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Abstract 

Draqua(tmmodiacetato)copper(II), [Cu(IDA)(H,O),] (I), reacts wrth 2-methyhmrdazole to yreld 
[Cu(IDA)(2MeImH)] nH,O (n = 3, l/2) or [Cu(IDA)(2MeImH),J, 4H20. However, the reactron of I with 4MeImH 
(even m excess) only grves the 1:l:l ternary complex m the form of the ‘remote’ tautomer derivatrve 
[Cu(IDA)(SMeImH)] . H,O,. This compound crystalhzes m the monoclinic system, space group F2, /n (a = 13 875(l), 
b = .5.748(l), c = 14.739(3) A, p = 106.32(l)“, Z = 4, final R = 0.059 and R, = 0.060 for 1169 Independent reflectrons). 
The crystal consists of H20 molecules non-bonded to the metal and ztgzag chams of the complex The Cu(I1) 
atom shows a flattened square base pyramtdal coordmatron (type 4+ 1) One N of 5MeImH and one N and 
two 0 of the same IDA hgand are at the coordination square base. One longer Cu-0 bond wrth the next 
adJacent IDA Iigand of the chain complex accomphshes the Cu(I1) drstorted five-coordmatton The new mrxed- 
hgand copper(I1) complexes were characterized by thermal, spectral and magnetic methods. The results are 
drscussed m connection with the reported data for analogous compounds wrth an unsubstrtuted rmrdazole Iigand. 
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Introduction 

Copper(imidazole-aminoacidato or peptide and 
related compounds (such as Cu(II)-histidine containing 
peptide complexes) have a broad interest as structural 
models for some copper proteins. In this sense we have 
reported the synthesis, structure and/or properties of 
several Cu(I1) complexes having iminodiacetato(2 - ) 
(IDA) or N,N,N’,N’-tetrakis(carboxymethyl)cyst- 
aminato(4 - ) (TCC) ions as primary hgands and co- 
ordinated imidazole (ImH) as the secondary one [l-3]. 
In addition, we have reported the crystal structure of 
[Cu,(TCC)(SMeImH),] .2H,O [4]. This compound was 
obtamed by reaction of [Cu,(TCC)(H,O),] .4H,O [5] 

*Author to whom correspondence should be addressed. 

and 4-methyhmidazole (4MeImH), which is coordinated 
as its ‘remote’ tautomer form SMeImH. Various reports 
on Co(III), Cu(I1) or Ni(I1) mixed-ligand complexes 
[6-lo] suggest that the coordination of 4/5-MeImH as 
5MeImH implies steric advantages. In this connection, 
we report a comparative study of the reactions of 
[Cu(IDA)(H,O),] with 2-methyhmidazole (with only 
this neutral hgand form) and 4MeImH (which could 
to be coordmated to the metal as itself - ‘adjacent’ 
isomer - as well as SMeImH - ‘remote’ isomer). 

~W,NCH,C02-)2 ,CH2C02- 
I 

SC,H,N(CH,CO,-), HN\ 
CH,CO,- 

TCC4- ion IDA2- ion 
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Experimental 

Synthesis of the complexes 
The three new mixed-ligand Cu(I1) complexes were 

obtained by reaction of [Cu(IDA)(H,O),] (I) [ll] and 
the required amount of 2MeImH or 4MeImH (Sigma) 
in aqueous media, by the procedures prevrously reported 
for [Cu(IDA)(ImH)].2H,O (II) [2] or [Cu(IDA)- 
(ImH),],.2H,O (III) [l] but using a methyl-substituted 
imidazole instead of ImH. 

