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A novel class of asymmetric imidazole-containing ligands showing dinucleating behaviour is reported: ligand 1 
forms a dinuclear complex with copper(ii) perchlorate in which each of the two ligands is shared by the two Cu(ii) 
ions. 

In the dinuclear type-3 site of the copper protein haemocyanin, 
each copper ion is bound by three imidazole nitrogens from 
histidine residues. The crystal structures of both the oxy and 
deoxy form of Limulus lyphemus haemocyanin have been 
determined.' The Cu-Cu distance in the oxy form has been 
reported to be 3.6 A, and is ca. 4.6 8, in the deoxy form. The 
ligands most frequently used in biomimetic studies for the type- 
3 active site of copper proteins are benzimidazoles, pyrazoles 
and pyridines.2.3 Because of the presence of histidine as a ligand 
to copper ions in almost all copper  protein^,^ copper complexes 
with the biologically more relevant imidazolyl donors are 
increasingly being studied as model compounds for copper 
protein active sites.5.6 

3 

Fig. 1 Schematic drawing of the ligands 1, 2 and 3 

Fig. 2 Molecular structure of the dinuclear copper complex 4 { [Cu- 
2(1)2(C10&](C104)2 } . Hydrogen atoms and non-coordinated perchlorate 
anions have been omitted for clarity. Only the major disorder component of 
the coordinated perchlorate anions is shown. Selected bond distances (A) 
and angles ("): Cu(1)-N(13) 1.980(3), Cu(1)-N(42), 2.060(3), Cu(1)-N(33) 
1.954(3), CU( 1)-N(23)" 2.004(3), CU( 1)-O( 1) 2.563(3), Cu(l)-Cu( 1)" 
3.4229(6), O(l)-Cu(l)-N( 13) 90.88( 1 1), N(13)-Cu( 1)-N(42) 80.91( 12), 
O(l)-Cu( 1)-N(33) 87.88( 1 l), N( 13)-C~( 1)-N(23)' 91.16( 12), O( 1)- 
Cu(l)-N(42) 81.94(11), N(23)~Cu(l)-N(33) 95.14(12), O(l)-CU(l)- 
N(23)" 97.29( 1 l), N(33)-Cu(l)-N(42) 92.79( 12). (a Denotes symmetry 
operation --n, -y, -z.) 

In the present study, three new asymmetric tripodal imida- 
zole-containing ligands 1, 2 and 3 have been designed and 
syn thes i~ed~ ,~  by the reaction of bis(imidazo1-2-y1)nitro- 
methane with histamine, 2-ethylaminopyridine and 1 -ethyl- 
aminopyrazole, respectively.? Reaction of 1 with copper(I1) 
perchlorate in ethanol results in the formation of a quite unusual 
dinuclear complex 4 { [CU~(~)~(C~O~)~](C~O~)~), which is 
formed by the sharing of two ligands by the two copper ions.$ 
The sharing of two ligands in the present complex creates a 
cavity between the two CulI ions. A space-filling model of this 
dinuclear compound shows that after a slight conformational 
rearrangement the cavity is accessible for small molecules and 
anions. 

Structural analysis5 of 4 shows that the copper ions are 
coordinated in a square-pyramidal geometry. In the equatorial 
plane, each copper ion is coordinated by one of the imidazole 
nitrogens N( 13) from the bis(irnidazo1e) unit, the amine 
nitrogen N(42) and the nitrogen of the separate imidazole group 
N(33), while the fourth coordinated nitrogen N(23)" is from an 
imidazole group provided by the bis(imidazo1e) unit of another 
ligand. The resulting Cu-Cu distance is 3.42 A. Each copper ion 
is weakly coordinated at the axial position by a perchlorate 
anion with a Cu-0 distance of 2.56 A. The diffuse-reflectance 
spectrum in the VIS-NIR region of 4 shows a band at 17.7 X 
103 cm-1, which is in the usual range for square-pyramidal 
coordinated CuII.9 EPR spectra of the polycrystalline powder 
recorded at room temperature and 77 K show a typical axial 
triplet spectrum10 with g ,  = 2.02, g11 = 2.21 and D = 0.058 
cm-1. The same triplet spectrum is also obtained from a frozen 
solution of 4 in methanol-toluene, proving that the dinuclearity 
of this complex is preserved in methanolic solutions. 

