
REFERENCES

1. Christensen, J.J.; Hill, J.D. and Izatt, R.M. S c i e n c e . 1 9 7 4 ,  459.
2. Martin, L.Y.; Dettayes, L.J. and Zompa, L.J. J .  A m .  C h e m .  S o c . 1 9 7 4 ,  9 6 ,  4046.
3. Lehn, J.M. and Sauvage, J.P., J .  A m .  C h e m .  S o c . 1 9 7 5 , 9 7 ,  6700.
4. Gutsche, C.D.; Dhawan, B.; No, K.H. and Muthukrishnan R., J .  A m .  C h e m .  S o c .

1 9 8 1 ,  1 0 3 ,  3782.
5. Gutsche, C.D., “Calixarenes, monographs in supramolecular chemistry” , Vol.l,

J.F. Stoddard, Ed, The Royal Society of Chemistry, Cambridge, 1989.
6. Vicens, J. and Bohmer, V., Eds, “Calixarenes, Aversatile Class of Macrocyclic

Compounds” , Klumer, Dordrecht, 1991.
7. For a review, see Loon, V.J.D.; Verboom, พ. and Reinhoudt, D.N., “ Selective

Functionalization and Conformational Properties of Calix[4]arenes” , O r g .  

P r e p .  P r o c e d u r e s  I n t . 1 9 9 2 ,  2 4 ,  437; Shinkai, ร; “Calixarenes-The third 
Generation of supramolecules” , Tetrahedron Report Number 340, 
T e t r a h e d r o n .  1 9 9 3 ,  4 9 , 8933.

8. Bohmer, V. 5 Angerw. C h e m .  In t. E d .  E n g l . 1 9 9 5 , 3 4 , 713.
9. Zinke, A. and Aiegler, E. B e r .  D t s c h .  C h e m  G e s . 1 9 4 4 ,  7 2 1 3 , 264.
10. Ghidini, E.; Ugozzli, F.; Ungaro, R.; Harkema, ร.; El-Fald, A. and Reinhoudt,

D.N. J .  A m .  C h e m .  S o c . 1990, 1 1 2 , 6979.
11. Shinkai, ร.; Otsuka, T.; Fujimoto, K. and Matsuda, T. C h e m .  L e t t .  1990, 835.
12. Gutsch, C.D. and Iqbal, M. O r g .  S y n t h . 1989, <55, 234.
13. Iwamoto, K.; Araki, K and Shinkai, ร., J .  O r g .  C h e m . 1991, 5 6 ,  4955.
14. Iqbal, M.; Margiafico, T. and Gutsche, C.D. T e t r a h e d r o n  1 9 8 7 ,  2 1 ,  4917.
15. Iwamoto, K.; Fujimoto, K.; Matsuda, T. and Shinkai, ร. T e t r a h e d r o n  L e t t .  1 9 9 0 ,

3 1 ,  7169.
16. Groonen, L.C.; Ruël,B.H.M.; Casnati, A.; Timmerman, p.; Verboom, พ.;

Harkema, ร.; Pochini, a.; Ungaro, R. and Reinhoudt, D.N. T e t r a h e d r o n  L e t t .  

1 9 9 1 ,  32(33), 2675.
17. Bitter, L; Griin, A.; A'gai, B. and Tôke, L. T e t r a h e d r o n  1995, 57(28), 7835.



79

18. Pitarch, M ; Browne, J.K. and McKervey, M.A. T e t r a h e d r o n  1997, 53(30), 1053.
19. Groenen, L.C.; van Loon, J.-C.; Verboom, พ.; Harkema, ร.; Casnati, A.; Ungaro,

R.; Pochini, A.; Ugozzoli, F. and Reinhoudt, D.N. J .  A m .  C h e m .  S o c . 1991, 
1 1 3 ,  2385.

