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a b s t r a c t

A new N0-acetyl butane sulfonic acid hydrazide, C4H9-SO2-NH-NH-COCH3 (Absh, an sulfonamide com-
pound), and its Cu(II) complex [Cu(Absh)2(CH3COO)2], have been synthesized and characterized by ele-
mental analysis, spectrometric methods (1H–13C NMR, FT-IR, LC–MS), thermal analysis, magnetic
susceptibility and conductivity measurements. In addition, molecular structure of the ligand, Absh was
determined by single crystal X-ray diffraction technique and found that the compound crystallizes in
monoclinic, space group P21/c. To gain information about the structure of the ligand and its complex,
we have performed computational studies using density functional theory (DFT) for optimized geome-
tries of the compounds. Electrochemical studies showed that, the complex is electrochemically active
and has one irreversible reduction and one irreversible oxidation potentials, and the half wave reduction
potentials are �1.15 and 0.45 volt respectively, versus ferrocene/ferrocenium internal reference elec-
trode. The antibacterial activities of synthesized compounds were studied against Gram positive bacteria;
Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633, Bacillus cereus NRRL-B-3711, Enterococcus
faecalis ATCC 29212 and Gram negative bacteria; Escherichia coli ATCC 11230, Pseudomonas aeruginosa
ATCC 15442, Klebsiella pneumonia ATCC 70063 by using the disc diffusion and micro dilution methods.
The inhibition activities of these compounds on carbonic anhydrase II enzyme (hCA II) have been inves-
tigated by comparing IC50 and Ki values. The anticancer activities of these compounds on MCF-7 cell line
investigated by comparing IC50 values. The biological activity screening showed that Cu(II) complex has
more activity than ligand against the tested bacteria, hCA II enzyme and breast cancer cell lines MCF-7.

� 2014 Elsevier B.V. All rights reserved.
1. Introduction

Sulfonamides and their derivatives are extensively used in
human and veterinary medicine [1]. It has been extensively used
as antimicrobial [2], antifungal [3], antimalarial [4], antitumor
activity [5,6] and carbonic anhydrase inhibitors (as diuretic or
hypoglycaemic reagents) [7–9] and, still there is considerable
interest. It also as used as pharmaceutical agents for the treatment
of different diseases such as infections [10] Alzheimer’s disease
[11] and HIV [12]. The molecules of sulfonic acid hydrazide involve
two pharmacophoric fragments: sulfonamide group and hydrazine
residue. Some of them exhibit strong cytostatic activity [13,14],
antibacterial [15] anti-inflammatory and analgesic [16,17] activity,
as well as carbonic anhydrase activating properties [18]. To find
better compounds, some metal sulfonamides have attracted much
attention due to the fact that complexes showed more activity than
free ligands. In particular, Ag-sulfadiazine has proved to be an
effective topical antimicrobial agent of significance in burn ther-
apy, and better than the free ligand or AgNO3 [19]. Moreover, it
has been found that, several Cu(II), Ce(III), Bi(III), Cd(II), and Hg(II)
sulfonamide complexes have revealed antibacterial activity
[20,21]. Transition metal complexes of hydrazides and sulfona-
mides as well as their hydrazone derivatives also find application
in chemotherapy [22]. Due to significant applications of sulfona-
mides/sulfonylhydrazines/sulfonylhydrazones in pharmacology
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and widespread use in medicine, these compounds have gained
importance in bio-inorganic and metal based drug chemistry.

In our previous studies, we reported the antibacterial and cyto-
toxic effect of methane sulfonic acid hydrazide (CH3SO2NHNH2)
and its sulfonyl hydrazone derivatives [23,24], as well as its metal
complexes [25,26]. Methane, ethane and propanesulfonylhydraz-
one derivatives and their transition metal complexes were synthe-
sized and screened for their antimicrobial activities [27–29].
Furthermore, ethanesulfonylhydrazone derivatives and their tran-
sition metal complexes, and different aromatic/hetero aromatic
sulfonylhydrazone derivatives were investigated for inhibitory
effects on carbonic anhydrase II (hCA II) enzyme [28,30].

As part of our ongoing studies, N0-acetyl butane sulfonic acid
hydrazide (Absh) and its Cu(II) complex were synthesized for the
first time and characterized by using elemental analysis, 1H/13C
NMR, FT-IR, LC–MS, UV–Vis spectrometric methods, magnetic sus-
ceptibility, conductivity measurements, thermal studies and X-ray
crystallography method for compounds. The antibacterial activities
of synthesized compounds were studied against Gram positive
bacteria; Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC
6633, Bacillus cereus NRRL-B-3711, Enterococcus faecalis ATCC
29212 and Gram negative bacteria; Escherichia coli ATCC 11230,
Pseudomonas aeruginosa ATCC 15442, Klebsiella pneumonia ATCC
70063 by using the disc diffusion and micro dilution methods.
The inhibition activities of these compounds on carbonic anhy-
drase II enzyme (hCA II) have also been investigated by comparing
IC50 and Ki values. In addition anticancer activities of these com-
pounds on MCF-7 cell line investigated by comparing IC50 values.
The electrochemical behaviors of ligand and its Cu(II) complex
were evaluated by cyclic voltammetry (CV). The structure of the
ligand was optimized using 6–311G(d,p) functional in which
B3LYP functional were implemented. The geometry of the complex
was optimized at the DFT level by using the UB3LYP method and
LANL2DZ basis set. These global reactivity descriptors such as ion-
isation potential (I = EHOMO), electron affinity (A = ELUMO), energy
band gap (DE = EHOMO � ELUMO), electronegativity (v = I + A/2),
chemical potential (l = �v), global hardness (g = I � A/2), global
softness (S = 1/g) and global electrophilicity index (x = l2/2g)
were determined with GAUSSIAN 09 program.
2. Experimental

