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| A Schiff base pyrrolopyrimidine-hydrazide-m-chlorobenzaldehyde (HPPHmCB) was synthesized via condensation reaction between a |
| pyrrolopyrimidinehydrazide and 3-chlorobenzaldehyde and its transition metal(II) complexes complexes followed by the characterization |
and electrochemical analysis. The magnetic susceptibility, electrolytic conductivity, elemental analysis, FT-IR, electronic absorption, ESR
| and PMR spectra were employed to elucidate the structural properties. The Schiff base HPPHmCB ligand acts as a tridentate N,N,N donor |
| and produces complexes of type [M(PPHmCB),], which exhibit a square planar geometry for Pd(I) complex, tetrahedral for Hg(I), Cd(II) |
| and Zn(IT) complexes and octahedral geometry for Mn(II), Cu(Il), Fe(II), Co(II) and Ni(II) complexes. The minimum inhibitory concentration |
| (MIC) approach was used to screen the in vitro antibacterial and antifungal activities of synthesized Schiff base HPPHmCB ligand and its |
| metal(Il) complexes. The results showed that the significant microbial activities by both ligand and its transition metal(Il) complexes. |
Moreover, in vitro cytotoxicity properties of Schiff base HPPHmCB ligand and its metal(II) complexes were also investigated against
I Artemia salina using the brine shrimp bioassay. I
| |
L
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INTRODUCTION esize and versatile enough to act as multidentate ligands. Several
chromatographic techniques and optical and electrochemical
sensors use Schiff base ligands to enable more selective and
sensitive detection [13-15].

Metal ion complexes with pyrimidine derivatives have
attracted attention [16] due to their biological activity against
viruses, malaria, bacteria and tumors. In addition, numerous
luminescent heterocyclic metal complex drug preparations
with promising properties have also been reported in the litera-
ture. Complexes with similar structures may have been used
in materials research as precursors for the optical materials
[17]. The Schiff base ligand pyrrolopyrimidinehydrazide-3-
chlorobenzaldehyde (HPPHmCB) and its transition metal(II)
complexes have been synthesized and characterized in this work.
To characterize the HPPHmCB ligand and its metal(II) comp-
lexes, the instrumental techniques such as FTIR, UV-Vis,
magnetic moments and electron spin resonance (ESR) were
used for characterization.

Majority of the coordined metal complexes incorporate
various kind of Schiff bases as ligands [1,2]. These conveniently
available ligands provide functional variety and a range of
coordination numbers. This phenomenon is possible due to
their one-of-a-kind chemical structures and the components
used in their production. Furthermore, the interesting properties
of homo- and hetero-polynuclear complexes can be influenced
by the O, N and S donor atoms in Schiff base-derived ligands,
the types of those donor atoms and the relative locations of
those donor atoms concerning the central metallic atom [3-6].
Due to several benefits, the researchers in various fields like
separation science, transport, bioinorganic chemistry, analytical
chemistry, encapsulation, catalysis and magnetochemistry have
been inspired to synthesize metal complexes [7-11]. Because
of the high binding constants that they display for a variety of
d- and f-block metals [12] have led to a surge in interest in
macrocyclic Schiff base ligands, which are both simple to synth-
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EXPERIMENTAL

All the metal(II) chloride salts and solvents viz. DMF, DMSO,
methanol, ethanol, chloroform, nitrobenzene, butanol, 3-chloro-
benzaldehyde, (99%, HPLC grade, spectrophotometric grade)
were purchased from S.D. fine and Merck, respectively and
used as received.

To characterize the Schiff base HPPHmCB ligand and its
metal(IT) complexes, experimental techniques such as FT(IR),
electronic absorption spectra, magnetic moments and ESR
were performed. Using Brucker-400 a spectrometer, the spectra
of '"H NMR were collected with the temperature set at 301 K
and the frequency set at 400 MHz. As the solvent, DMSO-d;
was used when carrying out the NMR spectral studies. The
Gouy method was applied to obtain the magnetic data and the
Hg[Co(SCN),] was employed as reference material. A Thermo-
Scientific conductivity meter was used to determine the mole-
cular conductivity.

