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Role of preorganization in host-guest-chemistry 

D . N .  Reinhoudt' and P.J. D i j k s t r a  

Labora tory  of Organic Chemistry,  Un ive r s i ty  of Twente, 7500 AE, Enschede, The 
Nether1 ands 

Abs t r ac t  - The concept of p reo rgan iza t ion  i n  t h e  complexation of a l k a l i  c a t i o n s  is  
i l l u s t r a t e d  by a s y s t e m a t i c  v a r i a t i o n  of t he  s t r u c t u r e  of molecular c a v i t i e s .  The 
pa ren t  hemispherand 2 has been compared w i t h  novel hemispherands t h a t  con ta in  a 
n i t r o g e n  ( p y r i d o )  o r  oxygen (4H-pyran) atom. These two types  of hemispherands have 
been syn thes i zed  us ing  pyrylium bu i ld ing  b locks .  A novel approach t o  t h e  pa ren t  
hemispherands t h a t  have a f u n c t i o n a l  group a t  t h e  o u t e r  s p h e r e ,  i nvo lves  the  
macrocyc l i za t ion  of a f l e x i b l e  p recu r so r  t o  g i v e  2 and subsequent r e a c t i o n  of 3 
w i t h  n i t romalondia ldehyde .  F i n a l l y ,  mod i f i ca t ion  a t  t h e  i n n e r  s p h e r e  of 
hemispherands has been achieved  via pyrylium hemispherands (9). These compounds 
have been a t t a i n e d  by r e a c t i o n  of t he  cor responding  42-pyran hemispherand (12) w i t h  
t h e  t r i pheny lme thy l  carbenium ion .  Comparison of t h e  X-ray s t r u c t u r e s  of two 
hemispherands (2 and 9 )  w i t h  t h e  cor responding  sodium p i c r a t e  complexes shows t h e  
degree  of p reo rgan iza t ion .  T h i s  i s  a l s o  r e f l e c t e d  i n  t h e  f ree  e n e r g i e s  of 
complexation w i t h  d i f f e r e n t  p i c r a t e s .  

INTRODUCTION 

The des ign  and s y n t h e s i s  of macrocycl ic  r e c e p t o r  molecules  can be based on two major 
p r i n c i p l e s  ( r e f .  1 ) .  F i r s t l y ,  t h e  r e c e p t o r  can be des igned  f o r  an opt imal  complementarity 
between t h e  s t r u c t u r e s  of t h e  hos t  and t h e  gues t .  Secondly ,  t h e  molecular c a v i t y  of a 
r e c e p t o r  can be p reo rgan ized  which means t h a t  f o r  complexation of a matching g u e s t  s p e c i e s  
on ly  minor conformat iona l  changes of t h e  hos t  are necessa ry .  
The f i r s t  p r i n c i p l e  has  been wide ly  a p p l i e d  f o r  t h e  s y n t h e s i s  of macrocycl ic  po lye the r s  
t h a t  complex a l k a l i  and a l k a l i n e  e a r t h  meta l  c a t i o n s ,  t h e  s o - c a l l e d  "ho le - s i ze  r e l a t i o n s h i p "  
( r e f .  2 ) .  I n  our  group we have extended t h i s  approach f o r  t h e  development of r ecep to r  
molecules t h a t  s e l e c t i v e l y  complex po ly func t iona l  c a t i o n s  and n e u t r a l  molecules.  Highly 
f l e x i b l e  macrocycles w i t h  r i n g  s i z e s  of 27 o r  more can encapsu la t e  guanidinium and uronium 
c a t i o n s  ( r e f .  3 -5 ) .  Even u r e a ,  p rov id ing  there is an e l e c t r o p h i l i c  s i t e  p re sen t  i n  t h e  
molecular c a v i t y  can be  encapsula ted  by such  macrocycles ( r e f .  6,7).  

Benzo-27srown-9 . GuHCIOq 

Fig .  1 .  Encapsula ted  guanidinium and uronium ( u r e a )  complexes. 

