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Figure3. Configuration of the, complex [ReCI(CO)(PMe2Ph)3- 
(MeCN)2] [C10412. 

reduction peak, resulting in any case in the consumption of 
two moles of electrons per mole of starting compound. The 
electrolyzed solutions were concentrated to dryness and the 
product collected. In the case of the triphenylphosphine com- 
plex, the dried mixture was washed with CHC13, yielding a 
yellow solution which, by addition of n-pentane, gave a pale 
yellow powder. By washing with H20, the residual TEAP was 
separated from the powder, which was dried under vacuum. 
Final recrystallization was performed from CHC13 and Et20. 
In the case of the dimethylphenylphosphine complex, the 
same products were obtained from both meridionaI and facial 
isomers. The solution turned after some hours from bright 
yellow to yellow green. After drying, the mixture was washed 
with Et20 to remove the free phosphine and then with CHCI> 
The CHC13 solution was concentrated to dryness and the 
residual solid was treated with MeCN. By dropping Et20 into 
the solution, TEAP precipitated. After filtration, Et20 was 
added again, until a pale yellow oil was obtained. The oil was 
stirred in Et20 for hours to obtain a whit e powder. Recrystalli- 
zation was performed from CHC13 and Et20. Reproducible 
elemental analysis data were obtained for the product with 

PPh3: C, 53.5; H, 5.2; N, 1.4 and C1, 0.0%. They are consis- 
tent with a formulation in which there are two moles of phos- 
phine and one tetraethylammonium per rhenium. 

I.r. spectra show in the v(CO) region bands at 1897, 1807 
cm -1 and at 1890, 1802 cm -1 for PPh3 and PMezPh com- 
pounds, respectively. The aH n.m.r, spectra in CDC13 show a 
triplet at 6 = 1.3 ppm and a quartet at ~ = 2.4 ppm, typical of 
the tetraethylammonium cation and the multiplet of phenyl 
ring at 6 = 7.7 ppm. The compound with PMezPh shows an 
additional triplet at 6 = 1.9 ppm, which is attributable to the 
methyl protons of the phosphine and suggests trans-phos- 
phines. Both compounds conduct in nitromethane solutions. 

Unfortunately, the above data do not provide a sure formu- 
lation of the reduction compounds. The number of carbonyl 
groups and the molecular weight are unclear. The rhenium is 
reduced and stabilized in the - I  oxidation state, the complex is 
anionic and it could have bridging carbonyls. The formulation 
can be tentatively written as [Et4N][{Re(CO)xP2}n], with x = 2 
or 3 and n = 1 or 2. Further studies are in progress to charac- 
terize the complexes. 
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Summary 

The reactions of divalent nickel and copper salts with the 
Schiff base derived from 2-(2-aminophenyl)benzimidazole and 
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benzaldehyde, L, yield complexes of general formulae 
[CuL2X2] (X = C1, Br, or C104), [CuL(SO4)], [CuL(SO4)] �9 
4 H20, and NiLX2 (X = C1, Br, or NCS). 

All the complexes have been characterized by elemental 
analyses, magnetic measurements, e.s.r, electronic and i.r. 
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spectral studies. The results show that the Schiff base acts as 
bidentate ligand through the pyridine-like imine nitrogen of 
imidazole ring and the azomethine nitrogen. Tentative struc- 
tures of the complexes are suggested. 

Introduction 

Imidazole is a common component of some important 
biological molecules (1' 8) and together with its derivatives has 
been the subject of several investigations (1-7). Normally, when 
the substitution is not in the position 1 of the imidazole ring, 
the imidazoles act as monodentate ligands coordinating 
through the tertiary nitrogen, but sometimes the N-H is also 
deprotonated to form a bidentate bridge (9). Comparatively lit- 
tle work have been reported on complexes of ligands that 
contain the imidazole group and another potential donor 
group00, 11). 

The present study describes coordination complexes formed 
by the interaction of some copper and nickel salts with the 
Schiff base derived from 2-(2-aminophenyl)benzimidazole and 
benzaldehyde. The structure and the nature of the complexes 
were investigated by magnetic susceptibility, i.r. electronic 
absorption and e.s.r, measurements. 

phuric acids. C, H and N contents were determined using 
standard microanalytical techniques. 