Synthesis of Schiff base HPPHmCB ligand: The
pyrrolopyrimidinehydrazide and 3-chlorobenzaldehyde were
subjected to reflux for 2 h in absolute ethanol yielding a white
solid Schiff base ligand in the solvent. However, upon slow

NH, 0. H
HN/
/ | X N +
y
IEI N Cl

Pyrolopyrimidinehydrazide 3-Chlorobenzaldehyde

evaporation of solvent at room temperature, a light brown solid
product was obtained (Scheme-I). The solid material was washed
thoroughly with diethyl ether and then recrystallized with
ethanol. IR (KBr, Vi, cm™): 3374 (arom. (N-H)), 3184 (aliph.
(N-H)), 2792 (-CH=), 1589 (>C=N), 855 (C-CI) and 740
(disub. benzene ring). 'H NMR (DMSO-ds) 6 ppm: 13.01 (s,
1H, NH, aromatic), 8.59 (s, 1H, NH, aliphatic), 7.28-8.50 (5H,
Ar-H (7.28 (1H, d, J = 3.84 Hz), 7.57 (1H, ddd, J = 8.12,
1.59, 1.28 Hz), 7.59 (1H, ddd, J = 8.03, 1.55, 1.28 Hz), 7.61
(1H, d, J = 8.03,0.51 Hz), 8.075 (2H, td, J = 1.57,0.52 Hz),
8.50 (1H, d, J = 3.83 Hz). *C NMR (DMSO-ds) 8 ppm: 139.5
(-CH=),99.5,102.3, 126.1, 150.4, 152.54, 163.3 (pyrimidine-
0), 120.6, 127.0, 128.73 (aldehydic-C). UV spectrum (A, nm):
230, 285 (n—7"), 410 (n—7").

Synthesis of metal(II) complexes: Following the disso-
lution of 1.0 mmol of Schff base HPPHmCB ligand in 20 mL
of methanol, corresponding metal(I) salts (0.50 mmol) were
introduced into the solution while stirring and then refluxed
for 2 h. The obtained precipitate was filtered, washed with
cold methanol and diethyl ether and finally dried in vacuum
desiccator. The physico-chemical parameter of the synthesized
Schiff base and its metal(Il) complexes are complied in Table-1.

H
Methanol /
HN—/N
A, 50-60 °C =
NJ_
HPPmCB ligand

Scheme-I: Synthetic pathway of HPPHmCB ligand
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[Mn(PPHmCB),]: IR (KBI, Vi, cm™): 3191 (aliph. N-H),
2980 (-CH=), 1575 (>C=N), 917 (C-Cl), 783 (disub benzene
ring), 604 (Mn-N) and 519 (N—Mn). UV spectrum (A, nm):
425 (°A,.—"E, (D)), 519 ((CA1;—"T\. (*P)).

[Fe(PPHmCB).]: IR (KB, Vi, cm™): 3194 (aliph. N-H),
2774 (-CH=), 1574 (>C=N), 844 (C-Cl), 728 (disub. benzene
ring), 585 (N-Fe) and 522/504 (N—Fe). UV spectrum (A, nm):
675 (T2—"Ey), 435, 415, 240 (LMCT).

[Co(PPHmCB).]: IR (KBI, Vi, cm™): 3352 (aliph. N-H),
2974 (-CH=), 1549 (>C=N), 875 (C-Cl), 725 (disub. benzene
ring), 578 (N-Co) and 516 (N—Co). UV spectrum (A, nm):
900 (*T o(F)—"T2o(F)), 540 (‘T1o(F) “Tae(P)).

[Ni(PPHmCB);]: IR (KBTI, Vi, cm™): 3190 (aliph. N-H),
2975 (-CH=), 1587 (>C=N), 888 (C-Cl), 737 (disub. benzene
ring), 641 (N-Ni) and 601 (N—Ni). UV spectrum (A, nm):
971 (As(F)—"Tou(F)), 605 CAn(F)'T1y(F)).

