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Synthesis, crystal structure, and biological activities of a
Zn(II) complex with a Se substituted Schiff base

ZHI WANG, YI-QIAO FAN, LEI SHI* and YUN-GEN XU*

Jiangsu Key Laboratory of Drug Design and Optimization, Department of Medicinal
Chemistry, China Pharmaceutical University, Nanjing, P.R. China

(Received 14 November 2012; final version received 6 February 2013)

A Zn(II) complex with an organoselenium substituted Schiff base, bis{2-[(benzylimino)methyl]-
4,6-dihydroselenophenol}Zn(II), has been synthesized and characterized by elemental analyses and
X-ray diffraction. Zn(II) is four-coordinated by two phenolate O and two imine N from two
organoselenium substituted Schiff-base ligands, forming a distorted tetrahedral geometry. The title
complex and its ligand were tested in vitro for their antibacterial and antitumor activity with the
complex showing higher antibacterial and antitumor activities.
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1. Introduction

Schiff bases and their metal complexes have received attention due to their various
biological activities, antitumor [1–3], antimicrobial [3–5], and anti-inflammatory [6, 7].
Among these complexes, zinc complexes are particularly interesting. Zn complexes of
substituted salicylaldimines have been reported to possess excellent photophysical proper-
ties for fluorescence sensing, such as nanosecond lifetimes and high quantum yields, and
also undergo efficient energy transfer [8–10]. Zn complexes have also shown to be active
as antitumor, antimicrobial, and antiglaucoma agents [11–15]. Selenium (Se) is a dietary
essential trace element with important biological roles. Accumulating evidence indicates
that Se compounds possess anticancer and antioxidant properties [16, 17]. Recently, it has
also been reported that metal complexes of organoselenium substituted Schiff-base ligands
exhibited antitumor activities by interaction with DNA [18, 19]. We were encouraged to
synthesize a Zn(II) complex from an organoselenium substituted Schiff base condensed by
3,5-dihydroseleno-2-hydroxybenzaldehyde and phenylmethanamine. The antibacterial activ-
ities against Bacillus subtilis (gram-positive), Staphylococcus aureus (gram-positive), Esch-
erichia coli (gram-negative), and Pseudomonas fluorescence (gram-negative), and their
cytotoxic activities against three tumor cell lines, KB, K562, and Hep-G2 were evaluated.
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2. Experimental

2.1. Chemistry

The organoselenium substituted Schiff base (E)-2-((benzylimino)methyl)-4,6-dihydroselen-
ophenol was condensed by reacting with 3,5-dihydroseleno-2-hydroxybenzaldehyde and
phenylmethanamine. Reaction of the Schiff base with ZnCl2 in methanol led to a new
mononuclear Zn(II) complex (scheme 1).

All chemicals were of reagent grade and used as received without purification. 1H NMR
spectra were recorded on a Bruker DPX 300 model spectrometer in DMSO-d6. Chemical
shifts (δ) for 1H NMR spectra are reported in parts per million to residual solvent protons.
ESI-MS spectra were recorded on a Mariner System 5304 Mass spectrometer. Elemental
analyses were performed on a CHN–O–Rapid instrument.

2.1.1. Preparation of the Schiff base ligand. 564mg (2mmol) 3,5-dihydroseleno-2-
hydroxybenzaldehyde and 214mg (2mmol) phenylmethanamine were dissolved in 10mL
methanol and stirred at room temperature for 30min to give a clear solution. After standing
for approximately 2 d, precipitates were separated by filtration, washed with methanol, and
recrystallized from methanol to give (E)-2-((benzylimino)methyl)-4,6-dihydroselenophenol.
Yield: 76%. 1H NMR (300MHz, DMSO-d6, δ ppm): 4.76 (s, 2H); 7.28–7.56 (m, 7H); 8.74
(s, 1H); 12.56 (s, 1H). ESI-MS: 371.9 (C14H14NOSe2

+, [M+H]+). Anal. Calcd for
C14H13NOSe2: C, 45.55%; H, 3.55%; N, 3.79%. Found: C, 45.64%; H, 3.50%; N, 3.83%.

