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range of ring sizes have led to some general as well 
as special effects concerning solute-solvent inter. 
actions of the open chain ground states and/or cyclic 
transition states. 

Among the former, short bifunctional chains 
appear to suffer to varying extents from inhibition 
of solvation effects as it can be deduced from the 
entropies of activation. Furthermore, a systematic 
investigation of a ring forming reaction series provides 
a method to estimate the contribution of solva- 
tion to the entropy term for a given pair of polar 
end groups as functional groups of the intramolec- 
ular reaction. 

Peculiar special effects can be revealed using effec- 
tive molarity data as a diagnostic tool. An example 
is the formation of thiophenophan(l)ones by intra- 
molecular acylation which is thought to suffer from 
a marked steric hindrance of solvation in the transi- 
tion state due to the geometry requirements of the 
reaction mechanism and the perturbation effect of 
the bridging hydrocarbon chain over the hetero- 
aromatic n-electron system. 
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Ions and ionic interactions play an important role 
in biochemical systems. For one thing, the physio- 
logical processes in our bodies take place in an 
electrolyte solution containing, as the major, simple 
ions: Na+, K’, Mg*+, Ca2+ and Cl-. These ions are by 
no means innocent bystanders to the cellular pro- 
cesses but play a very active biological role. It has, 
for example, become increasingly clear that Ca*+ 
ions in cells function as a kind of ‘second messenger’, 
often in parallel with cyclic AMP. The ions 
mentioned above have no suitable optical spectro- 
scopic transitions that make them amenable to study. 
They have, however, all the magnetic nuclei that 
make NMR spectroscopic studies possible. Their 
spins, I, are greater than %? and quadrupolar effects 
largely determine their NMR properties. Direct 
observation of NMR signals from the quadrupolar 
nuclei firmly bonded to a large slowly tumbling 
macromolecule is exceedingly difficult. It is, however, 
possible to obtain biochemically relevant information 
when there is a sufficiently fast chemical exchange 

between the macromolecular binding site(s) and the 
free solvated ion [ 1,2] . 

Whereas NMR studies of 23Na+ and 3%X are 
favoured by a reasonably high NMR sensitivity, 
studies of *‘Mg’+ and 43CaZ+ in millimolar concen- 
trations have only recently become feasible. The 
use of widebore high field superconducting magnets 
in combination with solenoid-type probes has been of 
particuar advantage. Some illustrative applications 
of “Mg and 43Ca NMR to the study of calcium bind- 
ing proteins, like troponin C, phospholipase AZ, 
hemocyanin and calmodulin, will be presented. 

The properties of calcium in calcium binding 
proteins may also be studied indirectly by replacing 
Ca*+ with ‘13Cd2+. The ionic radii of Ca*+ and Cd*’ 
are very similar and r13Cd has spin I = ‘A which allows 
direct observation of NMR signals from cadmium 
substituted calcium binding protein [3, 41. rr3Cd 
NMR has proved to be a very sensitive probe of the 
nature and coordination geometry of the ligands. 
Recent results from ‘r3Cd NMR studies of the cal- 
cium binding proteins troponin C and calmodulin 
will be discussed. 
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The nuclear magnetic resonance of quadrupolar 
ions provides a wealth of information about solva- 
tion thermodynamics and dynamics. The talk will 
deal with two main topics: 

a) Use of cobalt(M) complexes. 
Cobalt-59 (I = 7/2) has an enormous range of 

chemical shifts, due to low-lying excited states. The 
types of ion-solvent interactions to be monitored 