Benzo-27srown-9 . UrHC104 

These encapsula ted  complexes a r e  h igh ly  hydrophobic which r e n d e r s  them very u s e f u l  a s  
c a r r i e r s  i n  t h e  t r a n s p o r t  of guanidinium s a l t s  through l i q u i d  membranes ( ref .  8 ) .  However, 
as we have r e c e n t l y  r e p o r t e d ,  the  d isadvantage  of h igh ly  f l e x i b l e  r e c e p t o r  molecules  is  t h a t  
t hey  undergo " s e l f  complexation" which means t h a t  i n  t h e  uncomplexed s t a t e  t h e  molecular 
c a v i t y  i s  f i l l e d  by p a r t s  of t h e  molecular  framework e .g .  benzo, py r ido ,  o r  1,3-xyleno 
moie t i e s  ( r e f .  9 ) .  
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I n  a s i m i l a r  f a s h i o n  s t r o n g  in t r amolecu la r  hydrogen bonds may be formed ( r e f .  1 0 , l l ) .  A l l  
t h e s e  f a c t o r s  w i l l  lower t h e  thermodynamic s t a b i l i t y  of complexes because t h e s e  s t a b i l i z i n g  
i n t e r a c t i o n s  a r e  l o s t  i n  t h e  p rocess  of i n c l u s i o n  of a g u e s t  s p e c i e s .  Although most evidence 
f o r  t h e s e  i n t e r a c t i o n s  i n  t h e  r e c e p t o r  molecules  is  ob ta ined  from X-ray d a t a  of t h e  s o l i d  
s t a t e ,  and consequent ly  be a t t r i b u t e d  t o  c r y s t a l  packing f o r c e s ,  our  r e c e n t  s t u d i e s  on t h e  
conformations of l a r g e  f l e x i b l e  macrocycles have provided ev idence  f o r  similar i n t e r a c t i o n s  
i n  s o l u t i o n .  I n  p a r t i c u l a r  "C T I - r e l a x a t i o n  t ime s t u d i e s  ( r e f .  12) and de te rmina t ion  of 
a c c u r a t e  pK -va lues  of i n t r a -annu la r  a c i d i c  groups ( r e f .  13) provide  q u a l i t a t i v e  and 
q u a n t i t a t i v g  ev idence  f o r  t h e s e  i n t e r a c t i o n s  i n  s o l u t i o n .  Moreover, s t r u c t u r e s  of l a r g e  
(n224) 2 ,6-pyr ido  and 1 ,3-xyly l  crown e t h e r s ,  gene ra t ed  by molecular mechanics (MM-2) 
c a l c u l a t i o n s ,  suppor t  t h e  assumption t h a t  t h e  energy of t h e  macrocycle i s  lowered by " s e l f  
complexationll ( r e f .  9 ) .  
I n  t h e  complexation of c a t i o n s  these c o n t r i b u t i o n s  t o  t h e  "ground s t a t e "  energy of t h e  h o s t s  
can e a s i l y  be compensated f o r  by t h e  d e s o l v a t i o n  of the gues t  and t h e  e l e c t r o s t a t i c  f o r c e s  
between t h e  h o s t  and t h e  p o s i t i v e l y  charged g u e s t .  

F ig .  2. "Self  complexation" of l a r g e r  macrocycl ic  p o l y e t h e r s .  

However, t h e  f r e e  e n e r g i e s  of complexation of n e u t r a l  g u e s t s  a r e  much smaller ( r e f .  1 3 )  and 
a s  a consequence even small s t a b i l i z i n g  c o n t r i b u t i o n s  of i n t r a -annu la r  hydrogen bonds o r  
" s e l f  complexation" t o  t h e  "ground s t a t e  energy" of t h e  hos t  become very impor t an t .  The 
energy t h a t  can be ga ined ,  a t  least  i n  p r i n c i p l e ,  by p reo rgan iza t ion  of t he  r e c e p t o r  
s t i m u l a t e d  ou r  i n t e r e s t  i n  preorganized  r e c e p t o r  molecules .  
The p o t e n t i a l  of t h e  concept of p reo rgan iza t ion  was o r i g i n a l l y  formula ted  by D.J. Cram. 
Exper imenta l ly  Cram e t  a1 approached t h e  des ign  of preorganized  h o s t s  by making t h e  
molecular framework, i n  which t h e  l i g a t i n g  s i tes  a r e  inco rpora t ed ,  more r i g i d  ( r e f .  1 4 ) .  
Th i s  not on ly  reduced t h e  m o b i l i t y  of t h e  hos t  bu t  s imul taneous ly  in t roduced  seve re  
r e p u l s i o n  between t h e  f r e e  e l e c t r o n s  of t he  donor s i t e s .  I n  t h e  complexation t h e  r e l i e v e  of 
r e p u l s i o n  may c o n t r i b u t e  s u b s t a n t i a l l y .  
The ex t remely  h igh  thermodynamic s t a b i l i t y  of t h e  L i '  and Na' complexes of t he  hexa-anisy l  
spherand (1) is probably t h e  b e s t  i l l u s t r a t i o n  how t h i s  p r i n c i p l e  of p reo rgan iza t ion  can be 
used t o  enhance both s t a b i l i t y  and s e l e c t i v i t y  of complexation. 
In  a d d i t i o n  t o  an enhanced thermodynamic s t a b i l i t y ,  the  k i n e t i c  s t a b i l i t y  of t h e s e  complexes 
is so high t h a t  decomplexation becomes slow ( th  2 l h )  ( r e f .  1 5 ) .  

