@?)
solvent. IR spectra were recorded on a FT-IR ABBnBo MB-3000 spectrophotometer.
The melting points were determined on the thernidcahelting point apparatus (Analab
Scientific PVT.LTD, India) in open capillaries. Eteonic spectra were recorded with UV-
160A UV-Vis spectrophotometer, Shimadzu, Kyoto @lgp Conductance measurements
were carried out using conductivity meter model bamE-660A. Model Euro Vector EA
3000 and Perkin Elmer 240 elemental analyzer wseel gior C, H, N- elemental analysis
of ligand and complexes, respectively. Electronagponization (ESI) mass spectra were
obtained using thermo scientific mass spectrom@&t&A). The structures were optimized
by quantum mechanics methods. Optimization wasopedd using the Becke’s three
parameter hybrid exchange functional (B3) and the-lYang—Parr correlation functional

(LYP) (B3LYP) with the Gaussian 09 program packa@é[ Calculations were done using



an Intel CORE i3, 2.40 GHz based machine runningWiSdows 8.1, 32 bit, x64 based

processor as the operating system.

2.3 Synthesis of substituted hydrazinyl pyridine basedigands (L*-L°)

A solution of substituted aldehyde (2a-2f, 1 mmeids stirred in methanol at room
temperature with 2- hydrazinyl pyridine (1a, 1 mjnol the presence of the catalytic
amount of acetic acid. The reaction was complefegl 4 h, which was confirmed by
TLC. The white precipitates of the desired produete obtained, which were filtered. The
purity of product was checked on the TLC platethykacetate: n-hexane system (30:70).

&
l-llydrazm\lpvrldme Substituted benzaldehyde
2a-2f

Methanol,
2-3 drops acetic acid,

stirred at RT, 1 h

Compounds R, R;
N . L! -H -CI
L2 -H -Br

R L} -H -F
Substituted 2-(2-benzy]ldenehydrazmyl)pyridine L? -H -Me
L1-L8 L3 -C1 -H
| = LS ‘Br -H
Na,PdCly, N7
Toluene
1/2h rcﬂux

12-16 h stirring
+2

Mixed ligand Pd(II) Complexes (I- VI)

Scheme 1Reaction scheme for mixed-ligands palladium comgdei-V1).

2.3.1 2-(2-(4-Chlorobenzylidene)hydrazinyl)pyridine (L%

This ligand (1) was prepared using 2- hydrazinyl pyridine (1ap{0mmol) and 4- chloro
benzaldehyde (2a) (0.01 mmol). Color: White, Yieg8d%, mol. wt.: 231.68 g/mol, m.p.:
275 - 278 °C, Anal. Calc. (%) fori@H10CINg: C, 62.21; H, 4.35; N, 18.14; Found (%): C,
62.03; H, 4.54; N, 17.99H NMR (400 MHz, DMSOds) 8/ppm: 8.92 (1H, s, -N-H), 8.17-
8.16 (1H, m, K)), 7.74 (1H, s, K), 7.67-7.61 (3H, m, g 4), 7.40- 7.36 (3H, m, K7 5),
6.84-6.80 (1H, m, k). *C NMR (100 MHz, DMSOdg) 5/ppm: 156. 6 (§ Cqu), 147.4



(C»,-CH), 138.2 (G -CH), 137.7 (G g, -CH), 134.5 (G, Cyuar), 133.5 (G, Cqua), 128.9
(Cs 7. -CH), 127.5 (G -CH), 116.0 (G -CH), 107.6 (G -CH). [Total signal observed =
10: signal of Gu = 3, signal of -CH = 7)].

2.3.2 2-(2-(4-Bromobenzylidene)hydrazinyl)pyridine (L%)

This ligand (%) was prepared using 2- hydrazinyl pyridine (1ap{0mmol) and 4- bromo
benzaldehyde (2b) (0.01 mmol). Color: White, Yied®%, mol. wt.: 276.14 g/mol, m.p.:
268 — 271 °C, Anal. Calc. (%) fori€H:0BrNs: C, 52.20; H, 3.65; N, 15.22; Found (%): C,
52.16; H, 3.54; N, 15.39H NMR (400 MHz, DMSOd) 8/ppm: 8.62 (1H, s, -N-H), 8.16
(1H, d, J = 4.4 Hz, k), 7.72 (1H, s, Hl), 7.67-7.62 (2H, m, Kg), 7.58-7.52 (3H, m,
Has 7), 7.38 (1H, d, J= 8.4 Hz, 44 6.82 (1H, dd, = 5.2, 3 = 7.2 Hz, H). **C NMR (100
MHz, DMSO-dg) 8/ppm: 157.4 ( Cqu), 147.6 (G, -CH), 142.4 (G, -Cqua), 138.2 (G, -
CH), 137.7 (G, -CH), 131.8 (G.7, -CH), 127.8 (G g -CH), 122.6 (G, Cqua), 116.1 (G,
-CH), 107.6 (G -CH). [Total signal observed = 10: signal of,G 3, signal of -CH = 7)].

2.3.3 2-(2-(4-Flourobenzylidene)hydrazinyl)pyridne (L®)

This ligand (1) was prepared using 2- hydrazinyl pyridine (1ap{0mmol) and 4- flouro
benzaldehyde (2c) (0.01 mmol). Color: White, Yied#%, mol. wt.: 215.23 g/mol, m.p.:
249 — 251 °C, Chemical formulai£i10FNs. *H NMR (400 MHz, DMSOdg) 5/ppm: 8.69
(1H, s, -N-H), 8.16 (1H, s, #), 7.77 (2H, d, J = 12.0 Hz,4H'), 7.67-7.62 (2H, m, kk),
7.38 (2H, d, J = 8.0 Hz,4+), 7.12-7.07 (1H, m, k), 6.79 (1H, dd, 1= 3.2, 3 = 8.0 Hz,
Hs). *C NMR (100 MHz, DMSOds) 8/ppm: 154.4 (G Cqu), 147.6 (G,-CH), 138.1 (G, -
CH), 137.8 (G, -CH), 134.2 (G, Cyuar), 128.1 (G g -CH), 123.4 (G, Cquar), 115.9 (G-
CH), 115.6 (G 7, -CH), 107.5 (G -CH). [Total signal observed = 10: signal ofG 3,
signal of -CH = 7)].

