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Summary 
Four new trinuclear copper(II) complexes, [Cu(phen)- 
(NBzIm)](C104) (1), [Cu(bpy)(NBzIm)](C104) (2), [-Cu- 
(Me2-bpy)(NBzIm)](Ac). 1/2H20 (3) and [-Cu(Me2-bpy)- 
(Im)](C104). 1/2H20 (4) (phen = 1,10-phenanthroline, 
bpy = 2,2'-bipyridine, NBzIm = 6-nitrobenzimidazolate ion, 
Im = imidazolate ion) have been prepared and characterized 
by variable temperature magnetic susceptibility measure- 
ments. A weak antiferromagnetic spin exchange interac- 
tion operates between copper(II) ions, exchange integrals 
evaluated as J = - 23.82 cm- 1 for (I) and J = - 21.91 cm- ~ 
for (2). 

Introduction 

The interaction of imidazole and benzimidazole with 
transition metal ions is believed to be crucial in deter- 
mining the activity of many biologically important mol- 
ecules and metalloproteins ~1). Very recently, interest in 
imidazolate (Im)-bridged transition metal ions has increased 
due to the involvement of imidazolate ion as a bridging 
ligand between copper(II) and zinc(II) ions in the enzyme 
superoxide dismutase (SOD) ~2'3). Cryomagnetic investi- 
gation of the copper-substituted enzyme Cu4-BESOD 
revealed that an antiferromagnetic spin-exchange inter- 
action operates within each Cu2+-Im-Cu z+ unit, the 
exchange integral being evaluated at - 2 6  cm- ~ <2,4) 

So far binuclear and tetranuclear copper(II) complexes 
with imidazolate bridge have been prepared and charac- 
terized ~5-7). However not only are there few complexes 
with benzimidazolate(BzIm-) ion as a bridging ligand (6) 
but only a limited number of transition metal complexes 
contain BzIm- as a ligand (1). No 6-nitrobenzimidazolate- 
bridged binuclear and trinuclear complexes are known. 

In this study we have prepared three new 6-nitroben- 
zimidazolate-bridged trinuclear copper(II) complexes and 
an imidazolate-bridged trinuclear copper(II) complex: 
[Cu(phen)(NBzIm)](C104) (1), [Cu(bpy)(NBzIm)](C104) 
(2), [Cu(Me2-bpy)(NBzlm)](Ac)' 1/2H20 (3) and [Cu- 
(Me2-bpy)(Im)](C104)-l/2H20 (4). (phen = 1,10-phen- 
anthroline, bpy = 2,2'-bipyridine, MeE-bpy = 4,4'-bimeth- 
ylbipyridine NBzIm = 6-nitrobenzimidazolate ion, Im = 
imidazolate ion). The triangular structure has been 
characterized on the basis of elemental analyses, i.r., e.p.r. 
spectra, variable-temperature magnetic susceptibility 
measurements, and Dreiding model considerations. 

Experimental 

Materials 

Cu(C104)2.6H20, Cu(Ac)2.HzO, phen, bpy, Me2bpy, 6- 
nitrobenzimidazolate and imidazole (analytical grade) 
were used as supplied. 

* Author to whom all correspondence should be directed. 
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Syntheses 

The methods used to prepare the complexes are virtually 
identical and are exemplified by ECu(phen)(NBzIm)]- 
(C104). Cu(OAC)E 'H20  (200 mg) and phen (198 mg) were 
dissolved in a 1:1 MeOH-H20 mixture (10 cm 3) which 
was heated.to 60 ~ To this was added an aqueous 
solution (2cm 3) of NaOH (0.5M) and NaC104-H:O 
(140 mg) with stirring for 1 h to give a dark green precipitate. 
6-Nitrobenzimidazole (163 mg) was then added with stir- 
ring and heating for 7 h. The precipitate, which changed 
to grey-blue, was removed by filtration, thoroughly washed 
with hot H20 and dried in vacuo. 

I-Cu(Me2bpy)(Im)] (C104). 1/2H20 was obtained in the 
same way, except that MeE-bpy (184 mg) and Im (118 mg) 
was used instead of phen and NBzIm, respectively. 

