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ABSTRACT
The article deals with a study of a new series of transition metal complexes such as Co(II), Ni(II), Cu(II), and 
Zn(II) with pyrimidine-based ligand (4-bromo-3-fluorophenyl)(pyrimidin-5-yl)methanol; the novel ligand has been 
synthesized through Barbier-type reaction and structurally characterized by 1H nuclear magnetic resonance, 
infrared, ultraviolet-visible, and powder X-ray powder diffraction (XRD) spectral techniques. The powder 
XRD studies reveal that all complexes are in crystalline nature. The cytotoxic activity of the complexes and the 
uncoordinated ligand against human breast cancer (MCF-7) and chronic myelogenous leukemia cell line (K-562) 
exhibits good viability in the range of 52.11-66.23% at the concentration >100-110 µg/mL as compared to the 
inhibition in the untreated cells. The result of antibacterial activity revealed that the complexes of cobaltand 
copper are active against the studied bacteria and fungi, and the cytotoxicity studies are correlated with the 
computational docking analysis.
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1. INTRODUCTION
Philippe Barbier reported a coupling reaction between 
a ketone (6-methyl-5-hepten-2-one) and an alkyl halide 
(CH3I) in the presence of a stoichiometric quantity of 
magnesium metal, thus establishing the basis for the 
one-step C-C bond forming process is known as the 
Barbier reaction. The Barbier reaction is an organic 
reaction between an alkyl halide and the carbonyl 
group as an electrophilic substrate in the presence 
of magnesium, aluminum, zinc, indium, tin, or its 
salts. The reaction product is a primary, secondary, or 
tertiary alcohol.

Barbier type reaction can be carried out using 
mixed Mg/Li amides TMPMgCl·LiCl and 
TMP2MgCl·LiCl  [1-3]. A  mixture of zinc [4], 
aluminum and indium metal [5], bismuth-mediated [6], 
titnium [7], antimony [8], scandium [9], cobalt [10], 
cerium [11], silver [12], ionic liquids [13], and tin 
nano-particles in water [14] developed a new approach 
for synthesizing homoallyl alcohol.

Pyrimidines are six-membered unsaturated ring 
compounds composed of carbon and nitrogen, and 
they are found throughout nature in various form 
with nitrogen atoms at positions 1 and 3. Pyrimidines 
are also known asm-diazine, or 1,3-diazone can be 
regarded as cyclic amine [15]; pyrimidine, being 
an integral part of DNA and RNA, has imparted 
diverse pharmacological properties as an effective 
bactericide, fungicide [16], anti-inflammatory  [17], 
antioxidant  [18], antihypertensive [19], and 
anticancer [20]. They are back bone in several natural 
compounds with potent biological activity such as 
antineoplastic (uramustine, tegafur, and floxuridine), 
antibacterial (trimethoprim, piromidic acid, and 
metioprim), antifungal (flucytosine), antivirals 
(broxuridine and idoxuridine) anthelmintic (pyrantel 
embonate), vasodilators (dipyridamole and trapidil), 
parkinsonism (piribedil), liposaccharides, and 
antibiotics [21]. In addition, they play a vital role in the 
production of several drugs for thyroid, leukemia [22], 
herbicides [23], pyrimidine derivatives with docking 
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and biological active [24], pyrimidine Schiff base 
complexes with potent microbial activity  [25,26], 
antifungal [27,28], fluorescence quenching study in 
proteins, toxicity, and DNA interaction [29], and DNA 
binding studies [30]. Antioxidant and anticancer [31] 
many half-sandwich complexes worked as excellent 
catalyst for hydrogenation and for ring-opening 
metathesis polymerization [32]. Ni(II) complex 
acts as catalysts for ethylene polymerization [33], 
coordination polymers [34], electroactive ligands and 
complexes [35], and isomerism and geometric [36]. 
Some drugs are derived from pyramidal moiety.

