
CHAPTER I
INTRODUCTION

S u p ra m o lecu la r  ch em istry  h as r e c e iv e d  m u ch  a tten tio n  for the u n iq u e  
m o le c u la r  r e c o g n it io n  and the related  in c lu s io n  p h e n o m e n a  for d e c a d e s  (P ed ersen , 
19 67 ; P ed ersen  and  F ren sd ro ff, 1972; L eh n , 1995 ; T u m m ler  et a l ,  1977 ; V o g tle , 
19 91 ; N a s s im b e n i, 2 0 0 4 ) . W ith  the ad v a n ce  o f  in stru m en ta tion  te c h n o lo g y , not o n ly  
c y c l ic s  but a lso  a c y c lic s  are c la r ified  for su p ra m o lecu la r  structure to a cce p t g u est  
s p e c ie s  b a sed  o n  e ith er  n o n -c o v a le n t  in teraction s su ch  as va n  der W a a ls  (K n ig h t et 
a l . , 2 0 0 2 ) ,  d ip o le -d ip o le  (Y a su d a  et a l. , 1 9 9 9 ), 71-71 sta c k in g  (M in  and S u h , 2 0 0 1 ) , or 
h yd ro gen  b o n d in g  (R a y m o  et a l ,  2 0 0 1 ;  D esira ju , 2 0 0 4 ) .  V a r io u s  ap p ro ach es to 
ob ta in  su p ra m o lecu la r  structured  c o m p o u n d s  are p ro p o se d  startin g  from  m o lecu la r  
m o d e lin g  (G ro tjah n  et a l ,  2 0 0 4 ) , tem p la te  c o n tr o lle d  rea c tio n  (B u sc h , 2 0 0 4 ) , and  
fu n c t io n a liz a tio n  (H o o g e n b o o m  et a l ,  2 0 0 3 ) . T h e se  sy s te m a tic a l c h a lle n g e s  c o v e r  
the fu n d am en ta l m o le c u la r  d e s ig n s  to  sy n th e s is  p a th w a y s. U p  to  n o w , v a r io u s h ost  
m o le c u le s  su ch  as urea, c h o lic  ac id , c y c lo d e x tr in , c ro w n  ether, c a lix a r e n e , and their  
d e r iv a tiv e s  h a v e  b een  d e v e lo p e d  and c la r ified  for the m o le c u la r  r e c o g n it io n  (D ie m e r  
et a l ,  1 9 9 5 ).

C a lix a r e n e  is  o n e  o f  the m o st  w e ll-k n o w n  h o s ts  o f  w h ic h  v a r io u s  d er iv a tiv es  
su ch  as m e r c a p to c a lix [4 ]a r e n e s , h e x a a m id e  c a lix [6 ]a r e n e s , and b rid ged  
c a lix [8 ]a r e n e s  as w e l l  as th e  in c lu s io n  p h en o m en a  are rep orted  (Ik ed a  and S h in k a i,
1 9 9 7 ). C a lix a r e n e  c o n s is t s  o f  p h en o l unit and m e th y le n e  lin k a g e  in  m a cr o c y c lic  
structure. A z a c a lix a r e n e  is a d er iv a tiv e  w ith  aza  gro u p  in  b e tw e e n  the p h en o l and  
m eth y le n e  gro u p s. It sh o u ld  be n o ted  that the ring o p e n in g  rea c tio n  o f  b e n z o x a z in e  
g iv e s  a rep eat u n it o f  p h e n o l-m e th y le n e -a z a  w h ic h  is  r e se m b le  to that o f  
a z a c a lix a r e n e s  (S c h e m e  1). O n  th is v ie w p o in t , for the p ast f e w  yea rs, w e  h ave  
o r ig in a lly  fo c u s e d  o n  the b e n z o x a z in e  ch em istry  and a im ed  to  c la r ify  th e  in c lu s io n  
p h en o m en a  as a n o v e l h ost b ased  on  the m o le c u la r  d e s ig n  and  sy n th e s is  as w e ll as 
the s tu d ie s  o n  su p ra m o lecu la r  structure e ith er  in  so lu tio n  or so lid  state.

