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Abstract New ligand (E)-4-((dimethylamino)methyl)-2-((4,5-dimethylthiazol-2-yl)diazenyl)phenol

(HDmazo) was prepared by the coupling reaction between 4,5-dimethylthiazol-2-amine and 4-((d

imethylamino)methyl)phenol. Moreover, the [MCl2(HDmazo)] and [M(HDmazo)2] [MII = Pd

and Pt] were prepared using the direct reaction of equivalent molar of HDmazo and Na2PdCl4
or K2PtCl4. The HDmazo and its complexes were investigated by different spectroscopic tech-

niques. In complexes (1–2) HDmazo ligand behaves as bidentate style through the nitrogen of

azo group and nitrogen of thiazole ring towards Pd(II) and Pt(II). Or in a bidentate fashion via

the oxygen atom of the hydroxylate group and nitrogen atom of azo group as mono-anion in com-

plexes (3–4). Further, the study of biological activity against four pathogenic bacteria showed that

compound (3) exhibited good activity compared to other compounds. Additional the anti-tumor

action against A2870 cell lines was screened, and the complexes (1) and (2) displayed good activity
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with 7.45 ± 0.98 mM and 13.23 ± 1.43 mM, respectively. The binding mechanism of the prepared

compounds with EGFR tyrosine kinase, was investigated using molecular docking experiments.

� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In our daily lives, heterocyclic compounds are extremely inter-

esting. Any number of hetero-atoms can be found in a hetero-
cyclic compound. The most prevalent hetero-cycles are those
with five or six members and include hetero-atoms of sulfur,
oxygen, or nitrogen. Simple heterocyclic compounds such as

pyrimidine, pyrrolidine, pyrroles, and thiophene are well-
known examples [1].

The azo dyes have good stability and strong dyeing strength

qualities, which are used in many different fields. They have a
molecular structure, nonlinear optics, antibacterial activity,
and absorption characteristics. The inquiry into the cutting-

edge molecular optical characteristics of the azo dyes has been
documented in the literature [2]. In the last many decades, the
synthesis and characterization of many azo dyes containing
thiazole rings in a structure such as 2-[20-(5-nitrothiazolyl)az
o]-4-methoxyphenol [3], 2-[20-(6-methoxy benzothiazolyl)azo]-
4-ethoxyphenol [4], 2-[2- (4,5-Dimethyl thiazolyl)azo]- 4-
methoxy phenol [5], 4-methyl-5-(4-acetylphenyldiazenyl)thia

zol-2-amine [6], etc. [6–10]. The development of coordination
chemistry has benefited greatly by the use of azo dyes with thi-
azole rings [2]. These substances are useful because they have a

wide range of uses in biological, electrochemical, and analyti-
cal research [11–17]. Due to their potential for cytotoxicity,
antibacterial, antimycobacterial, and antioxidant properties,

the complexes of divalent ions with heterocyclic ligands con-
taining S and N atoms have been widely studied [11–18].

In this work, we describe the preparation and identification
of the azo ligand (E)-4-((dimethylamino)methyl)-2-((4,5-dime

thylthiazol-2-yl)diazenyl)phenol and complexation with palla-
dium(II) and platinum (II) ions. The HDmazo and its com-
plexes were examined against the bacteria Escherichia coli,

staphylococcus aureus, Klebsiella pneumoniae and Pseudomonas
aeruginosa. In addition, we studied the interactions established
between the EGFR tyrosine kinase and prepared compounds

using molecular docking.
2. Experimental part

2.1. Material and instruments

All chemicals and solvents were purchased from commercial
vendors such as Fluke, BDH, and Aldrich and used without
purification. Uncorrected melting points were measured using
a Gallenkamp melting point instrument. In the 400–4000 cm�1

range of the Shimadzu FT-IR 8400 spectrophotometer was
used to record the IR spectra (in KBr disk). NMR spectra were
recorded (DMSO d6) on a JEOL resonance (500 MHz) NMR

spectrometer using TMS as an internal standard. CHN analy-
sis was recoded using thermo-GS 352 apparatus.
2.2. Synthesis of (E)-4-((dimethylamino) methyl)-2-((4, 5-
dimethylthiazol-2-yl)diazenyl)phenol (HDmazo)

The azo dye ligand was prepared and isolated in similar
method describe by A. S. Waheeb et al. [8] using coupling reac-

tion between 4,5-dimethylthiazol-2-amine and 4-((dimethyla
mino)methyl)phenol in equivalent molar.

