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Abstract
The current study reports, synthesis, structure establishment, anti-glycation, anti-oxidant activities of ligand 4-[(2-hydroxy-nephthalene-1-ylmethylene)-amino]-benzene-sulfonamide (L) and its coordinated compounds with Mn (II), Co (II), Ni (II), Cu (II), and Zn (II) metals. The techniques (Uv-Vis, FTIR, CHN/S) confirmed the bidentate nature of ligand via “O” and “N” atoms in 2:1 ligand metal ratio. The TG/DTA assessment displayed that these compounds are thermally stable. Furthermore, synthesized compounds were evaluated for their anti-glycation and antioxidant potential and these compounds showed significant activities with IC50 values ranges 184.11-386.34 µM and 37.05-126.27µM respectively. The Mn (IC50 = 184.11 ± 2.11µM), Ni (IC50 = 211.26 ±1.46µM), Cu (IC50 = 254.56 ±1.16µM), and Zn (IC50 = 276.43 ±2.14µM) metal complexes exhibited substantial anti-glycation activity and comparatively better active than the standard rutin (IC50 = 294.4 ±1.50µM), whereas Zn complex (IC50=37.05±1.53μM) also showed better DPPH radical scavenging activity than the standard tert-butyl-4-hydroxyanisole (IC50 = 44.7±1.21µM).    
Keywords:4-[(2-hydroxy-nephthalene-1-ylmethylene)-amino]-benzenesulfonamide  
                 (L), Coordinated Compounds, Anti-oxidant, Anti-glycation
1.0. Introduction:
Coordination chemistry deals with the study of coordination compounds or metal complexes. The group of ten elements i.e. (V, Cr, Fe, Mn, Co, Cu, Ni, Mo, Zn, and Cd) form complexes with various biomolecules to execute different biological functions1,2. The requirement of these metal complexes is needed for our bodies in very small quantities, but their excess or deficiency can cause many serious diseases.3,4 The clinical and commercial importance of metal complexes as medicinal drug is increasing day by day for the treatment of various diseases.5,6 The synthesis of metal complexes as chemotherapeutic agent in clinical application has shown significant progress in medicinal chemistry to fight against several human diseases, such as to treat different types of cancers, tumors, diabetes mellitus, anti-inflammation, antifungal and wide range of bacterial diseases.7-9  Recently, the metal complexes of transition elements have shown the great importance in materials synthesis, catalysis and photochemistry.10, 11 The platinum metal complexes including cisplatin, carboplatin and nedaplatin are widely used drugs for cancer chemotherapy.12
According to literature, sulfonamides have variety of bioactivities, including antitumor, antimalarial, antimicrobial, antithyroid, antidiabetic HIV/AIDS, anti-parasitic, antiepileptic, and dihydropteroate synthetase inhibitors activities.13-16 Sulphoneamide derivatives metal chelates have also been reported for their anti-inflammatory, antidiabetic, anti HIV, anticancer, anti-carbonic anhydrase, diuretic, hypoglycemic, antithyroid, and antimalarial, antitumor, anti-angiogenic, anti-tubercular, antibacterial and antifungal activities.17-20 Moreover, Gold sulphonamide chelates were also found to have applications for the treatment of skin disorders and rheumatoid arthritis.21 
Schiff bases are widely studied compounds due to structural resemblance with the natural bioactive molecules and ease of synthesis with diverse structure.22,23 The importance of Schiff base complexes in supramolecular chemistry, catalysis and material science, separation and encapsulation processes, biomedical applications and formation of compounds with unusual properties and structures has been well recognized and reviewed.24-26 Sulfonamides Schiff base complexes with cobalt (II), copper (II), nickel (II) and zinc (II) have shown significant in vitro antibacterial, antifungal, and cytotoxic properties. The N, N-chelating half-sandwich ruthenium (II) p-cymene complexes containing sulfonamide moieties also showed a broad range of therapeutic applications, which include the inhibition of various isoforms of carbonic anhydrases (CAs).27 
Earlier we have reported anti-glycation and anti-oxidant properties of isatin containing hydrazide Schiff base metal complexes.28 In the continuation of exploring metal complexes for bioactivities, herein we have synthesized 4-[(2-Hydroxy-naphthalen-1ylmethylene)-amino] benzene sulfonamide Schiff base ligand (L) and its metals (Mn, Co, Ni, Cu, Zn) complexes for the evaluation of anti-glycation and anti-oxidant activity.
2.0. Experimental
2.1. Physical Parameters
Elemental (CHN/S), TG/DTA, and Uv-Vis and metal content analysis was done on Perkin Elmer`s 2400 Series II and Diamond TG/DTA, Lambda 35 UV-Vis spectrophotometer, Analyst 800 atomic absorption spectrophotometer respectively. FTIR were performed Thermoscientific iS10 IR spectrophotometer in the region 4000-600cm-1. BRUKER 300 MHz spectrometer used for 1H-NMR experiment/s. (EIMS) Finnigan MAT-311A Germany. Molar conductance was measured on Thermo scientific Orian 5 Star meter. 

