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Synthesis, Crystal Structures, and Bioactivities of Ni" and Zn" Complexes
with Pyridine-3-carbaldehyde Thiosemicarbazone

BIAN He-Dong LI Chun-Ying LIANG Yu-Ning GUO Gui-Quan YU Qing LIANG Hong”*
(College of Chemistry and Chemical Engineering, Guangxi Normal University, Guilin, Guangxi 541004)

Abstract: The Ni" and Zn" complexes with pyridine-3-carbaldehyde thiosemicarbazone (HL) have been synthesized
and characterized by X-ray diffraction. In the [NiL,] (1), the Ni" atom was four-coordinated to form a square geometry by
two nitrogen atoms and two sulfur atoms from two different deprotonated ligands. In [Zn(HL),(C,HsOH),(H,0),](NO3),
(2), the Zn" atom was in a distorted octahedral geometry coordinated by two neutral ligands, two ethanol molecules,
and two water molecules. The binding of the two complexes with calf thymus DNA has been investigated by
absorption, luminescence titrations. The results suggest that both the two complex intercalates into DNA base pairs.
Antimicrobial activities of the free ligand and the two complexes against Staphylococcus Aureus, B-hemolytic
streptococcus, Streptococcus Pneumoniae, Bacillus Anthracis shows that the free ligand and 1 did not inhibit the

growth of the test microorganisms and 2 showed weak activities against the three former tested microorganisms.

CCDC: 288409, 1; 288410, 2.
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Thiosemicarbazones are  particular  interest trough the S, N, N atoms!"?. Furthermore, thiosemicarb-
because of their versatility towards different metal ions azones and their complexes have demonstrated
either as a neutral ligand or as a deprotonated ligand significant biological activity and new examples are
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being tested for their antitumor, antimicrobial, and
antiviral activity 2. Biological activities of the metal
complexes differ from those of either the ligand or the
metal ion itself, and increased and/or decreased
biological activities are reported for several transition
metal complexes such as copper(Il) and nickel(I)".

The biological activity is considered to involve
three kinds of mechanisms: (i) inhibition of the enzyme
ribonucleoside diphosphate reductase (essential for
DNA synthesis)!"¥ (ii) creation of lesion in DNA strands

Bl (iii) binding to the nitrogen

by oxidative rupture !
bases of DNA or RNA, hindering or blocking base
replication'. In order to learn the relationship between
the biological properties and the structures of metal
complexes, it is necessary to study the interaction
between them and DNA. In this paper, the Ni!' and Zn"
complexes with pyridine-3-carbaldehyde thiosemicarb-
azone (HL) have been synthesized and characterized by

The

interactions of the two complexes and DNA and

X-ray diffraction crystal structure analysis.

antimicrobial activities were studied.
1 Experimental

1.1 Materials

Thiosemicarbazide, Zn (NO;), -6H,0, Ni(OAc),
2H,0, Pyridine-3-carbaldehyde, were purchased from
commercial source. The ligand HL. was prepared using
the published procedure . Calf thymus DNA (CT-
DNA) was purchased from the Huamei Biotechnology
(China). The spectroscopic titration was
(5 mmol -L™" Tris-HCL, 50
mmol L ' NaCl, pH 7.4) at room temperature. A
solution of CT-DNA in the buffer gave the ratio of UV
absorbance at 260 and 280 nm, A »,/A 5, of ca. 1.8~1.9
‘1, which indicated that the DNA was sufficiently free

Company

carried out in the buffer

of protein'™. The DNA concentration per nucleotide was

determined by absorption spectroscopy using the known
molar extinction coefficient value of 6 600 L +mol ™' -
cm™ at 260 nm™.
1.2 Synthesis of complex [Ni(C;H,;N,S),] (1)

The mixture of pyridine-3-carbaldehyde thiosemi-
(0.6 mmol), Ni (OAc) -2H,0 (0.3 mmol),
C,HsOH (8 mL) and CH;CN (8 mL) was stirred evenly

and was placed in a 20 mL stainless-steel bomb at 110

carbazone

°C. After 3 days, the temperature was decreased to 20 °C
and the dark-green crystals were obtained. Anal. Calc
for C,Hu,NgNiS, (%): C 40.27; H 3.36; N 26.85; S 15.34
and Found (%): C 40.12; H 3.25; N 26.58; S 15.48.

1.3 Synthesis of complex [Zn(C,HsN,S),(H,0),

(C:H;OH),I(NO5), (2)

Zn(NOs) -6H,0 (1 mmol) was added to a 20 mL
ethanol solution of the ligand (1 mmol). After refluxed
for 1 h, the mixture was cooled to room temperature and
filtered. The filtrate was slowly evaporated at room
temperature. After two weeks, good quality yellow
crystals were obtained and were suitable for X-ray
(Anal. Cale. for CigHzN,0y0
SyZn  (%): C 40.71; H 4.72; N 20.65; S 9.44 and Found
(%): C 40.50; H 4.55; N 20.35; S 9.78.