HDmazo: Bright yellow solid. Yield: 79 %. Anal. calc. for

C14H18N4OS: C, 57.91; H, 6.25; N, 19.29. Found: C, 58.11;
H, 6.31; N, 19.41 %. IR (KBr): 3357 m(OAH); 3080, 3039 m
(CAH aromatic); 2960, 2891m(CAH aliphatic); 1623 m(C‚N thiazole

ring); 1568m(C‚C); 1496m(N‚N); 1353m(CH3 bending, rock));

1244m(CAN);1182m(CH3 wag); 750m(oop CAH bending) cm�1.
1H NMR (DMSO d6): d 2.09(s, 6H, CH3 13,130), 2.29(s, 3H,
CH310), 2.55(s, 3H, CH311), 3.76(s, 2H, CH212), 7.36(d, 1H,

J 8.00 Hz, H5), 7.46(d, 1H, J 8.00 Hz, H6), 7.62(s, 1H, H3),
9.94(s, 1H, OH).ppm. Melting point: 189–192 �C.

2.3. Synthesis of [PdCl2(HDmazo)](1)

An ethanolic solution of (E)-4-((dimethylamino)methyl)-2-((4
,5-dimethylthiazol �2-yl)diazenyl)phenol (HDmazo) (0.150 g,

0.517 mmol) in (20 ml) was added to a solution of Na2PdCl4
(0.152 g, 0.517 mmol) in distal water (10 ml), in round bottom
flask (50 ml), with stirring. The color of mixture was changed
to bright brown. The mixture was refluxed for 5 h, then a

bright brown ppt was formed, then filtered off, washed in sev-
eral time with distal water and ethanol and dried under vac-
uum. The product was recrystallized from DMSO/EtOH.The

[PtCl2(HDmazo)](2) complex was prepared and isolated in
similar method describe above.

2.3.1. [PdCl2(HDmazo)] (1)

Bright brown solid. Yield: 0.237 g, 87 %. Anal. calc. for C14-
H18Cl2N4OPdS: C, 35.95; H, 3.88; N, 11.98. Found: C,
36.08; H, 4.29; N, 12.24 %. Molar conductivity in DMSO:

11.32 (X�1 cm�1 mol�1). IR (KBr); 3413 m(OAH); 3014 m
(CAH aromatic); 2942m(CAH aliphatic); 1587 m(C‚N thiazole ring);
1544m(C‚C); 1460m(N‚N); 1353m(CH

3 bending (rock)
); 1242m

(CAN);1197m(CH3 wag); 740m(oop CAH bending), 443m(Pd-N).
1H NMR (DMSO d6): d 2.10(s, 6H, CH3 13,130), 2.30(s, 3H,
CH310), 2.58(s, 3H, CH311), 3.90(s, 2H, CH212), 7.35(d, 1H,
J 8.00 Hz, H5), 7.45(d, 1H, J 8.00 Hz, H6), 7.62(s, 1H, H3),

9.87(s, 1H, OH). ppm. Melting point: 273–275 �C.

2.3.2. [PtCl2(HDmazo)] (2)

Reddish yellow solid. Yield: 0.214 g, 80 %. Anal. calc. for
C14H18Cl2N4OPtS: C, 30.22; H, 3.26; N, 10.07. Found: C,
30.41; H, 3.37; N, 10.30 %. Molar conductivity in DMSO:
16.71 (X�1 cm�1 mol�1). IR (KBr); 3413 m(OAH);

3014 m(CAH aromatic); 2921, 2823 m(CAH aliphatic); 1582 m
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(C‚N thiazole ring); 1544m(C‚C); 1460m(N‚N); 1353m(CH3

bending (rock)); 1242m(CAN);1197m(CH3 wag); 740m(oop CAH

bending), 441m(Pt-N) cm�1. 1H NMR (DMSO d6): d 2.02(s,

6H, CH3 13,130), 2.24(s, 3H, CH310), 2.71(s, 3H, CH311),
3.80(s, 2H, CH212), 7.42(d, 1H, J 8.00 Hz, H5), 7.52(d, 1H,
J 8.00 Hz, H6), 7.72(s, 1H, H3), 10.13(s, 1H, OH). ppm. Melt-

ing point: 203–205 �C.

