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The structure of [CU~(~~~~)(NO~)~(C~O~)(H~O)]~H~O, where bpim is the ligand 4,5-bis[(2-(2-pyridyI)ethylimino)- 
methyl]imidazolate, has been determined in an X-ray diffraction study. Each copper atom is coordinated to four approximately 
planar donor atoms. Three of these are contributed by the bpim ligand, with average Cu-N distances of 1.964 (7) A for 
the bridging imidazolate ion, 1.999 (1 1) 8, for the imine nitrogen atoms, and 2.002 (13) A for the pyridine nitrogen atoms. 
The fourth sites are occupied by oxygen atoms of bidentate nitrate ligands, the average Cu-0 bond lengths being 2.012 
(6) A. Weakly coordinated in the axial positions are the other oxygen atoms of the bidentate nitrate ligands, Cu-0  = 
2.566 (7) and 2.408 (7) A, and either a water molecule [Cu-0 = 2.356 (8) A] or a perchlorate oxygen atom [Cu-0 = 
2.610 (12) A]. An interesting feature of the structure is the geometry of the 4,5-disubstituted imidazolate ring and the 
two copper centers. Because of the constraints of the five-membered chelate rings, the imidazolate ring is nearly coplanar 
with the two principal C u N 3 0  coordination planes. The two N-Cu-N chelate ring angles are both 81.5 (3)O, and the 
Cu-N(imidazo1ate) vectors intersect a t  an an le of 169.6’. The compound crystallizes in the triclinic system, space group 
P i ,  with a = 12.673 (2) A, b = 13.919 (2) 1, c = 8.086 (2) A, LY = 102.64 (1)O, ,f3 = 96.22 (1)O, y = 94.25 (1)O, and 
z = 2. 

Introduction 
Recent studies in  this  laboratory have led to the  synthesis 

and characterization of several  imidazolate-bridged di- 
copper(I1) complexes.’J These compounds have antiferro- 
magnetically coupled binuclear copper centers with coupling 
constants in t h e  range -20 > J > -90 ~ m - ’ . ~ , ~  Since t h e  
variability in J most likely reflects the geometric details of the 
imidazolate-bridged dicopper(I1) center, we  have structurally 
characterized key members  of this class of compounds. Here 
we report the geometry of the  Cu2bpim3+ cation (1) in  which 
the bridging imidazolate  l igand is constrained to be nearly 
coplanar  with the two  copper  coordination planes. 

Cu2bpirn3+ 

1 
Exper imenta l  Section and  Results 

Collection and Reduction of X-ray Data. Crystals suitable for X-ray 
study were obtained by dissolving [ C ~ ~ ( b p i m ) ( N 0 ~ ) ~ ] . 2 H ~ O ~  in 
methanol, adding a stoichiometric amount or an excess of Na- 
C1O4.6H20, and vapor diffusing in tetrahydrofuran. The dark blue 
crystal used for the diffraction study was an approximate hexagonal 
prism bounded by (100) and (TOO) (0.30 mm apart), (010) and (010) 
(0.30 mm apart), (001) and (001) (0.266 mm apart), and (101) and 
(TOT) (0.166 mm apart). Preliminary precession and Weissenberg 
photographs using Cu K a  radiation (A 1.5418 A) showed the lattice 
to have Laue symmetry I, consistent with space group Ci-PI and 
Cf-Pi.6 A systematic search using TRACER-11’ failed to reveal any 
higher symmetry, and space group PI was assumed, a choice that 
appears to be justified on the basis of the successful refinement of 
the structure. The quality of the data crystal was found to be ac- 
ceptable upon taking open-counter w scans of several strong, low-angle 
reflections. Details of the data collection and reduction are given in 
Table I. 

