
Pure & Appl. Chem., Vol. 61, No. 9, pp. 1597-1603,1989, 
Printed in Great Britain. 
@ 1989 IUPAC 

Cation binding properties of alkyl calixaryl 
derivatives. A new family of molecular receptors 
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Abs t rac t  - S t a b i l i t y  cons tan ts  of  t h e  complexes o f  a l k a l i  c a t i o n s ,  Ag+ 

and T1+, w i t h  t e t r a m e r i c  and hexameric c a l i x a r e n e s  f u n c t i o n a l i z e d  on t h e  

pheno l i c  oxygens by e s t e r  or k e t o n i c  groups a r e  repo r ted ,  i n  methanol 

and/or a c e t o n i t r i l e .  Four t e t ramers  were i n v e s t i g a t e d  ( e t h y l a c e t a t e ,  

methylketone, t - b u t y l k e t o n e  and pheny lke tone)  and one hexamer ( e t h y l -  

a c e t a t e ) .  The i r  complexat ion power i s  comparable w i t h  t h a t  o f  DB18C6, 

b u t  weaker than those o f  c ryp tands  221  and 222. The remarkable comple- 

x a t i o n  s e l e c t i v i t i e s  a r e  discussed i n  terms o f  t h e  s t r u c t u r a l  f ea tu res  

o f  t h e  f r e e  recep to rs  and r e l a t e d  t o  t h e  phase- t rans fer  p r o p e r t i e s .  The 

ionophor i c  p r o p e r t i e s  a re  c o n s i s t e n t  w i t h  t h e  magnitude o f  t h e  s t a b i l i t y  

cons tan ts  and t h e  complexat ion  s e l e c t i v i t i e s .  

INTRODUCTION 

Cal ixarenes  a re  macrocyc l i c  phenol-formaldehyde condensat ion o l igomers  ( r e f .  1). The i r  

name, i n t roduced  by Gutsche i n  1978, o r i g i n a t e s  f rom t h e  r e c o g n i t i o n ,  i n  mo lecu la r  models, 

o f  t h e  c h a l i c e - l i k e  appearance o f  t h e  t e t r a m e r i c  sma l les t  members o f  t h e  s e r i e s  ( F i g .  1). 

F i g .  1. Parent  Ca l ixarenes .  
a )  General  fo rmula  o f  ca l i x [n ]a renes .  
b )  Schematic c h a l i c e - l i k e  s t r u c t u r e  

o f  ca l i x [4 ]a renes .  

OH n=4,5,6,7,8. 

The con t inous  search f o r  new s y n t h e t i c  mo lecu la r  recep to rs  capable o f  hos t -gues t  r e l a t i o n -  

sh ips  w i th  i o n s  and n e u t r a l  molecules has l e a d  t o  many n o v e l  s t r u c t u r e s  d u r i n g  t h e  p a s t  

decades : a f t e r  t h e  emergence o f  va l inomyc in  and monensin f rom n a t u r a l  sources came a 

succession o f  s y n t h e t i c  ionophores : cryptands, crown-ethers,  podands, spherands and hemi- 

spherands, a l l  possessing t o  v a r y i n g  degrees t h e  a b i l i t y  t o  sequester and t r a n s p o r t  a l k a l i  

meta l  c a t i o n s .  As w i l l  be shown, f u n c t i o n a l i z e d  c a l i x a r e n e s  may prove t o  be another 

m i les tone  i n  recep to r  chemis t ry .  

A l though t h e  pa ren t  c a l i x a r e n e s  a r e  recep to rs  f o r  s m a l l  n e u t r a l  molecules,  they  d i s p l a y  

l i t t l e  or no ionophor i c  a c t i v i t y  towards a l k a l i  me ta l  c a t i o n s  when t h e  aqueous source phase 

i s  n e u t r a l .  However I z a t t  and coworkers found t h a t  i f  t h e  source phase i s  b a s i c  enough t o  

a l l o w  depro tona t ion  o f  t h e  pheno l i c  groups, t h e  a l k a l i  me ta l  c a t i o n s  can be t r a n s p o r t e d  as 
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neutral complexes through a haloform liquid membrane, with an original selectivity pattern 
Cs+ > Rb+ > K+ > Na+ > Li+ (ref. 2 ,  3). No correlation could ever be established between 
the transport properties and the cation binding ability of the parent calixarenes because 
o f  the great insolubility of the latter in all usual dissociating solvents, preventing 
any stability constants measurement. 

