
CHAPTER I 

INTRODUCTION

1.1 Macrocyclic compounds

M a c ro c y c lic  com pounds o r m acrocyc lic  ligands are p o lyd enta te  ligands w h ic h  
can b ind  m e ta l io n s  [1 ]. T h e y  conta in  at least th ree  d o n o r a tom s and the  m acrocyc lic  
r ing s  shou ld  consis t o f  a m in im u m  o f  n ine atom s. These ligands have sp e c ific ity  to  
b ind  m e ta l ions  o r  o th e r guests depend on some im p o rta n t p rop erties  o f  th e  ligand  [2 ] 
such as

1. T h e  re la tiv e  ca tion  and ligand c a v ity  sizes
2. T h e  b ind ing  sites w ith in  the  m acrocyc lic  com pounds such as n itro g e n  (-aza  

com p ound s), oxyg en  (-o xa  com pounds) and su lfu r ( - th ia  com ponds)
3. T h e  o x id a tio n  num ber and the  size o f  ca tions o r  o th e r guests
4. S te r ic  h ind rance in  the rings
5. S o lv e n t e ffec t
T h e  s ta b ility  constant o f  com p lexa tion  depends on in te ra c tio n s  such as io n - 

d ip o le  b e tw e e n  io n  o r  guest w ith  ligand w h ic h  is a host [3],

1.2 Calixarenes

C a lixa renes , w h ic h  are m etacyclophanes com pris ing  pheno lic  linked  to g e th e r by 
m e th y le ne  bridges [4] and fo rm in g  basket-shape cavities, are becom ing  an im p o rta n t 
class o f  com pounds in  sup ram olecu la r chem is try  [5 ,6 ]. T h e  name “ ca lixa rene”  has 
been g ive n  by G utsche  [5 ], T h e  w o rd  “ c a lix ”  comes fro m  chalice ( in  G re e k  : ca lix ) 
and arene. rep resents o f  a ry l rings in  the  m o le c u la r fra m e w o rk . T h e  fu n c tio n a liz a to n  o f  
ca lixa renes can be p e rfo rm ed  by changing at the  p a r a  p o s itio n  o r  “ upper r im ”  and at 
th e  O H  g roup s o r  lo w e r  r im  o f  calixarenes, thus they are excellen t p la tfo rm s /b u ild in g  
b lo cks  in  su p ram o lecu la r chem is try  [7 ], E sters , amides, c a rb oxy lic  acids, c ro w n  ethers, 
etc. at th e  lo w e r  r im  o f  d e riv a tive  o f  calixarenes can b ind to  m eta l cations. Because o f
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th e ir  u n iq u e  m o le c u la r a rch itec tu re , easy d e riva tiza tio n , and w e ll-p re o rg a n ize d  ca v ity , 
a p p ro p ria te ly  m o d ifie d  ca lixarenes can act as receptors fo r  cations, anions and neu tra l 
guest m o lecu les  [8 ], C a lixarenes can be prepared by base-catalyzed condensa tion  o f  
/^ -sub stitu ted  pheno l w ith  fo rm a ldehyde [9] as show n  in  F ig u re  1.1.

Figure 1.1 P re p a ra tio n  o f  ca lix [n ]arene  by condensation  o f  /^ -substitu ted  pheno l w ith  
fo rm a ld e h yd e .

1.3 Calix[4]arenes

T h e  sm allest m acrocyc le  o f  k n o w n  calixarenes is ca lix [4 ]a rene  w h ic h  have 4 
p h e no lic  u n its . C a lix [4 ]a re n e  is use fu l b u ild ing  b locks fo r  host m o lecu les w ith  d iffe re n t 
p ro p e rtie s  [5 ] w h ic h  are s tro n g ly  in fluenced by the c o n fo rm a tio n  o f  c a lix [4 ]a rene  
d e riv a tive s  [ 1 1 ]. /> -te rt-B u ty lc a lix [4 ]a re n e  has been show n  to  be the  m ost im p o rta n t 
s ta rtin g  b u ild in g  b lo c k  because (a) it  can be prepared in  la rge q uantities  fro m  cheap 
c o m m e rc ia l s ta rtin g  m a te ria ls  [ 1 2 ], (b ) it  can easily be chem ica lly  m o d ifie d  at the  lo w e r  
r im  and a t th e  up p er r im  and (c) the chem ica lly  m o d ifica tio n s  associated w ith  the  
c o n fo rm a tio n a l p ro p ertie s  lead to  a large va rie ty  o f  ta ilo r  made recep to rs [5 ,6 ].