2.3.4 2-(2-(4-Mehtylbenzylidene)hydrazinyl)pyridine (L%

This ligand (1%) was prepared using 2- hydrazinyl pyridine (1ap{0mmol) and 4- methyl
benzaldehyde (2d) (0.01 mmol). Color: White, Yied@%, mol. wt.: 211.27 g/mol, m.p.:
243 — 245 °C, Anal. Calc. (%) fori€H13Ns: C, 73.91; H, 6.20; N, 19.89; Found (%): C,
74.06; H, 6.54; N, 19.99H NMR (400 MHz, DMSOds) 8/ppm: 8.60 (1H, s, -N-H), 8.17-
8.15 (1H, m, H), 7.76 (1H, s, K), 7.65-7.58 (3H, m, kg 4), 7.39 (1H, d, J = 8.4 Hz,3}
7.22 (2H, d, J= 8.0 Hz,4+), 6.81-6.79 (1H, m, b, 2.40 (3H, s, -Ch. **C NMR (100
MHz, DMSO-ts) d/ppm: 156.8 (& Cqu), 147.6 (G, -CH), 139.3 (G, -CH), 139.0 (G,
Cquat), 138.1 (G, -CH), 132.2 (G, Cqua), 129.4 (G 7, -CH), 126.4 (G g, -CH), 115.6



(Cs, -CH), 107.5 (G -CH), 21.4 (-CH -Methyl). [Total signal observed = 11: signal of
Cqut = 3, signal of —-CH and G+ 8)].

2.3.5 2-(2-(2-Chlorobenzylidene)hydrazinyl)pyridine (L°)

This ligand (%) was prepared using 2- hydrazinyl pyridine (1a){0mmol) and 2- chloro
benzaldehyde (2e) (0.01 mmol). Color: White, Yie8@%, mol. wt.: 231.68 g/mol, m.p.:
269 — 272 °C, Anal. Calc. (%) fori€H:0CIN3: C, 62.21; H, 4.35; N, 18.14; Found (%): C,
62.16; H, 4.54; N, 18.09H NMR (400 MHz, DMSOdg) 8/ppm: 9.56 (1H, s, -N-H), 8.23
(1H, s, B), 8.09 (2H, dd,= 1.6, 3=7.6, K g), 7.67-7.63 (1H, m, k), 7.43-7.37 (2H,
m, Hg 7), 7.31 (1H,t, J = 7.2 Hz, 41 7.26 (1H, dd, = 5.6, 3 = 7.6 Hz, H), 6.84 (1H, t,
J = 5.6 Hz, H). °C NMR (100 MHz, DMSOdg) 8/ppm: 157.7 (& Cqu), 147.6 (G -CH),
142.8 (G, Cquar), 138.1 (G, -CH), 135.4 (G, -CH), 130.0 (G, -CH), 129.6 (@, -CH),
126.9 (G, -CH), 126.6 (@, -CH), 120.2 (&, -Cquay, 116.1 (G, -CH), 107.6 (G, -CH).
[Total signal observed = 12: signal of,&= 3, signal of -CH = 9)].

S

2.3.6 2-(2-(2-Bromobenzylidene)hydrazinyl)pyridine (L°)

This ligand (1°) was prepared 2- hydrazinyl pyridine (1a) (0.01 ejrand 2- bromo
benzaldehyde (2f) (0.01 mmol). Color: White, Yie8¥%, mol. wt.. 276.14 g/mol, m.p.:
254 — 257 °C, Anal. Calc. (%) fori€H:0BrNs: C, 52.20; H, 3.65; N, 15.22; Found (%): C,
52.10; H, 3.59; N, 15.49H NMR (400 MHz, DMSOd) 8/ppm: 9.14 (1H, s, -N-H), 8.22
(1H, dd, 4=0.8, 3=4.8 Hz, H), 8.18 (1H, s, K), 7.67- 7.63 (1H, m, &), 7.61-7.56 (1H,
m, He), 7.42-7.32 (4H, m, K¢ 7.g), 7.21- 7.18 (1H, m, §. **C NMR (100 MHz, DMSO-
de) 8/ppm: 153.6 (€ Cqu), 147.6 (G -CH), 144.0 (G, Cquar), 138.2 (G, -CH), 137.8 (G,
-CH), 133.1 (G, -CH), 129.9 (G, -CH), 127.5 (G -CH), 127.1 (G, -CH), 123.1 (G
Cqua), 116.1 (G, -CH), 107.6 (G, -CH). [Total signal observed = 12: signal ofuG 3,
signal of -CH = 9].

2.4 General method for synthesis of mixed-ligandsgliadium(ll) complexes (I-VI)

The methanolic solution of substituted hydrazinyrigine based Schiff base ¥L°)
(0.0001 M) was drop wise added to a methanolictesiuof NgPdCl (0.0001 M). The
mixture was warmed for 10 minutes, followed by #uglition of 2-acetylpyridine (0.0001
M). The resulted solution was refluxed at 60 °CteABO min, the stirring was carried out
at room temperature for 12-16 h. The obtained prodas washed with diethyl ether and

hexane and dried to get yellow powder.



2.4.1 Palladium(ll) complex (1) [Pd(LY)2-acpy]Cl

This complex was prepared using ligand) ((0.01 mmol), 2- acetyl pyridine (0.01 mmol)
and NaPdCl,salt (0.01 mmol) as described in general proceskrCyellow, Yield: 86%,
mol. wt.: 530.24 g/mol, m.p.: > 300 °C Anal. Cal) for GgH17CIsN,OPd: C, 43.05; H,
3.23; N, 10.57; Pd, 20.07; Found (%): C, 43.50356; N, 10.23; Pd, 20.78H NMR
(400 MHz, DMSO¢dg) 6/ppm: 12.44 (1H, s, -N-H), 8.17 (1H, d, J = 5.6 Hi;), 8.01
(1H, s, B), 7.83 (2H, t, J = 8.0 Hz,44-), 7.93 (2H, d, J =5.2 Hz,4d), 7.47 (2H, d, J =
4.8 Hz, W), 7.26-7.23 (2H, m, k), 7.17 (1H, d, J = 6.8 Hz, &), 6.97 (2H, t, H &),
3.44 (3H, s, -Methyl)*C NMR (100 MHz, DMSOdg) 5/ppm: 173.2 (>C=0, Ga), 157.3
(Ce, Cqud), 155.4 (G Cqua), 147.4 (G, -CH), 146.0 (G4, -CH), 141.3 (G, -CH), 138.4
(Cs, Cquay, 133.2 (G, -CH), 130.0 (G, -CH), 127.5 (G ¢, -CH), 124.9 (G, -CH), 122.1
(C¢, Cquay, 116.8 (G, -CH), 114.4 (G, -CH), 108.5 (G, -CH), 33.5 (Methyl, -CHh).
[Total signal observed = 16: signal of & 5, signal of -CH and Ci 11)].