2.2. Materials and Methods
Analytical grade chemicals (Sigma/Aldrich) sulfanilamide, 2-OH nephthaldehyde, acetic acid, ammonium acetate and metal salts viz MnSO4.H2O, Co(CH3COO)2.4H2O, Ni(CH3COO)2.4H2O, CuCl2.2H2O, Zn(CH3COO)2.2H2O were used for synthesis. Bovine serum albumin (BSA) was obtained from Research Organics (Cleveland, USA).
2.3. Synthesis of Synthesis of 4-[(2-Hydroxy-naphthalen-1ylmethylene)-amino]- benzenesulfonamide ligand (L) 
0.5 mol of 2-OH-Nephthaldehyde was added in 50 ml methanol with 2 to 3 drops of acetic acid and then added equimolar amount of sulfanilamide and refluxed for about 8 hours. The solvent was evaporated, precipitate obtained, dried and recrystallized with ethanol. The ligand was characterized with Uv/Vis, FTIR, H1NMR, and Mass spectroscopic techniques. 
2.4. Synthesis of 4-[(2-Hydroxy-naphthalen-1ylmethylene)-amino]- benzene 
       sulfonamide ligand Metal Chelates
 MnSO4.H2O, Co(CH3COO)2.4H2O, Ni(CH3COO)2.4H2O, CuCl2.2H2O, Zn(CH3COO)2.2H2O metal salts were refluxed with the ethanolic solution of 4-[(2-Hydroxy-naphthalen-1ylmethylene)-amino]benzene sulfonamide ligand (L) and ammonium acetate for 6h. Then after solvent was evaporated and obtained precipitates were washed with water. The structure of these compounds were confirmed by Uv/Vis, FTIR spectroscopy and CHN/S analysis, while thermal stability was measured by TG/DTA analysis.
2.5. Anti-Glycation & Anti-Oxidant (DPPH Radical Scavenging) Assay
[bookmark: _GoBack]The anti-glycation and anti-oxidant activity with IC50 values were measured by the reported procedures.29,30
3.0. Result and Discussion
3.1. Chemistry
The literature revealed that metal complexes may useful candidates in drug development process therefore, these compounds were synthesized and evaluated for their various parameters as well as bioactivities. 
The ligand 4-[(2-Hydroxy-naphthalen-1ylmethylene)-amino] benzene sulfonamide (L) was synthesized by the mixing of 0.5moles of 2-hydroxy nephthaldehyde in 50 ml methanol with few drops of acetic acid followed by the addition of the equimolar amount of sulphanilamide and refluxed for 8 hours. The solvent was evaporated, yellow precipitate obtained, dried and recrystallized with ethanol Figure-1. The molecular structure was confirmed by 1HNMR, Mass spectroscopy and CHN/S analysis.