2.4. Synthesis of [Pd(Dmazo)2](3)

An ethanolic solution of (E)-4-((dimethylamino)methyl)-2-((4
,5-dimethylthiazol �2-yl)diazenyl)phenol (HDmazo) (0.300 g,
1.124 mmol) in (20 ml) containing some drops of Et3N as a

base, was added to an aqueous solution of Na2PdCl4
(0.152 g, 0.517 mmol) in (10 ml), with stirring. A reddish
brown ppt was formed directly. The combination was stirred
for 3 h, then the ppt afforded was filtered off, washed several

times with distal water and ethanol, and dried under vacuum.
The product was recrystallized from DMSO/EtOH. The [Pt
(Dmazo)2](4) complex was prepared and isolated in a similar

method described above.
2.4.1. [Pd(Dmazo)2] (3)

Dark brown solid. Yield: 0.178 g, 91 %. Anal. calc. for C28-

H34N8O2PdS2: C, 49.08; H, 5.00; N, 16.35. Found: C, 49.03;
H, 5.25; N, 16.42 %. Molar conductivity in DMSO: 10.07
(X�1 cm�1 mol�1). IR (KBr); 3060 m(CAH aromatic); 2921 m
(CAH aliphatic); 1595 m(C‚N thiazole ring); 1544m(C‚C); 1452m
(N‚N); 1350m(CH3 bending (rock)); 1238m(CAN);1188m(CH3

wag); 763m(oop CAH bending), 551m(Pd-O); 441 m(Pd-N) cm�1.
1H NMR (DMSO d6): d 2.09(s, 6H, CH3 13,130), 2.29(s, 3H,
CH310), 2.64(s, 3H, CH311), 3.87(s, 2H, CH212), 7.44–7.62
(m, 3H, J 8.00 Hz, H3,5,6). ppm. Melting point: 256–258 �C.

2.4.2. [Pt(Dmazo)2] (4)

Dark brown solid. Yield: 0.159 g, 79 %. Anal. calc. for C28-
H34N8O2PtS2: C, 43.46; H, 4.43; N, 14.48. Found: C, 43.51;

H, 4.69; N, 14.63 %. Molar conductivity in DMSO: 14.23
(X�1 cm�1 mol�1). IR (KBr); 3060 m(CAH aromatic); 2921 m
(CAH aliphatic); 1595 m(C‚N thiazole ring); 1544m(C‚C); 1452m
(N‚N); 1350m(CH3 bending (rock)); 1238m(CAN);1188m(CH3

wag); 763m(oop CAH bending), 548m(Pd-O); 437 m(Pd-N) cm�1.
1H NMR (DMSO d6): d 2.14(s, 6H, CH3 13,130), 2.36(s, 3H,
CH310), 2.71(s, 3H, CH311), 3.86(s, 2H, CH212), 7.23–7.72

(m, 3H, J 8.00 Hz, H3,5,6). ppm. Melting point: 281–282 �C.
2.5. Anti-bacterial studies

The anti-bacterial activity study of azo dye ligand and their
complexes were screened against Escherichia coli, staphylococ-
cus aureus, Klebsiella pneumoniae and Pseudomonas aeruginosa
by diffusion method agar describe by Baurer et al. [19] in 10-3

M of DMSO solution, and the results were compared with
gentamicin as the positive control and DMSO as negative con-
trol. Then, the established inhibition zone was measured. The

activities of the azo dye ligand and its complexes were estab-
lished by calculating the activity index (AI).
Also the free ligand and its complexes were examined
against similar pathogenic bacteria to calculate the minimal
inhibitory concentrations (MIC) using a micro-dilution

method describe by Baurer et al. [19]. The study was carried
out on Muller-Hinton agar (37 �C, 24 h). The compounds
(10, 20, 40, 80, 100, 150, 200, 400 lg/mL) were examined for

antimicrobial activity against the bacterial species. Gentamicin
and Amoxicillin were used as standard for comparison of
antibacterial activity under similar conditions.

