
CHAPTER II 
LITERATURE SURVEY

2.1 Inclusion Compound or Host Guest Compound

T h e  d isc o v e ry  o f  in c lu s io n  c o m p o u n d s  can  b e  re fe rre d  to  th e  re p o rt o f  
M ic h a e l F a ra d a y  o n  th e  p re p a ra tio n  o f  th e  c la th ra te  h y d ra te  o f  c h lo rin e  in  1823 ( J. 
E . D . D a v ie s , 1983). In c lu s io n  c h e m is try  w as e s ta b lish e d  w h e n  C . J. P ed e rse n  
c la rif ie d  th e  c ro w n  e th e r  c o m p o u n d s  as a h o s t c o m p o u n d  b in d in g  w ith  m e ta l ion s 
su ch  as p o ta ss iu m , so d iu m  an d  so m e  o rg a n ic  c o m p o u n d s  in  th e  m id  6 0 s. U p  to  
n ow , m a n y  ty p e s  o f  h o s t c o m p o u n d  w ere  fo u n d  su ch  as c ro w n  e th e r, c y c lo d e x tr in , 
c a lix a re n e s , (F ig u re  2 .1 ) in c lu d in g  so m e  s te ro id  c o m p o u n d s . C y c lo d e x tr in  is a 
cy c lic  p o ly sa c c h a r id e  o b ta in e d  fro m  s ta rc h  b y  e n z y m a tic  d e g ra d a tio n , w h ic h  is 
so lu b le  in  w a te r, an d  fo rm s  in c lu s io n  c o m p o u n d s  w ith  a w id e  v a r ie ty  o f  g u e s t 
sp e c ie s  in  so lu tio n  an d  so lid  s ta te , in c lu d in g  b io a c tiv e  a m in o  ac id  g u es ts . 
C a lix a re n e s , w h ic h  a re  a p a r tic u la r  c la ss  o f  p h e n o lic  c o m p o u n d  p ro d u c e d  b y  
c o n d e n sa tio n  o f  ^ -s u b s t i tu te d  p h e n o ls  w ith  fo rm a ld eh y d e , a re  re p o r te d  as a  se rie s  
o f  d e r iv a tiv e s  an d  re c e iv e d  m u ch  a tte n tio n  fo r  a v a rie ty  o f  m o le c u la r  d es ig n . T h e  
c o m p le x e s  o f  c a lix a re n e s  w ith  m e ta l io n s  o r o rg an ic  m o le c u le s  lead  to  the  
e x p e c ta tio n  o f  se p a ra tio n  sy s te m  in  th e  m o le c u la r  lev e l. In c lu s io n  c o m p o u n d  
b e c o m e s  e x te n d e d  a re a  o f  p o ly m e r c h e m is try  w h e n  C .J. P ed e rse n , D .J . C ra m , and  
J-M  L eh n  w ere  a w a rd e d  N o b e l P riz e  fo r  th e  re se a rc h  w o rk s  in  1987.
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Figure 2.1 S tru c tu re s  o f  c ro w n  e th e r, c y c lo d e x tr in , an d  c a lix a ren e .

2.2 Applications of Inclusion Compound

In c lu s io n  c o m p o u n d  o p e n s  u p  a w id e  a re a  o f  a p p lic a tio n s  o w in g  to  its 
sp e c ific  m ic ro e n v iro n m e n t c re a te d  b y  the  h o st. T h e  e n c lo su re  o f  th e  g u e s t ex e rts  
an  in f lu e n c e  on  th e  p h y sica l, sp e c tro sc o p ic , an d  c h e m ic a l p ro p e r tie s  o f  the  g u es t 
m o le c u le  th e m se lv e s .

In c lu s io n  c o m p o u n d s  can  b e  u sed  as a se n so r su ch  as ion  se lec tiv e  
e le c tro d e s , in d u s tr ia l w a s te w a te r  tre a tm e n t re s in s , an d  the  b lo o d  m o n ito rin g  in 
c lin ic a l a re a  (E . W e b e r, 1984). C y c lo d e x tr in  an d  the  re la te d  h o s ts  a re  re p o rte d  fo r 
the  p o te n tia l u se  as a se n s itiv e  c o a tin g s  m e d ia  o n  c h e m ic a l se n so r d e v ic e s  (T .E . 
E d m o n d s , 1988).