[Pd(PPHmCB);]: IR (KBr, Vi, cm™): 3360 (aliph. N-H),
2974 (-CH=), 1588 (>C=N), 875 (C-Cl), 725 (disub. benzene
ring), 605 (Pd-N) and 515 (N—Pd). UV spectrum (A, nm):
445, 377, 301 (LMCT), 'H NMR (DMSO-ds) & ppm: 8.688
(s, 2H, -CH= aldehydic), 8.590 (s, 2H, NH, aliphatic), 7.530-
8.230 (m, 10H, Ar-H).

[Cu(PPHmCB);]: IR (KBr, Vi, cm™): 3191 (aliph. N-H),
2977 (-CH=), 1573 (>C=N), 881 (C-Cl), 726 (disub. benzene
ring), 604 (Cu-N group) and 520 (N—Cu). UV spectrum (A,
nm): 651 (*Bi—?Alp).

[Zn(PPHmCB).]: IR (KBTI, Vi, cm™): 3295 (aliph. N-H),
3076 (-CH=), 1584 (>C=N), 781 (C-Cl), 781 (disub. benzene
ring), 643 (Zn-N group) and 593 (N—Zn group). UV spectrum
(A, nm): 410, 356, 221 (LMCT).

[CA(PPHmCB),]: IR (KBr, Vi, cm™): 3295 (aliph. N-H),
2974 (-CH=), 1584 (>C=N), 818 (C-Cl), 718 (disub. benzene
ring), 582 (Cd-N) and 518 (N—Cd). UV spectrum (A, nm):
440, 363, 228 (LMCT).

[Hg(PPHmCB),]: IR (KBr, Vi, cm™): 3193 (aliph. N-H),
2976 (-CH=), 1574 (>C=N), 856 (C-Cl), 725 (disub. benzene
ring), 555 (Hg-N) and 519 (N—Hg). UV spectrum (A, nm):
415, 370, 229 (LMCT).

Antimicrobial assay

Antibacterial activity: The bacterial strains were procured
from Microbial Culture Collection (MCC) Pune, India. The
Muller Hilton agar medium was subjected to an autoclaving
process that lasted for 15 min and conducted at a pressure of
10 Lbs per square inch. Each microbial strain was cultured by
swabbing 20 mL of Muller-Hilton agar medium into a Petri
dish and then waited for 15 min in order to absorb the culture
before continuing the cultivation process. After using a sterile
borer to drill the wells, which measured 6 mm in diameter,
following the reconstitution of the solutions of each chemical
in DMSO, 100 pL of each solution was applied to plates. Over
the course of a full day, the temperature of the containers was
kept at 37 °C. Calculating each compound’s zone of inhibition
within the wells served as the basis for determining the anti-
bacterial efficacy of each substance. A positive control was
used as a streptomycin and DMSO as a negative control. The
method was carried out three times.

Antifungal activity: In cup-plate method, fungi C. albican
and S. cerevisiae were utilized as test subjects for the synthe-
sized compounds. After the test solution was pipetted into discs
with a thickness of 1 mm and a diameter of 5 mm, the plates
were kept at 37 °C for 72 h. The diameter of the inhibitor was
measured after it had been incubated for 36 h at 37 °C. Experi-
ments determining the minimum inhibitory concentration were
carried out on substances exhibiting potentially antifungal
activity. The minimal inhibitory concentration (MIC) of the
microbial growth during overnight incubation were measured.

Cytotoxic studies: In a shallow rectangular plastic plate
measuring 22 cm X 32 cm, eggs of the brine shrimp (Artemia
salina Leach) were incubated in an artificial seawater solution
prepared from the commercial salt mixture and double-distilled
water. A tool with perforations was utilized to separate the
plastic dish into its two parts. While the more minor part exposed
to natural light was left open, the darker, larger chamber held
approximately 50 mg of eggs. After another 2 days, nauplii
were pipetted from the lighted side of the dish. The sample
was prepared by dissolving 20 mg of test chemical into 2 mL
of DMF. Nine vials were filled from stock solutions of 500,
50 and 5 mg/mL (three replicates of each dilution were used
for each test sample and the LDs is the mean of three results)
and one vial was kept as a control containing 2 mL of DMFE.
The LDs, was determined by taking the average of the three
results. The solvent was allowed to evaporate during the night,
after 2 days, the shrimp larvae were prepared to be introduced
to the saltwater (1 mL in each vial), along with ten adult shrimp
and 30 shrimp for each dilution. After that, the volume of each
vial was brought up to 5 mL by adding saltwater. After 24 h, a
final count of those who had survived was performed [18,19].
The LDs, values were determined by applying the Finney
computer tool’s analysis to the data gathered [20].

