Aand[4)iesunilialstuwitetinifalalsenlaesniiuesdlssnaudwiuidusansasauenlesay

AULINENINYINS
w RN 20NN B

AN TR NIAITILAR
ANYINENAIART  QRNAINTOINMIANE e
tnsAnmn 2545
ISBN 974-17-2195-1

183709991 8INTOINMINENAE

12091 %% 8



CALIX[4JARENE CONTAINING FERROCENE OR NICKEL DITHIA DIAZA AS ANION SENSOR

qumwﬂmwmm
IR TEHANBAEY

for the Degree of Doctor of Philosophy in Chemistry
Department of Chemistry
Faculty of Science
Chulalongkorn University
Academic year 2002
ISBN 974-17-2195-1



Thesis Title Calix[4]arene containing ferrocene or dithia diaza as anion

sensor
By Miss Boosayarat Tomapatanaget
Field of Study Chemistry
Thesis Advisor Assistant Professor Thawatchai Tuntulani, Ph.D.
Thesis Co-advisor Assistant Professor Orawon Chailapakul, Ph.D.

Accepted by the Faculty of Science, Chulalongkorn University in Partial

Fulfillment of the Reguirements for the Dc s Degree
ﬁ ,-,,\"- "".:‘ // g
........... ed . < e gepUty Dean for Administrative Affairs,

Acting Dean, Faculty of SETENCE(ASSOCI? ePt Karntiang, Ph.D.)

..... e, f\\ h)
b, 1

..................... .é ra- 0 e sAdV|sor

Thesis Committee

(Assistant Professar Tha b lchai’

P m d
I aa uangpornlasw r.rer. nﬁ

Member

(Oravan Sanguanruang, Ph.D.)

........... \NW'V“’“V""C\'\M"”‘“ Member

(Assistant Professor Warinthorn Chavasiri, Ph.D.)



yuesal sssuiaie : mandlalieiuniive lsdunioiinialalser laes Wussdilsznovdmsumiln
dnsdntauenlessu (CALIX[4]ARENE CONTAINING FERROCENE OR NICKEL DITHIA DIAZA AS
ANION SENSORS) 2113601/5n¥1 : wetas. 53ie dusanil; 01913dMl5nusan: was. o555 Foanna:

156 W11, ISBN 974-17-2195-1

diazacyclooctaneethyl-p-tert-butylcalix[4]arene Fitiufafuas1zvld 2 33 Fusmihmsdunizilag

YnTeszndng dibromoethyl-calix[4]arene Za),"i'u (biie-daco) TasiinmarimihmiluTansmuman
a é a o 1 e :‘l @

Tuozdlalulasdzee: 1dnansiuais Ti(brtie-daco)calix[4 4a.Bry) Tagluvumsduaiziang

Usznev 2a v ldmsdsenevi Luge erigcalix[d]are Y Wl @mdsn 2 duasizdlag

=

arene 1111 by-product nius Aaadnneni 4 lnemsSWindiu Iieeden leelug luezalalulasd

uay 4c) uag 1,1-Bis(chloroleﬁb_ MINFUATIEN 1A TaeIBowd N o

nlnlasa Indwunasidsenell Sanas-Sb-uneunesmaune K;’:‘; Tauneulosmdunazitealau
apunesdu dmensiszney 15enuA 5a vzeglugdnuioalau

Aeuesudy dauassznoy 5b szeglugllaunsuresiuviu  wennintl IdimsAnuanuansalumana

a g [ ‘ = o @ Aac a El as o
ﬁszxnaummaunu:ﬁ&iﬂﬂﬁwﬁﬁw Hﬁiﬁﬁ}jnmmmm nazInanAIs v
Traunsuns luezdlalul nauny 5b luae Sc Nt dusufsuendiaauou lessunni
H,PO, uaz CI uazﬁawuhmmmmsmmﬁmu#ﬂums%uﬁ@u"laaauni‘lu"lﬂmwﬁﬁuﬁa 5¢ > 5a > 5b

i QTG A Y B 55

Hgou looou TalAnyrnnmatadan lasasdleee lusuuyaaninlasums

MAY....o W‘;{ ........................... awiloioiidn....... ot oW diedad

a i § < &
VI, b.;”.‘.?i ............................. awilo¥ee1913sNS L. ... ”31’/{0’“‘"‘!{7“7‘