Figure-1 Synthetic scheme for 4-[(2-Hydroxy-naphthalen-1ylmethylene)-amino] benzene sulfonamide Ligand (L)
The corresponding metal complexes of Mn (II), Co(II), Ni(II), Cu(II), Zn(II) metal complexes were prepared by refluxing metal salts with 4-[(2-Hydroxy-naphthalen-1ylmethylene)-amino] benzene sulfonamide (L) in 1:2 molar ratios in ethanol in the presence of ammonium acetate. The change in colour of solution was a sign of complexation. The precipitate started to form and reaction was continued, after 6 h refluxing, and final work up (evaporation and washing), the coloured precipitates were obtained. UV-Vis, FTIR spectroscopy, CHN/S and TG/DTA analysis techniques were applied for structure confirmation. 
3.2. 1HNMR and Mass Spectrometric Study of 4-[(2-Hydroxy-naphthalen-1-ylmethylene)-amino] benzene sulfonamide ligand (L)
The 1HNMR spectrum (Supp. Data S.1) of the ligand showed singlet at 6.87 ppm (s,1H, OH) due to the proton of phenolic –OH group, one singlet of azomethine proton at the 9.68 ppm (s, 1H, CH=N), a doublet at 8.52 ppm (J2, 3 = 8.7Hz ) for aromatic proton 2 and 6 of ring A, while a doublet at 7.97 ppm (J3,2 = 8.3Hz) assigned to ring A proton 3 and 5. A doublet at 6.88 and 7.02 ppm were assigned for ring B protons, a doublet at 7.58 and a multiplet at 7.44 ppm were assigned for ring C Figure-2.


Figure-2 H1NMR description of Ligand
3.3. MASS SPECTRUM OF 4-[(2-HYDROXY-NEPHTHALEN-1-YL- METHYLENE)-AMINO]-BENZENE SULFONAMIDE LIGAND (L)
The mass of spectrum (Supp. Data S.2) 4 -[(2-Hydroxy-nephthalen-1-ylmethylene)-amino]-benzenesulfonamide (L) showed m/z peak at 326 (M+) was assigned for molecular ion peak, a peak appeared at m/z = 170 was assigned as base peak while some fragmented ions showed m/z peaks at 310, 246, 157, 153 and 77. The observed molecular ion peaks in the mass spectra confirmed the proposed formula mass of the ligand molecule.
3.4. PHYSICAL PARAMETERS OF LIGAND AND METAL COMPLEXES 
[bookmark: _Toc480242985]The ligand and its metal chelates were coloured, non-hygroscopic in nature, stable in air and have sharp melting points. All these physical parameters including solubility profile and electrical conductance are shown in Table-1.
3.4.1 SOLUBILITY
All metal complexes were insoluble in hexane, chloroform, water, and ethanol although they were found to be soluble in dimethyl sulfoxide (DMSO) and dimethyl formamide (DMF) Table-1.
[bookmark: _Toc480242987]3.4.2 ELECTRICAL CONDUCTANCE
The electrical conductance values for metal complexes in DMF solvent were found to be 0.25 to 53.9µS/cm. These values indicating the non-electrolytic nature of metal complexes Table-1. 
Table-1. Physical Parameters of Metal Complexes   
	S#
	
Compounds
	
Colour
	
M.P
ºC
	   Yield    
  %
	Electrical
Conductance
µScm-1
	Solubility

	
	
	
	
	
	
	In DMSO  & DMF*

	1. 
	Ligand
	Yellow
	278
	80
	2.74
	S

	2. 
	Mn(L)2
	Red orange
	235
	83
	5.22
	S

	3. 
	Co(L)2
	Yellowish orange
	170
	84
	9.53
	S

	4. 
	Ni(L)2
	Green Yellow
	250decom.
	87
	0.25
	S

	5. 
	Cu(L) 2
	Light Brown
	210
	85
	53.9
	S

	6. 
	Zn(L)2
	Yellow
	250decom.
	81
	2.02
	S


S = Completely Soluble
3.5. Molecular Formula of Ligand and Metal Complexes
The CHN/S Elemental micro-analysis data agree well with the proposed formulae for 4-[(2-Hydroxy-nephthalen-1-ylmethylene)-amino]-benzenesulfonamide ligand (L) and also confirmed the composition of all synthesized metal chelates Figure-3. The elemental analysis results showed that calculated values were in close agreement with found values. Elemental analysis confirmed the formula of the ligand and its metal complexes with 1:2 metal ligand ratio indicating the bidentate nature of the ligand as shown in Table-2.
Table-2. Elemental CHN/S Microanalysis of Ligand and Metal Complexes
	