RESULTS AND DISCUSSION

Condensation of pyrrolopyrimidinehydrazide and 3-chloro-
benzaldehyde yields a novel Schiff base pyrrolopyrimidine-
hydrazide-m-chlorobenzaldehyde (HPPHmMCB), which was
further used in the preparation of several metal (II) complexes
having general formual of [M(PPHmCB),], where M = Mn*",
Cu*", Fe?*, Co™, Ni**, Cd**, Zn* and Pd**. In most of the common
organic solvents, all the synthesized compounds are found to
be soluble.

FT-IR spectral studies: Upon deprotonation, the aromatic
imine group (—NH) contributes to bonding, as evidenced by
the band’s disappearance at 3374 cm™ in the ligand’s IR spec-
trum [21], which was also absent in the IR spectra of the metal
(IT) complexes. After the metal complexation, the azome-thine
C=N stretching vibration of the Schiff base HPPHmCB ligand
shifted from 1589 to 1573-1584 cm™. The reason is attributed
due to the deprotonation occurring during the complexation
process. The Schiff base ligand showed an aromatic C=N
stretching band at 1648-1642 cm™, however, a slight shift in
the vibrational stretch of 13-25 cm™ was observed upon comp-
lexation (Fig. 1) [22,23]. Moreover, the bands at 641-578 and
601-507 cm™ were observed in the spectra of the metal(IT) comp-
lexes, which may originate from v(N-M) and v(N—M) stretches.
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Fig. 1. The ligand and its metal complex FT(IR) spectrum

"H NMR spectral studies: The Pd(IT) complex was further
characterized by '"H NMR spectra using DMSO-d as solvent.
The Pd(IT) complex '"H NMR spectrum showed the identical
peaks to those in free HPPHmCB ligand of "H NMR spectrum.
The aromatic amine that serves as ligand for HPPHmCB exhi-
bited a signal at 13.01 ppm, whereas the 'H NMR spectrum of
Pd(II) complex was devoid of this NH signal. Consequently,
coordination occurred using the deprotonated aromatic NH
group during the complexation process. The aromatic (NH)
was detected for the Pd(IT) complex at & 8.59 ppm (s, 1H, NH),
which was in agreement with the standard literature. The proton
of pyrimidine ring exhibited distinct signal at & 8.49 ppm,
whereas protons of aromatic rings (Ar-H) signaled between
7.53-8.18 ppm.

UV-Vis spectral and magnetic moment measurements:
Complexes of elements Fe(Il), Co(Il), Ni(II), Mn(IT) and Cu(II)
synthesized exhibited magnetic moments of 5.11, 4.55, 3.29,
5.17 and 2.04 B.M., respectively (Table-1). By measuring mag-
netic susceptibilities, the octahedral structures were verified
for Fe(II), Co(II), Ni(II), Mn(II) and Cu(II) complexes [24,25].
The diamagnetic property confirmed the square planar struc-
ture of Pd(Il) and the tetrahedral geometry of Hg(II), Zn(II)
and Cd(II) complexes.

The UV-Vis spectrum of novel HPPHmCB ligand and its
metal(I) complex in DMF were recorded between 190-1000
nm. The n—7* and T—7* transitions in the pyrrole, pyrimidine
and imine groups were attributed to bands at 410, 285 and 230 nm
in the HPPHmCB ligand spectrum. All the metal(Il) complexes

all showed n—n* and T—7* transitions between 375 and 249
nm, corresponding to the azomethine, pyrrole and pyrimidine
ring transitions.