2.6. Anti-cancer studies

The anti-tumor activity of free ligand (LH) and their com-

plexes (1–4) were examined against human liver carcinoma
cells (HepG-2) and breast carcinoma cells (MCF-7) by proce-
dures describe by Tan et al. [20] using a 3.5 � 103 and
2.8 � 103 cells for (MCF-7) and (A569). The viability-

percentage was premeditated, and the IC50 value was recorded
by plotting the percentage viability against the concentration
of the test compound on a logarithmic scale using the

Graph-Pad Prism 9 software.

2.7. Molecular docking

The molecular docking study was done private the pockets of
(EGFR tyrosine kinase) by using MOE 19.0901 Software. The
binding site was operated, within crystal protein (PDB codes:
4HJO) (https://www.rcsb.org). At first, water molecules and

unnecessary atoms were removed then minimization was done
to give our protein the best conformation. The tested com-
pounds were generated and drawn by Chem-draw 2017 soft-

ware. Then the molecules were ready after doing the quick
preparation option. Docking was done and all results were col-
lected in Table 4 containing affinity scores of our compounds

against EGFR tyrosine kinase.

3. Result and discussion

3.1. Synthesis

Treatment equivalent molar of ethanolic solution of (E)-4-((d
imethylamino)methyl)-2-((4,5-dimethylthiazol-2-yl)diazenyl)p
henol ligand (HDmazo) with an aqueous solution of sodium

tetrachloro palladate(II) or potassium tetrachloro platinate
(II) (Scheme 1), afford complexes of the following type [MCl2(-
HDmazo)] [where MII = Pd (1) or Pt (2)]. The results suggest
that the HDmazo ligand behaves as bidentate style through the

nitrogen of azo group and nitrogen of thiazole ring towards Pd
(II) or Pt(II) to afford square planner around metal ions with
two chloride ions.

Whereas the treatment two equivalents of azo ligand
(HDmazo) with one equivalent of Na2PdCl4 or K2PtCl4 salts
in present KOH as a base gave [M(Dmazo)2]complexes (3,4)

(Scheme 2), the results indicated that the anion ligand
(Dmzao�) acts as bidentate fashion through the oxygen atom
of hydroxyl group and nitrogen atom of azo group to produce
a square planer geometry around metal ions. The synthesized

complexes were investigated using CHN analysis, IR, NMR,



Scheme 1 Preparation of complexes (1, 2).

Scheme 2 Preparation of complexes (3, 4).
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mass spectroscopy, and molar conductivity measurements are
listed in the experimental section.

3.2. Mass spectrum of HDmazo ligand

The mass spectrum of the 3(E)-4-((dimethylamino)methyl)-2-

((4,5-dimethylthiazol-2-yl)diazenyl)phenol ligand (Fig. 1)
shows the peak which represents the commonest fragment
ion to be formed for the HDmazo ligand (m/z= 290.4), C14-

H18N4OS (m/z: 290.12)(This peak due to the HDmazo ligand),
C14H17N4S

� (m/z = 274.12), C11H10N3OS� (m/z = 233.05),
C9H12N3O

� (m/z = 174.10), C9H12N2O
2� (m/z = 164.09), C9-

H12NO� (m/z = 150.09), C5H6N2S
2� (m/z= 126.03), C6H4N2-

O2� (m/z= 120.03), C6H5
� (m/z: 77.04) (Scheme 3). The mass

spectra of the [PdCl2(HDmazo)](1) and [PtCl2(HDmazo)](2)
showed the main fragment peaks for these complexes. The

molecular weight of complex (1) is (467.71 g/mol) was assigned
to the base m/z (C14H18Cl2N4OPdS) = 468.4 peak (Figure S1).
While the molecular weight of complex (2) is (556.37 g/mol)

and the peak at m/z (C14H18Cl2N4OPtS) = 557.9 which repre-
sented to this complex (Figure S2).
3.3. IR spectra

