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The solid-state structure of bis(dimethylglyoximato)(imidazole)copper(II) has been determined by X-ray crystallographic 
analysis. The compound crystallizes in the orthorhombic space group Pbca with unit cell dimensions a = 8.468 (l) ,  b = 
28.647 (4), and c = 12.413 (1) A. The structure was refined by full-matrix least-squares techniques to R = 0.043 and 
R ,  = 0.065 against the full set of 3108 values. The coordination geometry of the copper atom is that of a distorted 
square pyramid with the four dimethylglyoximato nitrogens forming the basal plane at an average distance of 1.955 (3) 
A. The copper atom is displaced 0.353 (1) %, from this plane toward the axial imidazole group. The Cu-N(imidazo1e) 
bond length is 2.141 (1) A. Two asymmetric 0-He-0 hydrogen bonds of lengths 2.524 (2) and 2.598 (2) A link the 
dimethylglyoximato moieties. An intermolecular (imidazole) N-He-0 hydrogen bond is formed to the oxygen atom of 
the longer intramolecular hydrogen bond. 

Introduction 
Recent  studies have emphasized the importance of the 

copper-imidazole(histidine) bond in both "blue" copper pro- 
teins and "nonblue" copper  protein^.^-^ Specific ligands and 
coordination geometries for the metal sites have been proposed5 
by comparison of the protein spectra with those of a series of 
model complexes. T h e  study of these complexes suggested a 
distorted square-pyramidal configuration at the copper sites 
in galactose oxidase, in oxyhemocyanin, and in the magneti- 
cally coupled ion pairs believed to constitute type I11 copper. 
An axially coordinated thiolate ion was proposed for the 
square-pyramidal copper in galactose oxidase and a n  axial 
imidazole for oxyhemocyanin. Indeed, a five-coordinate 
copper(1) hemocyanin model containing two imidazole ligands 
does reversibly bind oxygen6 although no structural da ta  are 
yet available. 

Additional studies demonstrate that  Cu(I1) bound to four 
square-planar N donors exhibits a high affinity for an axial 
ligand in both the oxidized and reduced state, with a reduction 
potential strongly dependent on the nature of the fifth ligand.' 
Although the square-pyramidal configuration is unusual for 
Cu(I ) ,  recent NMR evidence demonstrates that  the  axially 
bound imidazole in [N-(mercaptoacety1)glycyl-DL-histidyl- 
 histidine] copper(I1) retains the square-pyramidal coordi- 
nation after reduction.* 

These results suggest that an axial imidazole nitrogen may 
have a specific function in maintaining the  coordination ge- 
ometry during the  electron-transfer process. Imidazole is a 
good u donor for Cu(II), and as a P acceptor, it is also capable 
of stabilizing CU(I).~JO 

The recent structural study of the galactose oxidase model 
(1,8-diamino-3,6-dithiaoctane) (1 -methylimidazole)copper(II) 
perchlorate,' ' has confirmed the proposed5 distorted square- 
pyramidal geometry with an axially coordinated thioether. 
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Table I 
Data Collection 

diffractometer Enraf-Nonius CAD4 
radiatn Cu Ka graphite monochromated 

attenuator 
linear abs coeff 
20 range 
no. of reflctns 
scattering factors ref 15 
anomalous dispersion ref 16 
refinement full-matrix least-squares against F's 
RF= 0.043 
RWF2 0.065' 

( h  = 1.540 51 A) 
nickel foil, IJI,,, = 15.55 
16.35 cm-' (Cu Ka) 
0" Q 20 Q 150" 
8689, 3108 unique 

Programs Used 
abs COrreCtn and averaging BNLABS/AVSORTI7 
refinement FLINUS" 
fourier transforms JIMDAPL7 
dist, angles, planes FREDFUNI7 
diagrams ORTEP 11'' 

a Where w = 1/02 and uz = uc2 t (0.015P')z + [0.015(F - 
p / A ) l .  

