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Abstract:

A novel bioactive Cu (Il), Co (Il) and Ni (Il) congxes of the azo dye ligand X
derived from sulfamethoxazole were synthesized. $tmactures of the newly prepared
compounds were characterized by elemental analysislar conductance, magnetic
susceptibility, FTIR, UV- visible,'H NMR, mass, thermal and powder XRD spectral
techniques. Molar conductivity measurements in DMS@ution confirmed the non-
electrolytic nature of the complexes. All the sywdized metal complexes were found to be
monomeric and showed square planar geometry exisepCo (lI) complex which has six
coordinate, octahedral environment. The metal cergd have exhibited potential growth
inhibitory effect against tested bacterial straasscompared to the free ligand. The ligand and
complexes have also shown significant antioxidantl &alf Thymus DNA cleavage
activities. Further, then silico molecular docking studies were performed to pitethe
possible binding sites of the ligand)(and its metal complexes with target receptor &Pu-
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1. Introduction:

Over the last four decademzo dyes containing heterocyclic ring have playedtal
role in the development of coordination chemistily The utility of these compounds is due
to their versatile applications in the field of laigical, electrochemical and analytical
investigations 2, 3]. The metal complexes of heterocyclic ligands aomhg S and N atoms
have been extensively studied due to their potertyaotoxicity, antimicrobial, anti-
mycobacterial as well as antioxidant activitids5]. Significant efforts have been made to
carry out studies on synthesis and biological &t of different metal (II) complexes of
azo dyes@]. Therefore, the heterocyclic azo dyes have prdodzk efficient chelating agents
for various metal ions, which is due to the preseottazo group responsible for exhibiting
excellent medicinal properties. Further, azo metahplexes have been found to be effective
in designing thermally stable optical storage deviand anticorrosive agents for metals [

g].

The presence of sulfonamide unit in the coordimattomplexes exhibit excellent
pharmacological properties and has been used estieff drugs for the treatment of various
diseasesd]. Among the sulfonamides, sulfamethoxazole comtihto be utilized as an active
chemotherapeutic agent as well as for the prevemtidoacterial infection. Even though the
sulfonamides are being widely used for the treatnuénseveral diseases, their utility is
limited due to toxicity and side effects that causspiratory problems, kidney damage, and
headache in case of frequent ub@ [L1]. Due to these impending challenges, researchers a
focusing on the development of metal based-drugdchwhhave shown enhanced
pharmacological and toxicological propertieR?][ Similarly, recent studies showed that
sulfonamide metal chelates had been found to benpat biological agentsiB, 14].
Theoretical approaches have become more signif@sirdfficient facilitating techniques in

the development of novel drugs. Molecular docksgme such a tool which helps to find the



possible binding sites of the compounds againstitdogical receptor I5]. Further, it
provides a platform to understand the mechanisiahrag action and thereby we can design

efficient drugs to cure the particular diseasés 17].

In the present study, we have synthesized novelchice Cu (I), Co (I) and Ni (I1)
complexes of the azo dye ligand)(derived from sulfamethoxazole and characterized b
various analytical and spectroscopic techniquese €hectronic, magnetic and thermal
techniques were used to deduce the geometry ohétal complexes. Further, the biological

significance of the ligand and its metal complew@s investigated.

2. Experimental:
2.1 Chemicals and methods

All chemicals and solvents used for the synthegseevAR grade and purchased from
Sigma Aldrich Chemical Company and used withouthterr purification. Melting point was
checked by electro-thermal apparatus using operllasgptubes and are uncorrected.
Elemental analysis was obtained from Vario EL IHIC analyzer, and metal analysis was
carried out by the following standard method8][ The UV-Visible spectra of the newly
synthesized compounds were recorded on Elico-SL ddisble beam spectrometer in the
range of 200-800 nm in DMSO solution A®). IR spectra were recorded on a Perkin
Elmer- Spectrum RX-IFTIR instrument as KBr pell@isthe region of 4000-200 ¢ 'H
NMR spectrum of the ligand was recordeddin DMSO using an Avance Il instrument.
LCMS spectra were recorded on LCMS 2010, SHIMADZUass1 analyser. Molar
conductivity measurements were recorded on ELICO-I8W conductivity bridge in dry
DMSO (10° M) solution using dip-type conductivity cell fittedith a platinum electrode.
Thermal analysis (TG-DTA) of the metal complexeseveecorded on Perkin Elmer STA
6000 thermal analyzer under the &mosphere from ambient temperature to X0@t a rate

of heating 26C min*. Powder X-ray diffraction studies of the complexeere performed at



room temperature on Bruker AXS D8 Advance Diffrawéter equipped with monochromatic
Cu Ky radiation = 1.5406 A). Magnetic susceptibility measurementsenmade at room

temperature on vibrating sample magnetometer (V&g Ni as calibrant.
2.2 General method for the synthesis of ligand (L)