2.4.2Palladium(ll) complex (I1) [Pd(L ?)2-acpy]Cl

This complex was prepared using ligand)((0.01 mmol), 2- acetyl pyridine (0.01 mmol)
and NaPdCl,salt (0.01 mmol) as described in general proceskrCyellow, Yield: 82%,
mol. wt.: 574.96 g/mol, m.p.: > 300 °C Anal. Cal%) for C,gH1/BrCI,N,OPd: C, 39.72;
H, 2.98; N, 9.57; Pd, 18.52; Found (%): C, 39.06:2t52; N, 9.99; Pd, 18.43H NMR
(400 MHz, DMSO€s) 8/ppm: 12.60 (1H, s, -N-H), 7.91 (1H, d, J = 4.4 W), 7.82
(2H,t,J=8.0 Hz, Bt4), 7.74 (1H, s, H), 7.29 (2H, d, J = 1.6 Hz,4d), 7.16 (2H, dd, 4J
=1.6,3=8.0Hz, H ), 7.11 (1H, d, J = 8.0 Hz, &, 6.96 (2H, t, J = 6.0 Hz, 4¥), 6.87
(2H, d, J = 8.4 Hz, Kg), 3.45 (3H, s, -Methyl)**C NMR (100 MHz, DMSOdg) &/ppm:
175.7 (>C=0, Gua), 157.9 (G Cqu), 155.8 (G, Cqua), 150.4 (G, -CH), 149.6 (G,
Cquar), 146.0 (G4, -CH), 141.2 (G, -CH), 136.2 (¢, -CH), 131.8 (G & -CH), 128.0
(Cs, -CH), 127.2 (G, -CH), 121.7 (@, Cqua), 120.0 (G, -CH), 116.6 (G, -CH), 108.4
(Cs, -CH), 35.2 (Methyl, -CH). [Total signal observed = 16: signal of& 5, signal of -
CH and CH=11)].

2.4.3Palladium(ll) complex (I11) [Pd(L *2-acpy]Cl



This complex was prepared using ligand)((0.01 mmol), 2- acetyl pyridine (0.01 mmol)
and NaPdCl,salt (0.01 mmol) as described in general proceskrCyellow, Yield: 85%,
mol. Wt.: 513.69 g/mol, m.p.: > 300 °C, Anal. Cakb) for G¢H,7Cl.FN,OPd. Pd, 20.72;
Found (%): Pd, 20.86H NMR (400 MHz, DMSOsdg) &/ppm: 12.42 (1H, s, -N-H), 8.00
(1H,d,J=4.4Hz, k), 7.92 (1H,d, J=5.2 Hz,d 7.81 (2H, t, I = 7.6 Hz, 44 ), 7.74
(1H, s, B), 7.45 (2H, t, J = 8.8 Hz, H), 7.24 (1H, d, J = 6.0 Hz,3} 6.96- 6.90 (4H, m,
Has7g), 6.76 (1H, d, J = 6.0 Hz, 4, 3.74 (3H, s, -Methyl)*C NMR (100 MHz,
DMSO-ds) 6/ppm: 178.4 (>C=0, &ia), 158.4 (G, Cqua), 156.8 (G Cquap, 150.3 (G- 4" -
CH), 146.0 (G, -CH), 141.1 (G, -CH), 139.3 (G, Cqua), 132.8 (G g, -CH), 128.1 (G,
Cqua), 121.1 (G, -CH), 120.9 (G, -CH), 116.3 (G,7, -CH), 110.9 (G-, -CH), 110.7 (G, -
CH), 108.4 (G, -CH), 34.9 (Methyl, -CH). [Total signal observed = 16: signal of.&=
5, signal of -CH and C#+ 11)].

2.4.4Palladium(ll) complex (IV) [Pd(L %)2-acpy]Cl

This complex was prepared using ligand)((0.01 mmol), 2- acetyl pyridine (0.01 mmol)
and NaPdCl,salt (0.01 mmol) as described in general proceskrCyellow, Yield: 89%,
mol. wt.: 509.73 g/mol, m.p.: > 300 °C, Anal. Cal) for GoH20Cl.N,OPd: C, 47.13; H,
3.96; N, 10.99; Pd, 20.88; Found (%): C, 47.163t54; N, 10.19; Pd, 20.93H NMR
(400 MHz, DMSOdg) 8/ppm: 12.34 (1H, s, -N-H), 7.90 (2H, d, J = 5.6 Hz;5'), 7.78
(2H, t, J = 8.0 Hz, bt 4), 7.67 (1H, s, K), 7.42 (1H, d, J = 8.4 Hz,d4 7.04 (2H, t, J =
6.4 Hz, H ), 6.93 (2H, d, J = 6.4 Hz,44), 6.84 (2H, d, J = 8.8 Hz, sH), 6.73 (1H, d, J
= 7.6 Hz, H), 3.52 (3H, s, -Methyl( acetyl moiety)), 2.18 (38},Methyl).”*C NMR (100
MHz, DMSO-ds) 6/ppm: 177.0 (>C=0, &ua), 157.8 (G, Cqu), 155.3 (G, Cqua, 151.0
(Cz, -CH), 145.8 (G, Cquat), 140.8 (G4, -CH), 138.0 (G, -CH), 135.4 (@, -Cqyuar),
130.1 (G,-CH), 129.7 (G 7, -CH), 126.2 (G ¢, -CH), 124.8 (G, -CH), 120.0 (G-, -CH),
116.2 (G, -CH), 108.2 (G, -CH), 33.2 (Methyl (acetyl moiety), -GH 21.5 (Methyl, -
CHzy). [Total signal observed = 17: signal ofuG- 5, signal of -CH and Ci= 12)].