1.4 Crystal structure determination

structure determination.

Single crystal X-ray diffraction data collection
were performed on a Bruker Smart 1000CCD diffracto-
meter with Mo Ka radiation  (A=0.071 073 nm). Absor-
ption effects were corrected by semi-empirical methods.
The structures were solved by direct methods with the
program SHELXS-97"" and refined with SHELXI.-97%!.
The non-hydrogen atoms were located by direct phase
determination and difference Fourier syntheses, and
refined by full-matrix least-squares methods on F2, while
the hydrogen atoms for non-water protons were treated
using the riding model. Further details of the structural

analyses are summarized in Table 1.

Table 1 Crystal data and structure parameters for the complex 1 and 2

1
Empirical formula CHuNgNiS,
Formula weight 417.16
Temperature / K 293(2)
Wavelength / nm 0.071 073
Crystal system Monoclinic

2
CsHaN O pS:Zn
678.03

293(2)

0.071 073

Triclinic
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Continued Table 1

Space group P2/c

a/ nm 0.547 74(16)
b/ nm 1.986 5(6)
¢/ nm 0.753 0(2)
«l ()

B1(° 92.340(5)
/()

VI nm? 0.818 7(4)
Formula units (Z) 2

D ! (g-cm™) 1.692
Absorption coefficient / mm™ 1.456
F(000) 428

6 range for data collection / (°) 2.89~25.00

hkl ranges
Reflections collected 4226
Independent reflection (R;,)
Final R indices [[>20(])]

R indices (all data)

-6~6, -20~23, -8~8

1 443 (0.030 3)
R.=0.030 3, wR=0.065 6
R=0.044 4, wR=0.069 7

Pl
0.805 4(3)
0.893 6(3)
1.120 8(4)
100.682(5
106.516(5
104.484(5)
0.719 6(4)

1

1.565

1.066

352

1.97~25.01

-9~5, -9~10, ~13~13

3 800

2533 (0.012 7)
R=0.025 4, wR=0.070 7
R=0.028 9, wR=0.073 7

)
)

1.5 Physical measurements

Elemental analyses (C, H and N) was carried out
with the America Perkin-Elmer company PE2400 II
Element Analyzer. Infratred spectra were performed as
KBr pellet using a Perkin-Elmer spectrum one FTIR
spectrometer. UV-Vis spectra were recorded on Varian
Cary-100 type UV-Spectrophotometer, and emission
spectra were recorded on a RF-53019¢ luminescence
spectrometer.

The DNA-binding experiments were performed at
room temperature. Absorption titration experiments of
the two complexes in buffer were performed by using a
fixed metal complex concentration to which increments
of the DNA stock solution were added. Complex-DNA
solutions were allowed to incubate for 10 min before the
absorption spectra were recorded. Fluorescence
quenching experiments were conducted by adding small
aliquots of the complex solution to the samples
containing 5 wmol - L™ ethidium bromide (EB) and 50
pmol - L™ DNA in buffer. Samples were excited at 319
nm and emission was observed between 500 and 700
nm.

1.6 Determination of antimicrobial activity

Antimicrobial activities were evaluated using the

macro dilution test™. The antibacterial potential of the

ligand and the two complexes was assayed using four
positive  (Staphylococcus Aureus, B-hemolytic strepto-
coccus, Streptococcus Pneumoniae, Bacillus Anthracts)
bacterial strains. The ligand and the two complexes
were dissolved in water, and then the minimum
(MIC) was determined by

inhibition of the visible growth of organisms during

inhibitory concentration

subsequent incubation for 48 h at 37 °C.
CCDC: 288409, 1; 288410, 2.

2 Results and discussion

2.1 Description of structure

A perspective view of 1 with the atomic numbering
scheme is shown in Fig.1. Selected bond lengths and
angles are listed in Table 2.

Symmetry transformations used to generate equivalent atoms:
A: —x+1, —y+1, —z+1
Fig.1