F u n c tio n a liz a t io n  at lo w e r  r im  o f  ca lix [4 ]a rene  w ith  b u lk y  substituen ts  p revents 
th e  in te rc o n v e rs io n  am ong the  fo u r  c o n fo rm a tio n s  : cone, p a rtia l cone, 1 ,2 -a lte rn a te  
and 1 ,3 -a lte rana te  (F ig u re  1.2) [13], T h e  m ost stable c o n fo rm a tio n  o f  ca lix [4 ]a renes 
is, h o w e v e r, cone c o n fo rm a tio n  because o f  in tra m o le c u la r hyd rogen bonding.
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Figure 1.2 F o u r  c o n fo rm a tio n s  o f  the  ca lix[4]arenes.

T e m p e ra tu re , so lven t, and coun te r ca tion  o f  the  used base in flu en c e  the  
c o n fo rm a tio n s  o f  the  p rod uc ts  [14-18], F o r  instance, e th y la tio n  w ith  E t I  in  the 
presence o f  t -B u O K  in  T H F  is used to  prepared te tra e th y l ester as show n  in  F ig u re
1.3 (a). T h e  ob ta ined  te tra e th o x y  ca lix[4]aerenes w e re  p red om inan t in  p a rtia l cone 
c o n fo rm a tio n . T h e  te tra m e th o x y  d e riva tive  (b) also show ed in te re s ting  c o n fo rm a tio n a l 
b ehav io rs . R e in h o u d t and c o w o rke rs  used variab le  tem p era tu re  !H  N M R  and E X S Y  
N M R  exp e rim en ts  to  sh o w  th a t b (a t - 3 0  °C ) possessed a ll fo u r  possib le 
c o n fo rm a tio n s  o f  th e  c a lix [4 ]a re n e  u n it : cone, p a rtia l cone, 1,2- and 1 ,3 -a ltem a te  [19], 
T h e  same g ro up  also dem onstra ted  by quantum  ca lcu la tions th a t hyd rogen bond ing  
and so lve n t in c lu s io n  cou ld  a ffec t the  con fo rm a tio n a l changes [2 0 ],



4

Figure 1.3 T e tra lk o x y  ca lix [4 ]a rene  derivatives.

1.4 Chemical functionalization of calix[4]arene for host-guest chemistry

T h e  lo w e r  r im  o f  ca lix [4 ]a rene  has been m od ified  in  m any types such as ether, 
es te r [21-26], am ide [27,28], ke tone  [29], th ioam id e  [30], p yrid ine  [31-33], c a rb o xy lic  
acid, h yd ro xam a te  [34], a lk y l e ther and phosph in ite  d o n o r pendant g roup  w h ic h  can 
b ind  to  d iffe rre n t m eta ls. T h e  ca lix [4 ]a rene  deriva tives  w ith  ester, ke tone  and am ide 
g ro up s  at th e  lo w e r  r im  can s tro n g ly  b ind a lka li cations [8, 35-38] and a lka lin e  ea rth  
ca tion s  p re fe ra b ly  fo r  Ca2* and S r2+ to  B a 2+ and M g 2+ [39] in  m ethano l. C a lix [4 ]a re n e  
te tra th io a m id e  la  (F ig u re  1.4) is a good com plexing  agent fo r  heavy and tra n s itio n  
m e ta l ca tions  b u t its  se le c tiv ity  has n o t been observed [29], L a te r, U n g a ro  et al. [40] 
prepared c a lix [4 ]a re n e  tr ih yd ro x a m a te  lb ,  w h ic h  has se le c tiv ity  fo r  F e 3 .

