
C H A P T E R  II

LITERATURE SURVEY

2.1 Supram olecular Chemistry; The Definition

Supram olecular chem istry  w as received m uch attention  fo r the firs t tim e 
w hen W atson  and Crick, the N obel L aureates in 1962, reported  the unique 
structure  o f nucleic  bases pairing  and their double helix  secondary  structure. 
In the la te r tim e, it is know n that the m olecules perform  the function  o f  genetic 
code, such as translation, transcrip tion  and transform ation  in  1953 (Schem e 
2 .1). B ased  on the understanding at the m olecu lar level, the sim ple m olecu les 
o f  adenine, guanine, cytosine, and thym ine are know n to form  the base  pairing  
to  each  o ther by using the hydrogen bonding and the K -7 1  stacking 
conform ation  betw een  purine and pyrim id ine heterocyclic.

Scheme 2.1 F our p rincipal nucleic acid bases and base  pairing
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T he base paring is considered  to be an ideal supram olecu le  w hich 
insp ires a new  concep t o f chem istry  under the nam e o f “M olecu lar A ssem bly” , 
“Inclusion or H ost-G uest C om pound”, M olecu lar R ecogn ition” , and 
B iom im etic C hem istry” . C onceptually , supram olecular chem istry  is defined  
as “lock  and k ey” o f the tw o individual m olecules stabilized  each o ther by  the 
non covalen t bonding, or in another w ords, the secondary forces, i.e ., van der 
W aals, d ipo le-d ipo le  in teraction , ionic in teraction , and hydrogen  bonding. 
T w o individual m olecules are called  “host” and “guest” m olecu les, w hile  the 
asse t o f host and guest m olecules is called “Inclusion C om pound” .

T heoretically , host guest com pound is defined as fo llow s. 1) “T he 
spontaneous assem bly o f  m olecules in to structured, stable, noncovalen tly  
jo in ed  aggregates (W hiteside e t  a l . ,  1991)” . 2) “T he nonconvalen tly
in teraction  o f tw o or m ore m olecu lar subunits to form  an aggregate w hose 
novel structure  and properties are determ ined by the nature and position ing  o f 
the com ponents (H am ilton e t  a l . ,  1990)” . 3) “T he spontaneous form ation  o f 
h igher-ordered  structure (L indsey 1991). T he specific in teraction  betw een  
host and guest, w hich can occur under a certa in  condition , is know n as a 
“M olecu lar R ecogn ition” . F o r the past three decades, the structures o f  host- 
guest com pounds have been clarified  and w ell-understood year by  year ow ing 
to the im provem ent o f  the analytical instrum ents. In the p resen t era, it com es 
to the p o in t o f how  w e can design a particu lar m olecu le  satisfy ing  the 
conditions to form  the host guest com pound, so called  the m olecu lar 
arch itectu re  research , and how  w e can contro l the structure o f  host guest 
com pound, so called  the m olecu lar recognition. T he ex tension  o f  these 
researches in this area is to find the new  m olecules under the concep t o f 
supram olecu lar chem istry  by im itate the b iosystem  or natural supram olecules, 
so called  b iom im etic chem istry . T he developm ent o f  b iom im etic chem istry  
enables U S  to obtain  the unique functions in the new  host m olecu les that can 
in troduce to p ractical applications.
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2.2 Complexation of Well-known Host Compounds

A rtific ia l or synthetic host guest com pound has been  rece ived  m uch 
atten tion  since the clarification  o f cyclic structure o f  crow n e ther (Schem e 2.2)