S#
	
Compounds
	
Molecular Formula
	
M. W.
	
M:L ratio
	Elemental analysis
% calculated  % (Found) values

	
	
	
	
	
	
C
	
H
	
N
	
S

	
	
	
	
	
	
	
	
	

	1. 
	Ligand
	C17H14N2O3S
	326
	--
	62.56
(62.51)
	4.32
(4.30)
	8.85
(8.79)
	9.82
(9.80)

	2. 
	Mn(L)2.2H2O
	C34H26N4O6S2Mn
	705.66
	1:2
	55.06
(55.01)
	4.08
(4.01)
	7.55
(7.51)
	8.65
(8.60)

	3. 
	Co(L)2.2H2O
	C34H30N4O8S2Co
	745.69
	1:2
	54.76
(54.73)
	4.06
(4.01)
	7.51
(7.47)
	8.60
(8.51)

	4. 
	Ni(L)2.2H2O
	C34H30N4O8S2Ni
	745.45
	1:2
	54.78
(54.70)
	4.06
(4.02)
	7.52
(7.46)
	8.60
(8.64)

	5. 
	Cu(L) 2.2H2O
	C34H30N4O8S2Cu
	750.30
	1:2
	54.43
(54.40)
	4.03
(4.01)
	7.47
(7.41)
	8.55
(8.49)

	6. 
	Zn (L)2.2H2O
	C34H30N4O8S2Zn
	752.14
	1:2
	54.29
(54.25)
	4.02
(4.01)
	7.45
(7.38)
	8.53
(8.44)





Figure-3 Proposed Reaction for the synthesis of Metal Chelates
3.6. Electronic Spectra
The UV-Vis spectra (Supp. Data S.3-S.8) of 4-[(2-Hydroxy-nephthalene-1-ylmethylene)-amino]-benzenesulfonamide (L) its metal complexes were determined in DMSO solutions and showed absorption bands to a longer wavelength with increasing intensity as shown in Table-3. The ligand showed characteristic absorption bands at 315 and 364nm. These bands were assigned to π→π* intra ligand transitions. The UV-Vis spectra of all metal complexes showed bathochromic shifts [Mn(L)2, 467nm], [Co(L)2, 471nm], [Ni(L)2, 473nm], [Cu(L)2, 470nm], [Zn(L)2, 472nm] was taken as an indication for metal complexation. There is characteristic electronic transition found in during metal complex formation, such as electronic transitions with the range of 260 nm to approximately 380 nm, is unique for the electronic inter-ligand π→π* transitions. Ligand to metal charge transfer (LMCT) peaks were also observed in distinct region, with the range of 412 nm to onwards and these are characteristic feature of nitrogen and oxygen atoms charge transfer to the central metal atoms.
                       


                        Table -3. Uv-Vis Spectra of Ligand and Metal Complexes
	S#
	Compounds
	Wavelength λ (nm)

	1. 
	Ligand 
	364, 315

	2. 
	Mn(L)2
	467,  365,  316

	3. 
	Co(L)2
	471,  370,  277

	4. 
	Ni(L)2
	473,  262

	5. 
	Cu(L)2
	470,  412,  372

	6. 
	Zn(L)2
	472,  362,  318


3.7. IR Spectroscopy
The data obtained from FTIR spectra (Supp. Data S.9-S.14) of some important functional groups of 4-[(2-hydroxy-nephthalene-1-ylmethylene)-amino]-benzenesulfonamide (L) and its metal complexes presented in Table-4. The IR spectrum of the ligand showed strong absorption bands at 1622 and 3290 cm-1, which attributed to the characteristic band of the ν(-C=N-) and ν(-OH) or -NH groups respectively. The Sharp band observed at 1347 are due to -S=O stretching vibration. IR spectral calculation revealed that the ligand which may act as a bidentate as illustrated by its structure so it is expected that IR measurements are highly indicating with respect to the complexation behavior with various metal ions. Peaks at 3400 cm-1 to 3500 cm-1 regions were supported that water molecules participating in complex formation, it was further confirmed by CHN/S and thermogravimeric data. In case of metal complexes, the peaks for azomethine group(-C=N-) was shifted from 1622 cm-1to 1615, 1612, 1610, 1609, 1608cm-1 and hydroxyl group (–OH) peaks shifted from 3290 to 3278,3260, 3248, 3240, 3237 for Mn(L)2, Co(L)2, Ni(L)2, Cu(L)2and Zn(L)2 complexes respectively. The alteration in peak frequency indicated that these two groups involved in coordination. Only spectra of metal complexes showed these new bands, which established the participation of these donor groups. The band at 1347 cm-1for the (-SO2) group almost remain unaltered in the complexes, demonstrating that -SO2 group was not contributing in coordination.
Table-4. FTIR Values for Ligand and Metal Complexes
	S#
	