Bis(dimethylglyoximato)(imidazole)copper(II), which was 
synthesized as par t  of a series of monomeric Lewis base ad- 
ducts of (dimethylglyoximato)copper(II), presents the first 
structurally characterized example of a square-pyramidal 
Cu(I1) complex having an axial imidazole. 

The dimethylglyoxime complexes a re  of general interest 
since they have frequently been used as  models for the  bio- 
logically important porphyrin systems, most notably vitamin 
BIZ and hemoglobin. They are  also capable of forming in- 
tramolecular hydrogen bonds which have been the subject of 
extensive study.12 
Experimental Section 

Bis(dimethylglyoximato)(imidazole)copper(II) was prepared by 
reacting 0.0681 g mol) of imidazole in 10 mL of methanol with 
a solution of bis(dimethylglyoximato)copper(II) (0.2938 g, mol) 
in 100 mL of methanol. The resulting solution was stirred for 12 h 
at room temperature and filtered, and the volume of the filtrate was 
reduced until solid material began to form. The product was filtered 
off, washed with methanol and petroleum ether, and dried in vacuum. 
Recrystallization from methanol gave dark red-brown needles (mp 
189-190 "C). Anal. Calcd for CllH18N604Cu: C, 36.51; H, 5.01; 
N, 23.23. Found: C, 36.46; H, 5.20; N, 23.29 (Galbraith Laboratories, 
Knoxville, Tenn). The complex was further characterized as described 
e1~ewhere.l~ 

A well-formed crystal of approximate dimensions 0.6 X 0.1 X 0.2 
mm was mounted with its long dimension approximately parallel to 
the fiber axis and examined by precession photography by using Mo 

(12) Ching, J. C.; Schlemper, E. 0. Inorg. Chem. 1975,14, 2470. 
(13) Aghaji, B.; Morehouse, S .  M.; Polychronopoulou, A, to be submitted 

for publication. 
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Table 11. Fractional Atomic Coordinates and Anisotropic Thermal Motion Coefficients for One Molecule'" and Fractional Coordinates, 
Isotropic Thermal Motion Terms, Bonding Atoms, and Bond Distances for the Hydrogen Atoms 

& T O M  
cu 1 
01 
02 
0 3  
04 
Nl 
N2 
N3 
N4 
N5 
N6 
c1 
c2 
c3 
C4 
c5 
C6 
c7 
C8 
c9 
ClO 
c11 

X 
2456 13 )  

-13455111) 
1790511r)) 

-20175114) 
11711 (16 )  
-4991 I 1  7) 
10523 I I?) 

-12310115) 
2936 (16) 

23061 (16) 
47003120) 
-4 172 I37 I 
-592122) 
8240 122)  
13666 138) 

-25305127) 
-14377119) 
-5236 1 19) 
-5653 131 ) 
23063123) 
37793121) 
376521 24 J 

L 

9026(2l 
-6739111) 
28747112l 
-7597 (9 ) 
27727 1 1 1  
269e( 12) 
1964eii2) 
1367 I 1 1  

18601 I 1  1 )  
-785(12) 
-67 19 I 14) 
3127 129) 
7324 111) 
175281 17) 
24646 124) 
1220119) 
5620113) 
15625114) 
21 666 122)  

1933 I 1  6) 
-15600117) 

-1 1 r82( 16) 

atom 

U P  2 
163111 
51119) 
763110) 
521 17) 
64219) 
405 17) 
505I9l 
40617) 
477(R) 
40017) 

369110) 

487110) 
61604) 
4 4 2 1 1 1 )  

34619) 
515111) 
925110) 
46719) 
5?6110) 

4451e) 

3e71ei 

779te) 

u12 
311) 

Z416) 
-9617) 
-1115) 
1816) 
3016) 

-3516) 
1315) 
51lb) 
2151 

2816)  
461111 
5(7) 

- 7 5 1 8 )  
-251114) 
-6519) 
13(6) 
3816) 