A well stirred solution of 4-amino-N-(5-methyl-1, -dkazol-3-yl) benzene
sulfonamide 1) (2.0 mmol) in 5-6 mL conc. HCI| was cooled in @e bath and diazotized
with the solution of sodium nitrite (2.2 mmol) im2L of conc. HSOy. The resulting mixture
was stirred for 2 h at 0-5 °C. The cold diazoniwatt solution was added to the cold solution
of 1-[1-phenyl-2-(phenylimino) ethyl] naphthalens2{2) (2.0 mmol) in acetic acid (10 mL).
The reaction mixture was stirred for another 2 9-8:°C (g* 5-6). The crude product was

filtered off, washed with hot water, dried and gestallized from ethanolScheme 1).
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Scheme 1: Synthesis of azo ligandl )

2.3 Synthesis of Cu (I1), Co (1) and Ni (I1) complexes

To the hot methanolic solution of azo dye ligand(0.3 mmol), a solution of
appropriate metal acetates in methanol (0.16 mm@ly added dropwise with constant
stirring. The reaction mixture was heated undduxefor 4 h and, the volume was reduced to

half of the initial volume under reduced pressurbe resultant precipitate was filtered,



washed several times with distilled water and tdaad in vacuum over anhydrous CacCl
desiccator (Yield: 60—70%).
2.4 Biological activity

The newly obtained ligand and its metal complexesrewscreened for their
antibacterial activity againg€lebsiella pneumonia (ATCC 13883) Escherichia coli (ATCC
25922) and Bacillus subtilis (ATCC 19659) by the well diffusion method. All hedal
strains were maintained on nutrient agar mediutrB@t°C. These cultures are obtained from
the Department of Microbiology, Kuvempu UniversiBhimoga, Karnataka, India which are
previously procured from Institute of Microbial Tewlogy Chandigarh (IMTC), India. The
stock solutions of the ligand and its metal come&efl mg/mL) were prepared by adding 10
mg of each compound in 10 mL freshly distilled DMS3%rther, the different concentrations
of the test compounds (1.5 and 3.0 mg/mL), wer@amed by diluting the stock solutions
with the required amount of DMSO.

2.4.1 Antibacterial screening

The liquid medium containing the bacterial suba@$uwas autoclaved for 20 min at
15 Ib pressure before inoculation. Mueller Hintgamamedium was used for the antibacterial
studies. The pure dehydrated Mueller Hinton ag& ¢3 was dissolved in 1000 mL of
distilled water. The agar plates were prepareddiyguthe above media and wells were dug
with the help of 6 mm sterile metallic cork bor&ach plate was inoculated with 18 h old
bacterial culture (10@L) using a micropipette and spread uniformly udiegt glass rod on
each plate. The test compounds with different cotmagons (1.5 and 3.0 mg/mL) in dry
DMSO were added dropwise onto a 6 mm diameter fdégper disc placed in the centre of
the agar plates. The plates were then kept foriaton at 36 °C for 24 h. After completion

of the incubation period, the diameters of zonabibition were measured in millimeters by



using antibiotic zone scale procured from Hi-medihthe tests were performed in triplicate

and, the average was taken as the final reading.
Minimum inhibitory concentration (M1 C)

Minimum inhibitory concentration (MIC) is the lowesoncentration where no visible
turbidity was observed in the test tubes. The MiGhe test compounds was determined by
Microtitre plate assay was performed as previousdgcribed by 19, 20] with slight
modification. 10QuL of sterile growth media was pipetted into micratiplate, and to it, 100
uL aliquot of synthesized compounds were then diluteo-fold in each well. Finally, 100
uL of the culture media of optical density (0.5680 nm was added to all the wells. Positive
control contained growth media inoculated with manganisms. Negative control included
synthesized compounds and sterile growth media dig plates were incubated for 24 h at
37 °C and absorbance was recorded at 600 nm. The lmweesentration that produced no

visible growth of the bacteria with the control wamsidered as MIC.

