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Abs t rac t :  A se r i es  o f  water -so lub le  paracyclophanes having charged s i de  chains 

(Za,b,?a,b) were synthesized,  and t h e i r  complexation p r o p e r t i e s  toward organ ic  

guest  molecules i n  neutral aqueous s o l u t i o n  were examined. 

We have r e c e n t l y  designed and synthesized a se r i es  of  novel water -so lub le  paracyclophanes 

having diphenylmethane skeletons,  represented by CP44 (1) shown below, as hos t  compounds t o  t r a p  

organ ic  guest molecules by hydrophobic i n t e r a c t i o n  i n  aqueous so l u t i on . '  Both c r y s t a l l o g r a p h i c l a  

and NMR s p e c t r a l l b  s t ud ies  have s t r o n g l y  supported an i n c l u s i o n  complex format ion i n  a particular 

geometry. I n  add i t i on ,  subs t ra te  s e l e c t i v e  complex fo rmat ion  was observed i n  aqueous s o l u t i o n ,  

which was based upon host-guest  r ecogn i t i on  o f  mutual s t r u c t u r e  and charge.lcsd Although t h i s  

a r t i f i c i a l  system may a f f o r d  a p r i m i t i v e ,  bu t  p romis ing  model f o r  mo lecu la r  r ecogn i t i on  i n  aqueous 

so l u t i on ,  the  a c i d i c  c o n d i t i o n  ( pH<? )  r equ i r ed  t o  s o l u b i l i z e  these hos t  compoundsla should 

severe ly  l i m i t  t h e i r  a p p l i c a t i o n .  Therefore i t  i s  h i g h l y  des i r ab l e  t o  make them so lub le  i n  neutral 

aqueous so l u t i on .  

We wish t o  r e p o r t  here the  m o d i f i c a t i o n  o f  CP44 (1) by i n t r oduc ing  s i de  chains hav ing  a charge 

a t  n e u t r a l  pH. The mod i f i ed  hos ts  (9,b. ia.b)  were synthesized as shown i n  Scheme 1,' s t a r t i n g  

f rom CP44 (;).la A l l  the  mod i f ied  hos ts  were f r e e l y ~ s o l u b l e  i n  n e u t r a l  aqueous s o l u t i o n .  



I n  add i t i on ,  the f o l l o w i n g  two p o i n t s  d i f f e r  f rom the  parent  host, which might  a f f e c t  the  s t a b i l i t y  

of the  host-guest  complex. ( i )  The modi f ied hosts have p o s i t i v e  ( 3 . b )  o r  negat ive  ( 3 . b )  charges 

a t  neu t ra l  pH. ( i i )  The s t a t e  o f  t h e i r  n i t rogens  i s  amide (;a,b,?a,b) whereas t h a t  of  CP44 1s 

ammonium ( a t  a c i d i c  pH). 

Complex format ion by the  mod i f ied  hosts was i nves t i ga ted  us ing  TNS (Z-toluidinonaphthalene-6- 

su l fonate)  as the subs t ra te .  A l l  the  mod i f ied  hosts induced f luorescence enhancement and b l u e  

s h i f t  i n  the f luorescence spectrum of  TNS (F i gu re  I ) ,  suggest ing t h a t  the  subs t ra te  was inc luded 

w i t h i n  the  hydrophobic c a v i t y  o f  t h e  mod i f ied  hosts.3 D i ssoc ia t i on  constants ( Kd ) of  the  1 : l  

complexes are l i s t e d  i n  Table I , ~  from which the  e f fec ts  of  charge on i n c l u s i o n  complex fo rmat ion  

Scheme 1  

a) BOCNH(CH~)~CO~H,  OCC, i n  CH2ClZ; b )  HCI, i n  EtOH; c )  BOCNH(CH~)~CO~H,  DCC, i n  CH2C12; 

d )  Me02C(CH2)2COCI, Et3N, i n  CH2ClZ; e )  NaOH, i n  MeOH/H20 (10 : l ) ;  f )  Me02C(CH2)5C02H, 

CH3CHZN = C = N(CH2)3 N(CH3)2. HCI (water -so lub le  DCC), i n  CH2C12. 