To the best of our knowledge, no reports have 
been appeared till date in literature described the 
interaction of 5-bromopyrimidine and 4-bromo-
3-fluorobenzaldehyde (4-bromo-3-fluorophenyl)
(pyrimidin-5-yl)methanol (PYM) as ligand and its 
transition metal complexes. The aim of the present 
study was to synthesize the PYM through the Barbier 
reaction, and their transition metal complexes, 
evaluation of biological activities, and in silco 
molecular docking studies for cytotoxic activities are 
correlated.

2. EXPERIMENTAL
2.1. Materials and Physical Measurements
All of the chemicals and solvents were purchased 
from Merck Chemical Company and used as received 
without further purification, preparative “flash” 
Silica gel 60, and thin-layer chromatography plates 
type  Silica gel 60 F254 on aluminum sheets were 
purchased from Merck (Darmstadt, Germany). The 
human breast cancer (MCF-7) cell line was obtained 
from the National Center for Cell Science, Pune, India. 
Infrared (IR) spectra were recorded as KBr pellets in 
the Bruker Alpha Fourier-transform infrared (FT-IR) 
spectrometer, 1H nuclear magnetic resonance (NMR) 
was recorded on a Bruker DPX 400, and δ values 
were relative to the deuterated dimethyl sulfoxide 
(DMSO). Magnetic susceptibilities were measured 
at room temperature by the Gouy method, and C, 
H, and N determinations were undertaken using an 
Elementar Analysis System Gmb H Vario EL II. The 
molar conductance measurements were measured in 
a solution of the metal complexes in DMF (10−3 M) 
using Equip-Tronics EQ-660A conductivity meter, 
and mass spectra are recorded in a Quattro LC, Micro 
Mass spectrometry. Absorbance is measured using 
Systronics ultraviolet (UV)-visible spectrometer-119, 
and grain size of the powdered sample was measured 

by X-ray diffractometer (Philips X-pert pro 
diffractometer, PW 1830) at room temperature with 
CuKα (1.5418 A˚) radiation.

2.2. Synthesis of PYM
The ligand was synthesized according to the 
literature  [37]. 5-bromopyrimidine (6.2 mmol, 1  g) 
with 4-bromo-3-fluorobenzaldehyde (7.5 mmol, 
1.5  g) and the lithium powder (0.013 mol, 0.09  g) 
were introduced in about 20-30 mL of THF under an 
atmosphere of dry argon (Scheme 1). The reaction 
medium was placed in the ultrasound cleaning bath 
for 40  min. Elimination of the remaining lithium 
powder was then carried out using 8 mL ethanol. The 
reaction medium was then diluted with 10 mL of water 
and evaporated. The aqueous layer was extracted with 
ethyl acetate (4×10 mL). The organic layer was dried 
over magnesium sulfate and slowly evaporated. The 
crude product was purified by column chromatography 
on silica gel.

It was obtained as lightish-yellow solid in 59% yield; 
mp. 138-142°C; IR (KBr, cm−1): 3395 (-OH), 1594 (C=N), 
1489 (C=C),1H NMR: (400 Mz, DMSO- d6, ppm): δ 
3.18 (s, 1H, CH), 4.05 (broad, 1H, -OH), 7.21-8.70 (m, 
6H, Ar-H) (Figure 1), MS (m/z): 283.0.

2.3. Synthesis of Metal Complexes [1-4]
A hot methanolic solution of metal chlorides 
(0.331  g, 0.014 mol) in 10  mL was added dropwise 
to the methanolic solution (10 mL) of ligand (0.8 g, 
0.002 mol) with continuous stirring (Scheme 2). The 
resulting solution was refluxed for 4-6  h, and the 
solution was reduced to half of its initial volume. It 
was then allowed to stand overnight in a refrigerator. 
A  colored complex was precipitated, which was 
separated by filtration under vacuum. It was washed 
thoroughly with distilled water then with cold 
methanol and dried in vacuo over fused CaCl2 and was 
recrystallized from methanol [38].

