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Novel Aminoketooxime Ligand and Its Cu(II) and Mn(II)
Complexes: Synthesis, Characterization

and Molecular Docking Studies
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A novel ligand, N,N2-(4-methyl-1,2-phenylene)bis(2-(biphenyl-4-yl)-N 1-hydroxy-2-oxoacetimidamide) (H2L)
with its Cu(II) and Mn(II) complexes were synthesized in this study. All compounds synthesized were also char-
acterized by 1H- and 13C-NMR, the Fourier transform infrared, elemental analysis, inductively coupled plasma
optical emission spectrometry, molar conductivity, magnetic susceptibility measurements and thermogravimetric
analysis. Vascular endothelial growth factor-2 (VEGFR-2) and cyclooxygenase-2 (COX-2) inhibition is often used
as a parameter for being a potent anticancer agent in docking studies. For this purpose, synthesized and charac-
terized ligand was investigated by molecular docking study to test its inhibitory effect against angiogenic factors
VEGFR-2 and COX-2.
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1. Introduction
Transition metals have the ability to coordinate ligands

in a three dimensional conformation enabling them to
act optimally on defined biological targets. This unique
ability possessed by transition metals mostly depends on
the higher electron affinity which can significantly po-
larize groups that are coordinated to them, leading to
the generation of hydrolysis reactions [1]. Majority of
pharmacologically active successful antineoplastic agents
are either natural biological compounds or their syn-
thetic analogs [2, 3]. Oximes are, one of these analogs,
used extensively not only for their antitumor activity but
also for their biological properties like fungicidal, bac-
tericidal, insecticidal, analgesic, anti-inflammatory, an-
tioxidant activity [4, 5]. These biologically active lig-
ands, including oximes, give rise to more potent com-
pounds when they coordinated with certain transition
metals called metal complexes. Homo- and heteronu-
clear metal complexes derived from oxime-type ligands
have been reported potential antioxidants due to their ob-
served IC50 values [6]. The ability of transition metals to
accept electrons from ligands (due to unfilled d-orbitals)
play an important role in the interaction of ligands with
other molecules [1]. Docking studies investigate the in-
teraction of those molecules by simulating their shape
considering their structures as well as their inter and in-
tramolecular energies. It is still critically important to
inhibit molecules increasing in pathological conditions
like chronic inflammation, tumor growth, angiogenesis
and metastasis. Angiogenesis plays a key role in tumor
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growth and metastasis with a cascade mechanism. Vas-
cular endothelial growth factor (VEGF) is the essential
factor for regulation of angiogenesis. It also promotes the
angiogenic process by inducing cyclooxygenase (COX-2)
and inducible nitric oxide synthase (iNOS) [7–9].

Oxime compounds form an important part of the coor-
dination chemistry. The oximes give stable coordination
compounds with most of the transition metals and make
coordination bonds in different forms via nitrogen or oxy-
gen atoms to the metals. For this reason, it is aimed to
have amine and oxime groups which have a good electron
donor property in the structure of the synthesized com-
pound. Thus, the ligand we synthesized has gained the
ability to make stable metal complexes which are used
for various medical and industrial purposes.

In the view of all progresses, we reported herein
the synthesis and characterization of a new ligand
N,N2-(4-methyl-1,2-phenylene)bis(2-(biphenyl-4-yl)-
N 1-hydroxy-2-oxoacetimidamide) (H2L) (biphenyl amino
ketooxime derivative) with its homodinuclear Cu(II)
and Mn(II) metal complexes having a general formula
of M2L2(H2O)2 (M: Cu(II) and Mn(II)). Molecular
docking study involving the interaction of synthesized
ligand with VEGFR-2 and COX-2 were carried out to
illuminate the inhibition capacity of our ligand.