Determination and Refinement of the Structure. The structure was 
solved by conventional heavy-atom methods using Patterson and 

Fourier maps. Neutral atom scattering factors for the nonhydrogen 
atoms and corrections for the anomalous dispersion effects for the 
copper and chlorine atoms were obtained from ref 8 .  Scattering 
factors for the hydrogen atoms were those of Stewart et aL9 All 
noncarbon and nonhydrogen atoms were refined anisotropically. All 
nonwater molecule hydrogen atoms were placed in calculated positions 
(C-H = 0.95 A). The two hydrogen atoms attached to OW(1) were 
located in a difference Fourier map; those attached to OW(2) could 
not be located. All hydrogens were included in the refinement as 
invariants with isotropic thermal parameters fixed a t  5 A2, a value 
one larger than the average isotropic temperature factor for the carbon 
atoms. 

Elemental analyses performed on several batches of crystals gave 
varying results, suggesting that different batches of crystals might 
contain different amounts of solvent of crystallization.I0 Residual 
tetrahydrofuran and methanol were required to fit the analytical data 
for some batches, while in others only partial methanol seemed likely. 
The crystal on which this diffraction study was performed had, from 
the structure analysis itself, the composition [ C ~ ~ ( b p i m ) ( N O ~ ) ~ -  
(C104)(HzO)].H20. Evidence for partial methanol or tetrahydrofuran 
occupancy was not found. The highest peak on a final difference 
Fourier map was 0.88 e located 2.51 A from OW(2). All 
remaining peaks on this map were less than 0.67 e A-3 on a scale where 
a typical carbon atom was 4.21 e A-3, 

In the final cycle of refinement, no parameter shifted by more than 
0.004 of its estimated standard deviation except for OW(2) where 
the largest shift was 0.040, for Ps3. The discrepancy indices R, and 
R2 converged at  0.060 and 0.063, respectively.” The function E w A 2  
for groups of data sectioned according to lFol or (sin 8) /A  showed 
reasonable consistency, and the weighting scheme was considered to 
be satisfactory.I2 The standard deviation of an observation of unit 
weight, [Cw(lFol - IFcl)z/(NO - NV)]1/2 where N O  = 2371 inde- 
pendent observations and NV = 284 variables, was 1.733 at  con- 
vergence.12 

The final atomic positional parameters, together with their standard 
deviations, are reported in Table 11. The interatomic distances and 
angles, with standard deviations, appear in Table 111. A listing of 
the final observed and calculated structure factor amplitudes, thermal 
parameters, the root-mean-square amplitudes of thermal vibration 
for anisotropically refined atoms, and the results of least-squares plane 
calculations are available as Tables S1-34, respectively.I3 The 
geometry of the cation and the atom labeling scheme are shown in 
Figure 1. Figure 2 displays a unit-cell packing diagram. 
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Table 11. Final Positional Parameters of the Atoms of 
[Cu,(bpim)(NO,), (aO,)(H,O)l * H 2 0 a  

atom X V z 

Table I. Experimental Details of the X-ray Diffraction Study of 
I ~ , ~ ~ P ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ O ~ ~ ~ ~ , ~  

(A) Crystal Parameters at 23 "C 
Cell Used for Data Collection, Reduction, and Structure Solution 

a = 12.648 (9) A 
b = 8.065 (6) A 
c = 14.454 (9) A 

a = 12.673 (2) A 
b = 13.919 (2) A 
c = 8.086 (2) A 

01 = 110.25 (3)" 
p = 97.48 (4)" 
y = 83.89 (3)" 

Reduced Cellu Used in Final Refinement 
a = 102.64 (1)" 
p = 96.22 (1)" 
y = 94.25 (1)" 

