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Communication 

DEFINITIVE EVIDENCE FOR SIMPLE DIAMINE 
COPPER(I) COMPLEXES 

DA. HAITKO 
General Elecm'c Corporate Research and Development, P.O. Box 8, Schenectady, 

New York12301, USA. 

(Received December 20,1982; in final form March 8, 1983) 

We wish to present new synthetic and structural evidence for the existence of two 
copper(1) complexes : N, N'-diisopropylethylenediaminecopper(1) bromide, DIEDCuBr , 
(I), which adopts a threecoordinate planar geometry and the N, N'.diisopropylethylene- 
diaminecopper0) iodide dimer, [DIEDCuI] , (2), which exhibits pseudo-tetrahedral 
geometry about each copper in addition to a copper(I)copper(I) interaction. The afore- 
mentioned complexes represent the first of a series' of classical Werner coordination 
compounds involving diamine ligands in copper(1) halide complexes. These complexes 
have been previously uncharacterized due to their extreme air and moisture sensitivity? 
The preponderance in the literature of copper(1) complexes coordinated to unsaturated 
nitrogen ligands rather than amino groups is based on the expected instability of the 
latter due to disprop~rtionation.~ Stability of saturated nitrogen ligands coordinated to 
copper(I) has been achieved by the presence of strongly n-acidic groups such as carbon 
monoxide4 and isocyanide ligands? .This preliminary communication will demonstrate 
that strongly n-acidic groups are not essential toward the stabilization of copper(1) halide 
compounds and that the hitherto elusive6 diamine copper(I) halide complexes can be 
successfully characterized. 

Addition of 1.5 mol equivalents of N, N'diisopropylethylenediamine to a solution of 
cuprous bromide or cuprous iodide in refluxing acetonitrile followed by slow recrystalli- 
zation at room temperature affords colorless crystals of (I) or (Z), respectively.' 

A colorless prismatic crystal of DIEDCuBr of dimensions 0.20 x 0.20 x 0.30 mm was 
mounted in a glass capillary and examined on an Enraf Nonius CAD4 diffractometer with 
graphite monochromated Cu Ka radiation (A = 1.541 84A). The yonoclinic cell para- 
meters are a = 7.650(4), b = 8.792(2), c = 19.402(5)& p= 96.50(3) , Z = 4 with a calcu- 
lated density of 1.47 g/cm3, and the space group was determined to be C2/c. A total of 
1476 reflections were collected of which 728 were used in the final analysis (F; > 
3.Oo(F0)). An absorption correction (p = 613 cm-') was applied to all data. The 
two heavy atoms were located from an E-map and remaining atoms were located in 
successive difference Fourier syntheses. Full-matrix least-squares refinement using aniso- 
tropic thermal parameters for all non-hydrogen atoms and isotropically refined hydro- 
gen atoms yielded the final agreement factors of R = 0.067 and R ,  = 0.084. An ORTEP 
diagram of the molecule is shown in Figure '1. The structure consists of discrete mono- 
meric units which possess crystallographic C, symmetry. The overall geometry about the 
copper atom is pseudo-trigonal-planar with !he deviation from true trigonal planar geo; 
metry (all angles about copper equal to 120 2 exhibited in N-Cu-N bond angle of 85.0 
and equivalent Br-Cu-N bond angles of 137.5 . The copper atom lies exactly in the plane 
formed by the two nitrogen and bromine atoms? 
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FIGURE 1 
ellipsoid probability of 50%. 

ORTEP Diagram of the nonhydrogen atoms of the DJEDCuBr molecule showing thermal 

The three-dimensional X-ray crystallographic analysis of (2) was solved similarly to 
that of the bromide derivative. A colorless crystal of (2) having dimensions of 0.15 mm 
N 8.25 mm x 030 mm was mounted in a glass capillary and data collection was per- 
formed with Mo Ka radiation (A = 0.71073A). The space group was identified as P21/c 
with monoclinic cell parameters and calculated volume being a = 14.286(2), b = 1 1.349(5), 
c = 15.449(5)& p= 95.46(3)3, V =  2493.4A3. The calculated density was 1.78 g/cm3. Of 
the 5597 reflections collected, 3708 with (Fi  > 3.0o(Fg)) were ultimately used in the 
analysis. The absorption coefficient is 42.8 cm-’. A correcfion was applied to all data. A 
full-matrix least-squares refinement with all non-hydrogen atoms having anisotropic 
thermal parameters (hydrogen atoms were refined isotropically) converged to the final 
agreement factors of R = 0.030 and R ,  = 0.038. An ORTEP diagram of the molecule is 
given in Figure 2.9 Unlike DIEDCuBr, (2) exists as a dimer with iodine nuclei bridging 
the two tetrahedrally coordinated copper(1) centers. Examination of the structure reveals 
several interesting features including the presence of an intramolecular coppercopper 
interaction of 2.73A,” and a symmetrical but not the most sterically relieving orienta- 
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FIGURE 2 
probability eIlipsoids. 

ORTEP Diagram of the nonhydrogen atoms of the [DIEDCuI] a h e r  showing 40% 
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tion of the isopropyl groups, since those isopropyl groups associated with N4 and N2 are 
oriented below the planes formed by N4, Cu2, and N3 and N2,Cul, and Nl, respectively.” 
It is interesting to note the twisting of the isopropyl group bound to N1 such that the 
methyl carbons C4 and C5 lie equidistantly to C13. This destroys all symmetry in the 
molecule. The overall geometry about each copper(1) center is tetrahedral with asym- 
metrically bridging iodine nuclei (Cul-I1 = 2.661(1)8, Cul-I2 = 2,58l(l)A, Cu2-I1 = 
2.579(1)8, and Cu2-I2 = 2.666(1)A). The irregularity about each copper(1) is also a p p r  
rent upon examining the inequivalence of the N-Cu-I angles (N2-Cul-I1 = 101.8(1) , 
N2-Cul-12 = 117.8(1)’). 

To our knowledge, compounds ( I )  and (2) represent the first simple copper(1) halide 
complexes coordinated to “hard” diamine ligands. It is noteworthy that each complex 
has unusual structural features. Compound ( I )  adopts the rare three-coordinate planar 
coordination geometry for copper(1) and (2) exhibits a copper(1)-copper(1)-interaction 
of 2.73W. Studies are in progress in order to determine the factors goverining monomer 
versus dimer formation for complexes of this type.’ Solutions of these complexes appear 
blue upon introduction of oxygen and revert to their original colorless appearance upon 
purging with nitrogen thus indicating the potential of these complexes for intermediary 
oxygen coordination and activation.I2 Further investigations are in progress. Tables of 
positional and thermal parameters and structure factors (30 pages) have been deposited 
with the editor and are available upon request. 
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