[CuL2Cl2] (1): Green; yield 68%; mp, >212-214°C; 
mw, 698.6 g/mol; found for C22H14Br2Cl2CuF2N4O2: 
C: 39.17; H: 2.68; N: 8.09; M: 9.15, calculated for 
C: 39.07; H: 2.65; N: 8.11, and M: 9.18. UV-visible 
(DMF): λmax (logε) = 19,920. FT-IR (KBr/(cm−1): 
ⱱ(C=N)1572, ⱱ(C=C) 1488, ⱱ(M-O) 509, ⱱ(M-N) 
477. ΛM = 60.31 Ω−1.cm2.mol−1.

[CoL2Cl2] (2): Lightish brown; yield 63 %; 
mp, >210-213°C; mw, 694.0  g/mol; found for 
C22H14Br2Cl2CoF2N4O2: C: 39.24; H: 2.10; N: 8.11; M: 
8.09, calculated for C: 39.17; H: 2.15; N: 8.14, M: 8.11. 
UV-visible (DMF): λmax (logε) = 16,339, 14,534. FT-
IR (KBr/(cm−1): ⱱ(C=N)1573, ⱱ(C=C) 1481, ⱱ(M-O) 
509, ⱱ(M-N) 477. ΛM = 50.31 Ω−1.cm2.mol−1.

[NiL2Cl2] (3): Pale green; yield 60%; mp, >208-210°C; 
mw, 693.8  g/mol; found for C22H14Br2Cl2NiF2N4O2: 
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C: 39.11; H: 2.48; N: 8.09; M: 8.48, calculated for C: 
39.06; H: 2.51; N: 8.07, M: 8.52. UV-visible (DMF): 
λmax (logε) = 25,000, 2,00,015, 3840. FT-IR (KBr/
(cm−1): ⱱ(C=N)1531, ⱱ(C=C) 1480, ⱱ(M-O) 509, 
ⱱ(M-N) 477. ΛM = 52.31 Ω−1.cm2.mol−1.

[ZnL2Cl2] (4): Cremish White; yield 62%; mp, 
>214-216°C; mw, 700.05  g/mol; found for 
C22H14Br2Cl2F2N4O2Zn: C: 39.27; H: 2.58; N: 8.10; 
M: 9.35, calculated for C: 39.19; H: 2.55; N: 8.09, 
M: 9.28. FT-IR(KBr/(cm−1): ⱱ(C=N)1577, ⱱ(C=C) 

1489, ⱱ(M-O) 509, ⱱ(M-N) 477. ΛM = 55.38 Ω−1.
cm2.mol−1.

2.4. Molecular Docking Studies
Molecular docking of the synthesized compounds has 
been evaluated as per the previous work [39-41]. For 
cytotoxic molecular docking study (PDB code: 2A91), 
as EGFR kinase domain was used throughout the 
work, followed by actinoin as standards for docking 
studies, the docking results of the cytotoxic guided for 
wet analysis.

2.5. Antimicrobial Activity
All the synthesized complexes and ligand have been 
examined toward three bacterial and fungal strains 
using agar well-diffusion method [42]. All bacterial 
traces were maintained on nutrient agar medium 
at ±37°C, and fungal strains were maintained on 
potato dextrose agar at ±25°C. The test compounds 
had been dissolved in DMSO. Sample-loaded plates 
were inoculated with the microorganism incubated 
at 37°C for 24 h, and culture was incubated at 25°C 
for 60  h. DMSO as control and chloramphenicol 
and fluconazole is used as standards for bactericide 
and fungicide. The compounds were also tested for 
minimal inhibitory concentration (MIC) values [43].

2.6. Antioxidant Activity
The free radical scavenging activity of the ligand 
PYM and complexes was measured in vitro by 2, 
20-  diphenyl-1-picrylhydrazyl (DPPH) assay. The 
stock solution was prepared by dissolving 24 mg DPPH 

Figure 1: 1H nuclear magnetic resonance spectrum of (4-bromo-3-fluorophenyl)(pyrimidin-5-yl)methanol.

Scheme 1: Synthesis of (4-bromo-3-fluorophenyl)
(pyrimidin-5-yl)methanol.