General Parameters 
transformation mati-& to reduced mol wt 718.0 

space group P1 p(calcd)= 1 . 7 3 2 g ~ m . ~  
z = 2  

cell: (100, 0-11, 010) V =  1376.5 A 3  

p(obsd)b = 1.703 (1) g cm', 
(B) Measurement of Intensity Data 

instrument: Picker FACS-I-DOS diffractometer 
radiation: Mo Ka (ha ,  0.7093 A), graphite monochromatized 
takeoff angle: 2.0" 
detector aperture: 6.3 X 6.3 mm 
cryst-detector distance: 33 cm 
scan technique: coupled B(crystal)-20(detector) 
scan range: 2.0" (symmetric, plus Ka,  -Ka, dispersion) 
scan rate: 2"imin in 20 
max 20: 45", above which there were few observable 

bgd measurements: stationary crystal, stationary counter; 

stds: three reflections (210), (401), and (1 10) measured after 
, 

reflections 

20-s counts a t  each endof  the 20 scan r g g e  

every 97 data reflections showed only random statistical 
fluctuations 

no. of reflctns collected: [ 20 < 20" (Gz, +k, d), 20 < 20 < 
45" ( t h ,  + k ,  + [ ) I ;  3544 reflctns 

(C) Treatment of Intensity DataC 
reduction to preliminary Fo2 and a(FO2): correction for 

background, attenuators, and Lorentz-polarization effect of 
monochromatized X-radiation in the usual manner;d 
e = 0.04e 

varied from 0.55 to 0.77 

agreement factor Ravf = 0.013 

absorption correction: p = 17.2 cm-' ; transmission factors 

averaging: 456 equivalent pairs in the inner sphere (20 < 20"); 

scaling: Wilson's method;gB = 3.24 A' 
obsd data: 2371 unique reflctns for which FoZ > 2o(FO2) 
a From a least-squares fit to the setting angles of 25 reflections 

(20 > 30") measured on an Enraf-Nonius CAD-4F K-geometry 
diffractometer. By suspension in a mixture of bromoform and 
carbon tetrachloride. Reference 7. Gill, J .  T.; Lippard, S. J. 
Inorg. Chenz. 1975, 14, 751. e Corfield, P. W. R.; Doecens, R.  J . ;  
Ibers, J. A.Ibid., 1967, 6,197. f R a v =  [(xi=! Nxj=,nFiz - 
Fijz l ) / ~ i= ,~F i~ ] ,  whereN is the number of reflections measured 
more than once and n is the number of observations of the Nth re- 
flection. g Wilson, A. J. C. Nature (London) 1942, l S 0 ,  151. 

Figure 1. View of [C~~(bpirn)(NO~)~(ClO,)(H,0)] showing the atom 
labeling scheme. Thermal ellipsoids are depicted at the 40% probability 
level for all atoms except hydrogen which are assigned as arbitrary 
spheres having B = 1.0 A*. 

Discussion 
The structure consists of discrete [ C ~ ~ ( b p i r n ) ( W O ~ ) ~ -  

(ClO,)(H,O)] units (Figure 1 )  and water molecules of crys- 
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0.24 2 

-0.398 
-0.331 
-0.487 

a Atoms are labeled as indicated in 1;igure 1. E'stimated stand- 
ard deviations, in parentheses, occur in the last significant figure 
for each parameter. Hydrogens are labeled such that H(ij) is the 
jth H on C(i). HW(l1) and HW(12) are attached to OW(1). 

tallization in a 1:l ratio (Figure 2). I n  the equatorial plane, 
each copper atom is bound by three nitrogen atoms of the 
bridging bpim ligand [Cu-N(imidazo1ate) = 1.966 (7) and 
1.961 (7) A; Cu-N(imine) = 2.010 (7) and 1.988 (7) A; 
Cu-N(pyridine) = 2.01 5 (7) and 1.989 (7) A]. The remaining 
equatorial site and one axial site of each copper are occupied 
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Table 111. Interatomic Distances (A) and Angles (Des) for [Cu,(b~im)(NO,) , (CIO~)(H,O)]~H,Oa 
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Distances 
Coordination Geometry 