Bearing in mind that many natural ionophores possess ethereal and ester carbonyl oxygens as 
primary donor sites in a macrocyclic array, McKervey and his coworkers recently attached 
alkylacetate or  ketonic carbonyl groups to the phenolic oxygens of the parent calixarenes 
in order to increase their ionophoric properties (ref. 4 - 6 ) .  The same idea was simultane- 
ously developed, concerning ester groups, by Chang and Cho (ref. 7 )  as well as by Ungaro 
and coworkers (ref. 8, 9), but no stability constant of the complexes has ever been deter- 
mined. 

McKervey's preliminary extraction and transport experiments with alkali cations have brought 
evidence that these new functionalized calixarenes display very efficient and selective 
phase transfer and ionophoric properties, which may be related to the structures of the 
receptors (ref. 4 - 6 ) .  

Our goal in the present study has been to situate these new receptors with respect to the 
widely studied crowns and cryptands, by measuring the stability constants of their com- 
plexes with the alkali cations and with "softer" monovalent cations such as Ag+ and Tl+, 
and to correlate the complexation thermodynamic parameters to the structural, phase trans- 

fer and transport properties of the calixarenes. 

The compounds studied, represented in Fig. 2 ,  are : the tetrameric and hexameric 
p-t-butyl calixaryl ethylacetates 1 and 2 (ref. 
(ref. 5 ) ,  the p-t-butyl calixaryl t-butylketone 
phenylketone 5. 

1 : R CH,CO,Et 
2 : R = CH,COMe 
3 : R = CH,COtBu 
4 : R = CH,COp 
5 : R = CH,CO,Et 

4 ) ,  the p-t-butyl calixaryl methylketone 2 
3 (ref. lo), and the p-t-butyl calixaryl - 

n= 4 
n =  4 
n= 4 
n= 4 
n= 6 

Fig. 2 .  
Functionalized calixarenes 
studied in this work 

METHOD AND RESULTS 

The stability constants in water of the compounds shown in Fig. 2 could not be determined 
because of their still too low solubility in this solvent. However, tetramers 1, 2 and 2 
are soluble enough in the similar protic solvent MeOH which, moreover, is a reference sol- 
vent for further discussion of the ionophoric properties. The hexamer 1. as well as the 
tetramers 1, 2 and 5 are soluble in acetonitrile AN, a solvent in which it has been possible 
to compare the binding abilities of the tetramers and hexamer . Both solvents were considered 
as totally dissociating. 

The stepwise addition of an alkali cation, silver or  thallium, to a calixarene solution 
leads to a substantial change of absorbance in the range 250-300 nm, sometimes accompanied 
by a small hypsochromic shift of the shortest wavelength band, leading to an isobestic point 
which indicates the presence of at'least two absorbing species (Fig. 3 ) .  Therefore, the 
stability constants of the complexes were determined by UV absorption spectrophotometry, 
coupled to a multiwavelength treatment of the data which provides the stability constants of 
the complexes as well as their calculated individual electronic spectra (ref. 11). 
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F i g .  3. Change i n  absorbance A o f  a 2.5 10-4M 

s o l u t i o n  o f  t h e  t e t r a k e t o n e  2 i n  AN upon 

s tepwise  a d d i t i o n  o f  a lO-'M s o l u t i o n  o f  

LiC104 i n  AN ( 0  < CLi < 5.10-4M). I o n i c  

s t r e n g t h  : 0.01M i n  Et4NC104 

A l l  exper imenta l  da ta  were c o n s i s t e n t  wi th t h e  assumption o f  t h e  fo rma t ion  o f  1:1 complexes, 

i n  agreement w i th  t h e  p rev ious  X r a y  ( r e f .  12)  and NMR ( r e f .  9 )  s t u d i e s  o f  s i m i l a r  

ca l i xa renes .  

The sequence o f  decreas ing  i n t e n s i t i e s  o f  t h e  e l e c t r o n i c  spec t ra  o f  t h e  complexes v a r i e s  

w i th  t h e  l i g a n d  and wi th t h e  so l ven t .  