2.1.2. Preparation of the Zn(II) complex. To a MeOH (10mL) solution of ZnCl2
(13.6mg, 0.1mmol), was added a MeOH solution (10mL) of (E)-2-((benzylimino)methyl)-
4,6-dihydroselenophenol (37.1mg, 0.1mmol). The mixture was stirred for 1 h at room
temperature and then filtered. Upon keeping the filtrate in air for 7 days, colorless block-
shaped crystals of Zn(II) complex, suitable for X-ray crystal determination, formed at the
bottom of the vessel on slow evaporation of the solvent. The crystals were isolated,
washed three times with MeOH, and dried in a vacuum desiccator containing anhydrous
CaCl2. Yield: 73%. Anal. Calcd for C28H24N2O2Se4Zn: C, 41.95%; H, 3.02%; N 3.49%.
Found: C, 42.10%; H, 3.06%; N 3.45%.
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Scheme 1. Synthesis of Schiff base and complex.
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2.2. Crystal structure determination and refinement

Crystallographic data for the Zn(II) complex are listed in table 1. The diffraction data were
collected on a Nonius CAD4 diffractometer equipped with graphite-monochromated MoKα
radiation (λ = 0.71073 Å). The structure was solved by direct methods and refined on F2

by full-matrix least-squares using SHELX-97 [20]. All non-hydrogen atoms were refined
anisotropically. All hydrogens were placed in calculated positions and assigned fixed
isotropic thermal parameters at 1.2 times the equivalent isotropic U of the atoms to which
they are attached and allowed to ride on their respective parent. The contributions of these
hydrogens were included in the structure factors calculations. Selected bond lengths and
angles are listed in table 2. Crystallographic data for this Zn(II) complex have been
deposited with the Cambridge Crystallographic Data Center as supplementary publication
No. CCDC 909211. Copies of these data can be obtained free of charge via www.ccdc.
cam.ac.uk/data_request/cif by emailing data_request@ccdc.cam.ac.uk or by contacting The

Table 1. Crystallographic and experimental data for the complex.

Complex Zn(II) complex

Formula C28H24N2O2Se4Zn
Formula weight 801.70
Crystal shape/color Block/colorless
Crystal size (mm3) 0.24� 0.16� 0.16
Crystal system Monoclinic
Space group C2/c
a (Å) 23.6698(5)
b (Å) 4.8418(2)
c (Å) 24.1968(5)
α (°) 90
β (°) 105.718(2)
γ (°) 90
Volume (Å3) 2669.37(14)
Z 4
Dc/(g/cm3) 1.955
μ (mm�1) 6.405
F (000) 1552
T/K 298(2)
h range/° 2.82/28.32
Index ranges �316 h6 31

�66 k6 6
�326 l6 27

Reflections collected/unique 11,572/3289 [R(int) = 0.1044]
Data/restraints/parameters 3289/0/168
Max. and min. transmission 0.4272 and 0.3086
Goodness-of-fit on F2 0.972
R1, wR2 [IP 2σ(I)]a 0.0391, 0.1001
R1, wR2 (all data)

a 0.0481, 0.1035
Largest diff. peak and hole (eÅ�3) 0.993 and �0.648

aR1 ¼
P kFoj � jFck=

P jFoj, wR2 ¼ ½PwðF2
o � F2

c Þ2=
P

wðF2
o Þ2�1=2.

Table 2. Selected bond lengths (Å) and angles (°) of the Zn(II) complex.

Zn(1)–O(1) 1.932(2) Zn(1)–N(1) 2.010(3)
O(1)–Zn(1)–N(1) 94.59(9) O(1)–Zn(1)–N(1)#1 113.84(10)
O(1)#1–Zn(1)–O(1) 125.11(14) N(1)#1–Zn(1)–N(1) 116.64(15)

Symmetry transformations used to generate equivalent atoms: #1 �x + 2, y, �z + 1/2.

2034 Z. Wang et al.
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Cambridge Crystallographic Data Center, 12 Union Road, Cambridge CB2 1EZ, UK; Fax:
+44 1223 336033.

2.3. Antibacterial activity

The antibacterial activities were tested against B. subtilis, E. coli, P. fluorescence, and
S. aureus using MH medium (Mueller-Hinton medium: casein hydrolysate 17.5 g, soluble
starch 1.5 g, and beef extract 1000mL). The minimum inhibitory concentrations (MICs) of
the test compounds were determined by a colorimetric method using the dye MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] [21]. A stock solution of the
synthesized compound (50 μg/mL) in DMSO was prepared and graded quantities of the
test compounds were incorporated in specified quantity of sterilized liquid MH medium. A
specified quantity of the medium containing the compound was poured into microtitration
plates. Suspension of the micro-organism was prepared to contain approximately
105 cfu/mL and applied to microtitration plates with serially diluted compounds in DMSO
to be tested, and incubated at 37 °C for 24 h. After the MICs were visually determined on
each of the microtitration plates, 50 μL of PBS (Phosphate Buffered Saline 0.01mol/L, pH
7.4: Na2HPO4·12H2O 2.9 g, KH2PO4 0.2 g, NaCl 8.0 g, KCl 0.2 g, distilled water
1000mL) containing 2mg of MTT/mL was added to each well. Incubation was continued
at room temperature for 4–5 h. The content of each well was removed and 100 μL of
isopropanol containing 5% 1mol/L HCl was added to extract the dye. After 12 h of
incubation at room temperature, the optical density (OD) was measured with a microplate
reader at 550 nm. The observed MIC values are presented in table 3.