2.4.5Palladium(ll) complex (V) [Pd(L ®)2-acpy]Cl

This complex was prepared using ligand)((0.01 mmol), 2- acetyl pyridine (0.01 mmol)
and NaPdCl,salt (0.01 mmol) as described in general proceskrCyellow, Yield: 86%,
mol. wt.: 530.14 g/mol, m.p.: > 300 °C, Anal. Cal) for GgH;7ClsN,OPd: C, 43.05; H,
3.25; N, 10.57; Pd, 20.07; Found (%): C, 43.323t84; N, 10.89; Pd, 20.83H NMR
(400 MHz, DMSO¢dg) 6/ppm: 12.54 (1H, s, -N-H), 8.17 (1H, d, J = 5.2 H;), 7.93



(2H, d, J = 4.8 Hz, k), 7.83 (1H, s, H), 7.76 (2H, t, J = 8.0 Hz,4s»), 7.47 (2H, d, J =
3.2 Hz, K g), 7.28 (2H, t, Hg), 7.17 (1H, d, J = 6.0 Hz, &1, 6.97 (2H, t, J = 6.0 Hz,
He7), 3.43 (3H, s, -Methy)*C NMR (100 MHz, DMSQdg) 8/ppm: 176.4 (>C=0,
Cqua, 156.3 (G, Cqu), 154.5 (G, Cqua), 147.4 (G, -CH), 146.0 (G4, -CH), 141.3 (G,
-CH), 139.1 (G, Cqua), 133.2 (G, -CH), 130.0 (G ¢ ¢, -CH), 127.5 (G, -CH), 124.9
(Cs»s», -CH), 122.3 (G Cquap, 116.9 (G, -CH), 108.5 (G, -CH), 33.8 (Methyl, -Ch).
[Total signal observed = 15: signal of G 5, signal of -CH and Ci= 10)].

2.4.6 Palladium(ll) complex (V1) [Pd(L®)2-acpy]Cl

This complex was prepared using liganf) ((0.01 mmol), 2- acetyl pyridine (0.01 mmol)
and NaPdCl,salt (0.01 mmol) as described in general proceskrCyellow, Yield: 86%,
mol. wt.: 574.60 g/mol, m.p.: > 300 °C, Anal. Cal#) for GgH1/BrCl,N4,OPd: C, 39.72;
H, 2.98; N, 9.75; Pd, 18.52; Found (%): C, 39.07:2H3; N, 9.97; Pd, 18.78H NMR
(400 MHz, DMSOsdg) 6/ppm: 12.54 (1H, s, -N-H), 7.93 (1H, d, J = 5.2 Hi;), 7.84
(2H,t, J = 8.0 Hz, kt4+), 7.79 (1H, s, K), 7.22 (2H, d, J = 7.2 Hz,44), 7.11 (2H, d, J =
8.0 Hz, K g), 6.99 (2H, t, J = 6.4 Hz,4), 6.91 (1H, d, J = 8.4 Hz, sH), 6.84 (2H, t, J =
8.0 Hz, H7), 3.52 (3H, s, -Methyl)}*C NMR (100 MHz, DMSOd;) &/ppm: 176.6
(>C=0, Gua), 158.5 (G, Cqu), 156.8 (G, Cqua), 151.3 (G, -CH), 150.1 (G, Cqua,
146.2 (G 4, -CH), 142.1 (G, -CH), 138.5 (G, -CH), 133.8 (G g, -CH), 128.0 (G 7, -
CH), 127.8 (G, -CH), 122.5 (G, Cqua), 121.4 (G-, -CH), 113.2 (G, -CH), 105.2 (G, -
CH), 34.4 (Methyl, -CH). [Total signal observed = 16: signal of, 5, signal of -CH
and CH=11)].

2.5 Biological screening of compound

2.5.1 Antibacterial activity by broth dilution method

The minimum inhibitory concentration (MIC) is defith as the lowest concentration of
bacterial agents that prevent the growth of baatdbacteriostatic). Than vitro
antibacterial activity of hydrazinyl pyridine bas&thiff bases (L% and their metal
complexes (I-VI) were carried out against the twar@(+ve) and three Gram(-ve) bacteria
using broth dilution method. All the bacteria wgrewn in 5 mL sterile nutrient or Luria
broth solution and incubated overnight at 37 °Cffddént concentrations of the
compounds were injected with cultured bacteria. Mgt day, effects were checked to
determine at what level the MIC value is establisfi, 22].



2.5.2 Evaluation ofin vitro cytotoxicity

Brine shrimp lethality bioassay is a simple, rdiabnd convenient method used for the
evaluation of bioactivity of compounds and it extenfor preliminary assessment of
toxicity. The cytotoxicity was reported in terms déthal concentration (L&).
Commercial sea salt was used for the preparatiartiicial sea water (5%) for hatching
brine shrimp eggs. The incubation at 26-30 °C f8rMresults into free nauplii from
eggshells, which were collected using a light seuned used for the screening. Ten active
shrimps were added in each test tube and volumeadjasted to 2500 pL per test tube to
obtain different concentrations. The surviving stpiwere counted after 24 h and lethal
concentration LG was assessed and percentage mortality (% M) dgblinavas plotted
against the log of the concentration of compou2@s 24].

2.5.3 Cellular level cytotoxicity againstS. pombe cells

The cellular level bioassay was carried out usmagpombecells. S. pombds harmless,
rapidly growing eukaryotes that are popular as rhastems to understand basic
biological processesin vivo cytotoxicity experiment was performed according to

previously published literature [25].

2.5.4 Cell line study

The human colorectal cancer cell line HCT-116 waslpased from the national centre for
cell science (NCCS), Pune, Maharashtra, India. ddlecultures were maintained under
controlled conditions in a humidified atmospheréhwb% CQ at 37°C in culture flasks.
The cells were grown in complete RPMI-1640 mediwpptemented with 10% FBS and
1% PSN, an antibiotics mixture (Life technologi&kA). Exponentially growing HCT-
116 cells were exposed to compounds and vehicle IM&O) for 24 h. therefore, the
cells were washed with DPBS and incubated with Mblution for 4 h in dark at 37°C.
After incubation, the MTT was removed and DMSO waded to each well. The
absorbance was taken at 570 nm with a referenceslermyth of 650 nm by using a

multimode microplate reader.