2.1. Physical measurements

The crystal structure of N0-acetyl butane sulfonic acid hydrazide
(Absh) was determined by using a on a Bruker Kappa APEX II CCD
area-detector. The solvents used were purified and distilled
according to routine procedures. Butane sulfonyl chloride, hydra-
zine hydrate, and cupper acetate were commercial products
(purum). Elemental analyses were performed according to stan-
dard micro analytical procedures by Leco CHNS-932, 1H and 13C
NMR spectra of dimethylsulfoxide-d6 (DMSO-d6) solutions of the
compounds were registered on a Bruker WM-400 spectrometer
(400 MHz) using tetra methyl silane as internal standard. The
infrared spectra of the compounds as KBr-disks were recorded in
the range of 4000–400 cm�1 with a Mattson 1000 FT spectrometer.
UV–Vis spectra were recorded on UN_ICAM-UV 2–100 spectropho-
tometer. Melting points of sulfonamide derivatives were deter-
mined with a Gallenkamp melting point apparatus. The molar
magnetic susceptibilities were measured on powdered samples
using Gouy method. The molar conductance measurements were
carried out using a Siemens WPA CM 35 conductometer. Cyclic vol-
tammograms (CV) were carried out using a Gamry Reference 600
Potentiostat/Galvanostat/ZRA. The microdilution broth and disc
diffusion method were used to determine the antibacterial activity
of compounds against Gram positive bacteria; S. aureus ATCC 6538,
B. subtilis ATCC 6633, B. cereus NRRL-B-3711, E. faecalis ATCC 29212
and Gram negative bacteria; E. coli ATCC 11230, P. aeruginosa ATCC
15442, K. pneumonia ATCC 70063. The inhibition activities of syn-
thesized compounds on carbonic anhydrase II (hCA II) have been
investigated by comparing Ki and IC50 values.

2.2. Synthesis of ligand (Absh) and its Cu(II) complex

The nucleophilic substitution reaction of the of hydrazine
hydrate with butane sulfonyl chloride was carried out as follows:
An ethanol solution of butane sulfonyl chlorides (C4H9-SO2Cl)
was added dropwise to the ethanol solution of hydrazine hydrate
(0.12: 0.62 equiv), maintaining the temperature between 10 and
12 �C. Then, the reaction mixture was stirred for 1 h at room tem-
perature. After the completion of the reaction, the solvent was
removed under vacuum and the viscose residue was taken to ether
phase using a continuous extraction method. Then the ether was
removed with rotary evaporator. The resulting product was boiled
with ethyl acetate and then allowed to stand in the freezer. Bright
transparent crystals were obtained after a few weeks. Calc. for C6-

H14N2O3S: C, 37.09; H, 7.26; N, 14.42; O, 24.71; S, 16.51. Found: C,
35.87; H, 7.18; N, 13.98; O, 23.53; S, 16.00%. Yield: 70%, M.p. 45–
48 �C.

The synthesis of the cupper complex was performed as follows;
30 ml of acetonitrile was added to a 100 ml of two neck flask
equipped with a condenser. Solvent was purged with argon for five
minutes then 0.250 g (1.27 mmol) of ligand transferred to the flask
at room temperature, followed by the addition of 0.253 gram of
copper(II)acetate monohydride (1.27 mmol). The solution was left
to reflux for 24 h, after then the blue solution was filtered and left
for crystallization. After 5 days at room temperature, blue crystals
were formed (0.310 g). The complex is soluble in acetonitrile, THF,
DMF. Calc. for C16H34N4O10S2 Cu; C, 33.71; H, 6.01; N, 9.83; O,
28.06; S, 11.25. Found: C, 32.87; H, 5.70;N, 8.98; O, 25.66; S,
11.20%. Yield: 70%, M.p. 230 �C.

2.3. X-ray structure determination

Crystallographic data of the ligand Absh were recorded on a
Bruker Kappa APEX II CCD area-detector X-ray diffractometer using
graphite monochromatized with Mo Ka radiation (k = 0.71073 Å),
using x � 2h scan mode. The empirical absorption corrections
were applied by multi-scan via Bruker, SADABS software [31]. The
structures were solved by the direct methods and refined by full-
matrix least-squares techniques on F2 using the solution program
SHELXS-97 and refined using SHELXL-97 [32]. All non-hydrogen atoms
were refined with anisotropic displacement parameters. Hydrogen
atoms bonded to the carbon and nitrogen atoms were placed in
calculated their idealized positions and refined as riding, with C–
H = 0.96–0.97 Å and N–H = 0.82–0.86 Å with Uiso(H) = 1.2 Ueq(C,N).
The molecular structure plots were prepared using ORTEP-3 for
Windows [33]. The crystal and instrumental parameters used in
the unit-cell determination and data collection are summarized
in Table 1 for the compounds.

2.4. Theoretical calculations

The structure of the ligand Absh was optimized using 6–
311G(d,p) functional in which B3LYP functional were implemented
[34,35]. The geometry of the complex was optimized at the DFT
level by using the UB3LYP method and LANL2DZ basis set [36].
The vertical electronic excitations of the complex based on B3LYP
optimized geometries were computed using the time-dependent
density functional theory (TD-DFT), formalism in acetonitrile using
the integral equation formalism polarizable continuum model



Table 1
Crystal data and structure refinement details for Absh molecule.

