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The structural characterization, biological activity of 

sulfamehtoxazolyl-azo-p-cresol; its copper(II) complex and their 

theoretical studies†  

Nilima Sahua, Dipankar Dasa, Sudipa Mondala, Suman Roya, Paramita Duttaa, Nayim Sepaya, 

Suvroma Guptab, Elena López-Torresc, and Chittaranjan Sinha*a 

 

(E)-4-((2-Hydroxy-5-methylphenyl)diazenyl)-N-(5-methylisoxazole-3-yl)benzene 

sulfonamide (SMX-N=N-C6H3(p-Me)-OH, 1) and its Cu(II) complex, [Cu(SMX-N=N-

C6H3(p-Me)-O)2]n (2)  have been characterized by spectroscopic data and single crystal X-ray 

diffraction studies. The supramolecular 1D chain of 1 is constituted by inter- and intra-

molecular hydrogen bonds and also by π---π interaction of aromatic rings. The complex, 2, 

shows tetragonally distorted octahedral structure in which the ligand 1, serves as N, O 

chelator and forms planar Cu(N,O)2 motif;  two axial positions are occupied by oxazolyl-N of 

neighbouring units and 3D structure is formed. The biological activities of the compounds 

have been evaluated against Gram positive (B. subtillis; IC50 : 105 µg/ml (1) and 105 µg/ml 

(2)) and Gram negative bacteria (E. coli; IC50 : 66.36 µg/ml (1) and 62.2 µg/ml (2)) and the 

complexes have better efficiency. Interactions of DNA with 1 and 2 have been examined and 

the binding constants are Kb(1) , 5.920 x 104 M-1 and Kb(2),  4.445 x 104 M-1.  The in-silico 

test is used to predict the most favoured binding mode of 1 and 2 with the active site residues 

of DHPS (dihydropteroate synthetase) of E. coli and of DNA. Cu(II) complex (2) binds more 

efficiently (CDOCKER Energy, 2, -61.35 a.u.) in the DHPS cavity than that of ligand, 1 

(CDOCKER Energy, 1, -43.90 a.u.). The electronic structure and spectral properties of 1 and 

2 have been explained by DFT and TD-DFT computation of optimized geometries of the 

compounds. 

Page 1 of 37 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



2 

 

 

 

 

aDepartment of Chemistry, Jadavpur University,  Kolkata-700032,  West Bengal,  India; 

bDepartment of Biotechnology, Haldia Institute of Technology, Haldia, Purba Medinipur, 

West Bengal, Pin – 721657, India;  

cDepartamento de Química Inorgánica, c/Francisco Tomás y Valiente, 7. Universidad 

Autónoma de Madrid, Cantoblanco, 28049 Madrid, Spain 

Correspondence: c_r_sinha@yahoo.com (C. Sinha); fax-+91-2414-6584 

† CCDC 1416869 (1) and 1416868 (2). For crystallographic data in CIF or other electronic 

format see XXXX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 2 of 37New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



3 

 

 

 

1. Introduction 

Sulfonamides have been the first chemotherapeutic agents effective for the treatment 

of bacterial infections, used as pharmaceutical products1-3 and in the design of 

chemosensors4-7 and redox sensor.8 Sulfamethoxazole (SMX, 4-amino-N-(5-methylisoxazol-

3-yl)-benzenesulfonamide) with trimethoprim is used as first-line therapy9 for prophylaxis of 

pneumonia caused by the fungus Pneumocystis carinii, a common infection in AIDS patients. 

10-14  It resists bacterial proliferation by inhibition of synthesis of dihydrofolic acid (a 

dihydrofolate reductase, DHFR inhibitor) via interference with PABA (p-aminobenzoic acid) 

in the biosynthesis of tetrahydro folic acid, which is a basic growth factor of bacteria and 

inhibits the activity of DHPS (Dihydropteroate synthase) protein.3 Prolong administration of 

SMX may cause toxicity like gastrointestinal upset, skin rashes, breathing trouble, add to the 

kidney damage and stomach or abdomen pain, nausea, headache.12-17 The hypersensitivity is 

due to oxidative metabolite like arylhydroxylamine (SMX-NHOH), nitroso aromatics (SMX-

NO) in the liver.18  Development of antibiotic resistant strains and toxic metabolites are 

provoking to find new generation drugs by chemical modification of the traditional drugs and 

also synthesising metal complexes there from. Efforts have been made to synthesize different 

types of sulfonamides and their derivatives to have low toxic broad region antibiotics.19-23 

Besides, sulfonamides have been functionalised in a manner towards the design of chelating 

ligands for the synthesis of metal complexes those would act as more potent less toxic 

pharmaceutical agents.24-31  

Transition metal complexes have useful applications as therapeutic agents.32,33 

Copper(II) complexes have been the subject of a large number of research studies, due to the 

biological role of copper(II) and its synergetic activity with the drug.34 The antifungal and 

antibacterial properties of a range of copper(II) complexes have been evaluated against 

several pathogenic fungi and bacteria.35-38 Sulfonamide may coordinate to Cu(II) to generate 
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eight potential coordination modes and  have increased the bio-ligand activity.39 Recently, we 

have undertaken a scheme to synthesize azo (N=N)/imine (C=N) functionalized 

sulfonamides40 and their 3d-transition metal complexes.41 These compounds have been used 

to compare anti-microbial activity with their parent sulfonamides. In this work, we report the 

synthesis and characterization of (E)-4-((2-hydroxy-5-methylphenyl)diazenyl)-N-(5-

methylisoxazole-3-yl)benzenesulfonamide (SMX-N=N-C6H3 (p-Me)-OH, 1) and its Cu(II) 

complex, [Cu(SMX-N=N-C6H3(p-Me)-O)2]n (2). The structural confirmations of 1 and 2 

have been carried out by single crystal X-ray diffraction data along with other 

physicochemical results. The electronic properties have been evaluated by DFT and TD-DFT 

computation using optimised structures. The molecules have been employed to examine 

DNA interaction by spectroscopic technique. To account the drug activity the action on Gram 

positive and Gram negative bacteria have been examined. The drug-protein interaction of 

these molecules has been computed by in-silico process using molecular docking studies with 

DHPS protein. The interaction of 1 / 2 with DNA have been examined and computed by 

docking studies. 40-42  

2. Experimental section 

2.1. Materials and methods 

Sulfamethoxazole was purchased from Hi-Media. Sodium nitrite, sodium hydroxide, 

p-cresol were available from S.D. Fine Chem. Ltd., Boisar. CuSO4. 5H2O purchased from 

Merck, India. Solvents were purified by standard procedure.43 All other chemicals were of 

reagent grade and were used without further purification. 

