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MOLECULAR RECOGNITION I N  INCLUSION COMPLEXES 
AND ITS APPLICATION TO ISOLATION AND OPTICAL 
RESOLUTION OF MATERIALS 

K O I C H I  TANAKA and FUMIO TODA 
Department of I n d u s t r i a l  Chemistry,  Facu l ty  
of Engineer ing ,  Ehime U n i v e r s i t y ,  Matsuyama 
7 9 0 , Japan 

A b s t r a c t  If  a h o s t  compound i n c l u d e s  o n l y  one 
isomer o f  a mix tu re  of  isomers  s e l e c t i v e l y ,  it 
can b e  used f o r  s e p a r a t i o n  of isomers. T h i s  
s e l e c t i v e  i n c l u s i o n  can  a l s o  be used f o r  i s o -  
l a t i o n  o f  i n o r g a n i c  and o r g a n i c  compounds from 
aqueous s o l u t i o n .  W e  have des igned  s e v e r a l  new 
h o s t  compounds and s t u d i e d  s e p a r a t i o n  o f  i somers  
and i s o l a t i o n  of  mater ia ls  from aqueous s o l u t i o n  
by us ing  h o s t  compounds. When an o p t i c a l l y  
a c t i v e  h o s t  compound i s  used ,  e n a n t i o s e l e c t i v e  
i n c l u s i o n  o f  g u e s t  compounds can occur .  O p t i c a l  
r e s o l u t i o n  of compounds accord ing  t o  t h i s  i d e a  
w a s  a l s o  s t u d i e d .  

Seve ra l  new h o s t  compounds (&-&I)  a b l e  t o  i n c l u d e  
a w i d e  v a r i e t y  of g u e s t  compounds w e r e  designed. 

I t  was found t h a t  n o t  on ly  a l c o h o l s  ( k - t ) ,  phe- 
n o l s  (2-x) and amides ( Z - k z ) ,  b u t  a l s o  simple 

1 hydrocarbons (k:, $1) work a s  h o s t  compound. 

each  o t h e r  i n  t h e i r  i n c l u s i o n  complexes. When 

t h e  h o s t  compound can r ecogn ize  isomerism of a 

g u e s t  compound, t h e  i n c l u s i o n  phenomenum i s  
u s e f u l  f o r  i s o l a t i o n  of one isomer from a 
mixture  of  isomers .  When t h e  h o s t  compounds 
i n c l u d e  w a t e r  s o l u b l e  m a t e r i a l  b u t  n o t  w a t e r ,  
t h i s  can be used f o r  i s o l a t i o n  of t h e  w a t e r  

The h o s t  and g u e s t  molecules  r ecogn ize  
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348 F. TODA 

P h 2 C -  ( C Z C )  n - C P h 2  
I I 
01-1 OH 
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Me OH 
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@ OH 
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e: o r t h o ;  Q: p a r a  

@ y o ~ ~ o ~  
C O M e  C O M e  

M e  M e  M e  M e  
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350 F .  TODA 

s o l u b l e  material  from aqueous s o l u t i o n .  The most 

i n t e r e s t i n g  r e c o g n i t i o n  i n  t h e  complex i s  t h a t  of 

c h i r a l i t y .  BY us ing  t h e  c h i r a l  r e c o g n i t i o n ,  
o p t i c a l  r e s o l u t i o n  of compoiinds was c a r r i e d  o u t .  

1 , 1 , 6 , 6 - T e t r a p h e n y l h e x a - 2 , 4 - d i y n e - l I 6 - d i 0 l  

i s  ve ry  u s e f u l  €or s e p a r a t i o n  of isomers. For 
example, when a s o l u t i o n  of l a  and a 1:l mixture  

of 0- (&:?I andp- to lua ldehyde  (&gQ) i n  e t h e r - p e t .  
e t h e r ( 1 : l )  w a s  kept  a t  room tempera ture  f o r  1 2  h ,  

a 1:l complex of &: and &I32 was formed a s  c o l o r l e s s  

c r y s t a l s .  
a t  a 96% y i e l d .  From the  f i l t r a t e  l e f t  a f t e r  

s e p a r a t i o n  of t h e  complex of &$ and ilk, 9 5 %  pure  
18a was ob ta ined  i n  9 0 %  y i e l d  by d i s t i l l a t i o n .  By 

