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Abstract 

         In this work, the(m-phenylenediamine) and (2-naphthol) have been used in the synthesis 
of tetradentate ligand [m-phenylenedi(azo-2-naphthol)][H2L] type (N2O2). The ligand was  
refluxed in the ethanol with the metal ions [Co(II), Cu(II) and Zn(II)] salts, using 
triethyleamine as a base in (2:2) molar ratio to give the binuclear  complexes. These 
complexes were characterised by (A.A), F.T.I.R, (U.V-Vis) spectroscopies, along with 
conductivity, chloride content and melting point measurement. These studies revealed an 
octahedral geometries for  Co(II), Cu(II) and Zn(II) complexes with the general structure 
[M 2(L)2(H2O)4]. The ligand and its complexes exhibited biological activity  against the 
Bacillus(G+) strain and the Pseudomonase(G-)strains. 
Keyword: m-phenylene, azo,  2-naphthol 

 

Introduction 

        The naphthols are naphthalene homologues of phenol, with the hydroxyl group being 

more reactive than the phenols, they can be used in production of dyes and in organic 

synthesis[1], pigments, fluorescent whiteners, tanning agents, antioxidants and antiseptics[2]. 

        2-naphthol compounds had medical uses as a counterirritant in alopecia, also as an 

anthelmintic and as an antiseptic in treatment of scabies[3]. Azo compounds are among the 

most popular synthetic dyes, especially in the clothing and fashion industry. Typically, azo 

dyes are also used in a variety of cosmetics[4] and as a food coloring[5], and its biological 

activity along with oxidation catalysis and electro chemical analysis[6,7]. In the recent past, 

number of studies have highlighted the use of azo compounds in various significant  

applications[8,9]. The aim of the present study is synthesis, characterisation and evaluate the 

metal complexes as antibacterial agent as promising addition of new class of complexes as 
metal based drugs. 
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Materials and Methods 

        All chemicals used supplied from Fluka and Merck companies and used without any 

further purification. Infrared spectra were performed using a Shimadzu (FT–IR)–8400S 

spectrophotometer in the range (4000 – 400 cm–1). Spectra were recoded as potassium 
bromide discs at Ibn-sina company. The electronic spectra of the compounds were obtained 

using a (U.V.–Visible) spectrophotometer type Shimadzu 160, in the range (200–900 nm) 

using quartz cell of (1.0)cm length with concentration (10-3) mole L-1 of samples in DMF at 

25°C, and electrical conductivity  measurements of the complexes were recorded at (25ºC) for 

(10-3
–10

-5
)M solutions of the samples in DMF using a PW 9526 digital conductivity  meter. 

The chloride content  determined using potentiometric titration method on 686–Titro 

Processor–665 Dosim A–Metrohm/Swiss, and melting point obtained using an electrothermal 

apparatus Stuart, and metals were  determined  with a Shimadzu (A.A.) 680G atomic 
absorption spectrophotometer, all measurements were obtained in Ibn Sina company. 

Antibacterial screening was done at central laboratory in biological department, college of 

science, university of Baghdad, using agar diffusion technique. The compounds were 

screened for their in vitro antibacterial activity against Gram-negative of psedomonase and 

Gram-positive of Bacillus bacterial strains. 

1-Preparation of the precursor m-phenylenediazo. 

        M-phenylenediamine (2.0 g, 18 mmol.) was dissolved in warm mixture of 15 ml. of 

concentrated hydrochloric acid and 15 ml. of water contained in 250 ml. beaker, kept in ice-
salt bath (0-5) oC whilst stirring vigorously, m-phenylenediamine hydrochloride will separate 

in a finely divided crystalline form. A cold solution of sodium nitrite (2.48 g, 36 mmol.)in 16 

ml. of water was added slowly and with stirring to an end-point with potassium ioded-starch 

paper. 

2-Preparation of the ligand m-phenylenedi(azo-2-naphthol)[H2L]. 

         2-naphthol (5.0 g, 36 mmol.) was dissolved in a solution of sodium hydroxide (7.0 g)in 

25 ml. water, then cooled in ice bath and added to the diazotized solution with stirring. 
Concentrated hydrochloric acid was added slowly and with vigorous stirring, and then filtered 

with gentle suction, washed with water until free acid and dried upon filter-paper in the air,  

the yield percent (74%), m.p.(240 oC) dec. 

