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Abstract  

N(2-amino phenyl)-N-((pyridine-2-yl)methyl) benzene-2,2-diamine (L) was prepared from the 

reaction of ortho amino phyenylthiol with N(2-amino methyl pyridyl) phenyl diamine in mole ratio 

(2:2). It was characterized by elemental analysis (CHN),2H, 21C-NMR, IR and Uv-Vis. The 

complexes of the bivalent inos (Co (II), Ni (II), Cu (II), Pd (II), Cd (II) and Hg (II)) and the trivalent 

(Cr (III)) have been prepared and characterized too. The structural were established by elemental 

analysis (CHN), IR, Uv-Vis spectra, conductivity measurements, atomic absorption and magnetic 

susceptibility. The complexes showed characteristic behavior of octahedral geometry around the 

metal ions except with Cu and Pd complexes showed square planer, other parameters for complexes 

were estimated. The study of biological activity of the ligand (L) and its metal complexes showed 

various activity toward staphylococcus aureus and E. coli. 
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Introduction 
The chemistry of transition metal 

complexes has received consideration attention 

largely due to their catalytic of bioinorganic 

relevance. Such complexes are also important 

due to their potential biological activities such 
as antibacterial, antiviral, antifungal, antimalarial 

and antitumor [2]. 

Recently complexes containing macrocyclic 

ligand type N1 donor atoms play a very 

important role in biological system such as 

CaII, FeII and PdII complexes [2] and high 

stable complexes of this type ligand with Tc, 

Re are used for radio pharmaceuticals 

application [1,3] and in magnetic resonance 

imaging [5], also with NiII for used as catalyst 

for division DNA molecules and FeII complex 

with porphyrin as a model for biological 

proteins such as hemoglobin in blood[6]. In 

this paper reports the synthesis and 

characteriazation of new ligand derived from 

the reaction of ortho amino phenyl thiol with 

N(2-amino pyridyl) phenyl diamine, the new 

ligand complexes with (CrIII, CoII, NiII, CuII, 

PdII, CdII and HgII) were prepared too. 

 

Experimental 
a- Chemicals; All reagents were Analar or 

chemistry pure grade by British Drug Houses 

(BDH), Merk and Fluka. 

Materials: orthoamino phenyl thiol 

(C6H7NS), N(2-amino methyl pyrideyl) phenyl 

diamine (C22H21N1), chromium 

trichloridehexahydrate (CrCl1.6H2O), Cobalt 

chloride hexahydrate (CoCl2.6H2O), Nickel 

chloride hexahydrate (NiCl2.6H2O), Copper 

chloride dihydrate (CuCl2.2H2O), Mercury 

chloride (HgCl2), Ethanol 999 (CH1CH2OH), 

Dimethyl fromamide 99.59 (DMF), Dimethyl 

sulphoxide 99.59 (DMSO), carbon tetra 

chloride 99.59 (CCl3), Chloroform 999 

(CHCl1), Toluene 999 (C7H8). 

 

b- Instruments 
Elemental analysis for the new ligand (L) 

and complexes were determined by Calibration 

type; Linear Regression Euro EA Elemental 

analysis were mode in Al- Kufa University. 

Melting points were determined by Gallen- 

Kamp apparatus.2H, 21C-NMR spectra were 

recorded in DMSO using Bruker model; 

Ultrashield133 MHz origin, Switzerland 

(Jordan) in CH1OD using TMS as an internal 

standard.IR spectra were recorded as KBr 

discs in the range (3333-333) cm–2 using 

shimadzu- FTIR.UV- Visible spectra were 

recorded by shimadzu- UV- Vis- 263A ultra 

violet spectra photometer at 25C, using 2 cm 

quartz cell and etamind at the range of (233-

2233) nm at 23–1 M in DMSO. Atomic 

Absorption (A.A) technique have been 
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measured suing ashimadzu AA 683G atomic 

absorption spectrophoto meter were made in 

center of Ibn-Cina. Molar conductivity of the 

complexes were measured on pw 9526 digital 

conductivity in DMSO at 23–1 M. Magnetic 

susceptibility were recorded by magnetic 

susceptibility blance, model, Ms B-MKl and 

made in Al- Nahrain University. 