Microanalytical data (C, H, and N) were collected on Perkin–Elmer 2400 CHNS/O 

elemental analyzer. Spectroscopic data were obtained using the following instruments: UV–

Vis spectra by Perkin–Elmer UV–Vis spectrophotometer model Lambda 25; FTIR spectra 

(KBr disk, 4000–400 cm_1) by Perkin–Elmer FT-IR spectrophotometer model RX-1; the 1H 
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NMR spectra by Bruker (AC) 300/500 MHz FTNMR spectrometer. ESI mass spectra were 

recorded on a micro mass Q-TOF mass spectrometer (serial no. YA 263).  Electrochemical 

measurements were performed using computer-controlled CH-Instruments, Electrochemical 

workstation, Model No CHI 600D (SPL) with Pt-disk electrodes. All measurements were 

carried out under nitrogen environment at 298 K with reference to SCE electrode in DMF 

using [n-Bu4N]ClO4 as supporting electrolyte. The reported potentials were uncorrected for 

junction potential. Magnetic susceptibility measurements of a powder crystalline sample of 2 

were carried out at at Sherwood Scientific Magnetic Susceptibility Balance model Mk1 at 

300 K and the data were corrected using diamagnetic corrections from Pascal’s Tables. 44 The 

EPR spectrum was recorded at 298 K and 77 K with an X-band (9.15 GHz) Varian E-9 

spectrometer. The estimation of copper in the complex (2) was performed by AAS (AA-400 

Parkin Elemer). 

2.2. Synthesis 

2.2.1. Synthesis of SMX-N=N-C6H3(p-CH3)OH (1) 

The sulfamethoxazolyl diazonium (SMX-N=N-+) ion was prepared by slow addition 

of aqueous cold sodium nitrite (0.5 g, 7.25 mmol, 5 ml) solution to acidic solution (3N HCl, 

20 ml) of sulfamethoxazole (1.0 g, 3.95 mmol) with stirring at 0-50 C for 20 minutes. Intense 

orange yellow suspension was then added slowly to cold alkaline (2.4 gm, NaOH) solution of 

p-cresol (0.45 g, 4.16 mmol) and stirred. The pH of the reaction mixture was checked by 

litmus paper.  An orange red precipitate appeared at pH 7 and was filtered, washed with water 

and dried in-vacuo. The product was crystallized from hot aqueous-methanol (2:1, v/v) 

mixture. Needle shaped bright crystals were isolated and purity was tested by TLC. Further 

purification was done by crystallization followed by column chromatography (silica gel, 60-

120 mesh) and the desired product was eluted with chloroform-ethylacetate (9:1, v/v) 
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mixture. Slow evaporation of orange eluent had separated crystals; yield, 1.20 g (82%); m.p., 

206(1)°C. 

Microanalytical data of SMX-N=N-C6H3(p-CH3)-OH (1) (C17H16N4O4S); Calcd : C, 54.84; 

H, 4.30 ; N, 15.05; Found : C, 54.72; H, 4.27 ; N, 15.00 %. Mass spectra (M+H)+ (m/z), 

370.8.  FT-IR (KBr disk; ν, cm-1) : ν(C-O), 1088; ν(N=N), 1473; ν(C=N), 1620; ν(O-H), 

2859; ν(S=O), 1177; ν(S-N), 682. UV-Vis spectrum (MeOH, λ/nm (103 ε, cm2mol-1))   329.2 

(15.24),  405.4 (6.21). 1H NMR spectral data (DMSO-d6): δ(5-CH3)(p-cresol), 2.38 (s); δ(16-

CH3)(oxazolyl), 2.18 (s);  δ(O-H), 12.40 (s); δ(N-H), 6.26 (s); δ(3-H), 6.94 (d, J = 9.0 Hz); 

δ(4-H), 7.20 (d, J = 9.0 Hz); δ(6-H), 7.23 (s); δ(8,12-H), 7.93 (m); δ(9,11-H), 8.00 (m); δ(15-

H), 7.73 (s) ppm.  

 

 (E)-4-((2-hydroxy-5-methylphenyl)diazenyl)-N-(5-methylisoxazole-3yl)benzenesulfonamide 

(HL, 1)  

 

2.2.2. Synthesis of [Cu(SMX-N=N-C6H3(p-CH3)-O)2]n (2) 

To aqueous solution of CuSO4. 5H2O (0.08 g, 0.32 mmol) (10 ml) was added in drops 

methanol solution (20 ml) of SMX-N=N-C6H3(p-CH3)-OH (1) (0.220 g, 0.59 mmol) and 

stirred in air for 30 mins. Then ammonia solution (1:4, v/v; 5 ml) was added and stirred for 

few minutes followed by refluxing for 4 h. The solution was then cooled and dark reddish 
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brown precipitate appeared on slow evaporation. The product was purified by slow 

evaporation of DMF-methanol (1:9, v/v) mixture. The crystals were deposited on glass wall  

and was collected and dried in a silica gel blue desiccator.  Yield, 75%. Physicochemical data 

of copper complex : [(SMX-N=N-C6H3(p-CH3)-O)2Cu]n (2a) Cu(C17H15N4O4S)2, Calcd :  

Cu,7.88; C, 50.64; H, 3.72; N,13.90; Found :  Cu, 7.92; C, 50.10; H, 3.68; N, 13.7 %. FT-IR 

(KBr disk; ν, cm-1) : ν(C-O), 1095; ν(N=N), 1488; ν(C=N), 1609;  ν(O-H), 2919; ν(S=O), 

1142; ν(S-N), 645. UV-Vis spectrum (DMF, λ/nm (103 ε, cm2mol-1))   327.5 (24.33), 400.5 

(17.05), 489.3 (10.23). Magnetic moment (µ), 1.68 BM.    

