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Compounds of the type Cu(NCOJ2 LZ were prepar- 
ed, where L was imidazole, I- or 2methyE, 2-ethyl-, 
I ,2dimethylimidazole, 2-methyl- and 2-ethylbenzimi- 
dazole. The results of physical methods show that 
these complexes have elongated octahedral stereo- 
chemistries with various degree of axial interaction 
or five coordinate arrangement. The weaker axial 
bondings of the Cu(II) atom are realized by free oxy- 
gens or - in two cases - by equatorially bonded 
nitrogens of the NC0 groups. Two isomers of Cu- 
(NC0)2(2ethylbenzimidazole), were isolated, in 
which the various degree of axial distortion is asso- 
ciated with such a different axial ligation. 

Introduction 

Metal complexes of imidazole ligands [2] were 
studied by X-ray crystallography and by various 
physical methods. The compound CuCIZ(iz)Z exhibits 
(according to the X-ray results [3]) a five-coordi- 
nate, tetragonal pyramidal configuration. Further, 
the compounds CuClz(iz)Q [4], CuXz(bz)4 (X = Cl, 
Br) [S] and CuC12(2-meiz)4 [6] were prepared, 
for which tetragonal octahedral stereochemistries 
were claimed. On the other hand, for the I:2 com- 
plexes CuXZ(2-meiz)z (X = Cl, Br) [6, 71 a distort- 
ed tetrahedral arrangement was postulated. This 
paper presents the physical properties of cyanato- 
copper(H) complexes with imidazole and its deriva- 
tives and characterizes their structural features. The 
analogous thiocyanato-copper(H) complexes will be 
reported elsewhere [8]. 

Experimental 

Chemicals 
Imidazole, l- or 2-methyl-, Z-ethyl-, 1,2-dimethyl- 

imidazole (Fluka) were used without further purifica- 
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tion. 2methyl- and 2ethylbenzimidazole were 
synthesized by the method of Phillips [9]. 

Preparation 

CU(NCO)~ L?, where L = iz, 1 -meiz, 2-meiz, 2-etiz, 
I,Zdimeiz, 2-mebz 
Aqueous solution of CU(NO~)~.~H~O was mixed 

with aqueous solution of KNCO and was added to an 
aqueous or methanolic solution of the ligand L. The 
solutions were left to crystallize in a refrigerator. The 
crystalline precipitates were sucked off, washed with 
water and dried in a desiccator over KOH. 

cr-Cu(NCOh (d-etbzh 
Aqueous solution of CU(NO~)~*~H~O was poured 

together with aqueous solution of KNCO, and this 
was added to methanolic solution of 2-etbz. The 
temperature of the solutions was 35 “C. The crystal- 
line precipitate was formed by standing and slow 
cooling of the reaction system. The product was 
sucked off, washed with water and dried in a desic- 
cator over KOH. 

gCu(NCO), (2-etbzh 
The preparation procedure was the same as for the 

a-isomer, but the temperature of the solutions was 
15 “C. The obtained system had to be intensively 
cooled by water with ice. 

Solutions used 
1. 25 mmol of CU(NO~)~*~H~O in 50 cm3 of 

water, 53 mmol of KNCO in 50 cm3 of water and 55 
mmol of iz or 2-mebz in 100 cm3 of methanol; 
2. 25 mmol of CU(NO~)~*~H~O in 50 cm3 of water, 
53 mmol of KNCO in 50 cm3 of water and 56 mmol 
of I- or 2-meiz, 2-etiz or 1,2-dimeiz in 50 cm3 of 
water; 3. 4 mmol of CU(NO~)~.~H,O in 25 cm3 of 
water, 8.6 mmol of KNCO in 25 cm3 of water and 
10.2 mmol of 2-etbz in 50 cm3 of methanol. 

All attempts to prepare a complex of the composi- 
tion Cu(NCO),(bz), led to products contaminated 
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TABLE I. Analytical Data. 