Scheme 2.2 C row n ether

C row n ether is a cyclic oligoether that p rovides the p o lar cav ity  to form  
com plexes w ith  m etal ions. B efore that tim e, less studied  w ere  d ealt w ith  the 
possib le  structure o f po lyether and its related  com plex form ation  p roperties 
until P edersen  dem onstrated  the feasib ility  o f synthesizing  large cyclic  
po lyethers, contain ing m ore than one benzoyl group, by  the condensation  
m ethods o f  dio l and d ivalen t organic groups. P edersen rep orted  the sim ple 
crow n ethers form ing the com plex w ith  am m onium  and a lkylam m onium  salts 
(Pedersen, 1967). The general p reparation  o f oxycrow n com pound  w as 
reported  to be  achieved by refluxing diol and d ivalen t organic groups, w ith  the 
d iffe ren t ratio  and reaction  tim e. T here are m any types o f cro w n ethers 
reported , such as oxycrow n, azacrow n, or th iacrow n com pounds (H iraoka, 
1982). T he size o f cavity  and ion dipole in teraction  w as know n to be 
dependen t on  the num ber o f o  or e lectron rich  atom s in crow n structures. 
Izatt, ร. R. e t  a l .  (1985) found that crow n ether host conta ined  5-10 oxygen 
atom s form ing  the com plexes w ith  L i+, K + and N H 4+, etc. r-B utylcyclohexyl- 
15-crow n-5 and cyclohexyl-21-crow n-7 w ere reported  to en trap  alkali m etal
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ions. O w ing to their specific structures, there are m any applications o f  crow n 
e thers,i.e ., organic synthesis catalyst, ion separation, o r ion transportation

M archand e t  al .  (1999) studied the capability  o f a lkali-crow n ethers and 
alkali-cryptands com plexation  to find  the selectivity tow ard  the ex trac tion  o f 
L i+ and N a+ picrates. C age-functionalized  d iaza  (17-crow n-5) e thers w ere 
found to show  the high selectivity  tow ard  the com plexation  w ith  K + and R b+ 
p icrate  so lutions.

T he second generation  o f  inclusion com pound can  be ra ised  fo r 
cyclodextrin . C yclodextrins are natural products from  enzym atic  degradation  
o f starch w hich  is com posed o f  six to e igh t g lucopyranoside units bound head 
to tail in cycle  a t 1- and 4-positions. C yclodextrin  can be devided  in to  3 types, 
a -cyc lod ex trin , p-cyclodextrin , and y-cyclodextrin  (Schem e 2.3). T he key 
factors m aking cyclodextrin  as host com pound can be m entioned  as the cyclic 
o r ring  structure, the hydrophilic ity  and hydrophobicity  o f  the cavity  and the 
specific size o f  the cavity, depended on the num ber o f  dextrins. T he cavity  
size o f  cyclodextrin  is in the level to entrap  neutral m olecules, such as cx- 
cyclodex trin  can  entrap  w ith  benzene or phenol, p -cyclodextrin  can include 
naphthalene or l-an ilino -8-naph thalen e-su lpho nate  and y -cyclodextrin  can 
incorporate  anthracene.

Scheme 2.3 C yclodextrin
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y-C yclodextrin  w as applied w ith  digoxin as a drug fo r contro lled  
re lease  system  (Iw am oto, 1978) and found that it m ain tained  the effective 
am ount and tim e ow ing to the im provem ent o f  so lubility  o f d igoxin  by 
cyclodex trin  in  blood.

C alixarenes, as show n in Schem e 2.4, are know n as the th ird  generation  
o f  host com pound  by  pheno l-form aldehyde condensation . T he structures o f  
calixarenes w ere  analyzed to be  cone, partial, 1,2 alternate, and 1,3 alternate 
conform ations (K nop and P ilato  (1985)). T he num ber o f  arenes in the 
calixarenes can be  contro lled  by  the reaction  condition . T he unique structure 
o f  calixarenes can be claim ed to the hydrophobic  and hyd ro ph ilic  parts 
arranging  on the top and bottom  o f the ring.

Scheme 2.4 C alixarenes

G utsche (1989) reported  that calixarenes and th e ir cyclic  oligom ers 
be tw een  / 7-substituted phenol and fo rm aldehyde can form  the host-guest 
com plexes w ith  various types o f organic m olecu les and m etal ions. 
A pplications o f  calixarenes are expected  in  m any areas, such as catalyst, 
seperation , iso lation , purifica tion  and dissolvation . A rduin i e t  a l .  (1986) 
reported  p-t-bu ty lcalix[4]arenes and the sodium  se lectiv ity  v ia ex traction  
experim ent. Pulpoka and his CO w orkers (1996) c larified  the structures o f
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calix [4 ]arenes bridged by  a cryptand un it and a crow n e ther chain  in 1,3- 
a ltem ative  conform ation  and dem onstrated ion en trapm ent p roperty  by  varying 
alkali p icra te  salts. U ngaro, R. e t  al .  (1996) reported  the conform ational 
p roperties o f  calix[4]arenes derivatives and proposed  as a new  recep to r fo r the 
selective  encapsula tion  o f  m etal ions and neutral m olecu les. C alix[4]arenes 
w ith  1 ,3-alternate structure w as know n as the se lectiv ity  po tassium  
ionophores. Sone e t  a l .  (1997) reported  th at su lfur-bridged calixarenes can 
trap  the neu tra l guests, such as acetone, benzene or d ioxane.