Compounds
	ν (H2O)
cm-1
	ν (-O-H), (-N-H)
cm-1
	ν (-C=N)
cm-1
	ν (O=S=O)
cm-1
	ν (-C=C-)
cm-1

	1. 
	Ligand
	---
	3290
	1622
	1347
	1586

	2. 
	Mn(L)2
	3480
	3278
	1615
	1348
	1587

	3. 
	Co(L)2
	3472
	3320
	1612
	1349
	1587

	4. 
	Ni(L)2
	3478
	3323
	1610
	1348
	1587

	5. 
	Cu(L)2
	3481
	3288
	1611
	1347
	1588

	6. 
	Zn(L)2
	3485
	3292
	1612 
	1347
	1586



3.8. Thermogravimetric Analysis of Ligand and Its metal Chelates 
 The ligand 4-[(2-hydroxy-nephthalene-1-ylmethylene)-amino]-benzenesulfonamide and its metal chelates were subjected for thermal stability profile. According to the TGA thtrmograms (Supp. Data S.15-S.20) the ligand showed no weight loss upon heating till 250ºC. The further TGA process of ligand was carried out which showed thermal decomposition in two stages. In 1st stage the TGA curve of thermal decomposition was observed between 250-300ºC with weight loss of 1.85%, while 2nd stage was observed between 300-350ºC with weight loss of 39.5%. In DTG thermogram peaks appeared at 268ºC and 325ºC. DTA thermogram showed one exothermic peak at 328ºC while two endothermic peaks were appeared at 69.42ºC and 270ºC, it may be due to some physical or chemical change phenomenon occurred during weight loss, such as melting, phase change, chemisorptions etc. The TGA of Mn(L)2 complex showed thermal decomposition in three stages. In 1st stage the TGA curve of thermal decomposition was observed between 150-200ºC with weight loss of 5.78%, 2nd stage was observed between 200-250ºC with weight loss of 13.7%, the final 3rd stage was observed between 250-350ºC with weight loss of 28.1%. In DTG thermogram peaks appeared at 173ºC, 218ºC and 319ºC. The DTA thermogram showed four endothermic peaks which were observed at 172ºC, 219ºC, and 326ºC. The TGA of Co(L)2 complex showed thermal decomposition in two stages. In 1st stage the TGA curve of thermal decomposition was observed between 150-200ºC with weight loss of 3.658 %, 2nd stage was observed between the temperature range 200-350ºC with weight loss of 59.04%. In DTG thermogram peaks appeared at 124ºC and 252ºC. The DTA thermogram showed two endothermic peaks which were observed at 115ºC and 225ºC. The TGA of Ni(L)2 complex showed thermal decomposition in three stages. In 1st stage the TGA curve of thermal decomposition was observed between 150-250ºC with weight loss of 39.9%, 2nd stage was observed between 250-350ºC with weight loss of 11.79%, while 3rd thermal decomposition of metal complex was observed at 350-410ºC with weight loss of 16.05%. In DTG thermogram peaks appeared at 194ºC, 323ºC and 386ºC. The DTA thermogram showed three endothermic peaks which were observed at 127ºC, 325ºC and 388ºC. The TGA of Cu(L)2 complex showed thermal decomposition in two stages. In 1st stage the TGA curve of thermal decomposition was observed between 150-200ºC with weight loss of 4.14%, while 2nd thermal decomposition of metal complex was observed at 200-350ºC with weight loss of 28.07%. In DTG thermogram peaks appeared at 89ºC, 191ºC and 297ºC. The DTA thermogram showed three endothermic peaks which were observed at 91ºC, 246ºC and 300ºC. The TGA of Zn(L)2 complex showed thermal decomposition in three stages. In 1st stage the TGA curve of thermal decomposition was observed at 150-270ºC with weight loss of 4.23%, 2nd  was observed at 270-370ºC with weight loss of 28.7% while the 3rd  stage was observed at 400-460ºC with weight loss of 10.89%. In DTG thermogram peaks appeared at 107ºC, 234ºC, 339ºC and 440ºC. The DTA thermogram showed five endothermic peaks which were observed at 108ºC, 148ºC, 251ºC, 346ºC and 441ºC. The metal complex total weight loss thermal stability found to be as Cu>Zn>Mn>Co>Ni.
The results are summarized in Table-5.
Table-5. Thermal Analysis of the Ligand and Metal Complexes
	
