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SMVTHESIS AND CHARACTERIZATION OF COPPER(II), IRON(II), 

COBALT(II), NICKEL(I1) AND MANGANESE(I1) COMPLEXES OF AZIDO- 

1,4-BIS(IMIDAZOL-I-YL-METHYL)BENZENE (BIX) OR 1,4- 

BIS(IMIDAZOL-I-YL-METHYL)-2,5-DlMETHYL-BENZENE) (MEBIX) 

1-Iao-Yu Shen, Dai-Zlieng I.iao,’ Zong-Iiui Jiang. Shi-Ping Yan and Geng-l.in Wang 

Department of Chemistry. Nankai University. .I’ianjin, 300071, 1’. I<. China 

ABSTRACT 

Cu(II), Fe(II), Co(lI), Ni(II), Mn(l1) complexes of’ azido-l.4-bis(iniidazol-l-yI- 

methy1)benzene (bix) or I ,4-bis(imidazol-l -yl-metl~yl)-2.5-dimethyl-benzene) (Mebix) 

were synthesized by the spontaneous self-assembly method. ‘l‘hc compounds 

[Cuz(bix)3@3)4.2H20. Ni2(bix)j(Nj)~.6H20. COZ( bix)3(7\J i)4.61120, Cu2(Mebix)30\13)4. 

41420, MnziMebix)3(N3)?.61-izC), Ni~(Mebix) , (~’~)4.4HzO] were charnctcrized b) 

element analyses. infrared and electronic spcctra. Cu~(bix)30\1;)4.2Ii20 was further 

characterized by ESR. I t  is suggestcd that all the complexes have I I> su-ucttires. in 

which bix or Mebix functions as bridging ligand and N3- as temiinal Iigand. The 

coordination environment is distorted octahedral for each metal ion. 
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1332 SHEN ET AL. 

MTRODUCTION 

?'he construction of solid state architectures and crystal engineering has become 

an area of increasing interest over the recent years.'.' Much study has been centered 

upon the use of supramolecular contacts and in particular hydrogen-bonding between 

suitable organic molecules to generate multi-dimensional arrays and networks. The 

design of inorganic networks is less well developed but recent examples have helped 

to extend the understanding of this developing area.34 Recently, Robson el al. have 

reported two 2D polyrotaxanes derived from Zn(I1) and Ag(l) with b i ~ . ' , ~  FIowever, In 

both examples. %n(II) and Ag(I) have d ' "  configuration. In this paper. we present the 

synthesis and characterization of the Cu(TI), Fe(ll), Co(lI), Ni(ll), Mn(1l) complexes of 

azido-, bix or Mebix. The structures of bix and Mebix arc shown i n  l-'ig. I .  

RESULTS AND DISCUSSION 

The reactions of bix and Mebix with the corresponding metal salt may be 

represented as follows: 

methanol /H2O 
2 M(OAC)~  + 3 1,. 2 HzO + 4 NaN3 + (n-6) MzO d 

M = Cu(ll), L, = b i x  n = 2: 1, = Mebix. n = 4, 
n = 4; M = Co(Il). 1, = bix, n = 6; M -= Mn(lI), I, = Mebix. n 

M = Ni(ll), I, = bix. n = 6. I. = Mebix, 
6. 

All of thc synthesized compounds arc colored solids. The compounds are stable 

in air, poorly soluble in common solvent. including DMSO and DMF. The elemental 

analyses (see Table I )  are in agreement with the chemical formula of the compounds. 

All of the melting points of the coniplexes are >300° C (the maximum temperature 

of the apparatus). 

lnfrared Spectra 

The infrared spectra of the ligands and their complexes can provide an insight 

into the mode of bonding of the ligand to the metal ions. Assignments were made 
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COMPLEXES OF BIX AND MERIX 1333 

bix 

CH3 

Mebix 

Fig. I .  Structures o f  the Ligands 

Table I. Analytical Data and Some Physical Properties of  Compounds 
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1334 SHEN ET AL. 

Table 11. IR Spectral Data of Complexes (cm-I) 

V(C=C ring)  1 1 1 10 
1090 M 

731) w 

1245 s 
1115m 
1095 w 

820 s 

750 s 

1218 s 
1102n- 
1080 M. 

900 s 

760 m 
750 s 

760 in 

based on typical group frequencies. 'The strong and broad absorption (see Table 11) in 

the region 3600-3000 cm" of all the complexes can be assigned to the presence of 

water. The new sharp and strong absoptions at -2100 cm-' of all the complexes 

indicate that the N3- group is present in all the complexes, and coordinates to the metal 

ions as terminal ligand'. The coordination of the metal ion to the imidazol nitrogen 

can be inferred from the broading of v(C=N) at 1700-1600 crn-'. The absorptions in 

the region 1540-1430 cm-' of all the complexes are assignable to the stretch of the 

benzene and imidazol rings". 