1

Empirical formula C6H14N2O3S
Formula weight 194.26
T (K) 296(2)
k (Å) 0.71073
Crystal system monoclinic
Space group P21/c
Unit cell dimensions
a (Å) 6.736(3)
b (Å) 15.965(6)
c (Å) 9.513(4)
b (�) 102.47(2)
V (Å3) 998.9(7)
Z 4
Absorbtion coefficient (mm�1) 0.299
Dcalc (Mg m�3) 1.292
F(000) 416
Crystal size (mm) 0.22 � 0.15 � 0.12
h range for data collection (�) 2.80–31.72
Index ranges �9 6 h 6 9, �15 6 k 6 23,

�3 6 l 6 14
Reflections collected 15267
Independent reflections 3384
Data/parameters 2734/119
Maximum and minimum transmission 0.948, 0.965
Final R indices [I P 2(I)] R1 = 0.0583, wR2 = 0.1446
R indices (all data) R1 = 0.0734,wR2 = 0.1605
Goodness-of-fit (GOF) on F2 1.104
Largest difference in peak and hole

(e Å�3)
0.247and �0.665
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(IEFPCM) [37] using the B3LYP level and LANL2DZ basis sets.
Molecular orbitals energies (HOMO–LUMO) of ligand and its Cu(II)
complex have been calculated. The vibrational frequency calcula-
tions show that the optimized structures are on real local minima
without imaginary frequencies. All the DFT calculations were per-
formed with the GAUSSIAN G09 program package [38]. The 1H/13C
NMR chemical shifts of the Absh (L) were computed at the DFT/
B3LYP/6–311++G(2d,2p) level of theory in DMSO by applying the
(GIAO) approach [39] and the values for the 1H/13C-isotropic were
referenced to TMS, which was calculated at the same level of
theory.

2.5. Biological activity

2.5.1. Procedure for antibacterial activity
The in vitro antibacterial activity of the free the ligand, Absh,

and its complex were tested against the Gram positive bacteria;
S. aureus ATCC 25923, B. subtilis RSKK 244, Bacillus megaterium
RSKK 5117 and Gram negative bacteria, Salmonella enteritidis ATCC
13076, E. coli ATCC 11230. The Bacteria cultures were obtained
from Gazi University, Biology Department. Bacterial strains were
cultured overnight at 310 K in Nutrient Broth. During the survey,
these stock cultures were stored in the dark at 277 K. The inocula
of microorganisms were prepared from 12 h broth cultures and
suspensions were adjusted to 0.5 McFarland standard turbidity.

2.5.1.1. Disc diffusion method. The ligand and complex were dis-
solved in dimethylsulfoxide (20% DMSO) to a final concentration
of 5.0 mg mL�1 and sterilized by filtration by 0.45 lm Millipore fil-
ters. Antimicrobial tests were then carried out by the disc diffusion
method using 100 lL of suspension containing 108 CFU mL�1 bac-
teria spread on a nutrient agar (NA) medium. The discs (6 mm in
diameter) were impregnated with 20 lL of each compound
(100 lg/disc) at the concentration of 5.0 mg mL�1 and placed on
the inoculated agar. DMSO impregnated discs were used as nega-
tive control. Sulfamethoxazole (300 lg/disk) and sulfisoxazole
(300 lg/disk) were used as positive reference standards to deter-
mine the sensitivity of one strain/isolate in each microbial species
tested. The inoculated plates were incubated at 37 �C for 24 h for
bacterial strains isolates. Antimicrobial activity in the disc diffusion
assay was evaluated by measuring the zone of inhibition against
the test organisms. Each assay in this experiment was repeated
twice. Percentage of inhibition by comparing distance of the com-
pounds to the positive control using (sulfamethoxazole) the equa-
tion below [40].

% Inhibition ¼ diameter of the sample
diameter of the positive control

� �
� 100
2.5.1.2. Micro dilution assays. The inocula of microorganisms were
prepared from 12 h broth cultures and suspensions were adjusted
to 0.5 McFarland standard turbidity. The test compounds dissolved
in 20% dimethylsulfoxide (DMSO) were first diluted to the highest
concentration (8.0 mg mL�1) to be tested, and then serial, twofold
dilutions were made in a concentration range from 15.625 to
4000 lg mL�1 in 10 ml sterile test tubes containing nutrient broth.
The MIC values of each compound against bacterial strains were
determined based on a micro-well dilution method. The 96-well
plates were prepared by dispensing 95 lL of nutrient broth and
5 lL of the inoculums into each well. One hundred microliter from
each of the test compounds initially prepared at the concentration
of 4000 lg mL�1 was added into the first well. Then, 100 lL from
each of their serial dilutions was transferred into nine consecutive
wells. The last well containing 195 lL of nutrient broth without
compound, and 5 lL of the inoculum on each strip, was used as
negative control. The final volume in each well was 200 lL. The
contents of the wells were mixed and the micro plates were incu-
bated at 37 �C for 24 h. All compounds tested in this study were
screened twice against each microorganism. The MIC was defined
as the lowest concentration of the compounds to inhibit the
growth of microorganisms [41]. The results were compared with
a similar run of sulfamethoxazole and sulfisoxazole as an
antibacterial.