Measurements 

C, H, N analyses (see Table 1) were obtained with a 
Perkin-Elmer analyser Model 240. Metal contents were 
determined by EDTA titration. I.r. spectra were measured 
on a Shimadzu i.r. spectrometer Model 408 using KBr 
pellets and reflectance spectra were recorded on a Hitachi 
Model 340 spectrophotometer. Variable temperature mag- 
netic susceptibilities were measured on a vibrating sample 
magnetometer Model CF-1. Diamagnetic corrections 
were made with Pascal's constants for all the constituent 
atoms, and the magnetic moments were calculated using 
the equation: #off = 2.828 (XT) 1/2, where X = susceptibility; 
T = temperature. E.p.r. spectra of powder samples were 
recorded with a JES-FEIXG e.p.r, apparatus using an 
X band. 

Results and discussion 

The i.r. and electronic spectra and magnetic and elemental 
analyses indicate that copper(II) acetate reacts with phen 
(or bpy, Mezbpy ) and NBzIm (or Ira) to yield the 
complexes [CuL(NBzIm)]X (L =phen, bpy, Meebpy; 
X = C10~-,Ac-) and ]-Cu(Mezbpy)(Im)C104).l/2H20 
when the appropriate amount of base and NaC10 4 is 
added. (Added base keeps the 6-nitrobenzimidazolate or 
imidazolate in the deprotonated form in solution). Depro- 
tonation of 6-nitrobenzimidazole or imidazole nitrogen 
in these complexes was apparent because no N - - H  
stretching mode in the 3200-3500 cm-1 region was ob- 
served. The characteristic absorption of the uncoordinated 
perchlorate group appears at 1100 cm- 1 for (1), (2) and 
(4) complexes. The acetoxyl group vibration at 1580 and 
1415 cm -1 were present in complex (3). The difference 
(165 cm-1) between two frequencies indicates that Ac- 
group is uncoordinated r Reflectance spectra of the 
complexes show a d-d band at ,,~ 17000cm-1. Judging 
from the fact that the d-d frequency of [Cu(Mez-bpy )- 
(Im)](C104)'l/2H20 (17360cm -1) is nearly the same 
as that (17500cm -1) of [Cu(TMEDA)(imH)2](C104) 2 
(TMEDA = N,N,N',N'-tetramethylethylenediamine) which 
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Table 1. Elemental analyses of complexes. 

Complex Found (Calcd.) % 
C H N Cu 

12.7(12.6) 
13.0(13.2) 
13.6(13.4) 
14.9(15.0) 

(1) 45.7(45.2) 2.2(2.4) 13.7(13.9) 
(2) 42.1(42.4) 2.4(2.5) 14.3(14.5) 
(3) 52.8(52.8) 4.1(4.2) 14.6(14.7) 
(4) 42.3(42.5) 3.7(4.0) 13.2(13.2) 

Table 2. Magnetic parameters of complexes. 

Complex - J g 0 # 
(cm 1) (B.M.) 

(1) 23.82 2.04 
(2) 21.91 2.01 
(3) 
(4) 

- 5.62 
- 5.24 

1.68 
1.59 
1.79 
1.82 

Cul  

Cu3 ,Cu2 
J 

Figure 1. 

possesses a nearly coplanar [CuN4] chromophore (9), all 
the complexes are assumed to have a planar configuration 
with four nitrogen donor atoms. This suggests that the 
complexes contain bridging 6-nitrobenzimidazolate or 
imidazolate groups. 

Magnetic moments of the complexes (1) and (2) at 
room temperature (Table 2) are considerably lower than 
the spin-only value (1.73 BM), which suggests operation 
of an antiferromagnetic spin-exchange interaction in the 
complexes. This result also implies that polynuclear 
complexes are bridged by 6-nitrobenzimidazolate group. 
In order to obtain further information on the structure 
of the complexes, variable-temperature (4.2-300 K) mag- 
netic susceptibility data were collected for (I)  and (2) 
and the magnetic analysis was carried out using the 
susceptibility equation based on the Heisenberg spin- 
exchange operator for triangular-trinuclear copper(II) 

system shown in Figure 1. (I2I = - 2J(S 182 + 8183 -{- 82 83), 
$1 = $2 = $3 = 1/2) (9). XA = Ng2fl 2 [12 k(T - 0)] - 1 [-5 + 
exp( -  3J/KT)] [1 + exp( -  3J/KT)] - 1 + N~. X A denotes 
the susceptibility per atom, N~t the temperature indepen- 
dent paramagnetism (120xl0-6cgs .mol-1) .  Other 
symbols have their usual meaning. 