The r e s u l t s  a r e  summarized i n  Table 1, toge the r  w i t h  some a d d i t i o n a l  da ta  concern ing  t h e  

complexat ion  by dibenzo-18-crown-6 (DB18C6) and by c ryp tands  221 and 2 2 2 ,  r e s p e c t i v e l y  

t h e  bes t  adapted t o  Na+ and K+ complexat ion.  

TABLE 1. Logar i thms o f  t h e  s t a b i l i t y  cons tan ts  B o f  t h e  m e t a l l i c  complexes o f  

f u n c t i o n a l i z e d  c a l i x a r e n e s  a)and some o t h e r  s y n t h e t i c  ionophores. T = 25OC. 

I o n i c  s t r e n g t h  lO-'M (Et4NC1 i n  MeOH and Et4NC104 i n  AN). a )A r i t h rne t i c  mean 

o f  a t  l e a s t  two exper iments.  Standard d e v i a t i o n  on t h e  mean : anWl = 0.2 l o g  u n i t s ;  

b ) r e f .  13; " r e f .  14; d ) r e f .  15; e ) r e f .  16. 

So lven t  Ca t ion  1 - 2 - 3 - A - 5 221b 222b DB18C6d 

MeOH L i+ 2.6 2.7 1.8 

Na+ 5.1 5.6 4.3 

K+ 1.9 3.1 5.0 

Rb+ 3.1 3.6 1.6 

cs+ 2.7 3.1 < 1  

A9+ 4.0 5.8 

T I +  1.6 2.4 

5.4 2.6 

8.6 1.9 4.4 

8.5 10.4 5.0 

6.7 8.9 4.2 

4.3 4.4 3.5 

14.6 12.2 4.0 

l o .oc  3.9 

AN L i +  6.4 5.8 6.3 3 .1  10.3 6.9 

N a+ 5.8 5.6 6 .1  3.5 >11.3 10.6' 4.8 

K+ 4.5 4.4 5.1 5.1 9.5 10.5c 4.8 

cs+ 2.8 3.7 5.6 4.3 4.5 3.5e 

Rb+ 1.9 1.7 4.5 4.8 9.5 3.1e 

A9+ 2.5 2.4 4.2 11.2 8.9 

DISCUSS I0 N 

The apparent f o rma t ion  cons tan ts  8 ( c o n c e n t r a t i o n  r a t i o s )  o f  t h e  1:l complexes o f  t h e  c a l i -  

xarenes w i th  a l k a l i  c a t i o n s  range between r o u g h l y 2  and 6 l o g  u n i t s ,  w i th  a c l e a r  maximum, 

wi th in t h e  a l k a l i  se r ies ,  f o r  Na+ w i t h  t h e  te t ramers  1 and 2 i n  MeOH and f o r  K+ w i th  t h e  

hexamer 5. I n  AN, t h e  te t ramer  a l s o  complexes Na+ b e t t e r  t h a n  t h e  l a r g e r  a l k a l i  c a t i o n s  : 

t h e  case o f  L i +  w i l l  be discussed f u r t h e r .  The te t ramer  3 complexes K+ s l i g h t l y  b e t t e r  t han  
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Na+. The B va lues  a r e  o f  t h e  same o rde r  o f  magnitude as w i th  DB18C6, b u t  g e n e r a l l y  lower  

than wi th c ryp tands .  For i ns tance ,  i n  MeOH,B(Na-l+) and B(Na-?+) a re  r e s p e c t i v e l y  3 end 5 

l o g  u n i t s  lower  than B(Na221+) and B(K222+). 

The Na+/K+ complexat ion  s e l e c t i v i t i e s  i n  MeOH, c a l c u l a t e d  as t h e  r a t i o s  B(Na+)/B(K+), a r e  

h i g h e r  f o r  1 and 2. ( r e s p e c t i v e l y  6300 and 300) than f o r  t h e  c ryp tand  221, known as t h e  

(Z) -c ryp tand b e s t  adapted f o r  Na+ complexat ion  (1.2 accord ing  t o  t h e  da ta  o f  Table 1). The 

e x t e n t  o f  t h e  s e l e c t i v i t y ,  however, i s  s o l v e n t  dependent as f o r  c ryp tands  ( r e f .  13)  : i n  AN, 

221 i s  more s e l e c t i v e  ( ~ 6 3 )  than  1 (ZO), 2 (16)  and 5 (10). The K+/Na+ complexat ion  se lec -  

t i v i t y  o f  5 i n  AN, c a l c u l a t e d  as t h e  r a t i o  B(K+)/B(Na+), amounts t o  40, and i s  super io r  t o  

t h e  va lue  2.5 which may be c a l c u l a t e d  f o r  t h e  c ryp tand  222 from t h e  means o f  a l l  l i t e r a t u r e  

da ta  ( r e s p e c t i v e l y  10.4 and 10.8 f o r  B(Na+) and B(K+)).  