2.5.2. Procedure for CA II enzyme inhibitor activity
Carbonic anhydrase activity was assayed by the hydrolysis of p-

nitrophenylacetate [42]. IC50 and Ki values of compounds were
determined on hCA II enzyme. Acetazolamide (5-acetamido-
1,3,4-thiadiazole-2-sulfonamide) AAZ, a clinically used in hCA II
inhibition has also been investigated as standard inhibitor.

In order to determine IC50 values, 100 lL of 3.0 mM p-nitroph-
enylacetate as substrate and four different concentrations
(3 � 10�2; 3 � 10�3; 5 � 10�4; 3 � 10�4 M) of inhibitors (Ligand
and Cu(II) complex) were used. Reaction was started by adding
of 170 lL of 0.05 M tris–SO4 buffer (pH 7.6) and 0.1 lL enzyme
solution for total volume of 300 lL. The absorbance was deter-
mined at 348 nm after 6 min [43]. This study was repeated three
times for each inhibitor. In order to determine IC50 values, Graphs
were drawn by using % inhibition values by a statistical packing
program on a computer. The IC50 concentrations of the compounds
were determined from graphs [44]. This method was applied to
determine Ki values. In the media with or without inhibitor, the
substrate concentrations were 0.3, 0.6, 1.0, 3.0 mM. For this aim,
inhibitor solutions were used for the reaction medium in four dif-
ferent concentrations (3 � 10�2; 3 � 10�3; 5 � 10�4; 3 � 10�4 M).
The Lineweaver-Burk graphs were obtained and Ki values were cal-
culated according to Cheng Prusoff equation.

2.5.3. Cell culture and cytotoxicity determination
The cells were incubated under 5% CO2/air at 37 �C conditions at

Nuaire humidified carbon dioxide incubator (Plymouth, MN, USA).



Ü.Ö. Özdemir et al. / Inorganica Chimica Acta 423 (2014) 194–203 197
Cells’ state was controlled by inverted microscope (Soif Optical
Inc., China) and results are expressed as mean ± STD. Statistical
analysis and comparison between mean values for cytotoxicity
were performed by Tukey variance analysis (SPSS 10.0 for Win-
dows; Chicago, IL, USA).
2.5.3.1. MTT assay. A colorimetric cell viability assay under usage of
the tetrazole 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium
bromide (MTT) was used to evaluate the cytotoxic effects of the
test compounds [45]. MCF-7 cancer cell line were grown as mono-
layer culture in a high glucose concentration (4.5 g/l) DMEM med-
ium supplemented with 10% fetal calf serum (FCS), 1% L-glutamine
(200 mM), 1% of mixture penicillin (100 IU/ml) and streptomycin
(100 lg/ml) incubated at 37 �C in an atmosphere of 5% CO2–95%
air mixture. Briefly, 5x104 MCF-7 tumor cells were plated in tripli-
cate in 96-well flat bottom tissue culture plates, and treated with
different concentrations of drugs for the time indicated. MTT
(0.005 g = ml in phosphate buffer saline) was added to the cell cul-
ture and incubated for 4 h at 37 �C in 5% CO2 humidified incubator.
The formazan crystals formed during the reaction of active mito-
chondria with MTT, were dissolved in 0.04 N (100 ml) in isopropa-
nol and readings were taken in a microtiter plate reader using a
570 nm filter. The results were compared with a similar run of
docetaxel as an antitumor compound.
2.6. Electrochemistry experimental

All chemicals used were reagent grade. The solvents were puri-
fied according to standard procedure [46] and stored over molecu-
lar sieves. Electrochemical grade tetra butyl ammonium tetra
fluoro borate (TBAFB) (Fluka) was used as the supporting electro-
lyte in voltammetric measurements in non–aqueous solvents. Cyc-
lic voltammograms (CV) were carried out using a Gamry Reference
600 Potentiostat/Galvanostat/ZRA. A three electrode system was
used for CV measurements in dimethylformamide (DMF) consist
of glassy carbon working electrode, and a platinum wire counter
and platinum wire quasi–reference electrode. The ferrocene/ferro-
cenium couple (Fc/Fc+) was used as an internal standard and
potentials reported with respect to Fc/Fc+ in non-aqueous solu-
tions. High purity Argon is used for the de-oxygenation of the cell
at least 10 min prior to electrochemical measurements and the
solution was protected from air by a blanket of argon during the
experiments.
3. Results and discussion

The elemental analysis results show 1:2 (metal:ligand) stoichi-
ometry for the complex. The analytical results are in good
agreement with those required by the general formula [(ML2

(CH3COO)2]. The molar conductivity (Km) of 10�3 M solutions of
the complex in DMSO at 25 C were measured and the Cu(II) com-
plex were found non-electrolytic (12.5 X�1 cm2 mol�1) [47,48].
3.1. Crystal structure of Absh

Crystals of Absh were obtained by the slow evaporation of its
ethyl acetate solution. Molecular structure and crystal data’s of
the title compound presented in Fig 1 and Table 1. Compound Absh
crystallized in the P21/c space group. The S–O and S–N bond dis-
tances lie within expected range of 1.4313(17)–1.4344(17) Å and
1.6514(18) Å, respectively. All bond lengths and angles for
compound are consistent with those found in related compounds
[49,27] (Table 2) .
3.2. The characterization of compounds

3.2.1. IR spectra
Bands in the region of 3197 and 3243 cm�1 [50] may be due to

m(NH) stretching vibration for Absh. Upon complexation, the m(NH)
stretching vibration shifts to lower frequency, suggesting coordi-
nation through nitrogen atom. The strong band at 1669 cm�1 is
assigned to m(C@O) stretching mode for ligand. This band shifts
to lower wave number in Cu(II) complex. These shifts support
the participation of the NH and C@O group of this ligand in binding
to the metal ion [51,52].