A. Maflejovb, J. Kohout and J. Gaio 

Compound Colour Calc. (%) 
Found (%) 

C H N CU 

CU(NCO)~@), Light blue 

Cu(NC0)2 (1 -mei& Light blue-violet 

CU(NCO)~ (2-meiz)z Violet-blue 

Cu(NC0)2(2eti& Blue 

Cu(NCO)* (1,2-dimeiz)z Navy blue 

Cu(NCO)z (2-meb& Grey-violet 

wCU(NCO)~ (2etb& Deep violet 

@C~(NC0)~(2etb& Deep green 

33.86 2.84 29.62 22.40 
33.10 2.83 29.60 22.40 
38.52 3.88 26.95 20.38 
38.50 3.90 26.89 20.45 
38.52 3.88 26.95 20.38 
38.12 3.82 26.80 20.40 
42.41 4.75 24.73 18.70 
41.78 4.75 24.53 18.78 
42.41 4.75 24.73 18.70 
41.81 4.70 24.53 18.72 
52.44 3.91 20.39 15.42 
52.31 3.97 20.36 15.40 
54.60 4.58 19.10 14.44 

54.30 4.55 19.16 14.46 
54.60 4.58 19.10 14.44 
54.70 4.60 19.13 14.49 

TABLE II. Cyanate and Copper-Nitrogen Vibrations (cm-’ ).a 

Complex 
-~__-- 

Cu(NCO)z (iz)z 

Cu(NCO)z (1 -meiz), 

Cu(NC0)2(2-meiz)~ 

Cu(NC0)2(2-eti& 

Cu(NCO)z (1,2-dimeiz)z 

C~(NC0)2(2-mebz)~ 

cuC~(NCO)~(2etbz)~ 

~Cu(NC0)~(2-etbz)~ 

v, (NC(J) 
-__ 

2236 vs 

2228 vs, 2198 vs 

2231 vs, 2201 vs 

2186 vs 

2231 vs, 2198 vs 

2227 vs 

2212 vs 

2232 vs, 2206 vs 

us (NC01 
___-__.-- 
b 

1331 m 

1327 sh, 1321 m 
b 

1327 m 

1349 m, 1317 m 

1327 ms 

1343 m 

h(NCQ 
___- 

607 s 

615 s 

637 mw, 610 s 

608 s 

614 s 

614 s, 606 s 

612 msC, 595 sc 

649 m, 607 sc 

597 SC 

- 
v(Cu-NCO) 

357 s 291 s, 269 ms 
364 s 296 ms, 282 sh 
357 s 297 ms 
369 s 253 m 
354 vsd 273 s 
379 vsd 253 s 
380 vsd 276 sCvd 
383 vsd 258 ms 

as = strong, m = medium, w = weak, sh = shoulder, v = very. bOverlapped by the L ligand bands. ‘Cannot be identified with 

certainty due to the presence of L ligand bands. aA very weak splitting occurs. 

by red bis(benzimidazolate) copper(H), 
already by Goodgame and Haines [5]. 

The violet and green crystals of cr- 
(NC0),(2etbz), are very different: their 

described 

and &Cu- 
X-ray dif- 

magnetic susceptibilities [lo], were obtained as 
described in the cited papers. The temperature depen- 
dence of the magnetic susceptibility for 01- and @Cu- 
(NC0)2(2-etbz)2 was measured as in [ 121. 

fraction patterns (Fig. 1) show almost no common 
features. 

Analvsis Results and Discussion 

Elemental analyses were carried out on a C, H, N, 
Analyser (Carlo Erba). Copper was determined by 
chelatometric titration. The analytical and other 
basic data are summarized in Table I. 

Physical Measurements 
The infrared [lo], solid state electronic [IO] and 

ESR-spectra [ 111, as well as the room temperature 

Infrared Spectra 
The infrared bands belonging to the cyanate and 

copper-nitrogen vibrations were identified by com- 
parison with published spectra [13] of the pure 
Iigands, as well as of the corresponding CU(NCS)~~ 
complexes [8]. The frequencies of these vibrations 
are given in Table II. 
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TABLE 111. ESR and Electronic Spectral Data and Magnetic Moments (20 “C). 
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- __- 

Complex gll g1 G 3 -1 d 
L,,(10 cm ) /+ff WM.) 