The infrared spectrum of the azo-derivative ligand (Figure S3)
showed four distinct bands, which belong to m(OH), m
(C‚N)thiazole, m(N‚N), and m(CAN) at 3357 cm�1,

1623 cm�1, 1496 cm-1and 1244 cm�1, respectively. This
enhanced the formation of azo derivative due to the disappear-
ance of mNH2 of amine and appeared of a band (N‚N) that

was not present in the IR spectrum of the 4-
((dimethylamino) methyl)phenol. Also, the infrared spectra
showed the m(CAH) stretching of the aliphatic and aromatic

groups within the range (2891–3080) cm�1.
The comparison of IR data of the [MCl2(HDmazo)] [where

MII = Pd (1) or Pt (2)] (Figure S4) with IR of free ligand des-

ignated after over a shift of the distinguishing bands of the
functional groups included in the bonding to the ion. Broad-
band shown in IR spectra of the complexes at 3413 cm�1 for
the complexes assigned to the m(OAH), the slightly shifted of

this band compared with that of free ligand, indicating that
OAH group doesn’t participate in bonding [21–22]. The
stretching of the m (N‚N) group has shifted towards lower



Fig. 1 Mass spectrum of HDmazo ligand.

Scheme 3 The fragmentation pattern of HDmazo ligand.
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frequencies than in the free ligand (1623) cm�1, and this indi-
cates the coordination of the ligand with ions via nitrogen
atom [23–24], and also a shift in the stretching frequency of

m(C‚N) (which showed at 1587 and 1582 cm�1) compared
to its value in ligand, and this indicates the consistency of
the ligand with metals through nitrogen atom [25–29].

It is noticed through the IR spectra of complexes (3) and (4)
(Figure S5 and S6) disappearance the frequencies of the OH
group band that was appearing in the HDmazo free at

(3357) cm�1, which enhances the deprotonation and coordi-
nating with the ions through the oxygen of hydroxylate group
as an anion, The involvement of this group in complex forma-
tion is apparent from the redshift of mC-O due to CAOAM

bond formation [21–22,30–32]. The frequency of the azo group
m(-N‚N-) was shifted to lower frequencies compared to its
value in the free ligand, and this indicates the coordinated

through the nitrogen atom of the azo group. As well as the
IR spectra displayed new bands that were not present in the
spectrum of free ligand at (441, 437) and (545, 548) cm�1

attributed to the m(M�O) and m(M�N), respectively. This
indicates the bonding of the metal with the ligand through
nitrogen and oxygen atoms [24–29,33].

3.4. NMR spectra

The 1H NMR spectrum of the HDmazo ligand (Figure S7)
showed four singlet peaks in the shielding area at

dH= 2.09 ppm, 2.29 ppm, 2.55 ppm, and 3.76 ppm attributed
to the protons three methyl groups and one methylene group
respectively, and its integration indicates that it corresponds

to the number of protons. Whereas the protons of the phenyl
ring are displayed as three separated peaks at dH= 7.36 ppm
(d, H5), 7.46 ppm (d, H6), and 7.62 ppm (s, H3). The comple-

mentarity of each of the three peaks of the phenyl ring indi-
cates that they correspond to one proton. Also, the spectrum
showed the proton of the hydroxyl group at dH= 9.94 ppm.

This peak is showed in the 1H NMR spectra of complexes
(1) and (2) at dH= 9.87 ppm, and 10.13 ppm, the slightly
shifted of this peak compared with that of free ligand, indicat-
ing that OAH group doesn’t participate in bonding with metal

ions(Figure S8). While this peak was disappearance in the in
the 1H NMR spectra of complexes (3) and (4) (Figure S9 and

S10), which enhances the deprotonation and coordinating with

the ions through the oxygen of hydroxylate group as an anion.
The protons of methyl and methylene group exhibited in sim-
ilar position or slightly shift compared with free ligand. The

chemical shifts of the azo dye ligand and its complexes are
listed in the experimental section.