S#
	
Comp.
	
n
	Temperature ºC
 Weight Loss (%)
	Total
Wt. loss
%
	DTG/
TmaxºC
	DTAºC

	
	
	
	
	
	
	Exo
	Endo

	1. 
	
Ligand
	
2
	Stage-I
250-3000C
(1.8)
	Stage-II
300-3500C
(39.5)
	
41.35
	
268, 325
	
328
	
270

	2. 
	
Mn(L)2
	
3
	Stage-I
150-2000C
(5.78)
	Stage-II
200-2500C
(13.7)
	Stage-III
250-3500C
(28.1)
	
47.58
	
173, 218
319
	-
	172, 219
326, 402

	3. 
	
Co(L)2
	
2
	Stage-I
150-2000C
(3.658)
	Stage-II
200-3500C
(59.04)
	
62.69
	
124, 252
	-
	
115, 225

	4. 
	
Ni(L)2
	
3
	Stage-I
150-2500C
(39.9)
	Stage-II
250-3500C
(11.79)
	Stage-III
350-4100C
(16.05)
	67.74
	194, 323,
386
	179
	127, 325
388

	5. 
	Cu(L)2
	2
	Stage-I
150-2000C
(4.14)
	Stage-II
200-3500C
(28.07)
	37.87
	89, 191,
297
	-
	91, 246
300

	6. 
	Zn(L)2
	3
	Stage-I
150-2700C
(4.23                                                                        
	Stage-II
270-3700C
(28.7)
	Stage-III
400-4600C
(10.89)
	44.76
	107, 234,
339, 440
	-
	108,148, 251, 346,
441


n = number of stages of weight loss
3.9. Structural Interpretation
The Spectroscopic, elemental and thermal analysis data revealed that metals are coordinated via N and O atoms of ligand molecule in 1:2 M/L ratio with octahedral geometry Figure-4.  


Figure-4 The Proposed Structures for Metal complexes
4.0. Biological Screening
4.1. Anti-glycation Activity
4-[(2-Hydroxy-nephthalene-1-ylmethylene)-amino]-benzenesulfonamide ligand (L) and its metal chelates were tested for their anti-glycation activity, using rutin (IC50 = 294.4 ±1.50μM) as standard Table-6. They showed excellent anti-glycation activity. The ligand (IC50 = 265.11±1.86 μM) and its metal complexes including Mn(L)2 (IC50= 184.11±2.11μM), Zn(L)2 (IC50 = 211.26±2.14μM), Ni(L)2(IC50 = 254.56±1.73μM), Cu(L)2 (IC50 = 276.43±1.16μM) showed outstanding anti-glycation activity, whereas, Co(L)2 (IC50 = 386.34±1.46μM) observed as weak anti-glycating agent. Among them, Mn(L)2 complex showed highest activity and it was found many fold better active than the standard rutin. However, Zn(L)2, Ni(L)2, and Cu(L)2, comparatively less active than Mn(L)2 complex, although they were also found to have better activities than the standard. By depicting the activity pattern of these complexes, i.e. Mn(L)2> Zn(L)2> Ni(L)2> Cu(L)2> Co(L)2, it was explored that these complexes have capability to interact protein or glucose in a great extent and can obstruct the advancement of glycation Figure-5. The active compounds may inset into hydrophobic cavities of BSA followed by inhibition of advance glycation. Mn(L)2 has elevated level to slot into BSA protein.
Table-6.  Anti-glycation Activity of Ligand and Respective Complexes
	S#
	Compounds
	Anti-Glycation
IC50 (μM ± SEMa)

