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Abstract:

The synthesis of quinoline-based hydrazones was carried out using common organic solvents and followed by
their complexation with Co(Il), Ni(Il), Cu(Il), and Zn(1l) salts, which were characterised by various analytical
techniques such as NMR ('H and *C), ESI-MS, FTIR, TGA, UV-Visible, and the molecular structure of ligand L3
was unambiguously established by single-crystal X-ray diffraction. The compounds were evaluated for anti-
tubercular activity against Mycobacterium tuberculosis in Middlebrook 7H9 medium using the microplate Alamar
Blue assay (MABA),; moderate activity was observed. The ligands and their copper complexes were evaluated for
anticancer activity against MDA-MB-231, a breast cancer cell line, and ICsy values indicate that the copper
complexes show greater activity than the ligands alone, with a clear decrease; most ICsg values of the tested
samples are less than 25ug/mL. These findings demonstrate the potential of quinoline-based hydrazone metal
complexes as promising candidates for further investigation as antitubercular and anticancer agents.

Keywords: Quinoline hydrazone, heterocyclic ligand, Copper(Il) complex, Anti-tubercular activity, Breast
cancer.
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I.  Introduction:

Tuberculosis (TB) and breast cancer remain major global health challenges. The treatment of TB has
become increasingly difficult because of the emergence of drug-resistant strains, treatment-related toxicity, and
the limited availability of effective therapeutic options. According to reports from the World Health Organization,

DOI: 10.9790/3008-2105010432 www.iosrjournals.org 4 | Page


https://www.careers360.com/university/sri-jagadguru-murugharajendra-university-chitradurga
https://www.careers360.com/university/sri-jagadguru-murugharajendra-university-chitradurga

Quinoline-2-hydrazone Complexes of Co(Il), Ni(1l), Cu(ll) and Zn(Il): Coordination Features ..

continued research and development of new antitubercular drugs are essential for overcoming drug resistance and
achieving the objectives of the End TB Strategy.[1] Despite ongoing progress in diagnostics, drug pipelines, and
drug development, current options are insufficient to overcome rising drug resistance and meet End TB Strategy
goals and cure the deadly disease, breast cancer[2]. Sustained investment and innovation are essential to accelerate
the development of more effective treatments and to design new medicines.

Schiff base metal complexes are widely recognized in the literature and have been investigated for a wide
range of applications, such as antibacterial[3, 4], anticancer[5], and antimalarial[6] antitubercular properties,
including their significance in photochemistry and molecular sensing. Their multifunctional uses, ease of
synthesis, superior solubility in common organic solvents, and the presence of anharmonic protons—a feature
shared by hydrazone derivatives—all contribute to their widespread interest and enable them to form chelate
complexes with many metal salts[7, 8]. Because of their versatile coordination behavior, these hydrazones can
coordinate to metal ions in both bidentate and tridentate modes, greatly increasing the stability of the resulting
metal complexes[9].

The Quinoline bearing hydrazones have been extensively investigated because of the diverse
pharmacological properties associated with both the quinoline and hydrazone moieties. Several quinoline-based
hydrazones have demonstrated promising antitubercular and anticancer [10, 11] especially those compounds that
include a carbonyl group adjacent to the hydrazone moiety, and even the 2 substituted quinoline molecules exhibit
good bioactivity as well as fluorescent properties of interest to photo-chemists and have also gained interest in
fingerprint detection research[12]which explores new doors for forensic studies.

Looking onto the versatile applications and the research gap generated we designed 2-quinoline
carboxylic based hydrazones with indole-3-carbaldehydehyde and 4-florobenzaldehyde which also tested to
exhibit antitubercular and good anticancer properties and both the ligands were synthesized without any column
chromatography and led to complexation with Cu(II), Co(II), Ni(Il) and Zn(II) metal ions and these were analysed
by various analytical techniques, after confirmation these compounds we subjected to anti-tubercular activity
against M. tuberculosis and the ligands and their Cu(Il) complexes for anticancer activity against the triple
negative breast cancer cell line MDAMB-231 using MTT based cell viability assay.