2.4.2 DPPH radical scavenging activity

Free radical-scavenging capacities of newly sysigeel ligand and its complexes
were determined according to the previously regopecedure 41]. The stock solution of
the extracts (1 mg/mL) was prepared and DPPH (04)Q4sing 95% of methanol. Freshly
prepared DPPH solutions were taken in test tubds extracts are to be added (10§) to
every test tube so that the final volume will benB and after 10 min, the absorbance will be
read at 517 nm using the UV-Visible spectrophot@mefscorbic acid was used as the
standard. The assay was carried out in triplicatd, ahe percentage of inhibition was

calculated using the following formula,



% Radical Scavenging activity

lA’“A'%A”] x100 1)

r

Where Ay and Ay are the absorbance’s before and after the reaatisnaken place.

2.4.3 DNA cleavage studies

The extent to which the newly synthesized azo dyent and its Cu (Il), Co (Il) and
Ni (I) complexes could behave as DNA cleavage tgy@ras studied by calf-thymus DNA
(Cat. No 105850) as a target molecule. The effwyeof the target molecules as cleavage
agents was examined by gel electrophoresis tecanifjne nutrient broth was used as the
media (peptone 10, NaCl 10 and yeast extract 5)g The gel electrophoresis experiment
was done according to the following procedu?g, [23]. Briefly, 200 mg of agarose was
dissolved in 25 mL of TAE buffer (4.84 g Tris bapé] 8.0, 0.5 M EDTA/ 1 Itr) by boiling.
When the gel attains approximately %5, it was poured into the gel cassette fitted waith
comb. The gel was allowed to solidify and then ftdiethe comb was removed. The gel was
placed in the electrophoresis chamber flooded WAE buffer. The target compounds were
dissolved in freshly distiled DMSO (1 mg/mL). Thest compounds were added separately
to the isolated CT- DNA (225 ng) and incubatedZdr at 37°C. After incubation, 20 pL of
DNA sample (mixed with bromophenol blue dye at dafio) was loaded carefully into the
wells, along with standard DNA marker and constalectricity of 50 V was passed for
around 45 min. The gel was removed and thoroughlgined with Ethidium bromide
(ETBR) solution (10 pg/mL) for 10-15 min. The banegere observed under UV
transilluminator (UVP, Germany) and photographed dietermine the extent of DNA

cleavage, and the results were compared with thibaestandard DNA marker.



2.4.4 1n silico molecular docking studies

To investigate the antimicrobial potential of thgnthesized ligand and its metal
complexes usingn silico molecular docking method24]. The structures of the target
compounds were generated using Chem Bio Draw ©beih Bio Office Ultra 14.0 suite)
assigned with proper two-dimensional orientatiom atructure of each was checked for
structural drawing error and converted to 3D forfioibwed by the minimization of energy
using Ligprep in Schrodinger Maestro. The 3D caweitks of protein targets were obtained
form 2XCT-Protein Data Bank (PDB) and subjectecmnergy minimization after assigning
proper bond orders and ionization states along ghtrge fixing using Schrodinger maestro
version 9.0. The best-docked conformation of tlgardd and its metal complexes was
identified based on glide energy, docking scorealsd by analysing the active site hydrogen
bonds and hydrophobic interactions. PDBSUM was umedLigplot representation of
protein-ligand interactions and, ribbon/surfacewigepresentations of docked complexes
were generated using PyMol.

3. Resultsand Discussion:

3.1 Chemistry

The orange-red colored azo dye ligahd is found to be soluble in chloroform and
other common organic solvents like methanol, DMk ®MSO. All the synthesized metal
complexes are colored solids, non-hygroscopic, phms in nature, stable at room
temperature and found to be soluble in DMF, and @M#Melting points of the newly
synthesized complexes were found to be above’G0The results of the elemental analysis
of the ligand and its metal complexes were dismlayeTable 1. Elemental analysis and
analytical data of the complexes suggest that tb&lnto ligand ratio is 1:2 stoichiometry of

the type [M (L}] for all the complexes, where stands for the deprotonated ligand. The



