
CHAPTER II 
LITERATURE REVIEW

S u p ra m o lecu la r  ch em istry  is d e fin ed  as ‘c h em istry  b ey o n d  a s in g le  
m o le c u le ’ u n d er the lo ck  and k ey  structure (S c h e m e  1) (D ie m e r  et a l . , 19 95 ). 
C o n sid e r in g  th e c o m p o n e n t  o f  su p r a m o le c u le s , w e  a lw a y s  p a y  a tten tio n  o n  h o w  tw o  
or m ore c h e m ic a l s p e c ie s  be a sso c ia te d  as an a s se m b ly  or h o s t -g u e s t  sy stem  under  
the inter and in tra m o lecu la r  b on d s (S te e d , 2 0 0 4 ) . T h e fu n c tio n  o f  su p r a m o le c u le s  is 
b ased  on  the m o le c u la r  r e c o g n it io n  w h ic h  h o st m o le c u le s  s e le c t iv e ly  b in d  w ith  g u est  
sp e c ie s . T h e  c o n c e p t , the fu n c tio n s , and p o ten tia l a p p lic a tio n s  h a v e  b een  w e ll  
a cce p ted  w h e n  D . J. C ram , J .-M . L eh n , and c. J. P ed ersen  are N o b e l  L aureates in  
1 9 8 7  (F ra n gsm yr  and  M a lm stro m , 1 9 9 2 ). V a r io u s ty p es  o f  c o m p o u n d s  are reported  
as su p r a m o le c u le s  e ith er  m a c r o c y c lic  m o le c u le s  su ch  as c ro w n  eth er (Pata i and  
R ap pop ort, 1 9 8 9 ), c y c lo d e x tr in  (B en d er  and K o m iy a m a , 1 9 7 8 ), and ca lix a r e n e s  
(V ic e n s  and  B o e h m e r , 19 91 ; G u tsch e , 1 9 8 9 , 1 9 9 7 ) or a s s e m b lie s  o f  in d iv id u a l sm all 
m o le c u le s , su c h  as n u c le ic  a c id s  (F le tch er  et a l ,  2 0 0 3 ;  W e n g e l, 2 0 0 4 )  and  stero id s  
(S a d a  et a l ,  2 0 0 1 ) .  T h e g u e st  sp e c ie s  m ay  be c a tio n , a n io n , or neutral m o le c u le s  
(V o g tle , 1 9 9 1 ).

2.1 Supramolecular Chemistry
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2 .2  C a l ix a r e n e

C a iix a r e n e  is  o n e  o f  the sy n th e tic  su p r a m o le c u le s  w h ic h  ca n  be ob ta in ed  
from  a sp e c if ic  rea c tio n  o f  p h e n o ls  and fo rm a ld e h y d es  as e x e m p lif ie d  in F igure 1 
(V ic e n s  and  B o e h m e r , 1 9 9 1 ). T h e c o m p o u n d  and its d e r iv a t iv e s  are c la r ified  for  
in c lu s io n  p h e n o m e n a  to a c c e p t v a r io u s  typ es o f  g u e sts  su ch  as m eta l io n s  and organ ic  
m o le c u le s  (G u tsc h e , 1 9 8 9 , 1 9 9 7 ). U p  to  n o w , m an y  research ers h a v e  d e v e lo p e d  the  
c a lix a r e n e s  c h e m istr y  to c la r ify  the sy n th e s is  p a th w a y s and  the d e r iv a t iv e s  as w e ll as 
the fu n c tio n s  ab o u t the g u e st  se n s it iv ity  and s e le c t iv ity . F or e x a m p le , the a sso c ia tio n  
co n sta n t o f  c a lix a r e n e  c o m p le x  d eterm in ed  b y N M R  and the form a tio n  o f  1 :2 
c a lix [n ]a ry l a c e ta te -a lk a li m eta l io n  c o m p le x  p ro v en  b y m a ss  sp e c tr o sc o p y  w ere  
reported  (S h in k a i et a l., 19 88 ; In ok u ch i et al., 1 9 9 3 ). H e x a h o m o tr ia z a c a lix [3 ]a r e n e s  
d e r iv a tiv e s  (G ra n n a s et a l ,  1 9 9 4 ) s h o w  the b in d in g  o f  m eta l io n s  and  
a lk y la m m o n iu m  io n s  w h erea s jV -(2 -p ic o ly l)-h e x a h o m o tr ia z a c a lix [3 ]a r e n e s  
(T ak em u ra , 2 0 0 2 )  p erform  their  se le c t iv ity  in b in d in g  w ith  la n th an id e  io n s.