-381 1 1 )  
2 1 9 )  
217) 

-919) 

'13 '23 
-31111 1211) 

-12116) 14017) 

-65151 59 15)  
-14316) 9316) 

- 0 1 6 )  39171 
-19(6) -5817) 

- 0 1 5 )  1716) 
-2316) 3016) 
1916) -316) 

100115) 26112) 
13718) -1918) 
9718) -12219) 
1751131 -245114) 

5916) -7(7) 
5517) 3217) 

-17(11) 173111) 

-5217) 41 19) 
9418) -36191 

-166171 - 2 7 1 ~ )  

51 17) 231.91 

619) -5819) 

- 6 2 1 8 )  -41e) 

atom 
bond- bond- 

atom x Y z B, A2 ed to dist, A atom x Y Z B, A' ed to dist, A 

-0.127 (4) 
0.055 (4) 

-0.059 (3) 
0.225 (5) 
0.153 (5) 
0.054 (5) 

-0.277 (4) 
-0.211 (4) 
-0.345 (4) 

0.271 (1) 
0.289 (1) 
0.288 (1) 
0.271 (1) 
0.240 (2) 
0.271 (1) 
0.013 (1) 

-0.017 (1) 
0.011 (1) 

-0.040 (3) 8.8 (9) C, 
0.012 (3) 7.6 (7) C, 
0.077 (2) 5.6 (7) C,  
0.217 (4) 11 (1) C, 
0.322 (4) 12 (1) C, 
0.275 (4) 11 (1) C, 

0.006 (3) 8.6 (9) C, 
0.050 (3) 8.0 (8) C, 

-0.061 (3) 8.1 (8) C, 

1.15 (4j 
0.97 (3) 
0.74 (3) 
0.94 (4) 
1.04 (4) 
0.90 (5) 
0.94 (3) 
0.88 (4) 
0.91 (4) 

H,, -0.015 (5) -0.031 (2) 0.185 (4) 13 (1) 
HI, -0.012 (5) -0.003 (1) 0.294 (4) 10 (1) 
HI, -0.161 (4) -0.018 (1) 0.226 (3) 7.0 (7) 
HI, 0.143 (3) 0.125 (1) -0.151 (2) 5.5 (6) 

HI, 0.419 (3) 0.109 (1) -0.237 (2) 4.8 (5) 
H,, 0.573 (4) 0.102 (1) -0.070 (2) 6.2 (7) 
HI, -0.166 (3) 0.154 (1) -0.086 (2) 7.6 (7) 

HI, 0.422 (3) 0.108 (1) 0.089 (2) 4.9 (5) 

H,, 0.152 (4) 0.108 (1) 0.279 (3) 10 (1) 

0.89 (5) 
1.04 ( 5 )  
0.96 (3) 
0.86 (3) 
0.95 (3) 
1.07 (3) 
0.88 (3) 
1.07 (3) 
1.04 (4) 

'" Standard deviations in units of least significant figures are given in parentheses. The vibration factor has the form T =  [-22(hZa*2 U,, t 
2a*b*hkU,, + . . .)I. Atomic coordinates have been multiplied by lo5 and thermal vibration parameters by lo4. 

Ka radiation. Orthorhombic diffraction symmetry with the systematic 
absence of k = 2n + 1 for Okl reflections, I = 2n + 1 for h0Z reflections, 
and h = 2n + 1 for hkO reflections was observed and the space group 
Pbca (No. 61) thereby deduced.14 

The unit cell dimensions are a = 8.468 (l), b = 28.647 (4), and 
c = 12.412 (1) A, and their standard deviations were obtained from 
a least-squares refinement against the setting angles of 25 reflections 
on an Enraf-Nonius CAD4 diffractometer using Cu K a  radiation. 
The calculated density of 1.596 g/cm3 based on eight molecules per 
cell agree well with the experimental density of 1.595 g/cm3 deter- 
mined by its neutral bouyancy in pure carbon tetrachloride. 