B e n z o x a z in e  is a h e te r o c y c lic  p repared  from  the M a n n ich  reactio n  o f  
p h e n o l, fo r m a ld e h y d e , and a m in e  d er iv a tiv e s . T h e  ring o p e n in g  reactio n  o f
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b e n z o x a z in e  p r o c e e d s  e a s ily  under ac id  ca ta lyst. In the p ast, our gro u p  d eclared  that 
the ring o p e n in g  o f  b e n z o x a z in e  w ith  the co rr esp o n d in g  p h en o l is  d if f ic u lt  to  p rov id e  
a linear p o ly m e r  but q u a n tita tiv e ly  p rod u ces jV ,jV -b is(2 -h yd ro xy b en zy l)a lk y lam in e  
d e r iv a tiv e  p o s s ib ly  d u e to a s in g le  tim e  o f  r in g  o p e n in g  rea c tio n  (S c h e m e  2 )  
(L ao b u th ee  et a l ,  2 0 0 3 ) . T h e structural ch a ra cter iza tio n  o n  the N ,N -bis(2- 
h y d r o x y b e n z y l)a lk y la m in e  d er iv a tiv e s  by s in g le  crysta l X -ra y  a n a ly s is  (F igu re 1), 
n u clear m a g n e tic  r e so n a n ce  (N M R ), and F ou rier tran sform  in frared  sp ec tr o sc o p y  
(F T IR ) p ro v ed  that th e  c o m p o u n d s  are s ta b iliz e d  u n der the inter- an d  in tram olecu lar  
h yd ro gen  b o n d  n etw o rk  (L a o b u th ee , 2 0 0 2 ) , as a resu lt, o n ly  a s in g le  ring o p e n in g  is 
p rom oted .

S c h e m e  1

พ, W-Bis(2-hydroxybenzyl)alkylamine Benzoxazine

S c h e m e  2

พ, W-Bis(2-hydroxybenzyl)alkylamine
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F ig u r e  1. C rysta l structure o f  V ,V -b is (2 -h y d r o x y -5 -m e th y lb e n z y l)c y c lo h e x y la m in e  
w ith  the a to m ic  n u m b er in g  sc h e m e  (L ao b u th ee  et a l . , 2 0 0 1 ) .

O ur c h a lle n g e  in su p ra m o lecu la r  c h em istry  o f  V ,jV -b is(2-
h y d r o x y b e n z y l)a lk y la m in e  d er iv a tiv e  is started w h e n  w e  fo u n d  the in c lu s io n  
p h en o m en a  o f  the d e r iv a tiv e  w ith  a lk a li and a lk a lin e  earth m eta ls  s tu d ied  by  
u ltra v io le t v is ib le  sp e c tr o sc o p y  (U V -V is )  tech n iq u e  (L a o b u th ee  et a i ,  2 0 0 3 ). 
H o w e v e r , h o w  th e in teraction  o f  V ,V -b is (2 -h y d r o x y b e n z y l)a lk y la m in e  d er iv a tiv e  
w ith  tran sition  m eta l io n s  b e  e sta b lish e d  is le ft  u n c la r ified . H ere , C h apter 3 a im s to 
in v e stig a te  the in teraction  w ith  tran sition  m eta l io n s  o f  N,N- b is (2 -
h y d r o x y b e n z y l)a lk y la m in e . T h e in c lu s io n  p h e n o m e n a  o f  V ,jV -b is(2-
h y d r o x y b e n z y l)a lk y la m in e  d er iv a tiv e s , 1 -5 , (S c h e m e  3 ) w ith  tra n sitio n  m eta l io n s  are 
reported  b a sed  o n  the q u a lita tiv e  and q u an tita tive  a n a ly se s  b y v a r io u s  an a ly tica l 
te c h n iq u e s , i .e .,  U V -V is ,  N M R , F T IR , W A X D , d ifferen tia l sc a n n in g  ca lor im etry  
(D S C ), and e lec tr o sp r a y  io n iz a tio n  m a ss  sp e c tr o sc o p y  (E S I-M S ).

It is  im p o rtan t to n o te  that s in g le  crystal a n a ly s is  is  the m o st  u se fu l tech n iq u e  
to d eterm in e  the p r e c ise  structure o f  h o s t-g u e s t  c o m p o u n d  (V o g t le , 1 9 9 1 ), thu s, 
C h apter 4  fo c u s e s  on  the s in g le  crysta l a n a ly se s  o f  jV,/V-bis(2- 
h y d r o x y b e n z y l)a lk y la m in e  h ost in teractin g  w ith  co p p er  g u est . It sh o u ld  be n ote  that 
a lth ou gh  v a r io u s  tran sition  m eta l io n s  w er e  c o n s id e r e d , the s in g le  crystal w a s  
ob ta in ed  o n ly  in the c a se  o f  co p p er  ion . In th is  w o rk , the cry sta llo g ra p h y  w ork , 
co m p u ta tio n a l c a lc u la t io n , and s im u la tio n  (C e r iu s2 and M S  m o d e lin g )  are ap p lied  to
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d em on stra te  h o w  the ch arge transfer sy s te m  o f  h o s t-g u e s t  is  fo rm ed  u s in g  cop p er  ion  
as a m o d e l c a se . In th is  C h apter, the u n iq u e h o st  structure to  a c c e p t cop p er  ion  
w ith o u t structural c h a n g e s  is  a lso  c la r ified  from  the su p e r im p o se d  ap p roach .