- ___-__ 

CWC0)2(& 2.251 2.040 6.28 15.5 1.83 

Cu(NCO)z(l-mei& 2.231 2.059 4.02 15.1 ~18.0 sh 1.87 

Cu(NCO)z(2-mei& 2.212 2.073 3.13 16.3 1.87 

Cu(NCO)z(2_etiz)z 2.274 2.046 5.96 14.0 ~17.3 sh 1.88 

Cu(NC0)2(1,2dimeiQ2 2.300 2.063 4.76 15.6 1.87 

Cu(NCO)2 (2mebz)z 2.06a 17.6 1.83 

orC~(NCO)2(2-etbz)~ 2.227 2.042 5.40 e14.4 sh 18.8 1.82 

pCu(NCO)2(2etbz)2 2.178b 2.054’ 16.1 1.85 
---- -_-- -___ 

aThe go value fro7 th” pseudoisotropic ESR spectrum. bThe value determined at the maximum and Cminin~un~ of the 
derivative curve. sh - shoulder. 

I I I I r ! I 

c 

I I I , I 
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Fig. 1. X-ray diffraction patterns of o(- and pCu(NC0)2- 
(2-&bz)2. 

Cyanate vibrations 
All studied complexes exhibit the v,(NCO) vibra- 

tions in the range of ca. 2235-2185 cm-‘, with a 
doublet splitting observed in some cases, and the 
v,(NCO) modes in the range of ca. 1350-l 315 
cm-‘. The deformation NC0 modes appear between 
=650-595 cm-‘; they are mostly single or split into 
a doublet by as much as 17 cm-‘. These results sug- 
gest [14] terminal nitrogen bonded NC0 groups, 
possibly involved in pseudobridges through their 
oxygen atoms [ 151. As was pointed out [ 141, such 
type of NC0 group pseudobridging cannot be deter- 
mined from the behaviour of the 6(NCO) mode. 
For Cu(NC0)2(2-meiz)2 the 6(NCO) mode shows a 
splitting by 27 cm-’ and consequently N-pseudo- 
bridging NC0 groups may be admitted. The com- 
pound fi-Cu(NC0)2(2-etbz)2 has this mode probably 
split into three components in the range of 52 cm-‘, 
so that the presence of cyanate N-bridges is indicated 

1141. 

. . 
.. 4 . . . . . . . ,<,‘,,.... . . 

. . . . . . . . . . . . . . ...’ 

_- _A 
,I’ ‘\, 

_____---- ‘\ , 
!oo 

B 

9 

p'2.0028 

I 

./’ 

/ 

_______________ 

i , 

i / 

i 

iI 

Fig. 2. ESR spectra of Cu(NCO)2(2-meiz)z (-), Cu- 
(NCO)z(2_etiz)z (. . .), and pCu(NCO)z (2etbz)z (- - - - -). 

Copper-nitrogen vibrations 
The strong bands in the region of ca. 380-355 

cm-’ can be assigned [14, 161 to the v(Cu-NCO) 
stretching vibrations, while the medium to strong 
bands in the range of ca. 295-255 cm-’ can be 
attributed [17] to the v(CU-N(L)) stretching vibra- 
tions. For the complexes of iz and 1-meiz these 
latter vibrations are split by as much as a20 cm-‘. 

The complexes of 2mebz and 2-etbz have their 
u(Cu-NCO) frequencies higher by about 20 cm-’ 
than those of alkylimidazoles and the v(Cu-N(L)) 
frequencies are usually lower (though they are rather 
variable). This is a similar phenomenon as observed in 
the case of cyanato-copper(I1) complexes with 
methylpyridines [ 161. According to the v(Cu-N(L)) 
values, Cu(NCO)2(2-etiz)2 when compared with Cu- 
(NC0)2(iz)2 shows a considerable weakening of the 
Cu-N(L) bonds; similar weakening, though to a smal- 
ler degree, appears for CU(NCO)~( 1,2-dimeiz)*. 