II. EXPERIMENTAL SECTION:
Materials and Methods
Reagents and Instruments: Most of the chemicals are from SD Fine and Spectrochem, with some solvents from
Molychem. All the chemicals were directly used without any further purification process, and the solvents used
were recovered and reused during the isolation of the compounds to be in line with greener chemistry. All reactions
were monitored by thin-layer chromatography (TLC), and preparative TLC was performed with silica gel plates
using silica gel 60 GF254 (Merck Life Science Private Ltd, USA). Melting points were determined in an open
capillary using a WRS-2U melting point apparatus and were uncorrected. The IR spectra were obtained using a
Nicolet 6700 FT-IR spectrometer. In DMSO-dg, and CDCl; NMR ('H and '*C), spectra were collected using a
Jeol 400 MHz FTNMR spectrometer. Mass spectra were recorded using a Waters-USA Xevo G2-XS Q-TOF mass
spectrometer. The IR spectra were recorded in the 4000400 cm™ region on a Nicolet 170 SX FT-IR spectrometer
using KBr discs. A Jasco-P-670 UV—Visible spectrophotometer was used to collect electronic spectra in the 200—
800 nm range. The Hitachi F-7000 Fluorescence Spectrophotometer was used to measure the fluorescence spectra.
A super Nova X-ray diffractometer was used to collect intensity data, and direct methods were used to solve the
structure, followed by full-matrix least-squares refinement of F2 using the SHELXTL program. Thermal studies
were carried out on a TGA7 ANALYSER, Perkin—Elmer, US, in the temperature range 27-800°C with a heating
rate of 10°C per min.
Synthesis of ligand L3 and L4:
Quinolinic acid (0.1 M) 1 was dissolved in 30 mL of dry methanol, to which 1 mL of sulfuric acid was added, and
the mixture was refluxed for about 16 hours to obtain 2, a methyl ester. 0.1 M of 2 was treated with 0.5 M hydrazine
hydrate and was refluxed in a methanolic solution for about 10 hours. The precipitate obtained 3, was vacuum-
filtered, washed with cold ethanol, dried, and used without further purification due to its moisture-sensitive nature
(i.e., it would change colour to brown). 0.1 M of 3 was treated with 0.12 M of indole-3-carbaldehyde and was
stirred at room temperature in Dry methanol as a solvent, and a catalytic amount of Glacial Acetic acid was added
to the reaction mixture. The reaction progress was monitored under TLC. A lemon-yellow precipitate was
obtained, which was filtered and washed with ethanol and methanol. And then recrystallized using methanol and
propanol (3:1 ratio), the solid obtained was dried to obtain L3[13]. [Scheme 1] (Yield -70%) Melting point 186-
190°C. Colour and nature of the ligand — lemon yellow colour precipitate crystalline after recrystallization.'H
NMR of L3 (400 MHz, DMSO-Ds) 6 11.88 (s, 1H), 11.62 (d, J = 2.7 Hz, 1H), 8.83 (s, 1H), 8.58 (d, J = 8.5 Hz,
1H), 8.35 — 8.27 (m, 1H), 8.19 (dd, J = 8.4, 2.6 Hz, 2H), 8.07 (dd, J = 8.3, 1.4 Hz, 1H), 7.87 (ddd, J = 8.4, 6.8,
1.5 Hz, 1H), 7.81 (d, J=2.7 Hz, 1H), 7.71 (ddd, /= 8.1, 6.8, 1.2 Hz, 1H), 7.46 — 7.39 (m, 1H), 7.17 (dtd, J= 16.5,
7.1, 1.4 Hz, 2H). Similarly, 3 was treated with 4-fluorobenzaldehyde to obtain L4. (Yield -75%) Melting point
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78-82°C. Colour and nature of the ligand — colourless crystalline after recrystallization.!H NMR of L4 (400 MHz,
CDCl3) 6 11.20 (d, J=17.6 Hz, 1H), 8.38 (dt,J=17.2, 8.2 Hz, 3H), 8.12 (d, /= 8.3 Hz, 1H), 7.93 — 7.72 (m, 4H),
7.64 (t,J=7.6 Hz, 1H), 7.11 (t, J= 8.5 Hz, 2H).
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Synthesis of Complexes

