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A Linear Polymer of Copper(ii) with Water and the Carboxy Group of L-alanine as Bridges 
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Copper(i1) (L-alanine) (su1fate)dihydrate is described; the natural amino acid L-alanine behaves unusually as a carboxylic 
acid. 

Compounds of amino acids with cupric ions are well known.' 
They have provided metabolic intermediates, the prototypes 
of chelated structures, chromophores in early Cotton effect 
studies of relative configurations, and transformations of 
geometric isomers in the solid state. Similarly, carboxylate 

compounds of copper(r1) have been widely studied,* being 
invariably oligomeric or polymeric [ e.g. dimeric copper(I1) 
ethanoate and hexameric copper(r1) phenoxyethanoate] . 

We report the nature of the new compound copper(~r) 
(L-alanine)(sulfate)dihydrate in which the natural amino acid 
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Fig. 1 The atom numbering and relative arrangements of one of the [CU~(~-H,O),(~-L-A~~H+)]~ units, each consisting of two 
independent copper centres. Sulfate ions are not shown. Bond length ranges: Cu-Cu 3.149-3.156 A, Cu-0 (carboxylate) 1.933-1.934 A, Cu-0 
(water, short) 1.969-1.986 A, Cu-0 (water, long) 2.415-2.538 A. 

L-alanine behaves not as an amino acid but as a carboxylic 
acid. Two views are given in Figs. 1 and 2. Fig. 1 shows the 
polymeric chain of copper ions bridged by water molecules 
and by the carboxylate functions of the alanine molecule, in its 
zwitterionic form. The chains have the composition 
[C~(OH~)~(~-alanine)]2+, Each copper ion has an environ- 
ment of six ligated oxygen atoms. Four are essentially in plane 
(xy) giving a unique polymeric unit [Cu(OH2)2In2n+. The 
bridging water molecules with their four-coordinated oxygen 
atoms are most unusual. t 

Aqueous copper(I1) ions hydrolyse3 to oligomeric [Cu( p- 
OH)lnn+, best established for n = 2. However, the conjugate 
acids, i.e. [Cu(p-OHz)],2"+ {and the related [Cu(p- 
OH2)2]n2n+ stabilized here} are novel: the cation with n = 2 is 
known,4 in [CU~(OH~)~~][CU(OH~)~](Z~F~)~. Water is often 
said to be a poor bridging ligand, but in the solutions typically 
used for syntheses (e.g. 1 mol dm-3, as here), such oligomers 
may actually be significant. 

The coordination sphere about each cupric ion is completed 
(on the z-axis) by a trans-pair of bridging carboxylates. The 
magnetic moment at room temperature per copper ion is in 
the normal range. 

In a sense, the molecule of uncharged alanine in the present 
remarkable compound is acting as a betaine. The normal 

Fig. 2 The linearity and similarity of the two independent chains. 
Sulfates and waters of crystallisation shown. Labelling omitted for 
clarity . 

t Crystal data: (C6H22N208C~2)(S04)2.2H20, pale-blue crystals of 
dimensions 0.22 x 0.20 x 0.21 mm3. M, = 605.497, monoclinic, space 
group El,  a = 6.311(7), b = 23.119(6), c = 14.064(3), 01 = 90.00, p = 
93.42(4), y = 90,00", V = 2048.34 813, 2 = 4, D, = 1.963 g ~ m - ~ ,  
y(Mo-Ka) = 23.63 cm-1, F(OO0) = 1240, 15802 data recorded on a 
FAST TV area detector diffractometer with Mo-Ka, 9416 unique 
reflections, 5366 reflections used with F > 20(F). Final R value 
5.01%. Structure solved by heavy-atom method, refined via full- 
matrix least-squares analysis. Owing to pseudo-centrosymmetry in a 
large part of the structure (the Cu atoms plus carboxylate fragments in 
both independent chains, see Fig. 2) refinement of atoms around the 
chiral carbon was difficult and it was necessary to constrain the 
geometry of this area using data from previously determined L-alanine 
structures catalogued in the Cambridge database. No hydrogen atoms 
were included. 

Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1. 

expectation, based on the potential operation of a chelate 
effect, would be for the nitrogen atom of the amino acid, 
quaternized by a proton, to become quaternized by a cupric 
ion instead, yielding a five-membered chelate ring. This does 
not happen. 

Like Boussingault's compound5 [Cu(gly-O)(NO,)(OH2)], 
the present simple compound forms from aqueous solutions of 
its constituents. Copper(1r) sulfate pentahydrate and L-alanine 
were dissolved in water in a 1: 1 molar ratio, typically 
0.5 mol dm-3, and allowed to crystallize by slow evaporation. 
Crystals were dried over P2O5. 

We note that the new compound crystallizes better in the 
presence of phenolic compounds, and attribute this to 
catalytic selective nucleation, a phenomenon likely to be of 
great utility. 

Such observations reinforce the need to incorporate all 
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possible species into discussions of equilibria (whether hetero- 
geneous or homogeneous) in labile aqueous systems. 
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