Molecular structure of the complex 1
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Table 2 Selected bond lengths and angles for 1 and 2
Complex 1
Ni(1)-N(1) 0.191 9(2) Ni(1)-S(1A) 0.217 44(8) S(1)-C(1) 0.172 93)
Ni(1)-N(1A) 0.191 9(2) Ni(1)-S(1) 0.217 44(8)
N(1)-Ni(1)-N(1A) 180.0(1) N(1)-Ni(1)-S(1) 85.21(6) S(1A)-Ni(1)-S(1) 180
N(1)-Ni(1)-S(1A) 94.80(6) N(LA)-Ni(1)-S(1) 94.79(6)
Complex 2
Zn(1)-0(1) 0.208 27(15) Zn(1)-0(2) 0.216 65(14) S(1)-C(7) 0.169 52(19)
Zn(1)-N(1) 0.213 57(16)
0(1)-Zn(1)-O(1A) 180 0(1)-Zn(1)-0(2) 87.78(5) N(1)-Zn(1)-N(1A) 180
0(1)-Zn(1)-N(1) 89.61(5) 0(1A)-Zn(1)-0(2) 92.22(5) N(1)-Zn(1)-0(2) 90.93(6)
O(1A)-Zn(1)-N(1) 90.39(5) 0(1)-Zn(1)-0(2A) 92.22(5) N(1A)-Zn(1)-0(2) 89.07(6)
0(1)-Zn(1)-N(1A) 90.39(5) 0(2A)-Zn(1)-0(2) 180 N(1)-Zn(1)-0(2A) 89.07(6)

Symmetry transformations used to generate equivalent atoms: complex 1: A: —x+1, —y+1, —z+1; complex 2: A: —x, —y+2, —z+1.

This structure consists of the neutral molecules
[Ni(L),] with the metal specify the symmetry centre. The
sulphur atom and the hydrazine nitrogen atom of the
ligand coordinate to the Ni' atom in a trans configura-
tion to complete a square planar geometry. The torsion
the

NilSICIN2NI1 and the two thiosemicarbazone moieties

angle between five-membered chelate ring
is 9.6°, while the dihedral angles between the five-
membered chelate ring Ni1SICIN2N1 and the pyridyl
°. The distances Ni-S and Ni-N agree well

with those generally found in square planar nickel (Il)

rings are 18.1

complexes™?!, Althou-gh possessing strong coordinati-
on ability, pyridyl N4 atom in the ligand does not
coor-dinate to a Ni" atom as it is participating in a
hydrogen bond to H3A-N3  (x—1, —y+3/2, z—1/2) with
the N4---N3 separation of 0.297 6 nm and the angle
of 161.67°. The C1-S1 bond length has been increas-
ed from 0.169 3(2) nm in the free prot-onated ligand!"”
to 0.172 9(3) nm, confirming that thiol was the major
tautomer in 1. The C1-N2 and C2-Nldistances of
0.130 6(3) and 0.129 3(3) nm, respectively, indicate a
electron delocalization in the conjugation of the C-N-
N-C moiety in the coordinated ligand.

The
mononuclear cation, [Zn (C;HgN,S),(H,0),(C,HsOH),J**,

and two NO;™ anions. A perspective view of the molecu-

structure of 2 contains a two-charged

lar structure is shown in Fig.2. In the cation, the six

ligands are arranged around the Zn" ion in a slightly

distorted octahedral geometry, with the metal ion lying
on a i centre. In this description two pyridyl N atoms
from different protonated ligands and two ethanol
molecules form the equatorial plane while the two water
molecules occupy the axial positions at a shorter
distance. It is interesting that the S atom of the ligand
doesn’ t coordinate to the centre metal atom. To our
knowledge, the sulfur atom bind to Zn" atom in most of
cases of Zn" complexes with heterocyclic thiosemicar-
bazones™ . The molecular conformation of the sulfur
atom and the hydrazine nitrogen N2 is trans with respe-
ctto the C7-N3 bond. The C7-S1 distance (0.169 52(19)
nm) is similar to the value in free ligand, which indicate

double bond character (thione form).

Symmetry transformations used to generate equivalent atoms:

A: —x, —y+2, —z+1

Fig.2 Molecular structure of 2

In 2, 04 from NO;™ anions accepts an intramolec-
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ular hydrogen bond from the H2A-02 with bond strong bands in the rang of 3 100~3 500 cm™, which are
distance of 0.281 5 nm and angle of 150.23°. Further- attributed to the v (N-H) mode of the ligand. The
more, O3 from NO;~ anions acts as an acceptor in bands at 1628, 1626, and 1612 cm™ in the free ligand,
hydrogen bonds to N3 (—x+1, —y+2, —z+2) and the O1 1, and 2, respectively, are contributed to be v (C=N)
water molecule (—x+1, —y+2, —z+1) with distances of mode for the Schiff base ligand. The ligand and 2 also
0.295 9 and 0.281 9 nm, and angles of 163.25° and showed »(C=S) mode at 1 089 and 1090 cm™, respec-
165.18°, respectively. These extensive hydrogen bonds tively. While the »(C=S) mode disappeared in 1. The
also make an important contribution to the stability of band at 1 032 cm™ of 1 is attributed to »(C-S) stretching
the complex. vibrations. These confirm that the ligand has proton
2.2 Infrared spectroscopy adjacent to the thione group in 2, and trend to turn to
The IR spectra of the ligand L, 1, and 2 showed the thiol form in 1 (Scheme 1).
H

