
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Characterization of Monooxazine Benzoxazine Derivatives

In th e p r e v io u s  w o rk , Y o sw a th a n a n o n t (1 9 9 9 ) ,  c o n c lu d e d  that 
b e n z o x a z in e  m o n o m e r  can  b e  c o u p le d  o n to  s i l ic a  b y  u s in g  th e  a m in o p r o p y l  
tr ie th o x y s ila n e  in stea d  o f  a m in e  d e r iv a tiv e s . H ere, it can  b e  e x p e c te d  that the  
s ila n e  c o u p lin g  g rou p  can  b e in tro d u ced  o n to  th e d im er  at e ith er  a za  m e th y le n e  
or th e o x a z in e  p o s it io n . T h e  p re lim in a ry  s tu d ie s  in d ica ted  that th e  s ila n e  
c o u p lin g  a g e n t c o u ld  n ot b e  in trod u ced  by th e rea c tio n  o f  b e n z o x a z in e  
m o n o m e r  w ith  a m in o a lk y le th o x y s ila n e . T h e  u n su c c e s s fu l o f  th e  rea c tio n  
m ig h t c o m e  from  th e b u lk y  grou p  o f  th e  a m in o a lk y ltr ie th o x y s ila n e  w h ic h  
p rev en ts  th e e a se  o f  r in g  o p e n in g  reaction .

L a o b u th e e  et a\. (in  p rep aration ), rep orted  that b e n z o x a z in e  d im ers  
rea cted  w ith  fo r m a ld e h y d e  and a m in e  to  p erform  a n oth er  s tep  o f  th e  M a n n ich  
rea c tio n . T h e  re su ltin g  d im er  sh o w e d  th e a sy m étr ie  stru ctu re  and is  

m o n o o x a z in e  b e n z o x a z in e  d e r iv a tiv e s  as c o n fir m e d  b y  I fil-N M R , E A  and  
F T IR . In that c a se , th e b e n z o x a z in e  d im er  w ith  a m o n o o x a z in e  r in g  still 
m a in ta in ed  its  in tra m o lecu la r  h y d ro g en  b o n d in g  as su g g e s te d  from  th e  F T IR  
an d  N M R .

B a se d  o n  th is m o d e l rea ctio n , b e n z o x a z in e  d im er  w a s  a p p lie d  as a 

sta rtin g  m ateria l to  p r o c e ss  M a n n ich  rea c tio n  b y  u s in g  a m in o p r o p y l 
tr ie th o x y s ila n e  as a prim ary a m in e . In th e p resen t w o rk , w e  u sed  b e n z o x a z in e  
d im er  1 w h ic h  h as c y c lo h e x y l  a m in e  at the a za  grou p  to  react w ith  s ila n e
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c o u p lin g  a g en t, fo llo w e d  b y  the c o u p lin g  o n to  fu m ed  s i l ic a  to  o b ta in  fin a l 
p ro d u ct, as sh o w n  in S c h e m e  3 .2  ( s e e  p a g e  13).

Figure 4.1. F T IR  sp ectru m  o f  2.

F T IR  sp ec tru m  o f  2  (F ig u re  4 .1 )  sh o w s  th e  in tra m o lecu la r  h y d ro g en  

b o n d in g  o b se r v e d  from  th e broad p ea k  from  3 1 0 0  -  3 3 0 0  c m '* , and th e  
o x a z in e  p ea k  at 1503  c n r * .  T h e o p en  rin g  structure c o u ld  b e  c o n f ir m e d  from  
1 4 9 8  c m '* ,  w h ic h  is  b e lo n g  to  -C -N -. T h e  s ila n e  grou p  w a s  a lso  c o n fir m e d  
from  th e  sharp  p ea k  o f  1 1 0 4 - 1 0 8 0  cm '*  a ss ig n e d  to  S i-O -C  and 9 1 6  c m '*  for 

S i-O C 2 H 5 .