Equimolar amounts (15 mmol) of I and 2MeImH 
react m water (150 ml) to give by slow evaporation 
blue crystals of [Cu(IDA)(2MeImH)] .3H,O (Wa). 
Yield 70%. Anal. Calc. for CuC,H,,N,O,: C, 29.05; H, 
5.18; N, 12.70; Cu, 19.1. Found: C, 29.02; H, 5.14; N, 
13.08; Cu, 19.21%. This compound slowly loses water 
at room temperature to give [Cu(IDA)(2MeImH)]. 
1/2H,O (IVb) Anal. Calc for CuC,H,,N,O, ,-: C, 33.63; 
H, 4.23; N, 14.70; Cu, 22.24. Found: C, 33.63; H, 4.26; 
N, 14.77; Cu, 22.2% 

The reaction of I (15 mmol) with 2MeImH (45 mmol, 
50% m excess) m 150 ml of water gives dark blue 
crystals of [Cu(IDA)(2MeImH),J,.4H,O (V) (assumed 
drmer). Yield 60% Anal. Calc. for Cu,C,,H,,O,,N,,: 
C, 36.50; H, 5.36; N, 17.74; Cu, 16.09. Found: C, 36.37; 
H, 5.35; N, 17.58; Cu, 15.9% 

Reaction of I and 4MeImH (m equimolar amounts 
or in large excess) only gives [Cu(IDA)(SMeImH)] . H,O 
(VI) as well formed dark blue crystals. Yield 80%. Anal. 
Calc for CuC,H,,N,O,: C, 32 60; H, 4.45; N, 14.26; 
Cu, 21.56. Found: C, 32.42; H, 4.35; N, 14.58; Cu, 
21.5%. 

Crystal structure determmation 
A prismatic blue single crystal of compound VI with 

approximate dimensrons 0.15 X0.10X 0.15 mm was 
mounted on an Enraf-Nonius CAD-4 drffractometer. 
The unit cell was determined and refined from angle 
data of 25 randomly selected reflections in the range 
8.19 < 0< 13.42”. Intensities were measured at room 
temperature with filtered MO Ka radiation by the w/ 
20 scan technique Crystal data are in Table 1. Of 3397 
reflections collected m the range 3 < 0<29”, 1169 with 
1>341) were used m structure determination and 
refinement. Lorentz-polarization and empirical ab- 
sorption [12] corrections were applied (with linear 
absorption coefficients: min. 0.484, max. 1 299, av. 0.958). 
The structure was solved by direct methods [13] and 
refined by full-matrix least-squares with umt werghts 
and anisotropic thermal parameters for non-H atoms. 
The positions of the H atoms were located on a Ap 
map with the exception of H(lO) which was assumed 
as N-H =0.95 A. The hydrogen atoms of the water 
molecule were not calculated. The required H atoms 
were included in structure factor calculations with 
B,,, = 4.0 A2, but not refined. Secondary-extmctron 