molar conductance measurements suggest the ndameblec nature of the complexes in

DMSO (10°M) [25].
<Insert Table 1>

3.2 IR spectral data

The main absorption bands of the ligand @nd its Cu (Il), Co (II) and Ni (II)
complexes are displayed able 2. On complexation, the band at 1492 ¢ior the azo
group in the free ligand was shifted to a lower ataxgth in the range ~1589-1573tm
indicating the coordination of the nitrogen atomtlod azo group to the metal ioP6]. The
broad absorption band at 3278 trfor phenolic OH group of the free ligand has been
disappeared in all the metal chelates indicategdimation of bonds between the metal ion
and phenolic oxygen atomia deprotonation. The phenolic C-O functional grouptlte
ligand exhibited absorption band at 1237 ‘cwhich are shifted to higher frequencies, i.e.,
1259-1266 crif in all the metal complexe&7]. This confirms the formation of M-C-O bond
in all the complexes. The absorption band due toadH azomethine (-CH=N-) function in
metal complexes of ligand have displayed a bandkémregion 3166-3134 ¢hand 1620-
1578 cn respectively, which have appeared at about the sagion as in the case of ligand
thus confirming the non-involvement of NH and azémree function in coordination with
the metal ions. But in the case of Co (Il) compl#xe absorption due to azomethine
functional group was shifted to a lower wavelengith a difference of ~42 cthindicating
the involvement of nitrogen atom of the azomettgneup. Further, the spectrum of all the
complexes shows new bands in the region 462-480 amd 587-590 cth due to the
formation of M-N and M-O bonds respectiveRg[ 29].

<Insert Table2>



3.3 Electronic absorption spectral data

Electronic spectra of the synthesized azo dye tigand its metal complexes were
recorded in DMSO solution, and the absorption bamdglisplayed i able 3. The spectrum
of the ligand showed an intense band at 20, 618 conresponds to the-pr transition of
azo group. In the electronic spectrum of the Cuddimplex exhibited bands at 29, 205 and
20, 104 crit which are assigned l?cBlg—> zAlg transitions characteristics of square planar
geometry B0, 31]. The Co (ll) complex displayed three absorpti@ndls at 19607, 26595
and 31152 cm characteristics of tetrahedral geometry, which rhayassigned fo”rTlg—>
Tag(F), *T1g— *Azg (F) and'T1q— “Ty14(P) transitions respectivel$Z]. From the electronic
spectrum of the Ni (II) complex, it is observedtttiee bands at 19762, 26109 and 31847 cm
are assigned téA;; — 'Big 'A1g — Ay, and INCT respectively. All these observations
suggest the square planar geometry for Ni (Il) dem[B3].

<Insert Table 3>

3.4'H NMR spectral data

The proton NMR spectra is an excellent tool tocghéhe purity of the organic
compounds. ThéH NMR spectrum of the ligand_j was measured in DMSQ@ls at room
temperature. The azo dye ligand displayed a sirailés.62 ppm (s, 1H, Ar-OH) is due to
hydroxyl group attached to naphthol ring. The sigiae to NH proton attached to the
sulfamethoxazole moiety resonated as a singlet1la&91ppm (s, 1H, NH). The signal
appeared at 8.76 ppm as a singlet assigned foredghora proton (s, 1H, CH=N). The signals
due to twenty aromatic protons (m, 20H, Ar-H) hagsonated as multiplets in the region
8.43-6.70 ppm. A proton resonated at 6.13 ppmragetimay be assigned to aliphatic CH at
the junction (s, 1H, aliphatic CHB4]. Another singlet observed at 2.32 ppm (s, 3H3)CH

corresponds to methyl protons attached to the akeaing.



3.5 Mass spectral data

The ESI mass spectra of the azo dye ligand an€utqll), Co (Il) and Ni (II)
complexes are recorded and investigated at 70 edMreh energy. The spectral data showed
that the molecular ion peaks are in good agreenvéhttheir suggested empirical formula.
The mass spectrum of the azo dye ligan@upplementary data, Fig. 5dhowed molecular
ion peak due to Mat m/z 603 which corresponds to the molecular tedf the azo dye
ligand. The mass spectra of Cu (ll), Co (Il) and(Nj complexes of ligand. exhibited
molecular ion peaks due to ‘Mat 1266, 1261 and 1260 which are equivalent oir the
molecular mass of the respective complexes. Theattee mass spectral fragmentation
pattern of the above metal complexes is presentdteiSchemes 2-4 and are provided in the

supplementary data.