CU( 1)-N( 1 1) 1.966 (7) Cu(2)-N(21) 1.961 (7) Cu(1)-O(l1) 2.012 (6) Cu(2)-0(21) 2.011 (6) 
CU( 1)-N( 12) 2.010 (7) Cu(2)-N(22) 1.988 (7) C~(l)-0(13) 2.566 (7) C~(2)-0(23) 2.408 (7) 
CU( 1)-N( 13) 2.015 (7) Cu(2)-N(23) 1.989 (7) Cu(l)-OW(l) 2.356 (8) C~(2)-0(1) 2.610 (12) 

Ligand Geometry 
N(13)-C( 11) 1.33 (1) N(23)-C(21) 1.33 (1) C(16)-C(17) 1.52 (1) C(26)-C( 27) 1.51 (1) 
C( 1 1)-C( 12) 1.38 (1) C(21)-C(22) 1.38 (1) C(17)-N(12) 1.44 (1) C(27)-N(22) 1.47 (1) 
C( 12)-C( 13) 1.35 (1) C(22)-C(23) 1.36 (1) N(12)-C(18) 1.26 (1) N(22)-C(28) 1.25 (1) 
C( 13)-C( 14) 1.34 (1) C(23)-C(24) 1.37 (1) C(18)-C(31) 1.43 (1) C(28)-C(32) 1.46 (1) 
C( 14)-C( 15) 1.38 (1) C(24)-C(25) 1.40(1) C(31)-N(ll) 1.38 (1) C(32)-N(21) 1.37 (1) 
C(15)-N(13) 1.36 (1) C(25)-N(23) 1.35 (1) N(ll)-C(33) 1.33 (1) N(21)-C(33) 1.34 (1) 
C(15)-C(16) 1.49 (1) C(25)-C(26) 1.49 (1) C(3 1)-C(3 2) 1.37 (1) 
N( 1)-0( 11) 1.29 (1) N(2)-O(21) 1.28 (1) C1-0(1) 1.33 (1) C1-0(3) 1.29 (1) 
N( 1)-O( 12) 1.23 (1) N(2)-0(22) 1.224 (9) C1-0(2) 1.36 (1) C1-0(4) 1.34 (1) 
N(1)-O(13) 1.23 (1) N(2)-O(23) 1.243 (9) 

Hydrogen-Bonded and Nonbonded Contacts 

OW(l)-HW(12) 0.889 (8) OW(2).”HW(12) 2.83 (2) CU(~)***CU(~) 6.137 (2) C~(2)*.*Cu(2)~ 5.673 (3) 
OW(l)-HW(11) 0.814 (8) OW(Z)...HW(ll) 1.97 (2) OW(l)**.OW(2) 2.77 (2) OW(2)..*OW(2)b 2.85 (4) 

Angles 
Coordination Geometry 

N( 1 l)-Cu( l)-N( 12) 81.5 (3) N(21)-Cu(2)-N(22) 81.5 (3) N( 12)-Cu( 1)-0W( 1) 101.7 (3) N(22)-Cu(2)-0( 1) 94.6 (4) 
N(ll)-C~(l)-N(l3) 173.6 (3) N(21)-Cu(2)-N(23) 174.1 (3) N(l3)-C~(l)-O(ll) 91.5 (3) N(23)-Cu(2)-0(21) 91.8 (3) 
N(ll)-CU(l)-O(ll) 94.9 (3) N(21)-Cu(2)-0(21) 93.7 (3) N(13)-Cu(l)-0(13) 86.3 (3) N(23)-Cu(2)-0(23) 90.9 (3) 
N(ll)-C~(l)-O(l3) 96.6 (3) N(21)-Cu(2)-0(23) 93.7 (3) N(13)-Cu(l)-OW(l) 89.3 (3) N(23)-Cu(2)-0(1) 90.0 (3) 
N(l1)-Cu(1)-OW(1) 91.5 (3) N(21)-Cu(2)-0(1) 87.0 (3) O(ll)-C~(l)-O(13) 54.7 (3) 0(21)-C~(2)-0(23) 57.5 (3) 
N(12)-Cu(l)-N(13) 92.0 (3) N(22)-Cu(2)-N(23) 93.7 (3) O(ll)-Ch(l)-OW(l) 91.9 (3) 0(21)-C~(2)-0(1) 101.0 (4) 
N(l2)-C~(l)-O(ll) 166.0 (3) N(22)-Cu(2)-0(21) 163.5 (3) 0(13)-C~(l)-OW(l) 146.1 (3) 0(23)-C~(2)-0(1) 158.5 (3) 
N(12)-Cu(l)-0(13) 112.0 (3) N(22)-Cu(2)-0(23) 106.8 (3) 