p-(ert-Butylcalix[4]arene

F ig u r e  1. S y n th e s is  o f/? -/< ?r/-b u ty lca lix [4 ]aren e .
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2 .3  A z a c a l ix a r e n e  a n d  th e  R e la te d  S tr u c t u r e  o f  B e n z o x a z in e  D e r iv a t iv e s

A z a c a lix a r e n e  is a d e r iv a tiv e  o f  c a lix a r e n e s  p repared  from
b is (h y d r o x y m e th y l)p h e n o l and am in e  (S c h e m e  2 ). In gen era ], the a za  grou p  p erform s  
w e ll  in ca tio n  b in d in g  le a d in g  to the s p e c if ic  in teraction  w ith  g u e s t  s p e c ie s  (L iu  et a l ,
1 9 9 8 ). F or e x a m p le , the e ff ic ie n t  uranyl and la n th an id e  io n  ex tra ctio n  o f  
h e x a h o m o tr ia z a c a lix [3 ]a r e n e  and A -(2 -p ic o ly l) -h e x a h o m o tr ia z a c a lix [3 ]a r e n e s  w ere  
reported  by T a k em u ra  et al. (1 9 9 2 , 2 0 0 2 ) . It is im p ortan t to  n o te  that the rep eatin g  
unit o f  a z a c a lix a r e n e s  c o n s is ts  o f  p h en o l and a z a -m e th y le n e  un it. T h e  structure o f  
th is  rep ea tin g  un it is s im ila r  to w h a t w e  ob ta in  from  the ring o p e n in g  reaction  o f  
b e n z o x a z in e .

S c h e m e  2

Bis(hydroxymethyl)phenol Amine

a
Resemble structure 
of the Repeat Unit 

น

N , A/-Bis(2-hydroxybenzyl)alky iamine
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B e n z o x a z in e  is  k n o w n  to  p erform  the rev e rse  M a n n ic h  reactio n  v ia  
in term o lec u la r  h y d ro g en  b on d  as sh o w n  in S c h e m e  3. T h e in it ia tio n  step  g iv e s  an 
in term ed ia te , w h ic h  p r o v id e s  the e lec tro n  m o v e m e n t from  n itro g en  a tom  to  h yd ro xy l 
group . It is  p r o v e n  that the r in g  o p e n in g  rea c tio n  o c c u r s  s p e c if ic a l ly  at the ortho  
p o s it io n  o f  p h e n o lic  grou p , w h ic h  can  be a g u id e lin e  to  d e s ig n  the m an y  o p en  ring  
b e n z o x a z in e s  (B ru k e  et a l . , 1 9 6 5 ).

2.4 Chemistry of Benzoxazine

A n o th e r  m ec h a n ism  o f  w h ic h  the p ro to n a tio n  at o x y g e n  a tom  in o x a z in e  
ring is the in itia l step  (S c h e m e  4 )  to  f o l lo w  b y the p h e n o l un it a d d itio n  w a s  p ro p o sed  
(R e is s  et al., 1 9 8 5 ).

S c h e m e  3

S c h e m e  4
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It is im p ortan t to  n o te  that, w ith  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  a 
d e r iv a tiv e  o f  tw o  p h e n o ls  w ith  m e th y le n e -a z a -m e th y le n e  lin k a g e  (B ru k e  et a l. , 1 9 65 ). 
For e x a m p le , th e  reac tio n  b e tw e e n  2 ,3 -d ih y d r o - 2 - m e th y l- lH - n a p h th - ( l ,2 - e ) - l ,3 -  
o x a z in e  and 2 -n a p h th o l g iv e s  A ,̂Ar-b is (2 -h y d r o x y - l-n a p th y lm e th y l)m e th y la m in e  
(S c h e m e  5).