 

2.3. X-Ray crystal structure analysis 

 The crystals were obtained by diffusion of hexane into dichloromethane solution of 1 

(0.25 x 0.20 x 0.15 mm3) while Cu(II)-complex (2) (0.18 × 0.17 × 0.08 mm3) was crystallized 

by slow evaporation of DMF-methanol mixture for a week. Data were collected by Bruker 

Smart CCD Area Detector at 100(2) K with θ in the range 1.37° ≤ θ ≤ 31.10° for 1 and 1.81° 

≤ θ ≤ 25.35° for 2 respectively. Fine-focus sealed tube was used as the radiation source of 

graphite-monochromatized Mo-Kα radiation (λ = 0.71073 Å). Empirical absorption 

correction in the h k l range: -43 ≤ h ≤ 41, -9 ≤ k ≤ 9, -25 ≤ l ≤ 25 (1) and -13 ≤ h ≤ 13; -16 ≤ 

k ≤ 16; -14 ≤ l ≤ 14 (2) were accomplished with the program SADABS.45 Crystallographic 

refinement data are collected in Table 1. Multi-scan absorption corrections were applied.46 

The structure was solved by direct methods with SHELXL-97 47 and refined by full-matrix 

least-squares techniques on F2 using the SHELXS-97 47 program with anisotropic  

displacement parameters for all non-hydrogen atoms. The ORTEP-3 48 was used within 

WinGX 49 to prepare figures and tables for publication. Hydrogen atoms were constrained to 

ride on the respective carbon atoms with isotropic displacement parameters equal to 1.2 times 
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the equivalent isotropic displacement of their parent atom in all cases of aromatic units.  

Residual minimum and maximum electron densities are -0.437 and 0.484 in 1 and -0.272 and 

0.310 in 2, respectively.  

 

2.4.1. Antimicrobial activity  

The compounds, SMX-N=N-C6H3(p-CH3)OH (1) and  [Cu(SMX-N=N-C6H3(p-CH3)-

O)2]n (2) were tested against gram e, B. subtillis (ATCC 6633) and gram negative, E. coli 

(ATCC 8739) bacteria. The compounds were dissolved in HPLC grade DMSO (final % of 

DMSO during assay was varied from 0.5-0.8% although the main stocks of the compounds 

were prepared using spectroscopic grade DMSO only) and stored at -20° C. All the bacterial 

strains were inoculated in a freshly prepared autoclaved LB broth from a 24 hours old LA 

slant and kept in shaker for overnight. From the overnight culture it was diluted to a final 

bacterial count of 1x 104 cells /ml with sterile LB. The diluted culture was distributed in a 

number of tubes and incubated in absence as well as in presence of various concentrations of 

test compounds. All the tubes were incubated for 16-18 hours at 37°C in shaking condition. 

The OD600 had been measured in a UV visible spectrophotometer (Shimadzu). The OD value 

observed in absence of test ligand had been considered as control with 100 % growth for both 

the bacterial species. Compared to control the relative degree of bacterial growth inhibition 

had been calculated for each concentration incubated under similar experimental condition 

from a measurement of OD at 600 nm. The minimum inhibitory concentrations (IC50) i.e. the 

concentration of test compound required to inhibit the growth of bacteria by 50 % had been 

calculated from the % reduction of bacterial growth in comparison to control. 
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 Table 1.  Crystal data and structure refinement for 1 and 2 

 1 2 

Empirical formula C17H16N4O4S  C34H30N8O8S2Cu   

Formula weight 372.40 806.32 

Crystal system Monoclinic Monoclinic 

Space group C2/c P2(1)/c 

T (K) 100(2) 296(2) 

λ (Å) 0.71073  0.71073 

a (Å) 29.8607(16) 11.2861(3) 

b (Å) 6.3552(4) 13.9823(3) 

c (Å) 17.4730(11)  11.9367(3) 

β (°) 95.254(3) 91.985(2) 

V (Å3) 3301.9(3) 1882.55(8) 

Z 8 2 

µ (mm-1) 0.229 0.751 

F (000) 1552 830 

Density (calculated) mg/m3 1.498 1.422 

θ range for data collection /° 1.37 to 31.10 1.81 to 25.35 

Independent reflections 5288 3445 

Parameters 249 247 

Goodness-of-fit on F2 1.055 1.074 

Final R indices [I >2sigma (I)] 

R1a,  

b wR2 

0.0397  

0.1012 

 

0.0380 

0.0999 
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aR= ΣF0 –Fc / Σ F0 .  
b
wR =[Σ w(F0

2 – Fc
2)/ Σ w F0

4]1/2 are general but w are different, w = 

1/ [σ2 (Fo
2) + (0.0572P)2 +3.4220P] for 1;  w = 1/ [σ2 (Fo

2) + (0.0719P)2 +0.0000P] for 2. 

 

2.4.2. Interaction of SMX-N=N-C6H3(p-CH3)OH (1) and  Cu(II)-complex (2) with calf 

thymus DNA. Preparation of the complex solution for DNA binding studies 

Concentrated stock solution of 1 was prepared by dissolving in MeOH and 2 in 

DMSO and diluting suitably with tris–HCl buffer to the required concentration for the 

experiment. Stock solution of 2 had been prepared in DMSO because of very low solubility 

of  in MeOH and diluted using MeOH whenever necessary. All experiments were carried out 

using 5% DMSO solution in MeOH. Absorption spectral titration experiment was performed 

by keeping constant the concentration of ligand or complex with varying the CTDNA 

concentration. To eliminate the absorbance of DNA itself, equal solution of CT-DNA was 

added both to the compound solution and to the reference one.  

