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ABSTRACT

This work synthesized new biologically active Cu(l) complexes C1-C3, obtained from the reaction of
Cu(l) nitrate with different bidentate quinolinyl Schiff base ligands (E)-N-(4-bromophenyl)-1-
(quinolin-2-yl)methanimine, L1 ; (E)-N-(4-chlorophenyl)-1-(quinolin-2-yl)methanimine, L2 and (E)-1-
(quinolin-2-yl)-N-(p-tolyl)methanimine, L3 with PPhs ancillary ligand. The metal complexes with
general formula [Cu L(PPh3)]NOs, were characterised by UV-Vis, FT-IR, NMR and MS, TGA/DTA
and X-ray crystallography. The affinities of complexes to calf thymus-deoxyribuonucleic acid (CT-
DNA) were investigated using and UV-Vis spectrometer and in vitro antibacterial activities against
Staphylococcus aureus (SA), Escherichia coli (EC), Klebsiella pneumonia (KP) and Pseudomonas
aeruginosa (PA) were investigated using agar well diffusion method with ofloxacin as reference. UV-
Visible spectra revealed that ligands imino © — n™* transition shifted to longer wavelengths
consequent upon coordination to the copper centre. FT-IR result showed bathochromic shift in the
imino (C=N) frequencies in the complexes further confirming coordination to the metal centre. The
TGA results showed high stability, consistent with the mass spectra of the various m/z of all the
complexes and PPhz fragments. Novel single crystals obtained in complexes C2 and C3 revealed
monoclinic crystal systems depicting distorted tetrahedral geometries. Coordination to the metal
center was bidentate for all the ligands through the pyridinyl N and imine N in conjunction with
triphenylphosphine. In vitro antibacterial studies revealed that all the complexes exhibited stronger
antibacterial activity relative to their parent ligands and PPhs. The study found out that the metal
complexes have better DNA binding and antibacterial performances hence could be used as potential
chemotherapeutic agents.

Keywords: Quinoline carboxaldehyde, bidentate, Schiff base, triphenylphosphine,
chemotherapeutic.

INTRODUCTION emerging infectious diseases (Morse, 2001.).
Antimicrobial resistance (AMR) has remained
an emerging problem worldwide, posing a
global health threat. The once effective
antimicrobial ~ drugs against  different

Combatting infectious and life-threatening
diseases remains a challenge due to the
preponderance of multidrug resistance and re-
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microorganisms are no longer effective due to
indiscriminate overuse of antimicrobial drugs,
inappropriate drug choices, inadequate dosage
and poor adherence to treatment instructions
(Marston et al., 2016.) Consequently, there is
an urgent need to introduce effective
antimicrobial agents. The coordination
chemistry of copper complexes of Schiff base
has been a subject of extensive research over
the years (Andruh, 2015.). In spite of reported
activity of copper complexes of Schiff bases,
the structure and biological activities of these
metal complexes of Schiff bases in
conjunction with ancillary ligands still has
more to be researched into (Ribeiro et al.,
2017.). The stabilization of copper(l) by
hemilabile ligands such as
triphenylphosphines, forms some of the
pioneer studies in coordination chemistry
(Simkhovich, 2000.). Subsequent work has
demonstrated a diversity of structures and
stoichiometries (Karp et al., 2020; Shabbir et
al., 2016.). The complexation of N’N
bidentate ~ Schiff base ligands with
triphenylphosphine co-ligand may bring about
several structural motifs, hence varied
biological activity (Dharmaraj et al., 2001;
Viswanathamurthi et al., 2005.). Numerous
bidentate Schiff base complexes of copper(l)
have been reported, however, the present work
focuses on biological activity in the presence
of PPhzancillary ligand. Thus, as part of recent
investigations of the triphenylphosphine
complexes (Griebel et al., 2020.), we report the
synthesis of Cu(l) and pyridinyl Schiff base
and triphenylphosphine ligand with very high
antibacterial activity.