The 13C–1H NMR spectrum of the HDmazo (Fig. 2) dis-
played the chemical shifts of carbons of methyl groups C10,

C11, C13 and C12 at dC= 16.01 ppm, 24.30 ppm,
49.06 ppm, and 66.25 ppm respectively. The carbons of phenyl
rings and thiazole ring showed within dC= 125.06 –

166.86 ppm.

3.5. Anti-bacterial studies

The development of novel bacterial strains that are resistant to
modern antibiotics is a serious issue for public health. There-
fore, it’s important to discover substitute substances that have

drug-like properties. Recently, scientists have examined the
production of novel metal complexes with novel chemical
ligands and evaluated their antibacterial efficacy.

In this study, we measured the diameter inhibition zone

(DIZ), and activity index of the tested compounds against S.
aureus, E.coli, K. pneumoniae and P. aeruginosa, in compared
with gentamicin as positive control and DMSO (the solvent)

as negative control (which no antimicrobial properties by
itself) (Table 1). The activity index (A.I.) values of the synthe-
sized comps were calculated affording to the following

equation:

Activity index ð%Þ ¼ Inhibition zone of compound

Inhibition zone of standard
� 100%

The results indicated that azo dye ligand and its complexes

(1–4) have good activity against the pathogenic bacteria, and
their activity was in the following order:

(3) > (1) > (2) > (4) > HDmazo

The palladium complexes have a stronger antibacterial
behavior against all pathogenic bacteria compared with free
ligand and platinum complexes. Further, the [Pd(Dmazo)2]
(3) showed a highest activity than the other compounds. Addi-

tional, this complex has a highest towards Escherichia coli as
well as Staphylococcus aureus that other bacteria species.

There are two possibilities that might account for this

expansion in complex activity:

(1) The overtone idea [34] holds that an antibacterial com-

pound’s solubility in the lipids that make up the cell
membrane, which only allows the passage of soluble
components, has a considerable impact on its antibacte-
rial effectiveness.

(2) Tweedy’s chelation hypothesis [35], which describes how
a metal ion’s polarity can be greatly reduced by the orbi-
tal overlap of the ligand and the positive charge division

of the core metallic ion with the donor atoms of the
ligand.

The results showed in Fig. 3, which indicated that the [Pd
(Dmazo)2] (3) complex has the highest activity index, whereas
the HDmazo has a lowest activity index.

In addition the minimum inhibition concentration of the
(E)-4-((dimethylamino)methyl)-2-((4,5-dimethylthiazol-2-yl)di
azenyl)phenol ligand and its complexes were examined against
four bacteria species, using a micro-dilution method. The

antibacterial activity of prepared compounds was moderate
to good, with MIC ranging from 10 to 400 mg/mL, and the
results are recorded in Table 2. The prepared complexes

showed good activity and are equal or more activity than the
Amoxicillin drug, but lowest than Gentamicin drug. The order
of activity can be presented as follows:

(2) > (1) > (3) > (4) > HDmazo
The best activity was achieved for complex (1) with MIC 80

and 100 mg/mL, for the four bacterial species respectively.
Whereas the complex (4) and free ligand displayed a lowest

activity against pathogenic bacteria. Other results are listed
in Table 1.

3.6. Cytotoxicity studies

The second biggest cause of death worldwide in the twenty-
first century is cancer. According to the American Cancer Soci-



Fig. 2
13C NMR spectrum of HDmazo ligand.

Table 1 Diameter inhibition zone (DIZ in mm) and activity index (A.I. in %) of the synthesized compounds.

Seq. S. aureus P. aeruginosa K. pneumoniae E.Coli

DIZ A.I. DIZ A.I. DIZ A.I. DIZ A.I.