S c h e m e  3

OH OH

"r V y
^  R "

R' c ' ร ^
R R

N , A/-Bis(2-hydroxybenzyl)alky lamine

1: R= CH3, R'=ch3, R”= H
2: R= CHs, R -  C3H7, R”= H
3: R= CH3, R’= CeHn R”= H
4: R= C2H5, R -  CHs, R”= H
5: R= CH3, R’= CH3, R”= CH3

It sh o u ld  b e n o ted  that the crysta llog rap h y  a n a ly s is  o f  A /jV -b is(2 -h y d ro x y -  
3 ,5 -d im e th y lb e n z y l)m e th y la m in e , 5 , after in c lu s io n  w ith  co p p e r  io n s  d ec la res  the  
c a se s  that s o lv e n t  an d /or  w a ter  m o le c u le s  e x is te d  in the p a ck in g  structure. T h is  lead s  
to pay  an a tte n tio n  o n  the co n cer ted  in c lu s io n  o f  g u e s t  s p e c ie s , i .e .,  io n  sp e c ie s  and  
neutral m o le c u le s ,  in a s in g le  h o s t-g u e s t  unit. C h ap ter  5 d e sc r ib e s  s im u lta n e o u s  
in teraction  o f  A /./V -b is(2 -h y d r o x y -3 ,5 -d im e th y lb e n z y l)m e th y la m in e  w ith  co p p er  ion  
sp e c ie s , m eth a n o l and  w ater  m o le c u le s .

O n e  o f  the m o st  a ttractive  p o in ts  in  m o d ify in g  N ,N-b\s(2- 
h y d r o x y b e n z y l)a lk y la m in e  d er iv a tiv es  is the c y c liz a t io n  for  m a c r o c y c le s . T he  
p oten tia l r ea c tio n s  are th o se  occu rrin g  at h y d ro x y l gro u p s o f  p h en o l u n its. In the  
p rev io u s  s tu d y , w e  reported  for the first tim e  ab o u t th e  s im p le  but s e le c t iv e  and  
e f fe c t iv e  sy n th e s is  p a th w a y  to ob ta in  [2 + 2 ] m a c r o c y c lic  c o m p o u n d s  (L ao b u th ee  and  
C h irach an ch a i, 2 0 0 2 ;  C h irach an ch ai et a i ,  2 0 0 3 ) . C h apter 6  r e v ie w s  h o w  w e  
c h a lle n g e d  th e  n o v e l m a c r o c y c lic  c o m p o u n d s , d ib e n z o -m o n o a z a -1 2 -c r o w n -3  
d e r iv a tiv es  (F ig u re  2 ) , ob ta in ed  from  [1 +  1] o f  e f fe c t iv e  and  s e le c t iv e  o n e -p o t  
sy n th e sis  rou te b a se d  on  A //V -b is (2 -h y d r o x y b e n z y l)a lk y la m in e  d er iv a tiv e s .
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F ig u r e  2 . C rysta l structure o f  d ib e n z o -m o n o a z a -1 2 -c r o w n -3  d er iv a tiv e .

In c o n c lu s io n , the p resen t d isser ta tio n  d e c la res  h o w  jV,iV-bis(2- 
h y d r o x y b e n z y l)a lk y la m in e  ob ta in ed  from  a s in g le  r in g  o p e n in g  b e n z o x a z in e  g iv e s  U S  

a n o v e l h o st c o m p o u n d . T h e o r ig in a lity  o f  the w o rk  is  n ot o n ly  the h o st-g u e st  
structural a n a ly s is  b y  s in g le  crysta l X -ray  tech n iq u e  but a lso  th e  c la r if ic a tio n  ab out  
u n iq u e h o st stru ctu re w h ic h  a cce p ts  b oth  io n  s p e c ie s  and n eutra l m o le c u le s  as g u ests  
at the sam e t im e . T h e  w ork  a lso  co v e r s  the d e v e lo p m e n t  o f  m o le c u la r  d e s ig n  and  
sy n th e s is  o f  yV ,/V -b is(2 -h yd rox yb en zy l)a lk y lam in e  b y  c la r ify in g  that a d ib e n z o -  
m o n o a z a -1 2 -c r o w n -3  can  be s e le c t iv e ly  ob ta in ed  in  h ig h  y ie ld  v ia  a s im p le  but 
e f fe c t iv e  r ea c tio n  c o n d it io n .
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