During the 9 days of data collection there was no significant 
variation in the intensities of three reflections monitored periodically. 
Some experimental details are given in Table I. 
Solution and Refinement 

The position of the copper atom was deduced from a three-di- 
mensional vector map, and the remaining atoms were located in 
successive Fourier syntheses. Refinement of this model was carried 
out by full-matrix least-squares methods against all unique intensity 
data with one reflection removed because of unusually large dis- 
crepancy. 

The nonhydrogen atoms were refined anisotropically, while isotropic 
thermal parameters were assigned to hydrogen atoms. In the final 
cycle, all parameter shifts were reduced to less than their nominal 
standard deviations. 

The structure of the molecular complex is shown in Figure 1, and 
the final atomic parameters are given in Table 11. Bond distances 
and angles are listed in Tables I11 and IV. The equations of some 

(14) Henry, N. F. M.; Londsale, K., Eds. "International Tables for X-ray 
Crystallography"; Kynoch Press: Birmingham, England, 1952; Vol. 1. 

(15) Doyle, P. A.; Turner, P. S. Acta Crystallogr., Sect. A 1968, A24, 390. 
(16) Cromer, D. T.; Liberman, D. J .  Chem. Phys. 1970, 53, 1891. 
(17) Programs used at Brookhaven are local modifications of standard codes. 

They are described in: Berman, H. M.; Bernstein, H. J.; Bernstein, F. 
C.; Koetzle, T. F.; Williams, G. J. B. Informal Report BNL-21714 
Brookhaven National Laboratory CRYSNET Manual; Brookhaven 
National Laboratory: Upton, N.Y. 1976. 

(18) Johnson, C. K. ORTEP 11, Report ORNL-5158; Oak Ridge National 
Laboratory: Oak Ridge, Tenn., 1976. 

Figure 1. View of the molecular complex showing the intramolecular 
hydrogen bonds and the atomic nomenclature. 

Table 111. Bond Distances (A) 

Cu-N 1.960 (1) 
Cu-N, 1.960 (2) 
CU-N, 1.958 (1) 
CU-N, 1.942 (1) 
Cu-N , 2.141 (1) 
N1-0, 1.375 (2) 
N2-02 1.346 (2) 
N3-03 1.352 (2) 
N4-04 1.355 (2) 
K-C, 1.279 (2) 
N,-C,'" 1.365 (2) 
N,-C,,'" 1.318 (2) 
N6-C,,'" 1.341 (3) 

'" Imidazole group. 

1.297 (2) 
1.296 (2) 
1.289 (2) 
1.494 (3) 
1.488 (2) 
1.488 (2) 
1.485 (3) 
1.480 (2) 
1.490 (3) 

1.360 (3) 
1.345 (3) 
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Table IV. Bond Angles (Deg) 

N,-Cu-N, 96.42 (6) 
N,-Cu-N, 79.73 (6) 
N,-Cu-N, 95.57 (6) 
N,-Cu-N, 80.72 (6) 
N,-Cu-N, 97.72 (5) 
N,-Cu-N, 100.07 (5) 
N3-Cu-N, 100.05 (5) 
N4-Cu-N, 103.81 (5) 
O1-Nl-Cu 123.3 (1) 
0, -Nl -C, 119.7 (1) 
C,-C,-N, 123.9 (2) 
C1-C,-C, 122.6 (2) 
c4-c,-c, 123.1 (2) 
C9-Ns-Cloa 104.8 (1) 
N,-Clo-N,a 111.4 (2) 
C1,-N,-Clla 107.3 (1) 

a Imidazole group. 

Vol. 19, No. 12, 1980 Morehouse et al. 