4 ; L :
Usfnwn . 8B muile¥eeInssnsnusan.. 2.0 S



# # 4172338223 : MAJOR CHEMISTRY.
KEY WORDS: DIAZA DIOXA DITHIA, FERROCENE AMIDE ANION RECEPTOR.,

SENSOR, 'H-NMR TITRATION, CYCLIC VOLTAMMETRY, BOOSAYARAT
TOMAPATANAGET: CALIX[4]JARENE CONTAINGING FERROCENE OR
NICKEL DITHIA DIAZA AS ANION SENSOR. THESIS ADVISOR: ASSISTANT
PROF. THAWATCHAI @ TUNTULANI, Ph.D. THESIS CO-ADVISOR:
ASSISTANT PROF. ORAWAN C

vﬁPAKUL, 156 pp ISBN 974-17-2195-1
«& Y/
25,277-N,N -bis(mercap ,5-dia aneethyl-p-tert-butylcalix[4]arene

(6) can be synthesized b In method, coupling reaction of
) bearing"Ni acting as a metal template in

N,

dibromoethylcalix[4]arene

CH;CN afforded Ni(b Interestingly, synthesis of

refluxing compound 4 with KCN in €H:EN {0 provide compound 6.

5,7-Diamideferrocenyl-25,2&%@8’—1 #! lealix[4]arenes (5a, Sb and Sc¢) were

gi‘n ichlorom mine as base. Elucidation of
the structures by NMR spéctroscopy found that 5a and 5b Were in the equilibrium of cone

and partial cone ¢ hﬁﬁsﬁiﬂzlv?l%ﬂ W] ig; Binding abilities were

investigated by ' irations, 1¢' vo gj a T]q rewave voltammetry in

CH;CN. L,iéands 5a, 5b and 5¢ were féund to bind €arboxylate anioh§ &silgnificantly better
i

than H:PO.NBWT.| QERIbGbd b bt bl bitarat] Sl se > 5a > 5.

9

Additionally, S¢ can bind alkali metals at tetraethyl ester units as studied by electrospray

Bis(chlorocabonyl)ferroce

ionization mass spectrometry.

Department..... Chamishy, ... student’s signature..... 2 ngen t. Tim ﬂ{/"h“ 4’.7./.’ f .
Field of study L Uhanist Advisor’s signature....... L A

Acadamic year....... EavA U Co-advisor’s signature %54 s /( d e



Vi

Acknowledgement

I wish to express highest appreciation to my thesis advisor, Assist. Prof. Dr.
Thawatchai Tuntulani, my thesis co-advisor, Assist. Prof. Dr. Orawan Chailapakul and Prof.
Paul D Beer for their invaluable guidance, kind supervision, profound assistance.
encouragement and especially sincere forgiveness for my harsh mistakes throughout my

course of study. In addition, I would.l thank and pay my respect to Assoc. Prof.

Sophon Roengsumran, Assoc. Pro%

Prof. Vithaya Ruangpomvisuﬁhssisb Pr

T —

Dr. Orawan Sanguanruang. Assoc.

aﬁﬂthom Chavasiri for their valuable

a@-;gﬂr;examners.
grati Dr. Roderick W. Bates. Assist.

suggestions and comments
Additionally, I wo

' memb

Prof. Thammarat Aree,

Vilaivan and Assist. Prof. ‘ n Llé%s&:elps and suggestions.
Absolutely, this thes ut kindness and helps of many
people on analytical equipme the Scientific and Technological
Research Equipment Cent University, particularly. Mrs. Wanna
Sririnnuth and Mrs Wanwimon Mej _‘_ g variable temperature NMR results and
Miss Amporn Aengpakoinkaew for._trfe‘_ﬁ‘aén;dh sults. I would like to thank Simon
Coles and Prof. Mike BiHursthouse for National Center for Genetic