 

Preparation 

Synthesis of N (4-aminophenyl)-N-

((pyridine-4-yl) methyl) benzene-7,4-

diamine (L).  

Orthoaminophenylthiol (3.225 gm. 2.33 

mmol) and N-pyridin-2-ylmethyl) benzene- 

2,2-diamine (3.299 gm. 2.33mmol) in ethanol 

(25ml) was stirred for 6 hours. The precipitate 

was filtered and recrystallized from hot 

absolute ethanol, fine yellow crystals were 

obtained, m.p. 77C, yield 839 and it is 

soluble in most organic solvents as shown in 

Table (2). 

The ligand was obtained by the reaction of 

one mole of orthoaminophenylthiol and one 

mole of N-pyridin-2-ylmethyl-benzene-2,2-

diamine, as shown below; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Synthesis of the metal complexes 
An ethanolic solution of the following 

metal salts CrCl1.6H2O (3.26 gm. 2.33mmol), 

CoCl2.6H2O (3.23gm. 2.33mmol), 

NiCl2.6H2O (3.23 gm. 2.33 mmol), 

CuCl2.2H2O (3.23 gm. 2.33 mmol), PdCl2 

(3.27 gm. 2.33 mmol), CdCl2.2H2O (3.22 gm. 

2.33 mmol) and HgCl2 (3.27 gm. 2.33 mmol) 

were added to a solution of the ligand (L) 

(3.29 gm. 2.33 mmol) in ethanol. The mixture 

was stirred of 53 min. the precipitate formed 

was filtered, washed with distilled water and 

dried under vacuum. Color, melting point, 

yield, metal analysis and solubility of the 

ligand and its metal complexes are given in 

Table (2). 
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N-pyridin-2-ylmethyl-
benzene-1,2-diamine
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H2SEthanol

Stiwing
6 hrs

Stirring 

6 hrs. 
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Table (7) 

Some physical properties for theligand (L) and its metal complexes. 
 

NO Compound 
no. of 

mole 

and gm 
Color m.p. oC 

Yield 

% 

Elemental analysis Found (calculateed) 

C% H % N % M % Cl% 

2 (L)C28H28N3 
2.33 

3.29 
Yellow 77-79 83 

73.36 

(73.38) 

6.22 

(6.23) 

29.13 

(29.12) 
- - 

2 LCrCl1 
2.33 

3.26 

Dark 

Green 
252-253 62 

38.26 

(38.26) 

3.32 

(3.32) 

22.38 

(22.38) 

22.59 

(22.59) 

21.53 

(21.57) 

1 LCoCl2.H2O 
2.33 

3.23 

Dark 

blue 
282-283 73 

39.12 

(39.12) 

3.56 

(3.56) 

22.78 

(22.78) 

21.36 

(21.37) 

26.22 

(26.22) 

3 LNiCl2.H2O 
2.33 

3.23 

Light 

green 
273-272 63 

31.95 

(31.95) 

3.39 

(3.37) 

22.19 

(22.19) 

22.87 

(22.87) 

26.23 

(26.22) 

5 LCuCl2 
2.33 

3.27 
Brown 268-273 58 

53.88 

(53.88) 

3.21 

(3.23) 

21.29 

(21.29) 

23.95 

(23.95) 

26.72 

(26.72) 

6 LPdCl2 
2.33 

3.27 
Brown 256-258 61 

36.22 

(36.22) 

3.27 

(3.27) 

22.98 

(22.98) 

22.76 

(22.76) 

26.53 

(26.55) 

7 LCdCl2.H2O 
2.33 

3.22 

Light 

yellow 
223(dec) 82 

31.95 

(31.95) 

3.36 

(3.37) 

22.19 

(22.19) 

22.87 

(22.87) 

23.31 

(23.33) 

8 
LHgCl2.H2

O 

2.33 

3.11 

Light 

yellow 
227(dec) 87 

17.27 

(17.27) 