The magnetic susceptibility measurement data revealed
that [Fe(PPHmCB),] complex is paramagnetic at 301 K, indic-
ating its iron oxidation state of +2. The absorption band at 675
nm in the electronic spectra of the Fe(Il) complex was ascribed
to “T2—>’E, transition [26]. The L—M charge transfer band
was found to be at 435, 415 and 240 nm. The [Fe(PPHmCB),]
complex exhibited magnetic moment of 5.11 B.M., as predi-
cted by high spin octahedral geometry [27,28]. Absorptions
at 900 and 540 nm for the [Co(PPHmCB),] complex suggest
an octahedral geometry surrounding the Co(II) ion [29]. These
absorptions were ascribed to the “T(F)—"T1(F) (v;) and ‘T 4(F)
—*Te(P) (v)) transitions, respectively. The computed value
of v; was found tobe closer to the charge transfer transition
between metal and ligand [30,31].

Two bands, at 971 and 605 nm, were observed in the electr-
onic spectra of the Ni(II) complex. These bands were assigned
to the *Ae(F)—*Ta(F) ( 1) and *Aso(F)—T)4(F) (Vv2) transitions,
respectively [32]. Band at 651 nm for copper complex of the
HPPHmCB ligand was ascribed to the *B,,—*A, (V,) transition.
It has a square planar shape, forming a distinctive band around
Cu(II) [33]. For octahedral complexe [34], the magnetic moment
value of 2.04 B.M. at room temperature was within the limit.
Small absorption bands at 425 and 519 nm in the electronic
spectra of the homo-binuclear [Mn(PPHmCB),] complex were
assigned as °A;—"E.(4D) and °A,,—"T4(4P), respectively
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TABLE-2
ANTIMICROBIAL ACTIVITY DATA OF THE SCHIFF BASE HPPHmCB LIGAND AND ITS METAL(II) COMPLEXES
Antibacterial activity Antifungal activity
Compound = = = = =
B. subtilis P. aeruginosa E. coli S. aureus C. albicans S. cerevisiae
HPPHmCB 6 7 7 6 20 6
Fe(Il) 8 8 7 6 21 9
Co(II) 7 8 7 7 18 8
Ni(II) 11 9 12 13 12 12
Pd(II) 8 8 11 6 18 8
Cu(II) 8 7 7 6 11 9
Mn(II) 7 7 8 10 6 10
Zn(1I) 9 9 8 6 9 11
Cd(I1) 11 9 7 8 10 9
Hg(II) 6 7 7 6 8
[35]. This was consistent with octahedral geometry of metal(II) X i

complexes. In case of [Mn(PPHmCB),] complex, the high spin
octahedral form was further supported by measured magnetic
moment value of 5.17 B.M. [36,37]. The UV spectra of Pd(I),
Hg(I), Cd(II) and Zn(IT) complexes exhibited strong bands at
410-445, 356-377 and 221-301 nm, respectively attributed to
intra-ligands and LMCT transitions. These spectral lines points
to a nitrogen-atom link between HPPHmCB and metal(II) at
positions [38,39].

ESR spectral studies: The ESR spectra of [Cu(PPHmCB),]
is indicative of species with ¢’ configuration and an axial sym-
metry type of dy2.,2 ground state [40]. The tetragonal defor-
mation [41] and elongation along fold symmetry z-axis, the
value of gi, having 2.13 and 2.07 indicated the isotropic type.
The relation between g-values is denoted as G and is expressed
as per the formula given in eqn 1:

g =2

=50 (1)

If G value of complex is greater than 4.0, it indicates local
tetragonal axes are parallel or slightly asymmetrical. If G is
equal or less than 4.0 it indicates significant exchange coupling.
Whereas if complex has a G value lower than 4.0, it indicates
presence of tetragonal axes in structure. Surprisingly, the g
values for these complexes were lower than 2.3, which indicate
that copper(Il) ion was surrounded by a large number of covalent
bonds [41,42]. Additionally, the covalence parameter in the
plane is denoted by o*(Cu). This fact is supported by computed
values of 0.75, which indicates that [Cu(PPHmCB),] complex
possesses covalent bond nature [43]. The ratio of gi/Ay can be
used to deduce the stereochemistry of copper(Il) complex.
According to the hypothesis presented by Karlin et al. [44],
this ratio may provide some insight into the stereochemistry
of copper(Il) complex. Copper(Il) complexes have a square
planar geometry, which is conformed from the gi/A, quotient
value in the range of 163-170 cm™, whereas the tetragonally
deformed complexes are predicted to have a value which is
larger than 144 cm™. The tentative structures of the synthesized
metal(I) complexes are shown in Fig. 2.