20. Van Hoorn, W.P.; Briels, พ.J.; van Duynhooen, J.P.M.; van Veggel, F.C.J.M and
Reinhoudt, D.N., J .  O r g .  C h e m . 1998, 6 3 , 1299.

21. Arduini, A.; Pochini, A.; Reverberi, ร. and Ungaro, R., J .  C h e m .  S o c . ,  C h e m .

C o m m u n . 1984, 981.
22. Arduini A.; Pochini, A.; Reverberi, ร.; Ungaro, R.; Andreetti, G.D. and Ugozzoli,

F., T e t r a h e d r o n  1986, 4 2 , 2089.
23. Alfieri, c.; Dradi, E. Pochini, A. and Ungaro, R., G a z z .  C h i m .  I t a l .  1989, 119, 335.
24. McKervey, M.A.; Seward, E.M.; Ferguson, G.; Ruhland, B. and Harris รJ. J .

C h e m .  S o c . ,  C h e m .  C o m m u n . 1985, 388.
25. Chang, S.K. and Cho, I ,  J .  C h e m .  S o c . ,  P e r k i n  T r a n s .  I  1986, 211.
26. Bohmer, V.; Bogt, พ. Goldmann, H.; Mckervy, M.A., Owens, M. Cremin, ร. and

Collins, E.M. J .  O r g .  C h e m . 1990, 55, 2569.
27. Calestam, G.; Ugozzoli, F.; Arduini, A.; Ghidini, E. and Ungaro, R. J .  C h e m .  S o c . ,

C h e m .  C o m m u n . 1987, 344.
28. Arduini, A.; Ghidini, E.; Pochini, A.; Ungaro, R.; Andreetti, G.D., Calestani, G.

and Ugozzoli, F. J .  I n c l .  P h e n o m . 1988, 6 , 119.
29. Ferguson, G.; Kaitner, B. Mckervey, M.A. and Seward, E.M. J .  A m .  C h e m .  S o c . ,

C h e m .  C o m m u n . 1987, 584.
30. Arnaud, F.; Barrett, G.; Collins, E.; Cremin, ร.; Harris, S.J.; Guerra, L.; Mckervey,

M.A.; Schwing, M.J. and Ziat, K., V I  I n t e r n a t i o n a l  S y m p o s i u m  o n  M o l e c u l a r  

R e c o g t n t i o n  a n d  I n c l u s i o n ,  S e p t e m b e r  1 0 - 1 4 , 1990, Berlin, poster abstract 
F22.

31. Pappalardo, ร.; Giunta, L.; Foti, M.; Ferguson, G.; Gallagher, J.F. and Kaitner, B.
J .  O r g .  C h e m . 1992, 57, 2611.

32. Ferguson, G.; Gallagher, J.F.; Giunta, L.; Neri, p.; Pappalardo, ร.; and Parisi, M.,
J .  O r g .  C h e m . 1994, 5 9 ,  42.

33. Pappalardo, ร. N e w  J .  C h e m . 1996, 2 0 ,  465.



80

34. Casnati, A.; Arduini, A.; Pochini, A. and Ungaro, R., V I I n t e r n a t i o n a l  S y m p o s i u m

o n  M o l e c u l a r  R e c o g n i t i o n  a n d  I n c l u s i o n ,  S e p t e m b e r  1 0 - 1 4 , 1990, Berlin, 
poster abstract F14.

35. Ungaro, R.; Arduini, A.; Casnati, A.; Ori, 0.; Pochini, A. and Ugozzdi, F.,
C o m p u t a t i o n a l  A p p r o a c h e d  i n  S u p r a m o l e c u l a r  C h e m i s t r y ,  ed. G. Wipff, 
Kluwer, Dordrecht, 1994.

36. De-Namor, A.F.D.; de-Sueros, N.A.; Mckervey, M.A.; Barrett, G.; Arnaud-Neu,
F. and Schwing-Weill, M.J. J . C h e m .  S o c . ,  C h e m .  C o m m u n . 1991, 1546.