1.35 

(1.35) 

9.66 

(9.66) 

13.59 

(13.59) 

25.33 

(25.33) 

 

dec.=Decomposition 

 

Results and Discussion 

7- 7H-NMR spectrum for the ligand (L). 
The2H-NMR spectrum of the ligand (L) in 

DMSO-6d solvent are summarized amultiplet 

signal at (=7.35, 7.33, 7.36, 7.39 and  

7.22 ppm) and a doublet, triplet signal at  

(= 6.717, 6.761), (= 6.32, 6.33, and  

6.36 ppm) which are due to aromatic 

hydrogen and carbon respectively of ligand (L) 

and a singlet signal at (= 5.32 ppm) 

equivalent to protons assigned to (N–H) group, 

the chemical shift at (= 1.13 ppm) is due to 

solvent, while the chemical shift at (= 2.53 

ppm) belongs to the methylene protons[7]. 

 

4- 71C-NMR spectrum for the ligand (L) 
21C-NMR of the free ligand shows the 

signals of the C aromatic Carbon of the benzene 

ring that do not bear hydrogens were observed 

at (253.26, 215.87 and 212.58 ppm) and 

signals at ( 227.36, 226.5 and 225.12 ppm) 

assigned to the carbon have one hydrogen. The 

methylene group (               ) appear at 

33.36ppm [8]. 

 

 

 

1- The infrared spectrum of the ligand (L) 

and complexes 

Infrared spectra of the ligand exhibit 

several absorption in common the bands at 

approximately (1179)cm–2, (1133) cm–2, 

(2581) cm–2 and (2139) cm–2 have been 

assigned to the (N–H)[9]. In (2633-  

2533) cm–2 region disappearance of absorption 

band due to SH in ortho amino phenyl  

thiol [23]. 

The spectra of all complexes showed, the 

amulti bands in the range (1322-1229) cm–2 

and splite or broader band at (2633-2536) cm–

2 and (2132) cm–2 with the formation nitrogen 

atom. (M–N) in the region (523-539) cm–2 

suggesting the coordination through nitrogen 

atom. 

The bands characteristic of coordinated 

water and (M–O) are seen in some complexes 

in the region (882-829) cm–2and (373-355) 

cm–2[22]. Table (2) characteristic some 

stretching vibration frequencies (cm–2) for the 

ligand and its metal complexes. 

 

 

 

 

 

H2 C N 
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Table (4) 

Characteristic stretching vibration frequencies (cm–7) for the ligand and its metal complexes. 
 

No. Compound (N-H) cm-7 
(C-H) 

cm-7 Ar. 
(C-H) cm-7 Ali. 

(M-N) 

cm-7 

(M-O) cm-

7(OH4)aq.cm-7 

2 (L)C28H28N3 

1179(asym)s.s 

1133(sym)s.s 

2623(S.S),2581(s.s) 

2139,2132(m.s),2237(s.s) 

1282(m.s) 

1373(m.s) 

2973(asym)m.s 

2853(sym)m.s 

2371,2336(s.s) 
– – 

2 LCrCl1 

1333(asym)(m.br) 

1232(sym)(s.s) 

2585(s.s),2533(s.s) 

2123(w.w),2265(s.s) 

1265(w.s) 

1392(m.br) 

2963(asym)(w.s) 

2825(sym)(w.s) 

2365(s.s) 

2315(s.s) 

523(m.s) 

– 

1 LCoCl2.H2O 

1177(asym)(m.br) 

1113(sym)(m.br) 

2623(s.s),2583(sh) 

2575(sh),2137(s.s),2237(s.s) 

1263(w.s) 

1363(m.br) 

2965(asym)(w.s) 

2823(sym)(m.br) 

2373(s.s),2333(s.s) 

523(m.s) 882(m.s) 

355(m.s) 

 

3 LNiCl2.H2O 

1183(asym)(m.br) 

1238(sym)(m.s) 

2591(s.s),2536(s.s), 

2127(s.s),2278(s.s) 

1226(s.s) 