I n  MeOH, T l +  forms weaker complexes than any a l k a l i  c a t i o n ,  whereas Ag+ i s  as s t r o n g l y  com- 

p lexed  as Na+ by 2 b u t  n o t  by 1. 
Stability and structure 

The s e l e c t i v i t y  f o r  Na+ o f  t h e  te t ramers  1 and 2 i s  i n  good agreement w i th  t h e  p r e d i c t i o n s  

t h a t  cou ld  be  fo reseen from t h e  mo!.ecul.ar s t r u c t u r e s  o f  t h e  f r e e  recep to rs ,  showing t h a t  

b o t h  te t ramers  a r e  i n  a cone conformat ion  i n  t h e  s o l i d  s t a t e  (ref. 4, 5 )  as well as i n  

s o l u t i o n  ( f rom NMR s tud ies ,  ref. 24). The s u b s t i t u e n t  groups, mutal1.y syn, c r e a t e  a hydro- 

p h i l i c  c a v i t y  as an ex tens ion  o f  t h e  l i p o p h i l i c  c a l i x  d e f i n e d  by t h e  aromat ic  n u c l e i  and 

t h e  t - b u t y l  groups. I n  t h i s  conformat ion ,  they  may a c t  c o o p e r a t i v e l y  i n  t h e  b i n d i n g  o f  

meta l  i ons ,  and favour  a h i g h  degree o f  complexat ion.  The h i g h  s e l e c t i v i t y  f o r  Na+ can be 

accounted f o r  by t h e  h y d r o p h i l i c  c a v i t y  dimensions, de f i ned  by t h e  c y c l i c  a r r a y  o f  t h e  

four p h e n o l i c  oxygen at,oms, mu tua l l y  separa ted  by 3.10-3.28 A i n  1 and by 3.03-3.26 A i n  2. 
These dimensions may a l l o w  i n c l u s i o n  o f  a sma l le r  or a l a r g e r  c a t i o n  by t h e  more o f  less 
f l e x i b l e  s i d e  arms, b u t  t h e  c o n t r a c t i o n  or expansion o f  t h e  r e c e p t o r s  c a v i t y  w i l l  l e a d  t o  

an e n e r g e t i c  expense and t o  a subsequent d e s t a b i l i z a t i o n  o f  t h e  cor respond ing  complexes. 

I n  c o n t r a s t  w i th  p rev ious  compounds, t h e  hexameric ace ta te  2 does n o t  have t h e  cone con fo r -  

mat ion.  It i s  cent rosymmet r ic  and t h e  ad jacen t  O...O i n t r a m o l e c u l a r  con tac ts  a r e  much 

longer  (4.04 and 4.70 A) than i n  t h e  te t ramers ,  suggest ing  a b e t t e r  b i n d i n g  a b i l i t y  o f  t h e  

l a r g e r  c a t i o n s  ( r e f .  5 ) .  The f l e x i b l e  s t r u c t u r e  o f  t h e  hexaes ter  l eads  t o  a "p la teau  

s e l e c t i v i t y "  a f t e r  K+, as observed w i t h  t h e  l a r g e r  c ryp tands  322, and 332. 

For a l l  c a t i o n s  s tud ied ,  t he  complexes o f  t h e  te t ramethy l ke tone  2 are  s t ronger  i n  MeOH than 

those o f  t h e  t e t r a e t h y l e s t e r  1, i n  agreement aga in  w i t h  t h e  s t r u c t u r a l  da ta  which evidence 

a b e t t e r  p r e o r g a n i z a t i o n  o f  t h e  k e t o n i c  s u b s t i t u e n t  groups, f avou rab le  t o  a s t ronger  comple- 

x a t i o n  power, and a l s o  t o  t h e  more b a s i c  cha rac te r  o f  t h e  k e t o n i c  oxygen atoms i n  MeOH. 