2.3 Clarification of Inclusion Compound

T here are m any techniques that can  be used  to c larify  the host guest 
com pound , depending  on the nature o f  guest species, i.e., ionic and neutral 
species. In the case o f  ions as guest species, the host guest in te raction  can be 
iden tified  w hether it is in  liquid or solid state. U V /V is can  be applied  to 
c la rify  the ion  in teraction  ability. Sm id (1972) reported  th a t u v  spectra 
c larified  the changing o f  host and guest abou t e lectron  surroundings as can  be 
observed  from  the peak shifting. N M R  technique is good fo r quantita tive 
analysis on  the host guest ratio . C ram  and H o (1986) noted th a t the chem ical 
sh ift o f  p icrate  pro ton  w as around 8.8 ppm  via 'H -N M R . P u lp oka  e t  a l .  (1996) 
reported  th a t the peak  o f  arom atic pro tons on calix  [4] cryptand  crow n-6  w as 
sh ifted  and concluded  th at the po tassium  w as located  in  the c ryp tand  cavity. 
L am sa  e t  al .  (1998) also reported  th at ^ - N M R  can clarify  the guest en trapped  
in side  the h o st system . A rbuini e t  a l .  studied  cone conform ation  o f  p-t- 
bu ty lcalix [4]arenes to en trap  w ith  K +. T G A  and X R D  w ere  applied  to  study 
the host guest ratio  and host guest structure, respectively . M ass spectroscopy 
is ano ther m ethod  that gives the in form ation  abou t host-guest com plexation  
and the m olecu lar assem bly w hen the host and the guest form  a cluster. Leize 
e t  a l .  noted  that electrospray  m ass spectrom etry  exhib ited  the m etal com plexes 
betw een  their com pound entrapped w ith  C u2+. Shiina and K inum aki (1997)
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reported  the com plexation  by using m ass spectrom etry  and show ed the 
d ifferences in fragm entation betw een [M +H ]+ and [M +Li]+.

2.4 Inclusion Compounds and the advanced Applications

D ue to m olecu lar recognition  properties, the applications o f  inclusion 
com pounds can be classified  into 2 stages, specific and advanced applications. 
A ccord ing  to the specific properties, such as ion d issociation  and selective 
separation , host guest com pounds can be applied as catalysts and u ltrahigh 
purification . T he m olecular recognition o f  host guest com pounds brings the 
advanced application  such as, phase-transfer system , streospecific  contro lled  
polym erization , separation and shielding, and stabilization  o f unstab le  species. 
Inclusion  com pound can be used in a chem ical transportation . L ehn (1995) 
noted  that the ability  o f  18-crow n-6 m acrocyclic  po lyethers could  b ind 
p rim ary  am m onium  ions to induce chem ical transform ation  on such substrates 
as seen in enzym atic m odel studies. R ecently , the advanced applications 
based  on b iom im e tic concep t have received m uch attention.

2.5 Development of Benzoxazines

B enzoxazines, a type o f phenolic m aterials, have e ig h t isom erism  
structures (Schem e 2.5) depending on the position  o f  m ethy lene group by 
supplem entary  o f  H  as defined by E lderfie ld  and his co lleagues. H olly  and 
C ope (1944) studied the reaction betw een  o -  and /7-halogen-substitu ted 
pheno ls w ith  form aldehyde and prim ary aliphatic am ine in the condensation  
reaction . B urke (1947) studied the synthesis o f  3 ,4 -d ih y d ro -l,3 ,2 H - 
benzoxazines using /7-substituted phenols, form aldehyde and p rim ary  am ine in 
the m olar ratio  o f  1:2:1 respectively . T he reaction  o f  3 ,4 -d ihydro-3 ,6 - 
d isubstitu ted -l,3 ,2H -benzox oazin es, form aldehyde and prim ary  am ine w as
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proposed  to form  N ,N -dim ethylolam ine leading to fu rther reaction  w ith  phenol 
derivative to ob tain  benzoxazine m onom ers (Schem e 2.6).