Scheme 2: Synthesis of metal complexes.
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with 100 ml methanol and stored at 20°C until required. 
The working solution was obtained by diluting DPPH 
solution with methanol to attain an absorbance of about 
0.98±0.02 at 517 nm, and using the spectrophotometer, 
all the tested samples in various concentrations (50, 
75, and 100 µg/mL) were prepared in methanol, and 
the homogeneous solutions were achieved by stirring. 
Aliquot of test sample (1 mL) was added to 4 mL of 
0.004% (w/v) methanol solution of DPPH, and then, 
reaction mixture was vortexed for 1 min and kept at 
room temperature for 30 min in the dark to complete 
the reaction. The absorbance was read against blank at 
517 nm. The synthetic antioxidant BHT was used as 
positive control. The ability of the tested samples at 
tested concentration to scavenge DPPH radicals was 
calculated using the following equation [44].

Scavenging ratio (%) = [(Ai-Ao)⁄(Ac-Ao)]×100%

Where Ai is the absorbance in the presence of the 
test compound; A0 is absorbance of the blank in the 
absence of the test compound; Ac is the absorbance in 
the absence of the test compound.

2.7. In vitro Anticancer Activity-cell Culture
The human cancer cells (K-562 ATCC ® CCL-243™) 
and (MCF7-ATCC®  HTB 22™) were maintained 
in modified eagles medium supplemented with 10% 
FCS, 2% essential amino acids, 1% each of glutamine, 
nonessential amino acids, vitamins, and 100 U/mL 
penicillin–streptomycin. Cells were subcultured at 80-
90% confluence and incubated at 37°C in a humidified 
incubator supplied with 5% CO2. The stock cells were 
maintained in 75 cm2 tissue culture flask. The cytotoxicity 
effect of test samples was performed by 5-diphenyl-2H-

tetrazolium bromide (MTT) assay. Briefly, cultured cells 
(1×10‒6  cells/mL) were placed in 96 flat-bottom well 
plates; then, cells were exposed to different concentration 
of prepared samples (1-100  µg/mL) and incubated at 
37°C for about 24 h in 5% CO2 atmosphere. After 24 h 
incubation, MTT (10 µL) was added to the incubated 
cancer cells and further incubated at 37°C for about 4 h 
in the same environment. Thereafter, dissolved 200 µL 
of formazan crystals in of DMSO and monitored the 
absorbance at 578 nm with reference filter as 630 nm. 
The cytotoxicity effect was calculated as follows:

( ) Mean absorbanceof positiveCytotoxicity %  =  1- 100
Mean absorbanceof negative
 

× 
 

Cell viability (%) ꞊ 100 ‒ Cytotoxicity (%)

3. RESULTS AND DISCUSSION
3.1. Mass Spectrum
The mass spectrum of the ligand (Figure 2) obtained 
using Quattro LC; micro mass spectrophotometer 
showed the molecular ion peak at m/z 283.0 which 
matches with formula weight within the precision 
limit of ±0.02. Metastable ion(s) which is not observed 
represents the proposed fragmentation pattern of the 
ligand.

3.2. IR Spectroscopy
A comparative IR spectral study of the ligand (Figure 3) 
and its metal complexes has been recorded as KBr 
pellets (Figures 4 and 5). Some significant IR bands for 
the uncoordinated ligand and their metal complexes 
have been said above. The free ligand showed a strong 
band at 3395 cm−1 and a weak band at 3062 cm-1 which 
are attributed to ⱱ(-OH) and ⱱ(C-H), respectively, of 