In
te

ns
it

y

O

-CH2-CH2-S i— (0— CH2-CH3)3

-J



18

T h e  s u c c e s s  o f  th e  reaction  w a s  further c o n fir m e d  b y  I f l - N M R  and  
N O E S Y  iH -N M R . T h e  p ea k  a ss ig n m e n t o f  I fE N M R  is sh o w n  in F ig u re  4 .2  
and su m m a r iz e d  in T a b le  4 . 1 .

Table 4.1 I f l - N M R  C h e m ic a l S h ifts  o f  2 in C D C I 3  at 2 5 ° c

P e a k  N u m b e r C h e m i c a l  S h i f t  ( p p m )

1 1.21 ( t)
2 3 . 8 3  (q )

3 0 .68  (t)

4 3 . 7 8  ( m )

5 2 . 7 8  (t)

6 4 . 8 7  (ร)

7 3 . 9 3  (ร)

8 6 . 6 3  (ร)

9 2.21  (ร)

10 6 . 8 3  (ร)

11 3 . 6 0  (ร)

12 2 . 6 2  (t)

13 1 . 6 1 - 1 . 9 8  (t, d )

14 1.20  ( m )

15 1.10  ( m )

16 3 . 7 9  (ร)

17 6 . 7 8  (ร)

18 6 . 6 3  ( d )

19 6 . 9 2  ( d )
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T h e  d im er  stru ctu re c o u ld  b e  co n fir m e d  from  th e  m e th y le n e  lin k a g e  
o b se r v e d  at 8  3 .6 0 ,  and 3 .7 9  as s in g le t  p ea k s. T h e  m o n o o x a z in e  r in g  is 
c la r if ie d  fro m  th e  s in g le t  p ea k s  at 8  3 .9 3 . and 4 .8 7 ,  w h ic h  are referred  to  tw o  
m e th y le n e  g ro u p s  o f  o x a z in e  ring. M e a n w h ile , th e  O H  p ea k  is  fo u n d  at the  
b road  p ea k  8  1 1 .2 0 . T h e  c o u p lin g  o f  s i ly le th o x y  grou p  can  b e  c o n f ir m e d  from  

N - C H r C H 2 -C H 2  at 8  2 .7 8  (tr ip le t), N -C H 2 -C H r C H 2  at 8  3 .7 8  (m u lt ip le t) ,  
and N - C H 2 -C H 2 -C H i-S i  at 8  0 . 6 8  (tr ip let). T h e  e th o x y  p ro to n s  are id e n tif ie d  
at 8  1.21 (tr ip le t)  and  8  3 .8 3  (q u artet) for m eth y l and m e th y le n e , r e s p e c t iv e ly .

U L J1 Aik aJ h. 1

Figure 4.3 N O E S Y  1 H -N M R  sp ectru m  o f  2.
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W e  a p p lie d  2 D -N M R  to co n firm  the m o n o o x a z in e  b e n z o x a z in e  d im er  
or th e  c o m p o u n d  2 (F ig u re  4 .3 ) .  It sh o u ld  be n o ted  that i f  th e  m o n o o x a z in e  
stru ctu re e x is te d , th ere sh o u ld  b e  in tera ctio n  b e tw e e n  N - C H 2 -C H 2 -C H 2  and  
b oth  m e th y le n e  in o x a z in e  ring. T h e  re la ted  co rre la tio n  p ea k s  are su m m a r ized  
in T a b le  4 .2 .

T a b l e  4 .2 . N O E S Y  I f l - N M R  o f  2 in C D C I 3  at 2 5 0 c

P r o t o n  N u m b e r C o r r e l a t i o n  P r o t o n

1 4 , 13, 12, 5 , 2 ,  16, 19, 10, 3
2 4 . 17, 1 0 ,4 .  1. 3
3 4 , 5 , 2
4 3 , 1 , 5 . 2 .  7
5 6 , 7 . 4 , 3 . 2
6 7, 5 , 4 ,  2 , 3
7 6 , 5 , 4 ,  8 . 1 7 ,3
8 7, 9 . 10
9 8 , 18, 17. 10. 19. 4

