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Abstract: As a part of systematic investigation of biologically active compound, new azo dye ligand 
N-(4, 6-dimethylpyrimidin-2-yl)-4-((2-hydroxynaphthalen-1-yl) diazenyl) benzene sulfonamide has 
been synthesized by diazotization of 4-amino-N-(4, 6-dimethylpyrimidin-2-yl) benzenesulfonamide 
and coupled with coupling compound, naphthalen-2-ol. A new series of Ni (II), Cu (II), and Zn (II) 
complexes derived from this azo dye ligand (L) were synthesized. The structures of the ligand and 
metal complexes were confirmed by spectroscopic studies (elemental analysis, IR, 1H NMR and mass 
spectra). The azo dye and its complexes have been screened for their in vitro antimicrobial activities 
against some bacterial stains and fungal strains by disc diffusion method. The results showed that, 
the presence of metal causes more inhibition. The anthelmentic activity of the ligand and its 
complexes against adult Indian earthworms, Pheretima postuma are also investigated. 
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1   Introduction 

In the last few years, the emergence of resistant human pathogens has been a major issue in 
antimicrobial therapy [1-2], encouraging efforts to develop novel drugs. Metal complexes were found to 
be particularly useful in this matter, extending the landscape of drug design and enabling novel 
mechanisms of action. Azo dyes are good bidentate [3-4] as well as tridentate [5] chelating agents that 
can form stable complexes with transitional and non transitional metal ions because of the presence of 
azo (-N=N-) group i.e., lone pair of orbitals containing two electrons on nitrogen atom [6-9]. Hence, 
much attention has been focused on their special role as coordinating ligands in main group and 
transition metal coordination chemistry [10-13].  

Nowadays, the development of new heterocyclic based azo dye derivatives is becoming the significant 
attraction of medicinal chemist [14-15] because several studies have been put forward by researchers 
regarding the biological activities of azo dye, including their herbicidal, anti-inflammatory, antimicrobial, 
antiulcer drug, antifungal, antibacterial, antitubercular, antibiotics [16-18] activities.  

The growing interest in transition metal complexes containing azo dyes with antibiotics is derived 
from their functions and well-established chemical in biological systems as well as their pharmaceutical 
and catalytic applications [19-21]. Sulfonamides are the antibiotics [22] which are mainly used for 
treatment or prevention of many kinds of bacterial inflammations due to their ability to inhibit the 
bacterial growth in wounds or infected organs without appreciable toxicity to normal tissues [23]. 

Having these all in our mind, we report herein the synthesis, characterization and biological screening 
of metal complexes of azo dye ligand derived from the coupling of 4-amino-N-(4, 6-dimethylpyrimidin-2-
yl) benzenesulfonamide with naphthalen-2-ol. 

2   Experimental 

2.1   Chemicals and Instrumentations 
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All compounds used in the present study were of pure grade available from Aldrich or Sigma. The 
solvents used for the synthesis and spectral study were spectroscopic grade from Aldrich. Melting points 
of the synthesized compounds were taken by one end open capillary tubes melting point apparatus and 
are uncorrected. The structural determinations were carried out by using elemental analysis, FT-IR, 1H 
NMR, MS spectroscopic techniques. Elemental analysis was carried out on a FLASH EA 1112 series. 
FT-IR spectra were recorded on the Perkin Elmer spectrum one Ltd., Singapore Spectrophotometer, by 
uniformly mixing the sample with KBr. 1H NMR spectrum was recorded in DMSO as a solvent with 
BRUKER ADVANCEII 400 Spectrometer with tetramethylsilane (TMS) as an internal reference 
standard. Mass spectra were recorded under ESI (+ve) mode, on WATERS, Q-TOF MICROMASS. 