Figure 2: Mass spectrum of ligand (4-bromo-3-fluorophenyl)(pyrimidin-5-yl)methanol.
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the aromatic group [45]. The IR spectrum of the ligand 
displayed a band at 1594 cm−1 due to the ⱱ(C=N) of 
pyrimidine ring [46]. In the spectrum of the ligand, the 
hypsochromic shift was observed for the ⱱ(C=N) band 
at 1.594 cm−1 assigned in the spectrum of the ligand. In 
the spectra of the complexes, the band due to ⱱ(C=N) 
showed a reduction in intensities between 1.594 and 
1.531cm−1 region observed due to the coordination 
to central metal ions [47] after the deprotonation of 
the hydroxyl group in the metal complexes [48]. In 
addition, the band due to cyclic(C=C) of ring was 
little bit shifted in all complexes. This shift indicates 
the involvement of the nitrogen in the coordination. 
This was further supported by the existence of new 
metal-ligand band in the complex spectrum ranging 

from 509-511 cm−1 for M-O band and 474-477 cm−1 
for M-N.

3.3. Electronic Spectra and Magnetic Moment 
Measurements
The molar conductance value indicates that all 
metal complexes behave as uni-bivalent nature. The 
UV-visible spectrum of the ligand and their metal 
complexes are recorded in DMF, and the values 
are reported in Table 1. The free ligand showed 
two recognizable absorption bands at 36,363 and 
32,362 cm−1 which would be due to the π–π* and 
n–π* transitions, respectively. The spectrum of the 
Cu(II) complex [1] showed an absorption band at 
19,920 cm−1 attributed to the transition2Eg → 2T2g 

Figure 3: Infrared spectrum of ligand ((4-bromo-3-fluorophenyl)(pyrimidin-5-yl)methanol).

Figure 4: Infrared spectrum of complex 1.
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and the magnetic moment values 1.77 B.M [49,50] 
which is consistent with proposed distorted octahedral 
geometry for Cu(II) complex. The Co(II) complex [2] 
showed absorption band at 14,534 cm−1 and 
16,339 cm−1 due to the transitions 4T1g(F)→4A2g(F) 
and 4T1g(F)→4A2g(P)(ⱱ2), respectively, and the 
Co(II) complex also showed a magnetic moment at 
4.57 B.M. These results suggested the presence of 
octahedral geometry for Co(II) complex [51,52]. The 
Ni(II) complex [3] showed three bands at 25,000 cm−1, 
20,000 cm−1, and 15,384 cm−1 which are assignable 
to 3A2g(F)→3T2g(F) (ⱱ1), 3A2g(F)→3T1g(F) (ⱱ2), and 
3A2g(F)→3T1g(P) (ⱱ3) transitions, respectively. The 
spectral data indicate that the Ni(II) ion is present in 
octahedral environment. The magnetic moment of 
Ni(II) complex is 2.74 B.M [53,54].

3.4. Powder X-ray Diffraction Study of Complexes
Powder X-ray diffract graph of the complexes was 
recorded over the 2θ = 0-80° range. The major peaks 
of relative intensity >10% were indexed using a 
computer program. The diffraction data such as angle 
(2  h), interplanar spacing (d), and relative intensity 
(%) have been summarized in Table 2, and from the 
data, all compounds show sharp crystalline peaks 
indicating their crystalline nature (Figure 6). The X-ray 
powder diffraction (XRD) patterns of all complexes 
are very similar and suggest that the complexes have 
identical structure. The average crystallite sizes of 
the complexes were calculated using the Sherrer’s 
formula [51]. The complexes 1, 2, 3, and 4 have a 
crystallite size of 17.99, 27.33, 31.33, and 26.03 nm, 
respectively, suggesting that the complexes are in a 
monoclinic crystalline system (Table 2), and the X-ray 
diffraction data of complex 1 are shown in Table 3.

3.5. Antimicrobial Activity
All the complexes including ligand showed 
inhibition property, among them, the complexes 1 

Figure 5: Infrared spectrum of complex 2.

Table 1: Electronic spectral data (cm−1) and magnetic 
values of PYM and its metal complexes.