Several new bands present in the region of 1610 and 1415 cm�1

which are assigned to mas(COO�) and ms(COO�) stretching vibra-
tions of the acetato ligand, respectively. The wave number separa-
tion value between these two bands, Dm = 205 cm�1, is
characteristic of a monodentate acetato ligand in this complex
[53–55]. And also, new bands present in the region 400–
600 cm�1 were assigned to Cu–N and Cu–O stretching vibrations
[56]. Ligand also displays bands at 1342 and 1160 cm�1 which
are assigned to mas(SO2) and ms(SO2) stretching vibrations, respec-
tively. In the spectrum of complex, the position of these bands
remained largely unchanged, suggesting that the SO2 group of
ligand is not involved in coordination to the metal [57].

3.2.2. NMR spectra
1H–13C NMR spectra of compound Absh were obtained in DMSO-

d6 at room temperature using TMS as an internal standard. 1H–13C
NMR Chemical shifts of the ligand molecule Absh were calculated
by Gauge-Independent Atomic Orbital (GIAO) method [39] at DFT/
B3LYP/6–311++G(2d,2p) level in DMSO. The experimental and cal-
culated 1H–13 NMR assignments in DMSO-d6 are listed in Table 3.
The correlation coefficient (R2) of experimental and calculated 1H
and 13C chemical shift values were obtained as the same (0.988).

The CH3 protons of butyl moiety, (H1) and the CH3 protons of
acetyl moiety, (H6) are easily distinguishable as a singlet, and they
are observed at 0.85 and 1.82 ppm, and corresponding calculation
values are 1.09 and 2.07 ppm, respectively. The CH2 protons of
butyl moiety, H2, H3, H4 (two H intensities) are observed at
1.34, 2.49 and 2.98 ppm, and corresponding calculation values
are 1.35, 2.00 and 3.26 ppm, respectively. In addition, the H13
and H14 on the nitrogen atoms (one H intensities) are observed
at 9.27 and 9.97 ppm which are attributed to the NH (binding to
acetyl group) and NH (binding to metal atom) protons, and corre-
sponding calculation values are 7.13 and 7.71 ppm respectively.

The CH3 carbon of butyl moiety, (C1) and the CH3 carbon of
acetyl moiety, (C6) are observed at 13.92 and 21.38 ppm, and cor-
responding calculation values are 16.09 ppm and 22.15 ppm,
respectively. The CH2 carbons of butyl moiety, C2, C3, C4 are
observed at 25.38, 39.89, 51.59 ppm and corresponding calculation
values are 27.13, 30.84 and 63.05 ppm, respectively. The carbon
peak (C5) in Absh is found at 169.34 ppm and corresponding calcu-
lated value is 177.44 ppm.

3.2.3. Mass spectrometry
The electron impact mass spectrum of the Cu(II) complex was

recorded at 70 eV. Cu(II) complex has molecular ion peak, [M]+ at
569 (10%), m/z (intensity %) corresponding to [Cu(Absh)2(CH3-

COO)2]+ fragmentation routes as shown in Fig. 2.
The first fragment is traced by a peak at m/z 337(20%) owing to

elimination of two acetate, 2(CH3COO), and two butyl, 2(C4H9)
moieties from the complex. Then, the other fragments with the
separation of the two SO2 (one by one) and a CH3 groups are
observed at m/z 272 (27%), 208(16%) and 191(38%), respectively.
Finally, the fragments by removing of the CO group and after also
COCH3 group occur at m/z 167(100%) and 125 (100%) as the main
peaks.



Fig. 1. The molecular structure of Absh showing the atom-labelling scheme.

Table 2
Experimental and calculated structural parameters (bond length in Å, angles in �) of Absh molecule.

Bond length Bond angle Torsion angle

Exp. Calc. Exp. Calc. Exp. Calc.

C1–C2 1.505(5) 1.531 C1 C2 C3 112.8(3) 112.4 C1–C2–C3–C4 �176.9(3) �179.9
C2–C3 1.525(4) 1.535 C2 C3 C4 113.0(2) 111.6 C2–C3–C4–S1 �171.00(19) 176.5
C3–C4 1.522(4) 1.525 O1 S1 C4 108.91(12) 109.1 C3–C4–S1–O1 �41.7(2) �42.8
S1–C4 1.780(3) 1.820 O1 S1 O2 119.67(11) 122.6 C4–S1–N1–N2 66.76(15) 62.4
S1–O1 1.430(18) 1.456 O1 S1 N1 104.43(9) 103.7 O1–S1–N1–N2 �177.23(13) 178.1
S1–O2 1.435(18) 1.457 O2 S1 N1 105.76(11) 105.0 O2–S1–N1–N2 �50.09(15) �52.1
S1–N1 1.650(19) 1.731 N2 N1 S1 115.73(12) 115.3 S1–N1–N2–C5 �99.20(18) �106.3
N1–N2 1.391(2) 1.392 C5 N2 N1 121.25(15) 120.9 O2–S1–C4–C3 �173.95(18) �177.7
N2–C5 1.353(2) 1.375 O3 C5 N2 122.03(18) 121.4 N1–S1–C4–C3 71.3(2) 69.4
C5–O3 1.231(2) 1.219 O3 C5 C6 123.23(17) 123.5 N1–N2–C5–O3 1.4(3) �171.3
C5–C6 1.494(3) 1.512 N2 C5 C6 114.72(17) 115.0 N1–N2–C5–C6 �176.99(18) �171.3

Table 3
Comparison of calculated and experimental values of 1H and 13C NMR chemical shifts
(ppm) relative to TMS in DMSO for the Absh molecule.

