
CHAPTER I

INTRODUCTION

In  re c e n t y e a rs , fine  se p a ra tio n  is e ssen tia l in te c h n o lo g ie s , su ch  as 
se p a ra tio n  o f  is o to p e s ,  s e p a ra t io n  o f  iso m e r , s e p a ra tio n  o f  io n s  an d  
d e c o n ta m in a tio n  o f  w a s te -w a te rs  o r o th er c o n cen tra tio n  p ro c e sse s . A lth o u g h  
io n  e x c h a n g e  m e m b ra n e s  a re  p rim a rily  req u ire d  to  sep ara te  se le c tiv e ly  c a tio n s  
from  an io n s  a n d  v ic e  v e rsa , se p a ra tin g  d iffe ren t ions w ith  th e  sa m e  e le c tr ica l 
s ig n  and  sa m e  c h a rg e  h as  a lso  been  req u ired . In in d u stria l lev e l, th o se  
te c h n iq u e s  a re  a lso  re q u ire d  fo r  p ro d u c t sy n th es is , w a te r tre a tm e n t a n d  w a te r  
p u rifica tio n .

A t p re se n t, th e re  a re  so m e  p ro b lem s in sep ara tio n  o f  io n s, su c h  as 
U ren iu m  io n  fro m  se a  w a te r  o r  h ea v y  m eta l from  sea  w ate r. Io n  e x c h a n g e  re s in  
has been  in tro d u c e d  to  so lv e  th is  p ro b lem . In o rd e r to  a c h ie v e  io n  e x c h a n g e  
p ro p e rty , H o s t-G u e s t o r in c lu s io n  c o m p o u n d  h as  been  s tu d ied  fo r y ea rs . O v e r  
th e  p ast d e c a d e , in c lu s io n  c o m p o u n d  has re c e iv e d  m u ch  a tte n tio n  a n d  th e  
u n d e rs ta n d in g  o f  th e  m o le c u la r  re c o g n itio n  o f  th e  in c lu sio n  p h e n o m e n a  has 
g ro w n  ra p id ly . T h e re  a re  m a n y  asp ec ts  o f  th e  re sea rch es  an d  c o n c e rn in g  
ap p lic a tio n s  (D ie m e r, R .B ., Jr. e t al., 1991), su ch  as d ru g  d e liv e ry  sy s te m  fo r 
p h a rm a c e u tic a l,  in c re a s in g  c o m p o u n d  so lu b ility  for fo o d  an d  c o sm e tic  
in d u stria l ( Iw a m o to , T ., et a l., 1978), sy n th e tic  en zy m e m im ic ry  (G re e n , B .S ., 
e t a l., 1982; D ie d e r ic h , F ., 1983; S to d d art, J .F ., 1987), an d  se p a ra tio n  o f  
ch em ica l sp e c ie s  (P e d e rse n , C .J ., 1967).
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B e n z o x a z in e  is a n o v e l ty p e  o f  p h en o lic  m ateria l. Ish id a . H . e t al. (1 9 9 4 ) 
p ro p o sed  th a t b e n z o x a z in e  h as  a g rea t d ea l o f  flex ib ility  in m o le c u la r  d es ig n  
co m p a rin g  to  o rd in a ry  p h e n o lic s . B en zo x az in e  is sy n th es ized  by M a n n ic h  
reac tio n  from  p h e n o l an d  a m in e , an d  co n ta in s  bo th  h y d ro x y l an d  a m in e  g ro u p  
in the  un it. P o ly fu n c tio n a l b e n z o x a z in e  is a th e rm o se ttin g  re s in , w h ic h  h as  b een  
d ev e lo p ed  as a  n o v e l m a te ria l fo r v a rio u s  ap p lica tio n s. P o ly fu n c tio n a l 
b e n z o x a z in e s  sh o w  e x c e lle n t m e c h an ica l p ro p ertie s  and  is e x p e c te d  fo r an 
im p ro v ed  c o m p o s ite  m a te ria l (Ish id a , H ., 1995). K in e tic  s tu d ie s  o f  th e  cu rin g  
sy stem  w e re  p e rfo rm e d  u s in g  d iffe ren tia l scan n in g  ca lo rim e try  (Ish id a , H . and  
R o d rig u ez , Y ., 1995). H . Ish id a  and  D .J. A llen  (1 9 9 6 ) in v e s tig a te d  th e  
m e c h a n ic a l, p h y s ic a l and  rh e o lo g o c a l p ro p e rtie s  o f  p o ly b e n z o x a z in e s  a n d  th e ir  
co p o ly m e rs  w ith  ep o x y  an d  re v e a le d  th a t th ese  m a te ria ls  h a v e  h ig h  g lass 
tran s itio n  te m p e ra tu re s , h ig h  m o d u li, low  w a te r  ab so rp tio n  and  g o o d  d ie le c tr ic  
p ro p ertie s .