1393(m.s) 

2965(asym)(m.br) 

2825(sym)(m.br) 

2371(s.s),2332(s.s) 

523(m.s) 829(s.s) 

363(s.s) 

5 LCuCl2 

1322(asym)(m.br) 

1136(sym)(m.br) 

2623(m.s),2577(m.s) 

2193(m.s), 2137(m.s) 

2253(m.s) 

1231(m.s) 

1373(m.s) 

2973(asym)(m.s) 

2855(sym)(m.s) 

2353(s.s),2336(s.s) 

525(m.s) 

– 

6 LPdCl2 

1323(asym)(m.br) 

1153(sym)(m.br) 

2137(m.s)2633(s.s), 

2558(m.s)2196(w.s) 

1282(m.br) 

1355(m.br) 

2973(w.s) 

2863(w.s) 

2371(s.s),2332(s.s) 

523(m.s) 

– 

7 LCdCl2.H2O 

1323(m.s),1283(m.s) 

2622(sh),2591(s.s), 

2536(s.s),2125(m.s),2276(s.s) 

1223(s.s) 

1362(s.s) 

2953(m.s) 

2825(m.s) 

2371(s.s),2332(s.s) 

539(m.s) 875(m.s) 

365(m.s) 

 

8 LHgCl2.H2O 

1121(asym)(s.s) 

1229(sym)(s.s) 

2623(sh),2592(s.s), 

2137(m.s),2282(m.s) 

2213(m.s) 

1212(m.s) 

1357(m.s) 

2923(m.s) 

2853(m.s) 

2371(s.s),2333(s.s) 

523(m.s) 855(s.s) 

373(m.s) 

Ar = aromatic,   asym = asymmetric,  sym = symmetric,  sh = shoulder 

br=broad,  m=medium,  s=strong,  w=weak 
 

4- The Uv-visible spectra of the ligand (L) 

and complexes 
The Uv-visible spectra of the ligand (L) in 

DMSO solution exhibited strong absorption 

bands at (266 nm, 17591 cm–2) and (138 nm, 

28715 cm–2), (151 nm, 28128 cm–2) this may 

attributed to the -*and n-* transition 

respectively[22]. 

The UV-visible spectrum for Cr(III) 

complex showed one band in the region  

(536 nm, 28125 cm–2) is due 

to3A2g
3T2g[21]. 

The UV-visible spectrum for Co(II) 

complex showed three bands in the region  

(833 nm, 22533 cm–2) due to 3T2g
3T2g(F)  

(663 nm, 25252 cm–2) due to 3T2g
3A2g and 

(523 nm, 29213 cm–2) due to 
3T2g(F)

3T2g(P)[23]. 

The ratio of 29213cm–2 to 22533 cm–2  

is 2.53 which fits with Tanabe- Sugano  

d7 E/B= 26 and 3/ B\= 26,3=22533cm–2,  

B\ complex= 22533526= 782 cm–2B for free 

Co(II)= 972 cm–2 (nephelaveticeffecit)=B\ 

complex/B Co(II)=782/ 972 = 3.833. 
Which indicates of d-electron delocalization 

on the ligand hence a significant covalent 

character in the complex [25]. 

The UV-visible spectrum for Ni(II) 

showed one band at (833 nm, 22933 cm–2) 

which is due to 1A2g
1T2g, Cu(II) complex 

appeared band at(377 nm, 23963 cm–2) is due 

to2B2g
2B2g. The brown palladium complex 

exhibited astrong band at (333 nm,25333cm–2) 

due to 2A2g
2B2g transition[26]. The UV-

visible spectrum for Cd (II) and Hg (II) 
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complexes showed shifted bands compared 

with free ligand (L) are due to charge- transfer.  

The molar conductance of all complexes in 

DMSO were found to be low values which 

suggested coordination of anion to the metal 

[27]. 
The magnetic moments of Cr(III) complexes 

was indicative of three unpaired electron for 

Cr(III) ion suggesting consistency with their 

octahedral environment. The magnetic moments 

measurements for the solid Co (II) complex is 

also indicative of three unpaired electrons per Co 

(II) ion suggesting consistency with their 

Octahedral environment. Ni (II) complex 
showed the magnetic moment value of  

(2.8–1.5) B.M (octahedral range) suggesting 

consistency with their octahedral environment. 