C,-C,-N, 
0,-N, -C, 
0, -N, -CU 
O,-N,-Cu 
0, -N,-C, 
C,-C,-N3 
c s-c6 -c 7 

c,-c ,-c, 
C, -C7-N, 
0,-N,-C, 
O,-N,-Cu 
O,~~~H, , -O ,  
O l - H 1 7 ~ ~ ~ 0 3  
N,-Cl,-C9a 
Cll-C9-N5a 

123.6 (1) 
116.3 (1) 
122.8 (1) 
123.1 (1) 
121.6 (1) 
123.9 (2) 
122.2 (2) 
122.5 (2) 
123.6 (2) 
121.0 (1) 
122.8 (1) 
172 (3) 
162 (3) 
105.8 (2) 
110.7 (2) 

mean planes and the displacements of some atoms from them are given 
in Table V. 

A listing of observed and calculated structure factors is available 
as supplementary material. 

Results and Discussion 
The imidazole adduct of bis(dimethylglyoximato)copper(II) 

crystallizes as discrete, neutral monomers with a five-coor- 
dinate square-pyramidal configuration about the copper atom 
which is displaced 0.353 (1) A from the best plane of the four 
dimethylglyoxime nitrogen atoms. The relationship between 
this displacement toward the axial ligand and the position of 
the d-d absorption band has recently been demonstrated by 
Addison and co-workers.' The planes of the two chelating 
ligands intersect the basal plane at angles of 11.3 (1) and 9.5 
(l)', being bent back from the fifth coordination site. The 
axial imidazole ring is perpendicular to the basal plane and 
approximately parallel to the bisector of the two 0-0 bridges. 
The equations of the relevant least-squares planes are given 
in Table V. 

The four dimethylglyoxime copper-nitrogen bond lengths 
(average value = 1.955 (3) A) are consistent with those in 
other structural reports,lg while the fifth bond is elongated to 
2.141 (1) A. This is considerably shorter than the Cu-N- 
(axial) bond lengths in similar square-pyramidal Cu(I1) 
complexes. The quinoline adduct of bis(acety1acetonato)- 
copper(I1) has a Cu-N axial bond length of 2.36 (1) A,2o while 
bis(N-phenylsalicylaldimato)(pyridine)copper(II) has a Cu- 
N(axia1) bond length of 2.31 A.21 Lingafelter and co-workers 
also reported a longer Cu-N axial bond distance of 2.357 (4) 
%I in bis[2,2'-iminobis(acetamidoxime)]copper(II) chloride.22 
The smaller displacement of the copper atom from the coor- 
dination plane (-0.2 %, in each) correlates with the longer 
apical bond length.23 Two structural studies of complexes 
in which the copper site is intermediate between trigonal-bi- 
pyramidal and square-pyramidal geometries do show shorter 
Cu-N(axia1) bond lengths of 2.148 (17)24 and 2.16 (3) 

The Cu-N(imidazo1e) distance is longer than the value 
2.011 (5) A recently reported" for the equatorial methyl 
imidazole coordinated to square-pyramidal Cu(I1) but much 
shorter than the axial value of 2.593 (3) A observed in the 
distorted octahedral [ C U ( I ~ ) ~ ]  2+ ion.26 Previously published 

(19) Vaciago, A,; Zambonelli, L. J .  Chem. SOC. A 1970,218 and references 
cited therein. 
Fernando, Q.; Jose, P.; Ooi, S .  J .  Inorg. Nucl. Chem. 1969, 31, 1971. 
Hall, D.; Sheat, S. V.; Waters, T. N. Chem. Ind. (London) 1965, 1428. 
Lingafelter, E. C.; Cullen, D. L. Inorg. Chem. 1970, 9, 1865. 
Dudley, R. J.; Hathaway, B. J .  J .  Chem. SOC. A 1971, 1442. 
Haskins, B. F.; Whillans, F. D. J .  Chem. SOC. A 1970, 123. 
Bailey, N. A.; McKenzie, E. D.; Mullins, J .  R. J .  Chem. SOC., Chem. 