TABLE 1 Crystallographic data for [Cu(IDA)(SMeImH)] Hz0 

(W 

Chemical formula 
Formula weght 
Crystal system 
Space g* oup 

= (A) 
h (A) 
c (A) 
P (“) 
v (A’) 
Z 
h (MO KLY) (A) 

~~~~~ (g cm-‘) 
P (cm-‘) 
F(OOO) 

GH,,CuNQ 
294 75 
monochmc 
&In 
13 X75( 1) 
5 748(l) 
13.739(3) 
106 32( 1) 
1128 2 
4 
0 70930 
1135 
19 525 
604 

coefficient [ 141 refined to s = 6.25 x 10mR{F, =F,/ 
[l +g(F,)2L~ll. A/G,,, <O 001, Apmax. 1.06 e Ap3 Final 
R factor=0.059, R,=0.061, S=2.228 for 155 param- 
eters. See also ‘Supplementary material’. Atomic scat- 
tering factors were taken from the International Tables 
for X-ray Crystallography [15] Calculatrons were per- 
formed on a DEC MrcroVAXII computer with the 
SPD program package [16] Molecular graphics were 
from SCHAKAL 117). 

Physical measurements 
TG and DTA diagrams, IR, near-IR-Vrs-UV and 

ESR spectra and magnetic susceptibility data were 
obtained as described in a previous paper [18] 

Results and discussion 

Crystal structure of compound Vl 
Positional parameters of [Cu(IDA)(SMeImH)] . H,O 

are given in Table 2. Bond lengths and angles around 
the Cu(I1) atom are listed m Table 3. A drawing of 
the complex with the labellmg of the atoms are given 
m Fig. 1 The stereoscopic view of the unit cell (Fig 
2) shows that compound VI consists of water molecules 
non-bonded to the metal and zrg-zag chains of the 
complex which extend parallel to the axis b. The atoms 
N(l), O(1) and O(3) of the same chelating IDA hgand 
and N(lO) of 5MeImH define a slightly distorted square 
base. The copper(I1) atom lies at 0.101 A from the 
square base mean plane P(1) toward a fifth donor atom 
O(4’) of one adjacent IDA hgand which is related wrth 
the former one by the two-fold symmetry screw axis 
(symmetry code i=O.5 -x, 0.5 fy, 0.5 -z). The devia- 
tions of N donors toward Cu(II) and of 0 donors in 
the opposite sense from P(1) are nearly equivalent 
(mean dev. = 0.07(2) A). The Cu-O(4’) bonds are typ- 
ically longer than the other four coordmatron bonds. 
The Cu(I1) shows a distorted square base pyramidal 
environment (type 4 + 1) 



TABLE 2 Atomic coordmates and thermal parameters with 
e.s.d s m parentheses 

Atom x Y z L&q* 
(‘Q) 

cu 0 30661(S) 0 2738(2) 0 11666(8) 2 96(2) 
01 0.3216(4) 0 521(l) 0 0301(4) 3.3(l) 
02 0 2397(5) 0.815(l) - 0 0543(5) 4 5(2) 
03 0.2523(4) 0 027(l) 0 1819(4) 2 8(l) 
04 0 1174(5) -0.047(l) 0 2321(4) 3.9(2) 
0.5 0.5820(6) -0 639(l) 0 3880(5) 5 8(2) 
Nl 0 1766(6) 0.431(2) 0.1060(7) 6.4(2) 
N10 0.4327(S) 0.130(l) 0 1193(4) 2.6( 1) 
N20 0 5868(5) 0.104(l) 0 1080(5) 3.1(2) 
Cl 0 2455(7) 0.648(2) 0 0003(6) 3.0(2) 
c2 0.1538(6) 0 587(2) 0 0309(6) 2 9(2) 
c3 0 1073(6) 0.268(2) 0 1261(6) 3.2(2) 
c4 0 1621(7) 0.064(2) 0 1858(6) 2 8(2) 
Cl0 0 5036(6) 0 226(2) 0.0887(6) 3.3(2) 

dB,q=(3/4)[a2B(l,l)+b2B(2,2)+cZB(3,3)+ab(cos y)B(l,Z)+ac- 
(cos P)B(1,3) -t bc(cos a)B(2,3)]. 

The Cu-N(10) bond distance (1.926(7)A) is slightly 
shorter than the cOorresponding Cu(II)-N(5MeImH) 
bond (1.947(3) A) in the related compound 
[Cu,(TCC)(SMeImH),] .2Hz0 which also has its cop- 
per(I1) atoms in distorted square pyramidal coordination 
(type 4-t 1) [4]. In the new case, the Cu-N(lO) bond 
falls under the range of distances (1.95(l)-1.98(2) A) 
reported for Cu-N(ImH) bonds m a variety of Cu(II)- 
ammodicarboxylate-imidazole and related complexes 
(refs. l-4 and refs. therein) As expected, the hetero- 
cyclic ring in 5MeImH is strictly planar (observed 
deviations within the error limits) and its methyl C(21) 