RESULTS AND DISCUSSION 

The r epor t ed  high k i n e t i c  s t a b i l i t y  of t h e s e  complexes is  a major r eason  why we became 
a c t i v e l y  i n t e r e s t e d  i n  t h i s  f i e l d ,  because we r e a l i z e d  t h a t  s e v e r a l  problems i n  our  work 
might on ly  be so lved  i f  we a r e  a b l e  t o  i n c r e a s e  the k i n e t i c  s t a b i l i t y ,  t h e  s e l e c t i v i t y  e .g .  
K+/Na+ and t h e  l i p o p h i l i c i t y  of complexes wi th  c a t i o n s  but a l s o  wi th  n e u t r a l  g u e s t s .  
F i r s t l y ,  i n  r e l a t i o n  t o  ou r  work on organ imaging ( r e f .  1 6 )  we were i n t e r e s t e d  i n  complexes 
of e lRb+  t h a t  a r e  k i n e t i c a l l y  " s t a b l e "  ( th  of decomplexation 2 l h )  and t h a t  can be l i n k e d  
cova len t ly  t o  b i o l o g i c a l  sys tems ( p r o t e i n s ,  a n t i b o d i e s ) .  

Secondly,  f o r  our work on a K+ s e l e c t i v e  b iosensor  on t h e  b a s i s  of ISFET technology ( r e f .  
1 7 , 1 8 )  we needed a h igh ly  hydrophobic l i g a n d  t h a t  has a high ( 2  10 ' )  K+/Na+-se l ec t iv i ty .  
Th i rd ly ,  i n  o rde r  t o  i n c r e a s e  t h e  s t a b i l i t y  of complexes of n e u t r a l  s p e c i e s ,  reduced 
f l e x i b i l i t y  of t h e  l i g a n d s  was r e q u i r e d ,  S ince  f o r  none of t h e s e  o b j e c t i v e s  t h e  18-membered 
spherands can be used because t h e  molecular c a v i t y  i n  such l i g a n d s  i s  only a c c e s s i b l e  f o r  
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small e l e c t r o p h i l i c  c a t i o n s  ( L i '  and Na') we have concen t r a t ed  ou r  s y n t h e t i c  e f f o r t s  on t h e  
mod i f i ca t ion  of t he  r i g i d  moiety as found i n  p a r t i a l l y  preorganized  h o s t  molecules .  These 
so -ca l l ed  hemispherands ( e .g .  2 )  have been i n v e s t i g a t e d  i n  g r e a t  d e t a i l  by Cram e t  a1  ( r e f .  
1 4 ) ,  bu t  compounds s p e c i f i c a l l y  des igned  f o r  t h e  above mentioned purposes had n o t  been 
publ i shed .  
Our o b j e o t i v e s  were i n  t h e  f i r s t  p l ace  t o  modify t h e  o u t e r  sphe re  of (hemi)spherands which 
would a l low us t o  l i n k  t h e  r e c e p t o r s  t o  b i o l o g i c a l  s p e c i e s  and t h e  chemica l ly  modi f ied  ISFET 
s u r f a c e .  I n  view of the  s y n t h e t i c  methodologies app l i ed  by Cram t h i s  was not  a t r i v i a l  
problem. Secondly ,  l a r g e  r i g i d  c a v i t i e s  a r e  r e q u i r e d  f o r  K+ o r  Rb' complexation and 
t h e r e f o r e  we have s t u d i e d  t h e  mod i f i ca t ion  of the  i n n e r  s p h e r e  by r e p l a c i n g  one methoxy 
donor s i t e  of t h e  pa ren t  hemispherand 2 by a n i t rogen  ( p y r i d o )  o r  an oxygen (py ran )  atom. 
The o b j e c t i v e s  r equ i r ed  s y n t h e t i c  pathways d i f f e r e n t  from those  employed by Cram e t  a l .  
Moreover, we r e a l i z e d  t h a t  t h e  s y n t h e s i s  of r i g i d  l i g a n d s  i n  which r e p u l s i o n  between donor 
si tes c o n t r i b u t e s  l a r g e l y  t o  t h e  complex s t a b i l i t y  w i l l  be d i f f i c u l t .  
I n  t h e  macrocyc l i za t ion  of a l i n e a r  p recu r so r  molecule ,  t h i s  r e p u l s i o n  w i l l  s t r o n g l y  
i n c r e a s e ,  t h u s  lower ing  t h e  y i e l d .  Although t h e  presence  of a t empla t e  c a t i o n  may reduce  
t h i s  e f f e c t  we f e l t  t h a t  an a l t e r n a t i v e  would be t h e  macrocyc l i za t ion  of a f l e x i b l e  molecule 
fo l lowed by r i g i d i f i c a t i o n  of t he  r e l a t i v e l y  f l e x i b l e  macrocycle ,  by c o n s t r u c t i n g  an 
a d d i t i o n a l  a romat i c  r i n g .  
The a romat i za t ion  r e a c t i o n  would provide  t h e  energy t o  compensate f o r  t h e  inc reased  0-0 
r epu l s ion .  