2.5.1. Preparation of calf thymus DNA 

The tris–HCl buffer solution (pH 8.0), used in all the experiments involving CT-

DNA, was prepared by using deionized and sonicated HPLC grade water (Merck). The CT-

DNA used in the experiments was sufficiently free from protein. The concentration of DNA 

was determined with the help of its extinction coefficient, ε, 6600 L mol_1 cm_1 at 260 nm.50 

Stock solution of DNA was always stored at 4° C and used within 4 days.  

2.5.2. Absorption spectroscopic studies of the complexes in presence of CT DNA 

Absorption spectroscopic studies were done on a spectrophotometer (Perkin Elmer, 

lambda-25), using SMX-N=N-C6H3(p-CH3)OH (1) (11.83 µM) with increasing 
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concentrations of CT DNA (from 0 µM to 13.24 µM) and in case of complex Cu(II)-complex 

(2) (45.77 µM) with increasing concentrations of CT DNA (from 0 µM to 51.82 µM). After 

each addition, the DNA and complex mixtures were incubated at room temperature for 15 

min and scanned from 225 nm to 650 nm for the complexes. The self-absorption of DNA was 

eliminated in each set of experiment.  Each sample was scanned for a cycle number of 2, 

cycle time of 5 sec at a scan speed of 100 nm/min. Modified Benesi-Hildebrand51 plot was 

used for the determination of ground state binding constant (K) between the complexes and 

CT DNA by using the relation: A0/∆A = A0/∆Amax + (A0/∆Amax) x 1/K x 1/Lt 

where ∆A = A0−A, ∆Amax = maximum change in reduced absorbance, A0 = maximum 

absorbance of receptor molecules (without any DNA), A = reduced absorbances of the 

receptor molecules (in presence of DNA), Lt = DNA concentration  

2.6. Theoretical Calculations : DFT and Docking studies 

The geometry optimization of 1 and 2 were carried out using density functional theory 

(DFT) at the B3LYP level.52 All calculations were carried out using the Gaussian 09 program 

package53 with the aid of the GaussView visualization program.54 For C, H, N, O the 6-31G 

(d) basis set were assigned, while for Cu and S the LanL2DZ basis set with effective core 

potential was employed.55,56  The vibrational frequency calculations were performed to 

ensure that the optimized geometries represent the local minima and there are only positive 

eigen values. Vertical electronic excitations based on B3LYP optimized geometries were 

computed using the time-dependent density functional theory (TD-DFT) formalism in 

acetonitrile using conductor-like polarizable continuum model (CPCM)57-59 Gauss Sum was 

used to calculate the fractional contributions of various groups to each molecular orbital.60. 

The crystal structure of DHPS (Dihydroptorat Synthase of Versinia pestis, PDB ID 

3TZF) was downloaded from RCSB protein data bank (http://www.pdb.org.) and used for 
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docking. The enzyme was co-crystallized with sulfamethoxazole, 6-hydroxymethylpterin-

diphosphate and magnesium ion. The in silico docking studies was carried out by using 

CDOCKER of Receptor-Ligand interactions protocol section of Discovery Studio client  

3.5.61 Initially there was a pre-treatment process for both the protein and ligands. The crystal 

structure of 1 was used for docking. Ligand preparation was done using Prepare Ligand 

module in Receptor-Ligand interactions tool of Discovery studio 3.5 and prepared ligand was 

used for docking. Protein preparation was done under Prepare Protein module of Receptor-

Ligand interactions tool of Discovery Studio 3.5 and that was used for docking. The active 

site was selected based on the ligand binding domain of sulfamethoxazole then the pre-

existing ligand was removed and prepared ligand, 1, was placed. Most favourable docked 

pose was selected according to the minimum free energy of protein-ligand complex and 

analysed to investigate the interaction. Absorption, distribution, metabolism, excretion and 

toxicity (ADMET) prediction were done in ADMET descriptor module of Small molecules 

protocol of Discovery studio client 3.5. Druglikeness of 1 was checked following Lipinski’s 

rule of five.62,63 Using ADMET module of small molecule protocol of Discovery studio 3.5 

software ADMET properties and toxicity of the compounds were checked.64  

DNA docking simulations were performed by using Hex server.49 Crystal structures 

of 1 and 2 were saved in PDB format and used for docking. Crystal structure of  DNA ( 5'- 

D(*CP*GP*(5HC)P*GP*AP* AP* TP*TP *CP* GP*CP*G)-3') (PDB ID 4HLI) was 

downloaded from the protein data bank (http://www.rcsb.org./pdb).Visualisation of docked 

pose was done in Discovery studio 3.5. 

3. Results and Discussion 

3.1. Synthesis and formulation of the ligand and its copper(II) complex 
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Low temperature (0-5°C) pH controlled diazotization of sulfamethoxazole (SMX) 

followed by coupling with p-cresol has synthesised sufamethoxazolyl-azo-phenols (SMX-

N=N-C6H3(p-CH3)OH (1)). Ligand has been purified by crystallization followed by the 

chromatographic process prepared in silicagel column and has been eluted by chloroform-

ethylacetate (9:1, v/v) mixture. The Cu(II) complex, [Cu(SMX-N=N-C6H3(p-CH3)-O)2]n (2) 

has been synthesised by the reaction of methanol solution of 1 and copper sulphate in 

ammonical solution at refluxing condition. Reddish brown crystalline complex, 2, has been 

purified by repeated crystallization in DMF-methanol mixture. Microanalytical data support 

composition of the complex. The complex is nonconducting in DMSO solution.   