MATERIALS AND METHODS

Synthesis and characterization of ligands
L1-L3.

Ligands (E)-N-(4-bromophenyl)-1-(quinolin-
2-yl) methanimine, L1; (E)-N-(4-chlorophenyl)-
1-(quinolin-2-yl)methanimine, L2 and E)-1-
(quinolin-2-yl)-N-(p-tolyl)methanimine, L3
were synthesized using a modified literature
method for related ligands (Sreelatha et al.,
2014.).

Synthesis of copper precursor [Cu(l) (PPhs)2
]

Bis-(triphenylphosphine) copper(l) nitrate has
previously been synthesized, however in this
study, a slightly modified procedure was
employed (Lobana et al., 1989.) in the Bis-
(triphenylphosphine) copper(l) nitrate
synthesis. Triphenylphosphine (0.524 g, 2
mmol) was added to ethanol ina 250 mL round
bottom flask and stirred continuously for 30
minutes at 40 °C until a clear solution was
obtained. Copper (I) nitrate (0.13 g, 1 mmol)
was added slowly, and the reaction mixture
refluxed for 1 h. The round bottom flask and
the reaction mixture was transferred and
quenched in an ice bath for 25 min and
thereafter filtered. A pale blue air-stable
crystalline product was formed and allowed to
dry overnight.

Synthesis of copper(l) complexes C1-C3

Copper complexes C1-C3 (Scheme 1) were
synthesized by addition of methanolic solution
of each of L1 — L3 (1 mmol) to [Cu
(PPh3)2]NOs3 solution (1.0 mmol, ca. 0.65 g) in
dichloromethane under constant stirring at 25
°C for 12 h. The precipitates were first isolated
from the solution by evaporating the solvents
at reduced pressure using a rotary evaporator.
The complexes obtained were recrystallized
by dissolving the  precipitates in
dichloromethane. Single crystals suitable for
X-ray diffraction analysis were obtained via a
solvent layering process using diethyl ether
onto the dichloromethane solutions of C1-C3
at room temperature.

X-ray Crystallography

Crystal evaluation and data collection of C1
and C3 were recorded on a Bruker Apex Duo
diffractometer equipped with an Oxford
Instruments Cryojet operating at 100(2) K and
an Incoatec microsource operating at 30 W
power. The data were collected with Mo Ka (A
=0.71073 A) radiation at a crystal-to-detector
distance of 50 mm using omega and phi scans.
The structures of 2, 3 and 5 were resolved by
the direct method using the SHELXS
(Sheldrick, 2015.) program and refined.
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ORTEP-3 (Farrugia, 2012.), system software
was used to perform the visual crystal structure
information. Non hydrogen atoms were first
refined isotropically and thereafter by
anisotropic refinement with a full-matrix least-
squares method based on F? using SHELXL
(Sheldrick, 2008.). All hydrogen atoms were

R4

~—N

N

\_/
[Cu(PPh3),]NO3
EtOH, rt

R1 Br L1

=Cl,: L,
R1 = CH3’ : L3

bﬂbd

positioned geometrically, allowed to ride on
their parent atoms.

Antimicrobial study

Antibacterial activity studies of complexes
C1-C3 were carried out using the Agar well
diffusion method.

NO;

[CU(PPh3)2LG]NO3: C1
[Cu(PPhs),L,]NO5: C2
[CU(PPh3)2L8]NO3: C3

Scheme 1: Synthesis of complexes C1-C3 under constant magnetic stirring in anhydrous ethanol

RESULTS AND DISCUSSION
UV-visible absorption

Electronic absorption spectra recorded in
acetonitrile at room temperature in the UV-Vis
region of the free ligands L1-L3, and their
corresponding  complexes C1-C3 are
presented in Figure 1. The absorption
spectrum of L1, L2, and L3 (Figure 1 a, b and
c.) and their respective complexes are similar,
showing major absorption band in the UV
region between 320-335 nm attributed to

intraligand (IL) m—m * transitions. All the
complexes bands can be assigned to intra-
ligand 7m—m *, and metal to ligand charge
transfer transitions (MLCT) (Dariani et al.,
2016.). A significant barthochromic shift in
the spectra of L1-L3 complexes was
observed, which can be attributed to decrease
in energy at the excited states upon
coordination to copper(l) (Njogu et al., 2017.)
The steric effects of the triphenylphosphine
ancillary ligand could have influenced the
attenuation observed in the complexes.
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Figure 1: UV-Vis. spectroscopy of ligand/complex: (a) L1 /C1; (b) L2/C2; and (c) L3/C3.