1 0 8 , 16, 1 1 .9
1 1 10, 16, 14, 16, 13
1 2 13, 15
13 12, 16, 14. 15
14 13, 12, 11. 16
15 12, 14, 13. 16
16 17, 10, 12, 13, 14, 1 5 ,4
17 16, 9 . 8 , 18, 10, 19
18 19. 16, 9 . 6 . 7
19 18. 9 , 10, 17, 8 . 9
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4 .2  C o u p l i n g  R a t i o  o f  2 o n t o  F u m e d  S i l i c a

The c o u p lin g  rea c tio n  o f  2  o n to  s i l ic a  w a s  a c h ie v e d  b y  r e f lu x in g  in  
x y le n e  u n d er  n itro g en  a tm o sp h ere  for  2 4  h. T h e p rod u ct w a s  stu d ied  by  

D R IF T  F T -IR  p ea k  su b traction  tech n iq u e  and fou n d  th e p ea k  o f  S i-O -S i at 
1 0 3 0  c m ' 1 (F ig u r e  4 .4 ) .  T h e  o b ta in ed  s il ic a  resin  w a s  c o n fir m e d  to  b e  c o u p le d  
w ith  2 b y  th e  p ea k  at 1 503  c n i ' l  a s s ig n e d  to  o x a z in e  r in g  and at 1 4 8 9  c m 'I  
d u e  to  o p e n  r in g  o f  d im er  structure.

W a v e n u m b e r /  c m 1

F i g u r e  4 .4  D R IF T  F T IR  sp ectru m  o f  3; pure fu m ed  s ilic a ;  an d  3 -p u re
fu m ed  s ilic a .
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It sh o u ld  b e  n o ted  that e v e n  at r e flu x  tem p eratu re  o f  x y le n e  in the  
rea c tio n , th e  o x a z in e  r in g  s till rem a in ed  and 2  w a s  sta b le  e n o u g h  to  b e  c o u p le d  
o n to  th e  s i l ic a  su r fa c e  to  o b ta in  3 .

Scheme 4.1 P attern s o f  c o m p o u n d  3 and th e  ca lcu la ted  %c, H . and N

P attern 1

P attern  2 OH 0 ^  ^N(CH2)3— Si(OEt)

( € 29H42OjN2ร i) (SiO), (SiOH)x.2

Cald. %c,27.56, % H, 3.62; %N, 1.95 (x= 21)

Pattern 3

( € 27H37๐ 2N 2Si) (SiO)3 (SiOHf.-,

Cald. % c,27.56, % H, 3.62; %N, 1.95 (x= 23)
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T h e  c o u p lin g  o f  2 o n to  pure fu m ed  s il ic a  w a s  c o n s id e r e d  for % c , H , 
and N  u n d er  v a r io u s  a ssu m p tio n s  as su m m a r ized  in S c h e m e  4 .1  i .e . ,  th ree  

m ain  p a ttern s b a se d  on  e th o x y  e lim in a tio n .
R e ferr in g  to  th e  e le m e n ta l a n a ly s is , it w a s  fo u n d  that % c =  2 1 .8 0 ,  % H =  

2 .7 0 . and  % N =  1 .9 2 , w h ile  th e c a lc u la te d  data can  b e  v e r if ie d  d e p e n d in g  u p on  
th e p a ttern s and th e  fraction  o f  S iO H . H o w e v e r , s in c e  th e  c o u p lin g  rea c tio n  
lea d s to  m a n y  p attern s o f  c h e m ic a l stru ctu res, as sh o w n  in S c h e m e  4 .1 .  T h e  

a m o u n t o f  N  c a lc u la te d  in ea ch  pattern is co n sta n t, w h ic h  is  a p p r o x im a te ly  
1 .92 . T h u s , th e  ratio  o f  S iO H  and m o n o o x a z in e  b e n z o x a z in e  d im er  w a s  
arou n d  2 0  ~  22:1  to  sa t is fy  th e  fou n d  v a lu e  o f  % N  in E A .