Engineering and Biotech

NMR results. Finally, I’

nI | 1 C), es . Bongkoch Tarnchompoo for 2D-
rateful to Oxford University for

y research experience and for
allowing me to use ﬁ’ﬁ‘p % ine and an Electrospray
Ionozation Mass S@ﬂzﬁ. h?TlEilmlR Lﬂm ﬁgﬁ‘;fully acknowledged for
the Royal Golden Jubilee grant durin Ph.D. degreén v/

Myapwiammbﬁe%ﬂsu Maﬁ;aanEJva ﬁ ngleagues for their
helps and enc%uragement throughout my study.

I would like to express my deepest gratitude to my parents and family for their love.
kindness, encouragement, and financial support throughout my life. [ would like to thank
Mr. Sanchai Ekthawatchai for his encouragement, excellent research helps. care and

understanding. Finally, I appreciate Assoc. Prof. Ratana Seangprasertkij-Magee for her

encouragement and sincere supports throughout my academic career.



CONTENTS

Page
ABSTRACT IN THAL............ TR DT PE TR RTE AP 3 S PR v
ABSTRACT IN ENGLISH....ooiii0immsssmssessssssnssssssasssossanssonspnensases v
ACKNOWLEDGEMENT .:cicisscvssonesssssnissanerssosspsussssssssssssonsinsminns vi
LIST OF ABBREVAITION AND Xii
LIST OF FIGURES.......... B < « « oo s00sssvsesosssosassssnsasonse X1v
LIST OF SCHEMES........cccecieeeenene. B« o555 s svasssovanaveevannEana XX1il
LIST OF TABLES.....ccoumet.. .. 7. ... M ........................... XX1V
LIST OF CHART.... ot & 4 : RS XXV
CHAPTERI Introdugon” 4 B et R i W e, |
1.1 Supramolectfar gicpiisiiak. . (8 ARRSR N % . . . ... I
1.2 Hydrogen bon@ingfing€raction 5, . o8 b .0 3
1.3 Molecular receptorssDesignprmeiples....o .0h ... 6
1.3.1 Cation recepibrSijiets -t . .M . ................cceenenn..... 7
1.3.2 Anion receptorSgiiiiin /i - - - .. o.orieiniieina v
1.3.3 NeufahséCepIOrSIE N, - | .. .................... I
1.3.4 Bifunciional reCepLors. ... . uuueemmnaanaeun dodt 12
1.4 Molecular tem)late ......................... 12
1.5 Objectives of reS@aECh. . ............ @udoeviiiiiii 14
cmmﬂ ugém@mm SRS,
2.1 Introd L5 ) F SR 15
ARRIT LRI INDIAY—
22,1 SYNthesiS PAt. .......ovve e 18
2.2.1.1 General ProCedure. .........c.ueeeuiirirrerivinniriesesnsnasaiosennnnn 18
2.2.1.1.1 Analytical MEASUICIIENT. .....oxiuivvsmrvrmensnuessssns sossessess 18
2.2.1.2 Experiment procedure. ... ...........oooooiiii i 19
2.2.1.2.1 Preparation of 1-bromo-2-tosylateethane(1a)................. 19

2.2.1.2.2 Preparation of 25,27-Bisbromoethyl-p-tert-butylcalix[4]

Arene (22)......oiuiiii i 20



viii

CONTENTS (continue) Page

2.2.1.2.3 Preparation of 25,27-Bisbromoethyl-p-tert-butylcalix[4]
SHOBEI0 LED: wonsnmmammnion yomme.s s 30he i somms s s i POREIE LR 5558 S 21
2.2.1.2.4 Preparation of 25,27-N,N -bis(mercaptoethyl)-1,5-diaza

cyclooctaneethyl-p-tert-butylcalix[4]arene (4a.Brs)......... 22
2.2.1.2.5 Preparation of 25,27-N,N -bis(mercaptoethyl)-1,5-diaza
. cyclooctaneethyl butylcahx[4]arene (4b.I,)... 23