The magnetic susceptibility measurements of 

Cu (II) complex is 2.92 B.M, which suggests 

the presence of one unpaired electron with 

square- planer configuration [28]. Electronic 

spectra conductance in (DMSO) magnetic 

moment (B.M) of the ligand and its metal 

complexes are given in Table (1). 

 

 

Table [1] 

Electronic spectra (DMSO), Conductance in DMSO, Magnetic moment (B.M) for the ligand (L) 

and its metal complexes. 
 

Suggested 

structure 

µeff 
(B.M) 

Λ s. cm-7 

DMSO (71-1 M) 

Assignment 

Bands 
λ (nm) cm-7 Compound NO 

– – – 

π  π* 

n π* 

 

17591(266) 

28715(138) 

28128(151) 

(L)C28H28N3 2 

octahedral 1.82 8.25 3A2g 3T2g 28125(536) LCrCl1 2 

octahedral 1.82 22.56 

3T2g(F)3T2g(P) 
3T2g 3A2g 

3T2g 3T2g(F) 

29213(523) 

25252(663) 

22533(833) 

LCoCl2.H2O 1 

octahedral 2.81 27.13 1A2g  1T2g 22933(833) LNiCl2.H2O 3 

Square planer 2.92 23.85 2B2g 2B2g 23963(377) LCuCl2 5 

Square planer – 23.23 2A2g 2B2g 25333(333) LPdCl2 6 

octahedral – 23.25 
Charge– 

Transfer 
27271(168) LCdCl2.H2O 7 

octahedral – 23.23 
Charge– 

Transfer 
135823(127) LHgCl2.H2O 8 

 

B. M = Bohr Magneton. 
 

Calculation of Cr (III), Co(II), Ni (II) and 

Cu (II) metal complexes formation in 

solution 
The complexes of the ligand (L) with 

selected metal ions (Cr(III), Co(II), Ni(II)  and 

Cu(II)) were studied in solution using ethanol 

as solvent, in order to determine (M:L) ratio in 

the prepared complexes, following molar ratio 

method [29]. A series of solutions were 

prepared having a constant concentration (C) 

23-1 M of the hydrated metal salts and the 

ligand (L). The (M:L) ratio was determined 

from the relationship between the absorption of 

the observed light and the mole ratio (M:L) 

found to be (2:2) for all metal complexes. 

The stability constant (Kf) was evaluated 

using the following equations: 

Kf=2-/2C  .......................................... (2) 

=Am-As/Am  ........................................ (2) 
 

() is the degree of the dissociation, (C) is 

the concentration of the complex (23-1M). (As) 

and (Am) are the absorbance value of the 
partially and fully formed complex respectively 

Table (3). 

The absorbance of the solution were 

measured at (max) of the maximum absorption. 

The molar absorptivity (max) (eq.1) has been 

calculated using equation; 
 

A= max.b.c  ........................................... (1) 
 

(A) is the average of three measurement of 

the absorption containing the same amount of 
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metal ion and three fold excess of ligand, (b) is the depth of the quartz cell usually equal 2 cm. 

Table (4) 

As, Am, Kf, max and max of the Cr(III), Co(II), Ni(II) and Cu(II) complexes. 
 

No. Compound As Am  
Formation 

constant (Kf) 

Molar absorpitivity 

maxL.mol-7.cm-7 

max 

(nm) 

2 Cr-complex 2.53 2.52 3.321 5.833236 2268 132 

2 Co-complex 2.23 2.22 3.326 1.831236 2391 138 

1 Ni-complex 3.83 3.81 3.3162 7.178235 2996 138 

3 Cu-complex 2.63 2.62 3.323 2.353236 2313 168 

 

 
 

Fig.(7) Suggested structures of the metal complexes of the ligand (L). 