37. Arnaud-Neu, F.; Schwing-Weill, M.J.; Ziat, K., Cremin, ร.; Haris, S.J. and
Mckervey, M.A. N e w .  J .  C h e m . 1991, 1 5 , 33.

38. Arnaud-Neu, F.; Fanni, ร.; Guerra, L.; McGregor, พ.; Ziat, K.; Schwing-Weill,
M.J.; Barret, G.; Mckervey, M.A.; Marrs D. and Seward, E.M. J .  C h e m .  

S o c . ,  P e r k i n  T r a i t s .  2  1995, 113.
39. Arnaud-Neu, F.; Barret, G.; Fanni, ร.; Marrs D.; McGregor, พ.; Mckervey, M.A.;

Schwing-Weill, M.J.; Vetrogon, F. and Wechsler, S.J., J .  C h e m .  S o c . ,  P e r k i n  

T r a n s .  2  1995, 453.
40. Casnati, A.; Arduini, A.; Pochini, A. and Ungaro, R., V I  I n t e r n a t i o n a l  S y m p o s i u m

o n  M o l e c i d a r  R e c o g n i t i o n  a n d  I n c l u s i o n ,  S e p t e m b e r  1 0 - 1 4 ,  1990, Berlin, 
poster abstract F14.

41. Sabbatini, N.; Guardigli, M.; Mecati, A.; Balzani, V.; Ungaro, R.; Ghidini, E.;
Casnati, A. and Pochini, A. J .  C h e m .  S o c . ,  C h e m .  C o m m u n . 1990, 878.

42. Pappalardo, ร.; Giunta, L.; Bottino, F.; Karpiuk, J. and Dietraszkiewicz, M., V I

I n t e r n a t i o n a l  S y m p o s i u m  o n  M o l e c u l a r  R e c o g n i t i o n  a n d  I n c l u s i o n .  

S e p t e m b e r  1 0 - 1 4 ,  1990, B poster abstract F21.
43. Alfieri, c.; Dradi, E.; Pochini, A.; Ungaro, R. and Ardreetti, G.D. J .  C h e m .  S o c . ,

C h e m .  C o m m u n . 1983, 1075.
44. Nijenhuis, W.F.; Buitenhuis, E.G.; de Jong, F.; Sudholter, J.R. and Reinhoudt,

D.N. J .  A m .  C h e m .  S o c . 1991, 1 1 3 , 7963.
45. King, A.M.; Moore, C.P.; Samankamura Sandayanade, K.R.A. and Sutherland,

1.0. J .  C h e m .  S o c . ,  C h e m .  C o m m u n . 1992, 582.
46. Asfari, Z.; Abidi, R.; Arnaud, F. and Vicens, J. J .  l n c l .  P h e n o m .  1992, 1 3 , 163.



81

47. Asfari, z.; Weiss, J.; Papalardo, ร. and Vicens, J. P u r e  A p p .  C h e m . 1993, 6 5 , 585.
48. Reinhoudt, D.N.; Dijkstra, P.J.; Veld, P.J.A.; Bugge, K.-E.; Harkema, ร.; Ungaro,

R. and Ghidini, E. J .  A m .  C h e m .  S o c . , 1987, 1 0 9 , 4765.
49. Dijkstra, P.J.; Brunink, J.A.J.; Bugge, K.-E.; Reinhoudt, D.N.; Harkema, ร.;

Ungaro, R.; Ugozzoli, F. and Ghidini, E. J .  A m .  C h e m .  S o c . 1989, 1 1 1 , 7567.
50. Nijenhuis, W.F.; van Doom, A. R.; Reichwein, A.M.; de Jong, F. and Reinhoudt,

D.N. J .  A m .  C h e m .  S o c . 1991, 1 1 3 , 3607.
51. Beer, P.D. and Deete, A.D. J .  I n d u .  P h e n o m . 1987, วิ, 499.
52. van Loon, J.-D.; Kraft, D.; Ankone, M.J.K.; Verboom, พ.; Harkema, ร.; Vogt,