3.6 Magnetic susceptibility measurements

The magnetic susceptibility is an important tegei which mainly focuses on the
electronic structure of the metal complexes forrogdhe coordination of the ligand with the
different metal ions35]. The magnetic moments of the newly synthesizedpexes were
measured at room temperature for the Cu (Il), @Qoathd Ni (II) complexes are listed in
Table 3. The Cu (Il) complex showed magnetic moment cpuading to one unpaired
electron which is 1.86 BM with a slight orbital ¢ohution to the spin only value 1.73 BM
and the absence of spin-spin interaction in the pdexnaccounting for the possibility of
square planar geometry8dl. The magnetic moment for Co (ll) complex is 4.881
corresponding to three unpaired electrons whickeal within the expected range 4.70-5.20
BM, suggesting the consistency with its octahededmetry 87]. The Ni (II) complex was
observed to be diamagnetic which corresponds tarsqouianar geometry around Ni (II) ion

[38, 39].



3.7 Thermal data of the complexes

The thermal behaviour of Cu (Il), Co (Il) and Ni) (complexes was carried out to
confirm their molecular structures and thermal iitgb Thermal degradation of the
complexes was studied at a rating of heating@0nin™ under nitrogen atmosphere within
temperature range 20-75C. The tentative thermal decomposition of the metahplexes
with respect to temperature and formation of thepeetive metal oxides are displayed in

TableT-1 and provided in supplementary material.

The Cu (I) complex Kig. 1) of the azo dye ligandL) showed degradation four
stages. The first step occurred in the temperatamge 316-344C, with a weight loss of
11.49% (calcd. 12.97%) due to the removal of twdes@f GH,NO fragment. The second
degradation stage of estimated mass loss 13.068d(cE2.49%) within the temperature
range 344-422C due to the elimination of two moles of M fragment in the complex.
The third stage of degradation occurred within theperature range 421-488 with a
weight loss of 30.30% (calcd. 30.71%) due to thmaeal of the two moles of {Hi3sN
fragment. The final stage of degradation occurrath va mass loss of 33.67% (calcd.
33.71%) due to the elimination of ;N0 fragment within the temperature range 483-721
°C. The weight of the residue corresponds to themake of cupric oxide and four moles of

carbon.

In the thermogram of the Co (ll) complex, the fisggp of decomposition represents
the mass loss due to two moles of phenyl grou@$a+¢368°C with a weight loss of 12.33%
(calcd. 12.21%). The second decomposition occuated68-631°C with a practical weight
loss of 59.37% (calcd. 60.30%), due to the elimamatof two moles of a gH14NsSO;

fragment. In the final step of decomposition, tbenplex showed gradual decomposition up



to 726°C due to the removal of remaining organic moietyhva practical weight loss of
27.98% (calcd. 21.10%). The weight of the residoeresponds to one mole of CoO.
Similarly, the Ni (II) complex undergo thermal degoosition in four steps in temperature
ranges at 256-32%C, 329-441°C, 441-507°C, and 507-726C respectively. The weight loss
in 1st 2.88% (calcd. 2.38%), 2nd 31.06% (calcd83%), 3rd 12.46% (calcd. 13.18%) and
4th 36.99% (calcd. 37.81%) were tentatively assigioethe elimination of 2C§ 2C4H12N,

2C3H3N20 and GegH10N2O fragments respectively leaving NiO as residue.

<Insert Figure 1>

3.8 Powder X-ray diffraction studies

The synthesized metal complexes were soluble inespatar solvents, but crystals
that are suitable for single-crystal studies weoé abtained. Therefore, Powder X-ray
diffraction patterns of Cu (Il), Co (ll) and Ni Jlicomplexes were obtained to study the
degree of crystallinity of the complexes. Powderay-diffraction pattern for Cu (lI) complex
(Fig. 2) showed 5 reflections in the range of 9-229). These reflections are obtained due to
the diffraction of X-ray by the planes of complexd@$e inter-planer spacing (d) has been
calculated from the positions of intense peaksgufiragg’s equationx 2d sind (where
A= 1.5406 A). The obtained and calculated inter-ptaspacing (d) are consistent and are
displayed inTable 4. Further, the unit cell calculations were calculatedcubic symmetry
by all the obtained peaks, and h Kk + I? values were determined. The obtained and
calculated inter-planer d-spacing values were fdorioe in good agreement. The+hk? + I
values of Cu (Il) complexes are 1, 3, 4, 6 andhe Tattice parameter for Cu (II) complex is
calculated and found to lze= b = ¢ = 9.43. From the results, it is evident that thespnce of
forbidden number 7 indicates that the Cu (Il) cagmphay belong to hexagonal or tetragonal

systems.