Electronic Spectra 

The electronic spectral data for the ligands and their complexes are shown in 

Table 111. In the spectrum of the ligands, the band at -415 nm may be attributed to the 
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COMPLEXES OF BIX AND MEBJX 1335 

Table 111. Electronic Spectral Data (in Solid State) 

a 1 = Ctiz(bix)3(h~3)4.2H201 2 = Ni2(bi~)3~~3)4.61~201 3 = Coz(bix)3(N3)1 6Hz0, 
4 = Cu2(Mcbix)3(hr3)j.41~20, 5 = Mnz(Mebix)30\i3)4.6N20. 
6 = Ni2(14ebix)3(N3)4.41120 

iniidazol (C=N) choniophore x-x* transitions. The bands at -285 nni arc associated 

with the imidazol and benzene rings n-x* transitions. In the spectra of the complexes, 

the band of the C=N chromophore n-n* transition is shifted to about 400 nm 

indicating that the imidazol nitrogen (N(3). see Fig. 1 ) is coordinated to the metal ion. 

The absorption frequencies ascribed to the iniidazol and benzene ring n-n* transitions 

are shifted compared to the ligand. l'hc bands in the region of 600-730 nin inay be 

attributed to the d-d transition of the metal ions".''. 

ESR of CUZ( bi~)3(N3)~.2H;O 

The ESR spectrum of Cu2(bix)3(N~)4.2HzO was obtained at room temperature 

and 110 K, g// = 2.146, g I = 2.059, ga. = 2.088. The result shows that 

C~2(bix)3(N3)~.2HzO has a pseudo-octahedral structure 14. I s  (see Fig. 2). 

From the above discussion, it is seen that the metal ions in the complexes are 

bonded to the ligand through the imidazol nitrogen o\J(3)), N3-, and water. Their 

presumed structures are shown in Fig. 2. 
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1336 SHEN ET AL. 

L -= bix or Mebix 

Fig. 2. Proposed Structure of the Complexes 

IiXPERIMENTAI I 

All chemicals used in tlus woi-k were of reagent grade. u,a'-Dibrl7mo-/7-x!.Icne 

was obtained in the following way: A stirred mixture ofp-xylene (10.6 g, 0 1 tllolj. N- 
hroniosuccinimidc (NBS) (0.39 g, 2.2  nimol). azobis(isobutyroni1riJe~ (A113N) ( - S O  

mg), and freshly distilled 11COOC11; ( !  00 mL) was refluxed undcr illumination (500 

W incandescent bulb) for 14 h. The resulting white solid was separated by filtration, 

washed with freshly distilled IICOOCH?, water and recrystallized from Cl ICI i; yield, 

18 g (74%): m. p.: 142-143" c 
Hix was obtained as described i n  ref. S except using u,tx'-dibroino-/1-syIzne 

instead of *,~'-dichloro-p-xylene; yield, 20.9 g (8.5%); m. p.: 128-133" C. 2.5- 

1)imethyl- 1,4-dichloro-~~-xylerie was obtaiiied in the following way: A stirred mixturc 

of p-xylene (106 g, 1 mol), concentrated hydrochloric acid (530 ml,), and 409'0 

aqueous formaldehyde solution (200 mL. 2.6 mol) was refluxed at 60-70" C in I ICI 

atmosphere for 15 h. l'hc resulting white product was separated by filtration. and 

washed with water. Then another 200 mI. (2.6 rnol) of 40% aqueous formaldehyde 

solution was added to the filtrate. The mixture was refluxed at 60-70" C in 1HC1 

atmosphere for another 1.5 h. Upon cooling. another portion of the product was 

filtered off, and washed with water. The product was recrystallized from CHCI,; yield, 

21 1.2 g(80.2%); rn. p.: 128-130" C. 
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COMPLEXES OF BIX AND MEBIX 1337 

Mebix was obtained in a similar method as described for bix except for using 

g 2,5-dimethyl-l,4-dichloro-p-xylene instead of a,*’-dibromo-p-xylene; yield, 2 1 

(79.8%); m. p.: 166-168” C 

Synthesis of the Complexes 

The synthesis of all of the complexes of the ligands bix or Mebix was similar. A 

methanol solution (50 mL) of the ligand (0.3 mmol) was mixed with the metal acetate 

(0.2 mmol) dissolved in 2 ml, water, then NaN3 (0.4 mniol, 26 mg in 2 ml. water) was 

added. The mixture was stirred at room temperature for ten minutes when precipitates 

formed, and the rcaction mixture was stirred continually for six hours. The resulting 

precipitates were collected by filtration. wcished with water, methol, and erhrr. dried i n  

a vacuum. 

Phvsical Measurement_s 

C, H, N analyses wcre obtained with a f’erkin-Elmer 240 eleinental analysis 

instrument. Metal ions were determined by EDTA titration. Melting points were 

obtained using a Yanaco microscopic melting point apparatus. Infrared spcctra werc 

measured in KBr pellets on a Shimadzu IR-40s spectrometer. Electronic spectra were 

obtained on a Shiniazu IJV-Vis scanning spectrophotometer. X-band ESfi spectra 

were obtained on a JES-FEIXG spectrometer. 
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