3-Preparation of the [Co2(L)2(H2O)4] complex(1). 

        A solution of (0.1 g, 0.4 mmol.) of hexahydrated cobalt(II) chloride dissolved in 10ml. 

ethanol was added dropwise to a solution of [H2L] (0.2 g,0.4 mmol.) dissolved in 15ml.hot  

ethanol, the PH of the reaction mixture was adjusted by adding triethyleamine in equivalent  

quantity, and the reaction mixture was allowed to reflux for 2 hours. A precipitate was 
formed, which was filtered off, washed several times with absolute ethanol and dried, the 

yield percent (86%), m.p.(over 300 o
C) dec. 
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4-Preparation of the [Cu2(L)2(H2O)4](2) and [Zn2(L)2(H2O)4](3) complexes.  

        A similar method to that mentioned for the preparation of [Co2(L)2(H2O)4](1) complex  
was used to prepare the complexes of the [H2L]  with Cu(II) and Zn(II) ions. 

Results and Discussion 

           The ligand [H2L] was obtained in high yield by the addition reaction using one 

equivalent of m-phenylenediazonium and two equivalent of 2-naphthol, where a potentially 

tetradentate new cyclic ligand type N2O2 donor atoms have been synthesised. The ligand 

contains two labile proton [H2L] and by removing these protons an anionic(-2) tetradentate 

system is formed. The ligand was prepared according to the route shown in the Scheme 1. 

 

 

 

 

 

Scheme 1 preparation of the ligand [H2L] 

       All complexes were prepared with similar method by refluxing the ligand [H2L] with the 

corresponding metal chloride salt in ethanol, as a solvent, and  triethyleamine, as a base where the pure 

complexes were formed Scheme 2  
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Scheme 2 Preparation route of the metal complexes. 
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Infrared spectral data 

       I.R. spectral data for the ligand [H2L] and 1, 2 and 3 complexes are shown in Figs.(1,2,3 

and 4) respectively . The important infrared bands for the ligand and the produced complexes 

with their assignments are listed in Table (1). 

The I.R. spectrum for [H2L] displayed band at 3028cm
-1 

assigned to the aromatic  ν(C-

H) stretching while a broad band at  3464cm-1 can be attributed to ν(OH) stretching and the 

absence of this band in all complexes indicates the deprotonation followed by 

complexation[10], while appearance of bands at (3444, 3429 and 3433) and at(991,995 and 

991)cm-1 for complexes 1, 2 and 3 respectively assigned to coordinated aqua(H2O)ligands. 
The two bands at (1554 and 1496)cm-1 which can be attributed to ν(N=N) stretching ortho and 

meta respectively in the spectrum of the free ligand, were shifted to a lower frequencies and 

appeared at (1500,1446), (1500,1473) and (1500,1481)cm-1
 for complexes 1, 2 and 3 

respectively, the shift to lower frequency may be due to delocalisation of metal electron  

density  into the ligand π-system(HOMO→LUMO), indicating the coordination of nitrogen 

atom to the metal ions[11,12]. On the other hand, the band at 1315cm-1 
which attributed to the 

ν(C-O) stretching vibration in the spectrum of the free ligand, was shifted to a lower 

frequencies and observed at 1253, 1300 and 1300cm-1 for the complexes 1, 2 and 3 
respectively, this shift in the ν(C-O)vibration confirms the  coordination of nitrogen of the 

ligand through the oxygen atom to the metal ion[13,14]. Finally the complexes exhibited 

bands at the ranges  462-497 and 524-555cm-1 which could be assigned to the ν(M-O) and 

ν(M-N) stretching vibration modes respectively. 