SYNTHESIS OF HEMISPHERANDS VIA AROMATIZATION 

A s  a consequence of t h e  above approach we have syn thes i zed  ke tone  2 i n  4 s teps from 
2-hydroxy-5-methylbenzeneacetic a c i d  i n  an o v e r a l l  y i e l d  of 58%. Subsequent ly  t h e  carbonyl  
group i n  3 was p r o t e c t e d  through t h e  c y c l i c  e thy lene  k e t a l ,  and conver ted  i n t o  4 v i a  bromo 
t o  l i t h i u m  exchange, r e a c t i o n  w i t h  dimethylformamide, and r e d u c t i o n  of t he  formyl groups 
t h u s  in t roduced .  
Macrocycl iza t ion  t o  t h e  18-membered macrocycle 5 proceeds  i n  6 5 % .  The good y i e l d  i s  
i n d i c a t i v e  f o r  a f l e x i b l e  macrocycle ,  which is confirmed by t h e  X-ray c r y s t a l  s t r u c t u r e  
(F ig .  3 ) ,  showing no o r g a n i z a t i o n  of methoxy and k e t a l  oxygens p r i o r  t o  complexation. The 

FIG. 3: X-Ray of 5 

o u t e r  sphe re  f u n c t i o n a l i z e d  hemispherand 6,  which c o n t a i n s  a c e n t r a l  hydroxy group, was 
ob ta ined  from 5 by d e p r o t e c t i o n  and r e a c t i o n  of t he  r e s u l t i n g  propanone moiety w i t h  
n i t romalondia ldehyde  i n  89% o v e r a l l  y i e l d  (Scheme 1 ) .  
The a romat i za t ion  energy involved  i n  t h e  f i n a l  r e a c t i o n  i s  l a r g e  enough t o  overcome t h e  
r i g i d i f i c a t i o n  of t h e  macrocycle.  The hydroxyl group may be a l k y l a t e d  i n  high y i e l d .  

Scheme 1 

0r CH, CH, Br 

VARIATION OF THE DONOR SITES IN HEMISPHERAND CAVITIES 

S i n c e  ou r  major i n t e r e s t s  r e q u i r e d  r e l a t i v e l y  l a r g e  molecular c a v i t i e s  we have i n v e s t i g a t e d  
t h e  e f f e c t  of s u b s t i t u t i o n  of t h e  " c e n t r a l "  methoxy group i n  t h e  pa ren t  hemispherand 2. 
However, t h i s  r e q u i r e d  a d i f f e r e n t  s t r a t e g y  f o r  t h e  s y n t h e s i s  of t h e  r i g i d  bu i ld ing  block. 
We have taken  advantage of t h e  mi r ro r  p lane  of symmetry i n  hemispherands. Pyrylium sal ts  
proved t o  be e x c e l l e n t  s t a r t i n g  m a t e r i a l s  f o r  t h e  s y n t h e s i s  of bu i ld ing  b locks  c o n t a i n i n g  a 
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Scheme 2 

