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Synthesis, Characterization and DFT Calculations
of 4-((2-Hydroxyethyl)imino)naphthalen-1(4H)-One

and its Cu(II) Complex
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We have reported herein the synthesis of a novel quinone derivative ligand containing the Schiff base and its
Cu(II) complex starting from 1,4-naphthoquinone. Synthesized compounds were characterized using the Fourier
transform infrared, UV-Vis, elemental analysis, inductively coupled plasma optical emission spectrometry, molar
conductivity, and magnetic susceptibility measurements. The free ligand was also characterized by 1H- and 13C-
NMR spectra. Elemental analyses, stoichiometric and spectroscopic data indicated that the metal:ligand ratio
is 1:2 and octahedral structure is proposed for the metal complex of the Schiff base ligand. Computational
quantum calculations were also performed using DFT/B3LYP level of theory with 6-311++G(d,p) basis set for
the synthesized ligand. It was found that the experimental and theoretical spectroscopic data were consistent.
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1. Introduction

Molecules with the quinoid structure constitute one
of the most interesting classes of compounds in organic
chemistry [1]. The chemistry of quinones is largely de-
pendent on the substituents being either on the quinonic
or on adjacent rings. This is reflected in their chemical
reactivity, especially in heterocyclic quinines [2]. A Schiff
base is a nitrogen analogue of an aldehyde or ketone in
which the C=O group is replaced by C=N–R group. The
Schiff bases are usually formed by condensation reaction
of an aldehyde or ketone with a primary amine under
specific conditions. They are used as pigments and dyes,
catalysts, intermediates in organic synthesis, and as poly-
mer stabilisers [3]. The Schiff bases have also been shown
to exhibit a broad range of biological activities, includ-
ing antifungal, antibacterial, antimalarial, antiprolifera-
tive, anti-inflammatory, antiviral, and antipyretic prop-
erties [3, 4]. Multidentate Schiff base complexes are well
known to form stable complexes, where the coordination
takes place through the various donor sets [5–7].

Synthesis and characterization of novel ligand includ-
ing imine group and its Cu(II) complex are reported in
this study. Additionally, quantum chemical calculations
were performed for the synthesized ligand. DFT/B3LYP
level of theory with 6-311++G(d,p) basis set was used
to optimize the geometry of molecule. The vibra-
tional frequencies, isotropic chemical shifts (1H- and
13C-NMR), electronic transition absorption wavelengths,
highest occupied–lowest unoccupied molecular orbitals

∗corresponding author; e-mail:
guvencgorgulu@mehmetakif.edu.tr

(HOMO–LUMO) energy gap and molecular electrostatic
potential (MEP) of the synthesized ligand were also cal-
culated.

2. Experimental

All starting materials and solvents used for synthesis
were of commercially available reagent grade and were
used without further purification.

2.1. Physical measurements
1H- and 13C-NMR spectra of the Schiff base ligand

were recorded on a JEOL NMR-400 MHz spectrometer
in CDCl3 with using TMS internal standard. Elemen-
tal analyses (C, H, N) were determined by a LECO
932 CHNS analyzer. Metal content of complex was de-
tected by using Perkin Elmer Optima 5300 DV ICP-OES
spectrometer. IR spectra were measured by prepared
KBr pellet at Schimadzu IR Prestige-21 FT-IR spec-
trophotometer within the range 4000–400 cm�1. Mag-
netic susceptibility measurements were done on a Sher-
wood Scientific Magnetic Susceptibility Balance (model
MX1) at room temperature. The conductance measure-
ments were carried out using an Optic Ivymen System
conductivity meter. Melting point determinations were
performed with a digital melting point instrument from
Electrothermal model IA 9100. Spectrophotometric mea-
surements were performed with PG 80+ UV-Vis spec-
trophotometer.

2.2. Synthesis of the Schiff base ligand [HL]

An absolute ethanol solution (15 ml) of ethanolamine
(10 mmol) was added to absolute ethanol solution (15 ml)
of 1,4-naphthoquinone (10 mmol). The contents were re-
fluxed for 3 h and left overnight at 25 �C. The compound
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which precipitated was filtered off and washed several
times with cold ethanol and dried on P2O5.