0.5 mmol of metal chloride was dissolved in a minimum (3ml) of methanol, added to the 0.5 mmol of L3 dissolved
in hot methanol, and stirred at room temperature. An immediate color change was observed, which gradually
precipitated at different time intervals for different metals. The obtained solids were filtered and washed with
methanol and ethanol. The obtained filtrate was reduced and kept for crystallization. Cu(II) and Zn(II) complexes
precipitated immediately within a few minutes, but the Co(Il) and Ni(II) complexes took around 5-8 hours to
precipitate. Yielding 60-85%, the melting point of the metal complexes exceeded 250°C. Similarly, L4 Complexes
were prepared. Yielding 70-85%, the melting point of the metal complexes exceeded 250°C. 'H NMR of L3Zn
(600 MHz, DMSO) 6 12.22 (s, 2H), 8.91 (d, /= 8.5 Hz, 2H), 8.74 (s, 2H), 8.63 3(d, J= 8.4 Hz, 2H), 8.53 — 8.40
(m, 4H), 8.32 (s, 3H), 8.28 — 8.20 (m, 6H), 8.13 (dd, J=8.2, 1.4 Hz, 2H), 8.06 (t, /= 7.7 Hz, 2H), 7.92 (ddd, J =
8.3, 6.8, 1.5 Hz, 3H), 7.84 (qd, J = 5.6, 2.2 Hz, 8H), 7.76 (ddd, J = 8.1, 6.7, 1.2 Hz, 2H), 7.31 (dt, J=29.8, 8.7
Hz, 8H).'H NMR of L4Zn - (600 MHz, DMSO) & 11.80 (s, 1H), 11.55 (d, J = 2.8 Hz, 1H), 8.90 — 8.86 (m, 1H),
8.78 (s, 1H), 8.53 (d, /= 8.5 Hz, 1H), 8.24 (dd, /= 33.8, 9.7 Hz, 2H), 8.14 (dd, J = 8.4, 2.8 Hz, 3H), 8.03 (dd, J
=8.2, 1.5 Hz, 2H), 7.83 (ddd, J= 8.3, 6.8, 1.5 Hz, 2H), 7.76 (d, J= 2.7 Hz, 1H), 7.66 (ddd, J = 8.1, 6.6, 1.1 Hz,
1H), 7.47 (d, J= 6.3 Hz, 1H), 7.38 (d, /= 8.0 Hz, 1H), 7.21 — 7.08 (m, 4H).

Results and Discussions
ESI mass studies

The molecular ion peak of L3 observed with an m/z value resonating at 315(M+1) corresponds to the molecular
weight of the ligand. The ESI-MS spectra of Co(II), Ni(II), Cu(Il) and Zn(II) complexes of L3 show molecular
ion peaks with m/z values at 686[M-(CI)2]*"], 686[M-(CI).]*>*, 798 (M+1), and 798[M+1] corresponding to the
molecular weight of the complexes in [ML]Cl, type of the complexes for Co(Il), Ni(Il): whereas, ML,Cl,.2H,O
for Cu(Il) and Zn(Il)[14, 15]. These values are in good agreement with the proposed composition for the
complexes. The molecular ion peak of L4 was observed with an m/z value resonating at 292(M+1), corresponding
to the molecular weight of the Ligand. ESI-MS spectra of Co(II), Ni(II), Cu(Il) and Zn(II) complexes of L4 show
molecular ion peaks with m/z values at 644(M+1), 643(M+), 649(M+1), 649 [M-2CI']** Hence, the mass studies
confirm the formation of the complexes in the expected ratio. The ESI- MS plots are given in Fig.S18- S28.
Infrared spectral studies
The diagnostic FTIR spectral bands of ligands and their metal complexes are presented in Table 1 and 2. The
ligand L3 has 2 characteristic NH stretching frequencies at 3298 cm™ and 3169 cm™!, which, due to tautomerisation
in copper(Il), and zinc(II) complexes, we can only observe a single indole NH stretching frequency, which is
weak. In contrast, in cobalt(Il) and nickel(Il) complexes, we observe both the NH stretching frequencies, which
indicates no tautomerisation occurred, and there is also no carbonyl stretching frequency, which supports the
absence of NH stretching frequencies for copper(Il) and zinc(II) complexes[16]. The FTIR spectral data of L4 has
been observed to have a sharp NH stretching frequency at 3251 cm™ and a carbonyl stretching frequency at 1673
cm!. The NH stretching frequencies and carbonyl stretching frequency for all Co(II), Cu(II), and Ni(II) complexes
of ligand L4 are absent, which suggests that tautomerisation has occurred for all the complexes. For the Zn(II)
complex, tautomerisation did not occur, as the NH stretching frequency was found around 3234 cm™!. The FTIR
plots of all the compounds are given in Fig. S1-S10.
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Table 1 FTIR Results of L3, L.3Co, L3Cu, L3Ni, and L3Zn