Mass spectrum of 1 supports the proposed composition and molecular ion peak (m/z) 

appears at 370.8 (Supplementary Materials, Fig. S1). Infrared spectrum of ligand shows 

characteristic stretching vibrations at 1473, 1620, 1177 and 682 cm-1 corresponding to 

ν(N=N), ν(C=N), ν(S=O) and ν(S-N)40-42 (Supplementary Materials, Fig. S2) and in Cu(II) 

complex they appear at 1483, 1616, 1142, 645 cm-1 respectively and some of them have been 

perturbed significantly.  The 1H NMR spectrum of 1 (DMSO-d6) shows singlet resonance at 

12.44 ppm correspond to δ(OH); sulfonamide-NH (-SO2NH-) at 6.26 ppm. Oxazolyl-CH3 

appears at 2.18 ppm while p-cresol -CH3 appears at 2.38 ppm. Other aromatic protons have 

been characterised (6.94 – 8.00 ppm) by spin-spin interaction (Supplementary Materials, 

Fig. S3). The electronic spectrum of ligand, 1, in methanol solution shows two high intense 

transition at 329.2 nm and weak band at 405 nm who are referred to π–π* and n-π* 

transitions.40,41 The complex [Cu(SMX-N=N-C6H3(p-CH3)-O)2]n (2), in DMSO solution  
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Fig.1. EPR spectrum of [Cu(SMX-N=N-C6H3(p-CH3)-O)2]n in DMF solution and inset figure 

shows spin density distribution  

 

shows intense band at 327.5 and 400.5 nm correspond to intra ligand transitions and very 

weak broad d-d band have been observed at 489 nm (Supplementary Materials, Fig. S4). 

The magnetic moment of the complex 1.68 BM at 300 K supports d9 electronic configuration 

which is also supported by EPR spectrum. Polycrystalline EPR spectrum of 2 at room 

temperature (298 K) is weakly resolved; however, the resolution is better at 77 K. The gII 

(2.24) is greater than g⊥ (2.02) (gII > g⊥ > 2.0023) agrees with presence of unpaired electron 

at dx2-y2 of ground state configuration (Fig. 1).65 

3. 2. Crystal structure description of ligands and the complex 

Molecular structures of SMX-N=N-C6H3(p-CH3)OH (1) and  [Cu(SMX-N=N-

C6H3(p-CH3)-O)2]n (2) with atom numbering scheme are shown in Figs. 2 and 3 and selected 
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bond parameters are listed in Table 2. In 1 sulfamethoxazolyl motif is bridged by –N=N- with 

p-Me-C6H3(OH)- and methyl-oxazolyl is bonded to –SO2NH- (sulfonamide) function. The  

 

Fig. 2. Molecular structure of SMX-N=N-C6H3(p-CH3)OH (1) and its hydrogen bonded 

dimmer 

S=O bond length (1.4265 (11), 1.4230 (10) Å) is corroborated with literature data. [40-42]  

The N(14)—N(15) bond length is 1.2654(16) Å in 1 and [Cu(SMX-N=N-C6H3(p-CH3)-O)2] 

(2) shows marginal elongation to N(3)–N(4), 1.272(3) Å, which is matched well with -N=N- 

bond length reported in the literature.40-42 The bonding strength between azo-N(15) and p-

cresol (C(16)-N(15), 1.3975 (17) Å) is stronger than that of azo-N(14) and sulfonamide-

phenyl-C(13) (C(14)-N(14), 1.4156 (17)Å). The bond angle ∠O(2)–S(1)–O(3) is 121.14 (7)°. 

Intermolecular hydrogen bonds N(7)-(H7)-----N(2)-O(1) (N(2)---H(7), 2.03(3) Å) forms 

dimer and other hydrogen bonds such as C(4)–H(4)---O(2), enhances supramolecular 

strength. Intramolecular hydrogen bond O(4)–H(4a)---N(14) (N(14)---H(4), 1.83(3) Å; 

N(14)---O(4), 2.5628(17) Å) exists in the molecule (Fig. 2b).  

The ligand serves as bidentate N, O chelating agent system [N and O refer to N(azo) and O(p-

cresol) centers, respectively] and forms copper(II) complex, [Cu(SMX-N=N-C6H3(p-CH3)-

O)2]n (2). A distorted basal plane is constituted by Cu(N,O)2 and  two oxazolyl-N donor 

centres of two neighboring molecules coordinate two axial centres, 5th and 6th coordination  
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Table 2. Selected bond lengths and bond angles of 1 and 2 

Symmetry : ♦2-x,1-y,2-z; †2-x,-1/2+y,3/2-z; # x,3/2-y,1/2+z 

SMX-N=N-C6H3(p-CH3)OH (1) 

 Bond length 

(Å) 

DFT 

calculated 

length (Å) 

 Bond 

Angle (°) 

DFT 

calculated 

Angle (°) 

C(3)– N(7) 1.3888(17) 1.358 O(2)–S(1)–O(3) 121.14(7) 118.9 

C(13)–N(14) 1.4156(17) 1.458 N(7)–S(1)–C(8) 105.38(6) 100.5 

C(16)–N(15) 1.3975(17) 1.437 S(1)–N(7)–C(3) 124.92(9) 128.3 

N(14)–N(15) 1.2654(16) 1.243 C(13)–N(14)–N(15) 114.55(11) 117.4 

S(1)–O(2) 1.4230(10) 1.446 C(16)–N(15)–N(14) 115.04(11) 117.9 

S(1)–O(3) 1.4265(11) 1.448 N(2)-- H(7)–N(7) 166.2(18) 165.4 

N(7)---N(2) 2.8836(17) 2.945 N(14)-- H(4)–O(4) 143.0(3) 146.7 

[Cu(SMX-N=N-C6H3(p-CH3)-O)2]n (2) 