2.2   Synthesis of the Ligand [24] 

Step I: Diazotization 
A mixture of 4-amino-N-(4, 6-dimethylpyrimidin-2-yl) benzenesulfonamide (10 mmol) and conc HCl has 
synthesized and stirred until a clear solution was obtained. HCl was stirred until a clear solution was 
obtained. This solution was cooled to 0-5°C and a solution of sodium nitrite in 10 ml water was then 
added dropwise with maintaining the temperature below 5°C. The resulting mixture was stirred for an 
additional 30 min in an ice bath and was then buffered (pH 5.0) with solid sodium acetate trihydrate. 
Step II: Coupling 
Corresponding naphthalen-2-ol (10 mmol) was dissolved in 30 ml 10% NaOH, and cooled to 0-5°C in an 
ice bath. This solution was then gradually added to the cooled diazonium salt solution and the resulting 
mixture was stirred at 0-5°C for 1 h. The resulting crude precipitate was filtered, washed several times 
with cold water and recrystallized from hot chloroform to yield azo compound (Figure 1). 
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Figure 1. Synthesis of Ligand 

Yield: 64%. M.P. 184oC 
Solubility: DMSO, ethanol, methanol, chloroform, acetonitrile and DMF solvents. 
IR of KBr: υmax/cm-1 = 3342 cm-1 (O-H stretching), 3097 cm-1 (N-H stretching), 2993 cm-1 (C- H 

aliphatic, stretching), 1581 cm-1(C=C aromatic stretching), 1512 cm-1(N=N azo, stretching), 1256 cm-1 
(C-O, stretching), 1132cm-1 (S=O sulfonamide, stretching) 

1H NMR (400MHz, CDCl3, TMS, s = singlet, d = doublet, t = triplet, h = heptet, m = multiplet): 
(δ, ppm) = 2.23 (s, 6H, CH3), 15.92 (s, 1H, -OH), 8.17 (s, 1H, -NH), 6.40–8.44 (m, 11H, Ar–H). 
Mass (TOF MS ES +) for C22H19N5O3S (m/z), 434 [M+1] +. 

Anal. Calcd: C22H19N5O3S: C, 60.96; H, 4.42; N, 16.16. Found: C, 60.72; H, 4.10; N, 16.40. 

2.3   Synthesis of Complexes[25] 

An ethanolic solution of the Azo dye ligand (1.0 equiv.) was added gradually with stirring to the metal 
(II) chloride (0.5 equiv.) and sodium acetate (1.0 equiv.) at room temperature for 4 h. The mixture was 
poured into cold NaCl solution and then kept for 30 min in an ice bath. The crude precipitate was 
isolated by filtration, washed several times with water (Figure 2). 

34 Modern Organic Chemistry Research, Vol. 2, No. 2, May 2017 

MOCR Copyright © 2017 Isaac Scientific Publishing



NS
O

OH
N

N

N N

HO

Metal
 
ion 

(Optimum 
pH)+

Ethanol

Stirring

M
 = 

Cu(II)        
Ni(II)        
Zn(II)

L

N

S OO
NH

N N

N
O

N

SO O
NH

NN

N
O

M

H2O

H2O

 

Figure 2. Proposed structure of metal (II) complexes 

Synthesis of L- Ni complex 
Yield: 58%. M.P. 262 oC. 
Solubility: DMSO, acetonitrile and DMF solvents.  
IR of KBr: υmax/cm-1 = 3116 cm-1 (N-H stretching), 1498 cm-1 (N=N azo, stretching), 1583 cm-1 

(C=C aromatic stretching), 1368 cm-1 (C-O, stretching), 1140cm-1 (S=O sulfonamide, stretching), 
419cm-1 (Ni-O stretching), 629 cm-1 (Ni-N stretching), 847 cm-1(Ni-OH2).  

MS (TOF MS ES+) for C44H40NiN10O8S2 (m/z), 960 [M] + 
Anal. Calcd: C44H40N10NiO8S2: C, 55.07; H, 4.20; N, 14.60. Found: C, 54.79; H, 4.33; N, 14.43. 

Synthesis of L- Cu complex 
Yield: 65%. M.P. 278 oC. 
Solubility: DMSO, acetonitrile and DMF solvents.  
IR of KBr: υmax/cm-1 = 3114 cm-1 (N-H stretching), 2802 cm-1 (C–H aliphatic stretching), 1496 cm-1 

(N=N azo, stretching), 1597 cm-1 (C=C aromatic stretching), 1342 cm-1 (C-O, stretching), 1144cm-1 
(S=O sulfonamide, stretching), 449 cm-1 (Cu-O stretching), 588 cm-1 (Cu-N stretching), 868 cm-1( Cu-
OH2) 

MS (TOF MS ES+) for C44H40CuN10O2S2 (m/z), 965 [M] + 
Anal. Calcd: C44H40CuN10O8S2: C, 54.79; H, 4.18; N, 14.52. Found: C, 54.09; H, 4.47; N, 14.29. 