Sample v(NH) v(NH) indole | v(C=0) v(C=N) v(C-0)/ v(C-N) | v(C=N) v(M-0O)
ID hydrazone (cm™ | ring (cm™) Hydrazone (cm™) Quinoline (cm™ | (em™)

9] (em™) (em™) 9]
L3 3298(s) 3169 1673 1537 1242 1610

(br,w)

L3Co 3252(s) 3156(w) 1643 1559 1230 1610 509
L3Cu - 3056(w) - 1542 1230/1129 1609 490
L3Ni 3236(s) 3166(w) 1647 1560 1254 1611 463
L3Zn - 3149(w) - 1551 1224/1126 1581 491

Table 2 FTIR Results of L4, L4Co, L4Cu, L4Ni, and L4Zn

Sample ID | v(NH) (cm™) v(C=0) (em™) v(C=N) v(C-0) ¥v(C-N) | v(C=N) v(M-0)
Hydrazone (cm™) | (cm™) Quinoline (em™)
(em™)

L4 3251 1691 1541 1228 1599 -

L4Co - - 1561 1235/1160 1606 485
L4Cu - - 1539 1234/1554 1597 494
L4Ni - - 1563 1235/1160 1607 524
L47n 3234 1637 1557 1224 1600 526

NMR Studies:

In the '"H NMR spectrum of the ligand L3, the indole NH proton resonates at 11.9 ppm, the hydrazide (C=O-NH)
proton at 11.7 ppm, and the azomethine proton at 8.9 ppm, aromatic protons are in the range 7.1-8.6 ppm. Upon
complexation with Zn(II), in the 'H NMR spectrum, the presence of the indole NH proton was shifted to 12.2
ppm; the absence of the hydrazide (C=O-NH) proton shows keto-enol tautomerisation due to complexation; the
azomethine proton at 8.25 ppm, aromatic protons in the range 7.1-8.6 ppm.

In the '"H NMR spectrum of Ligand L4, the NH proton resonates at 11.2 ppm, the azomethine proton resonates at
8.2 ppm, and the remaining aromatic protons are in the range 7.0-8.4 ppm. Upon complexation with Zn(II), in the
"H NMR spectrum of L4Zn, the NH peak shifted to 11.5 ppm, the azomethine proton shifted to 8.6 ppm, and all
the aromatic protons resonated at 7.0-8.5 ppm, which reveals that no tautomerisation occurred in the Zn(II)
complex, which in turn supports the FTIR data[17]. The proposed structures of all the synthesised complexes of
L3 and L4 are given in Fig. 3[(a) and (b)] and Fig. 4[(a) and (b)]. All the 'H and '*C NMR plots are given in
Fig. S11- S17.

TGA analysis:

The thermogravimetric analysis results reveal that all the synthesised metal complexes in this work are stable up
to 200°C, and a few of them are stable up to 350°C, which also supports the melting point data provided in the
experimental section. The TGA was run from 27-800°C. These stable compounds can have a wide range of
applications due to their thermal stability of up to 200°C, which is better than that of organic compounds.[18]
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Fig. 1(a) TGA plot of Co(II), Ni(1l), Zn(II) and Fig. 1(b) TGA plot of Co(II), Ni(II), Zn(II)
Cu(Il) Complexes of L3 and Cu(Il) Complexes of L4

UV -Visible Spectroscopy:
The ligands L3, L4 and their complexes were exposed to UV-visible spectroscopy, which reveals that the ligand

L3 and its metal complexes absorb light at a wavelength of about 350-450 nm, which corresponds to the n-* and
w-7* transitions. The metal complexes exhibit a bathochromic shift; especially, the shift is much more prominent
in the L3Co complex. Similarly, L4 and its complexes exhibit 2 absorption bands around 280-320nm which
correspond to the n-n* and m-w* transitions. There is a reasonable increase in intensity and a bathochromic shift
observed in all the complexes[19]. An overlay of these spectra is provided in Fig.2 [(a) and (b)] for both L3 and
L4 and their respective complexes to interpret and compare the ligand and its complexes.
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Fig. 2(a) UV-Visible plot of L3 and its Co(II), Cu(I),  Fig. 2(b) UV-Visible plot of L4 and its Co(I),
Ni(II), Zn(IT) Complexes. Cu(ID), Ni(II), Zn(IT) complexes.
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Fig. 4. (a) Proposed structure of the Zn(II) complex of L4, based on NMR, mass spectrometry, TGA, and FTIR
analyses. (b) Proposed general structure of the L4 complexes, where M = Co(II), Ni(Il), and Cu(II).