พ.; Bohmer, v.and Reinhoudt, D.N. J .  O r g .  C h e m . 1990, วิวิ, 5176.
53. Beer, P.D.; Martin, J.p. and Drew, M.G.B. T e t r a h e d r o n  1992, 4 8 ,  9917.
54. Gryn szpan, F.; Aleksiuk, 0. and Biali, S.E., J .  C h e m .  S o c . ,  C h e m .  C o m m u n . 1993,

13.
55. Seangprasertkij, R.; Asfari, Z.; Arnaud, F. and Vicens, J. J .  O r g .  C h e m . 1994, 5 9 ,

1741.
56. Ostaszewski, R.; Stevens, T.W.; Verboom, พ. and Reinhoudt, D.N. R e e l .  T r c iv .

C h i m .  P a y s - B a s .  1991, 1 1 0 , 294.
57. Ruangpornvisuti, V.; Seangprasertkij-Magee,R.; and Amaud-Neu, F. J .  S c i .  R e s .

C h u l a .  U n i v . ,  1993, 1 8 ( 2 ) ,  89.
58. Ruangpornvisuti, V. and Thammapattanakij, B., บ ท p u b l i s h e d  R e p o r t .  1994.
59. Seangprasertkij, R.; Asfari, z.; and Vicens, J. J .  I n d u .  P h e n o m . 1994, 1 7 , 111.
60. Tomapatanaget, B. and Sunthonpituckul, N, S e n i o r  P r o j e c t .  : Department of

Chemistry, Chulalongkorn University, 1994.
61. Rojsajjakul, T.; Veravong, ร.; Tumcharern, G.; Seangprasertkij-Magee, R. and

Tuntulani, T., T e t r a h e d r o n ,  1997, 5 3 ( 1 3 ) ,  4669.; Veravong, ร.; and 
Tumcharern, G., S e n i o r  P r o j e c t .  : Department of chemistry, Chulalongkorn 
University, 1995.

62. Suwattanamala, E.; Ruangpornvisuti, V.; Magee-Seangprasertkij, R. and Arnaud-
Neu, F. J .  S c i .  R e s .  C h u l a .  U n iv . 1997, 2 2 ( 2 ) ,  43. ; Suwattanamala, E., M .  ร .  

T h e s i s .  : Department of Chemistry, Chulalongkorn University, 1995.



82

63. Tuntulani, T.; Ruangpornvisuti, V.; Seangprasertkij-Magee, R.; Tantikunwatthana,
N.; Ngampaiboonsombut, 0.; Asfari, A. and Vicens, J. T e t r a h e d r o n  1997, 38 
(22), 3985.; Tantikunwatthana, N. and Ngampaiboonsombut, o., S e n i o r  

P r o j e c t .  : Department of Chemistry, Chulalongkorn University, 1996.
64. Kumnerdthong, ร. and พ ichienroj, พ., S e n i o r  P r o j e c t .  : Department of Chemistry,

Chulalongkorn University, 1997.
65. Grans, p.; Sabatini, A. and Vacca, A. J .  C h e m .  S o c . ,  D a l t o n  T r a n s . 1985, 1195.
66. Gutsche, C.D.; Iqbal, M. and Stewart, D. J .  O r g .  C h e m . 1986, 57, 742.
67. Seangprasertkij, R., U n p u b l i s h e d  R e p o r t ,  1993.
68. Gutsche, C.D.; Dhawan, B.; Levine, J.A.; No, K.H. and Bauer, L.J. T e t r a h e d r o n

1983, 39, 409.
69. Fisher , ร.; Grootenhuis, P.D.J.; Groenen, L.C.; van Hoorn W.P.; van Veggel,