As shown in Figures 2 and 3, good least-squares fits 
for the experimental data were attained with Equation 1. 
The agreement factor [F = z._q,--~" (~(.obs- . . . .  ~.cale'12 (X lobs)- 1] is 
~5  • 10 -4 and implies that the complexes contain a 
triangular trinuclear copper(II) system. The magnetic 
parameters are given in Table 2. These results (J < 0) 
indicate that the complexes undergo an antiferromagnetic 
spin-exchange interaction, but the exchange integrals are 
smaller than for [-Cu(phen)(Im)]C104 (J = - 37 cm- 1) 
and [Cu(bpy)(Im)]C104 ( J = - 4 4 c m - 1 )  (9). The only 
difference between [CuL(NBzIm)]C104 and I-CuL(Im)]- 
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Figure 2. X A versus T plots for [Cu(phen)(NBzIm)](ClO4). The 
curve is drawn based on Equation 1 with the magnetic para- 
meters given in the text. 
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Figure 3. X ,  versus T plots for [Cu(bpy)(NBzIm)](C104). The 
curve is drawn based on Equation 1 with the magnetic para- 
meters given in the text. 

C104 is that there is an added carbon skeleton on the C(4) 
and C(5) atoms of the imidazole in the former. The 
Cu- -N- -C(2 )  bond angle would probably decrease in 
the 6-nitrobenzimidazolate as a result of the Cu(phen) 2+ 
[-or Cu(bpy) 2+] moiety moving away from the added 
carbon skeleton on the C(4) and C(5) atoms of the 
imidazole. The decreased Cu- -N--C(2)  angle expected in 
ECuL(NBzIm)]C10 4 could lead to a weaker interaction (6). 
It is important to understand this variation in exchange 
parameter. The magnitude of J in the complexes under 
discussion is close to that in the 4-Cu 2+ SOD protein 
(J = - 26 cm-1). This type of the structure of the present 
complexes may be a better model of4-Cu 2 + SOD protein. 

E.p.r. spectra 

The powder e.p.r, spectra of the complexes at room tem- 
perature are shown in Figure 4. For trinuclear copper(II) 
complexes, the antiferromagnetic interaction between the 
metal centres exhibits three molecular spins ST = 1/2, 1/2 
and 3/2, in which a S--1/2  state is the ground state 
according to the magnetic date (see Table 2). Trinuclear 
molecular (ground state S = 1/2) and trinuclear molecular 
(ground state S = 1/2) couple to yield a spin singlet (S = 0) 
and a spin triplet (S = 1) (1~ due to antiferromagnetic inter- 
action between the molecules. As shown in Figure 4, three 
complexes show a dissymmetric shape in their upper and 
lower peaks at ~3200 x 10-4T corresponding to the 
allowed transitions of AMs -- 4- 1, which indicates a very 
weakly anisotropic triplet state (11). Thus, using g3 and g4 
of Mn-reference in Figure 4, the spectrum parameters can 
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be deduced: 911= 1.99, g•  ( I ) ;  gll =2.09, 9•  
(2). Moreover, a very weak signal (9 - 4) at half field 
( ~ 1 6 0 0 x  10-4T) can be assigned to the A M s =  _+2 
forbidden transition, which is roughly 10 -3 times the 
AMs = 1 transition. The appearance of the half-field 
signals confirms the existence of a magnetic interaction 
between trinuclear units for these complexes. 

Further investigation on this and similar systems is 
required in order to explain that 9• > gll for (1)  (phen) 
but 911 > g• for (2)  (bpy). 
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Figure 4. Powder X-band e.p.r, spectra of the complexes: I, (1); 
II, (2). 
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