Crystal Structure Data of L3:

The crystallisation of the ligand L3 was done using a liquid-liquid diffusion method. 10mg of the compound was
dissolved in 1ml of DMF, and 2ml of ethanol was used as an antisolvent. This was kept for crystallisation in a
dark place for 8 days, and yellow transparent crystals were obtained. These crystals were mounted on the Singal
crystal X-ray diffractometer, analysed and the obtained results are listed in Table 3. The crystal has an
orthorhombic crystal system. The analysis results reveal that the crystal structure formed matches the expected
requirements of Ligand L3. The ORTEP diagram and the intermolecular H- bonding of ligand L3 are given in
Fig. 5 (a) and (b), respectively. The bond angle data and torsion data are provided in Tables S1 and S2.

Fig. S(a) ORTEP Diagram of L3  Fig. 5(b) Intermolecular Hydrogen- Bonding in L3
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Table 3. Crystal structure data of L3

CCDC Deposition number 2521490

Empirical formula CioHi4N, O

Formula weight 315

Temperature (K) 283-303

Wavelength 0.71073 A°

Colour/Appearance Yellow crystalline

Crystal system Orthorhombic

Space group Pbca(6l)

Packing coefficient 0.683061

Unit cell dimensions a=13.1982(6) 0=90
b=8.2198(4) B=90
¢=28.6479(12) v=90

Volume (A% 3107.91

Density 1.344

7,7 7:87"1

R-Factor (%) 9.09

Anti-tubercular activity

The ligand L3 and ligand L4 and their Co(II), Ni(Il), Cu(Il) and Zn(II) complexes were subjected to Anti-
tubercular analysis. Efficacy of samples against M. tuberculosis was assessed using the microplate Alamar Blue
assay (MABA)[20, 21]. The non-toxic system uses a thermally stable reagent and correlates well with proportional
and BACTEC radiometric methods. The 96-well plate was incubated at 37°C for five days, followed by a 24-hour
incubation with a mixture of Alamar Blue reagent and 10 to 80[22]. The MIC was defined as the lowest
concentration of the medicine. The aforementioned figures indicate that our compounds demonstrate anti-
tubercular activity, albeit at higher concentrations than the typical medications that are FDA-approved[18, 23,
24]. However, a few samples, including ligands and complexes, have shown this property at a concentration of 50
pg/mL, which medical advisors deem acceptable. Also, L3Ni and L4Ni have shown activity at lower
concentrations, which makes the point that Ni(II) has potent anti-tubercular activity when compared to the other
3 metals Co(II), Cu(II) and Zn(II). The Activity results are given in Fig. 6 and 7. The graphical representation is
given in Fig. 8.
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Fig. 7 Antibacterial sctivity of standard
antibacterial drugs and their critical

Fig. 6 Antibacterial activity of samples (L3, L4 and Concentrations

their complexes) at varying concentrations (100 to
0.8 pg/mL)
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Fig. 8 Graphical representation of Antitubercular activity of L3, L4 and
their complexes with standard drugs
Anti-cancer activity of ligands and their copper complexes.

Cancer is a leading cause of death worldwide, with breast cancer—especially the aggressive triple-
negative breast cancer (TNBC) subtype—presenting major therapeutic challenges due to drug resistance, poor
bioavailability, and severe side effects from conventional treatments like platinum-based chemotherapeutics[25,
26]. TNBC lacks expression of estrogen receptor, progesterone receptor, and HER2, leading to high metastasis
rates and poor prognosis, with no effective targeted therapies available for advanced cases[27]. Copper-based
quinoline organometallic complexes have emerged as promising alternatives, leveraging copper's role in reactive
oxygen species generation and apoptosis induction for selective cancer cell cytotoxicity[28]. This study assessed
the anticancer activity of quinoline-derived samples L3, L3Cu, L4, and L4Cu against TNBC MDA-MB-231 cells
using MTT assay, with cisplatin as the positive control and untreated cells as negative control[29]. As there have
been previous results that copper complexes exhibit better anticancer activity when compared to other inner
transition metal complexes[29-31].