2. Experimental

2.1. Physical measurements

Commercially obtained chemicals in their highest pu-
rity grade were used as they received. The instruments
used in our experiments were as follows: 1H- and 13C-
NMR spectra of the ligand were recorded on a JEOL
NMR-400 MHz spectrometer, using TMS as an internal
standard and CDCl3 as a solvent. Spectrophotometric
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measurements were applied with a PG T80+ UV-Vis
spectrometer. The Fourier transform infrared (FT-IR)
spectra of the synthesized ligand and its metal complexes
were measured using a Schimadzu IRPrestige-21 FT-IR
spectrophotometer within the range 4000–400 cm�1, us-
ing KBr disc pellets. In addition, LECO 932 CHNS an-
alyzer was used to determine C, H, and N proportions
within the compounds. Perkin Elmer Optima 5300 DV
ICP-OES spectrometer was used to obtain metal contents
of the complexes. Also, molar conductance of the com-
plexes in DMF (10�3 M solution) were measured on an
Optic Ivymen System conductivity meter at room tem-
perature. Melting points were determined with an Elec-
trothermal model IA 9100 digital instrument. Magnetic
moment value measurements were carried out at room
temperature on a Sherwood Scientific Magnetic Suscep-
tibility Balance (model MX1).

2.2. Preparation of the ligand

As a starting material, 2 mmol, 0.519 g of 2-(biphenyl-
4-yl)-N -hydroxy-2-oxoacetimidoyl chloride was dissolved
in 20 ml EtOH. The mixture was cooled and kept at –5 �C
during dropwise addition of ethanol solution of 2 mmol
0.244 g 3,4-diamino toluene to the solution of chloroke-
tooxime over 15 min. Expected precipitation and color
change were observed in the reaction medium just af-
ter the addition. The reaction mixture was left stirring
for 2 h at minus temperatures. Then it was allowed to
stir at ambient temperature at least for 2 more hours.
The resulting precipitation was filtered, washed by aque-
ous sodium bicarbonate (1% w/v), distilled water and
ethanol and then, dried on P2O5.

For H2L, bright yellow compound; yield: 73%; m.p.:
178 �C. Anal. calc. for C35H28N4O4: C, 73.93; H,
4.96; N, 9.85; found: C, 73.75; H, 4.81; N, 9.68%; 1H-
NMR (CDCl3, ppm): 8.15 (s, 2H, O–Hoximeq, 6.74-7.68
(m, 22H, Ar–H), 4.73 (s, 2H, N–H), 2.34 (s, 3H, Alph-
H); 13C-NMR (CDCl3, ppm): 189.56 (carbonyl), 153.59
(oxime), 113.48-142.97 (aromatic), 20.85 (aliphatic); FT-
IR (KBr, cm�1q: 3386 m (N–H), 3234 b (O–Hoximeq,
1608 s (C=N), 1482 m (C–N), 1402 m (N–O)(b, broad;
s, strong; m, medium; w, weak); UV-Vis (DMF solution,
nm): 265, 295, 420.

2.3. Preparation of the complexes

0.3 mmol ethanol solutions of acetate salts
[Cu(CH3COO)2.H2O, Mn(CH3COO)2.4H2O] were
used both for Cu(II) and Mn(II) complex preparation,
respectively. Then, prepared solutions were added to
a hot ethanol solution (0.6 mmol) of ligand added
continuously stirring. A distinct change in colour and
decrease in pH (pH � 3.0�3.5) was observed. Ethanol
solution of KOH (0.1 M) was added dropwise to adjust
a pH approximately between 5 and 6, until the solid
product started to precipitate and kept on a water
bath at 80 �C for one hour in order to complete the
precipitation. The final mixture was cooled to +4 �C and

kept overnight. The solid product was filtered, washed
with water and ethanol, respectively and dried on P2O5.

For Cu2L2(H2O)2, dark brown complex; yield: 61%;
m.p.: 288 �C. Anal. calc. for C70H56Cu2N8O10: C,
64.86; H, 4.35; N, 8.64; Cu, 9.80; found: C, 64.59; H, 4.57;
N, 8.46; Cu, 9.64%; ΛM (DMF solution, Ω�1 cm2 mol�1q:
10.1; µeff � 2.51 B.M.; FT-IR (KBr, cm�1q: 3445 s (O–
Hwaterq, 3334 s (N–H), 1602 w (C=N), 1452 w (C–N),
1419 m (N–O), 515 w (M–O), 445 w (M–N) (b, broad;
s, strong; m, medium; w, weak); UV-Vis (DMF solution,
nm): 285, 295.

For Mn2L2(H2O)2, black complex; yield: 48%; m.p.:
220 �C. Anal. calc. for C70H56Mn2N8O10: C, 65.73; H,
4.41; N, 8.76; Mn, 8.59; found: C, 65.53; H, 4.62; N,
8.38; Mn, 8.74%; ΛM (DMF solution, Ω�1 cm2 mol�1q:
8.30; µeff � 7.16 B.M.; FT-IR (KBr, cm�1q: 3453 b (O–
Hwaterq, 3361 m (N–H), 1603 s (C=N), 1456 w (C–N),
1426 m (N–O), 526 m (M–O), 439 w (M–N) (b, broad;
s, strong; m, medium; w, weak); UV-Vis (DMF solution,
nm): 274, 295, 367.