la  : R 1 = R 2 = C H 2C (S )N R 2 

lb  : R 1 = C H 2C ( 0 ) N H 0 H ,  R 2 = h  

lc  : R 1 = R 2 = C H 2C ( 0 ) N R 2 

Id  :R  1 = R 2 =

Figure 1.4 C a lix [4 ]a re n e  d erivatives .
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F o r  a n o the r d e riva tives  such as lc [41] w h ic h  possesses th io am id e  and Id  
w h ic h  has m e th y lp y rid in e  N -o x id e  m o ie ties  [42] can bind lanthan ide ions. A lf ie r i  et al. 
[43] re p o rte d  the  synthesis o f  the firs t m em ber o f  a new  class o f  m a cro p o lyc yc lic  
c ro w n  com pounds w ith  d ia m e tric a lly  O H  groups o f  /า -/e /7 -b u ty lc a lix [4 ]a re n e  w h ic h  
w as b ridged by a pen taethylene  g lyco l chain. L a te r, 1 ,3-d ista l capping o f  ca lix [4 ]a re n e  
a t th e  lo w e r  r im  has been made by p o ly (oxye th y len e ) chains e.g c a lix -c ro w n  ethers 
[44,45], c a lix -d o u b ly -c ro w n e d  [10], d o u b le -c a lix -c row n  [46,47], by te rp h en y l u n its  
(ca lixsp herand s) [48,49], by salophene g roup  [50], by a m eta llocene u n it (m e ta llocene  
c a lix [4 ]a re n e ) [51], by d is u lfo n y l and d iacetyl d ich lorides [52], by d ia za -c ro w n  u n its  
(c a lixc ryp ta n d ) [53] and by phosphorus a tom s (phosphorus po lyb ridg ed  ca lixa renes) 
[54],

M o s t o f  m en tioned  ligands can fo rm  com p lex w ith  a lka li and a lka lin e  earth  
ca tions. In v e s tig a tio n  o f  po ly-(azae thy lene)-b rid g e , ca lix [4 ]aene  w h ic h  presents 
n itro g e n  a to m  in  th e  chain, can bind so ft m eta l ions [54] and S c h if f  base o f  p - t e r t -  

b u ty lc a lix [4 ]a re n e  d e riva tives  have c o m p lexa tion  ab ilities  w ith  so ft m eta l ions, heavy 
m e ta l ions , tra n s it io n  and lanthan ide ions. [55],

In  1991, O s taszew sk i et al. [56] synthesized c a lix -a za -c ro w n  as sh o w n  in  
F ig u re  1.5. C o m p le x a tio n  s tudy o f  these com pounds w ith  tr iv a le n t m e ta l ions  by fast 
a to m  b om b ard m ent mass sp ec trom etry  ( F A B -M S )  w as carried  ou t. T h e  stud ied  
ca tions are Sc3", Y 3+, In 3+, G d 3* and B i3+. F ro m  the results, the  c a lix -c ro w n -a za  
com p ound  (F ig u re  1 .5a) can b ind Sc3* w ith  the  h ighest s ta b ility  am ong the  ca tions 
stud ied  , b u t it  cannot fo rm  com plex w ith  In 3* and B i3* T h e  m e thy l d e riva tive  
(F ig u re  1 .5b ) o f  c a lix [4 ]a re n e  can com p lex w ith  Y 3+ w ith  the  h ighest s ta b ility  am ong 
th e  m e n tion e d  ions. H o w e v e r, the  m e thy l d e riva tive  can fo rm  com plexes w ith  tr iv a le n t 
tra n s it io n  m e ta l ions  w h ic h  are less stable than  the  n o n -m e th y l d e riva tive  (F ig u re  1 .5a), 
excep t fo r  B i3*.
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a : R=H 
b:R=CH3

Figure 1.5  A z a -c ro w n -c a lix [4 ]a re n e  derivatives.

In  1 9 92 -1994 , d iaza benzo c ro w n  e th e r-/? -/e r/-b u ty lca lix [4 ]a re ne  [5 7 ] as show n  
in  F ig u re  1.6 w e re  prepared and investigated  its  c o m p lexa tion  w ith  Z n 2", w h e re  the  
c o u n te r an ions are c r, B r', I  C104‘ and NOs' by ‘H-NMR spectroscopy. I t  w as 
conc luded  th a t the  s tab ilitie s  o f  the  Z n 2~ com plexes va ried  w ith  d iffe re n t c o u n te r 
an ions : NOs" > CIO4’ > I" > B r ‘ > c r. L a te r, the p ro to n a tio n  o f  th is  ligand  [5 7 ,5 8 ] 
and its  c o m p le xa tio n  w ith  Z n (II)p e rc h lo ra te  w e re  investiga ted  by p o te n tio m e tric  and 
u lt ra v io le t  spectroscop ic  t it ra tio n s  [57], E x te n s ive  w o rk s  w e re  devoted  to  the  s ta b ility  
constants  o f  th is  ligand  and Z n 2"  w h ic h  was also studied by !H NMR spectroscopy 
[59],
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F ig u r e  1.6 D ia z a  benzo c ro w n  e ther-/?-te /7 -bu ty lca lix[4 ]a rene .