The compounds demonstrated a dose-dependent reduction in cell viability across 10-50 pg/mL
concentrations. Specifically, at 10 pg/mL, viability percentages were 62.75+0.0049% for L3, 58.66+0.0063% for
L3Cu, 69.57+0.0045% for L4, and 60.84+0.0091% for L4Cu. Increasing to 50 pg/mL resulted in significantly
lower viabilities: 12.27+0.0035% (L3), 12.68+0.0042% (L3Cu), 16.09+£0.0025% (L4), and 13.09+0.0063%
(L4Cu), closely comparable to cisplatin's 9.004+0.0212% at the same dose.

IC50 values underscored the potency of these compounds: L3Cu at 15.55 pg/mL, L4Cu at 18.13 pg/mL,
L3 at 18.45 pg/mL, and L4 at 24.85 pg/mL, indicating L3Cu, L3, and L4Cu as particularly effective with lower
ICso values relative to the standard. Microscopic examination of treated cells revealed distinct morphological
alterations, including cell shrinkage, elongation, and formation of apoptotic bodies with dead cells, markedly
differing from the morphology of untreated controls and aligning with cisplatin's effects. The percentage cell
viability data is given in Table 4; ICs values of ligands and their copper(Il) complexes are given in Table 5 and
inhibition images are given in Fig. 9(a-f). The percentage cell viability graphical representation is given in Fig.
S18 - S21.

Table 4. Percentage of Cell viability of the triple-negative breast cancer MDAMB-231 cell line treated with test

sample.
SL.No Concentration L3 L3Cu L4 L4Cu
(ug/mL)
1 10 62.75+0.0049 58.66+0.0063 69.57+0.0045 60.84+0.0091
2 20 46.52+0.0056 43.79+0.0028 55.25+0.0040 46.38+0.0035
3 30 33.28+0.0035 30.96+0.0042 43.65+0.0035 34.37+0.0063
4 40 23.73£0.0021 21.00+0.0035 31.92+0.0025 27.28+0.0049
5 50 12.27+0.0035 12.68+0.0042 16.09+0.0025 60.84+0.0091

Standard drug Cisplatin at 15pg/mL shows cell viability 12.94+0.0035
Table 5. 1Cs of test samples for triple negative breast cancer MDAMB-231

Sample name MDAMB-231 cell line
ICs (in pg/ml) 24hr
L3 18.45
L3Cu 15.55
L4 24.85
L4Cu 18.13
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(e) (%)
Fig. 9 Anticancer activity of test samples at higher concentrations: where, (a) Untreated,
(b)Cisplatin, (c¢) L3, (d) L3Cu, (e) L4, (f) L4Cu

Conclusion:

The ligands L3 and L4 were synthesized and subjected to various spectroscopic techniques to verify that
the synthesized compounds matched the suggested structures. They were complexed with Co(II), Ni(II), Cu(Il),
and Zn(II) complexes, all of which mostly have ML, type geometry with some substituents on the side. A few
complexes underwent tautomerization after complexation, which was verified by FTIR and '"H NMR data of Zn(II)
complexes. Studies on anti-tubercular activity show that Ni(II) complexes are more sensitive even at lower
concentrations. Additionally, both ligands and their corresponding Cu(II) complexes were tested for anti-cancer
efficacy against the MDA-MB-231 cell line; the findings indicate ICso values < 25ug/ml. The difference between
the ligands' ICsy values and their copper complexes is visible, suggesting that complexation with copper lowers
the ICso values.

Highlights

» Synthesis and characterization of hydrazone-based ligands and its transition metal complexes.

» The crystal structure of the L3 ligand is confirmed by single-crystal XRD technique.

» All the test compounds show anti-tubercular activity, but L3, L3Ni, L4Cu, and L4Ni exhibit activity at
100pg/ml concentrations.