2.4. Molecular docking

The inhibitory effects of our ligand to vascular en-
dothelial growth factor (VEGFR-2) and cyclooxygenase-
2 (COX-2) were investigated by molecular docking study.
Modelling was performed on SwissDock web server us-
ing EADock DSS algorithm [10] and 1-Click Docking
web based server [11] powered by AutoDock Vina dock-
ing algorithm [12]. High resolution crystal structures of
VEGFR-2 (PDB ID: 2XIR) and COX-2 (PDB ID:1CX2)
were obtained from protein data bank.

3. Results and discussion

Synthetic pathway for the synthesis of aminoke-
tooxime ligand can be seen from Fig. 1. Con-

Fig. 1. Synthesis pathway for ligand H2L.

secutively, 4-(chloroacetyl)biphenyl was obtained from
chloroacetyl chloride and biphenyl in the presence of
aluminum chloride according to Friedel-Crafts acylation.
Then, 1-(biphenyl)-2-chloro-2-hydroxyimino-1-etanone
was obtained by reacting 4-(chloroacetyl)biphenyl
with isopentyl nitride in the presence of dry HCl
gas [13]. N,N 1-(4-methyl-1,2-phenylene)bis(2-(biphenyl-
4-yl)-N 1-hydroxy-2-oxoacetimidamide) was synthesized
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by 1-(biphenyl)-2-chloro-2-hydroxyimino-1-etanone re-
acting with 3,4-diaminotoluene.

Synthesized ligand reacted with Cu(II) and Mn(II)
metal salts in a hot medium resulting in the formation of
metal complexes. They were further purified by washing
ethanol and water.

3.1. 1H- and 13C-NMR spectra

CDCl3 is used for 1H- and 13C-NMR spectra as sol-
vent. From ligand’s 1H-NMR spectrum, a singlet peak
at 8.15 ppm corresponding to oxime group and multiple
peaks corresponding to aromatic C–H protons between
6.74 and 7.68 ppm were observed. Signals belong to N–
H and aliphatic C–H protons were observed at 4.73 ppm
and 2.34 ppm as singlet peaks, respectively. From lig-
and’s 13C-NMR spectrum, a signal obtained from the
chemical shift corresponding to the carbonyl carbon was
observed at 189.56 ppm and oxime group carbon gave a
signal at 153.59 ppm. Chemical shifts attributed to aro-
matic carbons were seen between 113.48 and 142.97 ppm
while aliphatic carbon at 20.85 ppm. Results obtained
were in accordance with the previous NMR and other
analytical data carried out for characterization [14–19].

3.2. FT-IR spectra

FT-IR spectra of the ligand and its metal complexes
are shown in Figs. 2–4. Characteristic bands originated
from the ligand and its Cu(II) and Mn(II) complexes
were investigated and yielded such results: the broad
band observed at 3234 cm�1 which corresponds to the
oxime group of the ligand disappearing in the spectra of
the complexes indicates oxime protons which were sepa-
rated upon complex formation and bonded to the metals.
The medium band 3386 cm�1 attributable to ν(N–H) of
the ligand shifted to lower frequencies to 3334 cm�1 as
a strong band for Cu2L2(H2O)2 and to 3361 cm�1 as a
medium band for Mn2L2(H2O)2, respectively. This shift
is the indication of nitrogen atom of aromatic amine moi-
ety which was involved in the complex formation [20].

The band observed at about 1608 cm�1 corresponded
to the C=N bond of the oxime group of the ligand. This
group has taken place in complex formation not directly,
but neighboring oxygen atom has been in coordination
with the metal ion. The insignificant shifts observed at
the related band for both complexes may be explained
by the involvement of neighboring oxygen atom in co-
ordination. The band at 1402 cm�1 which is character-
istic for the N–O bond of the oxime group of the lig-
and was shifted to higher frequency values to 1419 and
1426 cm�1 for Cu2L2(H2O)2 and Mn2L2(H2O)2, respec-
tively, revealing that oxygen atom of the oxime group has
taken part in coordination. Also the C–N group gave a
signal at 1482 cm�1 has shifted to lower values indicat-
ing that the moiety has taken palace in the coordination
process.