%% 

Upon h e a t i n g  i n  vacuo t h e s e  gave pure ;tQQ 

2 

a s i m i l a r  complexation method, t h e  fo l lowing  
‘L‘L% 

s e p a r a t i o r s  w e r e  achieved e a s i l y :  
21a:21b 22a-22b 23a-23b 24a.24b 2 5 a . 2 5 b . 2 5 ~  
%%% % % % I  %%%.%%%’ %%%’%%%‘ %%%*%%%, %%%.%%%.%%QJP 

26a:26b 27a:27bI ’L%L’L 28a:28b %%%.%%%. 29a.29b 
Sepa ra t ion  of p- (ZCl:) and y -p ico l ine  (30b)  

w a s  achieved by complexation w i t h  or  &. Since  
l c  inc ludes  p-xylene bu t  n o t  m-xylene, s e p a r a t i o n  

of t h e  two isomers  can be done e a s i l y . ‘  An X-ray 
c r y s t a l  

and p-xylene has  been done. ‘ 
2 ,2 - t e t r apheny le thane  a l so  i n c l u d e s  p-xylene selec- 

t i v e l y  and forms a 2 : l  complex of t h e  h o s t  and p- 

xylene .  X-Ray c r y s t a l  s t r u c t u r e  a n a l y s i s  of  t h e  

complex has  a l s o  been done.4 S ince  $, i n c l u d e s  

v a r i o u s  o rgan ic  compounds, l c  could  be used €or 
4 s e p a r a t i o n  of v a r i o u s  isomers .  

l.l.~:&~$, Z)$:z’2kl 

%%% %%% ‘L%% %%% 

3%%% 

%% 

s t r u c t u r e  s tudy  of a 2 : l  complex of .& 
I n t e r e s t i n g l y ,  1 , 1 , 
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MOLECULAR RECOGNITION I N  INCLUSION COMPLEXES 351 

The amide h o s t  compound JJ i s  e f f e c t i v e  f o r  

s e p a r a t i o n  of i somer ic  a l c o h o l s  such as $ 2 ~  and 

Z x Q ,  and m- and p - ~ r e s o l . ~  

r e c o g n i t i o n  i n  t h e  complex w a s  s t u d i e d  by X-ray 

s t r u c t u r e  
c r e s o l .  

c l u d e s  a wide v a r i e t y  of a l coho l s .  I t  can be used 
€o r  s e p a r a t i o n  of v a r i o u s  i somer i c  a l coho l s6 .  The 

s t r u c t u r e  of a 1:l complex of  @ and phenol was 

s t u d i e d  by X-ray c r y s t a l l o g r a p h y .  

The e f f e c t i v e  molecular  

a n a l y s i s  of a 1 : 2  complex of  &$ and m- 
The another  amide hos t ,  compound &S, i n -  

6 

I t  was found t h a t  i s  very  e f f e c t i v e  f o r  

s e p a r a t i o n  of cyclohexanol  ($&) and cyclohexanone 

(2%) from t h e i r  m i ~ t u r e . ~  

a d i f f i c u l t  problem i n  t h e  chemical  i n d u s t r y  due 

to c l o s e  b o i l i n g  p o i n t s  i n  t h e s e  two compounds. 

Although 8 forms complex both  wi th  2& and ax, t h e  

complex wi th  t h e  former i s  m e r e  e a s i l y  formed. 
Thus 

wi th  8 . 7  

complexes of 8 with  $$ and wi th  22 have been re- 
7 p o r t e d .  

The s e p a r a t i o n  h a s  been 

and $3 can be sepa ra t ed  by t h e  complexat ion 

X-Rzy c r y s t a l  s t r u c t u r e s  of both t h e  

M e  
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352 F.  TODA 

Extraction of ethanol from aqueous solution 
was carried out by complexation with &$. 8,9 Ex- 
traction of methanol was also achieved by complex- '' Crystal structures of zation with &? and x. 
all the complexes obtained were studied by X-ray 
crystallography . 8-11 
host 22 predominantly includes water . Extrac- 
tion of sodium hydroxide, potassium hydroxide, 
amines, and ammonia from aqueous solution can be 
achieved by complex formation with x. 

10 

Interestingly, the amide 
1 2  

1 3  

n OocmcoNd C N O C  cONd m 

22 
When an optically active host compound such as 
is used for complexation with a guest compound, 

the guest compound is effectively resolved. For 
example , epoxycyclohexanones (?,t-&) l4 and bicyc- 
l i c  lactones (&(,-$t)15 were easily resolved by 
complexation with 62 or g& to give optically pure 
enantiomers. 

Optically active 1 is a l so  useful fo r  optical 
resolution of various organic compunds. For exam- 
ple, sulfoxides l6-l8 and selenoxides19 were easily 
resolved by complexation with optically active x. 
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