Similar calculations were carried out for Co (IdaNi (Il) complexes and displayed
7 and 25 reflections in the range 6*4@6) respectively. The major peaks have been
identified and observed inter-planer spacing (d) been compared with the calculated ones.
The unit cell calculations were obtained, and the K + I values were determined. Thé h
+ k2 + Pvalues for Co (Il) complexes are 1, 2, 3, 5, 6 foidNi (Il) complex are 1, 2, 3, 4, 5,
6, 7, 8,9, 10, 11, 12, 13, 14, 16, 18, 22, 25, A¥,, 34, 40. The presence of forbidden
numbers like 7 for Co (Il) complex and 15 for Ni) (¢omplex indicates both the complexes
may belong to hexagonal or tetragonal systems.c@lrulated lattice parameter for Co (ll)

and Ni (II) complexes ar@=b =c = 8.66 and 13.16 respectively.

<Insert Table4>

<Insert Figure 2>

3.9 Pharmacological studies
3.9.1 Antimicrobial activity

The in-vitro antibacterial studies of novel azo dye ligand @dmetal complexes
were screened against bacterial strédinpneumonia, E. coli and B. subtilis and results are
presented inrable 5. From the results, it is noticed that all the rhetamplexes exhibited
better activity compared to the free ligand. Thaatement of activity on the coordination
of metal ion with the free ligand is attributedthe increase in the lipophilic character of the
complexes arising from chelation, which mainly @&ases the polarity of the metal ion. This
is mainly because of-electron delocalization within the chelating riaigd partial sharing of
positive charge of the metal ions with the donayugs of the ligand40]. Increase in the
lipophilic nature of the metal ion on chelation davs the permeation through the lipid layer
of the cell wall. Moreover, the mode of action dfettarget compounds involves the

formation of hydrogen bonds with the nitrogen atinthe azo group with the active enzyme



sites of the cell, resulting in the interferencéimthe normal cell processes. These complexes
also disturb the respiration process of the cefl Hus block the protein synthesis, which
restricts further growth of the organism. Some ofthetors such as solubility, conductivity,
bond length, dipole moment and permeability alswaase the activity.4ll]. Further, it is
observed that the Co (ll) complex showed higher Mi&ue than Cu (Il) and Ni (ll)

complexes.

<lnsert Table5>

3.9.2 DPPH radical scavenging activity

Antioxidants are the compounds that fight and enéspecific metabolic disorders
caused by free radical-induced oxidative stres& ynthetic antioxidants have been found
to have more antioxidant activities compared tairaly occurring antioxidants. However,
the use of synthetic antioxidants is limited duetheir toxicity. In this regard, there is a
significant interest to find a new class of synithebmpounds which are less toxic and do not
show any pathological side effec42] 43]. Therefore, in the present study, the azo dye
ligand and its metal complexes were screened feirr fcavenging activity using DPPH
assay. The scavenging effect of the tested compouwatddifferent concentrations is
demonstrated ifrig. 3. And it is evident that the activity is concentatidependent. Among
the tested compounds, Cu (Il) and Co (lI) compl&oveed good scavenging activity,
whereas azo dye ligand and its Ni (II) complex bkbd moderate activity compared with

standard ascorbic acid.

<Insert Figure 3>

3.9.3 DNA cleavage studies



. The DNA cleavage is an efficient tool used toigie®ffective drugs that are mainly
targeted to DNA 44]. Therefore, in the present study, we examinedrteraction between
the metal complexes of the azo dye ligarid) (with calf-thymus DNA using gel
electrophoresis technique. And it is based on thgration of DNA molecule under the
impact of electric potential. The gel picture shogvthe cleavage of CT-DNA is displayed in
Fig. 4. From the analysis of electrophoretic resultss moted that there was a difference in
the migration of the lanes of ligand and its metahplexes as compared to the control CT-
DNA at 100 pg [ concentration. Therefore, it is evident that tieaid and its metal
complexes exhibited complete cleavage of tested DWHAus, this study shows that the
control DNA alone does not show any apparent clgavavhereas the ligand and its
complexes do show. As the synthesized ligand anan#étal complexes were observed to
cleave the DNA, it can be concluded that the testmthpounds competently inhibit the

growth of the microorganisms by cleaving CT DN45].
<Insert Figure4>
3.9.4 Insilicodocking results