Synthesis of L- Zn (II) complex 
Yield: 71%. M.P. 290 oC. 
Solubility: DMSO, acetonitrile and DMF solvents.  
IR of KBr: υmax/cm-1 = 3110 cm-1 (N-H stretching), 2801 cm-1 (C–H aliphatic stretching), 1493cm-1 

(N=N azo, stretching), 1592 cm-1 (C=C aromatic stretching), 1145cm-1 (S=O sulfonamide, stretching), 
440 cm-1 (Zn-O stretching), 579 cm-1 (Zn-N stretching), 866 cm-1(Zn-OH2).  

MS (TOF MS ES+) for C44H40ZnN10O8S2 (m/z), 967[M] + 
Anal. Calcd: C44H40N10O8S2Zn: C, 54.69; H, 4.17; N, 14.49. Found: C, 54.90; H, 4.04; N, 14.63. 

 2.4   Antimicrobial Study[26] 

The biological activities of synthesized azo dye and their metal complexes have been studied for their 
antibacterial and antifungal activities by well diffusion method. The stock solutions (0.001 mol) were 
prepared by dissolving all the compounds in DMSO, and the solutions were serially diluted to find the 
minimum inhibitory concentration (MIC) values (μgmL−1). Four bacterial stains (Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa, and Bacillus subtilis) were incubated for 24 h at 37 
oC, and fungal stains (Aspergillus niger, Candida albicans, and Rhizoctonia bataticola) were incubated 
for 48 h at 37 oC. Standard antibacterial Streptomycin and antifungal drug Nystatin were used for 
comparison under similar conditions. Antimicrobial activity studies were performed in triplicate, and the 
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average was taken as the final reading. 

2.5   Anthelmintic Activity[27] 

The Anthelmintic activity was carried out on adult Indian earthworms, Pheretima postuma. The worms 
were collected from local moist place and prior assay: the worms were washed with normal saline so as 
to remove all fecal matter. They were divided into 06 groups of 6 worms each. Distilled water was used 
as control while Albendazole (10 mg/ml) was used as reference standard for this study. Three different 
concentrations 5 mg/ml, 10 mg/ml and 15 mg/ml for the ligand with complex and standard drug 
solution of albendazole were freshly prepared and poured into Petri dishes. Worms were then introduced 
into the Petri dishes and observations were made for the time taken for paralysis and death of worms. 
Paralysis was said to occur when the worms do not revive even in normal saline. Death was confirmed 
when the worms showed zero movement when shaken vigorously or when dipped in warm water (50oC) 
followed with fading away of their body color. The results obtained are expressed as mean ± S.E.M. 
(standard error of mean). Statistical differences were carried out using the Analysis of Variance 
(ANOVA) and was considered significant when P < 0.05. (Table 3). 

3   Results and Discussion 

Table 1 shows the molecular formula, molecular weight, melting points, percent yield and Rf values of 
all the synthesized compounds. 

Table 1. Elemental analysis data and physical properties of the ligand and its metal complexes. 

Comp. 
code 

Mole. 
formula 

M.W. 
(g mol-

1) 

Color M.P. 
(°C) 

Yield 
(%) 

Rf a 

Value 
Analysis found 
(calculated %) 

% C % H % N 
L C22H19N5O3S 433 Orange 184 68.59 0.66 60.72 

(60.96) 
4.10 

(4.42) 
16.40 

(16.16) 
Ni(L)2 C44H40N10NiO8S2 959 Brown 262 53.22 0.30 54.79 

(55.07) 
4.33 

(4.20) 
14.43 

(14.60) 
Cu(L)2 C44H40CuN10O8S2 964 Brown 278 59.84 0.35 54.09 

(54.79) 
4.47 

(4.18) 
14.29 

(14.52) 
Zn(L)2 C44H40N10O8S2Zn 966 Orange 290 60.72 0.40 54.90 

(54.69) 
4.04 

(4.17) 
14.63 

(14.49) 
aSolvent Systems.   
Hexen:Ethyl acetate (4:6): Ligand.  
Hexen:Ethyl acetate (1:9): Comps. Cu(L)2, Ni(L)2, Zn(L)2 
 