This communication only deals with the structure and 
spectroscopy of a representative example of a dinuclear CulI 
compound with the ligand 1. Preliminary EPR studies show that 
dinuclear complexes similar to 4 are formed with the ligands 2 
and 3. Studies towards the structure and the reactivity of the CuI 
and CuII complexes with all three ligands are ongoing. 
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Foot notes 
7 Selected spectral data for 1 , 2  and 3. (The three ligands were characterised 
on the basis of their 'H NMR spectra). lH NMR (200 MHz, CD30D, 25 "C, 
6 0-1 0) for 1, bis( l,l'-imidazol-2-yl)[4-imidazol-4(5)-yl]-2-aza-but~e 
(biib): 6 7.54 (s, 1H, Im-H), 6.99 (s, 4H, Im-H), 6.76 (s, IH, Im-H), 5.13 (s, 
lH, CH), 2.76 [s (br), 4H, CH2, CH2]. For 2,  bis(l,l'-imidazol-2-y1)(4- 
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pyridine-2-yl)-2-aza-butane (bipyb): 6 8.42 (d, IH, py-H), 7.76 (t, lH, py- 
H ) ,  7.29 (m, IH, py-H) 6.98 (s, 4H, Im-H), 5.17 (s, lH, CH), 2.91 (m, 4H, 
CH2, CH2). For 3 bis( 1 ,l'-imidazol-2-yl) [4-(pyrazole-l-y1)]-2-aza-butane 
(bipab): 6 7.55 (d, 1H, Py-H), 7.40, (d, lH, Py-H), 6.88 (s, 4H, Im-H), 6.18 

$ Related coordination behaviour of tripodal ligands has been reported in 
some CuI complexes.5 
9 Crystal data for 4, C ~ ~ H ~ ~ C ~ Z C U ~ N ~ ~ O ~ . ~ C I O ~ . ~ H ~ O ,  monoclinic, space 
group P2& (No. 14), a = 10.9947(4), h = 9.0029(4), c = 21.5198(9) A, 

= 115.235(3)", V = 1926.84( 14) A3, Z = 2, D, = 1.854 g cm-3, F(000) 
= 1092, ~ ( M o - K a )  = 48.0 cm-1, 8944 reflections measured, 3981 
independent, R,,, = 0.043, (2.3 < 0 < 27.50", 4 2 8  scan, Am = 0.60 + 
0.14 tan@)', T = 295 K, Cu-Ka radiation, Ni filter, h = 1.541 84 A) on an 
Enraf-Nonius CAD4F diffractometer. Data were corrected for Lorentz 
polarisation and for a linear decay of 3%; empirical absorption correction 
applied (DIFABS, correction range 0.856-1.253). The structure was solved 
by automated Patterson methods (DIRDIF92). Refinement on F was carried 
out by full-matrix least-squares techniques (SHELX76); final R value 0.043, 
WR = 0.050, w = l / [02 (F)  + 0.000134 F 2 ] ,  S = 1.07, for 331 parameters 
and 3478 reflections with I > 2.5o(I). Hydrogen atoms were included in the 
refinement in calculated positions (C-H = 0.98 A) riding on their carrier 
atoms, except for the water hydrogen atoms, which were located on a 
difference Fourier map and subsequently included in the refinement. Both 
the coordinated and the free C104- ions are disordered around a C1-0 bond. 
All non-hydrogen atoms were refined with anisotropic thermal parameters, 
except for the minor disorder component of the coordinated C104- ion; the 
hydrogen atoms were refined with an overall isotropic thermal parameter of 
0.062(3) A2. A final difference Fourier map showed no residual density 
outside -0.47 and 0.61 e A-3. Atomic coordinates, bond lengths and 

(s, IH, C-H), 5.95 (t, IH, py-H), 4.15 (t, 2H, CHz), 2.85 (t, 2H, CH2). 

angles, and thermal parameters have been deposited at the Cambridge 
Crystallographic Data Centre. See Information for Authors, Issue No. 1. 

References 
1 K. A. Magnus, H. Ton-That and J. Carpenter, Chem. Rev., 1994, 94. 

727; K. A. Magnus, B. Hazes, H. Ton-That, C. Bonaventura, J. 
Bonaventura and W. G. J. Hol, Proteins, 1994, 19, 302. 

2 N. Kitajima and Y. Mora-oka, Chem. Rev., 1994,94, 737. 
3 H. M. J. Hendriks, P. J. M. W. L. Birker, J. van Rijn, G. C. Verschoor 

and J. Reedijk, Inorg. Chem., 1982,21,2637; J. van Rijn, J. Reedijk, M. 
Dartmann and B. Krebs, J. Chem. Soc., Dalton Trans., 1987, 2579. 

4 Metal Ions in Biological Systems, ed., H. Sigel, Dekker, New York, 
1981, vol. 13. 

5 N. Wei, N. N. Murthy, Z. Tyeklar and K. D. Karlin, Inorg. Chem., 1994, 
33, 1177. 

6 T. N. Sorrell, M. L. Garrity, J. L. Richards and P. S. White, Inorg. Chim. 
Acta, 1994, 218, 103. 

7 M. Joseph, T. Leigh and M. L. Swain, Synthesis, 1977,459; E. Mulliez, 
Tetrahedron Lett., 1989, 45, 6169. 

8 G. J. A. A. Koolhaas, W. L. Driessen, P. J. van Koningsbruggen, J. 
Reedijk and A. L. Spek, J. Chem. Soc., Dalton Trans., 1993, 3803. 

9 B. J. Hathaway, in Comprehensive Coordination Chemistry, ed. G. 
Wilkinson, R. D. Gillard and J. A. McCleverty, Pergamon, Oxford, 
1987, vol. 5 ,  p. 652. 

10 J. Reedijk and B. Nieuwenhuijse, Recl. Trav. Chim. Pays-Bas, 1972,91, 
533. 