A p p lic a tio n s  o f  in c lu s io n  c o m p o u n d s  a re  a lso  in c lu d e d  the  re ta rd a tio n  and  
the  c o n tro l a c tiv ity  o f  g u e s t sp ec ie s , as seen  in the  c o m m e rc ia l p ro d u c ts  o f  
c o sm e tic , fo o d , lau n d e rin g , p h a rm ac y , an d  a g r ic u ltu re .
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2.3 Benzoxazine as an Azacalixarene

T h e  c h e m is try  o f  b e n z o x a z in e  is re c e iv e d  the  a tte n tio n  fro m  the  early  
1 94 0 ’ร. H o lly  an d  C o p e  (1 9 4 4 ) p ro p o se d  the  3 ,4 -d ih y d ro -2 H - l ,3 -b e n z o x a z in e  
s tru c tu re  b y  the  c o n d e n sa tio n  o f  fo rm a ld e h y d e  w ith  G -h y d ro x y b e n z y la m in e . In 
1949, B u rk e  sy n th e s iz e d  3 ,4 -d ih y d ro -2 H -l,3 -b e n z o x a z in e  b y  u s in g  p -su b s titu te d  
p h e n o ls , fo rm a ld e h y d e  an d  a p rim a ry  am in e  in  a m o la r  ra tio  o f  1 :2 :1 , re sp e c tiv e ly . 
T h e  re a c tio n  is w e ll k n o w n  as a  M a n n ic h  ty p e  o f  c o n d e n sa tio n . I s h id a  et al. 
re p o r te d  the  p o ly m e riz a tio n  o f  b e n z o x a z in e  m o n o m e r b y  th e rm a l re a c tio n  w ith  o r 
w ith o u t in it ia to r  a n d  c o n c lu d e d  th a t the  rin g  o p e n in g  p o ly m e riz a tio n  o c c u rs  in the 
ra n g e  b e tw e e n  160°c an d  220°c (1 9 9 4 ). In  the  p re se n c e  o f  p h e n o l, w h ic h  can  act 
as an  in itia to r , th e  p o ly m e riz a tio n  te m p e ra tu re  o f  b e n z o x a z in e  can  b e  re d u c e d  to 
a p p ro x im a te ly  30°c -  50°c.

T h e  c h e m is try  o f  p o ly b e n z o x a z in e  sy n th e s is  o ffe rs  a  w id e  ra n g e  o f  
m o le c u la r  d e s ig n  b y  u s in g  d e r iv a tiv e s  o f  p h e n o l, p rim a ry  a m in e  an d  a ld eh y d e . 
R e ce n tly , Ish id a  an d  C h ira c h an c h a i fo c u se d  o n  b e n z o x a z in e  re p e a tin g  u n it to 
p ro p o se  it as a h o s t c o m p o u n d  o f  a z a c a lix a re n e s . T h e  s tu d ie s  e s ta b lish  a b as ic  
u n d e rs ta n d in g  o f  b e n z o x a z in e  h o s t c o m p o u n d  as a m o le c u la r  a sse m b ly  sy stem .

A s  sh o w n  in  F ig u re  2 .2 , it sh o u ld  b e  n o ted  th a t the  m o le c u la r  s tru c tu re  o f 
p o ly b e n z o x a z in e  is so m e w h a t s im ila r  to  th a t o f  c a lix a re n e , i.e ., p h e n o l rin g  un it 
w ith  m e th y le n e  lin k ag e , m o re o v e r, each  u n it o f  b e n z o x a z in e  h as  the  M a n n ic h  b ase  
lin k ag e  a t w h ic h  the  lon e  p a ir  e le c tro n s  b e  p ro v id e d  to  th e  sy s tem . T h u s , it is 
e x p e c te d  th a t b e n z o x a z in e  sh o w s the  in c lu s io n  p ro p e r ty  as se e n  in  the  ca se  o f  
c a lix a ren e .



