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INTRODUCTION

Schiff base complexes derived from heterocyclic compounds
have been increasing area of interest in the field of chemistry
[1,2]. Heterocyclic compounds such as pyridine, thiophene, 2,2-
bypyridine moiety and related molecules are considered to be
good ligands due to the presence of at least one hetero atom in
the ring with a localized pair of electrons. The successful formation
of the complexes, has led to the formation of a series of novel
compounds with a wide range of physical, chemical and biological
properties [3,4]. In this context, thiophene moiety containing
Schiff base is widely studied [5,6]. Further, metal complexes with
sulfur containing unsaturated ligands are also of a great interest
in inorganic and organometallic chemistry especially due to their
potential novel electrical and magnetic properties [7]. Belo [8]
reviewed the importance of sulphur containing ligands and
coordination ability of sulphur atom and the Schiff base continue
to occupy an important position as ligands in metal coordination
chemistry [9]. Moreover, the Schiff base derived from 2-thiophene
carboxaldehyde and 2-aminobenzoic acid and their metal comp-
lexes showed a good antibacterial activity against Escherichia
coli, Pseudomonas aeruginosa and Staphylococcus pyogenes
[10]. The protonation constants of Schiff base and stability
constants of the complexes have also been determined potentio-
metrically [11] and studied their solid state conductivities [12].
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Furthermore, Schiff base derived from sulfanethiadizole
and salicylaldehyde or thiophene 2-carboxaldehyde and their
metal complexes exhibited toxicities against various insects
[13]. On the other hand, a series of Cu(II) complexes with mono
Schiff base of dipropylene triamine with 2-thiophene carboxal-
dehyde, has been tested for antiinflammatory and antioxidant
activity [14]. The tested compounds inhibited the carrageenin-
induced rat pawoedema and showed important scavenging activity.
Moreover, Kirchner et. al. [15] reported palladium(II) complexes
of Schiff base derived from 2-thiophene carboxaldehyde moiety.
The investigated complexes were found to be active as catalysts
for Suzuki coupling reactions and were compared to related
dimine systems and proposed an alternative to existing catalytic
systems. Furthermore, zinc(II) mononuclear complex with
3-carboxypyrazole ligand were studied for their antidiabetic
activity and found to exhibit potential activity [16]. In addition,
a series of copper(II) and zinc(II) complexes involving Schiff
base derived from salicylaldehyde and β-alanine were also
reported and the synthesised complexes have been evaluated
for their antioxidant and antidiabetic activites [17].

Keeping in view of the versatile applications of metal compl-
exes of Schiff base ligands derived from heterocyclic compounds,
it was thought of worthwhile to synthesize and characterize
some metal complexes of Zn(II) with Schiff base ligands (in
situ derived from thiophene-2 carboxyaldehyde and substituted



aniline), viz. (E)-N-(thiophen-2-ylmethylene)anilines, (E)-4-
methyl-N-(thiophen-2-ylmethylene)aniline and (E)-4-chloro-
N-(thiophen-2-ylmethylene)aniline. Interesting biological
properties of these N, S donor Schiff base complexes (having
the composition [MX2L1-3; X = Cl−, NO3

−], has prompted us
to prepare the present series of complexes which describe the
antidiabetic activity against the enzyme α-glucosidase. The
ligand skeleton system used in the synthesis of zinc(II) comp-
lexes with (E)-N-(thiophen-2-ylmethylene)aniline (Ln) are
shown in Fig. 1(a), while the structural motifs shown by zinc
chloride and zinc nitrite are shown in Fig. 1(b). Consequently,
zinc complexes 1-5 were investigated for their antidiabetic
properties against α-glucosidase enzyme.
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Fig. 1. Generic structure of the ligands abbreviations: (a) Ln (n = 1-3) with
the numbering protocol and (b) Structural motifs of Zn(II)Cl2 and
Zn(II)(NO3)2 compounds