H o w e v e r, it sh o u ld  be  n o ticed  th a t the  b en zo x az in e  m a y  sh o w  th e  
p ro p e rty  o f  in c lu s io n  c o m p o u n d  o w in g  to  th e  spec ific  s tru c tu re  o f  m o n o m e r 
un it as fo u n d  in  th e  case  o f  ca lix a ren e . In o rd e r to  co n s id e r b e n z o x a z in e  as a 
n o v e l in c lu s io n  c o m p o u n d , it is im p o rtan t to  o v erv iew  th e  w e ll-k n o w n  
in c lu s io n  c o m p o u n d . T rad itio n a l H o s t-G u e s t co m p o u n d s can  be su m m a riz e d  as 
fo llow s.

Crown-ether is a c y c lic  o lig o e th e r, w h ich  sh o w s th e  n e g a tiv e ly  
p o la rized  c a v i ty .  T h ro u g h  th is  p ro p e r ty ,  c r o w n - e th e r  is c a p a b le  o f  
a c c o m m o d a tin g  m e ta l io n s to  fo rm  c ro w n  cation  in c lu s io n  c o m p le x e s  
(C o ro n a te s). In p a rtic u la r , a lk a li an d  a lk a lin e  earth  m etal ions are  p ro v e n  to  be 
a p p ro p ria te  to  th e  ca v ity  w ith  th e  in c rease  o f  th e  d ip o le  in te rac tio n  w ith  c ro w n - 
e th e r to  fo rm  a  s tru c tu ra l H o st-  G u est co m p o u n d . H o st c ro w n -e th e r  w h ic h



co n ta in s  5 -1 0  o x y g e n  a to m s can  fo rm  stab le  c o m p lex es  w ith  L i, N a , N H 4 , K, 
C s, etc. (Iz a tt, S .R . e t ah , 1985). 18 - c ro w n  - 6  has b een  sh o w n  to be a u se fu l 
ion  s ize  s e le c tiv e  m a sk in g  re a g e n t in the  sy n e rg is tic  e x tra c tio n  o f  a lk a lin e  
ea rth s  in to  c y c lo h e x a n e  (Y a m a k ish i, T. et ah , 1996).

Fig. 1 Crown macroring inclusion compounds (Coronates).

Cyclodextrin is a cy c lic  o lig o sacch a rid e  o b ta in e d  fro m  s ta rc h  by 
e n z y m a tic  d e g ra d a tio n . C y c lo d e x tr in  is c o m p o sed  o f  g lu c o se  u n it a n d  fo rm s 
co n e  s tru c tu re , as se e n  in th e  case  o f  ca lix a ren e . T h u s , c y c lo d e x tr in  m ay  be 
c o n s id e re d  as n a tu ra l a n a lo g y  o f  th e  a rtif ic ia l ca lix a re n es  (D ie m e r, R .B ., Jr., 
1991). S e v e ra l e n z y m e s  can  be o b ta in e d  by c y c lo d e x tr in  as a h o s t in sy n th e s is  
p ro c e ss . (M o o n , H .T . e t ah , 1993). A n o th e r usefu l a p p lic a tio n  is e n h a n c e m e n t 
o f  th e  e ff ic ie n c y  o f  g u es t b in d in g  (B res lo w , R.. 1993).