Physical measurements 

Conductivity measurements were made on freshly prepared 
ca. 10 -3 M solutions in DMF at 20 ~ with a Metrohm Herisau 
model E-518. Magnetic susceptibilities were measured at room 
temperature by the Faraday method with a BE 15 Bruker 
balance. Hg[Co(NCS)4] was used as the magnetic susceptibil- 
ity standard. Pascal's constants were used for the diamagnetic 
corrections 02). Magnetic moments were calculated using the 
equation geff = 2.83 V ~ r T .  The solid reflectance spectra 
were obtained in a Beckman DK-2 spectrophotometer with a 
solid reflectance attachment, using magnesium oxide as the 
reference. The solution spectra were recorded on a Pye 
Unicam SP8-100 spectrophotometer. I.r. spectra were 
recorded as Nujol or hexachlorobutadiene mulls between CsI 
plates on a Nicolet 5 DX spectrophotometer. The e.s.r. 
spectra were recorded on a Varian E-12 spectrometer at a 
microwave frequency of 9 GHz (X-band) using DPPH for 
calibration. The low-temperature spectra were recorded in a 
variable temperature cell. 

i-t 

Experimental 

Solvents and benzaldehyde were purifed and dried accord- 
ing to standard methods. 2-(2-Aminophenyl)benzimidazole 
was recrystallized from 1,2-dichloroethane. Nickel thiocyanate 
was prepared by addition of KNCS to an EtOH solution of 
Ni(NO3)2 �9 6 H20 with mechanical stirring for 3 h. The pre- 
cipitate of KNO3 was removed by filtration. Commercial re- 
agent grade nickel and copper anhydrous salts were used (with 
the exception of the preparation of C u L S O  4 �9 4H20 and 
CuLCIO4 which were prepared from the hydrated salts). 

The Schiff base was prepared by heating in benzene under 
reflux equimolecular amounts of the 2-(2-aminophenyl)ben- 
zimidazole and benzaldehyde, with some drops of piperidine, 
until the theoretical amount of water was collected in a Dean- 
Stark trap. The isolated solid was washed with C6H6 and Et20. 
(Found: C, 80.6; H, 5.0; N, 14.1. Caled.: C, 80.8; H, 5.1; N, 
14.1%). 

Preparation o f  complexes 

All preparations and sampling were made in a dry-box 
which was continuously flushed with dry nitrogen. 

A general procedure was adopted for preparing all the com- 
plexes. A solution of the Schiff base (5.I mmole) in EtOH 
(30 cm 3) was added dropwise to a hot solution of the appropri- 
ate metal salt (2.9 mmole) in the same solvent (25 cm 3) under 
continuous stirring. The mixture was kept stirring under reflux 
for about 10-20 h. The precipitate was filtered off, washed 
with EtOH and dried in vacuo at room temperature. 

Metal analyses were carried out by absorption spec- 
trophotometry on a Perkin Elmer-372 spectrometer after 
decomposing the complexes with a mixture of nitric and sul- 

Results and Discussion 

The complexes isolated in the present study and their analy- 
tical data are given in Table 1. The compounds prepared are 
insoluble in most of the common organic solvents. The c@per 
complexes are soluble in DMF. The copper complexes are 
non-conductors in ca. 10-3M solutions in DMF (13). 

Infrared spectra 

The i.r. spectra of the complexes reveal that most bands due 
to ligand vibrations are scarcely shifted with respect to the 
corresponding free ligand values. Only the N-H and C = N 
stretching vibrations show a large shift. The v(NH) of ligand at 
ca. 3330 cm -1 is shifted to lower frequency (10-45 cm -1) in all 
complexes. This shift may be due to stronger hydrogen bond- 

(4 14) ing between the ligand and the anions ' in complexes than 
the intermolecular hydrogen bonding in the ligand in the solid 
state(iS, 16). The medium intensity band at ca. 1615 cm -1 in the 
ligand attributable to v ( C = N )  is found in the region 
1620-1636 cm -1 in the complexes, indicating that the imine 
nitrogen of the C = N group participates in coordination (17, 18) 

On the other hand, the bands at 289 cm -1 in [CuL2CI2] and 
at 219 cm -1 in CukBr2 can be assigned to terminal v(Cu-C1) 
and v(Cu-BQ, respectively, in hexa-coordinated octahedral 
structures09, 20). The spectra of NiLC12 do not contain any 
band assignable to terminal v(Ni-C1) and this is in agreement 
with a polymeric octahedral structure. The bridging v(Ni-C1) 
modes are expected to absorb below 200 cm -1 (21, 2z) which is 
beyond the capabilities of our spectrometer. The spectra of 
NiLBr2 show a band at 208 c m - ,  which is assigned to a termi- 

(23) nal v(Ni-Br) in a five-coordinate structure . The bridging 
v(Ni-Br) expected below 200 cm -1 could not be observed. 