	1. 
	Ligand
	265.11±1.86

	2. 
	Mn(L)2
	184.11±2.11

	3. 
	Co(L)2
	386.34±1.46

	4. 
	Ni(L)2
	254.56±1.73

	5. 
	Cu(L)2
	276.43±1.16

	6. 
	Zn(L)2
	211.26±2.14

	7. 
	Rutin
	294.4 ±1.50


SEMa is the standard error of the mean, Rutin,c standard inhibitor for anti-glycation activity           


                              
           [Mn(L2) IC50= 184.11±2.11μM]                    [Zn(L)2 IC50= 211.26±2.14μM]                           


                               
             [Ni(L)2 IC50= 254.56±1.73μM]                     [Cu(L)2 IC50= 276.43±1.16μM]
                                    Figure-5 Structures of Active Anti-glycating Agents
4.2. Antioxidant Assay 
4-[(2-Hydroxy-nephthalene-1-ylmethylene)-amino]-benzenesulfonamide ligand (L) and its metal chelates were assessed for DPPH radical scavenging activity Table-7. Ligand (IC50 =65.58±1.29μM) itself found to be weaker active, while its metal complex Zn(L)2 (IC50=37.05±1.53μM) showed excellent antioxidant activity as compared to standard tbutyl-4-hydroxyanisole (IC50= 44.7±1.21μM) Figure-6. The metal complexes such as Mn(L)2 (IC50 =76.1±1.44μM), Cu(L)2 (IC50 = 86.11±1.12μM), Co(L)2 (IC50 =112.14±1.11μM) and Ni(L)2 (IC50 =126.27±1.54μM) were found to be lesser active than standard. The order of anti-oxidant potential of these complexes is Zn(L)2>Mn(L)2>Cu(L)2>Co(L)2>Ni(L)2. 
            

   Table-7. Antioxidant Activity of Ligand and Respective Complexes
	S#
	Compounds
	DPPH Radical Scavenging Activity
IC50(μM ± SEMa)

	1. 
	Ligand
	65.58±1.29

	2. 
	Mn(L)2
	76.1±1.44

	3. 
	Co(L)2
	112.14±1.11

	4. 
	Ni(L)2
	126.27±1.54

	5. 
	Cu(L)2
	86.11±1.12

	6. 
	Zn(L)2
	37.05±1.53

	7. 
	tert-butyl-4-hydroxyanisoleb
	44.7 ±1.21


SEMa is the standard error of the mean, tert-butyl-4-hydroxyanisoleb, standard inhibitor for antioxidant activity


      
                                               [Zn(L)2 IC50=37.05±1.53μM]
Figure-6 Structure of active Zn (L)2 metal complex
5.0. Conclusion
[bookmark: _Toc494027937]4-[(2-Hydroxy-nephthalene-1-ylmethylene)-amino]-benzenesulfonamide ligand (L) and its Mn(L)2, Co(L)2, Ni(L)2, Cu(L)2, Zn(L)2 complexes were investigated for anti-glycation and DPPH radical scavenging activity. Among these complexes Mn(L)2 (IC50 = 184.11±2.11 μM), Zn(L)2 (IC50 = 211.26±2.14 μM), Ni(L)2 (IC50 = 254.56±1.73 μM), Cu(L)2 (IC50 = 276.43±1.16 μM) showed notable anti-glycation potential while Zn(L)2 (IC50 = 37.05±1.53 μM) showed excellent DPPH radical scavenging activity. The results showed that these complexes have excellent potential towards anti-glycation activity. So, it is concluded that these complexes may serve as organo-metallic lead compounds in the drug development process to cure diabetic complications. However, further studies on the mechanisms of anti-oxidation and anti-glycation are required. 
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