2.6 DNA interaction studies

2.6.1 Electronic absorption spectra



The interaction of complexes with HS-DNA was imvgated using UV-visible
spectroscopy. The stock solutions of metal com@lexere prepared using DMSO and
diluted with phosphate buffer (pH = 7.2) to the uiegd concentration for whole
experiments. Absorption titration experiments wpegformed by maintaining a constant
concentration of the complexes and HS-DNA concéotra(0-100 uM) with varying
volume (0-500 pL). The UV-visible spectra of themqmexes in the presence of HS-DNA
were scanned against phosphate buffer solutionhén range from 200 to 800 nm
wavelength [26].

2.6.2 Hydrodynamic volume measurement

Viscosity measurement was used for further clatfon of the DNA binding interaction
of the metal complexes. In this experiment, the IM$A solution (200 uM) was mixed
with an increasing amount of complexes and theivelariscosity of these solutions was
measured using Ubbelohde viscometer at 25.0 + 0.5The data were obtained ag (
Ino)*® vs. [complex/HS-DNA], wherggandn are the viscosity of HS-DNA in the absence
and presence of the metal complexes, respectiVedgosity values were calculated from
the observed flow time of DNA containing solutidh ¢orrected for buffer alonepft n a
(t-to) [27, 28].

2.6.3 EB-displacement study
Fluorescence emission studies were carried outrdiogp to the previously reported
literature [29].

2.6.4 Molecular docking study

The docking study of Pd(ll) complex with DNA wasrfsemed using the Hex 8.0
software. The binding position and bound confororatof the macromolecule with
complexes and approximate calculation of theirratBons were analyzed with the hex
software. Docking needs data bank for the seangettavith proper PDB format. These
tools provide the information about the interactlmetween DNA and complexes. DNA
sequence d(ACCGACGTCGG]LBNA) of the structure was used for interactiondst
and obtained from the protein data bank [30, 31].

2.6.5 DNA cleavage via agarose gel electrophoresis



Agarose gel electrophoresis experiment was caoigdo monitor the cleavage of DNA
by synthesized complexes. The experimental proeedis performed according to the

reported procedure [25].

2.7 Protein binding study

The Serum albumin(SA)-binding study was performgdV-visible electronic absorption
titration using BSA in phosphate buffer (Wd&°Oy/NaH,PO,, pH 7.2) solution. In this
study, titration of BSA with mixed-ligand Pd(ll) ogplexes was carried out. The
absorption titration spectra of BSA (15 uM) and swution of mixed-ligand Pd(Il)
complexes at 0, 8, 16, 24, 32, 40 uM concentratiere measured in the range of 200-800
nm. In each fraction, after the addition of metainplexes, solution was incubated for 7
min., and the absorption spectra were overlaid.[32]

3. Result and discussion

3.1'H NMR spectra

The '"H NMR spectra of the Schiff base ligands'-{l°) and their mixed-ligand
palladium(ll) complexes (I-VI) were obtained in weht DMSO-d as shown in
supplementary material 1 and their physiochemiagd d@f the compounds are summarized
in the experimental section. In the aromatic regtem protons are observed for ligands
(L*-L® and fourteen protons are observed for palladi)negmplexes (I-V1). In Schiff
base ligands (:L°), all aromatic protons appear in the range of 82795 ppm while
for Pd(ll) complexes, appeared in the range of 8:16.736 ppm. The NMR signal for
imine (-N-H) group of ligands and complexes areesppd at around 9.56 — 8.6(ppm
and 12.60 — 12.38 ppm, respectively. The signal shift in thé NMR spectra suggests the

involvement of pyridine ring nitrogen as a coording atom.

3.2%3C NMR spectra

The °C NMR spectra of the synthesized Schiff base ligafid-L°%) and mixed-ligand
palladium(ll) complexes (I-Vl) are shown in suppkmary material 2 and their
physicochemical data are represented in the expatahsection. The peak of the methyl
group in the ligand (1) and complex (IV) is observed at 21.43 ppm andi2Ippm,

respectively. The heteroleptic Pd(Il) complexesVI)I- containing 2-acetylpyridine



bidentate ligands having >C=0 peak appeared imathge of 173.0-177.0 ppm. In ligands,
the peak of the £and Gua:are observed in the range of 153.6-157.7 ppmoinptexes,
the peaks of & and Guarare shifted to the downfield region at 156.3-15#.

3.3 Mass spectra

The mass spectra and fragmentation pattern of hiygdapyridine based ligands L)
are shown in supplementary material 3. The masstrsp®f complex (I) shows a
molecular ion peak [M-2Cl]at 459.0 m/z and [M-2Cl+2jat 461.3 m/z. The peak at
338.10 m/z is due to the loss of 2-acetyl pyridineiety from the complex. The peak at
233.90 m/z is due to the loss of palladium metal ibhe ESI-MS spectrum and possible

mass fragmentation pattern of complex (I) are showsupplementary material 4.

3.4 Electronic spectra, magnetic behaviour, conduahce measurement, and structure
optimization

The electronic spectra of mixed-ligand Pd(ll) coexgls were recorded in DMSO. The
electronic spectra of palladium(ll) complexes stadwgorption peak at around 273-277 nm
(MLCT) and 451-456 nm (d-d transition), which susfgequare planar geometry of the
complexes. The magnetic moment measurement diealynthesized mixed-ligand Pd(II)
complexes is found to be zero, which is comparableheoretical spin only value of
square planar complexes indicating diamagnetic reaand &low spin, with dsp
hybridization. The observed molar conductance @3%' cnm? mol?) in 10° DMSO
solution of the complexes is consistent with theceblytic nature of the complexes and
presence of two chlorine ion as a counter ion dattiie coordination sphere [33, 34]. The
structure of complexes was optimized by GaussiaprOgram software to get information
about the relative position of ligands in the coexgls. The optimized structures
(Supplementary material 5) clearly show that thggex atom of the acetylpyridine ligand
Is trans to the pyridine group of the benzylidegdrbazinyl pyridine ligand. The pyridine
rings of both the ligands are cis to each other.