2.2.1.2.6 Preparati ' mercaptoethyl) 1,5-diaza
4]arene (6)...eeei 25

2.3 Results and digcusaien®=, . §.. S w—m ... ............ccoo.... 26
Synthesis anM “Ni(bme-daco. alix[4]arene
derivatives... 4. S TR W 26

CHAPTER III Frocene amide calix[4]arene as anion
7 G 33
3.1 Introduction. #. . JF. . . doe R L T TR 33
3.2 Experimental s 2L R N I 37
3.2.1 Synthesis of eferroceneca arene derivatives............... 37
3.2.1.1 General procedUreh?/ A </ . .............................. 37
3.2.1.1. 1iAhaly o [ 37
32.1.12 Vi’- als.. ' . .......................... 37
32.1.2 Expe ............................................. 39
ﬁ( of 2 cali ene (1a)......... 39
ﬁﬁ ﬁ?‘] ﬁﬂ%ﬁyﬁ [4]alene (1b). 39

€ 1 .3 Preparation of 5¢7-dinitro-26,28-dimethoxycalix{4]arene
RANATUNRIINGIRY . «
432124 Preparation of 5,7-dinitro-26,28-dimethylethylestercalix[4]
BRI oo s 5 SRR S hons B &S hfrmmdin oy 1 s 42
3.2.1.2.5 Preparation of 5,7-dinitro-25,26,27,28-tetramethoxycalix
[4]arene (3a).......oviniiiii 43
3.2.1.2.6 5,7-dinitro-25,26,27,28-dimethoxydimethylethylestercalix
T T ] R 44



CONTENTS (continued)

3.2.1.2.7 Preparation of 5,7-dinitro-25,26,27,28-dimethyl ethyl

estercalix[4]arene (3c)..

.........................................

3.2.1.2.8 Preparation of 5,7-diamino-25,26,27,28-tetramethoxycalix

[4]arene{4a)..............

3.2.1.2.9 Preparation of 5,7-diamino-25,26,27,28-dimethoxydimeth-

ylethyl estercalix[4
3.2.1.2.10 Preparation

“*\

arene (4b)..............

5,26,27,28-tetramethylethyl

estercalix{4]arene ( —-‘AI' ..............................

A

3.2.1.2.11 Preparation.-of 5,7-diam

3.2.1.2.12 Prepére
tho

deferrocenyl-25,26,27,28-tetra

dife e \\ }arene (Sb)..................
3.2.1.2.13 Prepar f S{7-¢ M\ \ n 25,26,27,28-tetra

nethyleth lestéllmc:'t;;~r
G [+ il

|

@@ 1
3.2.1.2.14 P : the variable
e nig; 1

AN

3.2.2.1 Genéra
3.2.2.1.1%bpa
3.2.2.1.2 Chémicals. ...orr

3.2.2.2 Experimiental procedure...gs.........ooooiiiiiii

BUBRRBRSNENT

3.92.2.1.1 Anion bmdlgg studies of 5a SbandSc...................

IRAFAEHURTINGIQY -

3.2.2.2.1.3 Simultanious cation and anion studies of Sb and Sc......

3.2.3 Binding studies by Electrochemical techniques.......................

3.2.3.1 General procedure............

3.2.3.1.1 APParatus. ......o.oeiniieiiie et

3.2.3.1.2 Chemicals.................

3.2.3.2 Experimental procedure.....................o

3.2.3.2.1 Anion and cation studies

.........................................