F.C.J.M.; Reinhoudt, D.N. and Karplus, M. J .  A m .  C h e m .  S o c . 1995, 1 1 7 ,  

1611.
70. Grovtenhuis, P.D.J.; Kollman, P.A.; Groenen, L.C.; Reinhoundt, D.N.; van

Hummel, G.J.; Ugozzoli, F. and Andreeti, G.D. J .  A m .  C h e m .  S o c . 1990, 1 1 2 ,  

4165.
71. Shinkai, ร.; Iwamoto, K.; Araki, K. and Matsuda, T. C h e m .  L e t t .  1990, 1263.
72. Breitmaier, E. S t r u c t u r e  E l u c i d a t i o n  b y  N M R  i n  O r g a n i c  C h e m i s t r y  : A  P r a c t i c a l

G u i d e ' , John Wiley & Sons; New york, 1992, pp. 265.
73. Jeffrey, G.A., A n  p r o d u c t i o n  t o  H y d r o g e n  B o n d i n g ' , Oxford University Press;

Oxford, 1997, pp. 303.



APPENDICE



Figure A.l !H NMR (CDCI3) spectaim of 2(2'-bromoethoxy)benzaldehyde (1).



Figure A.2 'h  NMR (CDCI3) spectrum of 25,27-di-(2-ethoxy)benzaldehyde-/;-fc/'Fbutylcalix[4]arene (3).
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Figure A.3 'h  NMR (CDCI3) spectrum of 25,27-di-((2-ethoxy)benzaldehyde)-26,28-dimethoxy-/;-/t’/7-butylcalix[4]arene (5). occS



Figure A.4 'h  NMR (CDCI3) spectrum of 25,27-[Af,N-'di"((2-ethoxy)benzyl)propylenediirnine-26,28-dimethoxy-/>/t77-butylcalix[4] oc
arene (6).



Figure A.5 'h NMR (CDCh) spectrum of 25,27-[7V,A^-di-((2-ethoxy)benzyl)propylenediamine-26,28-dimethoxy-/>/e/7-butylcali\[4] 
arene dihydrochloride (7).

oc56
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Figure A.6 'แ  NMR (CD:1 0 ซ) spectrum of 7.
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Figure A.7 MALD1-TOF mass spectrum of 7,
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F igure  A .8 'h  NMR spectra of compound 9 in CDCI3 when various amount of 
CD3OD was added (Parts ofHOAr-/-C4//9 and ROAr-/-C4//9 were cut off.).
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Figure A. 8  (continued).
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Figure A.8 (continued).
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F ig u re  A .9 'h  NMR spectrum o f 7 in CDCI3 when 5 [XL o f DMSO-df, was added.
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F ig u re  A. 10 ' h  NMR spectrum o f 7 i l l  CDCI3 when 10 |iL  o f DMSO-dr, was added.



F ig u re  A . 11 ‘H-NMR spectrum o f 7 in CDCb when 15 pL o f DMSO-df) was added.

V
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F ig u re  A . 12 'h  NMR spectrum o f 7 in CDCIj when 2 0  p i  ot'DMSO-dr, was added.

71; โ1;



F ig u re  A .1 3  ' h NMR spectrum o f 7 in CDCI3 when 25 pL o f DMSO-dfi was added.