3.5 Biological screening of compounds
3.5.1In vitro antibacterial activity

The persistence and growth of antibiotic resistamcéacterial pathogens represent a

public health concern. Antibacterial resistance mnipulate a biological cost, thereby



reducing the fitness of resistant strains, whiah iestrict the development of antibacterial

resistant bacteria. Increased antibacterial resistas the grounds of severe infections,
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complications, and increased mortality. Some netdyeloped antibiotics have lost their
efficacy against various bacterial infections wittd few years after their debut. Metal
coordination can alter the mechanism of drug agtivihe antibacterial activity of the

newly synthesized compound was tested against twam@ve) negative and three
Gram(-ve) bacterial strain using the broth dilutmmethod The results of the antibacterial
study are represented in Fig. 1 and the data ofcttrapounds are represented in
supplementary material 6.

Figure 1. Effect of different concentrations of hydrazimyridine based Schiff base L

L®) and mixed-ligand Pd(Il) complexes on Gram(+ve) &ram(-ve) bacteria.

MIC values of hydrazinyl based Schiff base and rth@rresponding mixed-ligand
palladium(ll) complexes are in the range of 150-208 and 30-85 uM respectively,
which is comparable to previously reported pallaaill complexes [35]. Complex VI has
antibacterial activity against all tested bactesiahins with MICvalue in the range of 30-
45 pM. Compound VI has more potent activity withQWalue 30 uM again®. subtilis

40 pM againsP. aeruginosaThe complex V is most potent agairkst coli with MIC
value 30 uM. From this result, we can conclude thatmetal ion upon chelation enhances

the bacterial activity than the hydrazinyl basgatids. Tweedy’s chelation theory predicts



that chelation reduces the polarity of the metasimainly because of partial sharing of its
positive charge with donor group and possible edectielocalization over the entire ring.
Therefore, increases in the lipophilic charactethef chelates, favouring their permeation
through the lipid layer of the bacterial membrade][

3.5.2 Brine shrimp lethality bioassay

In recent years, the brine shrimp lethality bioggz@cedure of bioactive compounds has
gained great attention to evaluate cytotoxicityweetl as pharmacological activity of the
compounds. The mortality rate of brine shrimp nawgss found to increase with increase
in the concentration of the compounds. The mainaathges of brine shrimp lethality
bioassay .are economical, inexpensive, short tiemeation than other cytotoxicity, and
more reliable method. The lkgXata was calculated by the plot of percentage ritgrtz
nauplii against the log of the concentration of tdoenpounds, which is shown in Fig. 2,
and data are represented in supplementary materigthe LG values of the hydrazinyl
Schiff base and their corresponding mixed liganthgaim(ll) complexes are observed in
the range of 9.24-14.12 pg/mL and 5.68-7.94 pg/mespectively, which are comparable
with the previously reported Pd(ll) complexes (81%L80 pg/mL) [37]. From the data
recorded, the palladium(ll) complexes show goodvigtthan ligands. The order of
potency of compounds is cisplatin >V > VI> > 11> V> L3> °> %> 1> %>

L* > transplatin.
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Figure 2. LCspvalues of hydrazinyl based ligands and their cpwading mixed-ligand

Pd(Il) complexes, cisplatin and transplatin in plg/m



3.5.3In vivo cytotoxicity againstS. pombe cells

The cell viability assay is designed to measurevidies attributable to cellular
maintenance and survival. The current most usgtokaxicity biomarkers are constitutive
conserved and relatively stable, high- abundanceymees released into the culture
medium following the loss of membrane integrity.eT$ixth model eukaryotic organism,
Schizosaccharomyces pombveas used in the study of the cellular response WAD
damage. The trypan blue dye used for the deteofi@ pombeells. Live cells or tissues
with intact cell membranes are not colored. Siredis @re very selective in the compounds
that pass through the membrane in a viable cgtlatmyblue is not absorbed. Dead cells
appear as a distinctive blue color under the mawps. Cellular levein vivo cytotoxicity
againstS. pombecells was carried out using synthesized compoucdslatin, and
transplatin. The toxicity was found to change witk different substituents present in the
compounds. Complexes VI and V are found more ttxam other complexes agairist
pombecells. After 17 h treatmen§. pombeells were killed due to the toxic nature of the
compounds. Percentage viability graph and dat@ ofivo cellular level cytotoxicity

againstS. pombare represented in Fig. 3 and supplementary rah&rrespectively.
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Figure 3. Cytotoxicity in terms of % cell viability of compmds at different

concentrations.



3.5.4 Cell line study

For the investigation of potential synergetic cgtat effects, we evaluated cell anti-

proliferation activity of Pd(ll) complexes. Colotat cancer is one of the most common
malignancies worldwide [38] and hence the cytotibxiof complexes I-VI was evaluated

by MTT assay against human HCT-116 cancer cellWitk cisplatin as positive controls.

The 1Gso value of the Pd(Il) complexes (ll, I, IV) exhttdome inhibitory effect on HCT-
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116 cancer cell line, while the palladium(ll) compes (I, V, VI) are found to be

practically ineffective. Complexes (IV and V) afetmost cytotoxic effect against human

colorectal carcinoma HCT-116 cancer cell line coragato other complexes. ThesiC

value of the palladium(ll) complexes are foundnareasing order of IV (51 pg/mL) >V
(132 pg/mL) > 11 (138 pg/mL) > | (165 pg/mL) > VRT2 pg/mL) > 1l (283 pg/mL) >
DMSO. Furthermore, the lgvalue of the mixed-ligand palladium(Il) complex i¥lower

than to standard drug carboplatin, but remainingnmexes have higher igvalue than

standard drugs cisplatin (15 pg/mL), carboplatid.98 pg/mL) and oxaliplatin (25.74

png/mL) [39]. The graph and values are represemtédg. 4 and supplementary material 9,

respectively.

Figure 4. Effect of synthesized mixed-ligand palladium(ll)neplexes on the proliferation
of HCT-116 cells and determination of stGsalue of 10, 25, 50, 100, 250, 500, 1000
png/mL Pd(Il) complexes (I-V1), control (100% DMSQGnd vehicle control (1% DMSO).

Error bar represents standard deviation of thrpkcades.