Cu(1)–N(3)♦ 2.017(2) 1.970 O(4)–Cu(1)–N(3)  87.64(8) 88.5 

Cu(1)–O(4) †  1.8963(18) 1.856 O(4)–Cu(1)–N(3)♦ 92.36(8)  90.8 

Cu(1)–N(1)# 2.701(3) 2.884 O(4)–Cu(1)–N(1) # 97.34(8) 100.6 

N(3)–N(4) 1.272(3) 1.316 N(3)–Cu(1)–N(1) # 83.49(10) 88.7 

N(4)–C(6) 1.389(3) 1.350 N(3)–Cu(1)–N(1) †        96.52(10)    100.5 

N(3)–C(7) 1.444(3) 1.426 O(1)–N(1)–Cu(1) †       126.87(19) 128.3 

S(1)–O(2) 1.425(3) 1.388 O(4)–Cu(1)–N(3) ♦       87.65(8)    85.7 

S(1)–O(3) 1.424(3) 1.395 O(4)♦–Cu(1)–N(1) #       82.66(8)    80.9 
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centres, to fulfill z-distorted octahedral geometry. Thus oxazolyl-N bridges and propagates to 

constitute a coordination polymer (Fig. 3).  The Cu–N(azo) (Cu(1)-N(3), 2.017(2) Å) is 

shorter than Cu-O(phenolato) (Cu(1)-O(4), 1.8963(18) Å) bond distances. Axial Cu–

N(oxazolyl) is longer (Cu(1)–N(1), 2.701 Å) than Cu-N(azo) bond data but distance is shorter 

than sum of van der Waals radii of copper (1.4 Å) and N(1.55, Å), and suggests weak 

interaction. The chelate angle ∠O(4)–Cu(1)–N(3), 87.64(8)° is closer to square planar bond 

angle. Intermolecular H-bonds in the molecule constitute three dimensional superstructure 

and brings rigidity in the solid state geometry. Phenolato-O and sulfonamide-NH form a 

strong hydrogen bond,  N(2)-H(2A)---O(4)-C(1)(phenolato) (N(2)---O(4), 2.785(4) Å; 

H(2A)---O(4)(-SO2-), 2.038(2) Å; ∠N(2)-H(2A)-O(4), 157(3)°; symmetry, 2-x, ½+y, 3/2-z). 

Two other H-bonds C(5)-H(5)---O(3)(-SO2-) (C(5)---O(3), 3.386(4) Å; H(5)---O(3), 2.540(1) 

Å; ∠C(5)-H(5)-O(3), 151.00°; symmetry, 1-x,-1/2+y,3/2-z) and C(8)-H(8)---O(1)(oxazolyl) 

((C(8)---O(1), 3.377(4) Å; H(8)---O(1), 2.460(1) Å; ∠C(8)-H(8)-O(1), 168.00°; symmetry, 2-

x,-1/2+y,3/2-z) have enhanced the strength of interactions. 

 

3.3. Antibacterial potential of the compounds and molecular docking 

Sulfamethoxazole (SMX), the prominent member among sulfonamides has been a topic of 

interest since its first clinical use in 1935 and has been administered for the treatment and 

cure of infections like bacterial pneumonia, urinary tract infections, shigellosis, Nocardia 

infections and specific protozoal infections.66 It executes antimicrobial potency by interfering 

with the activity of dihydropteroate synthetase that catalyzes the formation of 

tetrahydrofolate from para-amino benzoic acid (PABA). This reaction is crucial for bacterial 

folic acid synthesis albeit higher eukaryotes are not susceptible to SMX because of the 

inherent absence of folic acid synthesis pathway. 
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   (a) 

 

    (b) 

Fig. 3. (a) Molecular structure of monomer of [Cu(SMX-N=N-C6H3(p-CH3)-O)2]n (2) (5th 

and 6th coordination positions are omitted for clarity) and (b) 3-D network  
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However microbes develop resistance to SMX after prolonged use due to permeability 

barrier/or efflux pump, mutational or recombinational changes in the target enzymes and 

naturally insensitive target enzymes.67-69 Additionally sulfonamides are not free from side 

effects like hypersensitivity and toxicity. Blood dyspraxia is also an outcome of SMX 

administration. But in the developing countries requirement of inexpensive drug like SMX 

cannot be overruled for its wide spread application due to cost effectively. That is why drive 

for synthesis of SMX derivatives is still in progress which may ameliorate the toxicity along 

with combating with the bacterial resistance against SMX. SMX-N=N-(p-Me)-C6H3OH (1) 

and its copper(II) complex (2) have been analysed for their bactericidal activity. The IC50 i.e. 

the concentration of test compound required to inhibit the growth of bacteria by 50 % have 

been tested against B. subtillis (ATCC 6633) and E. coli (ATCC 8739). The profile of 

inhibition has been presented in Fig. 4. From the result it is evident that the compounds 

produce a concentration dependant decrease in the growth of both types of bacteria. The IC50 

values for 1 and 2 are 105 µg/ml for each which is 8 % less compared to SMX (96.4 µg/ml) 

for B. subtillis. On the other hand for E. coli the respective IC50 values are 76.2 µg/ml for 

SMX, 66.36 µg/ml for 1 and 62.2 µg/ml for 2. Thus, Cu(II) complexes is more efficient than 

its ligand, 1. In a further study, attempt should be made to check the potency of the 

derivatives against resistant species of bacteria in order to validate the effectively of SMX-

azo derivatives accompanied with evaluation of side effects of those newly synthesized 

compounds in a wide span of patient population.  