FT-IR Spectroscopy

Coordination of L1-L3 to the Cu(l) centre was
confirmed by comparing the FT-IR spectra
(Table 1). Frequencies observed between 1621
cm! associated with the -C=N- bond
stretching frequencies shifted to lower
frequencies between 1613 cm™! in the spectra
of the L1 and L2 upon coordination to Cu(l)
while in L3, the -C=N- band shifted to higher
frequencies from 1622 cm™! to 1632 cm™! on
coordination to Cu(l). The absorption bands
associated with the quinolinyl (C=N) ring in
the range 1580-1585 cm™! in the spectra of L1
and L2 shifted to the higher frequency on

coordination to 1586-1590 cm™!, whereas, in
L3 spectrum, the C=N quinolinyl ring at 1590
cm™! red-shifted to 1584 cm™! on coordination
in the spectra of C3. Coordination of L1 — L3
to Cu(l) can thus be proposed to be bidentate
via both Nimino and Nguinolinyl donor atoms (Abd
El-Halim, 2018.). The strong sharp bands
observed between 1300 and 1340 cm™ !in all
the complexes is attributed to the anionic
functional group NOsz. Moreover, the
presence of sharp bands at 1440 — 1460 cm™ in
all the complexes is attributable to the presence
of PPhs (Ramachandran et al., 2012.)

Table 1: Summary of FT-IR Spectra data of imino and quinolinyl functional group of ligands L1-L3 and

their respective Cu(l) complexes 11-13.

Ligand(Complex) v(C=N) em™ Av v(qny—N) cm! Av
L1(C1) 1621(1613) 08 1584(1589) 05
L2(C2) 1621(1614) 07 1583(1587) 04
L3(C3) 1622(1632) 10 1590(1584) 06
Table 2: H, 3C and P NMR chemical shifts in ligands L1-L3 and complexes C1-C3

THNMR (8 ppm) BCNMR(6 ppm) SIPNMR
Ligand(complex)  Azomethine Pyridinyl Azomethine Pyridinyl (dppm)
L1(C1) 8.78(9.26) 8.51(8.87) 160.78(163.33) 156.07(147.39)  0.3939
L2(C2) 8.76(9.26) 8.47(8.85) 162.57(163.53) 155.64(147.59) 0.6215
L3(C3) 8.78(9.25) 8.48(8.85) 160.16(163.70) 159.9(147.10) 0.8613

NMR Spectroscopy

The pattern of coordination is similar in
complexes C1-C3. The integration values of
L1-L3 revealed that that the complexes adopt

a 4-coordinate geometry as observable from
the summary of *H-NMR spectra in Table 2. A
significant downfield shift in the imino
(HC=N) and alpha protons with respect to the
N atom in the quinolinyl ring was observed
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compared with their free ligand resonance. In
addition, the thirty (30) protons of the two
PPhs molecules appear as singlet or clusters at
8 7.40-7-00 ppm. The 3'P NMR spectra of the
complexes suggested that two molecules of
triphenylphosphine were coordinated at o
(0.3939-0.8613) ppm. The chemical shift
values for the complexes C1 and C2 are
however less than the value for complex C3.
The electron-withdrawing substituent in C1
and C3 could have influenced this type of
observation because electron-withdrawing
substituents are known for their ability to
reduce electron density around the metal
center and thus affects binding interaction
between the metal and the donor ligands (Zhu
etal., 2018.).