atom deviates only 0.04(l) 8, from the ring mean plane 
P(2). The Cu(I1) atom is 0.201(l) 8, out of P(2) which 
defines a dihedral angle of 7.0” with P(1). No significant 
d,-p, copper(I1) + imidazole back-donation contribu- 
tion is deduced from these data for the v donor role 
of the 5MeImH ligand in the studied compound. The 
noticeable structural evidence is that the coordination 
of 4MeImH to the Cu(II)-IDA entity actually occurs 
as 5MeImH. No evidence of the ‘adjacent’ isomer 
complex [Cu(IDA)(SMeImH)] is available. In addition, 
all attempts to obtain a compound with Cu(II)/IDA/ 
4- and/or 5-MeImH equal to 1:1:2 were unsuccessful. 
Even more, one attempt to isolate the hypothetical 
compound [Cu(IDA)(ImH)(4/5-MeImH)] .nH,O was 
carried out, but only an amorphous blue glass was 
obtained. In clear contrast, we have previously reported 
the crystal structure of compound II which contains 
the dinuclear complex [Cu(IDA)(ImH),], with two ImH 
ligands per Cu(II)-IDA entity [l]. In the same sense, 
we describe in this paper the synthesis of compound 
V, with two 2MeImH ligands per Cu(II)-IDA unit. 

7.5 

TABLE 3 Bond lengths (A) and angles (“) of compound VI 
with e s d s m parentheses 

Copper environment 
cu-O(1) 
cu-O(3) 
Cu-N( 1) 
Cu-N( 10) 
cu-O(4’) 
cu-Cu’ 

IDA 
N(l)-C(2) 
N(l)-C(3) 
C(l)-c(2) 
C(3)-c(4) 
0(1)-C(l) 
W-W) 
W-C(4) 
0(4)-C(4) 

5MeImH 
N(lO)-C(10) 
N(lO)-C(30) 
N(20)-C(10) 
N(20)-C(20) 
C(20)-C(21) 
C(20)-C(30) 

196(l) 
198(l) 
1 99( 1) 
193(l) 
2 41(l) 
5 446(2) 

140(l) 
143(l) 
151(l) 
154(l) 
126(2) 
124(l) 
129(l) 
122(l) 

1.31(l) 
1.40(l) 
132(l) 
138(l) 
1 50( 1) 
134(l) 

O(l)-cu-O(3) 
O(l)-cu-O(4’) 
O(l)-Cu-N(1) 
O(l)-CU-N(10) 
O(3)-cu-O(4’) 
O(3)-Cu-N(1) 
O(3)-Cu-N(lO) 
0(4’)-Cu-N(1) 
0(4’)-Cu-N( 10) 
N(l)-Cu-N(lO) 

cu-0(1)-C(l) 
cu-0(3)-C(4) 
Cu-N(l)-C(2) 
Cu-N(l)-C(3) 
C(2)-N(l)-C(3) 
O( 1)-C( 1)-O(2) 
O(l)-C(l)-C(2) 
O(2)-C( 1)-C(2) 
N( l)-C(2)-C( 1) 
N(l)-C(3)-C(4) 
O(3)-C(4)-O(4) 
O(3)-C(4)-C(3) 
O(4)-C(4)-C(3) 
C(4’)4(4’)-cu 

Cu-N(lO)-C(10) 
Cu-N(lO)-C(30) 
C(lO)-N(lO)-C(30) 
C(lO)-N(lO)-C(20) 
N(lO)-C(lO)-C(20) 
N(20)-C(20)-C(21) 
N(20)-C(20)-C(30) 
C(21)-C(20)-C(30) 
N( lo)-C(30)-C(20) 

164 O(2) 
1012(2) 
83.0(4) 
93 7(3) 
89 O(2) 
84 4(3) 
98 7(3) 
917(4) 
90 3(2) 

176 4(4) 

114.6(6) 
114.5(5) 
110 9(8) 
109 4(7) 
124 9(8) 
124 8(9) 
117.3(9) 
117.9(8) 
lllS(7) 
111 6(7) 
126 4(8) 
115.4(8) 
118 2(8) 
125 4(5) 

125 O(6) 
130 7(6) 
103 9(7) 
106 9(X) 
113.5(9) 
120 8(8) 
106.4(7) 
132 7(9) 
109 2(8) 

Symmetry code 1 0 5 --x, 0 5 +y, 0 5 --z 

A second structural feature of compound VI is the 
near coplanarity of the two five-membered Cu(II)-IDA 
chelate rings sharing the Cu-N(amino) bond. The di- 
hedral angle between the ring mean planes is 4= 13.6” 
m this case. The same ‘opening’ IDA conformation 
has been reported in the crystallographic studies of 
[Cu(IDA)(ImH)(CH,OH)]~0.37H,O (II’with 4= 15.5”) 
- obtained by recrystallization of compound II from 
hot methanol [2] - and [Cu,(IDA),(4,4’-bipy)] [19], 
which has a half of the 4,4’-bipyridine ligand per Cu-IDA 
unit. These two complexes, in common with compound 
VI, also have a Cu-N(heterocycle) bond of <2.00(l) 
A. In clear contrast, compounds [Cu(IDA)(ImH),],. 
2H,O (III) [l] (with 4 = 83”) and [Cu(IDA)(2,2’-bipy)] . 
6H,O [20] - with two Cu(II)-N heterocycle bonds m 
CLS positions - have the tridentate IDA ligand forming 
two nearly perpendicular chelate rings and Cu-N(IDA) 
bonds of > 2.00(l) A. We have argued that the nearly 
coplanar Cu-IDA chelate rings m the Cu- 