HDmazo 18 62 14 47 11 44 19 61

1 23 79 21 70 16 64 23 74

2 20 69 19 63 15 60 20 65

3 25 86 23 77 19 76 27 87

4 21 72 21 70 16 64 22 71

Gentamicin 29 100 30 100 25 100 31 100
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ety Cancer Facts & Figures 2020 [36], compared to other dis-
eases, cancer accounts for about one out of every-six fatalities

globally. Numerous anticancer drugs are already available on
the market, but their widespread usage has been constrained
by issues such as toxicity, adverse effects, limited effectiveness,

non-specificity, and low water solubility [37]. In order to put
an end to the cancer ghost, there is a constant need for the cre-
ation of new and promising cancer chemotherapeutic treat-

ments [38–39].
Thus, the in vitro cytotoxic effects of the new azo dye

ligand and its Pd(II) and Pt(II) complexes (1–4) have been
tested by MTT assay against liver carcinoma cells (HepG-2)

and breast carcinoma cells (MCF-7), in comparison to the cis-
platin as a positive control. The IC50 values estimated for the
tested compounds are listed in Table 3 and Fig. 4, referred that

all compounds have good activity against cell lines. In general,
[PdCl2(HDmazo)] complex is significantly more potent than
other complexes and free ligand with IC50 values 13.67

± 1.02 mM and 9.83 ± 0.72 mM for MCF-7 and HepG-2 cells,
respectively. Meanwhile, the IC50 values for [PtCl2(HDmazo)]
complex against MCF-7 and HepG-2 cells are 16.30

± 1.12 mM and 14.01 ± 0.89, respectively. whereas the depro-
tonated complexes [M(Dmazo)2] (3) and (4) showed good
activity but lowest than complexes (1) and (2). The IC50 value

of [Pd(Dmazo)2] is 26.78 ± 1.41 mM and 22.32 ± 1.19 against
the MCF-7 and HepG-2 cells, respectively. Whereas the IC50

value of [Pt(Dmazo)2] is 27.93 ± 1.39 mM and 25.43 ± 1.04

against the MCF-7 and HepG-2 cells, respectively.
There are a number of explanations for why metal com-

plexes are more cytotoxic than the free azo dye ligand:

i. The enhancement of molecular planarization upon
chelation of ligands to metal ions.

ii. The electron delocalization system is extended by the

formation of metallo-cycles.
iii. Additional electrostatic interactions between complex

and negatively charged bio-macromolecule fragments

of metal ions [40].



Fig. 3 Activity index of Schiff base ligand and its complexes.

Table 2 MIC (mg/ mL) values of the free ligand and its complexes.

Compounds MIC (mg/ mL)

Escherichia coli Staphylococcus aureus Klebsiella pneumoniae Pseudomonas aeruginosa

HDmazo 200 200 300 200

1 100 80 80 100

2 100 100 80 100

3 150 100 100 150

4 150 150 100 150

Gentamicin 80 80 40 80

Amoxicillin 100 100 100 100

Table 3 IC50 values of the tested compounds against MCF-7

and HepG-2 cell line.

Comps. IC50 value (lM)

MCF-7 HepG-2

HDmazo 30.39 ± 0.597 34.69 ± 0.636

1 13.67 ± 1.02 9.83 ± 0.72

2 16.30 ± 1.12 14.01 ± 0.89

3 26.78 ± 1.41 22.32 ± 1.19

4 27.93 ± 1.39 25.43 ± 1.04

Cis-platin 3.45 ± 0.42 4.05 ± 0.22
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Additionally, the metal ion has the ability to selectively
interact with a range of bioactive substrates, leading to a num-
ber of cytotoxic mechanisms in the cancer cells that prevent

them from proliferating [41].
3.7. Molecular docking

The binding style of the Erlotinib showed an energy-binding of
�8.75 kcal/ mol against EGFR tyrosine kinase. The 4-
aminequinazoline moiety produced five Pi-Alkyl interactions

with Leu694, Leu820, Ala719 and one hydrogen bond with
Met769, additionally the bis(2-methoxyethoxy) moiety binding
with Cys773 by two hydrogen bonds, moreover the 3-

ethynylphenyl formed one Pi-Alkyl interaction with Lys721
(Fig. 5).

The binding mode of the candidate free ligand (HDmazo)

exhibited an energy binding of �6.86 kcal/ mol against EGFR
tyrosine kinase. Which creating six Pi-Alkyl interactions with
Leu764, Leu820, Lys721 and Val702, additionally interacted
with Leu764 and Phe832 by two hydrogen bonds with a dis-

tance of 2.76 and 2.05 Å (Fig. 6).
The binding mode of the candidate complexes (1) and (2)

exhibited an energy binding of �6.75 kcal/ mol and

�6.57 kcal/ mol against EGFR tyrosine kinase, respectively.
Complex (1) creating five Pi-Alkyl and Pi-cation interactions



Table 4 DG(kcal/mol) of the free ligand and its complexes against (EGFR tyrosine kinase) target site PDB ID: 4HJO.