Molecular docking studies has been carried out with protein structure of DHPS from 

E. coli with SMX-N=N-(p-Me)-C6H3OH (1) and Cu(II) complex, 2. In contemporary 

research on Computational Chemistry the molecular modelling using computer aided 

molecular design CAMD), lead generation and optimization, and the protein-drug interaction 
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    (a) 

 

      (b) 

Fig. 4. Inhibition profile of SMX, SMX-N=N-C6H3(p-Me)-OH (1) and [Cu(SMX-N=N-

C6H3(p-Me)-O)2]n (2) for (a) B. subtillis and (b) E. coli 
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are of immense significance. Molecular docking with protein structure of the target molecule 

has been carried out by Discovery Studio 3.5 program.61 The best pose interaction has been 

concluded by docking score, binding energy and Log P data. The three dimensional (3D) 

structures of the ligands which were essential for docking may be obtained either from 

optimised structure of DFT computation or from single crystal X-ray coordinates. The drug-

relevant properties of the ligands have been analyzed following Lipinski’s rule of five and Dr 

Arup K Ghose‘s modified rule.70,71 Finally filtration was done for evaluation of druglikeness 

of the target molecules by ADMET (absorption, distribution, metabolism, excretion and 

toxicity) properties.72 

Different binding conformations of the molecules differing by less than 2 Å RMSD 

are by default grouped together in one cluster and CDOCKER interaction energy is -43.90 

a.u. (1) and -61.35 a.u. (2) (Figs. 5 and 6) while sulfamethoxazole (SMX) computes the 

interaction energy -34.07 a.u. (Fig. 6).42 This implies SMX-N=N-(p-CH3)-C6H3OH is a  

 

Fig. 5. Best pose binding 1AJ0@SMX-N=N-C6H3(p-Me)-OH (1) : 2D and 3D picture 
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Fig. 6. Best pose binding of 2 in the DHPS cavity   

strongly interacting ligand than SMX to DHPS protein. Besides, Cu(II) complex (2) shows 

best binding efficiency than that of ligand, 1, and SMX. There are eleven amino acid residues 

(Asn22, Asp96, Ser222, Thr62, Arg63, Pro64, Phe190, Arg255, Lys221, His257, Ile20, 

Ile117, Gly217 and Gly189) interact in the binding cavity with the ligand, 1. Interaction 

analysis suggests that when ligand binds with DHPS of E. coli, oxygen atom of -SO2, 

oxazolyl moiety azo-N atoms form total four recognisable H-bonds with protein residue  

(Figs. 5 and 6) (Arg63N-H--- O'-(SO2-) : N---O, 2.33 Å and ∠N-H---O, 146°; Arg255N-H--- 

O'-(SO2-) : N---O, 1.89 and 2.56 Å and ∠N-H---O, 159° and 131°; Gly189-N-H---O(p-Me-

C6H3-) : N---O, 1.91 Å and ∠N-H---O, 151°). Aromatic ring of sulfonamide is involved in π-

--π  interaction with Arg255 (3.43 Å; Table 3). The docking between DHPS and [Cu(SMX-

N=N-C6H3(p-Me)-O)2]n (2) shows fifteen amino acid residues in the cavity of protein 

(Ser219, Arg255, Glu150, Gly191, Ile20, Arg120, Arg63, Ser222, Pro64, Ala151) who bind 

with oxazolyl-O and O of –SO2NH- such as Ser219 N–H---O(oxazolyl) : N---O, 2.366 Å; 

Arg255N–H---O(SO2), 2.042, 2.270 Å; Glu150-O---H-N(SO2NH-), 2.180 Å; Gly191N–H---
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O(oxazolyl), 2.430 Å). Although many π---π interactions are observed in the calculated 

structure, however, recognizable one is Pro64---phenolato ring (π---π  , 4.03 Å).   

Druglikeness of ligand has been checked following Lipinski's rule of five.70,71 

ADMET modules of discovery studio client 4.0 have been used to check ADMET 

(absorption, distribution, metabolism, excretion and toxicity) property of the compounds. 

Predicted data show that good solubility level, moderate absorption stage, six H-bond 

acceptors, two H-bond donors and follow Lipinski’s filter and Log P is 4.07. Drug likeness 

and Ames prediction support non-mutagenic character of SMX-N=N-(p-Me)-C6H3OH 

(Supplementary Material, Tables S3, S4). 

3.4. Interaction of ligand, 1 and Cu(II)-complex, 2, with CT DNA : Absorption 

spectroscopic studies  

The interaction of transition metal complexes with DNA has received vast attention in 

the last two decades of research both in chemistry and biology.32-38, 73-75 The interaction of the 

metal complexes is affecting the replication and transcription of DNA and ultimately leads to 

the cell death.32-34 Over the past few years, an intensive effort has been focused to develop 

metal-based drugs with improved clinical effectiveness, reduced toxicity and broader 

spectrum of activity than that of cisplatin.32-34 Many of these complexes are very promising, 

and show activity on tumors which develop resistance to cisplatin or in which cisplatin is 

inactive.  

The interactions of the complexes with chromosomal CT DNA are investigated by 

spectrophotometric method. When CT DNA is added with increasing concentrations to a 

fixed concentration of SMX-N=N-C6H3(p-Me)-OH and Cu(II)-complex the absorption is 

increased (Fig. 7). Such absorption characteristics may be due to the specific interaction of 

the ligand and complexes with DNA resulting more relax structure of the complex. At the 
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absorption maximum of DNA, the calculated binding constant (K) by using modified Benesi-

Hildebrand plot (Fig. 8) for SMX-N=N-C6H3(p-Me)-OH and [Cu(SMX-N=N-C6H3(p-Me)-

O)2]n are  5.92 x 104 M-1 
 and 4.445 x 104 M-1 respectively. 