Entry Transitions  
(cm−1)

Transitions µeff  
(BM)

PYM 36,363

32,362

π–π*

n–π*

‑

1 19,920 2Eg→2T2g 1.77
2 16,339

14,534

4T1g (F)→4A2g (P) (ⱱ2) 

4T1g (F)→4A2g (F)

4.57

3 25,435

20,000

15,384

3A2g (F)→3T2g (F) (ⱱ1)

3A2g (F)→3T1g (F) (ⱱ2)

3A2g (F)→3T1g (P) (ⱱ3)

2.74

4 Dia Dia
PYM: (4‑Bromo‑3‑Fluorophenyl)(Pyrimidin‑5‑yl) 
Methanol

Table 2: PXRD spectral data of 1‑4.

Complexes 2θ d Relative 
intensity

Full width at 
half maximum

1 26.69 3.33 100 0.4742
2 26.52 3.35 100 0.3119
3 26.66 3.34 100 0.2722
4 25.32 3.51 100 0.3268
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and 2 showed excellent antibacterial activity when 
compared to the standard (Table 4). The result of 
MIC values <25 µg/mL is presented in Table 5. The 
antifungal activity results indicate that the PYM 
and complexes 3, 4 exhibited the least activity and 
the other two complexes 1 and 2 showed promising 
activity.

3.6. Antioxidant Activity
The antioxidant activities of the metal complexes and 
ascorbic acid (standard) as found by scavenging DPPH 
radical are shown in Figure 7. When the concentration 
of compounds was increased from 50 µg/ml to 
100 µg/ml, DPPH radical scavenging activities were 
increased. The Co(II) and Cu(II) complexes showed 
excellent DPPH radical scavenging activity, whereas 
the Ni(II), Zn(II), and ligand PYM showed moderate 
inhibition. The radical scavenging activity of the 
compound depends on the structural factors such as 
hydroxyl and other structural features present in the 
coordination of ligand to the metal ions. The order of 
antioxidant activity of the complexes is ascorbic acid 
>Cu(II)> Co(II)>Ni(II)>Zn(II)>PYM.

3.7. Molecular Docking Study
The EGFR tyrosine kinase was reported several times 
as target for the inhibition of cancer cells. Therefore, 
all the four complexes used to study the effect docking 
inside the active site of EGFR kinase domain with a 
binding energy values in the range of −272-−314 kcal 
mol−1 as tabulated in Table 6. The molecular docking 
results revealed that complex 1 has the best binding 
energy values −314 kcal mol−1 for the EGFR kinase 
domain inhibited complex formation by forming a 
four hydrogen bonds with GLY7 with bond distances 
0.66 Aº, 2.58 Aº, 2.66 Aº, and 2.75 Aº; three hydrogen 
bonds with THR8 with bond distances 1.79 Aº, 2.95 
Aº, and 3.11 Aº; two more hydrogen bonds with three 

Figure 6: Powder X-ray powder diffraction spectrum 
of complexes 1 and 2.

Figure 7: Antioxidant activity DPPH method.

Table 3: X‑ray diffraction data of 1.