No s t r u c t u r e  o f  t h e  compounds 2 and i s  a v a i l a b l e  ye t .  The f a c t  t h a t  t h e  t - b u t y l k e t o n e  2 
does n o t  d i s c r i m i n a t e  c l e a r l y  between Na+ and K+ c o u l d  be r e l a t e d  t o  an enlargement o f  t h e  

h y d r o p h y l i c  c a v i t y  due t o  t h e  b u l k y  t - b u t y l  groups on t h e  s u b s t i t u e n t s .  The r e c e p t o r  s t i l l  

keeps a h i g h  d i s c r i m i n a t i o n  a b i l i t y  between these two c a t i o n s  and t h e  sma l le r  L i +  or l a r g e r  

Rb+ and Cs+ i o n s .  

0 0 

0 

Stability and extraction 

The c a l i x a r y l  ace ta tes  and ketones a r e  n e u t r a l  i n  b a s i c  s o l u t i o n  and e x t r a c t  t h e  a l k a l i  

c a t i o n s  i n t o  a non p o l a r  phase as i on -pa i r s .  It i s  w e l l  known t h a t  t h e  e x t r a c t i o n  e q u i l i -  

b r ium cons tan t  Ke i s  p r o p o r t i o n a l  t o  t h e  s t a b i l i t y  cons tan t  B (H20)  o f  t h e  1:l complex & 
water and t o  e x t r a c t a b i l i t y  c h a r a c t e r i s t i c s  0 6  t h e  system. Whether t h e  Ke sequence w i th in  a 

s e r i e s  o f  homologous c a t i o n s  i s  governed by one or t h e  o t h e r  o f  t h e  two f a c t o r s  depends 

upon t h e  system under i n v e s t i g a t i o n ,  as demonstrated e a r l i e r  f o r  t h e  e x t r a c t i o n  o f  a l k a l i  

c a t i o n s  by 18-crown-6 (18C6) and by 15-crown-5 (15C5) ( r e f .  1 7 ) .  
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F i g .  4 .  Comparison o f  thermodynamic and e x t r a c t i o n  da ta  : l o g  Band  P vs. t h e  

c a t i o n s  i o n i c  r a d i i .  ( E x t r a c t i o n  da ta  f o r  compounds 3 and 4 f rom ref. 1 8 ) .  

McKervey and coworkers have measured t h e  percentage P o f  c a t i o n  e x t r a c t e d  from an aqueous 

a l k a l i n e  p i c r a t e  s o l u t i o n  i n t o  a dichloromethane medium ( r e f .  4 ,  5, 18). Prov ided some 

reasonable assumptions, P may be c o r r e l a t e d  t o  Ke when t h e  t o t a l  concen t ra t i ons  o f  c a t i o n  

(C,) and l i g a n d  (C,) a r e  equa l .  I n  these cond i t i ons ,  Ke i s  a monotonous i n c r e a s i n g  f u n c t i o n  

o f  P, and i t  i s  l e g i t i m a t e  t o  c o r r e l a t e  P and B ( H  0)  i n  o rde r  t o  check whether t h e  e x t r a c -  

t i o n  da ta  r e f l e c t  t h e  sequence o f  t h e  thermodynamic a f f i n i t i e s  o f  t h e  recep to rs  f o r  t h e  

c a t i o n s .  I n  t h e  p resen t  work, B(H20) was unaccess ib le ,  b u t  va r ious  p rev ious  s t u d i e s  have 

shown t h a t  t h e  s t a b i l i t y  cons tan ts  of  mac rocyc l i c  complexes i n  MeOH a r e  about 2-4 l o g  u n i t s  

h i g h e r  than i n  H20, w i t h o u t  s i q n i f i c a n t  changes i n  complexat ion  s e l e c t i v i t i e s  ( r e f .  19, 20, 

1 3 ) .  A c o r r e l a t i o n  between P and B(Me0H) t h e r e f o r e  a l s o  appears t o  be l e g i t i m a t e .  

F i g u r e  4 shows l o g  B and P vs. t h e  a l k a l i  c a t i o n s  i o n i c  r a d i i ,  i n  methanol  and i n  s c e t o n i -  

t r i l e ,  and evidences a s a t i s f a c t o r y  agreement between t h e  e x t r a c t i o n  and t h e  s t a b i l i t y  data.  

