
124 J.C.S. CHEM. COMM., 1973 

X-Ray Crystal Structure of Copper(1) Acetate 
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Summary The structure of copper(1) acetate is a polymeric 
planar chain, each copper atom being in a distorted 
square-planar environment bonded to  three oxygen 
atoms and another copper atom [Cu-Cu = 2.544(4) A]. 

THERE is considerable current interest in both the stereo- 
chemistry of copper(1) compounds1 and in the various 
modes of co-ordination of carboxylate groups to metals.2 
Although a vast amount of information is available on 
copper(I1) carboxylates, the chemistry of copper(r) carboxy- 
lates has been relatively neglected, even though such 
compounds are known, for example, to be involved in the 
decarboxylation of organic acids using copper(1) oxide3 and 
in the formation of esters from carboxylic acids and alkyl 
halides4 again in the presence of copper(r) oxide. Copper(1) 
acetate has also been used5 in homogeneous catalytic 
hydrogenation reactions. 

A crystal structure determination of copper(1) acetate 
has shown : (i) a unique square-planar environment for each 
copper atom, (ii) a new type of acetate co-ordination, 
(iii) binuclear units, further linked to other such units in 
a chain structure; each binuclear unit involving a 
copper-copper bond. 

The acetate was prepared by reducing copper(I1) acetate 
with copper foil in MeCN-AcOH-Ac,O (20 : 4 : l ) ,  under 
nitrogen, Precipitation of the product with ether, followed 
by a sublimation a t  160' in an  evacuated sealed tube, 
gave crystals suitable for X-ray investigation. 

The crystals were monoclinic, space group P2,/m, 
a = 5.20(1), b = 6.26(1), c = 9.90(1) A, /3 = 93.7(1)', Dc 
= 2.53, Dm = 2.49(5), 2 = 4 for C,H,CuO,, M = 122.6, 
Mo-K, radiation, h = 0-7107 A. 

The intensities of 316 independent reflections (20 < 45') 
above background were measured on a GE XRD 5 manual 
diffractometer by the stationary-crystal-stationary-counter 
method and refined (Cu anisotropic, 0 , C  isotropic) to I? 
0.063. There are two C,H,O,Cu units in the asymmetric 
unit, all atoms being in special positions (2e) with y = 6,  2. 

This unit is centrosymmetric within experimental error 
around the midpoint of the Cu-Cu bond (see Figure: 
standard deviations : Cu-Cu, 0.004; Cu-0, 0.02; C-C, 

only the mean dimensions need be discussed. 
0.03 A; CU-CU-0, 0.3'; 0-CU-0, 0.6'; 0-C-0, 1.5"). Thus 

cu 0 c 

FIGURE. Structure of CuOAc; distances in A, angles in degrees, 
Primed atoms are symmetry related ,(- 1 + x, y, z) to unprimed 
atoms (x, y, z). 

The Cu-Cu bond length of 2-544(4) A can be compared 
with that found in CU,(OAC),,~H,O,~ (2.64 A), and with the 
range of values (2.65-2-97 A) found7 in various copper(1) 
polynuclear cluster compounds. Shorter Cu-Cu distances 
have been found in the tetranuclear (4-methyl-2-cuprio- 
benzyl)dimethylamine,s (2-38 A), and in the binuclear 
copper(1) derivative of dia~oaniinobenzene,~ (2-45 A). The 
alternative Cu-Cu distance in the chain is 3.24 A, indicating 
little, if any, direct metal-metal interaction in those parts 
of the chain polymer. 
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The square-planar configuration around the copper 
atoms is unusual, tetrahedral structures being much more 
commonly found, as for example in the diineric dichlorotris- 
[ (1,2-bisdiphenylphosphino)ethane]dicopper(1) .lC Although 
the polymer itself is strictly planar, the configuration 
around each copper atom (three oxygen atoms and the 
other copper atom of the basic binuclear unit) is distorted 
owing to this polymeric chain formation. Thus the 
Cu( 1)-O( 1) bond is considerably longer [2.31(2) A] than 
the other two bonds, Cu(1)-0(3), Cu(1)-0(2), which are 
equivalent a t  1.90(2) A, thus increasing the distances 
between adjacent acetate groups. Other distortions occur 
for the same reason; /+O(l)-Cu(l)-O(2) 110.7' compared 
to the other cis angles subtended at  the Cu atom which 
are less than 90"; Cu(2)-0(3)-C = 132". 
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The co-ordination of the acetate group is of a type not 
previously found, since although the group is bidentate, 
bridging two copper atoms as found in several M, (OAc),L, 
species2 (M = V, Cr, Mo, Re, Ru, Rh, Cu; L = mono- 
dentate donor), one of the two oxygens, 0(3), is further 
co-ordinated to another copper atom, Cu(2), such that this 
oxygen atom lies close to the Cu(1')-Cu(2) axis with 

The closest contacts between atoms in parallel planes are 
Cu . * 0 3-17, 3.37 A and Cu * - - Cu 3.34 k indicating jus t  
weak interaction. 

L O  ( ~)-CU ( ~)-CU ( 1') = 162*8( 5) '. 

We thank S.R.C. for a studentship (to R.R.). 

(Received, 14th Decembey, 1972; Corn. 2087.) 

1 E.g., see (a) J. A. Tiethof, J. K. Stalick, P. W. R. Corfield, and D. W. Meek, J.C.S. Chem. Comm., 1972, 1141; (b) M. S. Weininger, 

?-C. Oldham, Progr. Inorg. Chem., 196S, 10, 223. 
A. Cairncross, J .  R. Roland, R. M. Henderson, and W. A. Sheppard, J .  Amer. Chem. Soc., 1970, 92, 3187; T. Cohen and R. A. 

4A.  H. Lewin and N. L. Goldberg, Tetrahedron Letters, 1972, 491; T. Saegusa and I. Murase, Synth. Comm., 1972, 2, 1. 
M. Calvin, J .  Amer. Chem. SOG., 1939, 61, 2230. 
J. N. van Niekerk and F. R. L. Schoening, Acta Cryst., 1953, 6, 227. 
S. L. Lawton, W. J.  Rohrbaugh, and G. T. Kokotailo, Inorg. Chem., 1972, 11, 612. 

I. D. Brown and J. D. Dunitz, Acta Cryst., 1961, 14, 480. 

G. W. Hunt, and E. L. Amma, ibid., p. 1140; (c) V. G. Albano, P. L. Bellon, and G. Ciani, J.C.S. Dalton, 1972, 1938 

Schambach, ibid., p. 3189; J. Chodowslta-Palicka and M. Nilsson, Acta Chem. Scand., 1971, 25, 3451. 

8 J. M. Guss, R. Mason, I. Sstofte, G. van Koten, and J. G. Noltes, J.C.S. Chem. Comm., 1972, 446. 