Molecular docking is a key tool in the computer glrdesign and directs to achieve
relative orientation between the target protein #reldrug such that the free energy of the
overall system is minimized. In order understané thechanism of drug action, the
molecular docking studies were carried out for sgathesized compounds with the target
receptor glucose-amine-6-phosphate synth&d€e 47]. The docking results exhibited a
possible interaction between the tested compounddte receptor. The azo dye ligand and
its metal complexes displayed well-established bowith amino acids (Gly436, Asp437,
Ser438, Arg458, Gly459, Asp510, His1081, Argl12ReP123, Lys460, lle46l, Glu477,

Serl084, Glul088, Asp512, and Gly1082) in the taegeyme active pocket&iQ. 5). All



the compounds showed noticeable results with faldarbinding energy and showed the
bonding with one or the other amino acids in thivacsites. From the results it is evident
that all the synthesized molecules exhibited paebinding energy with a strong affinity

towards the target enzyme glucose-amine-6-phosghatthase ranging from -5.6 to -7.1

kJ/mol and presented Table 6.

<Insert Table 6>
<Insert Figure 5>
Conclusions
In the present study, three new Cu (Il), Co (llda¥i (II) complexes of the azo dye
ligand () derived from sulfamethoxazole were synthesized a&haracterized by
different analytical and spectroscopic technigudse analytical data revealed that the
metal to ligand stoichiometry in all the synthedizmmplexes is 1:2. Spectral analysis
and magnetic susceptibility measurements suggespeare planar geometry for Cu (ll)
and Ni (II) complexes and octahedral environmentGo (II) complex. Based on these
physicochemical evidences, following structuresemeroposed for the metal complexes
(Fig. 6). The azo dye ligand.( and its metal complexes are proved to have sogmit
antimicrobial activity against tested pathogens.ofm the tested compounds, Co (ll)
complex exhibited higher antibacterial activity nth@u (1) and Ni (Il) complexes. The
antioxidant potential of the compounds was examme®PPH radical scavenging assay.
All the metal complexes showed promising antioxtdastivity than the free ligand. DNA
cleavage activity of the synthesized compounds stadied against CT-DNA, and the
tested compounds are completely cleaved the DNi#e niiolecular docking studies were
carried out to explore the binding modes and thssipte interaction with the target
enzyme glucose-amine-6-phosphate synthase. Dodhtindies revealed that the tested

compounds fit into the receptor active site witlhadiarable binding energy. Moreover, all



the tested compounds were able to form H-bonds thi¢hvarious amino acids in the

enzyme active sites.

<Insert Figure 6>
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Table 1: Physical, analytical and molar conductance datdigsind () and its metal

complexes.
Ligand/Complexes Mol. Formula Mol. Wt. M.P.°C Color Elemental analysis Am
(%) Calcd. (found) cm’ Q@ mol™*

C H N M

L L Cz4H7N50,S 601.67 269 Light orange 67.87 4.52 11.64 - -
(67.22) (4.35) (11.13)

L1 [Cu(L))]  CeaHs:CuNiOsS, 1264.87 >300  Dark blue 6457 4.14 11.07 5.02 22
(64.12) (4.18) (10.95) (5.12)

L2 [Co(L),] CegHs2CoNyOsS,  1260.26 >300 Dark red 64.81 4.16 11.11  4.68 19
(64.62) (3.99) (11.18) (4.21)

L3 [Ni(L) 5] CesHsoNiINOsS,  1260.02 >300 Brown 64.82 4.16 11.12  4.66 18

(64.44) (4.12) (11.20) (4.18)

Table 2: IR spectral data of azo dye ligarid) @nd its metal complexes (&n

Ligand/Complexes von (phenolic) UNH On=n (BZ0)  vcp=n (@Z0 methine)  vco (phenolic) LIVEN UM-0

L L 3278 3143 1492 1620 1237 - -
L1 [Cu (L);] - 3134 1471 1614 1262 480 587
L2 [Co(L)] : 3166 1463 1578 1259 476 586

L3 [Ni(L) 2] - 3161 1477 1612 1266 462 590




Table 3: Electronic spectral data of ligand)(and its complexes.