 

                              (a)                                                                              (b) 

Fig. 7. (a) Absorption spectroscopic study of 11.83 µM SMX-N=N-C6H3(p-CH3)-OH (1) 

with increasing concentrations of CT DNA (0, 2.25, 4.48, 6.70, 8.89, 11.08, 13.24 µM) 

respectively (1→7);  (b) represents modified Benesi-Hildebrand plot for the determination of 

ground state binding constant between CT DNA and  SMX-N=N-C6H3(p-CH3)-OH DNA is 

an important target of multiple pathologies. Drugs interact with DNA in intercalation, groove 

binding (major and/or minor) and covalent binding. Molecular docking computation is used 

to explain the drug-DNA interaction.72,73 The docking pose of the DNA-ligand (1) or 

complex (2) reveals that A: C rich region is attracted.74,75 Azo-N of SMX-N=N-(p-Me)-

C6H3OH (1) shows a strong hydrogen bond (DNA end A6-H---N(azo) (1), 2.17 Å and ∠A6-

H---N, 145.20°) while as many as eight recognisable π---π interactions are observed between 

these two participating units (Fig. 9; Supplementary Materials, Table S7). 
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(a)                    (b)                                                                                         

Fig. 8. (a) Absorption spectroscopic study of 45.77 µM [Cu(SMX-N=N-C6H3(p-Me)-O)2]n 

(2) with increasing concentrations of CT DNA (0, 8.81, 17.55, 26.22, 34.82, 43.36, 51.82 

µM) respectively (1→7); (b) represents modified Benesi-Hildebrand plot for the 

determination of ground state binding constant between CT DNA and  [Cu(SMX-N=N-

C6H3(p-CH3)-O)2]n. 

 

 

 

 

 

 

Fig. 9.  DNA- SMX-N=N-(p-CH3)-C6H3-OH (1) interaction best pose (Binding energy -6.96 

a. u. ; Ligand efficiency -0.25 a.u.; Vdw H-bonded  energy -9.08 a.u.)  
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Fig. 10. DNA-[Cu(SMX-N=N-(p-CH3)-C6H3-O)2] (2) interaction best pose (Binding energy -

10.55 a.u.; Ligand efficiency -0.2 a.u.) 

The DNA shows better interaction with [Cu(SMX-N=N-C6H3(p-Me)-O)2]n (2) and two 

recognisable H-bonds (Guanine-NH----O(SO2NH)---: DNA end G4-NH---O(SO2NH), 2.72 Å 

and ∠G4-NH---O(SO2NH), 129.6°; Adenine A6-NH---N(azo), 3.08 Å and ∠A6-NH---

N(azo), 160.01°) and six π---π interactions are computationally observed (Fig. 10; 

Supplementary Materials, Table S8). 

 

3.5. The DFT Computation  

The electronic structure and related properties of the ligand, 1 and the complex, 2  have 

been carried out using DFT computation technique; the structural agreement has also been verified 

on comparing the bond distances and angles between the DFT optimized and X-ray determined 

structures (Table 2).  To simplify analysis of DFT computation result the structure of HL has been 

divided into azo, benzene sulfonamide (BSN), methyloxazolyl (MOX) and p-cresol 
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(Supplementary Material, Figs S5). The composition of MOs and proposed electronic transitions 

in acetonitrile (CH3CN) solution (Supplementary Material, Tables S1 and 2) suggest that p-

cresolato and oxazolyl rings are major electron donor while azo function and benzene sulfonamide 

are electron acceptors. HOMO → LUMO (λ, 462.41 nm; f, 0.2940); HOMO-3 → LUMO (λ, 

341.15 nm; f, 0.1330);  HOMO → LUMO+2/LUMO+3 (λ, 281.74  nm; f, 0.0226) etc have 

been assigned as p-cresol to azo/benzene sulfonamide charge transferences. In the complex, 

[Cu(SMX-N=N-(p-Me)-C6H3-O)2] (2) the composition of LUMO differs significantly with 

inclusion of 47% copper function while all other MOs remain almost similar to free ligand 

SMX-N=N-(p-Me)-C6H3-OH (1) pattern (Supplementary Material, Fig. S6, S7; Tables S3 

– S6). Energy of MOs has been increased in metal complex, 2, compared to free ligand which 

may be usual due to electron drifting be metal coordination (Fig. 11). The electronic spectral 

bands in Cu(II) complex are shifted to lower energy region along with involvement of metal 

orbitals for phenolato to Cu(II) transitions. The observed transitions are close to the calculated 

one in the molecules.  
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Fig.11. Correlation diagram of SMX-N=N-(p-CH3)-C6H3OH, (1) and [Cu(SMX-N=N-(p-

CH3)-C6H3O)2] (2) and proposed electronic spectrum of 2 

Conclusion 

Sulfamethoxazolyl-azo-p-cresol (SMX-N=N-(p-Me)-C6H3OH, 1) and its copper(II) complex 

[Cu(SMX-N=N-(p-Me)-C6H3O)2]n (2) are characterized by spectroscopic data. The ligand, 1 

exists in hydrogen bonded dimmer in the crystal structure while the complex, 2 is a 

coordination polymer which has been constituted via oxazolyl-N coordination to neighboring 

Cu(II) centre. The antibacterial activity of 1 and 2 have been performed against B. subtillis 

(ATCC 6633) and E. coli (ATCC 8739); Cu(II) complex (2) shows better efficiency than free 

ligand (1) (B. subtillis; IC50 : 105 µg/ml (1) and 105 µg/ml (2) and E. coli; IC50 : 66.36 µg/ml 

(1) and 62.2 µg/ml (2)). The in-silico test of the compounds with DHPS protein from E. coli 

helps to recognize the molecules in the cavity where complex prefers energetically favorable 

than free ligand. The DNA interaction with these two molecules also show better action with 

metal complex (binding constant : Kb(1) , 5.920 x 104 M-1 and Kb(2),  4.445 x 104 M-1) which 

have been examined by docking studies. Moreover, the compound 1 is less toxic than SMX. 

Cu(II) complexes have versatile  application in human metabolism and hence the complex 2 

may be used as copper deficiency antibiotic medicine for low birth weight baby, Myelopathy 

(Human Swayback) and neurological disordered body etc. We are on the way to investigate 

these properties. The result inspires us to carry forward the pharmaceutical activity on 

different groups of pathogen and cells.  
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Supporting Information  

Crystallographic data for the structure have been deposited to the Cambridge 

Crystallographic Data center, CCDC No. 1416869 (1) and 1416868 (2). These data can be 

obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the 

Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: 

(+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. 
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