4.3 Ion Interaction Ability of 2

In ord er  to  ev a lu a te  the ion  ex tra c tio n  a b ility  o f  3 , it is im p ortan t to  
c la r ify  2 on  th e  ion  in teraction  a b ility . T e c h a k a m o lsu k  rep o rted  that 
b e n z o x a z in e  d im ers  act as a h o st c o m p o u n d  and s h o w  ion  in tera c tio n  a b ility . 
เท th is  c a s e , c o m p o u n d  1 w a s  m o d if ie d  to  c o m p o u n d  2 , w h ic h  w a s  d ifferen t  

from  1 o w in g  to  th e o x a z in e  ring. C o m p o u n d  2 w a s  s tu d ied  o n  th e  ion  

in tera c tio n  a b ility  w ith  a se r ie s  o f  tran sition  m eta l.
T h e  eq u ilib r iu m  tim e  for ion  in tera ctio n  o f  2 w a s  s tu d ie d  b y  u s in g  

M n C l2 - A s  sh o w n  in F igu re  4 .5 , after  th e ion  a q u e o u s  so lu t io n  w a s  m ix e d  
w ith  o r g a n ic  p h a se  o f  2 and le ft for 15 m in u te s , th e ion  ex tra c tio n  re a c h e d  the  

m a x im u m  % ex tra c tio n . T h u s, th e ion  in tera ctio n  t im e  w a s  o p era ted  for 15 
m in u tes . It c o u ld  b e  c o n c lu d e d  that 2 a cted  as a h o st c o m p o u n d  to  in teract 
w ith  tra n sitio n  m eta l ion s.

It sh o u ld  be n o ted  that the ion  in tera ctio n  w a s  a c h ie v e d  b y  u s in g  the  

lo n e  pair e le c tr o n s  o f  n itro g en  and o x y g e n . T h u s, pH  v a lu e  sh o u ld  s h o w  the
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e ffe c t on  th e  ion  in te rac tio n  b e tw een  2 and  tra n s itio n  m etal ions. T h e  e ffe c t o f  
c o n c e n tra tio n  2 on  the  ion e x tra c tio n  a b ility  w as stu d ied .

F ig u re  4 .6  c la rif ie s  th a t at h ig h e r c o n c e n tra tio n , th e  %  e x tra c tio n  w as 
s ig n if ic an t. C o n s id e r in g  th e  resu lt, w e  u sed  the  c o n c e n tra tio n  0.1 m o l/L  fo r 
ev e ry  e x tra c tio n .

20 
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F ig u r e  4 .5  E q u ilib riu m  tim e  fo r in te ra c tio n  o f  2 w ith  M n 2 + .

F ig u re  4 .7  sh o w s tha t the  %  e x tra c tio n  is c o n tro lle d  by  p H . F o r all 
te s te d  tra n s itio n  m eta ls , w h en  the  p H  v a lu e  w as  in c re a se d  (a b o v e  7), %  
e x tra c tio n  in c re a se d . H ere, P b2 + w as  th e  m o s t e x tra c te d  w h ile  M n ^ + w a s  the  
least e x tra c ted  sp ec ie s  for all pH  v a lu es . In the  ca se  o f  b as ic  c o n d itio n , the 
tra n s itio n  m e ta l ion  m ig h t p re c ip ita te  w ith  h y d ro x id e  ion e x is te d  as a sa lt in the 
b u ffe r  so lu tio n . T h u s , the  a p p a ren t %  e x tra c tio n  w as h ig h e r th a n  th e  real 
s itu a tio n . In o rd e r  to  co n firm  th is. K § p  (S o lu b ility  P ro d u c t C o n s ta n t)  v a lu e  ot 
the  m e ta l sp e c ie s  in the  sy stem  has to  be d e te rm in ed . H o w e v e r, s in ce  the
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the  m e ta l sp e c ie s  in the  sy stem  has to  be d e te rm in ed . H o w ev e r, s in c e  the  
m etal ion  c o n c e n tra tio n  in the  sy stem  w as v ery  low  (10"4  M ), w e  d id  not 
o b se rv e  th e  p re c ip ita tio n  o b v io u s ly  in the  p re p a ra tio n  s tep  o f  m e ta l sa lt in 
b u ffe r  so lu tio n . T h e  pH  e ffec t w as e x p la in ed  as sh o w n  in sc h e m a tic  d raw  
(S c h e m e  4 .2 ).