Page

44

46

47

48

49

51

33



3.3 Resalts and QUISCUSEION.coco.ivs s sasosssosmmmstons s 4o va saubens 55455 o558 55 45505 62
3.3.1 Synthesis and Characterization of amideferrocene calix[4]arene

AETIVALIVES ..ttt ettt et et 62

3.3.1.1 Deatpn did SYRTHESIE. ..co oo visamiiosion insabbisss § b vrnssrany s vuyamrs 62

3.3.1.2 Stroctuis i BelUION. . vuvssumassnsmmmonss samimmnsss samess sanais - oa 64

3.3.1.3 Variable temporature NMR experiment. ..o susanss s susss s assns 70

3.3.1.4 X-ray structure analysiS............ocoueuiiiiniiiiiiiiiiiiiiaian 74

AULINENINYINS
RINNTUUNININY



Kis
BC-NMR
50

CIS

DEPT

g

Hz
MALDI-TOF
mL

mmol

2D
NOESY |
HMQC
HSAB
HMBC
COSY
EXSY
ROESY

ppm

Xi

List of Abbreviations and Signs

Angstrom
Association constant

Carbon Nuclear Magnetic Resonance
Degree Celcius

Chemical shift

Complexation Induced S
“H.:“"

ignals by Polarization Transfer

zatlon Time of Flight

i
Nuclear Overh AUse

nt SpectroscopY

Heteronucleas A oherence

Heteronu | .‘.'. orrelation

| |

Il
Correle ted Spectroscopy

ﬂﬁiﬁﬁ"wﬁmw HINT

Part per million

w9 RVOAS 0 UM AN Y

'H-NMR
RT
2D-NMR
CcVv

SW

BEF

Proton Nuclear Magnetic Resonance

Room Temperature

Two-Dimentional Nuclear Megnetic Resonance
Cyclic Voltammetry

Square Wave Voltammetry

Binding Enhancement Factor



A

v

E

AG

F
TBAPF
AN
TBA
ESI-TOF MS
PC

C
1,3-alt
Fc

List of Abbreviations and Signs (continue)

Ampere
Volt
Potential

Gibb’s energy

Faraday constant
.’

Tetrabutylamr m !;’,y’ 10s0phosphate

Acetonitrile-

Tetrabut

Pa
Cone ¢
1,3-altegna

Ferroceng

AULINENINYINS
ARIANTAUNNINGIAY

ass Spectrometry

Xii



List of Figures

Figure Page
CHAPTER1I Introduction
1.1  Definition of supramolecular chemistry...................oooia. 2

1.2 Structure representing different degrees of Preorganizing

of 1on bInding......oviviiiiiiiiii 8
1.3 1,3-calix[4]-bis-crown recepior with metal ions......................... 8
1.4  The anion receptor containing amide units......................co.oo.e 9
1.5  Bis-calix[4]arene derivatives containing urea for anion recognition. 10
1.6  Calix[4]arene denv ves and guest Mole ales......... ARt te 11
1.7  The three structusalis aﬁetween host and

cyanuric acid de i ‘ H ...................... 11

1.8  The example of diop | | o 12
1.9  Principle of t (i ‘. template

favoring con ( e O N T 13
1.10 Target Molecul oo NN B
CHAPTER 1I
2.1.1 CrownetherderivagiVes. e . W0 ...............ocoinnn.n. 15
2.1.2  Structure of azathiol ¢ EFIVAlIVES. ... 16
2.1.3  Ditha diazg eglixidjaienc holeCulEsse,. . v, ...........c....... 17
2.1.4  Structure off Nifbie=daco)=s Ry 17

2.3.1 'H-NMR spe
CDCl; with 200 MHZ ......................................................... 28

PN LML R

....................................................................... 29

YRSy

2.34 'H-NMR spectrum of BisNi(bme-daco)ethylcalix[4]arene(5)

i CEYC With 200 MIHE ....xcmmois s isssaminamns « wan s 158 bmrwmemuyams o ssad ]
CHAPTER III
3.1.1 Depict of concept of electrochemical/optical recognition
3.1.2  The heteroditopic receptors Aand B.......................................33
3.1.3 The heteroditopic receptors based on calix[4]arene......................34