Table V. Least-Squares Planes 

A. Disulacements in W 

atom/ 
plane I I1 i11 IV 
c u  0.353a -0.08P 

0.000 
0.001 

0.000 
-0.001 
-0.001 

-0.033 
0.004 

0.046 
-0.017 
-0.016 
-0.027 

0.009 
0.034 

0.013 
-0.036 

-0.029 
-0.017 
-0.010 

0.045 

0.029 
0.007 

B. Equations for Fractional Coordinates 
I 7 . 0 2 2  - 4 . 4 9 3 ~  - 6.6592 - 1.358 = 0 

1 . 6 3 6 ~  + 28.125~ t 0.03982 + 3.740 = 0 
-6 .504~ + 0 . 8 6 9 ~  + 6.7012 - 1.790 = 0 
- 7 . 2 7 3 ~  - 0 . 1 1 5 ~  + 6.3562 - 0.500 = 0 

I1 
111 
IV 

a Atom excluded from calculation of plane. Esd for Cu dis- 
placement is 0.001 A. 
N, C, and 0 atoms average 0.002 A. 

equatorial Cu-N(imidazo1e) bond lengths range from 1.91 3 
(7) to 2.049 (2) 8,26-30 although a value of 2.145 (5) A was 
found for the equatorial dimethylimidazole of the trigonal- 
bipyramidal complex dichlorotris( 1,2-dimethylirnidazole)- 
copper( 11) .31 

The geometry of the dimethylglyoxime moiety should in- 
dicate the extent of cyclic delocalization in the planar, five- 
membered chelate ring as well as the contribution of resonance 
forms such as structure 11. 

Standard deviations for displacements of 

II 
Vaciago and Zambonellilg concluded that this canonical 

form does make a significant contribution to the structure of 
the bis(dimethylglyoximato)copper(II) dimer. Their data do 

(26) McFadden, D. L; McPhail, A. T.; Garver, C. D.; Mabbs, F. E. J .  Chem. 
SOC., Dalton Trans. 1975, 263. 

(27) Ivarsson, G. Acta Chem. Scand. 1973, 27, 3523. 
(28) Akhtar, F.; Goodgame, D. M. L.; Goodgame, M.; Rayner-Canham, G. 

W.; Skapski, A. C. J .  Chem. SOC., Chem. Commun. 1968, 1389. 
(29) Prout, C. K.; Allison, G. B.; Rossotti, F. J. C. J .  Chem. SOC. A 1971, 

3331. 
(30) Frasson, G.; Lundberg., B. K. S .  Acta Chem. Scand. 1972, 26. 3969; - 

1974, 28, 578. 
(31) Huq, F.; Skapski, A. C. J .  Chem. Soc. A 1971, 1927. Commun. 1970, 1103 
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Figure 2. Two molecules related by unit translation along a linked together by the intermolecular hydrogen bond. 

not support extensive delocalization, and our results are in 
reasonably good agreement. 

The four carbon-nitrogen bond lengths average 1.290 (2) 
A with a significant difference between C2-Nl (1.279 (2) A) 
and C3-N2 (1.297 (2) A) and possibly significant difference 
between C6-N3 (1.296 (2) A) and C7-N4 (1.289 (2) A). The 
reduction of double-bond character for c3 -N~  and C6-N3 is 
evident by comparison with the normal C-N double-bond 
length (1.265 A) calculated frou-i tlls atomic radii. 

The N,-O1 bond (1.375 (2) A) is significantly longer than 
the other three, while N2-02 (1.346 (2) A) is the shortest, 
although it falls within the statistical range of N3-03 (1.352 
(2) A). This dimethylglyoxime group therefore can be ap- 
proximately represented by structure 11. The greater similarity 
of the two C-N bonds in the second dimethylglyoxime as well 
as the shorter c6-c7 bond (1.480 (2) A vs. 1.488 (2) A for 
C&3) suggests more delocalization in this ligand. The av- 
erage values of the two different N-O bond types represented 
in structure I1 are 1.365 (10) and 1.349 (3) A. 