Mass spectroscopy of quinolinyl Cu(l)
complexes

The mass spectra of complexes C1-C3 were
all obtained in the positive ion mode.
Molecular ion peaks m/z = 899 for complex
C1, attributed to [CuL1(PPhs)2]*, complex C2
base peaks corresponding to [CuL2(PPhs).]*
was observed at m/z 853, while the molecular
formula [CuL3(PPhs)2]" corresponded to a
prominent molecular ion peak at m/z = 833 for
complex C3. All spectroscopic studies, along
with the elemental analysis, confirmed the

00000 ©
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formation and purity of the proposed
structures in Scheme 1.

X-ray Crystallographic data of Quinolinyl
complexes C1 and C3

The crystals of complexes C1 and C3 were
each grown by layering of diethyl ether unto
dichloromethane solution of the complexes.
The asymmetric unit of C1 (Figure 2a,b) has a
full molecule of the ligand coordinated to the
metal center in a bidentate manner, which
consists of one copper (I) center, an ordered
ligand, with coordination via the quinoline N
atom, the imine N atom in a bidentate manner,
one triphenylphosphine P atom and a nitrate
anion through O atom to make up a pseudo
tetrahedral geometry. Complex C3 (Figure 3),
coordination of the ligand to the metal center
was via a N atom of the quinoline moiety, an
imine N atom and two triphenylphosphine P
atom forming a four-coordinate geometry.
Interestingly the nitrate anion is neither
coordinated nor observed outside the

coordination sphere, the nitrate anion has been
dissociated apparently due to the neutral
charge of the complex (Table 3). This type of
coordination has been observed in related
copper(l) complexes (Davis et al., 2015;
Obaleye et al., 2021.)

(b)

Figure 2: Crystal structure of complex C1 (a) Screen shot (b) Ortep diagram
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(b)

Figure 3: (a) Screenshot and (b) ORTEP diagram of complex C3
Table 3: X-ray Crystallographic data of complexes Quinolinyl complexes C1 and C3

C1 C3
Empirical formula C34H26BrCuN3zOsP Cs3 Haz Cu N, P2
Formular weight 699.00 833.38
Temperature: 104 K 103K
Wavelength 1.54178 1.54178
Crystal system Monoclinic Monoclinic
Space group P2un P-1
a(A) 8.5763(4) 10.7944(5)
b (A) 15.8593(7) 12.4884(5))
c(A) 22.4036(10) 17.7497(7))
a(®) 90 82.304(2)
B(°) 90.386(2) 79.358(2)
Y (°) 90 83.709(2)
Volume (A%) 3047.1(2) 2321.55(17)
z 4 4
Pealc glcm?® 1.524 1.192
w/mm? 5.296 5.981
F(000) 1409.81 1416.0
0 range for data collection/° 6.954 to 135.358 7.148 to 135.222
Goodness-of-fit on F? 1.037 1.040
Crystal size/mm 0.275% 0.178 x 0.17x0.16 x 0.13
0.15 R,=0.0211,wR, = 0.0526
Final R indexes [I>=2c (I)] R1=10.0189,
wR2 = 0.0450

Indeex ranges

h,k,Imax

14<h<15,-17<k<17,-22<1<25
15,17,25

-15<h<15,-16<k<16,-21<1<22
15,16,22
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Reflections collected 54701
Independent reflections

Final R indexes [all data]

2146/0/179

Data/restraints/parameters
0.32/-0.31

Largestdiff.peak/hole/e A3

7018[Rint = 0.0338, Rsigma = 0.0181]

R: =0.0232, wR. = 0.0652

53132
5671[Rint = 0.0394, Rsigma = 0.0209]

0.0530( 5671)

0.42/-0.36

DNA binding interactions of Quinolinyl
Cu(l) Complexes.