» The ligands and their copper(Il) complexes show anti-breast cancer activity and obtain good ICso values
below 25.
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Fig. S19 ESI-MS Spectra of L3

2305482-LJ11Co 8 (0.152) Cm (6:12) TOF MS ES+
B 686.0953 1.77e7
B
722.0656
687.0981
724.0633
688.0964
0M T T T T W LLbaAd bR

Iy | B20 B} | AN RARA ] TEEN LRRAA A0S RESDA LI RN LAY MR A B2t 198l DS © § A |
560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860

Fig. S20 ESI-MS Spectra of L3Co
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Fig. S21 ESI-MS Spectra of L3Cu
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Fig. S22 ESI-MS Spectra of L3Ni
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Fig. S23 ESI-MS Spectra of L3Zn
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Fig. S24 ESI-MS Spectra of L4
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Fig. S25 ESI-MS Spectra of L4Co
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Fig. S26 ESI-MS Spectra of L4Cu
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Fig. S27 ESI-MS Spectra of L4Ni
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Fig. S28 ESI-MS Spectra of L4Zn
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Anticancer Activity Results
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Fig. S29 Percentage cell viability at various concentrations of L3

MDAMB-231 Cell line Vs L3CU
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Fig. S30 Percentage cell viability at various concentrations of L3Cu
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Fig. S31 Percentage cell viability at various concentrations of L4
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Fig. S32 Percentage cell viability at various concentrations of L3Cu

Table S1 Bond Angles of Ligand L3:

Number Atoml Atom2 Atom3 Angle
1 N1 o1 C4 117.3(2)
2 Ol N1 C3 118.3(2)
3 Ol N1 Cl4 122.3(2)
4 C3 N1 Cl4 119.3(2)
5 N3 N2 H6 1184
6 H6 N2 C5 118.3
7 N3 N2 C5 123.3(2)
8 N2 N3 C6 112.8(2)
9 HI Cl1 C2 119.4
10 H1 Cl1 C15 119.5
11 c2 Cl Cl5 121.1(2)
12 Cl1 C2 Hl14 119.7
13 C1 C2 C3 120.6(3)
14 H14 C2 C3 119.7
15 N1 C3 C2 119.6(2)
16 N1 C3 HI3 120.2
17 C2 C3 HI3 120.2
18 0O1 C4 Cs5 117.8(2)
19 o1 C4 C12 124.3(2)
20 C12 C4 C5 117.9(2)
21 N4 C5 N2 125.6(2)
22 N2 C5 C4 114.4(2)
23 N4 C5 C4 120.0(2)
24 N3 Co6 H7 1182
25 Cc7 Co6 N3 123.7(2)
26 Cc7 C6 H7 118.1
27 Cc8 C7 C6 131.4(2)
28 C19 C7 C6 123.0(2)
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Quinoline-2-hydrazone Complexes of Co(Il), Ni(1l), Cu(ll) and Zn(Il): Coordination Features ..

29 C19 c7 cs 105.6(2)
30 9 cs c7 107.12)
31 Cl16 cs c7 133.9(2)
32 9 cs Cl16 118.9(2)
33 cs 9 Cl10 122.6(2)
34 cs 9 C18 107.72)
35 C10 9 C18 129.7(3)
36 Q9 C10 H10 1212
37 Q9 C10 Cl1 117.7(3)
38 HI0 C10 Cl1 121.1
39 C10 Cl1 H2 119.1
40 Cl10 Cl1 C17 121.7(3)
41 Cl7 Cll H2 119.2
y) C4 Cl12 H5 120.6
43 C4 Cl12 C13 118.8(2)
44 H5 Cl12 C13 120.6
45 Cl12 C13 H3 120.2
16 Cl12 C13 Cl4 119.6(2)
47 H3 C13 Cl4 1202
43 NI Cl4 C13 117.72)
49 NI Cl4 Cl15 118.72)
50 C13 Cl4 Cl15 123.5(2)
51 Cl Cl15 Cl4 120.6(2)
52 Cl C15 H4 119.7
53 Cl4 C15 H4 119.6
54 cs Cl6 HI2 121
55 cs Cl16 C17 117.93)
56 HI2 Cl6 Cl7 121.1
57 Cll C17 Cl6 121.1(3)
58 Cll Cl7 HIl 1194
59 Cl16 C17 HIl 119.5
60 &) C18 HO 125.6
61 &) C18 C19 108.7(2)
62 HO C18 C19 125.7
63 c7 C19 C18 110.9(3)
64 c7 C19 HS 124.6
65 C18 C19 HS 1245