The N2-02 bond shows the largest percentage of double- 
bond character when compared with the value 1.397 (4) A 
reported for uncoordinated g l y ~ x i m e . ~ ~  The longer distance 
observed for N3-03 may be due to an additional intermolecular 
hydrogen bond from O3 to the N-H group of a neighboring 
imidazole. 

The C&3 and c6-c7 bond lengths are appropriate for 
single-bonded sp2 carbon atoms. The trigonal hybridization 
is further supported by the tabulated bond angles and the 
planarity of the dimethylglyoxime groups. The average of the 
four C-CH3 bonds, 1.489 (3) A, is a preciably shorter than 
the mean published value of 1.510 1?3 an effect which we 
ascribe to the comparatively large thermal motion of the 
methyl groups. 

The intramolecular hydrogen bonds bridging the di- 
methylglyoxime ligands are asymmetric with each hydrogen 
covalently bonded to one oxygen and hydrogen bonded to the 
other. This arrangment occurs in several metal glyoxime 
c ~ m p l e x e s ' ~ . ~ ~  and was postulated for bis(dimethy1- 
glyoximato)copper(II) although the second bridging hydrogen 
atom was not 10cated.l~ 

The dimensions of the hydrogen bonds are as follows: 
O1-H17 = 1.07 (3) A; H17"'03 = 1.56 (3) A, with the angle 

(4) A, with the angle O-H-0 = 172 (3)'. 
O-H-0 = 162 (3)'; 04-HI8 = 1.04 (4) A; H18-.02 = 1.50 

(32) Calleri, M.; Ferraris, G.; Viterbo, D. Acta Crystallogr. 1966, 20, 73. 
(33) Sutton, L. E. Spec. Publ.-Chem. SOC. 1965, No. 18. 
(34) Bowman, K.; Gaughan, A. P.; Dori, 2. J.  Am. Chem. SOC. 1972, 94, 
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The O--O distanm are 2.524 (2) and 2.598 (2) 8, for 02-04 
and 01-03, respectively, the longer distance being associated 
with the intermolecular hydrogen bond between O3 and the 
N6-H16 group of the imidazole in a symmetry-related mole- 
cule. The H16-03 contact (1.91 A) links the monomeric units 
in a chainlike structure in the lattice. This is illustrated in 
the packing diagram shown in Figure 2. 

The geometry of the imidazole group is in good agreement 
with that found for imidazole at -150 0C35 and in similar metal 

The copper atom is displaced 0.088 (1) A, 
from the best plane of the imidazole group. The N5-C9 sin- 
gle-bond length, 1.365 (2) A, is somewhat shorter than that 
observed for most Cu(I1)-coordinated imidazole groups 
measured with comparable precision. The average value of 
10 such N-C imidazole bond lengths is 1.374 (5) A26927930 

com ared with 1.378 A for uncoordinated imidazole and 1.382 
(9) 1 for Fe(im),(DMG),. The axially coordinated imiadazole 
of octahedral [ C ~ ( i m ) ~ ] ( N o ~ ) ~  has an N-C bond length of 
1.378 (5) A. However, in this case the metal is displaced 1.261 
A from the plane of the imidazole ring26 inhibiting T inter- 
action. The axial dimethylimidazole of trinonal-bipyramidal 
C ~ C l ~ ( d i m i m ) ~  also shows a comparable NZC bond length of 
1.381 (7) 

Although axial imidazole groups have been shown to act 
as both u and T donors'O as well as ?r  acceptor^,^ there is no 
unequivocal structural evidence to support a particular mode 
of bonding in a specific metalloprotein system. The electronic 
details of such interactions must be inferred from model 
systems since it is beyond the present capacity of macromo- 
lecular crystallography to provide parameters of the required 
precision. The Cu-N(axia1) linkage reported here is unusually 
short, but the geometry of the coordinated imidazole is not 
indicative of any unusual electronic perturbations. We are, 
however, currently investigating the analogous Cu(1) complex, 
since any structural alterations which accompany reduction 
are clearly of relevance to the biochemistry of cuproproteins. 
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