Fig 1 Illustration of the structure of the asymmetrlc entity [Cu(IDA)(5MeImH)] H,O 

0 

FIN 2 Stereo view of the umt cell showrng some hydrogen bonds lookmg down the a axis with the c axis vertical and b axis 
hortzontal 

IDA-N(heterocycle) complexes arise from the pref- donors m plane with the Cu-N(IDA) bond, which 
erence of the first incoming N-heterocyclic Iigand for results m a rather long bond. 
the truns-coordinatton posltlon to the N(IDA) donor 
atom which Induces a rather short Cu-N(fDA) bond, Propefties of compounds IV-VI 
whereas the nearly perpendicular Cu-IDA chelate rmg The hydrated forms of compounds IV-W have low 
1s Imposed by the cu-coordination of two N heterocychc thermal stablhtles, in comparison with the reported 



results for compounds II and III with unsubstituted 
ImH (Table 4). The complete loss of uncoordinated 
water for the complexes with known structure (III, 
2H,O at 403-430 K; VI, H,O at 348413 K) strongly 
suggest that the other compounds contain non-bonded 
water molecules (I, 2H,O at 373-418 K; IVa, 2.5 H,O 
at 338-363 K, IV%, 1/2H,O at 390-41.5 K; V, 2H,O at 
358-393 K). All these dehydration processes occur with 
the corresponding endothermic effect in the DTA dia- 
gram, as expected for hydrogen bonded water molecules 
contributing to the crystal packing. Analogous examples 
were reported for L-aspartato derivatrves, [CU(L- 
Asp)(ImH)] .2H,O, of known crystal structure, and 
[Cu(L-Asp)(2MeImH)].H,O [21] which loses its water 
molecule in the 308-403 K range. 

The IR spectra of compounds II-VI have also in 
common the expected bands for the stretching (v) and 
bonding (6) modes of the N-H groups (imidazole ligands 
and IDA) and carboxylate groups (IDA) as well as of 
the water (v-34500, 6 1640f 10 cm-‘). The N-H 
heterocyclic absorbs at 3200-3280 (v) and 1550 + 10 (S) 

-‘. The N-H (IDA) shows its bands at lower wave 
zzmbers, 3100-3150 (v) and 1500-1530 (6) cm-’ The 
v,, band of the carboxylate IDA groups 1595-1615 cm-’ 
are overlapped by the 6(H,O) mode, but one or two 

TABLE 4 TG and DTA data for the loss of water m Cu(II) 
complexes with lmmodlacetato (IDA) and mudazole or a methyl 
derlvatlve (2MeImH or SMeImH) as secondary hgand 

Compound TG DTA 

Weight loss (%) T range Endo Remark 

(K) effect 

Exp (talc.) T (K) 

I1 10.05 (9.46) 373-418 400 -2H20 [2] 
III” (dlmer) 5.17 (4.76) 403430 418 -2HZ0 [l] 
IVa 13.61 (13 3) 338-363 348 - 2 5H,O 
Ivb 2 74 (2.4) 390-415 410 - 0 5Hz0 
V(dlmer) 9 12 (7 95) 358-393 385 - 4H,O 
VI” 611 (5 21) 348-413 400 - Hz0 

“Crystal structure known with H,O non-bonded to the copper(I1) 
atom. 
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bands (or shoulders) of v,,(COO) are recorded in the 
range 1375-1400 cm-‘. A comparison of these spectra 
with the IR spectrum of the diaqua parent compound 
I shows the absence of the absorption bands v(N-H) 
and 6(N-H) of the imidazole ring in the latter case. 
In this sense the reported IR spectral data have di- 
agnostic value m the routme study of synthesized prod- 
ucts. 

Table 5 shows the diffuse reflectance spectra and 
magnetic data for compounds II-VI. It is well known 
that the shape and V,,, values of the d-d band in 
electronic spectra of the Cu(I1) ion in its complexes 
can only be compared in very related compounds and 
should be made with caution [22]. On this basis, we 
found that compounds II, Na and VI have a similar 
irn,X electronic spectrum and pL,,value for Cu(I1). These 
values agree well with distorted octahedral or square 