Brown compound; yield: 76%; m.p.: 160 �C. Anal.
calc. for C12H11NO2: C, 71.63; H, 5.51; N, 6.96; found:
C, 71.52; H, 5.63; N, 6.81%; 1H-NMR (CDCl3, ppm):
theor. calc. 6.66 (1H, O–H), 7.71–8.56 (4H, Ar–H), 7.18
(2H, –C8H– and –C9H–), 3.90 (2H, –C13H2–); 3.14 (2H,
–C14H2–); found: 6.19 (s, 1H, O–H), 7.59–8.25 (m, 4H,
Ar–H), 7.21 (d, 2H, –C8H– and –C9H–), 3.89 (t, 2H,
–C13H2–); 3.35 (t, 2H, –C14H2–); 13C-NMR (CDCl3,
ppm): theor. calc. 197.86 (carbonyl), 166.68 (imine),
129.20–139.05 (aromatic), 140.17 (C8 and C9), 67.23
(C13), 58.32 (C14); found: 195.24 (carbonyl), 164.47
(imine), 127.18–13642 (aromatic), 138.27 (C8 and C9)
65.89 (C13), 60.45 (C14); FT-IR (KBr, cm�1q: theor.
calc. 3274 b (O–H), 1659 s (C=O), 1622 m (C=N), 1215
s (C–O); found: 3256 b (O–H), 1671 s (C=O), 1610 m
(C=N), 1236 s (C–O) (b, broad; s, strong; m, medium;
w, weak); UV-Vis (ethanol solution, nm): theor. calc.
262, 314, 377; found: 271, 332, 386.

2.3. Synthesis of Cu(II) Schiff base
complex [CuL2(H2O)2]

A solution of 1 mmol Cu(II) acetate in ethanol (10 ml)
was added to the 2 mmol ligand (HL) dissolved in 10 ml
ethanol. The resulting mixture was refluxed for 2 h. The
complex was precipitated after cooling. The solid com-
plex was filtered, washed with ethanol and diethyl ether
and finally dried over P2O5.

Black compound; yield: 64%; m.p.: 187 �C. Anal. calc.
for C24H24CuN2O6: C, 57.65; H, 4.84; N, 5.60; Cu, 12.71;
found: C, 57.43; H, 5.57; N, 6.97; Cu, 12.58%; FT-IR
(KBr, cm�1q: 3534 b (O–Hwaterq, 1668 s (C=O), 1591 m
(C=N), 1267 s (C–O), 537 w (Cu–O), 425 w (Cu–N) (b,
broad; s, strong; m, medium; w, weak); UV-Vis (ethanol
solution, nm): 274, 306, 402, 476, 588; ΛM (DMF solu-
tion, Ω�1cm2mol�1q: 14.50; µeff � 1.78 B.M.

2.4. Computational methods

All calculations were carried out with Gaussian 09 pro-
gram on a personal computer [8]. GaussView 5.0.9 soft-
ware package were used for molecular visualizations [9].
The molecular geometry of the ligand was fully opti-
mized in gas phase using density functional theory (DFT)
based B3LYP method along with 6-311++G(d,p) basis
set. The same basis set was employed for computing vi-
brational frequencies. UV-Vis spectra and HOMO and
LUMO energies were determined by time dependent DFT
(TD-DFT) method at the B3LYP level. 1H- and 13C-
NMR shielding constants were calculated by applying
gauge-invariant atomic orbital (GIAO) method.

3. Results and discussion

The Schiff base ligand 4-((2-
hydroxyethyl)imino)naphthalen-1(4Hq-one (HL) was
prepared by a condensation reaction between 1,4-
naphthoquinone and ethanolamine. The synthesis
reaction of novel ligand is illustrated in Fig. 1.

Fig. 1. Preparation of the ligand HL.

The mononuclear Cu(II) complex was synthesized by
reaction of the ligand mixture in ethanol with copper(II)
acetate. The synthesized Cu(II) complex obtained in
powder form is stable at room temperature. The melt-
ing points, yields, colours, elemental analyses, magnetic
moment, and molar conductivity value of compounds are
given in experimental section. According to the elemental
analyses and inductively coupled plasma optical emission
spectrometry (ICP-OES), synthesized Cu(II) complex of
the Schiff base ligand have a 1:2 metal:ligand ratio.

3.1. 1H- and 13C-NMR spectra

The 1H- and 13C-NMR spectra of the ligand provided
well-resolved signals. The chemical shifts, expressed in
ppm downfield form of tetramethylsilane (TMS), are
given in the experimental section. Theoretical calcula-
tions were carried out to confirm the accuracy of the
obtained experimental data. The molecular geometry
of the ligand HL was optimized prior to calculating the
theoretical chemical shifts. B3LYP functional with 6-
311++G(d,p) basis set was used for 1H- and 13C-NMR
chemical shift calculations. The GIAO [10, 11] method,
used for defining isotropic nuclear magnetic shielding
tensors, is one of the most common approaches. The
isotropic shielding values used to calculate the isotropic
chemical shifts with respect to TMS are also given in the
experimental section. As can be seen from Fig. 2 and
Fig. 3, experimental and theoretically calculated NMR
spectra are quite compatible.