 (U.V.-Vis.) spectra 

 (U.V.-Vis.) spectra and molar conductivity measurement for the ligand and its  

complexes 1, 2 and 3 were shown in Table (2), and the U.V.-Vis. spectra were shown in 
Figs.(5,6,7 and 8) respectively. The U.V.-Vis. spectrum of [H2L] exhibited intense absorption  

peak at 305nm due to the (π → π*) transition, and peak at 486nm related to(n→ π*) 

transition[15], The U.V.-Vis. spectrum of complex 1, exhibited a high intense peak at 240nm 

due to the (π → π*) transition and peak at 312nm which refer to the(n→ π*) transition, while 

a peak at 495nm which refer to the (C.T.)transition. Finally the peak at 687nm may be due to  

(4
T1g

(F)
→

4
A2g

(F)
) transition[16], corresponding to an octahedral geometry around the 

cobalt(II) ion. The U.V.-Vis. spectrum of complex 2, exhibited a peak at 212nm due to the(π 

→ π*) transition, a peak at 242nm due to (n→ π*) transition, and a peak at 368nm which refer 
to the (C.T.) transition, while a peak at 507nm due to (2B1g→2B2g) transition[16], 

corresponding to an octahedral geometry  around the cupper(II) ion. The U.V.-Vis. spectrum 

of complex 3 exhibited a peak at 207nm due to the (π → π*) transition, a peak at 242nm due 

to (n→ π*)transition, and a peak at 287nm which refer to (C.T.) transitions[16], the metal ion 

Zn(II) of this complex belong to d10
 system and this metal do not show (d-d)transition[16], 

suggesting to an octahedral geometry around the zinc(II) ion[17]. 

          The molar conductance of  the complexes in DMF lie in the 3.01-5.45 
S.cm

2
.mole

-1 
range, indicating their non-electrolytic behavior[18]. 
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Biological screening : The antibacterial activity test 

        In our study the synthesised compounds have been screened for their antibacterial 
activity against the Bacillus(G+) and Pseudomonase(G-) strains by  the Nutrient agar diffusion 

technique[19]. Each of the compounds was dissolved in DM F to give a final concentration of 

0.001mg/ml, and from the data shown in Table 3, and Figs.9 and 10 , all compounds exhibited  

a biological activity against the Bacillus(G+) strain [inhibition zone = 20, 21, 22 and 30mm] 

for the ligand [H2L], Co(II),  Cu(II) and Zn(II) complexes respectively, also the compounds 

exhibited a biological activity against the Pseudomonase(G-) strain [inhibition zone = 20, 5, 5 

and 25mm] for the ligand [H2L], Co(II), Cu(II) and Zn(II) complexes respectively. 

Table (4) represented below shows the chloride content, melting point, atomic 
absorption and some other physical properties for the ligand and the synthesised complexes. 
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Table (1): I.R. spectral data of the synthesised compounds 

compound 
  υ 

(O-

H) 

υ(N=N)ortho  

υ(N=N)meta 

υ(C=C)naph.  

υ(C=C)phen. 

υ(C-

C)naph.  

υ(C-

C)phen.  

υ(C-

O) 

υ(C-H)  

aromatic 

υ(M-

N) 
υ(M-

O) 

[H2L] 
3464 

1554  

1496 

1610  

1600 

1450  

1404 
1315 3028 - - 

[Co2(L)2(H2O)4] 3444  

991 

aqua 

1500  

1446 

1597  

1550 

1357  

1303 
1253 3059 555 497 

[Cu2(L)2(H2O)4] 3429  

995 

aqua 

1500  

1473 

1593  

1549 

1400  

1346 
1300 2974 524 462 

[Zn2(L)2(H2O)4] 3433  

991 

aqua 

1500  

1481 

1600  

1546 

1400  

1342 
1300 3062 550 466 
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Table (2): (U.V.-Vis.) spectral data and molar conducti vity in DMF solution. 

compound  Assignment s m
S.cm2 

mol-1 
Ratio 

Suggested 
structure 

[H2L] 
305  

486 

π → π*  

n →π* 
-   

[Co2(L)2(H2O)4] 
240  

312 

495 

687 

π → π*  

n →π* 

C.T. 

4T 1g(F)→4A2g(F) 

5.45 Non-
electrolyte octahedral 

[Cu2(L)2(H2O)4] 
212  

242 

365 

507 

π → π*  

n →π* 

C.T. 

2B1g→2B2g 

3.01 Non-
electrolyte 

octahedral 

[Zn2(L)2(H2O)4] 207  

242 

287 

π → π*  

n →π*  

C.T.  