1H NMR 13C NMR

Atom no. Exp. Calc. Atom no. Exp. Calc.

H14 9.97 7.71 C6 21.38 22.15
H13 9.27 7.13 C5 169.34 177.44
H6 1.82 2.07 C4 51.59 63.05
H4 2.98 3.26 C3 39.89 30.84
H3 2.49 2.00 C2 25.38 27.13
H2 1.34 1.35 C1 13.92 16.09
H1 0.85 1.09
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3.2.4. Electronic spectra and magnetic behavior
The electronic absorption spectra are often very helpful in the

evaluation of results furnished by other methods of structural
investigation. The here for, the electronic spectral measurements
are used for assigning the stereochemistries of metal ions in the
complex based on the positions and the number of d–d transition
peaks. The electronic absorption spectrum of Cu(II) complex was
recorded at room temperature using acetonitrile as solvent. Only
one broad band is observed at 670 nm (14,925 cm–1) in the
electronic spectrum of the Cu(II) complex assigned to 2Eg ?

2T2g

transition which is in conformity with distorted octahedral geom-
etry [58].

The theoretical and experimental absorption wavelengths are
obtained in acetonitrile having dielectric constants, e = 35.688
Debye. The maximum absorption value of the complex is obtained
experimentally at 670 nm and corresponding calculated value is
677 nm.

The magnetic moment of the octahedral complex (as B.M.) was
measured at room temperature. The effective magnetic moment
values for Cu(II) complex is 1.98 B.M. which is characteristic for
this type of Cu(II) complex [59,60].
3.2.5. Thermal studies
The Cu(II) complex was left in glass oven at 170 �C for a 2 h in

vacuo to prevent the hydration. The thermograms of anhydrous
complex was observed in the range of 35–700 �C. As expected,
there was no mass loss up to 230 �C. Cu(II) complex has thermally
decompose in the range of 230–700 �C which means this com-
plexes does not contain any coordinated or crystal water
molecules.
3.3. Theoretical calculations

The experimental and optimized geometric parameters using
DFT/B3LYP method with 6–311G(d,p) basis set for ligand are pre-
sented in Table 2. The geometric parameters are fairly consistent
with the X-ray crystal structure results (Fig 1). We have obtained
R2 = 0.988 for the bond lengths and R2 = 0.978 for the bond angles.
The largest deviation was found for S1–N1 bond length as 0.081 Å
and for O1–S1–O2 bond angle as 2.89�.



Fig. 2. Fragmentation pattern of Cu[L2(CH3COO)2] complex.

Table 4
Selected calculated structural parameters (bond length in Å, angles in �) of the Cu(II)
complex.

Bond length Bond angle

Cu1–O3 2.104 O2–Cu1–N4 89.152
Cu1–O1 1.979 O2–Cu1–N2 88.819
Cu1–O4 2.089 O2–Cu1–O4 90.456
Cu1–O2 1.958 O2–Cu1–O3 89.136
Cu1–N2 2.407 O1–Cu1–O4 87.596
Cu1–N4 2.382 O1–Cu1–N4 88.858
Torsion angle O1–Cu1–N2 93.317
N2–Cu1–N4–N3 37.868 O1–Cu1–O3 92.939
N4–Cu1–N2–N1 149.139
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Some important bond lengths and angles around the central ion
of the Cu(II) complex are shown in Table 4. Cu(II) ion coordinates
through nitrogen and oxygen atoms of two Absh ligands and oxy-
gen atoms of two acetate ions. In distorted octahedral geometry,
two acetate ions are coordinated to the Cu(II) ion in the same
plane. Trans and cis isomeric forms of the complex were calculated
in the terms of energy and trans isomer was found to be more sta-
ble (DE = 2.90 kcal/mol) than cis isomer.

The highest occupied molecular orbitals (HOMO/SOMO) and the
lowest unoccupied molecular orbitals (LUMO) of the ligand and its
Cu(II) complex were calculated by B3LYP method using 6–
311G(d,p) and LANL2DZ basic sets, respectively. The energy gap
values between the molecular orbitals of ligand and complex are
6.92 eV for the ligand and 4.95 eV for the Cu(II) complex. The orbi-
tal densities around the atoms indicate which groups are responsi-
ble for the antibacterial activities [52]. HOMO/SOMO and LUMO of
both compounds are located on the whole molecule except butyl
group.

3.3.1. MEP and reactivity descriptors
The reactive sites of the molecules can be seen on the molecular

electrostatic potential (MEP) surfaces which indicates the probable
sites readily available for the electrophilic and nucleophilic reac-
tions. Red zones indicate the most negative potentials correspond
to electron-rich regions while blue zone indicate the most positive
potentials correspond to electron-rich regions. The highest density
of electrons is located around oxygen atoms. Ionisation potential
(I = -EHOMO), electron affinity (A = -ELUMO), energy band gap
(DE = EHOMO � ELUMO), electronegativity (v = I + A/2), chemical
potential (l = -v), global hardness (g = I � A/2), global softness
(S = 1/g) and global electrophilicity index (x = l2/2g) are listed in
Table 5. These global reactivity descriptors are useful in predicting
global chemical reactivity trends.