Ligand/Complexes Absorption Transition Heft (BM) Geometry

incm™
L 20,618 A> *

L1 [Cu(L)] 20,104 ’Byg— Ay 1.86 Square-planar
29,205 INCT

L2 [Co(L)] 19,607 Tig— *Tog(F) 4.98 Octahedral
26,595  *Tig— Ay (F)
31,152 Tig— Tig(P)

L3 [Ni(L) 2] 19,762 'Ajg— By Diamagnetic Square-planar
26,109 "Asg— Ay
31,847 INCT

Table 4: Powder X-ray diffraction data of Cu (ll) complekthe azo dye ligand.()

Peak 20 0 Sine  Sifd 1000 h°+kK+F (hkl) d ainA
no. Sife (Sin? 6/CF) Obs. Calcd.

1. 9.375 4.687 0.0817 0.0066 6.67 1 (1) 1009.433 9.428  9.426
2. 15831 7915 0.1377 0.0189 1896  2.84(3) 1115.598 5594  9.441
3. 18.682 9341 0.1623 0.0263 26.34  3.94 (4) 2004.749 4.746  9.428
4. 22903 11.451 0.1985 0.0394 39.40  5.90 (6) 2113.882 3.880  9.426
5. 25.048 12524 0.2168 0.0470 47.00  7.04(7) - 3555 3.553 9427




Table 5: Minimum inhibitory concentration (MIC, mg/mL) of ¢hazo dye ligandL() and its

metal complexes

Organisms L L1 L2 L3  Std (Tetracycline)
Klebsiella pneumoniae 36 38 41 38 39.06
Escherichia coli 75 862 9.02 9.85 9.53

Bacillus subtilis 7.2 10.01 9.62 10.13 9.53




Table 6 Results obtained in molecular docking study fpo aye ligand I() and its metal

complexes with receptor glucose-amine-6-phosphatihase.

H-bond length

Compounds Affinity H-bonds
(kcal/mol) @
L -7.1 2 3.14
3.24
L1 -5.6 3 2.80
3.06
3.14
L2 -6.0 2 2.80
2.98
L3 -6.9 - -

H-bond with

2XCT:Gly1082::L:03

2XCT:Glu435::L:N2

2XCT:Gly459::L1:06
2XCT:Asp437::L1:07
2XCT:Asn476::L1:05

2XCT:Asp512::L2:N8

2XCT:His1081::L2:05

Hydrophobic
interactions
Gly436, Asp437,
Ser438, Arg458,
Gly459, Asp510,
His1081, Arg1122,
Phel1123
Gly436, Arg458,
Lys460, lle461, Glud77,
Serl084, Argl1122
Arg458, Gly459,
Lys460, Ser1084,
Glu1088, Arg1122,
Phel123
Gly436, Asp437,
Arg458, Gly459,
Asp512, Lys460,
Glua77, Gly1082,
Serl084, Arg1122,
Phel123, Ser1084,

Glu1088
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Fig. 1: TG-DTA curvefor Cu (I1I) complex of the azo dyeligand (L)
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Fig. 2: Powder X-ray spectraof Cu (I1) complex
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Fig. 3: DPPH radical scavenging activity of azo dye ligand (L) and its metal complexes

Fig. 4: DNA cleavage activity on Calf-thymus DNA: M: Standard DNA, C: Control DNA
(untreated Calf-thymus DNA), L: azo dye ligand, L 1: Cu (Il) complex, L2: Co (II) complex
and L 3: Ni (I1) complex.



Where M = Cu (Il) and Ni (II)
Fig. 6: Proposed structure of the Cu (11), Co (I1) and Ni (1) complexes of the azo dye ligand

(L)




Heighlights of the resear ch work

Synthesis and spectroscopic characterization of novel bioactive Cu (I1), Co (I1) and Ni
(I1) complexes derived from sulfamethoxazol e based azo dye.

The elemental analysis and analytical data confirmed the metal to ligand ratio is 1:2
stoichiometry of the type [M (L),].

All the synthesized compounds showed significant antimicrobial activity.

The ligand and its metal chelates have promising cleavage ability against Calf

Thymus DNA.