B a se d  on  its th eo retica l reac tio n  p a th w ay , it is  natural to  e x p e c t  for a linear  
p o ly m e r  from  m o n o p h e n o l b e n z o x a z in e . H o w e v e r , up to  n o w . there h as b een  no  
report ab ou t lin ear  p o ly b e n z o x a z in e . For the p ast f e w  y ea rs, L a o b u th ee  (2 0 0 2 )  has  
fo c u se d  on  th e  ring o p e n in g  reactio n  o f  b e n z o x a z in e s  to  c o n c lu d e  that the ch em istry  
o f  ring o p e n in g  rea c tio n  o f  m o n o p h e n o l b ased  b e n z o x a z in e  is  so  u n iq u e. It g iv e s  
m a in ly  jV,A,-b is (2 -h y d r o x y b e n z y l)a lk y la m in e  and rarely  p r o v id e s  the linear p o ly m er  
(S c h e m e  6 ) . T h e structural ch ara cter iza tion  by F T IR , N M R , and  s in g le  crystal X -ray  
a n a ly s is  (F ig u re  1 in  C h apter I) p rov ed  that the c o m p o u n d s  are s ta b iliz e d  b y intra- 
and in term o lec u la r  h yd ro g en  b on d  n etw ork s (L a o b u th ee  et a i ,  20 0 1  ). In ad d itio n , an  
in ev ita b le  a sy m m e tr ic  reac tio n  v ia  M a n n ich  rea c tio n  w a s  occu rred  e v e n  e x c e s s  
a m o u n t o f  fo rm a ld e h y d e  and am in e  d er iv a tiv e s  w er e  u sed  (S c h e m e  7 ).

2.5 Chemistry of Ar,jV-Bis(2-hydroxybenzyl)alkylamine

S c h e m e  5
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A/,A/-Bis(2-hydroxy-5-methylbenzyl)
cyclohexylamine

Cyclohexylamine

Mannich Reaction

2 .6  D e v e lo p m e n t  o f  7 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  fo r  S u p r a m o le c u le s

C o n s id e r in g  the structure o f  M A f-b is (2 -h y d r o x y b e n z y l)a lk y la m in e , it can  be  
p o in ted  ou t that its structure is r e sem b le  to the rep ea tin g  u n it o f  a z a c a lix a r e n e s . For  
the past f e w  y ea rs, our grou p  h as p aid  a tten tio n  o n  th e su p ra m o lecu la r  structures and  
in c lu s io n  p h e n o m e n a  o f  M A ^ -b is(2 -h y d ro x y b en zy l)a lk y la m in e .

In the area o f  sy n th e s is , a s im p le , s e le c t iv e , and  e f fe c t iv e  m a c r o c y c liz a tio n  
o f  jV ,./V -b is(2 -h yd ro xy b en zy l)a lk y lam in e  (S c h e m e s  8 -9 )  w a s  d e v e lo p e d  (L ao b u th ee , 
2 0 0 2 ) . T h e m a c r o c y c lic  c o m p o u n d  o b ta in ed  from  e th e r ific a tio n  p erfo rm ed  in c lu s io n  
w ith  a lk ali p icra te  sa lt in s to ic h io m e tr ic  ratio (C h ira ch a n ch a i et a i ,  2 0 0 3 )

In th e area o f  in c lu s io n  p h en o m en a , the io n  r e sp o n s iv e  p rop erties  o f  the ring  
o p e n in g  stru ctu red  b isp h e n o l-A  b ased  b e n z o x a z in e s  w ith  v a r io u s  a lk a li and a lk a lin e  
earth m eta l io n s  w a s  reported  (S ir ip atan asa rak it, 1 9 9 7 ). 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  w a s  sy s te m a tic a lly  d e v e lo p e d  as a s im p le  m o d e l to  study
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the in c lu s io n  p h e n o m e n a  w ith  m eta l io n s. T h e  e s te r if ic a t io n  o f  iV ,jV-bis(2- 
h y d r o x y b e n z y l)a lk y la m in e  at h yd ro xy l grou p  w ith  terep h th a lo y l c h lo r id e  g iv e s  a 
n o v e l h o st  to  in teract w ith  a lk a li m eta l w a s  d em o n stra ted  (L a o b u th ee  et a l. , 2 0 0 3 ).