The isomers of Cu(NCO)2(2-etbz)2 strongly differ 
in their v(Cu-N(L)) value, which is for the a-isomer 
higher by =20 cm‘-’ (the v(Cu-NCO) values being 



128 

very close). Assigning tetragonal structures to both 
compounds, this fact may reveal a greater tetra- 
gonal distortion for the a-isomer, which results 
in total strengthening of the equatorial bonds 

[181. 

ESR Spectra 
The ESR spectra of the complexes under investiga- 

tion (Table III, Fig. 2) except for Cu(NCO)s- 
(2mebz),, are of axial type; the spectrum of fl- 
Cu(NCO)s(2etbz), is strongly affected by exchange 
coupling [19]. The Cu(NCO)z(2mebz), shows a 
pseudoisotropic spectrum, having on its broad asym- 
metric line the g value unresolved, so that only the 
g, value at the inflection point can be determined 

1201. 
The gu values occur in the range of ca. 2.24-2.30 

and the gl values, corrected for the Gaussian line 
shape [2I], in the range of ca. 2.04-2.07. Since 
the values of G = (gu - 2)/(gl - 2) in general are 
greater than 4, these g values correctly predict the 
Cu(II) atom ground state, being dxz-,.z [ 191. Only 
for Cu(NCO)z(2-meiz), is the G value below 4, 
suggesting (in agreement with the line shape about 
gi) some exchange coupling between the weakly 
bridged Cu(I1) atoms. 

The high gb values for complexes of 2-meiz, 2-etiz 
and 1,2-dimeiz indicate their pseudooctahedral or 
five coordinate stereochemistries. In these cases 
the equatorial bonds are weakened compared with 
the pronounced tetragonal system and thus, the gu 
values should increase [22]. On the other hand, 
Cu(NCO)*( I -meiz)z and cu-Cu(NCO)z(2-etbz)z 
exhibit the lowest gu values, suggesting the strong 
tetragonal distortion in these complexes. 

The feature of the ESR spectrum of &CU(NCO)~- 
(2etbz)s is consistent with a significant axial inter- 
action, which makes possible an exchange coupling 
between magnetically unequivalent Cu(I1) atoms 

]I91. 

Electronic Spectra 
The ligand field spectral data are listed in 

Table III; some of the spectra are exemplified in 
Fig. 3. 

The complexes with L = iz, 2meiz, 1,2-dimeiz 
and 2mebz, as well as /3_Cu(NCO)s(2-etbz)s exhibit 
a single d + d band with its maximum in the range 
of 1.5500-17600 cm-‘. This band is for Cu(NC0)2- 
(2-meiz)s fairly symmetric, for Cu(NCO)s(I ,2- 
dimeiz)z it is broader, and for complexes of iz, 2- 
mebz, and for P_Cu(NC0)2(2-etbz)2 it is percep- 
tibly asymmetric on the low wavenumber side. 
Taking together our data on the position and shape 
of the d f d bands, it seems reasonable [19a, 231 
to attribute pseudooctahedral structures to the 
complexes of 2meiz and 1,2-dimeiz, supported by 
the glt values. The remaining complexes have 

A. MaSlcjovci, 1. Kohoul and J. Gaio 

LOO 450 500 600 - Ahnl 
I I I 1 I 

Fig. 3. Ligand field spectra of A - Cu(NC0)2(2-me&, B - 

CU(NCO)~ (2eti&, C - orCu(NCO)z(2-etbz)z, and D - 

~-CU(NCO)~ (2&b+. 

apparently stronger tetragonal arrangements, espe- 
cially Cu(NC0)2(2-mebz)2 in respect of its high band 
maxima wavenumber. 