A  B

Fig. 2 A ะ Cyclodextrins
B ะ Three-dimensional cone-structure of (3-cyclodextrin.
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Calixarene is a p a r tic u la r  c la ss  o f  m e ta c v c lo p h a n e  h o s t b e a rin g  
p ro to n izab le  h y d ro x y l g ro u p s. C a lix a re n e  can  be c h a ra c te riz e d  as a c o n e - or 
ca lix -lik e  c o n fo rm a tio n  c o m p o u n d  (c a lix  m e a n s  b e a k e r in L a tin  an d  G reek ) 
(O h se to , F . et ah , 1995). T h ro u g h  its sp e c ific  c o n fo rm a tio n , it is w e ll k n o w n  as 
a H o s t-G u e s t c o m p o u n d  o r in c lu s io n  co m p o u n d , w h ich  can  fo rm  th e  c o m p le x  
w ith  m eta l io n s o r o rg an ic  m o le c u le s . C a lix a re n e  is c o n s id e re d  as a  c a rrie r-  
m ed ia ted  o f  a lk a li-m e ta l c a tio n  in H 2 O  - o rg an ic  so lv e n t an d  H p o  - liq u id  
m em b ran e .

A s sh o w n  in F ig . 4, b e n z o x a z in e  m o n o m e r un it h as  th e  h y d ro p h ilic  
h y d ro x y l g ro u p  at one  s id e  w h ile  th e  h y d ro p h o b ic  b en z e n e  rin g  at th e  o th er. 
M o reo v er, th e re  are  lone  p a ir  e le c tro n s  at o x y g en  in the h y d ro x y l g ro u p  and  
n itro g en  in th e  te r tia ry  a m in e  lin k a g e  on each  m o n o m er un it. B y  v a ry in g  the  
fun c tio n a l g ro u p  R  and  R \  h y d ro p h o b ic ity  o f  m o n o m e r u n it can  be  co n tro lle d . 
T h u s, it can  be e x p e c te d  th a t w h en  m o n o m e r u n it o f  b e n z o x a z in e  fo rm s an  
o lig o m er, it w ill p o ss ib ly  sh o w  a sp e c if ic  c o n fo rm a tio n  an d  ac t as h o s t



m o lecu le . T h e  p ro p e r ty  o f  o lig o  o r  p o ly b e n z o x a z in e  as a h o s t m o le c u le  can  be 
ac h ie v e d  by th e  m o le c u la r  d e s ig n  o f  th e  m o n o m er un it as k n o w n  in  th e  case  o f  
ca lix a ren es .

a.

a ะ H y d ro x y l g ro u p ......................L o n e  p a ir  e le c tro n
......................H y d ro p h illic ity

b : N i t ro g e n ....................................L o n e  p a ir  e le c tro n
c : O lig o m e r r in g .......................... S te reo sp ec ific  c a v ity
d : F u n c tio n a l g ro u p .................... H y d ro p h o b ic ity  (C o n tro lla b le )

Fig. 4 Benzoxazine structure.

In o rd e r to  c o n firm  th e  p o ss ib ility  for a h o st m o le c u le , it is v e ry  
im p o rta n t to  s tu d y  b e n z o x a z in e  m ate ria l u n it by  un it as a  d im er, tr im er, 
te tra m e r  an d  so  on . H o w e v e r, s in c e  th e  p resen t w o rk  is a v e ry  firs t s tep  to  
e x p lo re  b e n z o x a z in e  o lig o m e r as a  h o st m o lecu le , the  sc o p e  o f  th is  w o rk  w ill 
deal m a in ly  on  th e  o lig o m e rs  d e riv e d  from  th e  th e rm al cu rin g  o f  b e n z o x a z in e  
m o n o m e r ra th e r  th a n  th e  s te p w ise  sy n th esis  o f  a c o n tro lle d  s tru c tu re . T h e  
b e n z o x a z in e  m o n o m e r  w h ic h  is s tu d ied  in th e  p ro jec t is b isp h e n o l-A  an d  
m e th y la m in e -b a se d  b e n z o x a z in e  as sh o w n  in F ig . 4. A lk a li an d  a lk a lin e  ea rth
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io n s a re  u sed  as g u ests  and  o lig o -b e n z o x a z in e  a re  s tu d ie d  as an  io n  ex trac tio n  
h o s t m o lecu le .

In th is  w o rk , the  in c lu s io n  p h e n o m e n a  in d u c e d  by  th e  m o le c u la r 
a sse m b ly  o f  b e n z o x a z in e  is s tu d ied  b y  v a ry in g  ion  g u es ts , s ize  o f  o lig o m e r and 
ty p e  o f  a q u e o u s /o rg a n ic  p h ase  c o n c e rn e d  in th e  ion  e x tra c tio n  sy s tem .
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