S c h e m e  8

S c h e m e  9
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2 .7  S u p p o r t in g  E v id e n c e s  fo r  S u p r a m o le c u la r  S tr u c t u r e  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 s in g le  crysta l o f  A -[(2 -h y d r o x y la to -5 -m e th y l)b e n z y l-(2 '-h y d r o x y la to -  
3 ',5 '-d im e th y lb e n z y l)]e th y l am in e  d ico p p er  (II) (F igu re  2 )  o f  w h ic h  th e h ost structure 
is s im ila r  to  that o f  A ,̂Ar-b is (2 -h y d r o x y b e n z y l)a lk y la m in e  w a s  rep orted  (M a la th y  S o n y  
et a i ,  2 0 0 2 ) .  It is im p ortan t to n ote  that the stru ctu re o f  b is [ (3 ,5 -d im e th y l,2 -  
h y d r o x y )-2 ’-h y d r o x y -5 ’-m e th y l]b e n z y le th y la m in e  can  b e d e fin e d  as a d er iv a tiv e  o f  
A (A -b is (2 -h y d r o x y b e n z y l)a lk y la m in e . A lth o u g h , th e  w o rk  e m p h a s iz e s  o n  the  
c o m p le x a t io n  w ith  co p p er , the w ork  g iv e s  U S  so m e  su p p o rtin g  e v id e n c e s  ab out the  

su p ra m o lecu la r  c o m p le x a t io n  o f  A ,A -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  b is ( /£ -  
p h e n o x id e )-b r id g e d  m a c r o c y c lic  d in u c lea r  co p p er  (II) c o m p le x e s  b y c o n d e n sa tio n  o f  
d ifo r m y lp h e n o l, d ia m in o a lk a n e , and co p p er  io n  (F igu re  3 ) w a s  sh o w n  (T h o m p so n  et 
al., 1 9 9 6 ). In th is  c a se , the su p ram olecu lar  structure o f  d in u c lea r  c o p p e r  (II) c o m p le x  
is an im p ortan t in fo rm a tio n  w h e n  w e  c o n s id e r  that th e  tw o  p h e n o ls  o f  a un it 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  m ig h t p erform  s im ila r  structure in a cc e p tin g  m etal 
io n s.

F ig u r e  2 . P e r sp e c tiv e  v ie w  o f  A -[(2 -h y d r o x y la to -5 -m e th y l)b e n z y l-(2 '-h y d r o x y la to -  
3 ',5 '-d im e th y lb e n z y l)]e th y l a m in e  d ico p p er  (II) s h o w in g  th e th erm al e ll ip so id s  at 30%  
p rob ability  le v e l (M a la th y  S o n y  et a l . , 2 0 0 2 ).



14

( C H 2)4 C u C u ( C H 2)4

Figure 3. B is(//2 -phenoxide)-bridged macrocyclic dinuclear copper (II) complex 
(Thompson e t  a l . , 1996).

2.8 Scope of the Present Work and Its Originality

The present work is initiated from the question about the inclusion 
formation o f  A(/V-bis(2-hydroxybenzyl)alkylamine with transition metal ions. In 
order to find out how A(/V-bis(2-hydroxybenzyl)alkylamine forms complex with 
transition metal ions in solution state, the simple approach is done by using various 
analytical techniques, i.e., U V -Vis, NMR, ESIMS, FTIR, XRD, and DSC. However, 
the absolute clarification o f  the host-guest compound from a single crystal X-ray 
analysis to determine the host-guest structure is also a goal in this work.

Based on the hydroxyl group and nitrogen atom in the structure o f  N ,N -  
bis(2-hydroxybenzyl)alkylamine, non-covalent bonding such as ionic (Wohrle and 
Pomogailo, 2003), coordination (Beauchamp and Loeb, 2004), and hydrogen bonds 
with metal ions and/or neutral molecules (Lehn, 1995) is expected. Here, an attempt 
to discover any feasible conditions for metal and neutral guests entrapment are 
included in the work.

One o f  the most attractive points in modifying N ,N -b \s {2 -  
hydroxybenzyl)alkylamine derivatives is the cyclization for macrocyclic molecules. 
Since /V,jV-bis(2-hydroxybenzyl)alkylamine consists o f  diphenol, the reactions o f  
phenol chemistry are focused. In this work, an effective and selective one-pot 
synthesis for [1 + 1] macrocyclization o f  A/79-bis(2-hydroxybenzyl)alkylamine and



15

1 ,3 -bis(tosyloxy)propane to obtain dibenzo-monoaza-12-crown-3 is originally 
proposed.

Figure 4. Structure of dibenzo-monoaza-12-crown-3.
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