3.5.5 General structure-activity relationship (SAR)
Different substituted benzyl rings on 2-hydrazingigine are widely affected the results

of biological activities (Fig. 5). The complexesl{] IV) containing chloro (-CI), bromo (-
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Br), and methyl (-Ch) substituent at para position on benzyl ring iaseethe cytotoxicity
in brine shrimp lethality bioassay. The para posithaving fluoro (complex Ill) and ortho
position having —CI and —Br (complex V and VI) stiloent on benzyl ring decrease the
LCs value in brine shrimp assay. All the complexesehaigher antibacterial activity
againstB. substilisexcept complex- IV, which has an electron releggroup attached to
the ancillary ligand. Complexes (I and Ill) havetgrd antibacterial activity again&.
substilis and E. coli. Complexes (I, Il, and IV) have less percentagabiity and
complexes (lll, V, VI) have higher percentage vid@piin in vivo cytotoxicity againstsS.
pombecells.

Figure 5. General structural-activity relationship of mixédand Pd(Il) complexes for
evaluation of LGpvalue by brine shrimp lethality bioassay, antibaateactivity against
two Gram(+ve) and three Gram(-ve), andvitro cellular level bioassay agairnSt pombe

cell.



3.6 DNA binding studies

3.6.1 Absorption titration study

The absorption titration method is one of the mussful tools for the investigation of the
mode of interaction of synthesized compounds wiBi[PNA. The absorption spectrum of
hydrazinyl based Schiff base and their correspandid(ll) complexes at the constant
concentration (125 puM) in the absence and presefceHS-DNA (0-500 pL) with
different concentration is shown in Fig. 6. As sinow Fig. 6, when titrated by HS-DNA,
the complexes presented significant hypochromisfecefaround 240-265 nm and
accompanied the slightly red shifts in the absortbamaxima [40]. These spectral
characteristics suggest that the complex may ictewgith HS-DNA through the
intercalation mode. After the compounds intercatatehe base pairs of DNA, the
orbital of the intercalated compounds could cowplé = orbital of the base pairs, hence
decreasing the-n transition energies, thus resulting in hypochremidhe hydrazinyl
based Pd(ll) complexes showed more hypochromibdy the ligands, indicating that the
binding strength of the Pd(Il) complexes is higtiem the free ligands.

To quantitatively evaluate the binding affinity thie complexes with increasing DNA
concentration, the intrinsic binding constantyKvas determined by monitoring the
changes in absorbance at about 267-280 nm usirfgltbeing equation.

[DNA]kgser = [DNA]/ (ep-g5)+ L/Kp (ep-€5)

where, e, €, and e, are the apparent extinction coefficientssdcomplex;the extinction
coefficient for the free complexes, and the extorcicoefficient for the complexes in the
fully bound form, respectively. [DNA] is the condeation of DNA in base pairs, and, ks
the intrinsic binding constant determined from #iep to intercept ratio of a plot of
[DNA]/ ex-¢ versus [DNA]. The K value of hydrazinyl based ligands and mixed-ligand
Pd(Il) complexes are found in the range of 0.1830 1§ M™*and 1.10 - 1.89 x fom™
respectively, which is comparable to the standardy aisplatin, i.e. 5.51 x o™ and
transplatin i.e. 1.75 x 0™ and lower than classical intercalator EB, i.es 70’ M™.
The binding strength of metal complexes with DNA dsmparable to the reported
complexes [22]. From the data, we can note thathieation of ligand to metal enhances
the binding affinity of the ligands. Percentag@dghromicity was calculated by [(&-
Abound/Asee X 100]. Hypochromism of hydrazinyl based ligands-Kf) and Pd(ll)
complexes (I-VI) are 9.20- 32.6% and 11.0-30.9%peetively. The Gibb’s free energies
of the synthesized compounds are observed in tigeraf -22.81 to -30.07 kJmblThe



binding constant (K values of metal complexes with HS-DNA are foundincreasing
order of V > IV > VI > Ill > > Il. The binding costant (K), percentage
hypochromism(%H) and Gibb's free energy data of ligands (1-L°%), and metal

complexes are represented in Table 1. All the tigaand metal complexes graph are

represented in supplementary material 10.
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Figure 6. Absorption titration spectra of mixed ligand Pyi@bmplex (II) (125 uM) with
increasing concentration of HS-DNA (0-500 uM) imogphate buffer (N&IPOy/

NaHPOy).

3.6.2 Fluorescence study
Ethidium bromide (EB) displacement is a useful mdthio examine the reactivity of
chemical and biological systems it gives informatiabout binding mechanisms and
provides clues for the nature of binding. EB ermtsnse fluorescent light in the presence
of DNA due to strong intercalation between the eelim DNA base pairs. The
intercalation of Pd(ll) complexes with HS-DNA wa®nitored by studying the quenching
the fluorescence of HS-DNA with increasing concation of Pd(Il) complexes. With the
gradual increase of the concentration of complettes,fluorescence intensity of DNA-
EtBr gradually decreased as shown in Fig. 7. Thpldcement of EB by complexes at 610
nm suggests the intercalative mode of complex tADhkhding. The observed quenching
of DNA-EB fluorescence by the complexes suggedt tifi@ complexes can significantly
displace ethidium bromide from the DNA-EB systetyd illuminating the intercalation
mode of binding [41, 42]. Ethidium bromide displawnt data of Pd(ll) complexes and
graph are represented in supplementary material ii$.shows a dramatic increase in the
fluorescence intensity of the EB-DNA by adding Ba{Il) complexes. The quenching plot
illustrates that the fluorescence quenching of EBnad to DNA by the palladium (I1)
complexes is in linear agreement with the sternélrelationship.

d1=1+ Ksv[Q]
where, § and | represent the fluorescence intensities & dhsence and presence of
quencher, respectively. Ksv is a linear stern voliepgenching constant and [Q] is the
concentration of quencher.
The Ksv value calculated from the plot gl Versus [complex] is shown in Figure 7. The
stern-Volmer quenching constant (Ksv), change andard Gibb’s free energyG°), and
binding constant (K of palladium (II) coordination compounds are shoin Table 2,
respectively. The Kvalues calculated from the Scatchard plots indi¢that the complex
V displays the higher binding ability and the ordébinding strength of the complexes to
HS-DNA is V > IV > VI > lll > | > Il, which is thesame as observed in the UV titration
study.