The spectra of perchlorate complex show various bands at 
ca. 1095, 1076, 931, 622 and 628 cm -1 consistent with the 
monodentate nature of perchlorate group (2I' 24). The spectra of 
CuLSO4 show new bands at ca. 1190, 1093, 1042, 975,636,613 
and 606 cm -1, which are characteristic of the bidentate sul- 
phate group (25). In the spectra of [CuL2SO4]. 4H20, new 
bands at ca. 1118, 1048, 976, 654 and 588 cm -1, which are 
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Table 1. Analytical data of nickel(II) and copper(II) complexes. 
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Compound Colour AM Found (Calcd.)% 
(Ohm-lcm2mol -z) C H N M 

NiLC12 green 56.1(56.2) 3.7(3.5) 10.2(9.8) 13.3(13.8) 
NiLBr2 pale green 47.0(46.5) 3.3(2.9) 8.3(8.1) 11.2(11.4) 
NiL(NCS)2 pale green 55.6(55.9) 3.5(3.2) 14.4(14.8) 12.1(12.4) 
[CuIaCl2] green 8.5 65.7(65.9) 4.5(4.1) 10.8(11.5) 8.4(8.7) 
[CuLaBr2] green brown 22 58.8(58.7) 3.2(3.7) 10.6(10.3) 7.7(7.8) 
[CuLz(C104)2] brown 19 55.9(56.1) 3.8(3.5) 10.0(9.8) 7.2(7.4) 
[CuLSO4] green 12 51.8(52.6) 3.1(3.3) 9.0(9.2) 13.5(13.9) 
[CuLSO4] �9 4 H20 light green 13.1 43.7(43.9) 4.5(4.6) 7.6(7.7) 11.6(11.6) 

consistent with a monodentate sulphato group (26). This com- 
pound also shows bands at ca. 3450 and 758 cm -1, which can 
be assigned to v(OH) and rocking modes of coordinated water 
in this compound (27). The spectra of the thiocyanate complex 
show additional bands at ca. 2102, 800, 469 and 445 cm -1, 
suggesting the presence of an N-bonded (2s) or bridged (29' 30) 
thiocyanate group, but we favour the latter in view of the 
electronic spectra. 

Some new bands appear in the i.r. spectra of all the com- 
plexes at ca. 420-520 cm -1. The bands at ca. 450-490 cm -1 in 
copper and 430-450 cm -1 in nickel complexes may tentatively 
be assigned to v(Cu-N) and v(Ni-N) (imine nitrogen), respec- 
tively(31, 32). The appearence of bands in the 300-310 crn -1 and 
the 255-270 cm -1 regions for all the Cu and Ni complexes, 
respectively, can tentatively be assigned to v(M-N) (pyridine- 
like imine nitrogen) (33), and also supports the involvement of 
this nitrogen. Therefore, these data indicate that the ligand is 
bidentate in these complexes. 

Magnet ic  m o m e n t s  and electronic spectra 

The magnetic moments of the nickel(II) complexes lie in the 
region of 2.5-2.8 B.M. at room temperature (Table 2). These 
values are lower than the expected for high spin d 8 complexes 
and higher than those predicted for low spin N H complexes, 
even taken into account the TIP contribution. These anoma- 
lous values of the magnetic moments may be due either to a 
coexistence of low and high spin species (35' 36) or to a spin-state 
crossover situation where high and low states are simultane- 
ously thermally populated (5; 35). 

The electronic reflectance spectra (Table 2) of NiL(NCS)2 
and NiLC12 show two bands at ca. 10000 and 17000 cm -1 with 
a well discernable shoulder at ca. 9000 cm -1 on the low energy 
side of the first band. The spectral bands are well within the 
range for hexacoordinate octahedral complexes of nickel 

reported earlier (36). The two bands can be assigned to the 
3A28 ~ 3T2g(vl) and 3A28 ~ 3Tlg(V2) transitions, respectively. 
The shoulder may be due to the splitting of vl as a conse- 
quence of the distorted octahedral nature of the complexes (37). 
Although the electronic spectra of these complexes suggest 
that nickel is hexacoordinate, the possibility that the ca. 17000 
cm -1 band be a result of the 3Aeg --, 3Tig transition in octahe- 
dral structure and of the 1AI(F) ~ 1BI(G) in square planar 
structure (35) cannot be ruled out. Therefore, the possible struc- 
tures for these complexes are: (a) polymeric octahedral with 
chloride or thiocyanate bridges, with a singlet-triplet equilib- 
rium or (b) polymeric with chloride of thiocyanate bridges, in 
which a part of the nickel ions are octahedrally coordinated 
(high spin), whereas the other are planar (low spin). 

The electronic spectra of NiLBr2 are different to those of 
NiLC12 and NiL(NCS)2, showing three bands at ca. 7900, 
12578 and 17094 cm -1. The spectral bands are not consistent 
w i th  those reported for tetra- or hexa-coordinated struc- 
tures(36, 37) but they resemble those of nickel pentacoordi- 
hated complexes (38' 39). It is suggested therefore that NiLBr2 is 
probably dimeric pentacoordinate, with bromide bridges and 
its magnetic moment may be explained assuming that the com- 
plex consists of species with low and high spin type or that 
there is a single-triplet equilibrium. 