In  1994, S c h if f  base ca lix [4 ]arenes [55] in  F ig u re  1.7 w e re  synthesized and 
stud ied  th e ir  c o m p le xa tio n  by ex trac tion . T h e  e x tra c tio n  o f  a lka li and a lka lin e  earth  
ca tions are v e ry  p o o r fo r  ligands a-c. T h e  b e tte r e x tra c tio n  o f  L f  and Na~ ions w ith  c 
m ay be exp la ined  by th e  g rea te r f le x ib il ity  o f  the long e r carbon chain. F e 2~ and C u 2̂  
w e re  ex trac ted  m o re  e ffic ie n tly  am ong tra n s itio n  m eta l ions, and am ong heavy m e ta l 
ions , and P b 2~ w e re  b e tte r extracted  by ligands b and c. In  the  lanthan ide series, b had 
h ig h  se le c tiv ity  fo r  N d 2* and E u 3+, but c was selective fo r  E u 27  L ig an d  d had h igh 
s e le c tiv ity  to w a rd s  C u 27
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F ig u re  1.7 S c h if f  base com pounds w ith  d iffe re n t lengths o f  carbon chain in  th e ir  

capping un its .

In  the  same year, an in ves tig a tion  o f  com p lexa tion  betw een the  synthesized 
an a m m o n iu m  d e riv a tive  o f  diaza b enzo -c row n  e th e r-p -/c rt-b u ty lc a lix [4 ]a re n e  [6 0 ] as 
sh o w n  in  F ig u re  1.8 and som e anions e.g. M V ,  CO3.2’, PO43", CH3COO' and c2042’ by 
*H  N M R  spectroscopy w as perform ed. I t  w as found  th a t o n ly  NO3' can fo rm  
c o m p le x  w ith  th is  ligand. Because o f  hyd ro lys is  o f  the o th e r anions in  aqueous 
s o lu tio n , then  the  generated OH' w il l  react w ith  p ro tons o f  the  am m on iu m  d e riva tive . 
So, th is  ligand  cannot fo rm  com plexes w ith  o th e r anions. In  1995, an ion  
c o m p le xa tio n  stud ies o f  the  prepared a m m on ium  d e riva tive  o f  tr ia za  b e n zo -c ro w n  
e th e r-/? -te H -b u ty lc a lix [4 ]a re n e  [61] as show n in  F ig u re  1.9 w e re  carried  o u t us ing  *H - 
N M R  spectroscopy. I t  w as found  th a t the  synthesized ligand cou ld  b ind NO3' and 
A s0 2" in  a 1:1 fash ion . B as ic  anions such as CH3COO', CO32’, PO43' and OH' fo rm e d  
com p lexes w ith  th is  ligand  at lo w  m o le  ra tios  o f  an ion  : ligand, b u t dep ro tona ted  th is  
lig and  w h e n  the  ra tio  w as m o re  than 2 : 1, changing the  ligand in to  a n e u tra l fo rm . 
H o w e v e r, the  rep lacem ent o f  NO3' by CO32’ has been detected in  a JH  N M R  
exp e rim en t. S 0 42' did n o t react w ith  th is  ligand at all. S ta b ility  o f  the ligand to w a rd s  
an ions can be concluded as CO32’ > NO3' > A s 0 2' > cr.
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Figure 1.8 2 5 ,2 7 -  [TV, N -d i-((2 -e th o xy )b e n zy l)p ro p y le n e d ia m in e ]-/? -/e r/-b u ty lc a lix [4 ]
arene d ih yd ro c h lo rid e  (9 ).

Figure 1.9 A m m o n iu m  d e riva tive  o f  tr ia za -b e n zo -c ro w n  e the r-/? -te /7 -b u ty lca lix [4 ]
arene.
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T w o  years la te r, the  p ro to n a tio n  constants o f  tr ia za  b e n zo -c ro w n  e the r p - t e r t -  

b u ty lc a lix [4 ]a re n e  (F ig u re  1.10) and s tab ility  constants o f  th is  ligand w ith  d iva len t 
tra n s it io n  m e ta l ions  ( M 2+) w e re  investigated  at 25 °c by p o te n tio m e tric  t i t ra t io n  [62], 
I t  w as fo u n d  th a t th ree  p ro to n a tio n  constants in  C H 3O H  using o f  5 .0 x l0 '2 M  E t4N C 1 0 4 
as in e rt b ackg round  e le c tro ly te  w ere  la rg e r than those using B u 4N C F 3S 0 3. T h e  o rd e r 
o f  c o m p le xa tio n  constants o f  the  ligand to w a rd  C o 2+, N i2+, C u 2+ and Z n 2+ ions are as 
fo llo w s  : C u L 2+> N iL 2+ > C o L 2+ > Z n L 2+.