Ligand Geometry 
C~(l)-N(l3)-C(ll) 116.9 (7) Cu(2)-N(23)-C(21) 118.4 (6) C(17)-N(12)-C(18) 122.3 (8) C(27)-N(22)-C(28) 120.6 (8) 
Cu(l)-N(13)-C(15) 125.0 (6) Cu(2)-N(23)-C(25) 122.1 (6) C(17)-N(12)-Cu(l) 122.9 (6) C(27)-N(22)-Cu(2) 122.7 (6) 
C( 15)-N( 13)-C( 11) 118.1 (8) C( 25)-N(23)-C( 21) 119.4 (8) CU( l)-N( 12)-C( 18) 114.6 (6) Cu(2)-N(22)-C(28) 115.0 (6) 
N(l3)-C(ll)-C(l2) 123.3 (9) N(23)-C(21)-C(22) 123.2 (9) N(12)-C(18)-C(31) 116.0 (8) N(22)-C(28)-C(32) 116.3 (9) 
C(ll)-C(l2)-C(l3) 117.4 (9) C(21)-C(22)-C(23) 118.3 (10) C(l8)-C(3l)-N(ll) 116.3 (8) C(28)-C(32)-N(21) 114.2 (8) 
C(12)-C(13)-C(14) 120.8 (10) C(22)-C(23)-C(24) 119.2 (10) C(18)-C(31)-C(32) 136.3 (8) C(28)-C(32)-C(31) 136.6 (9) 
C(13)-C(14)-C(15) 120.4 (10) C(23)-C(24)-C(25) 120.6 (9) N(ll)-C(31)4(32) 107.2 (7) N(21)4(32)-C(31) 109.2 (7) 
C(14)-C(15)-C(16) 122.7 (10) C(24)-C(25)-C(26) 121.9 (9) C(3l)-N(ll)-C~(l) 111.3 (6) C(32)-N(21)-Cu(2) 112.1 (5) 
C(14)-C(15)-N(13) 119.9 (9) C(24)-C(25)-N(23) 119.2 (9) C(31)-N(ll)-C(33) 105.6 (7) C(32)-N(21)-C(33) 104.6 (7) 
C(16)-C(15)-N(13) 117.4 (8) C(26)-C(25)-N(23) 119.0 (8) Cu(l)-N(ll)-C(33) 143.0 (6) Cu(2)-N(21)-C(33) 142.2 (7) 
C(15)-C(16)-C(17) 113.7 (9) C(25)-C(26)-C(27) 114.3 (9) N(ll)-C(33)-N(21) 113.4 (8) 
C(16)-C(17)-N(12) 110.4 (8) C(26)-C(27)-N(22) 108.4 (8) 
CU(l)-O(ll)-N(l) 105.7 (6) Cu(2)-0(21)-N(2) 101.3 (6) Cu(l)-OW(l)-HW(12) 107.7 (6) O(l)-C1-0(2) 111.2 (8) 
C~(l)-O(l3)-N(l) 81.1 (6) Cu(2)-0(23)-N(2) 83.7 (6) IIW(ll)-OW(l)-HW(12) 91.8 (7) O(l)-C1-0(3) 122.4 (10) 
O(ll)-N(l)-O(12) 117.5 (9) 0(21)-N(2)-0(22) 119.1 (9) 0(1)-C1-0(4) 106.0 (10) 0(2)-C1-0(4) 108.6 (11) 
O(ll)-N(l)-0(13) 118.0 (9) 0(21)-N(2)-0(23) 117.5 (8) 0(2)-C1-0(3) 104.9 (11) 0(3)-C1-0(4) 102.7 (12) 
0(12)-N( 1)-0( 13) 124.5 (10) 0(22)-N(2)-0(23) 123.4 (10) OW(l)-HW(ll)-OW(2) 168 (1) 
Cu(l)-OW(l)-HW(ll) 110.1 (6) C~(2)-0(l)-Cl 129.7 (9) 