Ligand RMSD value (Å) Affinity score

(kcal/mol)

Interactions

H.B Pi-interactions

Erlotinib 1.26 �8.75 4 6

HDmazo 1.05 �6.86 2 6

1 1.35 �6.75 2 5

2 1.48 �6.57 1 2

3 1.01 �8.03 1 7

4 1.28 �9.12 1 13

Fig. 4 Histogram of IC50 values of the tested compounds against MCF-7 and HepG-2 cell line.

Fig. 5 (a) standard drug (Erlotinib) docked in EGFR tyrosine kinase, hydrogen bonds (green) and the p-bonding are characterized in

purple lines, (b) Mapping surface of Erlotinib occupying the active pocket of EGFR tyrosine kinase.

Spectroscopic, anti-bacterial, anti-cancer and molecular docking of Pd(II) and Pt(II) 9



Fig. 6 (a) HDmazo ligand docked in EGFR tyrosine kinase, hydrogen bonds (green), the pi interactions are represented in purple lines

(b) Mapping surface of HDmazo ligand occupying the active pocket of EGFR tyrosine kinase.

Fig. 7 Complex 1 (a) and complex 2 (b) docked in EGFR tyrosine kinase, hydrogen bonds (green) and the pi interactions are represented

in purple lines with Mapping surface occupying the active pocket of EGFR tyrosine kinase.
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Fig. 8 Complex 3 (a) and complex 4 (b) docked in EGFR tyrosine kinase, hydrogen bonds (green) and the pi interactions are represented

in purple lines with mapping surface occupying the active pocket of EGFR tyrosine kinase.
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with Leu753, Lys721, Leu820, Leu764, and Val702 and two
hydrogen bonds with Asp831(Fig. 7a), whereas complex (2)
was interacted by two Pi-Alkyl interactions with Leu694 and

Leu820 and one hydrogen bond with Lys692 with distance
of 2.72 Å (Fig. 7b).

The binding mode of the candidate complexes 3 and 4

exhibited an energy binding of �8.03 kcal/ mol and
�9.12 kcal/ mol against EGFR tyrosine kinase, respectively.
Complex 3 was interacted by seven Pi-Alkyl, Pi-anion and
Pi-sulfur interactions with Arg817, Leu694, Cys773, Leu768,

Asp776, additionally interacted with Asp831 by one hydrogen
bond with distance of 2.06 Å (Fig. 8a). While complex 4 was
created thirteen Pi-Alkyl and Pi-cation interactions with

Leu820, Leu694, Met769, Ala719, Val702, Leu768 and
Asp831. Moreover, formed one hydrogen bond with Asp831
with bond length 2.95 Å (Fig. 8b).
4. Conclusion

A series of biologically active azo dye ligand (HDmazo) has

been synthesized by predictable diazoium coupling reaction
at 0–5 �C. The synthesized azo dye ligands were utilized for
metallization with Pd (II) and Pt(II) in1:1 or 1:2 stoichiometric
ratio as ligand: metal in present or without present base. The

structural established by spectral (FTIR, 1H NMR, 13C
NMR, mass), elemental analysis, and molar conductivity stud-
ies. On the basis of physicochemical and spectroscopic data,

the square planner geometry. The results of biological activity
indicated that azo dye ligand and its complexes (1–4) have
good activity against the pathogenic bacteria, and the [Pd
(Dmazo)2] (3) showed a highest activity than the other com-

pounds. Further, all compounds have good activity against
MCF-7 and HepG-2 cell lines, and [PdCl2(HDmazo)] is signif-
icantly more potent with IC50 values 13.67 ± 1.02 mM and

9.83 ± 0.72 mM for MCF-7 and HepG-2 cells, respectively.
Moreover, the molecular docking studies support the experi-
mental data.
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