The new bands appeared at 515, 445 cm�1 for Cu(II)
and 426, 439 cm�1 for Mn(II) complexes are correspond-
ing to ν(M–O) and ν(M–N), respectively. The appear-

ance of these bands is a further support to the involve-
ment of oxime oxygen and amine nitrogen being in coor-
dination with the metal ions.

Fig. 2. FT-IR spectrum of the ligand (H2L).

Fig. 3. FT-IR spectrum of the complex
[Cu2L2(H2O)2].

Fig. 4. FT-IR spectrum of the complex
[Mn2L2(H2O)2].

3.3. UV-Vis

From the ligand UV-Vis spectrum there has been
yielded three bands: π Ñ π� transitions originating from
benzene group, the π Ñ π� transitions from C=N group
of oxime, the n Ñ π� transitions corresponding to the
same C=N group are observed at 295, 265, and 420 nm,
respectively.

The signal for π Ñ π� in the spectra of Cu(II) and
Mn(II) complexes have transitions at about 295 nm
which correspond to benzene group. The π Ñ π� tran-
sitions observed at 265 nm for ligand were shifted to
285 nm for complexes which may be due to taking place
of oxygen atom in coordination adjacent to the imine
nitrogen. The 9 transitions observed at 420 nm for lig-
and were not observed for Cu2L2(H2O)2 and shifted to
367 nm for Mn2L2(H2O)2. The red and blue shifts re-
vealed that the oxime group has been involved in the
coordination (Fig. 5).
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Fig. 5. UV-vis spectra of the ligand and its metal com-
plexes.

3.4. Thermogravimetric (TG-DTG) analysis

H2L ligand has a general formula of [C35H28N4O4] de-
composed in three steps. The first step of decomposition
occurred between 160 and 220 �C leaving two moles of –
OH and one mole of CH3 with a mass reduction of 8.37%
(8.62% theoretical) during this interval. Second decom-
position was seen between 220 and 530 �C suggesting the
loss of 2 mol of each biphenyl, carbonyl and –CN groups.
The mass reduction in the second step was estimated as
72.6% (72.8% theoretical). The third decomposition step
started at 530 �C. Although the system temperature was
raised up to 1000 �C, the ongoing decomposition was still
observed (Fig. 6).

Mn2L2(H2O)2 complex with a general formula of
[C70H56Mn2N8O10] has been decomposed thermally in
five steps. The first decomposition was between 0 and
150 �C with a 2.70% estimated mass loss (calculated mass
loss � 2.81%) leaving two moles of coordination water.
At the second step between 150 and 340 �C total mass
reduced 2.30% (calculated mass loss � 2.34%) indicating
the separation of two moles of –CH3 groups. The third
step occurred between 340 and 720 �C with an estimated
mass reduction of 22.88% leaving two biphenyl groups
(calculated mass loss � 23.92%). The forth step with
a 4.25% estimated mass loss was observed between 720
and 920 �C in which two carbonyl groups were removed
(calculated mass loss � 4.38%). The last step started
at 950 �C was still decomposing within the temperature
limits of the system (Fig. 7).

Fig. 6. Thermogram of the ligand (H2L).

Fig. 7. Thermogram of the complex [Mn2L2(H2O)2].

Conductivity measurements of the Cu2L2(H2O)2 and
Mn2L2(H2O)2 were determined using freshly prepared
solutions of the complexes in N,N -dimethylformamide
(10�3 molar solutions) at room temperature and given
in the experimental section. The molar conductivities
of the synthesized complexes in DMF indicated that the
complexes are non-electrolytes [21].

The magnetic moment values of the Cu2L2(H2O)2
and Mn2L2(H2O)2 complexes (Fig. 8) were 2.51 and
7.16 B.M. at 298 K, which are slightly lower than
the expected theoretical data for two d9 copper(II) ion
(3.46 B.M.) and d5 manganese(II) ion (11.83 B.M.), re-
spectively. These subnormal magnetic moment values of
the dinuclear complexes may be explained by antiferro-
magnetic intramolecular interaction since this situation
can occur when two equivalent metal ions are coupled via
exchange interaction in a polynuclear complex [22, 23].