a Atoms are labeled as indicated in Figure 1. Estimated standard deviations, in parentheses, occur in the last significant figure for each pa- 
rameter. Values reported have not been corrected for thermal motion. Atom is at (1 - x, -y, -z) .  Atom is at (-x, -y, -2). 

Figure 2. Unit-cell packing diagram for [Cu2(bpim)(N0~)2(C1O4)(H20)].H2O. The two molecules in the upper right of the cell may be linked 
by a weak hydrogen-bonding network across a center of symmetry. The same situation holds for the pair of molecules in the upper left of 
the cell. 

by oxygen atoms of bidentate nitrate ligands, with both nitrate occupies the sixth site of Cu(2) [Cu-O(1) = 2.610 (12) A]. 
anions lying on the same side of the bpim ligand plane [Cu- The imidazolate ring of the bpim ligand is constrained to 
O(equatoria1) = 2.012 (6) and 2.01 1 (6) A; Cu-O(axia1) = lie almost parallel with the equatorial coordination planes of 
2.566 (7) and 2.408 (7) A]. The oxygen atom of a water the two copper atoms. The dihedral angles between the im- 
molecule is bound in the sixth site of Cu(1) [Cu-OW(1) = idazolate ring plane and the copper coordination planes are  
2.356 (8) A] and an oxygen atom of the perchlorate anion 4.69’ for Cu(1) and 13.37’ for Cu(2). The angle between 
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Cu-Cu intramolecular distance of 6.137 (2) A is longer than 
the comparable 5.935 (4) A distance in [(TMDT),Cu2- 
(im)(C104)2](C104) as a consequence of the larger angle 
between the Cu-N(imidazo1ate) vectors in the present com- 
plex. The closest intermolecular Cu...Cu distance is 5.673 (3)  
A. Distances within the bpim ligand are normal, and there 
is good agreement between equivalent bond distances in each 
half of the ligand. The closest intermolecular contact of the 
structure is 2.85 (1) A and is between O(23) of nitrate(2) and 
C(28) of a bpim ligand located at  (-x, -y, -z). All other 
nonbonded contacts are >3.0 A. 

Distances between the water molecules of the structure 
suggest that pairs of [ Cu,(bpim) (NO3),( C104) (H,O)] units 
are linked across a center of symmetry, by a hydrogen bonding 
network involving the coordinated water molecule, O W (  1), 
and the water molecule of crystallization, OW(2) (Figure 2). 
The OW(l)-OW(2) distance is 2.77 2) 8, and HW(11),  
which is attached to OW(1), is 1.97 (2) 6 from OW(2). The 
distance between OW(2) and OW(2'), which are related by 
a center of symmetry, is 2.85 (4) A. These distances indicate 
weak O-H-eO hydrogen bonds.I7 