In all probability, the structures of these com- 
pounds are formed by basic units of the type 
transCuN,(2NCO)N2(2L). From analogy with 
the finding of papers [3, 24]we assume that imida- 
zole Iigands are bonded by a tertiary nitrogen atom. 
The completion of the planar units to the elongated 
octahedra can be realized [ 14lthrough cyanate oxy- 
gen or nitrogen atoms from the adjacent units. In 
complexes of iz, 1,2-dimeiz and 2mebz apparently 
the former possibility takes place, but in Cu(NCO),- 
(2meiz)z and f3-Cu(NC0)2(2-etbz)2 according to the 
I.R. implications, nitrogens rather than oxygens 
occupy the axial sites. 

The spectrum of a-Cu(NC0)2(2-etbz)2 indicates 
[ 19, 231 an expressively tetragonal structure, show- 
ing barely weak axial bonding with cyanate oxy- 
gens. 

The complexes of I-meiz and 2-etiz have their 
d + d bands lying at 14000 and I5 100 cm-’ respec- 
tively, accompanied by high wavenumber shoulders 
above 17000 cm-‘. Hathaway et al. (251 found 
similar electronic spectra for a series of mono- 
(diethyIenetriamine)opper(II) complexes, which was 
considered as consistent with a rhombic octahedral 
or square pyramidal stereochemistry. Very recently, 
Hathaway et al. [26] reported for regular trigonal 
bipyramidal [Cu{tris(2-aminoethyI)amine}(NH3)12+ 
cation an electronic spectrum showing also a high 
wavenumber shoulder, but as a whole shifted in 
respect of our cases by ca. 3000 cm-’ to lower 
energies. From these facts it may be concluded that 
I-meiz and 2-etiz complexes should have five- 
coordinate or rhombic octahedral stereochemistries; 
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a more distinct structural assignment is difficult to 
carry out at this stage. Recently it was pointed out 
[27] that the connection between the copper(l1) 
atom stereochemistry and the solid state electronic 
spectrum is not always straightforward. 

Magnetic Properties 
All the complexes under study have room 

temperature values of the magnetic moments in 
the range of 1.82-l .88 B.M. This is in keeping 
with magnetically diluted tetragonal Cu(11) systems 
showing an orbitally non-degenerate ground state 
[19b]. 

The temperature-variable magnetic data for both 
isomers of Cu(NCO)s(2etbz)s are given in Table IV. 
The magnetic susceptibilities of these compounds 
obey the Curie-Weiss law, x? - NAa = C(T t 0)-r, 
where NAo is the temperature independent para- 
magnetism; this was calculated as described 
previously [28]. The values of C and /3 were deter- 
mined by the standard linear least squares method 
(95% Cl). The small 0 values suggest that significant 
exchange interactions between the Cu(11) atoms 
do not take place in the pertinent temperature range. 
This is somewhat surprising for the /I-isomer, where 
the presence of exchange coupling is indicated by 
the ESR spectrum (see above). Apparently the 
effectiveness of the spin transmission is insufficient 
to become evident by the temperature dependence 
of the magnetic susceptibility. 

Conclusions 

According to the results of the physical methods 
the cyanato-copper(11) complexes of imidazole 
ligands have elongated octahedral stereochemistry, 
formed by tram-Cu(NCO),b units. These units 
are stacked in the crystal structure in such a way 
that weaker axial bonds of the Cu(11) atoms with 
cyanate oxygens or nitrogens arise. 

In the complexes of iz, 1,2-dimeiz, 2-mebz and 
in ctCu(NC0),(2etbz)z axial Cu-0 bonds may 
be assumed, but in Cu(NCO)s(2-meiz)z and /I- 
Cu(NC0),(2-etbz), then Cu-N bonds are assumed. 
In the complexes of lmeiz and 2-etiz, five coordi- 
nate geometries are possible. The two isomers of 
Cu(NC0)2(2etbz)2 differ by the degree of axial 
distortion as a consequence of the different bridging 
function of the NC0 groups. 

The stereochemical propositions deduced from 
the electronic spectra, together with the far-I.R. 
and ESR evidence, indicate a manifestation of an 
equatorial-axial interaction [29]. In the case of 
the studied complexes the strengthening of axial 
interactions is accompanied by a loosening of bonds 
in the equatorial plane, and vice versa. 
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