L o g  C o n c e n t r a t i o n /  m o l / L

F ig u r e  4 .6  P ercen t ex tra c tio n  o f  2 in v a rio u s  c o n c e n tra tio n .

T h e  ion  in te rac tio n  w as low  in ac id  c o n d itio n , w h ic h  m ig h t b e  d eriv ed  
from  the  fac t th a t the  o x y g en  and  n itro g en  a to m s w ere  p ro to n a te d . H o w ev er, 
in th e  n eu tra l c o n d itio n , the  ion in te rac tio n  can  be a c h ie v e d  e ff ic ie n tly  by 
u s in g  lone  p a ir  e le c tro n s  o f  ox y g en  and  n itro g en  a to m s.

T h e  ion  se lec tiv ity  m ig h t com e as a re su lt o f  sp a ce  for m e ta l p ro v id ed  
by the  h o st a n d /o r  the  h o s t-g u es t in te rac tio n  o c c u rrin g  b e tw e e n  lone  p air
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the  te s ted  ion s a re  in the  o rd e r o f  P b 2+  >  C d 2 +  >  Z n 2+  >  M n 2 + . T h e  resu lt 
w as  c o rre sp o n d e d  to  the  s ize  o rder. In a n o th e r w o rd s , M n 2 +  m ig h t be  too  
sm all to  be  e n tra p p e d  by 2.

pH  v a l u e

F ig u r e  4 .7  P ercen t e x tra c tio n  in v a rio u s  pH  v a lu es .

fa k in g  th e  v a len ce  e lec tro n  in to  c o n s id e ra tio n , in th e  c a se  o f  P b  w h ich  
h as  the  v a le n c e  e lec tro n  o f  5 d l0  6 s2 , the  c o m p le x  fo rm atio n  w o u ld  be 
s ta b iliz e d  as a c o o rd in a tiv e  c o v a len t b o n d  b e tw ee n  o x y g en  a to m  o f  2 and 
P b 2 + . In th is  c a se  P b 2+  w o u ld  ch an g e  th e  v a le n c e  e le c tro n  to  5 d l0  6ร0. A s a 
re su lt, the  c o m p le x a tio n  b e tw ee n  P b 2+  w as s ig n if ic a n t as c o m p a re d  to  o th e r
m e ta ls .
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Scheme 4.2 S ch e m a tic  d raw  o f  ion in te rac tio n  o f  2 in: a) a c id ic , b ) n eu tra l, and
c) b as ic  c o n d itio n