Deuterium exchangeable proton of the –OH group
showed a chemical shift at 6.19 ppm as a singlet peak
in 1H-NMR spectrum of the ligand [12]. Its correspond-
ing calculated chemical shift appeared at 6.66 ppm. All
the multiplet signals in the 7.59–8.25 ppm range were
assigned to the protons of the aromatic rings. Chemi-
cal shifts at 3.89 and 3.35 ppm can be attributed to the
methylene group protons which are close to the nitrogen
and oxygen atom, respectively. These values were calcu-
lated as 3.90 and 3.14 ppm.

13C-NMR spectrum of ligand HL displayed a resonance
at 164.47 ppm for azomethine carbon atom which con-
firms the structure of the ligand [13]. Corresponding sig-
nal was observed at 166.68 ppm in theoretical spectrum.
The chemical shift values of the carbonyl carbon atom
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of HL appeared at 195.24 ppm. All signals in 127.18–
136.42 ppm range are assigned to carbon atoms of the
aromatic rings. Signals observed at 65.89 (C13) and 60.45
(C14) ppm are attributable to carbon atom of the methy-
lene groups of the ligand which are close to the nitrogen
and oxygen atom, respectively. DFT calculated values of
methylene carbons observed at 67.23 and 58.32 ppm are
in good agreement with the experimental data.

Fig. 2. Calculated (upper) and experimental (lower)
1H-NMR spectra of the ligand (HL).

Fig. 3. Calculated (upper) and experimental (lower)
13C-NMR spectra of the ligand (HL).

3.2. FT-IR spectra

The IR spectra of the ligand HL and its mononuclear
Cu(II) complex were obtained in 4000–400 cm�1 range.
In addition, IR spectra of the ligand were also calcu-
lated at the B3LYP/6-311++G(d,p) level and signifi-
cant vibrational wave numbers were selected. However,
the unscaled vibrational frequencies frequently give re-
sults higher than observed ones, due to the described
systematic errors exclusion of anharmonicity defective
treatment of electron correlation and truncation of the

basis set [14]. For these reasons, the calculated vibra-
tional wave numbers were scaled as 0.983 for frequen-
cies lower than 1700 cm�1 and 0.958 for frequencies
higher than 1700 cm�1 for B3LYP/6-311++G(d,p) basis
set [15, 16]. Significant experimental and calculated IR
spectral bands are given in the experimental section.

The IR spectrum of the ligand show a broad band at
3256 cm1, which can be attributed to OH group of al-
cohol moiety [17]. The corresponding calculated value
of 3274 cm�1 is quite consistent with the experimental
value. This band disappeared in the experimental spec-
trum of Cu(II) complex indicating that the OH proton
was separated with complex formation and bonded to
the Cu(II) ion. Stretching vibration for C–O bond in the
spectrum of the ligand is recorded at 1236 cm�1. The
same vibration appears in the theoretical calculations at
1215 cm�1. The shifting of ν(C=N) stretching vibration
to 1267 cm�1 confirms the involvement of oxygen atom
in coordination with Cu(II) ion. This coordination mode
is further supported by the appearance of a new band at
537 cm�1 assigned to νpM–O).

In the free ligand ν(C=N) is observed at 1610 cm�1

which was theoretically calculated as 1622 cm�1. The
shift of this band towards lower frequencies by 19 cm1 in
the spectrum of the complex suggests the participation
of the imine nitrogen atom in complex formation. Co-
ordination of the imine nitrogen atom in the complex is
also supported by the appearance of a new band assigned
to ν(M–N) at 425 cm�1.