EXPERIMENTAL

All the chemicals were used as purchase without purifica-
tion, thiophene-2-carboxaldehyde (Merck), aniline, ZnCl2 (SD
Fine), Zn(NO3)2, p-toluidine, p-chloroanline (CDH) were used
as such. Solvents were purified following standard procedures
and were freshly distilled prior to use. (E)-N-(Thiophen-2-
ylmethylene)aniline derivatives L1-3 were prepared in situ from
thiophene-2-carboxaldehyde and the corresponding anilines.
Attempts to prepare crystalline (E)-N-(thiophen-2-ylmethy-
lene)aniline were unsuccessful and in all instances either oil
or a viscous liquid was isolated. Melting points were recorded
in capillary tubes on a Scanca apparatus and are uncorrected.
IR spectra in the range 4000-400 cm-1 were obtained using
KBr pellets on a Shimadzu FT-IR-8400S spectrophotometer.
The 1H NMR spectra were recorded on a Bruker Avance II
spectrometer and measured at 400.13 MHz. The 1H chemical
shifts were referenced to tetramethylsilane set at 0.00 ppm.
The UV-visible spectra of the complexes were observed in
UV-1800 Shimadzu spectrophotometer in acetonitrile at 200-
800 nm range. Fluorescence spectra were obtained on a Perkin
Elmer spectrofluorimeter model LS55 (with the excitation and
emission slits fixed at 10 and 20 nm, respectively) and corrected
for the instrument response function. Quartz cuvettes of 10

mm optical path length received from Perkin Elmer, USA
(part no. B0831009) and Hellma, Germany (type 111-QS) were
used for measuring absorption and fluorescence spectra,
respectively. Fluorescence quantum yields (φf) were calculated
by comparing the total fluorescence intensity under the whole
fluorescence spectroscopic range with that of a standard
method described elsewhere [18]. The relative experimental
error of the measured quantum yield was estimated within ±
10 % solution. The electrical conductivity measurements were
made using a Eutech Instruments automatic precision bridge
Con510.

Synthesis of zinc complexes

Synthesis of [ZnCl2(L1)] (1): To a solution of thiophene-
2-carboxaldehyde (0.50 g, 4.45 mmol) in ethanol (5 mL) was
added a solution of aniline (0.415 g, 4.45 mmol) in ethanol (5
mL). The mixture was stirred at ambient temperature for 30 min.
To this reaction mixture, ZnCl2 (0.607 g, 4.45mmol) in methanol
(20 mL) was added dropwise under stirring conditions which
resulted in the immediate formation of a yellow precipitate.
The stirring was continued for 3 h and then the mixture was
filtered. The residue was washed with methanol (3 × 5 mL)
and dried in vacuo. The dried solid was dissolved by boiling
in 50 mL of acetonitrile and filtered while hot. The filtrate
was left for slow evaporation at room temperature affording
yellow crystalline material. Complexes 2-5 were prepared as
yellow crystals in a similar manner to that described for the
preparation of complex 1, using corresponding anilines and
metal salts as starting materials.

[ZnCl2(L1)] (1): Yield 0.62 g (41 %). m.p. 243-244 ºC.
Anal. calc. (%) for C11H9NSZnCl2: C, 40.83; H, 2.80; N, 4.33.
Found (%): C, 40.10;H, 2.71; N, 4.18%. Λm (CH3CN): 7 Ω-1

cm2 mol-1. IR (KBr, cm-1): 1670 νasym(C(H)= N) imine; 838
ν(C-S-C)thiophene. 1H NMR (CDCl3): δ 8.56 (s, 1H, H-7), 7.86
(d, 1H, H-3′), 7.82 (d, 1H, H-5′), 7.40  (t, 1H, H-4′], 7.38 (d,
1H, H-2), 7.34 (d, 1H, H-6), 7.22 (t, 1H, H-3), 7.20 (t, 1H, H-
5), 7.08 (t, 1H, H-4) ppm.

[ZnCl2(L2)] (2): Yield: 0.80 g (51 %). m.p. 212-215 ºC.
Anal. calc. (%) for C12H11NSZnCl2: C, 42.69; H, 3.28; N, 4.15.
Found (%): C, 42.10; H, 3.18; N, 3.98. Λm (CH3CN): 6 Ω-1

cm2 mol-1. IR (KBr, cm-1): 1659 νasym(C(H) = N) imine; 813
ν(C-S-C) thiophene. 1H NMR (CDCl3): δ 8.56 (s, 1H, H-7),
7.49 (d, 1H, H-3′), 7.46 (d, 1H, H-5′), 7.18 [t, 1H, H-4′), 7.12
(m, 4H, H-2,3,5,6], 2.35 (s, 3H, CH3) ppm.