PPM

F ig u re  A.14 :H NMR spectrum o f 7 in CDC1, when 30 (.iL o f DMSO-dô was added
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F ig u re  A .16 'H-NMR spectrum o f 7 in CDC1.T when 100 pL o f DMSO-dft was added.
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Figure A. 17 Potentiometric titration curves of L in the methanolic solution of 
lxlO '2 M BU4NCF3 SO3 at 23 °c, based on the initial concentration ratio of L : proton 
as follows : a) 0.456 mM : 4.892 mM, b) 0.460 mM :4.568 mM and 
c) 0.301 mM : 0.602 mM. Equivalent is defined as the ratio of (n0H- n acid ) to niigand-
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Figure A. 18 P o te n tio m e tric  t i t ra t io n  curves o f  L in  the  m e thano lic  s o lu tio n  o f  
lx lO '2 M  BU4NCF3SO3 , at 25 °c, based on  the  in it ia l conc e n tra tion  ra tio  o f  L : p ro to n  
as fo llo w s  : a) 0.454 m M  : 0.909 m M , b) 0.909 m M  : 6 .166  m M  and 
c) 0.542 m M  : 4.995 m M . E q u iv a le n t is defined as th e  ra tio  o f  ( n o H -n a c id )  to  niigand-
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Figure A. 19 P o te n tio m e tric  t i t ra t io n  curves o f  L  in  the  m e thano lic  so lu tio n  o f  
l x lO '2 M  BU 4N C F 3S O 3 at 27 °c, based on  the  in it ia l concen tra tion  ra tio  o f  L  : p ro to n  
as fo llo w s  : a) 0 .4 5 9  f f iM  : 4 .845  f f lM , b) 0 .463 m M  : 4 .5 2 6  m M  and 
c) 0 .303 m M  : 0 .6 0 6  m M . E q u iva le n t is defined as the  ra tio  o f  ( n o H -n a c id )  to  niigand-
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Figure A.20 P o te n tio m e tric  t i t ra t io n  curves o f  L in  th e  m e thano lic  so lu tio n  o f  
l x lO '2 M  BU4NCF3 SO3 at 30 °c, based on  th e  in it ia l c oncen tra tion  ra tio  o f  L : p ro to n  
as fo llo w s  : a) 0.297 ra M  : 4.372 m M , b ) 0.459 m M  : 4.695 m M  and 
c) 0.505 m M  : 1.011 m M . E q u iv a le n t is defined as th e  ra tio  o f  ( n o H - r ia c id )  to  niigand.
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F ig u r e  A .2 1  Plot between p and log [FT] for L  in the methanolic solution o f
l x l  O'2 M  B U 4N C F 3 รOs at 23 °c, based on the initial concentration ratio o f the ligand L
to proton o f 0.460 mM : 4.568 mM.
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F ig u r e  A .2 2  Plot between p and log [HT] for L  in the methanolic solution o f
lx lO '2 M  B U 4N C F 3 S O 3 at 25 °c, based on the initial concentration ratio o f the ligand L
to proton o f 0.909 mM : 6.166 mM.
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F ig u re  A.23 Plot between p and log [FT] for L  in the methanolic solution o f
l x l  O'2 M  BU 4N C F 3 SO 3 at 27 °c, based on the initial concentration ratio o f the ligand L
to proton o f 0.463 m M  : 4 .526  m M .
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F ig u r e  A .2 4  Plot between p and log [HT] for L  in the methanolic solution o f
l x l  O'2 M  BU4N C F 3 SO 3 at 30 °c, based on the initial concentration ratio o f the ligand
L  to proton o f 0.459 mM : 4.695 mM.
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Figure A.25 Species d is tr ib u tio n  curves o f  L in  the  m e thano lic  so lu tio n  o f  l x l O'2 M  
BU4NCF3 SO3 at 23 °c, C l  = 0 .460  m M .

Figure A.26 Species d is tr ib u tio n  curves o f  L in  the  m e thano lic  s o lu tio n  o f  lx lO '2 M  
BU4NCF3 SO3 at 25 °c, C l  =  0 .909  m M .



I l l

Figure A.27 Species d is tr ib u tio n  curves o f  L in  the  m e thano lic  so lu tio n  o f  l x lO '2 M  
BU4NCF3 SO3 at 27  °c, C l  = 0 .463 m M .

Figure A.28 Species d is tr ib u tio n  curves o f  L in  the  m e thano lic  so lu tio n  o f  l x lO '2 M  
BU4N C F 3S O 3 at 30 °c, C L = 0 .505 m M .
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