p y r i d i n e  o r  4i-pyran moiety.  D i f f e r e n t  a r y l  s u b s t i t u t e d  pyrylium s a l t s  were r e q u i r e d  t o  
s y n t h e s i z e  t h e  bu i ld ing  b locks  wi th  s u i t a b l e  f u n c t i o n a l  groups o r t h o  t o  t h e  methoxy groups.  
The i n t r o d u c t i o n  of an a l l y l  s u b s t i t u e n t  i n  1 so lved  t h e  problem of low y i e l d s  ob ta ined  by 
in t roduc ing  formyl groups i n  bu i ld ing  b locks  c o n t a i n i n g  a p y r i d i n e  r i n g  through l i t h i a t i o n  
and r e a c t i o n  w i t h  DMF or e l e c t r o p h i l i c  a romat i c  s u b s t i t u t i o n .  The a l l y l  groups were 
i somer ized  fo l lowed by o x i d a t i o n  t o  g i v e  8. Reduction and convers ion  t o  t h e  bromomethyl 
d e r i v a t i v e  was fo l lowed by macrocyc l i za t ion  t o  g ive  9 (Scheme 2). 

Pyrylium sa l t s  t h a t  a r e  u n s u b s t i t u t e d  a t  the  4 -pos i t i on  r e a c t  with s t r o n g  nuc leoph i l e s  t o  
g i v e  4H-pyrans ( r e f .  1 9 ) .  Thus, t h e  Qi-pyran  11 was ob ta ined  from lo upon r e a c t i o n  wi th  
methylmagnesium i o d i d e  i n  93% y i e l d .  The 4i-pyran hemispherand 12 was prepared  by t h e  same 
method a s  desc r ibed  f o r  5 ,  t h e  macrocyc l i za t ion  r e a c t i o n  proceeding i n  65% y i e l d  (Scheme 3 ) .  

Scheme 3 

R' D C y ,  CzH, 
R2: H, CH3 

PYRYLIUM HEMISPHERANDS 

I t  is obvious from t h e  above s y n t h e s i s  of 6 and 2 t h a t  such  a d ive rg ing  approach r e q u i r e s  
long  r o u t e s  t o  i n d i v i d u a l  hemispherands.  Consequently we have developed a converging 
s y n t h e s i s  v i a  pyrylium hemispherands. 
The 4i-pyran hemispherand (12) ob ta ined  a s  desc r ibed  above was r e a c t e d  wi th  t h e  
t r i pheny lme thy l  carbenium ion .  Hydride a b s t r a c t i o n  f a c i l i t a t e d  by t h e  fo rma t ion  of t h e  
67-pyrylium nucleus  proceeded a lmost  q u a n t a t i v e l y  t o  g ive  12. T h i s  hemispherand has two 
r e a c t i v e  s i tes  2 t h e  carbon atoms a t  t h e  2- and 6 -pos i t i ons  and a t  t h e  4 -pos i t i on .  
Reac t ion  of a nuc leoph i l e  a t  t h e  2- o r  6-carbon atom of t h e  pyrylium r i n g  l e a d s  t o  r i n g  
t r ans fo rma t ion .  We have i n v e s t i g a t e d  r e a c t i o n s  wi th  ammonia and primary amines t o  g i v e  t h e  
py r id ine  and N-methyl and N-phenyl pyridinium hemispherands 
energy involved  i n  t h e s e  r e a c t i o n s  appears  t o  be l a r g e  enough t o  in t roduce  l a r g e  s t e r i c  
b a r r i e r s  a s  i l l u s t r a t e d  f o r  m. CPK molecular models of 
imposs ib le  and t h e  N M R  s p e c t r a  of t h i s  compound a l s o  show t h a t  t h e  N-phenyl r i n g  is o u t  of 
t he  p lane  of t h e  pyridinium r i n g .  

and 14b,c. The a romat i za t ion  

show t h a t  r i n g  i n v e r s i o n  i s  
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Scheme 4 

The pyrylium 4-methyl pro tons  a r e  a c i d i c  and r e a c t i o n  of 12 with  a base  g i v e s  t h e  
4-methylenepyran (anhydrobase) .  Th i s  compound a l s o  is  an i n t e r m e d i a t e  i n  t h e  condensa t ion  
wi th  carbonyl compounds. Th i s  was i l l u s t r a t e d  by t h e  r e a c t i o n  of 12 with benzaldehyde t o  
g i v e  2, which subsequent ly  can be conver ted  i n t o  t h e  py r id ine  hemispherand 16 (Scheme 4 ) .  
Because r e a c t i o n s  of anhydrobases a r e  numerous and well documented i n  t h e  l i t e r a t u r e ,  t h e  
4-methyl group i n  12 provides  a method f o r  t h e  s y n t h e s i s  of va r ious  o u t e r  sphe re  
f u n c t i o n a l  i zed  hemi spherands .  