The azo dye ligand was prepared by reacting equimolar amounts of 4-amino-N-(4, 6-
dimethylpyrimidin-2-yl) benzenesulfonamide 4-amino-N-(4, 6-dimethylpyrimidin-2-yl) 
benzenesulfonamide and naphthalen-2-ol in ethanol medium. The structures of the ligand and the 
complexes were established from their elemental analysis, FT- IR, 1H-NMR spectra, and mass 
spectroscopy. The complexes are intensely coloured stable solids. The results of the mass analysis of the 
azo dye and its complexes are in good agreement with those calculated for the suggested formula and 
agree with a 1: 2 metal to ligand stoichiometry for all the complexes. 

3.1   Elemental Analysis 

The results of elemental analysis of the prepared ligand and its metal complexes along with their 
physical properties are collected in Table 1. The analytical data of the metal complexes indicated that 
the complexes have 1:2 (metal: ligand) stoichiometry. Based on the results, the corresponding possible 
constitutional formulae of the metal complexes were suggested as given in the same tables. The metal 
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complexes showed high stability in air when they were left for a long time. They are also insoluble in 
most organic solvents, except DMF and DMSO.  

3.2   Infrared Spectra 

The structurally significant IR bands for free ligand and its complexes have been reported in Table 2. In 
the IR spectrum of HL & its complexes, a broad band at 3442 cm-1 can be attributed to O-H….N 
intramolecular hydrogen bonding in ligand and its absence in the metal complexes that indicates the 
deprotonation of phenolic -OH group, thereby showing its coordination to the metal ions. The bands 
observed at 2800-2950 cm-1 in ligand and complexes suggest for the C-H vibrations in compounds. The 
band of vibration for SO2 of sulfonamide in azo dyes and azo-metal chelates observed around at 1140 
cm-1. Absorption bands in the region of 2600-1400 cm-1 show the presence of >C–O, >–N=N– 
and >C=C functional groups. The bands around 1500 cm-1 & 1250-1350 cm-1 described the -N=N- and 
phenolic C-O vibrations in ligand and complexes respectively. Absorption in the 1400-1000 cm-1 region 
involves other bands such as the aromatic C–H in plane deformation vibration, C-N stretching vibration 
and C-C stretching vibration. The bathochromic shifts at the vibration spectra of the azo-metal chelates 
showed bands between 1325 and 1345 cm-1 where the phenolic C-O stretching vibration of azo dye 
ligand occur between 1336 and 1343 cm-1. In the absorption region between 1000-400 cm-1 of complexes, 
new bands were noticed at 860 cm-1 which were assigned as ring def + ν (M–OH)2, i.e., coordination of 
water molecule in azo-metal chelates, new bands around 550 cm-1 which was assigned as ν (M–N), while 
the bands around 450 cm-1 was assigned as ν (M–O).  

Table 2. Characteristic IR bands of Ligand and its azo-metal chelates as KBr pellets cm-1  

Compounds -OH -NH -C-O -N=N- SO2 M-O M-N M-OH2 
L 3342 3097 1256 1512 1132 - - - 

Ni(L)2 - 3116 1368 1498 1140 419 629 874 
Cu(L)2 - 3114 1342 1496 1144 449 588 868 
Zn(L)2 - 3110 1356 1493 1145 440 579 866 

3.3   1H NMR Spectra 

The 1H NMR spectra show a signal at 15.92 ppm for ligand. This chemical shifts can be attributed to 
hydrogen bounded OH proton. It is well known that hydrogen bounded OH proton resonance appears at 
lower field than that of NH proton resonance. Furthermore, the singlet peak at 8.17 ppm is attributed to 
NH proton of azo ligand. A characteristic peak of singlet for 6 protons for two CH3 groups at the 2- and 
4-positions of 4-amino-N-(4, 6-dimethylpyrimidin-2-yl) benzenesulfonamide 4-amino-N-(4, 6-
dimethylpyrimidin-2-yl) benzenesulfonamide ring appears at 2.23 ppm. The 11 peaks appearing in 
between 6.40 - 8.44 ppm are attributed to aromatic ring protons of ligand. 