3.3. UV-Vis measurements
The electronic spectra of the ligand and its Cu(II)

complex were recorded in ethanol as 10�3 M at room
temperature. UV-Vis spectrum of the synthesized ligand
was also theoretically calculated using TD-DFT method.
Calculated electronic transition absorption wavelengths
are given with experimental data in the experimental
section. The band at 271 nm in electronic spectra of
ligand, was assigned to π Ñ π� transitions of aromatic
ring which seemed to not have been affected prominently
by the complex formation. On the other hand, electronic
transition at 332 nm originated from π Ñ π� transition
of the imine group was obtained as 312 nm from theo-
retical calculations. π Ñ π� transition was shifted as
26 nm to higher energy levels after the formation of the
complex which can be attributed to the coordination of
nitrogen atom of the imine group with Cu(II) ion. Elec-
tronic spectra of the ligand showed an intense band at
386 nm which was assigned to nÑ π� transition of non-
bonding electrons present on the nitrogen atom of the
imine group. Theoretically calculated band for n Ñ π�

transition of imine group was nearly same in ethanol (ca.
377 nm). The band at 386 nm was shifted by the com-
plex formation as 16 nm to a longer wavelength which
supported nitrogen atom’s participation in the coordina-
tion. Finally, the electronic spectrum of Cu(II) complex
exhibited two low intensity bands at 476 and 588 nm
which may be assigned to charge transfer and d Ñ d
transitions, respectively.
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3.4. Molar conductance

The molar conductance of the complex was an
aid for proposing its molecular structure. Conduc-
tivity measurement was performed in 10�3 M NN -
dimethylformamide solution at 20 �C and given in the
experimental section. The molar conductance of the
synthesized mononuclear Cu(II) complex was measured
as 12 Ω�1cm2mol�1 which indicated that there were no
ionic species in the complex structure and it belongs to
non-electrolytes [18].

3.5. Magnetic studies

The magnetic susceptibility measurements showed
that the synthesized complex CuL2(H2O)2 is paramag-
netic at ambient temperature. The magnetic moment
value of the complex was 1.78 B.M. at room temperature
which was quite close to the value expected. Although
it is not possible to make a complete decision on geome-
try by the data obtained from the magnetic study, syn-
thesized complex fits a spin value of 1.73 B.M. which is
consistent with an octahedral geometry.

3.6. Computational details

Geometry optimization of the ligand was done us-
ing Becke-3-Lee-Yang-Parr (B3LYP) functional with 6-
311++G(d,p) basis sets in gas phase [19, 20]. The fully
optimized and numbered geometry of the ligand is shown
in Fig. 4. The calculated bond length for C14–O15 was
1.448 Å. C7–N12 and C10–O11 double bond lengths were
found to be as 1.298 and 1.254 Å, respectively. On the
other hand, the calculated values for the C1–C4–C7–N12
and C4–C7–N12–C13 dihedral angles were found as 1.340
and 178.897�, respectively. These results revealed that
the aromatic ring and ethanolamine moiety of the ligand
are lying in the same plane.

Fig. 4. Optimized geometry and atomic numbering of
the ligand (HL).

Fig. 5. Molecular electrostatic potential surface of the
ligand (HL).

Fig. 6. Frontier molecular orbitals of the ligand (ener-
gies are given in eV).

The molecular electrostatic potential (MEP) surface
of the ligand was calculated using the optimized molec-
ular structure at the B3LYP/6-311++G(d,p) level and
its plot is given in Fig. 5. As can be seen from Fig. 5,
the negative regions of MEP are mainly localized on O11
and O15 atoms. Since the O15 atom has an ionizable
proton, this oxygen atom and an unpaired electron bear-
ing nitrogen atom of imine group are the possible sites
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for nucleophilic attack. This feature of the ligand is the
key reason why the ligand was coordinated via O15 and
N12 atoms to the Cu(II) ion.

The HOMO and LUMO of the ligand were computed in
the gaseous phase using B3LYP method with 6-311++G
(d,p) basis set. The surface plots of HOMO and LUMO
are shown in Fig. 6.

Calculated energy value for the HOMO–LUMO gap
was 3.862 eV. HOMO electrons were localized on most
of the atoms except some hydrogen atoms while LUMO
were localized on most of the atoms except some hydro-
gen, oxygen atom of –OH group, and aliphatic carbon
atoms.

4. Conclusion

The design and synthesis of a novel Schiff base ligand
and its mononuclear Cu(II) complex were demonstrated
in this report. From the elemental analyses, stoichiomet-
ric and spectroscopic studies discussed above, the lig-
and was shown to act as a bidentate which coordinates
through the nitrogen atom of the imine group and oxy-
gen atom of the –OH group. Two ligands coordinated
with the Cu(II) ion and an octahedral geometric complex
formed with two moles of coordination water (Fig. 7).

Fig. 7. Structure of the octahedral complex
[CuL2(H2O)2].

Calculated geometric parameters, vibrational frequencies
1H- and 13C-NMR spectra and electronic transition ab-
sorption wavelengths of the title molecule by using the
DFT/B3LYP method with the 6-311++G(d,p) basis set
were in a good agreement with those of the experiments.
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