3.1.4 Anion sensory receptor based on an amide group.........................35



List of Figures
Figure
3.1.5 Colour changes induced by the addition of anions.....................
3.1.6 The pyrrole-cobaltocenium receptor for electrochemical

recognition Of anionS..........oooviuiuiiiiiiiniiiiiiiiii i

3.3.1 Target molecules contain cation and anion binding sites...............

3.3.2 NOESY correlation of Partial ‘i1

3.3.3 NOESY spectrum of 5,7-diamid
methoxycahx[4]are nC
334 NOESY spectruw

in Acetone-d°

% ,27,28-di-

With SOOMHZ... g 4 FFE . B R N oo,
335 'H-NMR spectru dridef y1-25,26,27,28-tetra

methoxycali n CL . RV oocniviniran
3.3.6 'H-NMR specti -diamidef 5.26,27,28-di

methoxy dimethy, tSrcal )in CDCI; with

400 MHz...........do.. s W SR
3.3.7 'H-NMR spectrum of 5 id yl-25,26,27 28-tetra
SO .
methylethy}}tercahx[ﬂarene ((Sc) in ( ith’200 MHz........

3.3.8 Variable high i€mperatures of Sa
3.3.9 Mole fraction djcone and pa
variable temperattize, from 25 °C to 350 °C............oooooieiiiii ..

On onna@n at

310 Teoafeldd B DIRBI I Gotormation..

3.3.11 The pro%l)sed mechanism of‘conformatlon mterconversm of Sa

TR aﬁﬂimuwnwma &

3.3.12 The distance of hydrogen bond interaction between methanol
and amide groupof Saand Sc.......................

3.3.13 Crystal structure of compound Saand 5¢................................

3.3.14 Show crystal structure of cobaltoceniumcalix[4]arene and CI...........

3.3.15 Titration curve between 5a, 5b and 5S¢ with acetate in CD-CN.......

3.3.16 Titration curve between 5a and various anions in CD-:CN-&"....... ..

3.3.17 Calix[4]arenes contain cobaltocenium and tosyl groups...............

ne and Cone conformation of 5a......

# enyl-25,26,27,28-tetra
OMHZ ...................

Xiv

A i
13

18
-
-



List of Figures (continued)

Figure Page
3.3.18 The proposed structure of complex between bridge-ferrocene amide

calix[4]arene and ACEALE. ....c.ccouviieivivieriistarinrernneecsnnnnssasonnsesses 85
3.3.19 'H-NMR spectrum of 5a and Benzoate in CD3;CN with 400 MHz....... 87
3.3.20 The proposed structure of complex with benzoate.......................... 88
3.3.21 'H-NMR spectrum of 5b and Benzoate in CD;CN with 200 MHz..... .. 89
3.3.22 'H-NMR spectrum of 5c and Benzoate in CDsCN with 300 MHz.......90
3.3.23 Show the ditopic recep i‘ ic and anionic species.......... 91
3.3.24 Show the ditopic re j a ving%g anion binding sites not

—

the same mdex—-»-._h- ............................ 92

derivatived.....o g JF SN L RN N .. e 93
3.3.26 Complexation of Na dofs/with ditOpic receptor. ............................ 93
3.3.27 Cyclic volt

0.1 M TBAPF ol e AR W 95
3.3.28 Cyclic voltammogra oE .5.:@1 (c) in acetonitrile

with 0.1 M TBAPR#t differént scamrates. .\ ¥................................ 96
3.3.29 Plots of currents and sg?yg%}.-__gpg tes (v 2) for Sa (a) Sb

T ] )

(b) and 5¢c (. . 97
3.3.30 Cyclic voltaminograms of Sa, : 'in acetonitrile

with 0.1 M Tﬁ‘_aPF ............................................................ 98
3.3.31 Show the oxidizédexygen atom of aryl ether unit........................... 98