[ZnCl2(L3)] (3): Yield 0.78 g (47 %). m.p. 80-81 ºC. Anal.
calc. (%) for C11H8NSZnCl2: C, 36.91; H, 2.25; N, 3.91. Found
(%): C, 37.08;H, 2.33; N, 4.05. Λm (CH3CN): 8 Ω-1 cm2 mol-1.
IR (KBr, cm-1): 1615 νasym(C(H) = N) imine; 869 ν (C-S-C)
thiophene. 1H NMR (CDCl3): δ 8.54 (s, 1H, H-7), 7.54 (m,
2H, H-3′,4′), 7.36 (d, 1H, H-5′), 7.17 (d, 2H, H-2,6), 7.14 (d,
2H, H-3,5) ppm.

[Zn(NO3)2(L2)] (4): Yield: 0.58 g (32 %). m.p. 191-192 ºC.
Anal. calc. (%) for C12H11N3O6SZn: C, 36.89; H, 2.84; N, 10.76.
Found (%): C, 36. 27; H, 2.96; N, 10.25. Λm (CH3CN): 3 Ω-1

cm2 mol-1. IR (KBr, cm-1): 1614 νasym(C(H)=N) imine; 849 ν(C-
S-C) thiophene; 1518,1384 ν(NO3). 1H NMR (CDCl3):  δ 8.56
(s, 1H, H-7), 7.48 (d, 1H, H-3′), 7.45 (d, 1H, H-5′), 7.18 (b,
1H, H-4′), 7.13 (dd, 2H, H-3,5), 7.11 (dd, 2H, H-2,6), 2.35 (s,
3H, CH3) ppm.
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[Zn(NO3)2(L3)] (5): Yield 0.68 g (36 %). m.p. 70-71 ºC.
Anal. calc. (%) for C11H8N3O6SZnCl: C, 32.14; H, 1.96; N,
10.22. Found (%): C, 33.30; H, 2.10; N, 10.90. Λm (CH3CN):
4 Ω-1 cm2 mol-1. IR (KBr, cm-1): νasym(C(H)=N) imine; 822 ν(C-
S-C) thiophene;1520,1384 ν(NO3). 1H NMR (CDCl3): δ 8.55
(s, 1H, H-7), 7.55 (m, 2H, H-3′,4′), 7.36 (d, 1H, H-5′), 7.17
(dd, 2H, H-2,6), 7.15 (dd, 2H, H-3,5) ppm.

Antidiabetic activity: Antidiabetic activity of the comp-
ounds 1-5 was screened by α-glucosidase inhibitory assay and
performed according to Kumar et al. [19]. The experimental
procedure is briefly described below as reported earlier [20] .
In a microplate, 25 µL of sample solution in water (1 mg/mL)
and 25 µL of enzyme were added in the well and the solution
was mixed gently and incubated at 37 ± 1 ºC for 10 min. After-
wards, 25 µL of the substrate (p-nitrophenyl α-D glucopyran-
oside in 0.5 mM concentration in the buffer, pH 6.8) was added
in the mixture and incubated again at 37 ºC for 30 min. The
reaction was terminated by adding 100 µL of 0.2 M sodium
carbonate solution. Amount of p-nitrophenol released from
the substrate was quantified on a UV-visible spectrophotometer
at 405 nm (Multiskan™ GO Spectrophotometer, Thermo-
Fisher, Finland). Inhibition concentration (IC50) of enzyme
activity was also calculated by following the same enzyme assay.
Appropriate controls were used for each sample and all the
analysis were performed in triplicate.