Table S2 All Torsions of Ligand L3

Number Atom2 Atom3 Atom4 Torsion
1 0Ol N1 C3 -177.2(2)
2 (0) N1 Cl4 1.4(3)
3 (@) C4 C5 -179.0(2)
4 o1 C4 C12 0.1(3)
5 N1 C3 C2 179.2(2)
6 N1 C3 H13 -0.8
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7 NI c3 2 0.6(4)
8 NI C3 HI3 1794
9 N1 Cl4 C13 -1203)
10 N1 Cl4 C15 1793(2)
11 N1 Cl4 C13 1773(2)
12 N1 Cl4 Cl5 2.103)
13 N2 N3 C6 95

14 N2 N3 C6 -170.4(2)
15 N2 cs N4 176.1
16 N2 cs C4 6.1
17 N2 cs N4 -4.0(4)
18 N2 Cs C4 173.8(2)
19 N3 C6 H7 1

20 N3 C6 C7 179.02)
21 Cl C2 Hl4 1.1
22 Cl 2 C3 1789
23 Cl C2 Hl4 179
24 Cl C2 C3 -1.04)
25 Cl Cl5 Cl4 179.5
26 Cl Cl5 H4 0.4
27 Cl Cl5 Cl4 0.5(4)
28 Cl Cl5 H4 179.6
29 C2 C3 N1 1.04)
30 C2 C3 HI3 -179
31 2 C3 N1 179
32 2 C3 HI3 1

33 C4 cs N2 13.803)
34 c4 Cs N4 -1683(2)
35 C4 Cs N2 165.3(2)
36 C4 Cs5 N4 12.603)
37 C4 Cl12 H5 1784
38 C4 Cl12 C13 -1.6(4)
39 C4 Cl12 H5 26
40 C4 Cl12 C13 177.5(2)
41 C6 C7 I -4.77(4)
y) C6 C7 C19 176.3(3)
43 C6 C7 IS 175.3
44 C6 c7 C19 37
45 C7 IS C9 -1793(3)
46 C7 IS Cl6 3.6(5)
47 C7 IS C9 02(03)
43 C7 C8 Cl6 175.5(3)
49 C7 C19 C18 179.4(2)
50 C7 C19 HS 0.6
51 C7 C19 C18 0.13)
52 C7 C19 HS -179.8
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53 C8 C9 Cl10 178.8(3)
54 C8 C9 CI8 02(3)
55 C8 C9 Cl10 2.3(4)
56 C8 C9 CI8 176 3(2)
57 C8 Cl6 HI2 39
58 C8 Cl6 c17 -176.1(3)
59 C8 Cl6 HI2 179.2
60 C8 Cl6 C17 0.7(4)
61 C9 Cl10 H10 1779
62 C9 Cl10 Cll 2.0(4)
63 C9 Cl10 H10 39
64 C9 Cl10 Cll 176.2(3)
65 C9 CI8 HO 179.9
66 C9 CI8 C19 20.1(3)
67 C9 CI8 HO 1.4
68 C9 CI8 C19 -178.6(3)
69 Cl10 Cll H2 1797
70 Cl10 Cll c17 0.3(5)
71 Cl10 Cll H2 04
72 Cl10 Cll C17 -179.6
73 Cll C17 Cl6 1.2(5)
74 Cll C17 HI1 1787
75 Cll C17 Cl6 -178.8
76 Cll Cl7 HIl 12
77 C12 C13 H3 1784
78 C12 C13 Cl4 1.6(4)
79 C12 C13 H3 1.6
80 C12 C13 Cl4 -1783
81 C13 Cl4 N1 203(03)
82 C13 Cl4 Cl5 179.1(2)
83 C13 Cl4 N1 179.7
84 C13 Cl4 Cl5 0.9
85 Cl4 Cl5 Cl 2.1(4)
86 Cl4 Cl5 H4 -178
87 Cl4 Cl5 Cl -1773(2)
88 Cl4 Cl5 H4 2.6
89 Cl6 c17 Cll -1.0(5)
90 Cl6 c17 HI1 179
91 Cl6 c17 Cll 179.1
92 Cl6 c17 HIl 0.9
93 CI8 C19 C7 0.0(3)
94 CI8 C19 H8 179.9
95 C18 C19 C7 180
96 Cl8 C19 HS 0.1
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