2.4. Cytotoxicity

The cytotoxicities against KB, K562, and Hep-G2 cells were evaluated as described
elsewhere [22] with some modifications. Briefly, target tumor cells were grown to log
phase in RPMI 1640 medium supplemented with 10% fetal bovine serum. After diluting
to 2� 104 cells mL�1 with the complete medium, 100 μL of the obtained cell suspension
was added to each well of 96 well-cultured plates. The subsequent incubation was permit-
ted at 37 °С, 5% CO2 atmosphere for 24 h before cytotoxicity assessments. Tested samples
at preset concentrations were added to 6 wells with 5-fluoruracil co-assayed as a positive
reference. After 48 h exposure period, 40 μL of PBS containing 2.5mgmL�1 of MTT was
added to each well. Four hours later, 100 μL extraction solution (10% SDS-5% isobutyl
alcohol-0.010M HCl) was added. After an overnight incubation at 37 °С, the OD was
measured at 570 nm on an ELISA microplate reader. In all experiments, three replicate

Table 3. MICs of the synthetic compounds.

Compounds

MICs (μg/mL)

Gram positive Gram negative

B. subtilis S. aureus E. coli P. fluorescence

Ligand 50 25 12.5 25
Zn(II) complex 6.25 6.25 1.56 3.13
Penicillin 0.78 3.13 >100 >100
Kanamycin 0.39 1.56 6.25 6.25

Se substituted Schiff base 2035
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wells were used for each drug concentration. Each assay was carried out at least three
times. The results are summarized in table 4.

3. Results and discussion

Zn(II) is four-coordinate by two N and two O from two Schiff-base ligands (figure 1). The
geometry around Zn(II) can be described as a distorted tetrahedral geometry. The angles
subtended at the Zn(II) atom range from 94.59(9)° to 125.11(14)°. The bond lengths of
Zn–O (1.932(2) Å) and Zn–N (2.010(3) Å) are in the normal range [13]. Figure 2 gives
the packing structure of the Zn(II) complex along the b-axis.

The synthesized Schiff base and its Zn(II) complex were screened for antibacterial
activity against two gram (+) bacterial strains (B. Subtilis, and S. aureus) and two gram
(�) bacterial strains (E. coli and P. fluorescence). The MICs of the compounds against
these bacteria are presented in table 3. The antibiotics kanamycin and penicillin were
included as reference. The results reveal that the Schiff base shows moderate activity

Table 4. Cytotoxic activities of the synthetic compounds.

Compounds

IC50/μM

K562 KB Hep-G2

Ligand 75.3 ± 4.5 64.6 ± 3.5 67.5 ± 2.8
Zn(II) complex 13.6 ± 1.5 8.6 ± 1.2 10.7 ± 0.8
5-Fluorouracil 13.4 ± 0.5 12.8 ± 0.6 14.6 ± 1.2

Figure 1. Crystal structure of Zn(II) complex, showing 30% probability displacement ellipsoids (arbitrary
spheres for H).

2036 Z. Wang et al.
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against the tested bacterial strains with the MIC from 12.5 to 50 μg/mL. Compared with
the Schiff-base ligand, the Zn(II) complex shows more potent activities against the tested
two gram (+) and two gram (�) bacteria, with the MIC range from 1.56 to 3.13 μg/mL,
more potent than or similar with commercial antibiotics (kanamycin and penicillin).

The cytotoxic activities of the synthesized compounds against K562, KB, and Hep-G2
are summarized in table 4. The antitumor agent 5-fluoruracil was included as reference.
The results indicate that the Zn(II) complex exhibits potent inhibitory activities against the
tested tumor cell lines with IC50 ranged from 8.6 to 13.6 μM, which is more potent than or
similar with 5-fluoruracil, while the Schiff-base ligand exhibits weak inhibitory activities
against the three tumor cell lines with IC50 from 64.6 to 75.3 μM.

4. Conclusion

A Zn(II) complex with an organoselenium substituted Schiff-base ligand was synthesized
and determined by X-ray diffraction analysis for the crystal structure. In the complex, the
Zn(II) is four-coordinated by two phenolate O and two imine N from two ligands, forming
a distorted tetrahedral geometry. The Zn(II) complex and its ligand were tested in vitro for
their antibacterial and antitumor activity. Compared with other Zn(II) complexes reported
recently [19, 23–29], this Zn(II) complex not only exhibits potent antitumor activities, but
also displays favorable antibacterial activities.

Figure 2. The packing structure of Zn(II) complex along the b-axis.

Se substituted Schiff base 2037
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