Peak No. 2θ θ Sinθ h k l d Intensity a in Å
Cal Obs

1 12.02 6.01 0.1047 462 7.35443 7.3544 160.92 3.62
2 14.30 7.15 0.1244 469 6.18663 6.1865 100.83 3.62
3 14.77 7.385 0.1285 711 5.99109 5.9911 164.94 3.62
4 15.26 7.63 0.1327 702 5.79892 5.7981 185.13 3.62
5 16.07 8.035 0.1397 721 5.50830 5.5082 434.99 3.62
6 16.66 8.33 0.1448 827 5.31470 5.3146 200.72 3.62
7 18.11 9.055 0.1573 450 4.89402 4.8939 48.89 3.62
8 19.20 9.6 0.1667 120 4.61859 4.6185 407.78 3.62
9 20.12 10.06 0.1746 837 4.40956 4.4095 198.65 3.62
10 26.69 13.345 0.2308 237 3.33660 3.3365 989 3.62
11 30.19 15.095 0.2604 553 2.95710 2.9570 136.52 3.62
12 31.92 15.96 0.2749 454 2.80065 2.8006 75.58 3.62
13 33.16 16.58 0.2853 362 2.69969 2.6996 40.09 3.62
14 35.89 17.945 0.3081 413 2.50001 2.5000 62.37 3.62
15 37.59 18.795 0.3221 410 2.39050 2.3904 96.78 3.62
16 39.35 19.675 0.3366 480 2.28740 2.2873 82.15 3.62
17 42.74 21.37 0.3643 361 2.11390 2.1138 60.44 3.62
18 48.15 24.075 0.4079 1.88799 1.8879 91.68 3.62
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different amino acids are THR6, ASP9, and MET10 
with bonds distances 2.78 Aº, 2.80 Aº; 2.48 Aº, 3.01 
Aº; and 1.62 Aº, 1.76 Aº, respectively, and finally, a 
single hydrogen bonds with three different amino acids 
are ASN38, LYS11, and GLY37 with bond distances 
2.19 Aº, 2.91 Aº, and 2.96 Aº, respectively. The other 
interacting amino acids were ASN467, SER442, 
GLY418, ASN467, ASN38, THR8 and GLY418, 
ASN417, GLU40, LEU28, LEU415, and TYR29 as 
shown in Figure 8. The complex 2 (−292 kcal mol−1) 
formed three hydrogen bonds with GLY7 with bonds 
distances are 2.02 Ao, 2.60 Ao, and 3.05 Ao and two 

more hydrogen bonding with two different amino acids 
are THR8 and ALA419 with bonds distances are 1.80 
Ao, 2.04 Ao and 2.28 Ao, 3.15 Ao, respectively. The 
other interacting amino acids were ARG13, GLY37, 
GLN36, GLY37, GLN36, THR8, HIS469, ALA419, 
LEU415, and LEU28 as shown in Figure 9. Even 
though the complexes 3 (-284 kcal mol−1) and 4 (−272 
kcal mol−1) are having good docking energy values 
than the standard actinoin (−235.99 kcal mol−1), these 
complexes were not forming having hydrogen bonding 
interactions with EGFR tyrosine kinase receptor than 
complexes 1 and 2. The complexes 3 and 4 interact 
with active sites of EGFR tyrosine kinase with amino 
acid residues are ARG13, GLY37, GLN36, GLY37, 
GLN36, THR8, HIS469, ALA419, LEU415, and 
LEU28.

The binding value of complexes 1 and 2 showed the 
better cytotoxicity property than the rest of complexes. 
The obtained results provide a sufficient explanation 
and good compromise between docking scores and in 
vitro results of antibacterial and cytotoxicity activity.

3.8. Cytotoxicity
The results of cytotoxic activity are tabulated in Table 
7; the reliable criteria for judging the efficacy of 
any anticancer drug are the prolongation of lifespan, 

Table 5: Antimicrobial activity.

Entry MIC of the compounds in 25 µg/mL
Staphylococcus aureus Bacillus subtilis Escherichia coli Staphylococcus 

coccus
Candida 
albicans

Aspergillus 
niger

PYM 10 ‑ 12 09 08 ‑
1 19 20 22 17 13 22
2 17 21 17 19 12 15
3 13 13 14 11 09 10
4 11 14 13 08 06 09
PYM: (4‑Bromo‑3‑Fluorophenyl)(Pyrimidin‑5‑yl) Methanol

Table 6: Cytotoxic docking scores.

Entry Receptor 
PDB code

∆G (Kcal/mol) With 
MurB

PYM 2A91 −192.37
1 2A91 −314.98
2 2A91 −292.85
3 2A91 −284.97
4 2A91 −272.12
Actinoin (STD) 2A91 −235.99
PYM: (4‑Bromo‑3‑Fluorophenyl)(Pyrimidin‑5‑yl) 
Methanol

Table 4: Antimicrobial data of PYM and their complexes.