SINGLE CRYSTAL X-RAY ANALYSIS OF FREE LIGANDS A N D  THEIR 
SODIUM PICRATE COMPLEXES 

Whereas t h e  conformation of t h e  m- teran isy l  moiety i n  2 is  ha rd ly  changed upon complexation 
a s  seen  i n  ;.NaPic, t h e  hemispherand 2 shows t h a t  conformat iona l  change of an a n i s y l  u n i t  i s  
necessary  t o  g i v e  2.NaPic. The r e s u l t i n g  conformation has a l s o  been found i n  z . N a P i c .  
The changes observed i n  t h e  c r y s t a l  s t r u c t u r e  of 2 and 2.NaPic a r e  c o n s i s t e n t  wi th  t h e  
'H NMR s p e c t r a l  changes observed. The f r e e  l i g a n d  shows a s i n g l e t  f o r  t h e  benzy l i c  hydrogen 
atoms i n d i c a t i n g  t h a t  r i n g  i n v e r s i o n  is f a s t  on t h e  'H NMR t ime s c a l e .  Upon complexation 
w i t h  sodium p i c r a t e  t h e  spectrum of 2.NaPic resembles  t h a t  of 2.NaPic with analogous 
chemical s h i f t s  and t h e  benzy l i c  p ro tons  appear a s  an AB system. 
The s p e c t r a l  changes observed f o r  2 upon complexation a r e  a l s o  found f o r  12 showing t h a t  
t h i s  hemispherand is conformat iona l  more mobile t han  2. 
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COMPLEXATION OF HEMISPHERANDS WITH ALKALI CATIONS 
The complexation of t h e  hemispherands was s t u d i e d  by t h e  p i c r a t e  e x t r a c t i o n  method of Cram 
e t  a1 ( r e f .  2 0 ) .  I n  F ig .  4 t h e  r e s u l t s  a r e  summarized and i t  i s  c l e a r l y  shown t h a t  
r e l a t i v e l y  smal l  v a r i a t i o n s  i n  t h e  s t r u c t u r e  a r e  r e f l e c t e d  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  
s t a b i l i t y  and s e l e c t i v i t y .  
I t  i s  s e l f - e v i d e n t  t h a t  ex tending  t h e  ethyleneoxy b r idge  i n  2 by one u n i t  t o  g ive  17, s h i f t s  
t h e  s e l e c t i v i t y  t o  t h e  l a r g e r  a l k a l i  c a t i o n s  K+ and Rb+. However, compared t o  t h e  
hemispherand 2 which c o n t a i n s  f o u r  s e l f - o r g a n i z i n g  a n i s y l  u n i t s  i n  a 21-membered r i n g ,  no 
enhancement i n  a s s o c i a t i o n  is  observed  and lJ a l s o  appea r s  t o  have a l a r g e r  K+/Na+ 
s e l e c t i v i t y  a s  found f o r  fi. 
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The b inding  f r e e  ene rg ie s  of t h e  4)i-pyran and p y r i d i n e  hemisperands 12 and 2 show t h e  
concept used i n  t h e  s y n t h e s i s  of i n n e r  sphe re  modified hemispherand v i a  t h e  pyrylium 
hemispherand. The r e l a t i v e l y  f l e x i b l e  4)i-pyran hemispherand 12 shows low - A G O  v a l u e s  caused 
by t h e  conformat iona l ly  mobile macroring and t h e  weak l i g a t i n g  d i v i n y l  e t h e r  oxygen. 
Conver t ing  t h e  4H-pyran r i n g  t o  a pyr ido  r i n g  shows t h e  i n c r e a s e  i n  - A G O  v a l u e s ,  which a r e  
almost equal  t o  t h o s e  found f o r  2 (F ig .  5 ) .  
T h i s  concept i s  once more i l l u s t r a t e d  i n  t h e  - A G O  va lues  determined f o r  19, t h e  s t a r t i n g  
compound t o  s y n t h e s i z e  an o u t e r  sphe re  f u n c t i o n a l i z e d  hemispherand of t y p e  2. 
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