The variability of elemental analyses of different batches 
of crystals (vide supra) suggests that their solvent content is 
variable. The present structure analysis showed only a single 
water of crystallization in the lattice, whereas analytical data 
for various batches of crystals could only be fit by invoking 
partial methanol and/or partial tetrahydrofuran in the lattice.'O 
This result suggests that the bulk analyses may not be rep- 
resentative of the composition of individual crystals within a 
batch, and we also note that the observed and calculated 
densities for the present compound are not in good agreement 
(Table I). The Occurrence of variable solvent content in crystal 
lattices is not uncommon.'8 
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the coordination planes themselves is 8.84'. By comparison, 
the angle between the copper coordination planes in 
[(TMDT)2Cu2(im)(C10,),](C104), where TMDT is 1,1,7,7- 
tetramethyldiethylenetriamine and im is the imidazolate ion, 
is 148.7OS2 In this latter complex the two copper coordination 
planes are not constrained to be coplanar with the imidazolate 
ring, the dihedral angles between this ring plane and the co- 
ordination planes being 91.8 and 90.0'. Another consequence 
of the constraints imposed by the bpim ligand can be seen in 
the larger angle between the Cu-N(imidazo1ate) vectors which 
is 169.6' in the present compound and 143.2' in 
[(TMDT)2Cu,(im)(Clo4)21 (c104). 

At  present we cannot be absolutely certain about which of 
the above two structural differences between Cu2bpim3+ ( J  
= -81.3 ~ m - 9 ~  and [ ( T M D T ) , C U , ( ~ ~ ) ( C ~ O ~ ) ~ ] +  ( J  = -25.8 
cm-')2 is responsible for their different magnetic exchange 
coupling constants. Magnetic and structural work on a series 
of dicopper(I1) complexes having substituted imidazolate 
bridges of differing cr-donor ability has established a correlation 
between the pK, of the bridging ligand and J.l0 It is therefore 
likely that the difference in the angle between the Cu-N(im- 
idazolate) vectors, and not the dihedral angle differences, is 
the more important factor in determining J.  The former would 
involve a u-exchange mechanism whereas the latter would 
effect a a-exchange p a t h ~ a y . ~  

The five atoms comprising the imidazolate ring lie within 
0.007 A of the best plane through them. Cu(1) is 0.023 A 
out of this plane while Cu(2) is 0.261 A away and on the 
opposite side. Similar deviations occur in the structure of 
[ (TMDT) ,Cu2( im) ( C104) ( C104), where the two copper 
atoms are 0.02 and 0.35 A out of the plane of the bridging 
imidazolate anion. The atoms in the pyridine rings of the bpim 
ligand deviate less than 0.01 A, in either case, from the best 
plane through their respective pyridine rin atoms. C( 16) and 

in Figure 1, the puckering of the bpim ligand in the vicinity 
of C( 17) and C(27) causes these atoms to be 1.13 and 1.14 
A out of their respective pyridine ring planes. The resulting 
chelate rings have the asymmetric boat c~nformat ion . '~  The 
nitrate anions are planar with no atom deviating more than 
0.008 A from either best plane. 

The Cu-N(imidazo1ate) distances are comparable with 
those observed in other structures, the values being 1.944 (12) 
and 1.966 (14) A in [(TMDT),Cu2(im)(C10 )2](C104),2 1.984 
(10) A in [C~,(bpirn)(im)];+,~ 1.976 (7) 1 in Cu3(imH),- 
(im)2(C104)4,15 and 1.975 (1 1)  A in C~( i rnH) , ( im)Cl .*~  The 

C(26) lie close to these planes [0.01 (1) w ] but, as is evident 

(14) Hawkins, C. J "Absolute Configuration of Metal Complexes", Wiley- 
Interscience New York, 1971, p 12 

(15) Ivarsson, G.; Lundberg, B. K. S.; Ingri, N. Acta Chem. Scand. 1972, 
26, 3005. 

(16) Lundberg, B. K. S. Acta Chem. Scand. 1972, 26, 3902. 
(17) Brown, I. D. Acfn Crystnllogr., Sect. A 1976, 32, 24. 
( 1 8 )  See, for example: Balch, A. L.; Benner, L. S.; Olmstead, M .  M. Znorg. 

Chem. 1979, 18, 2996. 