RESULTS AND DISCUSSION

In a suitable one-pot reaction, a systematic series of five
zinc complexes (1-5) with the general stoichiometry ZnX2L1-3

(where X = Cl− or NO3
− and L is a various substituted Schiff

base ligands, viz. (E)-N-(thiophen-2-ylmethylene)aniline, (E)-
4-methyl-N-(thiophen-2-ylmethylene) aniline and (E)-4-
chloro-N-(thiophen-2-ylmethylene)aniline] were synthesized.
In alcohol, one equivalent of MX2 reacts rapidly with one equi-
valent of L (generated in situ from thiophene-2-carboxal-
dehyde and a substituted aniline) to give a yellow precipitate
which proved to be Schiff base metal complexes (Scheme-I)
analogous to that reported for palladium analogues [15].The
general stoichiometry of [MX2L1-3] complexes have been corro-

borated by the micro-analytical results, which clearly evidenced
the formation of 1:1 adducts between the bidentate S,N-donors
L1-3 and MX2. In all cases, air stable pale yellow solids were
obtained in moderate to good yields and these complexes behave
as non-electrolytes in acetonitrile solution. Complexes 1-5 are
soluble in water, alcohol, acetonitrile, DMSO and DMF.

IR spectra: The infrared spectra of complexes 1-5 are
very similar. The entire complexes spectrum compared with
the literature value. The complexes display a moderately intense
IR band in the region1620-1590 cm-1, which is assigned to be
νasym(C(H)=N) stretching frequency of the coordinated Schiff
base ligands [21]. In addition, well resolved sharp bands of
variable intensity observed in the regions 872-856, 846 and
730-714 cm-1 are assigned to the coordinated sulphur of the
thiophene ring [15,22]. The complexes 4 and 5 also showed a
very strong band at approximately 1384 cm-1 which is indi-
cative of the simultaneous presence of coordinated nitrates
[23]. In addition, the solid state spectrum of complexes 4 and
5 displayed bands at 1513-1381 cm-1, suggesting bidentate
chelating nitrate groups [21,24].
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UV-visible and fluorescence spectra: The UV-visible and
fluorescence properties of complexes 1-5 are summarized in
Table-1. The absorption spectra of all the complexes were
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Fig. 2. (a) UV-visible spectra of compounds 1-5 in acetonitrile solution (concentration ~10–5 M). (b) Fluorescence spectra of compounds
1-5 in acetonitrile solution(concentration ~10–5 M) obtained by excitation at the respective absorption maxima
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recorded in the range 300-400 nm in acetonitrile solutions at
concentrations of about 10-5 M. The electronic spectra exhibit
a coalescence absorption in the range of 330 to 350 nm (Fig.
2a). The origin of the band could not be assigned unambigu-
ously due to the non-availability of data for the free ligands
[21]. The steady-state fluorescence studies have been employed
as independent evidence of complexation. In acetonitrile solu-
tion, the complexes have broad emission bands at λem = 460
nm within the wavelength range of 400-700 nm, when they
are excited at their respective absorption maxima (Fig. 2b) at
room temperature. Nevertheless, these emissions could not be
confined as metal-to-ligand charge transfer (MLCT) or ligand-
to-metal charge transfer (LMCT) as zinc(II) ion, with a d10

configuration, is not easily oxidized or reduced [25]. The
emissions are suggested to be intra-ligand (IL) (π-π*) emission
and the Zn complexes showed very low fluorescence quantum
yields [26] (Table-1).

TABLE-1 
PHOTOPHYSICAL DATA FOR COMPLEXES 1-5  

IN ACETONITRILE SOLUTION 

Photoluminescence data 
Complexes 

Electronic spectroscopic 
data λmax (nm) λem (nm) φF 

1 330 467 0.14 
2 337 465 0.24 
3 336 467 0.16 
4 340 536 0.38 
5 335 464 0.10 

 
1H NMR spectra: The 1H NMR spectra of the complexes

1-5 were recorded in CDCl3 solution. The complexes displayed
the expected signals and confirmed the presence of the ligand
skeleton in the respective complexes. In the spectra, coupling
constants could not be established with certainty owing to the
broad unresolved nature of the signals [21]. The change of
ligands coordination to zinc(II) upon 1H NMR chemical shifts
could not be confined in the absence of  NMR data for the free
ligands (prepared in situ). The 1H NMR spectra of all the complexes
shows a singlet peak at around 8.7-8.9 ppm which may be assi-
gned to HC=N protons. A singlet peak appeared around 2.3
ppm is due to methyl group in complexes 2 and 4. The multi-
plets observed at around 6.7-8.3 ppm for all the complexes are
due to protons of the aromatic ring [15].