Biological studies

Antibacterial studies: As per the results of antibacterial
study, the synthesized metal(Il) complexes were found to exhibit
inhibition zone ranging from 6 mm to 13 mm against S. aureus,

where M = a) Ni, Co, Mn, Cu, Fe and b) Pd, Zn, Cd, Hg

Fig. 2. Tentative structure of metal(II) complexes having tridentate Schiff
base derived from pyrrolopyrimidine

B. subtilis, E. coli and P. aeruginosa in a screening experiment.
The metal(II) complexes inhibitory values ranged from 7 to
13 mm, which rendered them more potent against S. aureus
than the Schiff base HPPHmCB ligand. Increased lipophilicity,
as according to chelation theory [45], allowed easier translo-
cation through lipid bilayers of bacterial membranes. By exchan-
ging some of the metal charge for that of ligands donor groups,
reduced the polarity of metal(II) atom. The Ni(I[) complex
showed greater zone of inhibition than any other compound
or reference medication streptomycin, which was 12 mm. The
higher value of Hg(II) complex can be attributed to coordina-
tion of Hg?* ions with ligands, which rendered complex to be
more bioactive and dangerous by facilitating the penetration
of cell-lipid barrier and impeding and destroying the respiration
process of test organism [46,47]. The Hg(II) complex exhibited
inhibitory zone of 10, 9, 12 and 13 mm against S. aureus, B.
subtilis, E. coli and P. aeruginosa, whereas streptomycin had
inhibitory zones of 10, 10, 12 and 14 mm.

Antifungal studies: Based on the results of antifungal study,
it was revealed that the Schiff base HPPHmCB ligand and its
metal(I) complexes exhibited around 2.5 times the potency
of fluconazole against C. albicans (12-21 mm), except Mn(II)
complex, whose zone of inhibition against C. albicans (6 mm)
was close to fluconazole (11 mm). Study also revealed that S.
cerevisiae and C. albicans were unable to dissolve the transition
chemicals (Table-2).

Cytotoxic bioassay: The cytotoxicity study (Brine shrimp
bioassay) of metal(I) complexes was done as per the standard
protocol of Meyer et al. [19]. The results (Table-3) shows that
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TABLE-3
CYTOTOXIC BIOASSAY OF HPPHmCB
LIGAND AND ITS METAL(II) COMPLEXES

Compound LD;, (ug/mL) Compound LD;, (ug/mL)
HPPHmCB 150 Cu(PPHmCB), 125
Fe(PPHmCB), 125 Zn(PPHmCB), 100
Co(PPHmCB), 125 Cd(PPHmCB), 80
Ni(PPHmCB), 100 Hg(PPHmCB), 75
Pd(PPHmCB), 90 Mn(PPHmCB), 125

only three complexes viz. Pd(IT), Mn(II) and Hg(II) displayed
considerable cytotoxic effects against Artemia salina. The Hg(IT)
complex showed the highest activity (LDsy = 75 pg/mL) in
this series, whereas the Schiff base HPPHmCB ligand had the
lowest (LDsy = 150 pg/mL), which revealed that coordination
makes the lessen the complex’ cytotoxicity.

Conclusion

Present study involved the synthesis, characterization and
biologcial activity of few transition metal(Il) complexes with
tridentate Schiff base derived from pyrrolopyrimidine. The
results suggested that metal(Il) complexes (M = Cu*, Fe™,
Ni*, Mn** & Co**) have octahedral structure, whereas Cd*",
Zn** & Hg** complexes exhibited tetrahedral shape, but atlast,
Pd** complex has a square planar structure. Chelation of metals
with organic ligand improved the synergy of all synthetic metal
complexes, which led to exceptional effectiveness against
bacteria. This coordinated effort has increased the potential
for the synthetic metal(Il) complexes to be developed into anti-
microbial lead candidates by increasing their efficiency in inhi-
biting P. aeruginosa, B. subtilis, S. aureus and E. coli.
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