The correlations between electronic descriptors and antimicro-
bial activities show that Cu(II) complex has the highest activity
than ligand. The calculated values of electronic features of the
complex are affected by the conformations and we used the most
stable conformations with the lowest energy.



200 Ü.Ö. Özdemir et al. / Inorganica Chimica Acta 423 (2014) 194–203
The electronic descriptors (such as HOMO/SOMO, LUMO, DE, v,
l, g, S, w) (see Table 5) were calculated to find the effect of the
chemical properties on the antibacterial, anticancer, anticarbonic
anhydrase II activities of the compounds. The orbital densities
around the atoms indicate which groups are responsible for the
biological activities. The frontier molecular orbitals have the high-
est density around the sulfonamide groups and also acetyl sites
which responsible for the activity of the compounds. The biological
activities increase by increasing of HOMO, v, S, w descriptors and
by decreasing of LUMO, DE, l, g descriptors. These components
of the frontier molecular orbitals play an important role in activi-
ties. LUMO energy is the most important descriptors which
describes electrophilicity of the compound, and its level has the
importance because of the donor–acceptor interactions. In general,
molecules with low LUMO energy values accept the electrons more
easily than the higher’s. The lower LUMO energy in other words
lower LUMO–HOMO energy gap (DE) affects the noncovalent bind-
ing affinities of the compounds to biological molecules as receptor
[61].
3.4. Electrochemical measurements

The voltammetric measurements of the Cu(II) complex were
carried out on glassy carbon electrode in DMF, tetrabutylammo-
nium tetrafluoroborate as supporting electrolyte by cyclic voltam-
metry. The electrochemical behavior of Cu(II) complex showed
both the oxidation and reductions half waves labeled O and R, with
in the electrochemical window of DMF containing 0.1 M TBAFB. All
These processes can be attributed to successive addition and
removal of one electron to the molecule. Cyclic voltammograms
of the complex showed that, both oxidation and reduction half
wave potentials that are (O) oxidation at �0.45 V and (R) reduction
at �1.15 V are found to be irreversible. Ligand is electrochemically
in active in the electrochemical window of the solvent (Fig. 3).
-1.5 -1 -0.5 0 0.5
E (Volt), vs Fc / Fc+

40 μΑ

R

O

Fig. 3. Cyclic voltammogram of Cu(II) complex in DMF containing 0.1 M TBAFB,
scan rate: 100 mV/s.
3.5. Biological studies

3.5.1. Antibacterial activity results
The test compounds were screened in vitro for their antibacterial

activities against four Gram-positive species (S. aureus, B. subtilis B.
cereus and E. faecalis) and three Gram-negative species (E. Coli,
P. Aeruginosa and K. pneumonia) by the disc diffusion and micro dilu-
tion methods. The antibacterial results were given in Table 6 by disc
diffusion and Table 7 by micro dilution methods. The results were
compared with those of the standard drugs as sulfamethoxazole
and sulfisoxazole (Figs. 4 and 5). The size of the inhibition zone
depends upon the culture medium, incubation conditions, rate of
diffusion and the concentration of the antibacterial agent (the activ-
ity increases as the concentration increases). In the present study,
the Absh and its Cu(II) complex are active against both types of
the bacteria, which may indicate broad-spectrum properties. The
remarkable activity of these compounds may be arising from the
sulfonamide group, which may play an important role in the anti-
bacterial activity.

As the disc diffusion assay results evidently show that Cu(II)
complex exhibits strong inhibition effect against tested bacteria
whereas the ligand Absh has moderate activity (Table 6, Figs. 4
Table 5
Calculated ionisation potential (I), electron affinity (A), energy band gap (DE), electronega
electrophilicity index (x) for Absh and Cu(II) complex in eV.

Compound I A DE v

L 7.527 0.6065 6.9205 4
Cu[L2(CH3COO)2] 7.0312 2.0762 4.9550 4
and 5). Absh and its Cu(II) complex show the highest activities
against Gram-positive bacteria E. faecalis in the diameter zone of
11 and 13 mm whereas sulfisoxazole and sulfamethoxazole, the
drug used as standard, have been found inactive.

The Cu(II) complex shows remarkable increase in antibacterial
activity than the parent ligand, Absh. Percentage of inhibition for
the compounds exhibited in Fig. 5 that is expressed as excellent
activity (120–200% inhibition), good activity (90–100% inhibition),
moderate activity (75–85% inhibition), significant activity (50–60%
inhibition), negligible activity (20–30% inhibition) and no activity
[62]. As seen in Fig. 5, the ligand Absh (175%) and its Cu(II) complex
(187%) show excellent activity against Gram-negative bacteria P.
aeruginosa. And also, the compounds exhibit moderate or signifi-
cant activity against the other tested bacteria (Sulfisoxazole is
accepted 100% inhibition).

According to the MIC’s results shown in Table 7, the compounds
possess a broad spectrum of activity against the tested bacteria at
the concentrations of 62.50–500 lg/mL [63]. The Cu(II) complex
shows good activity against all of Gram-positive bacteria (B. subtilis
ATCC, B. cereus NRRL-B, E. Faecalis and ATCC S. aureus ATCC) and
Gram-negative bacteria (only P. aeruginosa ATCC) whereas sulfisox-
azole has less activity or no activity against test bacteria.

