
C H A PT E R  I

IN T R O D U C T IO N

T he significance o f  m acrocyclic  ring system s and their so lvation  have been  o f  
in terest to m any chem ists as they can serve as the sim plest m odels for naturally  
occuring m etal b ind ing  m acrocyclic  centers o f  proteins in solution and d isplay  a high 
degree o f  ion specificity  [1-3]. T he size o f  the cyclic ligand and its low  solubility  m ake 
diffraction  studies and o ther spectroscopic techniques for the evaluation  o f  such 
inform ations im possible.

1.1 M otivation

T he solvation effect w as suggested by M argerum  et al. [4,5], to be one o f  the 
factors in fluencing  the m acrocyclic  effect - an unusually  h igh stab ility  constants o f 
m etal com plexes w ith cyclic polyam ine and polyether ligands w hen  com pared to 
equivalent com plexes w ith  a non-cyclic  ligands. T he idea w as that m ore  solvent 
m olecules are expected to bound  to the open chain ligand than to the cyclic  one. T his 
suggestion w as strongly opposed by  other authors [6-9], but no final conclusion  could 
be m ade until now . Som e suggested that it is entirely  due to the en trop ie  contribution  
from  both  ligands and solvents [6] w hile others [10] assum ed that the en thalpy term  
should predom inate. Sum m arizing all data, both enthalpy and en tropy  contributions 
seem  to partic ipate  in this effect [11].

In  addition, quantitative consideration o f  the solvation effect o f  the m acrocyclic  
ligands should be very  useful in understanding the com plexities o f  the in teraction  o f  
m etal ions and the solvent w ith  large biological m olecules w here the solvation  p lays a 
very  im portant ro le  in determ ining the therm odynam ic and k inetic  o f  com plex 
form ations.



1.2 Factors Influencing  the M acrocvclic E ffect

A part from  the solvation effect, w hich is m entained before, the follow ing factors 
w ere suggested  to contribute to an existance o f  the m acrocyclic effect ะ

a) the "prestrained" conform ation o f  the cyclic ligands, w hich are already in a 
conform ation  m ost suitable for com plex form ation [11-14], 

b the h igher ligand field  strength o f  the cyclic ligands due to the presence o f 
m ore  secondary n itrogen atom s [15], and 

c) the larger num ber o f  fixed atom s o f  the cyclic ligands, and this led to the term  
"multiple juxtapositional fvcness" as w as suggested by B usch et al. [16],
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1.3 M ethod fo r S tudying the M acrocvclic M olecules and the Solvation Structure

1.3.1 E xperim ental M ethods

M ost o f  the investigations concerning the m acrocyclic ligands alw ays deal w ith  
the tw o com m on features, nam ely  the structural and therm odynam ic properties.

(a) Structural Investigations

T he structural inform ation together w ith the conform ational change in com plex 
form ation o f  the crystallized  system s have been m ainly  provided by  X -ray  and neutron 
d iffraction techniques. In solution, nuclear m agnetic resonance spectroscopy is a 
suitable m ethod  for the investigation o f  the m olecular structure.

(b) Thermodynamic Measurements

T he change o f  therm odynam ic properties such as entropy, en thalpy and free 
energy o f  the chem ical system s can give im portant inform ation on the characterization  
o f  the solvation. T he heat o f  form ation can be obtained ind irectly  from  the variation  o f  
logK  (K  =  stab ility  constant) w ith tem perature in the polarographic or po ten tiographic 
m ethod. T he application  o f  these m ethods in m acrocyclic chem istry  w as m ainly
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contributed  from  M argerum  [10] and K odam a and K im ura [17]. T he m ost reliable 
m ethod to obtain  these prim ary  quantities is the direct calorim etric m ethod, contributed  
m ainly  from  P aoletti et al. [11].

O ptical spectroscopic m ethods such as ultravio let-v isib le , in frared  and R am an 
spectroscopy can also provide som e im portant inform ation about equ ilib rium  constants, 
in term olecular in teractions and conform ational changes.

1.3.2 T heoretical M ethods

(a) Quantum Chem ical M ethods

A m ong the quantum  chem ical m ethods, the ab initio  M O  SCF m ethod is 
em ployed extensively  for the prediction o f  the m olecular geom etry  o f  m any electron 
system s since they provide a sufficiently good approxim ated description. A lthough 
stabilization  energies com puted w ith small basis sets (norm ally , the extended basis sets 
are no t used for large m olecular system s) are usually  overem phasized because o f  basis 
set superposition  error, relative orders are m ostly  correct and the absolute data can be 
corrected  partia lly  using the m ethod proposed by  B oys and B em ardi [18].

A n outstanding advantage o f  quantum  chem ical over experim ental m ethods is the 
ability  to perfo rm  calculations even on system s w hich is hard  to access experim entally . 
In addition, the quantum  chem ical m ethod can lead to a be tte r understanding  o f 
chem ical behavior on a m icroscopic or m olecular basis.

(b) S ta tistica l M echanic M ethods

T heoretical studies o f  chem ical system s using statistical m echanics m ethods such 
as M onte C arlo  (M C) [19] and m olecular dynam ics (M D ) [20] techniques are required, 
w henever detailed  description o f  the structure o f  solution and o f  energetic  and dynam ic 
characteristics o f  solute/solvent interaction are needed. A  key  issue underly ing  the 
success o f  bo th  types o f  sim ulations is the need for potential functions that p roperly  
describe the in term olecular in teractions in the system s under consideration . T herefore, 
the liab ility  o f  the results o f  such sim ulations depend strongly on the  accuracy o f  the 
quantum  chem ical calculation and, consequencely, on the pair po ten tia l function  in use



(the pa ir potential function can be obtained em pirically, by  experim ental [21] m ethods 
too).

1.4 R ationale for S tudying the Solvation o f  M acrocvclic C om pounds

Since the enhance com plex stability o f  the m acrocyclic ligands in  com parison 
w ith  the analogous open chain causes prim arily  by  the, enthalpic contributions, m ainly  
due to electronic b inding phenom ena and the specific m olecular structure, as w ell as 
entropie effects related  to solvation and desolvation phenom ena b u t the experim ental 
evaluation o f  the solvation structure o f  such com pounds, by  X -ray  or neutron 
d iffraction studies, is quite im possible due to the large num ber o f  very  sim ilar atom s 
and also atom ic distances in the solution. To give access to detailed  structure o f  such 
system s, how ever, com putational techniques like M onte Carlo and m olecu lar dynam ics 
sim ulations are used successfully.

T he aim  o f  this w ork is to study structural properties o f  the system  consisting o f  a 
cyclen (1 ,4 ,7 ,10-tetraazacyclododecane) m olecule in w ater-m ethanol m ixture. The 
in term olecular potential for cyclen-m ethanol has been developed recen tly  using the ab 
initio  M O  SCF calculations w ith STO -3G  basis set.. M onte Carlo sim ulation  has been 
perfo rm ed  in order to investigate solvation structure around cyclen m olecule  and, 
consequently , their influence on the m acrocyclic effect.

T he results have been displayed in term  o f  radial d istribution  functions, running 
in tegration  num bers and their distributions.
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