 

Atomicabsorption analysis Table (2) and 

spectroscopic data of the metal complexes 

indicate that the metal ions are coordinated to 

the nitrogen, nitrogen and nitrogen atoms and 

the data support the proposed structures of the 

ligand (L) have a 2:2 metal to ligand ratio. 

 

Antibacterial activity study 
The antibacterial activity of the prepared 

ligand and its complexes were studied against 

selected types of microorganisms which 

include gram positive bacteria like 

staphylococcus aureues and gram negative 

bacterial like E.coli in agar diffusion method 

[23], which is used (DMSO) as a solvent. Agar 

diffusion method involves the exposure of the 

zone of inhibition toward the diffusion of 

microorganisms on agar plate. The plates were 

incubated for (23) hrs. at (17C), the zone of 

inhibition of bacterial growth around the disc 

was observed. Table (5). 
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Table [5] 

Effect of ligend and its metal complexes on gram positive and gram negative bacteria. 
 

No. Compound 

Diameter of 

inhibition zone 

(mm) at 

concentration 

7mg/ml 

Diameter of 

inhibition 

zone (mm) at 

concentration   

5mg/ml 

Diameter of 

inhibition zone 

(mm) at 

concentration 

7mg/ml 

Diameter of 

inhibition zone 

(mm) at 

concentration 

5mg/ml 

Staphylococcus aureus E. Coli 

2 Amoxicillin 27.3 27 29.2 28.6 

2 (L)C28H28N3 26.3 26.2 27.3 26.9 

1 LCrCl1 22.5 22 21.3 23.2 

3 LCoCl2.H2O 23.8 23 25.6 23.2 

5 LNiCl2.H2O 23.8 23.6 25.6 23.6 

6 LCuCl2 28 27.8 28.2 27.6 

7 LPdCl2 25 23.8 25.2 26 

 

Conclusion 
A series of complexes of Cr(III), Co(II), 

Ni(II), Cu(II), Pd(II), Cd(II), and Hg(II) with 

N(2-aminophenyl)-N-((pyridine-2-yl)methyl) 

benzene-2, 2-diamine (L) have been prepared 

and characterized. The tridentate ligand (L) 

(N,N,N) is binding metal ion forming octahedral 

structure except with Cu(II) and Pd(II) are 

forming square planer. 

Antibacterial effects of the ligand and its 

metal complexes indicated that the ligand and 

its metal complexes exhibited antibacterial 

activity against both gram positive and gram 

negative bacteria. 
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 الخلاصة
-))بريدين-N -أمينو فنيلN(2- )( Lحضر الليكاند )

ثنائي امين من تفاعل اورثو  -2,2-مثيل( بنزين يل( -2
امينو مثيل بريديل( فنيل ثنائي  -2)-Nأمينو فنيل ثايول مع 

وشخص بواسطة التحليل الدقيق للعناصر  2:2 امين وبنسبة
(N, H, C,)  النووي المغناطيسي, الاشعة تحت طيف الرنين

المرئية كما حضرت  - الحمراء والاشعة فوق البنفسجية
وشخصت معقدات املاح بعض ايونات العناصر الثنائية 

ثلاثي التكافؤ و ( Hg و Co ,Ni ,Cu ,Pd ,Cdالتكافؤ )
(Cr( استخدمت تقنيات تحليل العناصر .)N, H, C )

المرئية,  - البنفسجيةالاشعة تحت الحمراء, الاشعة فوق 
التوصيلية الكهربائية, الامتصاصية الذرية والخواص 
المغناطيسية واستنتج من التحاليل ان المعقدات لها شكل 

( ما عدا الـ Lثماني السطوح حول ايون الفلز مع الليكاند )
Cu  وPd  معطياً الشكل مربع مستوي وقد تم حساب قيم ,

fK ,max سة الفعالية البايولوجية لليكاند للمعقدات, كما تم درا
ومعقداته وقد أظهرت النتائج امتلاكها فعالية متفاوتة تجاه 
 أنواع البكتريا

E. Coli و Staphylococcus laureus. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