Fig. 8. Synthesized complex M2(L)2 (H2O)2;
M = Cu(II) and/or Mn(II).

3.5. Molecular docking study

In order to understand the interaction between the
synthesized ligand-VEGFR-2 and ligand-COX-2 at the
molecular level we performed double molecular dock-
ing study one with SwissDock and 1-Click Docking web
servers. Figures 9 and 10 show the interaction between
optimized structures of the ligand with crystal structure
of the target molecules. Results obtained were highly



254 G. Gorgulu, M.B. Cicek, B. Dede

Fig. 9. Visualization of interaction between (a) H2L-

2XIR and (b) H2L-1CX2 driven by SwissDock
®

.

Fig. 10. Visualization of interaction between (a) H2L-

2XIR and (b) H2L-1CX2 driven by 1-Click Docking
®

.

TABLE I

Docking energy and H bond location and length within
the ligand-target molecule couples.

Ligand–target
∆G

[kcal/mol]
H bond location

(length)
SwissDock web server

H2L-2XIR -8.76
N of C=NOH &
OD1 of Asp 156

(3.175 Å)

H2L-1CX2 -9.30
N of C=NOH &
O of Lys 468
(3.079 Å)

1-Click Docking web server

H2L-2XIR -10.90
H of -NH &
O of Lys 105
(1.891 Å)

O of C=NOH &
H of Tyr 324
(1.737 Å)

H2L-1CX2 -9.50
H of –NH &
O of Tyr 324
(2.293 Å)

H of –NH &
O of Tyr 324
(2.421 Å)

exothermic which reveals good orientation and proximity
(Table I). The docking energy of ligand-VEGFR-2 couple
was –8.76 and –10.90 kcal/mol while ligand-COX-2 was
–9.30 and –9.50 kcal/mol in SwissDock and 1-Click Dock-
ing, respectively. Energy derived from ligand-COX-2 in-
teraction was lower compared to the energy derived from
ligand-VEGFR-2 interaction suggesting that the ligand-
COX-2 couple is more stable according to SwissDock.
Docked pose in Fig. 9b involves H-bonding which indi-
cates a stronger interaction between ligand and COX-2
enzyme. The H-bonding occurred between nitrogen atom
of oxime group of the ligand and oxygen atom of Lys 468
which is 3.079 Å in length. Similarly, ligand and VEGFR-
2 molecule also have a hydrogen bond between nitrogen
atom of oxime group of the ligand and OD1 atom of Asp
156 amino acid having a length of 3.175 Å. Lower dock-
ing energy and shorter hydrogen bond length confirm a
stronger interaction between the synthesized ligand and
COX-2 enzyme.

On the other hand, when 1-Click Docking was used,
ligand-VEGFR-2 interactions exhibited the lowest free
energy at –10.90 kcal/mol. This interplay was involved
a hydrogen bond (1.891 Å) between proton of amine
group and oxygen of Lys 105 in the active site of 2XIR
(Fig. 10a). The ligand-COX-2 interaction was found to
contain three hydrogen bonds despite it had a higher
binding energy. The amino acid Tyr 324 has formed hy-
drogen bonding with oxygen of oxime group (1.737 Å)
and proton of amine groups (2.293 and 2.421 Å).

The ligand has the potential to inhibit VEGFR-2 and
COX-2 molecule according to both docking results. Syn-
thesized ligand interact with both of VEGFR-2 and
COX-2 molecules which means it may inhibit both at the
same time enabling the two-way inhibition of angiogene-
sis and eventually means the inhibition of tumor growth.
This makes the synthesized molecule a good candidate
for anticancer use which has to be confirmed by the bio-
logical study.

4. Conclusion
The present study reports the synthesis and charac-

terization of a new ligand containing dioxime group and
its dinuclear Cu(II) and Mn(II) complexes, moreover the
docking study of ligand molecule. Experimental results
showed that the ligand acted as a tetradentate which co-
ordinates via both oxime oxygen and both amine nitrogen
atoms. Metal:ligand ratio of the synthesized complexes
was found as 2:2. Results showed that each metal ion in
the complex has pentacoordinated with a molecule of co-
ordination water for both Cu(II) and Mn(II) complexes.
Docking studies revealed that the synthesized ligand is
in a good interaction with COX-2 and VEGFR-2. Syn-
thesized ligand is a good candidate for the inhibition of
angiogenic agents VEGFR-2 and COX-2 synchronously.
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