Table 2. Linear stern volmer quenching constant,(K1™), number of binding sites (n),

associative binding constant;(Kl™) of mixed ligand Pd(Il) complexes with HS-DNA.
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Figure 7. Fluorescence emission spectra of EtBr binds toDM2: in the absence and

presence of compounds.

3.6.3 Effect of HS-DNA on hydrodynamic volume measament

Complexes
I
Il
1l
vV
\%
VI

Kv(M™)
5.3 x 10
9.1 x 10
7.7 x 10°
6.0 x 10
4.4 %16
6.7 x 10

Binding sites (n)
1.138
0.969
1.148
1.209
1.222
1.208

K (M)
2.1x 10
0.6 x 10
35x1b
5.5 x 19
5.0 x 10
6.8 x 10

Hydrodyna
mic volume
measureme
nts, such as
viscosity of
HS-DNA is
critical test
for

evaluation of binding mode in solution in the alesenf crystallographic structural data.

Classical intercalation mode should result in laeging the DNA helix as base pairs are

separated to accommodate the binding ligand ondimeclassical intercalation could bend

or kink the DNA helix, thereby decreasing its lénghd viscosity [35]. From the viscosity



measurements, it was observed that there is aeaserin the relative viscosity of the HS-
DNA solution by increasing the concentration of gbexes given in Fig. 8. The values of

relative viscosity, ff/no)

(no andn are the specific viscosity contributions of DNAthe
absence and the presence of the complexes) wergedplagainst 1/R (R =
[DNA])/[complex]). In the viscosity curve, the resal reveal that the increasing
concentration of metal complexes increases theosigcof HS-DNA, which provide
strong evidence for intercalation mode of bindid@][ Thus, we may deduce that the

mentioned complex can be considered as a DNA isnliaiar.
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Figure 8. Effect of an increasing amount of mixed ligand Bd{bmplexes on the relative
viscosity of HS-DNA at 27 °C, [DNA] = 200 uM. Theesults are the triplicate

experiments carried out under identical conditions.

3.6.4 Computational study

Molecular docking is an attractive scaffold to ursdeand drug biomolecular interactions
for the rational drug design. The information abitwt docking technique can be employed
to suggest the binding energy, stability of compkexand to predict the tentative binding
parameters of the ligand-receptor complex. The oubde docking results exhibit the
ligands and their corresponding Pd(ll) complexgea@ach the DNA cleavage site forming

stable complexes through the intercalation modarading. The relative binding energy of



the docked structures of ligands is -210.1%,(£211.27 (1), -195.52 (&), -205.43 (1), -
204.72 (L), -196.05 (1°) kJ moi‘and complexes are -257.48 (1), -259.71 (lI), -2BgI),
-244.63 (IV), -254.68 (V), -241.37 (VI) kJ mbl The representative docked structure is

shown in Fig. 9 and other structures are showmnpgpkementary material 12.

Complex- I Complex-V

Figure 9. Molecular docking study of mixed ligand Pd(ll) colexes (Il and V) with DNA
helix (PDB ID: 1BNA).

3.6.5 Photochemical analysis of DNA nuclease actiyi



Complex- IT Complex-V

Figure 10. DNA damage of thé&. pombecells by the treatment of complex (Il and V) in
the range of (20-100 pM).

The electrophoresis experiment was performed toitaothe outcome of DNA nuclease
activity against stimulatedS. pombecell to see whether the complexes have any
consequence on the degradation of DNA or not. Tingysof DNA cleavage efficiency of
the molecule was examined by agarose gel electrepiso The treated and untreated
pombecells were separated from DNA for DNA degradatamalysis ofS. pombecells.
The damage caused by complex on DNA can be seBiNassmearing due to the toxic
nature of the compound, whereas control cell DNpesped normal as an intact band.
Smearing of DNA in Pd(Il) complexes concluded ttiee damage occurs because of the
toxic nature of the compounds (Fig. 10). The resdtiggest complexes as a good
genotoxic agent, data of DNA cleavage of all Pdtdmplexes is shown in supplementary
material 13.

3.7 Protein binding study
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Figure 11.UV-absorption spectra of BSA (15 uM) in the presedifferent concentration
of complexes (0- 40 uM).

UV- vis absorption spectroscopy is a common metogekplore the structural changes of
protein and investigate protein complex formatiStatic and dynamic quenching can be
distinguished by UV-absorption spectroscopy, whekdone by the absorption spectra of
BSA in the presence of complexes. The UV absor@mettra of BSA in the presence and
absence of complexes revealed that the absorpitensity of BSA was enhanced as the
concentration of the compounds increased, and there a little blue shift for all
compounds [44, 45]. Fig. 11 indicates that uponiragldhe complexes, BSA skeleton
absorption intensity decrease in the range of Z®8+#n and blue shift appear due to the
perturbation of the secondary structure of theginotPd(ll) complexes absorption titration

graph with BSA is represented in supplementary rizdté4.

4. Conclusion

The novel mixed-ligand Pd(Il) complexes(I-VI) wesgnthesized by the complexation of
hydrazinyl pyridine based substituted Schiff bdselL(), 2-acetyl pyridine with N&dCL.
Spectroscopic characterization (UV-vi$d NMR, *C NMR, and mass) supported the
formation of the complexes. The Pd(ll) complexewiig square planar geometry,

diamagnetic nature, and-tbw spin configuration with d$phybridization. The structure



optimization of complexes suggest that pyridingsirof both the ligands are cis to each
other. The UV-visible spectral titration for pratébinding study suggests perturbation in
the secondary structure of protein influenced byllPcomplexes. The UV-visible,
viscosity, fluorescence titration and molecularkdog studies of Pd(ll) complexes reveal
that the interaction of synthesized complexes WitB-DNA is specifically through
intercalation type of binding. The synthesized Bdidmplexes have potent antimicrobial
activity against Gram(+ve) and Gram(-ve) bactesf@cies than the Schiff bases. All the
mixed-ligand Pd(Il) complexes exhibit goad vitro cytotoxic activity and cellular level

cytotoxicity.
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Highlights

Six different mixed ligand Pd(I1) complexes were synthesized

Intercalation mode of binding of complexes with the DNA helix

Significant antibacterial and anticancer activity was found for the complexes.
Promising in vitro cytotoxicity against brine shrimp lethality bioassay.

Cdll proliferation inhibiting activity by MTT assay.
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