pyramidal Cu(I1) coordination. The ‘reverse’ type ESR 
spectrum of II with the lowest g,, value sigmficantly 
> 2.03 - also as reported for [Cu(L-Asp)(ImH)].2H,O 
but not for [Cu(L-Asp)(2MeImH)].H,O [21] - would 
be attributed to a distorted octahedral Cu(I1) coor- 
dination with dxz92 ground state and total misalignment 
of the local molecular axes which is referred to an 
antiferrodistorsive ordering [22]. This assumption is 
supported by the crystal structure reported for 
[Cu(IDA)(ImH)(CH,OH)]~0.37H,O, and the sugges- 
tion was made that the compound II could have a 
similar structure but with H,O instead of coordinated 
methanol [2]. The rhombic ESR spectrum of compound 
IVa would correspond to a rhombic octahedral or square 
pyramidal Cu(I1) coordmation. The data for compound 
VI in Table 5 are in agreement with its crystal structure 
where the shortest Cu-Cu’ distance (5.446(2) A) cor- 
responds to two adjacent mtracham complex units. 

Compounds II and V having two imidazole ligands 
per Cu(I1) atom also have analogous electronic and 
magnetic properties. However, the ,LL~,~ value of Cu(I1) 
in compound V is not under the spin only value (1.73 
BM), as observed for II. The ESR spectra of both 
compounds also show a very weak signal at half field. 
The available data suggest a dinuclear structure for V 

TABLE 5. Spectral and magnetic data for mlxed-hgand Cu(II) complexes with IDA and secondary lmldazole hgands 

Compound Electromc spectra ESR spectra” P.n CuUIY Ref. 

&n,X (cm-‘) g values (BM) 

II 14180 ~II 2 06 g, 2 18 1 75 2 
III (dlmer) 17275(sh) 16500 g,, 2.23 g, 2 03 1 65 1 
Nb 14600 g, 2 08 g, 2 14 1 71 

g3 2 27 
V (dnner) 17700(sh) 15650 gl, 2 20 g, 2 05 176 
VI 14750 g,, 2 19g, 2.08 1 76 

“Recorded at 298 and 77 K. ‘All these compounds follow the Cune-Weirs law (77-298 K). 
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analogous to that reported for III with a (4+ 1) + 1 
Cu(I1) environment, but with a longer sixth distance 
which leads to a weaker magnetic interaction between 
the neighbourmg Cu(II) atoms. 

Conclusions 

Unfortunately the structural details of compounds 
IV and V with 2MeImH remam unknown, as they would 
add light on the steric factor of the methyl group m 
the hgand role of the imidazole for the cop- 
per(H)-iminodiacetate unit. In compound II the planes 
of the two ImH hgands linked to the same Cu(I1) atom 
define an angle of 66.0” because of the steric hindrance 
(and other crystal requirements) [l]. The isolatton of 
compound V suggests that the 2-methyl substituent does 
not introduce any noticeable change in the imidazole 
ligating behavrour toward Cu(I1). Thus, the restricted 
coordinating abihty of 4MeImH toward the Cu-IDA 
unit seems to be due to its ‘tautomeric’ possibility, that 
is absent in the ImH and 2MeImH cases. 

Supplementary material 

Hydrogen atomic coordinates and thermal parameters 
of compound IV, torsion angles, mean planes and 
dihedral angles between the planes contaimng the 
Cu(IDA) chelate rings m complexes III and IV as well 
as TG-DTA diagrams, IR, diffuse reflectance and ESR 
spectra and plots of l/xmO, vs. T (K) for compounds 
IVa-VI are available from the authors on request 
Further details of the structure determination have 
been deposited as Supplementary Publication No. CDS- 
57690. Copies may be obtained through the Fach- 
informationszentrum Karlsruhe, D-7514 Eggenstien- 
Leopoldshafen 2, Germany. 
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