In this study, the extent of interaction of the
ligands and the complexes with calf thymus
DNA (CT-DNA) was examined by monitoring
either the hyperchromic or hypochromic
effects observed from the electronic titration.
Subsequent additions of DNA to the samples
revealed prominent hypochromic shifts with
intraligand n—m * bands absorption bands
between 249 and 372 nm in the absorption
spectra of the ligands and complexes
investigated. The hypochromism observed is
attributed to significantly strong stacking
interaction between the quinolinyl aromatic
chromophore and the base pairs of CT-DNA
which is as a result of intercalation binding
mode of the compounds to CT-DNA.
Intercalators are molecules that stack at right
angles to the DNA backbone without forming
covalent bonds or breaking up the hydrogen
bonds between DNA base pairs. The intrinsic
binding constant of complexes C1-C2 were
evaluated using the Wolfe—Shimer equation
(Equation (3)) by determining the ratio of the
slope to the intercept from the plot of
[DNA]/(ea — &f ) versus [DNA]. The binding
affinities of the metal salts and free ligands
were lower than those of complexes C1-C3,
an indication that the ligands binding affinities
were enhanced on complexation to Cu(l). The
binding constant obtained ranged between 1.57

x 10° and 2.67 x 106 M~! for C1— C3. Complex
C1 had the lowest binding value with a
calculated intrinsic binding constant (CIBC) of
1.57 x 108 (Figure 4) while complex C3 has the
moderately high binding affinity with a CIBC
of 2.27 x 105 M™! (Figure 6). The highest
binding affinity recorded from complex C2
(Figure 7) (Kb = of 2.67 x 10° M1). The high
binding affinities value obtained for the
complexes C1-C3 could be attributed to the
interactions of the quinolinyl m-electron with
the base pairs of the DNA, and the presence of
electron-withdrawing bromine and chlorine
sustituents in para-position in ligand L1 and
L2 (Murugavel et al., 2017.). The influence of
triphenylphosphine moiety could also have
accounted for the significantly high binding
affinities of the complexes. For instance,
complex C1 with least binding affinity has one
triphenylphosphine moiety while each of
complexes C2 and C3 has two (2)
triphenylphosphine moieties. High binding
affinities have been reported for complexes
with electron withdrawing group. This
interaction stabilizes the aromatic
environment of the CT-DNA base pairs
resulting in strong structural perturbations in
the DNA molecule resulting in elongation of
the distance between the adjacent base pairs
(Adeleke et al., 2022.) The order of the DNA
binding interaction of the complexes are C2 >
C3>Cl.
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Figure 4: Electronic Absorption Spectra of complex C1 in the presence of different concentrations of CT-
DNA at 350 nm Amax. (insets) A stern-Volmer plot of interactions with CT- DNA. (K= 1.57 x 105 M)
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Figure 5: Electronic Absorption Spectra of complex C2 in the presence of different concentrations of CT-
DNA at 350 nm Amax. (insets) A stern-Volmer plot of interactions with CT- DNA. (Ky=2.67 x 105 M)
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Figure 6: Electronic Absorption Spectra of complex C3 in the presence of different concentrations of CT-
DNA at 350 nm Amax. (insets) A stern-Volmer plot of interactions with CT- DNA. (Ky=2.27 x 10° M)
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Figure 7: Inhibitory activity of uncomplexed Schiff base ligands L1-L3, ancillary ligand (PPh3) and

respective Cu(l) complexes C1-C3
In-Vitro Antimicrobial Studies

All the ligands, precursor and complexes were
tested against one Gram-positive bacteria,
Staphylococcus aureus (SA), and three Gram-
negative bacteria, Escherichia coli (EC),
Klebsiella pneumoniae (KP), and
Pseudomonas aeruginosa (PA). Ciprofloxacin
was used as standard for comparing the
minimum inhibitory concentrations activity
values. (Figure 7). The sole aim was to
investigate the effect of introducing the metal
complexes to the bacteria strains. Complexes
C1-C3 showed better antibacterial activity
compared to L1-L3 in general, an obvious
indication of enhanced activity of the ligands
on complexation to [Cu(PPhs)2]. In addition,
copper(l) ion is well known for its bactericidal
effects, mechanistically acting by obstruction
of bacteria cell functions through direct
interaction with the bacteria enzymes, DNA
and the negatively charged molecules from the
bacterial cell wall. This disrupts cell
replication and cell breathing with ultimate
result of cell apoptosis through the release of
cellular electrolyte into the environment
(Adeleke et al., 2021, 2022.). All the ligands
showed activity against SA, with highest
antibacterial activity exhibited by L3. L1 was
active against EC and KP with an activity
value of 5 each, L2 is active against EC, KP
and PA with activity values between 4 and 6,