Proposed structure of the complexes: Coordination number
four is by far the most common structural feature in the chemistry
of zinc(II) complexes.The two limiting configurations generally
observed for Zn(II) complexes are tetrahedral and square planar
[27] and only a few can be classified as (distorted) square planar
[28,29]. Efforts for getting single crystals suitable for X-ray
crystal structure analysis could not be achieved. However, from
the spectroscopic data analysis of the similar ligand system
reported earlier [2,15], the ligands are proposed to be bidentate
nature of coordination. In the present paper, zinc (II) complexes
resulted from Schiff base ligands, L1-3 with Zn(II)Cl2 and
Zn(NO3)2 were characterized by elemental analyses, molar
conductance, UV-visible, IR and 1H NMR spectroscopy. From
the IR spectra, it is indicated that L1-3 behaves as a bidentate
ligand coordination to the metal ions viz. azomethine-N and
thiophene-S [2,30,31]. In addition, the IR spectra of zinc

complexes with Zn(NO3)2 also showed bidentate nature of
coordination of nitrate ion to the metal atom [21,23]. From
the molar conductance data, it was found that Zn(II) chelate
may be considered as 1:1 (L:M) composition with the ligands
[21]. The 1H NMR spectra of the complexes are in good agreement
with the formation of the expected compounds [31]. From the
above spectroscopic observations and on the basis of the related
structures of zinc(II) and mercury(II) complexes reported earlier
[26,27,33,34], the structure of the complexes can be suggested
to have tetrahedral geometry for complexes 1-3 and octahedral
geometry for complexes 4 and 5 (Fig. 1b).

Antidiabetic activity: The antidiabetic activity of the syn-
thetic complexes were screened using α-glucosidase enzyme
and found that only complex 1 showed inhibition more than
50 % of α-glucosidase activity (Fig. 3). Since complex 1 showed
significant activity as compared to other complexes, IC50 for
only complex 1 was calculated and compared with the standard
drug, acarbose. The IC50 (µg/mL) values for the complex 1 along
with the standard compound acarbose are listed in Table-2. It
is clear from Table-2 that complex 1 exhibited IC50 values at
24.45 µg/mL as compared with the standard drug, acarbose
which exhibits IC50 value at 15.55 µg/mL. Complex 1 showed
effective antidiabetic activity among the screened complexes.
The results of antidiabetic activity of the complexes could not
be compared with that of the related zinc complexes due to
different methodology of antidiabetic assay adopted [16,17].
However, the antidiabetic activity of this complex was compared
with the organotin(IV) compounds of azo-carboxylates [20,35]
and standard drug acarbose and was found to be lower activity.
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Fig. 3. Pictorial diagram for antidiabetic activity (% inhibition) of zinc
compounds 1-5 along with standard drug acarbose

TABLE-2 
ANTIDIABETIC ACTIVITY OF ZINC COMPLEXES 1-5 

Compounds IC50 (µg/mL) SD 

1 24.45 4.60 
Acarbose 15.55 0.43 

 
Conclusion

The syntheses of five water soluble zinc complexes with
substituted (E)-N-(thiophen-2-ylmethylene)anilines were success-
fully accomplished. These complexes have been characterized
by physio-chemical data and spectroscopic techniques such as
UV-visible, fluorescence, IR and 1H NMR. In all cases, air stable
pale yellow solids were obtained in moderate to good yields
and these complexes behave as non-electrolytes in acetonitrile
solution. UV-visible, fluorescence and IR spectral studies indicate
that the ligands (L1-3) are coordinated to the metal complexes.
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The emission spectra of all the complexes shows π-π* (intra-
ligand) transition. The study of the complexes suggested to
have four and six coordinate geometry around zinc atom.
Complexes 1-3 are four coordinated tetrahedral structures while
complexes 4 and 5 are six coordinated octahedral structures.
The antidiabetic activity of the complexes was investigated
against α-glucosidase enzyme and compound 1 was found to
exhibit effective activity.
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