3.4   Mass Spectra 

The mass spectra of azo dye and its complexes were recorded at room temperature, and they are used to 
compare their stoichiometry composition.  

The molecular ion [M+1] peak observed at m/z 434 (100%) coincides with the formula weight of L. 
Whereas the molecular ion [M+2] peak for Ni (II), Cu (II), and Zn(II) complexes observed at m/z = 961, 
966, and 968 equivalent to its molecular weight confirms the stoichiometric composition of M[L2]2(H2O) 
type. 

3.5   Antimicrobial Study 

The antimicrobial activity results (fig.3) reveal that the Cu(II) and Zn(II) complex shows significant 
activity against all the tested bacterial strains, and in general the activity order of the synthesized 
compounds can be represented as Cu(II) > Ni(II) > Zn(II) > L. The higher activity of the metal 
complexes may be owing to the effect of metal ions on the normal cell membrane [28]. Metal chelates 
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stand jointly the polar and nonpolar properties; due to this, they can easily penetrate the cells and 
tissues. In addition, chelation might increase or suppress the biochemical potential of bioactive organic 
species. Further, lipophilicity, which controls the rate of entry of molecules into the cell, is personalized 
by coordination, so the metal complex can become highly active than the free ligand. Consequently, the 
metal complexes show better antimicrobial activities than the uncoordinated ligand which in fact is in 
agreement with the literature [29].  

 

Figure 3. Antimicrobial activity of ligand, their metal (II) complexes evaluated by minimum (MIC inhibitory 
concentration, μg/mL). 

Table 3. Anthelmintic activity 

Compounds 5 mg/ml 10 mg/ml 15 mg/ml 
Time taken 
for paralysis 

(min) 

Time taken 
for death 

(min) 

Time taken 
for paralysis 

(min) 

Time taken 
for death 

(min) 

Time taken 
for paralysis 

(min) 

Time taken 
for death 

(min) 
Control - - - - - - 

Albendazole 72±0.6 85±0.2 67±0.7 80±0.5 65±0.6 78±0.9 
L 71±0.3 83±0.9 65±0.9 78±0.4 60±0.5 67±0.3 

Cu(L)2 55±0.5* 67±0.9 51±0.6 63±0.7 50±0.1 62±0.8 
Ni(L)2 70±0.9 79±0.6 59±0.3 75±0.3 60±0.3 64±04 
Zn(L)2 62±0.7 72±0.8 57±1.0 71±0.8* 54±0.5 67±0.4 

Results were given in mean ± SEM and analyzed by ANOVA *P < 0.05 compared to standard drug. 

3.6   Anthelmintic Activity 

Anthelmintic activities of all prototypes were tested in this bioassay at various concentrations of 5, 10, 
and 15 mg/ml described in Table 3. Almost all compounds have shown significant activity starting from 
the 10 mg/ml for time taken to paralysis and death when compared to the standard drug albendazole. 
At this concentration, compounds Cu(L)2 and Zn(L)2 exhibited their significant action for time taken to 
paralysis and death. While at 15 mg/ml, all compounds significantly reduced the paralysis and death 
time as well. Compounds Ni(L)2 exhibited to some extent more time paralysis and death and which is 
almost an equipotent action when compared to ligand. However at higher concentration of 15 mg/ml 
azo dye ligand and its all metal complexes showed time taken to paralysis and death was significantly 
reducing. 
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4   Conclusion 

Ni (II) Cu (II) and Zn (II) complexes of azo dye (L) have been synthesized and characterized by spectral 
methods. The data indicated that ligand acts as bidentate which coordinates to metal through phenolic 
oxygen and nitrogen of the azo group. In vitro antimicrobial screenings show that Cu (L) 2 is highly 
active against the all bacterial and fungal strains used in this investigation as compared to ligand and 
other complexes. The ligand exhibits good anthelmentic activity and highly increases upon complexation 
with Cu (II) metal, whereas with other two metals, it shows significant activity when compared to the 
standard drug albendazole. 
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