2 

I n  methanol, t h e  e x t r a c t i o n  and s t a b i l i t y  curves o f  compounds 1 and 2 e x h i b i t  t h e  same pro-  

f i l e s ,  w i t h  neve r the less  one excep t ion  : Rb+ i s  l e s s  e x t r a c t e d  than K+ or Cs+ b u t  b e t t e r  

complexed. 1 and 2 have t h e  same behaviour towards Na+, i n  complexat ion  and i n  e x t r a c t i o n ,  

b u t  f o r  t h e  o t h e r  a l k a l i  c a t i o n s ,  t h e  t e t r a k e t o n e  i s  a b e t t e r  complexing and e x t r a c t i n g  

agent than t h e  t e t r a e s t e r ,  i n  agreement w i t h  t h e  more b a s i c  cha rac te r  o f  t h e  k e t o n i c  carbo- 

n y l  groups. For  t h e  t - b u t y l k e t o n e  3, t h e  e x t r a c t i o n  and s t a b i l i t y  p r o f i l e s  show a l a r g e  

peak s e l e c t i v i t y  f o r  Na+ and KC with, anyhow, a s l i g h t  d i f f e r e n c e , a s  NaC i s  favoured i n  

e x t r a c t i o n  and K+ i n  s t a b i l i t y .  

The comparison between e x t r a c t i o n  and s t a b i l i t y  da ta  i s  more d e l i c a t e  i n  t h e  case o f  aceto- 

n i t r i l e ,  as t h i s  s o l v e n t  i s  very  d i f f e r e n t  from water .  A f i r s t  s t r i k i n g  f a c t  observed i n  AN 

is t h e  h i g h  s t a b i l i t y  cons tan ts  o f  t h e  L i C  complexes, which do n o t  correspond t o  h i g h  
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e x t r a c t i o n  c o e f f i c i e n t s p .  The inc rease  i n  s t a b i l i t y  w i th  respec t  t o  t h e  da ta  i n  MeOH i s  

h i g h e r  f o r  L i +  than f o r  t h e  o t h e r  c a t i o n s ;  a s i m i l a r  behav iour  i s  d i s p l a y e d  by c ryp tands  

(see Table 1) : i t  may be accounted for, a t  l e a s t  p a r t l y ,  by t h e  very  l a r g e  t r a n s f e r  

a c t i v i t y  c o e f f i c i e n t s  f rom MeOH t o  AN o f  t h e  L i +  c a t i o n  (4.5 l o g  u n i t s  f o r  L i+ ,  and between 

-1 and 1 f o r  t h e  o t h e r  a l k a l i  c a t i o n s  ( r e f .  21 ) ) ;  consequent ly,  t h e  h i g h  s t a b i l i t y  cons tan ts  

o f  t h e  L i +  complexes i n  AN ma in l y  r e f l e c t  s o l v e n t  e f f e c t s ,  n o t  encountered i n  e x t r a c t i o n  

f rom an aqueous medium. A second s t r i k i n g  f a c t  i s  t h e  d i f f e r e n t  behav iour ,  b o t h  i n  s t a b i -  

l i t y  and i n  e x t r a c t i o n ,  d i sp layed  by t h e  hexaes ter  2, i n  comparison w i th  t h e  te t ramers  

1, 2 and 4. With 5, K", Rb+ and Cs+ are  b e t t e r  complexed and e x t r a c t e d  than Na+ : t h e  

r a t h e r  i n c r e a s i n g  "p la teau" ,  f rom K+ t o  Cs+, found i n  e x t r a c t i o n ,  i s  rep laced  i n  s t a b i l i t y  

by a r a t h e r  decreas ing  one. The sma l le r  L i +  and Na+ c a t i o n s  a r e  b e t t e r  e x t r a c t e d  and 

complexed by t h e  te t ramers  1, 2 and 4 t han  by t h e  hexamer 2. The t h r e e  te t ramers  have t h e  

same e x t r a c t i o n  and s t a b i l i t y  p r o f i l e s ,  b u t  whereas t h e  te t ramethy l ke tone  2 e x t r a c t s  

b e t t e r  K+, Rb+ and Cs+ than  t h e  te t rapheny lke tone  5, which behaves very  much t h e  same 

as t h e  t e t r a e t h y l e s t e r  1, t h e  s t a b i l i t y  cons tan ts  o f  t h e  te t rapheny lke tone  4 a r e  h i g h e r  

than  those o f  1 and 2 and even h ighe r ,  i n  t h e  case o f  Cs+, than t h a t  o f  t h e  hexaes ter  2. 