N NH
AN \N - \"/ 2 N \N /NYNHZ
—_—
F S = SN
N N
(Thione form) (Thiol form)
Scheme 1
2.3 DNA binding studies respectively, but hypochromicities were observed at the
2.3.1 Absorption spectroscopic studies three bands. The band around 310 nm is monitored as a
The application of electronic absorption spectros- function of added DNA. The binding constant was

copy in DNA-binding studies is one of the useful determined using cpn/(€,—&)=cond/(€,—€)+ /[ K\ (e,—&1)],

techniques. The absorption spectra of these two where &, & and &, correspond to A j/Ceomiegs the
complexes in the absence and presence of DNA are extinction coefficient for the free complex, and the
given in Fig.3. The spectra show one absorption band at extinction coefficient of the fully bond complex,

311 nm for 1 and two bands at about 203 and 308 nm respectively. In the plot of cpw/(e,— &) vs cpn, the
for 2, respectively. With increasing DNA concentrat- binding constant K, is given by the ratio of the slope to
ions, there are 11 nm red-shift at 203 nm for 2, and no the intercept. The binding constant for the two
obvious red-shift at 311 nm and 308 nm for 1 and 2, complexes are 3.50x10* and 2.41 x 10° L -mol ™" for 1

1.0+ l

E 3001 g,=3.5x10¢ 304 1 E
@ 5 250 () 30
E g Ky =241X10°
0.8 Z 200 254 s
= 150 <
e 100 2.0 7
o 0.6 = &
2 £ 5o " 5
< 0 20 30 2 1.5 © 30
0.4 1.04
0.5+
0.2 4

250 ' 300 ' 350 400 200 300 400
Wavelength / nm Wavelength / nm
Arrow shows the absorbance changes on increasing DNA concentration; ¢ =20 pmol L™, cpxy=0 to 300 pmol - L™
Fig.3  Absorption spectra of 1 (a) and 2 (b) in the presence of increasing amounts of DNA with

subtraction of the DNA absorbance
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and 2, respectively, which suggest that there is an
interaction between the complexes and DNA.

2.3.2  Emission spectra studies

The binding of 1 and 2 to CT-DNA can be studied
by competitive binding experiments. Ethidium bromide
(EB) is known to show fluorescence when bound to
DNA, due to its strong intercalation between the
adjacent DNA base pair. The fluorescent light is
quenched by the addition of a second molecule®. The
quenching extent of fluorescence of EB binding to DNA
is used to determine the extent of binding between the
second molecule and DNA. The addition of the two
DNA pretreated with EB

reduction in

complexes o causes

appreciable the emission intensity,
indicating the replacement of the EB fluorophore by the
complexes results in a decrease of the binding constant
of the ethidium to the DNA.

According to the classical Stern-Volmer equation

I/ I=1+Kr

where I, and [ are the fluorescence intensities in the

(321,

absence and the presence of complex, respectively. K is
a linear Stern-Volmer quenching constant dependent on
the ratio of ., (the ratio of the bound concentration of
EB to the concentration DNA). r is the radio of the total
concentration of complex to that of DNA.

The fluorescence quenching curves of EB bound to
DNA by the two complexes are shown in Fig.4. The
quenching plots illustrate that the quenching of EB
bound to DNA by all the complexes are in good

agreement with the linear Stern-Volmer equation, which

1.154

1.104

/1

1.05 1

1.00 4

0.0 0.1 02 03 04 05

Coomplex ! Cona

c=5.0 pmol - L7, epa=50 pmol L™, ¢ppin=0 to 70 pmol - L,
Ao=319 nm
Fig.4 Fluorescence quenching curves of EB bound to

DNA by 1 (M) and 2 (A)

also indicates that the two complexes binds to DNA. In
the plot of 1o/ I VS ¢ comie/ conss K 1s given by the ratio of
the slope to intercept. The K values for 1, 2 are 0.343 1
and 0.188 9, respectively. The data suggest that the
interaction of 1 with DNA is stronger than 2, which is
consistent with the above absorption spectral results.
However, the smaller K values indicate that the
interaction of the two complexes with DNA is a weak
intercalative mode.
2.4 Biological activity tests of the complexes
Thiosemicarbazones and their complexes have
wide antimicrobial activity. And therefore, we have
studied the antimicrobial activities of the free ligand
complexes Staphylococcus

and the two against

Aureus, [B-hemolytic  streptococcus,  Streptococcus

Pneumoniae, Bacillus Anthracis. 2 showed weak
activities against the tested microorganisms. The MIC
against the three former is 666.7 g -mL ™', and
against the last is larger than 1000 pg-mL™. The free
ligand and 1 did not inhibit the growth of the test
microorganisms. It is also reported that 4-coordinated
Ni complex with thiosemicar-bazones did not inhibit

the growth of the organisms'™.,
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