The magnetic moments of the copper(II) complexes lie in 
the region of 1.8-2.1 B.M., very close to the spin only values. 

The solid reflectance and DMF solution electronic spectra 
for all the copper(II) complexes (Table 2) are approximately 
the same, suggesting that these complexes probably retain the 
same structures in both states. The only exception is 
CuL(SO4), which shows a bathochromic shift in the d-d max- 
ima. The solid spectrum of [ C u L S O 4 ]  , exhibits an asymmetric 
band at 17500 cm -~, similar to that reported for a copper(II) 
ion in a square planar environment (36). The shift observed in 
solution is assumed to be due to weak axial bonding of solvent 

Table 2. Magnetic and electronic data for nickel(II) and copper(II) complexes and powder e.s.r, data for copper(II) complexes. 

Compound gc~ (B.M.) Spectral bands (cm -1) E.s.r. data 
Solid spectra Solution spectra 

NiLC12 2.53 9090sh, 9800, 16130 - 
NiLBh 2.72 7900, 12580, 17540 - 
NiL(NCS)2 2.78 8710sh, 10700, 17860 - 
[CuLaCI2] 1.88 13790, 18870 13700, 18820 2.068 
[CuI~Br2] 1.97 13850, 19180 13810, 19200 2.118 
[CuL2(CIO4)2] 1.89 14330 14300 2.065 

gl g2 
[CuLSO4] 2.07 17240 13510 2.050 2.095 
[CuLSO4] �9 4 H20 2.19 14660 14630 2.048 2.088 

g3 
2.277 
2.269 

gay 
2.141 
2.135 
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Table 3. Solution (DMF) e.s.r, data and covalency parameters for the copper(II) complexes. 

321 

Compound Room temp. 93 K 
go 104 Ao gll g, gay 104 A a 2 ~ 

(cm -1) (cm -1) 
~2 

[CuL2C12] 2.156 49 2.320 2.063 2.148 134 0.75 0.88 0.67 
[CuL2Br2] 2.160 51 2.297 2.078 2.151 141 0.76 0.81 0.83 
[CuL2(C104)2] 2.154 70 2.269 2.080 2.144 169 0.81 0.71 0.83 
[CuLSO4] �9 4 HzO 2.137 61 2.251 2.073 2.132 173 0.80 0.69 0.78 

molecules resulting in a decrease in the planar  bonding (4~ The 
electronic spectra of the other copper complexes show a broad 
band in the 13000-15000 cm < range. The general features of 
these spectra are consistent with distorted octahedral struc- 
tures. This band  in [CuL2X2] (X = C1, Br, or CIO4) shifts to 
higher energy in the order of expected weakening interaction 
of the metal ion with the anions: C104 > Br > C1. A second 
stronger band  appears at ca, 18000 cm -1 for [CuL2C12] and 
[CuL2Br2], and can be assigned to a charge-transfer transi- 
tion(41). 

E.s.r. spectra 

The e.s.r, spectra of [CuL2C12], [CuLzBrz] and [CUL2- 
(C104)2] powdered complexes show one single asymmetric sig- 
nal. The only parameter  than can be calculated from this 
spectra is gmax at the point  where the value of the derivative is 
zero. The other complexes give rise to typical orthorhombic 
spectra with three g values similar to those described in the 
li terature (42). The existence of orthorhombic symmetry is prob- 
ably due to the presence of two crystallographically non-equi-  
valent molecules (43). 

The e.s.r, spectra in D M F  (Table 3) at room temperature 
consist of the usual four hyperfine lines. The spectra at liquid 
ni trogen temperature  are of the axial type (gll > g• and are 
consistent with a ground state which is primarily dx2_~2 for 
species having a tetragonal structure (42). It  has been found (44) 
for this structure type that the stronger the axial ligand coordi- 
nation,  the lower is the A value and the higher the g (where 
there are equivalent  equatorial  ligands), Therefore,  the values 
A and g for [CuL2X2] (X = C1, Br, or CiO4) suggest that the 
strength of the axial l igand coordinat ion decreases in the se- 
quence C1 > Br > C104, which is in agreement with the order 
found from the electronic spectra. Table 3 shows the cova- 
lency parameter  calculated (45' 46) from the data derived from 
D M F  solution experiments.  The values found for c~ z indicate 
moderate  covalency for the o-bonding and they are in the 
range expected for the copper complexes with tetragonal dis- 
tortion: 0.83-0.84 ni t rogen donor  ligands (47) and 0.84-0.9 oxy- 
gen donor  ligands (4s). The ~2 and ~2 values indicate a signifi- 
cant covalency in the r~-bond in- and out-of-the-plane, respec- 
tively(46). 
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