Entry Antibacterial zone of inhibition in mm (mean±SD) Antifungal zone of inhibition in 
mm (mean±SD)

Staphylococcus aureus Bacillus 
subtilis

Escherichia 
coli

Staphylococcus 
coccus

Candida 
albicans

Aspergillus 
niger

PYM 03±0.3 05±0.2 05±0.7 05±0.4 04±0.1 ‑
1 13±0.1 15±0.1 12±0.3 08±0.4 09±0.1 08±0.3
2 14±0.3 12±0.4 10±0.2 07±0.2 08±0.3 07±0.3
3 06±0.2 ‑ 0.7±0.3 05±0.6 ‑ 04±0.3
4 05±0.1 10±0.1 06±0.1 05±0.1 03±0.1 05±0.1
Chloramphenicol 15±0.2 16±0.3 13±0.3 12±0.2 11±0.4 13±0.3
Fluconazole ‑ ‑ ‑ 16±0.2 12±0.1 11±0.3
DMSO 0 0 0 0 0 0
SD: Standard deviation, PYM: (4‑Bromo‑3‑Fluorophenyl)(Pyrimidin‑5‑yl) Methanol
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improving the clinical, hematological, biochemical 
profile, and reduction in viable tumor cell count in the 
host. In order to evaluate the biological effects of the 
ligand, and its 1, 2, 3 and 4 on cancer cells to treat 
human breast cancer (MCF7) and K-562 cell lines at 
the concentrations of 80, 90, 100, 110, 120, >130 and 

>200 µg/mL for 48 h. The untreated cells were used 
as a control. The cell growth inhibition was analyzed 
by the MTT assay, and the results showed that the 
complexes and the ligand exhibited an inhibitory effect 
on the proliferation of MCF7 and K-562 cell lines in 
a dose-dependent manner. Among them, complexes 
1 and 2 showed the most potent inhibitory effect on 
the growth of both the MCF-7 and K-562 cells lines 
compared to the uncoordinated ligand.

4. CONCLUSION
In this study, a novel ligand (4-bromo-3-fluorophenyl)
(pyrimidin-5-yl) methanol (PYM) has been 
synthesized through Barbier type reaction, and a 
series of Cu(II),Co(II),Ni(II), and Zn(II) ion complexes 
has been prepared and structurally characterized. The 
deprotonated pyrimidine moiety acted as a bidentate 
ON-donor ligand, and the complexes Cu(II) and Co(II) 

showed significantly enhanced antibacterial and 
antifungal activity against microbial and antifungal 
strains in comparison to free ligand and the rest 

Table 7: Cytotoxicity activity of ligand and 
complexes.

Tested 
samples

Inhibitory effect on cell lines (IC50)
MCF‑7 (%) K‑562 (%)

PYM >120 µg/mL (53.38) >120 µg/mL (52.11)
1 110 µg/mL (65.16) 100 µg/mL (63.42)
2 120 µg/mL (64.79) 110 µg/mL (66.23)
3 100 µg/mL (55.19) 90 µg/mL (54.36)
4 80 µg/mL (52.16) 90 µg/mL (53.12)
PYM: (4‑Bromo‑3‑Fluorophenyl)(Pyrimidin‑5‑yl) 
Methanol

Figure 8: Interaction of 1 with amino acids of 2A91 (a), (b) 3D and 2D interactions 1 (ball and stick model 
oxygen-red, nitrogen-blue) protein receptor (stick model) structure of the complex (c) structure with hydrogen 
bonding.

cba

Figure 9: Interaction of 1 with amino acids of 2A91 (a), (b) 3D and 2D Interactions 1 (ball and stick model 
oxygen-red, nitrogen-blue) protein receptor (stick model) structure of the complex (c) structure with hydrogen 
bonding.

cba
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of complex. The uncoordinated ligand and metal 
complexes are screened for antioxidant activity, 
among them, Cu(II), Co(II), and Ni(II) complexes 
showed fairly good activity in DPPH scavenging. The 
results of computational docking studies promote to 
evaluate in vitro cytotoxic activity. The Cu(II) and Co(II) 
complexes exhibited more in vitro cytotoxic activity 
with highest efficacy and exhibited >66% inhibition, 
and finally, all complexes are crystalline nature. 
Nevertheless, this research work could be a good start 
point to further studies.
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