L3 against EC, KP and PA with activity values
of 11, 9 and 2 respectively. Complexes C2 and
C3 exhibited the highest antimicrobial activity
against all bacteria strains. The ligands of each
of C2 and C3 consist two molecules of PPhg,
in addition, complex C2 has a p-chloro
substituent. Very high antimicrobial activity of
compounds containing PPhs, moiety or the
chlorine substituent in the para-position is in
agreement with literature report (Desai et al.,
2018.) C1 with only one triphenylphosphine
molecule also shows enhanced antimicrobial
activity against most of the bacteria strains. All
the complexes except C1 were selectively
active against PA (compared to other strains)
with activity values ranging from 16 to 25, The
antibacterial activity of complex C2 against all
the bacterial strains was found to be
conspicuously higher than that of the standard
ofloxacin. Similarly, C1 and C3 with an
activity value of 20 and 22 signified their
better activity than ofloxacin against SA. This
revealed the positive influence  of
triphenylphosphine on antimicrobial activity.

CONCLUSION

This research work described the synthesis and
characterization of copper(l) complexes of
three quinolinyl imine. The effect of
quinolinyl imine, copper(l) ion, nitrate anion
and triphenylphosphine on the interaction of
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the compounds were investigated. Molecular
structures of all the complexes C1, C2 and C3
reveal bidentate coordination of the Schiff
base to the copper(l) centre, complex C1
contains in addition to bidentate Schiff base,
one PPhz molecule and a nitrate (NO3’) anion
coordinated through O atom to the metal
centre,  while  two  molecules  of
triphenylphosphine were coordinated to the
copper(l) centre through P atom in complexes
C2 and C3 to form a distorted tetrahedral
geometry. The nitrate (NO3z’) remains as
counter ion outside the coordination sphere in
the case of complexes C2 and C3. CT-DNA
binding activities of the free ligands and free
metal salts are lower than values obtained for
C1-C3, an indication that the ligands binding
affinities were enhanced on complexation to
Cu(l). The binding constant obtained in the
order C2 > C3 > C1. Complex C2 with the
highest binding affinity has two PPhs moieties
while complex C1 with the least binding
affinity has only one triphenylphosphine
molecule indicating that triphenylphosphine
significantly enhanced the binding affinities of
the complexes. This could be attributed to the
n-electron interactions of the
triphenylphosphine moiety, quinolinyl Schiff
base with the base pairs of the DNA, an
indication that the compounds bind to CT-
DNA via intercalation mode probably due to
the assymetric 3-dimensional structure of the
complexes. Antimicrobial activity studies
reveal that all the ligands exhibited relatively
lower activity against the bacterial strains SA,
EC and KP. Complexes C2 and C3 showed the
highest antimicrobial activity against all
bacteria strains. Each of the complexes C2 and
C3 possess two molecules of PPhs. The
antibacterial activity of complexes C1, C2 and
C3 against all the bacterial strains was found
to be conspicuously better than that of the
standard ofloxacin.

Overall, the significant positive influence of
triphenylphosphine on antimicrobial activity
coupled with the remarkable CT-DNA binding
interaction activities recorded for copper(l)
quinolinyl ~ Schiff base complexes in
conjunction with PPhs ancillary ligand

unequivocally shows the metal complexes
have better DNA binding and antibacterial
performances hence could be used as potential
anticancer and antibiotic agents.
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