(Cmh-Siioeauh

4 .3  Ion  E x t r a c t io n  A b il i ty  o f  R e s in  3

R esin  3 w as ap p lied  as an ion  e x tra c tio n  m a te ria l. In th e  p re se n t case , 
the  h o s t-g u e s t p ro p e rtie s  o f  2 w ere  ap p lied  to  e x tra c t tra n s itio n  m e ta l ion  by 
u s in g  in te ra c tio n  at m o le c u la r  level o r so -c a lle d  h o s t g u es t p ro p e rtie s . A s 
sh o w n  in F ig u re  4 .9 , the  ion ex tra c tio n  ab ility  w as s tu d ie d  as c o m p a re d  to  th a t 
o f  p u re  s ilica . In the  case  o f  s ilica , the  %  e x tra c tio n  o f  ion s can  not be 
d e te c te d .
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H o w e v e r, in the  ca se  o f  b as ic  c o n d itio n , it sh o u ld  b e  n o tic e d  th a t ev en  
at h ig h  p H , th e  %  e x tra c tio n  w as n o t o b se rv ed . In the  p re v io u s  se c tio n  (see  
Io n  In te ra c tio n  A b ility  o f  2), it w as d iscu ssed  th a t the  m e ta l sa lts  c o u ld  be 
p re c ip ita te d  in h ig h  p H  d u e  to  th e  K Sp  v alu e , h o w ev er, i f  the  m e ta l sh o u ld  be 
p re c ip ita te d , %  e x tra c tio n  o f  ions by  u s in g  p u re  s ilica  m u s t sh o w  so m e  h igh  
level o f  %  e x tra c tio n . F ig u re  4 .8  sh o w s th a t th e re  is no  %  e x tra c tio n  o cc u rre d  
in b as ic  c o n d itio n , th u s, it can  be c o n c lu d ed  th a t the  %  e x tra c tio n  in b as ic  
c o n d itio n  o p e ra te d  in th e  p re se n t w o rk  w as not a ffec ted  fro m  th e  m e ta l salt 
p re c ip ita tio n .

pH  v a l u e

F ig u r e  4 .8  P e rc e n t ex tra c tio n  o f  p u re  fu m ed  s ilica  in v a r io u s  pH  
v a lu es .

F ig u re  4 .9  d e m o n s tra te s  th e  %  ex tra c tio n  o f  re s in  3 re la te d  to  th e  pH  
v a lu e . In  th e  ac id  co n d itio n , o n ly  s lig h tly  %  e x tra c tio n  co u ld  be found , 
h o w e v e r, in th e  n eu tra l and  b as ic  co n d itio n , the  %  e x tra c tio n  w as s ig n ific an t. 
T h e  ion  e x tra c tio n  se lec tiv ity  w as o b se rv e d  as P b2 +  > C d 2 +  - Z n - +  -  Mn2+.
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w h ic h  w as  re se m b le  to  the  case  o f  2. H o w ev er, the  %  e x tra c tio n  w as  lo w er 
th an  th a t o f  2 . T h is  re fle c te d  the  c o u p le d  am o u n t 2 o n to  s ilic a  su rface .

C o n s id e r in g  the  ion ex tra c tio n  u s in g  2 and  3 , it w as  fo u n d  th a t w ith  the  
sam e  m e ta l ion  c o n c e n tra tio n , 2 sh o w ed  h ig h e r % e x tra c tio n  than  3  fo r 50% . 
In  o rd e r to  e v a lu a te  the  d iffe re n c e  o f  ion ex tra c tio n  a b ility  b e tw e e n  2 an d  3 , 
th e  a m o u n t o f  2 c o u p lin g  on 3  w as e v a lu a ted . T h e  a m o u n t o f  2 co u ld  be 
e v a lu a te d  as fo llo w s: A ssu m e  th a t 3  has the  fo rm u la  s tru c tu re  as p a tte rn  1 in 
S ch e m e  4 .2 , th u s, the  a m o u n t o f  re s in  u sed  (0 .05  g) co u ld  be c a lc u la te d  fo r the  
e ffe c tiv e  h o s t 2 to  be o n ly  3 .4  X 10"2 m ol. H o w ev er, in th e  ca se  o f  2 u sed  in 
th e  e x p e r im e n t (F ig u re  4 .6 ), the  c o n c e n tra tio n  w as 0.1 M  o r 5 .0 x 1 0 -4  1-,-10! 
T h u s , it can  be m e n tio n e d  th a t 3 sh o w ed  less ac tiv ity  (F ig u re  4 .9 )  as c o m p a re d  
to  th a t o f  2 (F ig u re  4 .7 ) b ec a u se  3 h as h o s t 2 on the  su rfa c e  o n ly  3 .4  x l0 " 5  m ol 
o r ab o u t 14 tim es  less than  the  case  o f  2 u sed  in F ig u re  4 .6 .

pH  v a l u e
Figure 4 .9  P ercen t ex tra c tio n  o f  3 in v a rio u s  pFI v a lu es .
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