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A Case of Kinetic Stereoselectivity and its Origin 
By J. H. DUNLOP,& R. D. GILLARD,~ N. C. PAYNE,~ and G. B. ROBERTS ON^ 

(aTechnische Hochscule, Miinchen, Germany, bThe University of Kent at Canterbury, CThe University of 
Warmick) 

KNOWN stereoselective effects1 in complexes of when L-glutamic acid (L-glut H,) reacts with racemic 
metal ions with asymmetric ligands are thermo- carbonatobisethylenediaminecobalt (1x1) perchorate, 
dynamic in origin, and such effects in complexes of we find that the D-enantiomer of the bisaquo- 
a-amino-acids are, in general, small., However, bisethylenediaminecobalt (111) ion (formed from 
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the carbonate-complex in the acid conditions) 
reacts much more rapidly than does the L-bisaquo- 
complex. Further, the first-formed diastereo- 
isomer, D- [CO en, (~-glut)]ClO, is much less soluble 
in water than is L-[CO en, (~-glut)]ClO,,H,O, and 
ma.y be crystallised from the mixture optically 
pure. 

The deep orange crystals of D-[Co en,  gl glut)] 
(CIO,) are orthorhombic, space group P212121, with 
a = 13.54, b = 12-08, c = 10.06; 2 = 4 molecules 
per unit cell; Dc = 1-79; D ,  = 1.79 (by flotation). 
Details of the crystal and molecular structure have 
been determined irom three-dimensional X-ray 
diffraction data, and refined by the method of least 
squares. (R is a t  present 0.1 for 1085 independent 
reflections.) The stereochemistry of the cation 
together with metal-ligand bond distances is 
shown in Figure 1. Mean standard errors in these 
bond distances, estimated by inversion of the block 
diagonal least-squares matrix, are 0.02 for Co-N, 
and 0.015 for Co-0. The following structural 
features are noteworthy. 

U 

FIGURE 1. The D-[CO en2(~-glut)]+ cation. 

First, the polar side-arm of the L-glutamate ion 
interacts with an N-H group of an ethylenediamine 
chelate ring. The stereoselectivity in solution may 
well arise from this three-point attachment, which 
is sterically favourable only for the ion D-[CO en,- 
 gl glut)]+ and not for L-[CO en,  gl glut)]+. 

Secondly, the known absolute configuration of 
the asymmetric carbon atom in the L-glutamate 
chelate ring enables us to fix the absolute con- 
figuration of the whole molecule, which is D- 

[Co en,  gl glut)] (C10,). By comparison of the 
circular dichroism spectrum of this isomer (see 
Figure 2) with that of any other optically active 

complex of the type [Co en,(oc-amino-acid)]"+, 
the absolute configuration of the latter may be 
deduced. 

FIGURE 2. Circular dichroisnz spectra for D-[CO ena- 
(L-glUt)]C104 

pH 3; - pH 6; -.-.-.- pH 9. - _ _ _ _  

A third, more subtle, point arises. The cis- 
complexes (Co en,X,) may exist (using the nomen- 
clature3 of Corey and Bailar) as three pairs of 
enantiomers; D- [Co(kk)X,] and L- [C0(k1k1)X,] ; 
~-[Co(kkl)X,] and ~-[Co(klk)X,]; and ~-[Co(klkl)- 
X,] and ~-[Co(kk)X~]. In the cases where X = C1, 
etc., the various D-conformers will have very nearly 
the same energy, but in the present case, the 
intramolecular hydrogen bonding in solution will 
stabilise one conformation (presumably kk, since 
this is the conformation found in the solid). The 
variation of the circular dichroism shown in 
Figure 2 may possibly be explained in terms of a 
conformational equilibrium such as 

+ ~-[Co(kk)(G)]+ + H+ = ~-[Co(kk)(GH)l'+ + 
~-[Co(kkl) (GH)]'+ + D-[CO(klkl) (GH)Ia+ 

the left-hand side being favoured by alkali, the 
right-hand side by acid, which will break the 
critical hydrogen bond between the y-carboxylate 
of the glutamate ion, and the chiral nitrogen of the 
ethylenedianiine ring. 
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Rather similar stereoselective effects arise with 
(+)-tartaric acid as a ligand, but not with 01- 

alanine or with lactic acid, further supporting the 

importance of three-point attachment as a source 
of stereoselectivity in metal complexes. 
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