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COREY and BAILAR~ have shown that the ethylene- 
diamine ring in a chelated complex can adopt one 
of two enantiomorphous conformations, k and k’, 
in which the N-C-C-N chain forms a segment of 
a left-handed and a right-handed helix, respec- 
tively. The kkk arrangement of the three rings 
gives the more stable lel conformation (Figure la) 
and the less stable ob conformation (Figure lb) in 
tris-diamine complexes with the same absolute 
configuration as (+)- and (-)-Co(en) 33+, respec- 
tive1y.l Equilibration studiesa demonstrate that 
the lel conformation is more stable than the ob by 
a free-energy increment of 0.6 kcal. per ring. 

Recently it has been suggested3 that the large 
positive and small negative circular dichroism 
bands of (+)-Co(en) 33+ in the visible wavelength 
region are due to complex ions respectively in the 
lel and in the ob or mixed kkk’ or kk‘h‘ conforma- 
tion. (+) -Propylenediamine forms chelate rings 
predominantly with the K-configuration, . in which 
the methyl group is equatorial with respect to the 

ring, since the axial methyl group of the k’- 
conformation increases the energy of the ring by 
2 kcal.1 Thus (+)- and (-)-Co(+pn),3+ have the 
Eel (Figure la) and ob conformation (Figure lb),  
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FIGURE 1. (a) The lel conformation (kkk) of 
the diamine chelate rings in ( + ) - C ~ ( e n ) ~ ~ +  or 
(+)-Co( +pn) 33+1 and @) the ob conformatzon (kkk) 
of the rings in (-)-Co(en)33+ or ( - ) - C ~ ( + p n ) ~ ~ ” f .  

respectively, and the  circular dichroism spectra of 
these complex ions are now reported (Figure 2). 

* Present address : Chemistry Department IV, University of Copenhagen. 

2 F. P. Dwyer, F. L. Garzan, and L. Shulman, J .  Arner. Chem. Soc., 1959, 81, 290, A. M. Sargeson, “Chelating 

8 F. Woldbye, Record Chem. Progr., 1963, 24, 197. 

E. J. Corey and J. C. Bailar, J .  Arner. Chem. SOC., 1959, 81, 2620. 

Agents and Metal Chelates, ed. F. P. Dwyer and D. P. Mellor, Academic Press, London, 1964, p. 183. 



50 CHEMICAL COMMUNICATIONS 

It is found that (+)-Co(+pn,),+ gives two 
circular dichroism bands with opposed signs in 
the visible region (Figure 2). These bands cannot 
be due to different conformations of the complex 
ion, and they are ascribed to different electronic 
transitions of the ion, following the previous 
interpretation based on single-crystal studies4 of 
the corresponding bands of (+)-Co(en) ,,+. 
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FIGURE 2. The electronic absorption spectra - - * 
of (+)- and (-)-Co( +pn) ss+, and the circular dichroism 
spectrum of - (+ )-Co(en) - - - - (-)-Co( +pn) :+, 

and . . . . . . . . . . (+ )-W + pn) as+. 

The A ,  circular dichroism band at  shorter wave- 
lengths is substantially weaker in (+)-Co(en,,)+ 
than in (+)-Co( +pn),,+, whilst in (-)-Co( +pn) 33+ 

it is absent, presumably because i t  is overlaid by 
the stronger E, band which is of opposite sign 
(Figure 2). This observation suggests that differ- 
ent conformations of Co(en) ,3+ co-exist in solution, 
and it is consistent with the thermodynamic data2 
which show that ( +)-Co(en),,+ in aqueous solution 
a t  25" exists in the kkk (Zel), kkk' ,  Kk'k', and 
k'k'k' (ob), conformations in the proportions, 59%, 
29%, S % ,  and a%, respectively. 

The absolute configuration of the chelate rings 
around the metal ion is the same5 in (+)- 
C ~ ( + p n ) , ~ +  as ins (+)-Co(en),,+ (Figure la), but 
(-)-Co( +pn) :+ has the enantiomeric configura- 
tionl (Figure lb). The sign of the E, circular 
dichroism band in the visible region reflects these 
configurational relationships,' but the charge- 
transfer circular dichroism band near 2200 A is 
negative in all three cases (Figure 2). Since the 
diamine chelate rings in each of the three com- 
plexes have predominantly the K-conformation , 
this observation suggests that the positive or 
negative sign of the charge-transfer circular 
dichroism band depends upon, respectively, the 
right- or left-handed configuration of the N-C-C-N 
chain of the dia-mine. 

A similar correlation is found in studies of 
diamine complexes with lower symmetries. The 
only elements of dissymmetry in trans-( -)- 
Co ( - pn) &1,+ are the asymmetric carbon atom 
and the K'-conformation* of the ( -) -propylene- 
diamine rings, and this complex gives a positive 
charge-transfer circular-dichroism band at  2400 A 
in accord with the right-handed stereochemistry 
of both of the N-C-C-N chains. Similarly the 
charge-transfer circular-dichroism band at  2300 
of each of the bis- ( - ) -propylenediamine oxalato- 
complexes, (+)- and (-)-Co( -pn),(ox)+, has a 
differential extinction coefficient (€1 - 
which is displaced to a more positive value from 
that of the corresponding band of the respective 
ethylenediamine complex, (+)- and (-)- 
Co(en) ,(ox) +. 

The correlation observed between the sign of 
the circular dichroism in the charge-transfer region 
and the chirality of the diamine chain, irrespective 
of the absolute configuration of the chelate rings 
about the metal ion, suggests that current 
theoriesg-12 which ascribe the optical activity of 
metal complexes solely to distortions of the 
ligand atoms, or their orbitals, from the octa- 
hedral disposition are of limited application. 

The authors are indebted to Dr. A. M. Sargeson 
for specimens of (-)-Co(+pn),3+ and of (+)- 
and (-)-Co( -pn),(ox)+ salts. 
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