Figure 1.10 T ria z a -b e n z o -c ro w n  e ther-/?-te r?-bu ty lca lix [4]a rene .

In  1996, the  tr ip o d a l-a m in e  capped b e n zo -c ro w n -/? -/e rt-b u ty lc a lix [4 ]a re n e  
w as syn thesized  [6 3 ] as show n  in F ig u re  1.11 and its  p ro to n a tio n  constants w e re  
d e te rm ined  by p o te n tio m e tric  t it ra tio n . B y  'h  N M R  spectroscopy m ethod , it  w as 
fo u n d  th a t the  synthesized ligand could  bind w ith  Z n B r2 in  ra tio  o f  lig a n d :Z n B r2 o f  
1:1 in  w h ic h  Z n 2"  m ig h t loca te  in  the c av ity  o f  the N  donors w h ile  B r ' maybe in  the  
c a v ity  o f  p heno lic  oxygen. T h e  com plex w ith  Z n ( N 0 3) 2 in  ra tio  o f  lig a n d :Z n (N 0 3)2 o f  
1:2 w as a lso observed w h e re  one Z n 2+ maybe in  the  n itrog en  c a v ity  w h ile  the  o th e r w as 
in  th e  p h e no lic  oxyg en  cav ity . O ne year la tte r, the  p ro to n a tio n  constants o f  th is  ligand
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in  m e th a n o lic  s o lu tio n  o f  0.01 M  BU 4N C F 3SO 3 and the  com p lexa tion  o f  th is  ligand  
w ith  Z n 2+ w e re  investig a ted  by p o te n tio m e tric  t it ra t io n  w h ic h  found  th a t Z n L 2*, Z n 2L 4' 
and Z n H 2L 4+ w e re  presented in  the so lu tio n  [64],

Figure 1.11 T rip o d a l-a m in e  capped benzo crown-/> /<?/-?-butylcalix[4]arene
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1.5 Objective and scope of the research

In  the  past, o u r  research group encountered prob lem s w hen  p e rfo rm in g  
p o te n tio m e tr ic  t it ra t io n  o f  1 ,3-d isubstitu ted  ca lix [4 ]arene  deriva tives . O ne o f  them  is 
th e  fa c t th a t the  (u nsu b s titu te d ) phenolic  p ro to ns  m ay be d epro tona ted  by a basic 
t it ra n t  in  a basic p H  reg ion . T h is  leads to  an u n ce rta in ty  in  ca lcu la ting  p ro to n a tio n  
constants. T h e  goa l o f  th is  research is thus to  synthesize 2 5 ,2 7 -[A (A /'-d i- ( (2 -e th o x y )  
b enzy l)p rop y lened iam ine ]-26 ,28 -d im e thoxy-£ > -/eH -b u ty lca lix [4 ]a rene  d ih yd ro c h lo rid e  
(L.2HC1), a te tra  sub stitu ted  ca lix [4 ]arene  (F ig u re  1.12a), to  avo id  d e p ro to n a tio n  at 
th e  c a lix [4 ]a re n e  fra m e w o rk . Studies o f  basic ity o f  2 5 ,2 7 -[A (A r/-d i-( (2 -e th o x y )b e n z y l)  
p ro p y le n e d ia m in e ]-2 6 ,2 8 -d im e th o xy -/? -te rt-b u ty lc a lix [4 ]a re n e  (L) and c o m p le xa tio n  
a b ility  to w a rd  Z n 2+ and C u 2+ ions w il l  then be pursued. In  ad d ition , the  in tr ig u in g  
c o n fo rm a tio n a l iso m erism  o f  the  ligand (w h ic h  is lack  o f  in te rm o le c u la r hyd rog en  
b ond ing  in te ra c tio n s ) in  va r io u s  so lvents and tem p erature  w i l l  be investig a ted  by N M R  
exp erim en ts .

Figure 1.12 S tru c tu re  o f  a) 25 ,27 -[A /',A/v-d i-((2 -e th o xy )b e n zy l)p ro p y le n e d ia m in e ]- 
2 6 ,2 8 -d im e th o x y -Jy -/e /-/-b u ty lc a lix [4 ]a ren e  d ihyd roch lo rid e  (7 , L.2HCI) and b) 2 5 ,2 7 - 
[7V, v V -d i- ( (2 -e th o x y )b e n z y l)p ro p y le n e d ia m in e ]-2 6 ,2 8 -d im e th o x y - /? - te /7 -b u ty lc a lix [4 ]  

arene (L).
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