Stability and transport 

Whereas t h e  e x t r a c t i o n  process o n l y  depends upon thermodynamic f a c t o r s ,  t h e  i o n i c  t r a n s p o r t  

th rough a l i q u i d  non p o l a r  membrane i s  mos t l y  r e g u l a t e d  by t h e  k i n e t i c  p r o p e r t i e s  o f  t h e  

system, such as t h e  r a t e s  o f  complex fo rmat ion ,  o f  complex d i f f u s i o n  th rough t h e  membrane 

and o f  re lease  o f  t h e  c a t i o n  a t  t h e  o u t e r  l i q u i d - l i q u i d  i n t e r f a c e .  However, K i r c h  and Lehn 

( r e f .  22) have shown e m p i r i c a l l y  t h a t  t h e  e f f i c i e n c y  o f  t h e  t r a n s p o r t  i s  maximum when t h e  

s t a b i l i t y  cons tan t  i n  methanol has an optimum va lue  rang ing  between 5 and 6 l o g  u n i t s .  

Moreover, f o r  t h i s  optimum value, t h e  t r a n s p o r t  and complexat ion  s e l e c t i v i t i e s  a r e  iden-  

t i c a l  ( r e f .  23).  Table 1 shows t h a t  @(MeOH) f o r  t h e  Na+ complexes o f  1 and 2 range between 5 

and 6109 u n i t s .  As f a r  as thermodynamics i s  concerned t h e  preceed ing  c o n s i d e r a t i o n s  b r i n g  

an exp lana t ion  t o  t h e  good ionophor i c  p r o p e r t i e s  and t r a n s p o r t  s e l e c t i v i t i e s  r e p o r t e d  by  

Seward ( r e f .  24),  who evidenced a b e t t e r  t r a n s p o r t  o f  Na+ over K+ and Cs+ by these two 

te t ramers  th rough a dichloromethane membrane. 

CONCLUSION 

For t h e  f i r s t  t ime, i s  has been p o s s i b l e  t o  determine t h e  s t a b i l i t y  cons tan ts  o f  t h e  com- 

p lexes  of  a l k a l i  c a t i o n s ,  Ag+ and T1+, w i t h  t e t r a m e r i c  and hexameric c a l i x a r e n e s  func t i ona -  

l i z e d  by e s t e r  or k e t o n i c  groups on t h e  pheno l i c  oxygens. I t  i s  shown t h a t  t h e  complexat ion  

power o f  t h e  compounds s t u d i e d  i s  comparable w i th  t h a t  o f  DB18C6, b u t  weaker than those o f  

c ryp tands  221 and 222. The sharp complexat ion  peak s e l e c t i v i t y  f o r  Na+ d i s p l a y e d  by most 

te t ramers ,  as well as t h e  p l a t e a u  s e l e c t i v i t y  d i sp layed  by t h e  hexameric compound f o r  t h e  

a l k a l i  c a t i o n s  l a r g e r  than  K+ a re  i n  agreement w i th  t h e  s t r u c t u r a l  and phase t r a n s f e r  p ro-  

p e r t i e s  o f  t h e  f r e e  recep to rs ,  and evidence t h e  major role o f  t h e  adequacy between 

h y d r o p h i l i c  c a v i t y  and t h e  c a t i o n  s i zes .  The e x t e n t  o f  t h e  Na+/K+ s e l e c t i v i t y  i s  s o l v e n t  

dependent, as f o r  c ryp tands  : i n  methanol, t h e  te t ramers  a r e  more s e l e c t i v e  f o r  Na+ than 

t h e  c ryp tand  221, b u t  n o t  i n  a c e t o n i t r i l e .  The K+/Na+ s e l e c t i v i t y  o f  t h e  hexameric compound 

i n  a c e t o n i t r i l e  i s  comparable w i th  t h a t  o f  222 i n  t h i s  so l ven t .  

The e x c e l l e n t  i onophor i c  p r o p e r t i e s  o f  t h e  compounds a r e  c o n s i s t e n t  w i th  t h e  magnitude o f  

t h e  s t a b i l i t y  cons tan ts  and w i th  t h e  complexat ion  s e l e c t i v i t i e s .  

t h e  
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