Cu(II) complex has significant activity on the growth of bacteria
as shown in Tables 6 and 7. It is proposed that the increasing in
lipophilic character of metal complex may be responsible for its
potent antibacterial activity than ligand. The permeation of Cu(II)
complex through the lipid layer of the cell membranes deactivates
diverse cellular enzymes, which play a vital role in various biologic
systems of these bacteria [64–66].
3.5.2. CA(II) enzyme inhibition result
In this study, our aim was to determine the inhibitory effects of

new the ligand, Absh and its Cu(II) complex. The inhibitory effects
of new compounds were evaluated by using IC50 (IC50 represents
the molarity of inhibiting a 50% decrease of enzyme activity) and
Ki (inhibitor–enzyme dissociation constant) values which are two
of the most appropriate parameters of the inhibitors (Table 8)
[67]. Acetazolamide (5-acetamido-1,3,4-thiadiazole-2-sulfon-
amide) (AAZ) has also been investigated as standard inhibitor, clin-
ically used against CAII. As seen in Table 8 and Figs. 6a and 6b, the
compounds behave as inhibitors against hCA II enzyme. In addi-
tivity (v), chemical potential (l), global hardness (g), global softness (S) and global

l g S x

.0668 �4.0668 3.4602 0.2890 2.3899

.5537 �4.5537 2.4775 0.8072 3.7329



Table 6
Inhibition zone values (mm) of Absh and its Cu(II) complex by disc diffusion method.

Compound B. subtilis ATCC B. cereus NRRL-B- E. faecalis ATCC S. aureus ATCC P. aeruginosa ATCC K. pneuonia ATCC E. coli ATCC

L 9 12 11 11 14 12 12
Cu[L2(CH3COO)2] 12 14 13 13 15 14 13
Sulfisoxazole 25 18 – 17 8 20 28
Sulfamethoxazole 15 15 – 18 17 17 24

Reference: Sulfisoxazole, Sulfamethoxazole.

Fig. 5. Percentage of inhibition of ligand and metal (II) complex against sulfisoxazol.

Fig. 4. Comparison of antibacterial activity of ligand, Cu(II) complex and antibiotics.

Table 7
The MIC’s (lg/mL)values of Absh and its Cu(II) complex by micro dilution method.

Compound B. subtilis B. Cereus E. faecalis S. aureus P. aeruginosa K. pneuonia E. coli
ATCC NRRL-B- ATCC ATCC ATCC ATCC ATCC

L 500 125 125 125 62.5 125 125
Cu[L2(CH3COO)2] 125 125 62.5 62.5 62.5 62.5 125
Sulfisoxazole – 375 93.75 93.75 375 23.4 23.4
Sulfamethoxazole 1500 16 32 32 64 16 64

Reference: sulfisoxazole, sulfamethoxazole.
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tion, Cu(II) complex shows remarkable inhibition effect (Ki:
7,23 � 10�6 M, IC50:1.85 � 10�4) on hCA II than the ligand which
is probably due to the further effect of the Cu(II) ion on the histi-
dine residue in the active site of CAII enzyme [68,69].

3.5.3. In vitro antitumor activity
The compounds, Absh and its Cu(II) complex were evaluated

against breast cancer cell lines MCF-7 (estrogen responsive prolifer-
ative breast cancer model) cells using MTT assay to assess cell pro-
liferation. The results find out that Cu(II) complex shows efficient
antiproliferative activity by inhibiting cell growth with IC50 values
in the micromolar range, are shown in Table 9. Among the active
compounds, the Cu(II) is found to inhibit growth of MCF-7 cells at
IC50 significantly near to the standard anticancer agent docetaxel.
On the other hand, the higher potency of Cu(II) complex than ligand
may be due to many reasons, the coordination of Absh with Cu(II)



Table 8
The result of inhibition studies for Absh and its Cu(II) complex on carbonic anhydrase
II.

Compound hCA II
Esterase activity

IC50 (M) Ki (M)

L 2.73 � 10�4 2.10 � 10�4

Cu[L2(CH3COO)2] 1.85 � 10�4 1.48 � 10�4

Acetazolamide 1.13 � 10�4 1.07 � 10�4

Reference: acetazolamide.

Fig. 6a. Activity% [Absh] regression analysis graphs for hCA II in presence 5
different Absh concentrations.

Fig. 6b. Activity % [Cu(II) complex] regression analysis graphs for hCA II in presence
5 different Cu(II) complex concentrations.

Table 9
Cell growth inhibitory effect of Absh and its Cu(II) complex and their IC50 values (l M
in MCF-7 cell lines).

Compound IC50 (lmol L�1)

L 10.27
Cu[L2(CH3COO)2] 8.01
Docetaxel 7.24

Reference: docetaxel.
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ion. As it is known that Cu(II) is an essential element in human nor-
mal metabolism because its functions as cofactor of several metal-
loenzymes [70,71] or its suitable molecular size and its distorted
octahedral geometry.
4. Conclusions

In this study, we have reported the synthesis of sulfonamide
derivative and its Cu(II) complex. The structural characterizations
of the synthesized compounds were made by using the elemental
analyses, spectroscopic methods, electrochemical, magnetic and
conductance studies. The structure of N0-Acetyl butane sulfonic
acid hydrazide (Absh) was also supported by X-ray crystal diffrac-
tion studies. From the spectroscopic characterization, it is con-
cluded that the ligand, Absh acts as a bidentate ligand,
coordinating through >C@O and NH bonded to SO2. Based on phys-
icochemical evidence, the proposed structure of Cu(II) complex is
exhibited in Fig. 2. The biological activity screening shows that
Cu(II) complex has high inhibition effect against tested bacteria,
CA II enzyme and breast cancer cell lines MCF-7. The calculated
electronic descriptors correlate the good activity trend of Cu(II)
complex.
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