Scheme 2.5 Isom eric structures o f  benzoxazines

3 ,1 ,4 -benzoxazine  1 ,3 ,4-benzoxazine 1 ,4 ,2-benzoxazine

2,3,1 -benzoxazine 1,4-benzoxazine

B urckhalter (1952) also focused on M annich reaction  w ith  ortho- 
pheny lphenol to form  dim er w ith  m ethylene-am ine-m ethylene bridge or 
M annich  base position  for antim ararial study. T he reaction  w as proceeded  by 
using dioxane as a solvent.
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Scheme 2.6 P reparation  o f benzoxazine m onom er

2 C H O H  + R'NH 2
/C H 2OH  

R'— n '  +
CH2OH

2.6 The related S tructure of Benzoxazines and Calixarenes

C hirachanchai e t  a l .  (1998) proposed  benzoxazines as a novel type o f 
host com pound since the open ring  structure o f benzoxazine  is som ew hat 
sim ilar to that o f  calixarenes. Thus, benzoxazine, w hich has bo th  oxygen and 
nitrogen atom s contain ing the lone pair electrons, is also expected  to show  the 
phenom ena like calixarenes (Schem e 2.7). S iripattanasarak it e t  al. reported  
that benzoxazine  m onom er synthesized from  bisphenol-A  and an iline (B -A ) 
cou ld  en trap  m etal ion by its assem bly.

2.7 Benzoxazine and its Guest Responsive Property

Siripattanasarak it (1997) studied the liquid /liquid  ex traction  system s o f 
benzoxazines to find the properties as ionophores form ing com plexes w ith
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various m etal ion types. E valuation  by P ed ersen ’s technique w as found  that 
bo th  m onom ers and oligom ers o f  benzoxazine exh ib it ion ex trac tion  in high 
percen t yield . T he ion extraction  percentage w as strongly  con tro lled  by the 
so lubility  param eter o f the solvent. B enzoxazines d isp layed  m uch  m ore 
sign ifican t ion affin ity  than the reported  hosts, i.e., calixarenes. pseudocyclic  
calixarenes crow n ether.

Scheme 2.7 Structures o f  C alixarenes (I) and B enzoxazines (แ)

(I) (ID
(a) hydroxy group
(b) aza m ethylene linkage

P hongtam rug (1998) reported  that the d iffe ren t functional groups on 
benzene  ring  group had the effect on the ion ex traction  ab ility  o f  benzoxazine  
m onom ers and leaded to the m olecu lar assem bly form ation. M oreover, ow ing 
to the steric effec t o f benzoxazine m onom er, the m olecu lar assem bly  w as 
p ropo sed  as loose or/and flex ib le  structure allow ing the ab ility  for the m etal 
ion  entrapm ent.

T echakam olsuk  (1999) p resen ted  the open  ring  o f benzoxazine  dim ers 
and their m odified  structures and c larified  the effects o f  the bu lk iness in the 
dim ers. T he effects o f in tram olecular hydrogen bonding  and e lectron  lone 
pairs p layed  the ro le in the ion ex traction  step.
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2.8 The Scope of the Present W ork

A lthough S iripatanasarakit found that benzoxazine m onom er (B a-A ) 
show ed ion  ex traction  ability , the factor induced w as no t clarified . T hus, in 
the firs t p a rt o f  the p resen t w ork, a series o f benzoxazine m onom ers w ere 
ta ilo red  w ith  the variation o f  bulky groups at benzene ring and aza group, in 
o rder to p roceed  the system atical studies on  ion ex traction  ability . M eanw hile, 
in the prev ious w ork  the ion in teraction  property  w as studied by  using a series 
o f  alkali m etal p icrate  ions. Thus, it is another objective o f  the p resen t w ork  to 
study the possib ility  o f  o ther m etal salt in teraction . W ith  the various aspects 
o f  the database  abou t host-m etal inclusion com pound o f benzoxazine, the 
orig in  o f  host-guest in teraction  w ill be clarified.
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