 

4.23  

 

Non-
electrolyte 

octahedral 

         C.T. :Charge Transfer 

 

                            Table (3): The biological activity of the compounds 

compound Bacillus (G+) Pseudomonase (G-) 

[H2L] 20 20 

[Co2(L)2(H2O)4] 
21 5 

[Cu2(L)2(H2O)4] 
22 5 

[Zn2(L)2(H2O)4] 
30 25 

control 
2 2 

 

 

 



 

 
 

 مجلة إبن الھیثم للعلوم الصرفة و التطبیقیة

 2012 السنة 25 المجلد 1 العدد

Ibn Al-Haitham Journal for Pure and Applied Science  

No. 1 Vol. 25 Year 2012 

Table (4): Results of elemental analysis and physical properties for the ligand and the 

synthesised complexes 

compound M.wt 
Yield 

% 
Color m.p. 

Metal 

Found, 

(calculate) 

Cl-

content 

[C26H18N4O2] 418 74 
Red-

brown 

240 

Dec. 
- - 

[Co2
IIC52H32N8O4(H2O)4] 1021.8 86 brown 

Over 

300 

Dec. 

11.9 

(12.4) 
Nil 

[Cu2
IIC52H32N8O4(H2O)4] 1031 45 

Dark 

brown 

Over 

300 

Dec. 

13.0 

(13.2) 
Nil 

[Zn2
IIC52H32N8O4(H2O)4] 1034.8 86 brown 

Over 

300 

Dec. 

13.2 

(13.5) 
Nil 
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Fig. (1): The I.R Spectrum of Ligand [H2L] 

Fig. (2): The I.R Spectrum of complex (1) 

Fig. (3): The I.R Spectrum of complex (2) 

Fig.(4): The I.R Spectrum of complex (3) 
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Fig. (5): The U.V.-Vis. Spectrum of  ligend (H2L) 

Fig.(6): The U.V.-Vis. Spectrum of  complex (1) 

Fig.(7): The U.V.-Vis. Spectrum of  complex (2) 

Fig.(8): The U.V.-Vis. Spectrum of  complex (3) 
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Fig.( 9): Effect of the compounds towards the Bacillus 
Subtilis  

Fig. (10): Effect of the compounds towards the 
Pseudomonas   
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 تحضیر وتشخیص و دراسة الفعالیة البیولوجیة

   لمعقدات ثنائیة النواة بZn(II)، Cu(II)، Co(II)مع اللیكاند الجدید 

m-phenylendi(azo-2-naphthol) type N2O2. 

 

 ورود علي جعفر الساعدي

د  قسم الكیمیاء كلیة التربیة ابن الهیثم جامعة بغدا

2012 كانون الثاني 11: قبل البحث في 2011 تشرین الثاني 23:استلم البحث في   

 الخلاصة

-m] لتحـضیر اللیكانــد الربــاعي الــسن (naphthol-2)و  (m-phenylenediamine) البحــث تــم إسـتعمال هــذافـي       

phenylenedi(azo-2-naphthol)][H2L] من نوع (N2O2).  

 2:2بنسبة   ] Zn(II) مع Cu(II) و Co(II) [نات  تم تصعید اللیكاند بإستعمال الایثانول مذیبا مع املاح الایو       

الاشـعة تحـت الحمــراء  (شخـصت المعقـدات بـالطرائق الطیفیـة. الثنائیـه النـواة بوجـود تـراي اثیـل امـین قاعـدة لتكـوین المعقـدات

ـة مــع درجــة ،) المرئیـة مــع الامتــصاص الــذري-البنفــسجیة والاشـعة فــوق وقیاسـات محتــوى الكلوریــد، و التوصـیلیة الكهربائیـ

 ] Zn(II) مــع Cu(II) و Co(II) [   هـذه الدراسـات بینـت ان الــشكل الهندسـي هـو ثمـاني الــسطوح لمعقـدات. الانـصهار

M] بالصیغة العامة  2(L)2(H2O)4]البكتریا نوعین من  ان المعقدات فعالة تجاه أما قیاسات الفعالیة البیولوجیة فأظهرت  

Bacillus(G+) and  Pseudomonase(G-)strains.  

  , m-phenylenediamine  azo, 2-naphthol : الكلمات المفتاحیة
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