TNS 

2 b .  R = - c o ( c H ~ ) ~ N H ~ @  

? b :  R = - C O ( C H ~ ) ~ C O ~ '  

Figure Fluorescence spec t ra  o f  TNS i n  the  presence and absence o f  the  mod i f i ed  hosts.  pH 7.07; 

[TNS] = 4 x  I O - ~ M ;  [Host] = 5 x ~ o - ~ M .  * Raman s c a t t e r i n g  of  water .  
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are considered as fo l lows: 

( 1 )  A l l  the modified hosts showed complex format ion w i t h  TNS i n  neu t ra l  aqueous so lu t ion .  
5  

Espec ia l ly  the s t rong complex format ion by host ;a was comparable w i t h  t h a t  by the known water- 

so lub le  host  compounds. 6  

(2) The hosts having p o s i t i v e  charges (2a.b) showed stronger complex formation than the 

corresponding hosts having negat ive charges (?a and ?b, respec t i ve l y ) .  Since the subst ra te  has 

a  negat ive charge ( Ar-SO3- ), the stronger complex format ion by hosts ;a and 2b can be ascr ibed t o  

a  favorable e l e c t r o s t a t i c  i n t e r a c t i o n .  Thus a  simple charge p rox im i t y  e f fec t  have resu l t ed  i n  

molecular recogn i t ion  by a  f a c t o r  o f  as h igh  as 22 ( Kd = 8 . 6 ~  I O - ~ M  by ;a vs. Kd = 1 . 9 ~  ~ o - ~ M  

by ?a ) ,  which i nd i ca tes  the importance o f  e l e c t r o s t a t i c  i n t e r a c t i o n  i n  aqueous so lu t ion .  7  

(3 )  Des tab i l i za t i on  o f  the host-guest complexes i n  the order  o f  ;+;a+$* may be explained by 

the increas ing separat ion of p o s i t i v e  charges and hydrophobic c a v i t y  (F igure  2), thus the importance 

of the e l e c t r o s t a t i c  i n t e r a c t i o n  between host and subst ra te  i s  i nd i ca ted  from a  d i f f e ren t  angle. 

Although complex formation has been weakened by the present modi f ica t ion ,  a  host  compound (La) 

4  6 e x h i b i t i n g  Kd value o f  -10- M w i t h  an organic guest molecule i n  neutral aqueous s o l u t i o n  was 

successfu l ly  obtained. Therefore i t  may be concluded t h a t  t h i s  type of hos t  compounds have found 

wider p o s s i b i l i t i e s  of t h e i r  f u t u r e  app l ica t ions .  

Table Dissoc ia t ion  constants ( Kd ) o f  the  1 : l  complexes between TNS and the modi f ied  hosts.4" 

~ o s t  Kd [ M I  

2a ( R = -CO(CH2)2 N H ~ +  ) - 8.6 ( 1.0 )a  

zb ( R = - c o ( c H ~ ) ~ N H ~ + )  - 3.1 x l o &  ( 0.028 ) a  

3a ( R = -CO(CHZ)2 C02- ) - 1.9 x ( 0.045 la 

? ( R = H~ ' ;  CP44 ) 9.7 x ( 8.9 ) b  
- - 

25.O* 0.I0C; exc i t ed  a t  375 nm; measured a t  495 nm, [TNS] = 2-10 x 1 0 . ~  M. (a)  KH2P04 - Na2HP04 

b u f f e r  (pH 7.07). (b )  KC1 - HCI bu f fe r  (pH 1.95). The values i n  the parentheses are the 

r e l a t i v e  stabilities ( 1  I Kd ) of the complexes. 

I I I 
A r  A r  A r  

t 
I ( R = Hz ; CP44 ) - .., 2a ( R = -CO(CH2)2 N H ~ ~  ) - 2b ( R = -CO(CH2)s N H ~ '  ) 

Fisure Schematic drawings o f  a t t r a c t i v e  e l e c t r o s t a t i c  i n t e r a c t i o n  between host  and subst ra te .  
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