6

C y c lic  C a lix a re n e  P o ly b e n z o x a z in e
a  ะ H y d ro x y  g ro u p ..............................L o n e  p a ir  e le c tro n s  an d  h y d ro p h ilic ity
๖ : N it ro g e n ........................................... L o n e  p a ir  e le c tro n s
c ะ O lig o m e r r in g .................................S te re o sp e c if ic  ca v ity
R , R ’ : F u n c tio n a l g ro u p ................. C o n tro lla b le  h y d ro p h o b ic ity

Figure 2 .2  C y c lic  c a lix a re n e  an d  p o ly b e n zo x az in e .

P re lim in a ry  s tu d y  o f  S ir ip a tta n a sa ra k it  et al. on  th e  o lig o b e n z o x a z in e  o f  
b isp h e n o l-A  s u p p o rte d  th a t b e n z o x a z in e  p e rfo rm s  as a  h o s t c o m p o u n d . 
P h o n g ta m ru g  et al. d e m o n s tra te d  th a t the  h o s t p ro p e rty  o f  b e n z o x a z in e  can  be 
d e r iv e d  e v e n  in  th e  m o n o m e r lev e l w h ile  the  ion  in te ra c tio n  a b ility  d e p e n d s  on  the  
s tru c tu re  o f  b e n z o x a z in e  itse lf.

2.4 The Molecular Design of the Benzoxazine to Ion Extraction Resin

B a se d  o n  th e  ion  in te ra c tio n  ab ility  o f  b en z o x a z in e , it is an  in te re s tin g  
th e m e  to  a p p ly  b e n z o x a z in e  as an  ion  e x tra c tio n  m a te ria l. In th is  ca se , the
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material can be achieved by either curing benzoxazine monomer directly or 
coupling with a stable material, such as silica.

The present work, thus, focuses on the application of benzoxazine 
monomer for ion extraction resin by considering the possibility of coupling 
benzoxazine onto silica via silane coupling agent. The benzoxazine monomer 
coupled silica can be achieved by the molecular design to apply 
aminoalkoxysilane as an amine in the benzoxazine preparation and as a coupling 
group onto silica.

2 .4 .1  T h e  C h e m is t r y  o f  S i la n e  C o u p l in g  A g e n t

It is well known that a silane coupling agent is an important binder used to 
reinforce the bonding between silica and matrix resin. Silane coupling agents are 
monomeric species, R-Si(OR')3, where R is a reactive group with a polymer 
matrix and (OR') is a hydrolyzable ester group. Ishida reported the chemistry of 
silane coupling agent including the application of various silanes for composite 
materials.

Ernst et al. (1985) used 29Si-NMR spectroscopy to quantify the anchoring 
of 3-chloropropyltrimethoxysilane and 3-aminopropyltriethoxysilane to the 
surface of silica gel particle and reported three different types of surface bonds,
i.e., covalent linkages between the organosilane moiety by one, two, or three 
silanol groups.

2 .4 .2  A m in o a lk o x y s i la n e  a s  a n  A m in e  in  B e n z o x a z in e  P r e p a r a t io n

Ishida et al. (1998) proposed glass fiber reinforced polybenzoxazine 
composite by using aminoalkoxysilane coupling agent as an amine in the method
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of benzoxazine synthesis. It is reported that the silane is successfully coupled onto 
benzoxazine resin and promoting the adhesion between glass fiber and polymer 
resin to obtain the composite. However, the reaction of silane with benzoxazine 
produces the water molecule by-product which hydrolyzes the alkoxysilane. If the 
alkoxysilane is hydrolyzed, the silane oligomer will be formed and the gelation 
may occur. In order to avoid these problems, the water molecule is separated from 
the product by using the nonpolar solvent.

2 .5  T h e  S c o p e  o f  t h e  P r e s e n t  W o r k

The present work is originally to propose silica compound on benzoxazine 
oligomer chain linked on the surface by silane coupling agent as a novel type of 
ion extraction resin. Here, silylbenzoxazines are synthesized employing the 
method of benzoxazine synthesis and using an aminosilane as the primary amine. 
The success of the silica-benzoxazine preparation is also based on the solvent 
effect and the purification. The resins are applied as a stationary phase in the 
chromatographic separation to determine the ability of alkali and alkaline earth 
cation extraction.
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