33.32 Cycliﬂa%g%n%fg %@%&L ’r}ﬂ j ................... 99

3.333 Titratioybetween Sa and NBusPhCOO in &cetonitrile witlL,
Qiﬁ’f}aﬁﬁaﬂim u 'ﬁ’]"& ‘nﬂ ’] a E] ........... 100
3.3.34 Titration of 5b and NBusH,PO, in CH;CN with 0.1 M TBAPF............ 101
3.3.35 Titration of Sb and NBuyClin CH3CN with 0.1 M TBAPF.................. 102
3.3.36 Titrations of S¢ and NaClOy; in acetonitrile using 0.1 M TBAPF
as supporting electrolyte. ... ........ooooiiiii i 105
3.3.37 Cyclic votammograms of 5¢ (a) and complex of 5¢ with Na*

(b) in acetonitril with 0.1 M TBAPF.................o 106



List of Figures (continued)
Figure Page
CHAPTER 1V Conclusion
4.1 '"H-NMR spectrum of demetallic(bme-daco)calix[4]arene (6)

10 CI Ly Willhy 200 B Z ..o cimmmns s uvsssmommnna somsmmses 5456595 555 5056 S6R55 1 fob 109
A1 UV spectrum of Ni(bme-daco)..........oouviuiiiiiiiiiiiiiiiiee oo, 121
A.2 UV spectrum of Ni(bme-daco)diethylcalix[4]arene (4)......................... 121

A3 Mass Spectrum (MALDI-TOF) «

25,277-N,N -Ni(mercaptoethyl)-
1,5-diaza cyclooctaneethyl

ix[4]arene (4)..........ccoovvinnn.... 122

A4 Mass Spectrum (MALDI-T -bisNi(mercaptoethyl)

-1,5-diaza cyclo o : arene (5)...........ocooi 122
A5 'H-NMR spect 28 dimethoxycalixijarene (1a) in CDCI,

with 200 MHz o T 123
A.6 'H-NMR spect  dimethylethy estercalix[4Jarene (1b)

in CDCl; wi : . o, SUSRR 123
A7 'H-NMR spe 7-dif i Id' imethoxycalix[4]arene (2a)

in CDCl; with 2 71 i TR 124
A8 'H-NMR spectru ;_ 26.284dimethylethylestercalix[4]

arene (2b) in CDCl3 vgw I 124
A9 'H-NMR spe 7-dinitro-25,26 8-tetfamethoxycalix

[4]arene (3HANTCDCIVIHUUNIE ... ... 125
A.10 'H-NMR spe 6,27,28-dimethoxy

dimethylethy! esterealix ne (36)in CDCl; with 200 MHz................ 125
b i T

methylg‘tlhyl estercalix[4]arene (3b) in CDCls with 200 MHz. ................. 126

i YR ARG BRI

ﬁlethylethyl estercalix[4]arene (3b) in CDCl; with 200 MHz. ................. . 126
A.13  'H-NMR spectrum of 5,7-diamino-25,26,27,28-tetramethylethylester

calix[4]arene (4¢) in CDCl3 with 200 MHz...................co o 127

A.14 'H-NMR of 5,7-diamideferrocenyl-25,26,27,28-tetramethoxycalix[4]
arene (38) 10 CDICHy QD0 MIBEZ. .ooocmimn i 5555000 bosibnsnnssssny s i s s mmimmn s s 5 a5 128

XVi



XVII

List of Figures (continued)

Figure Page
A.15 ">C-NMR of 5,7-diamideferrocenyl-25,26,27,28-tetramethoxycalix [4]

arene{58) I COCE SO0 MIHIZ ... . oo connsihion ssvionnss sashbssmnusss ssiss o o080 5 bainns 129
A.16 '"“C-DEPT-90 of 5,7-diamideferrocenyl-25,26,27,28-tetramethoxycalix

[4]arene (52) in CDCI3 400 MHzZ.......c.ooiiiniiii e 130

A.17 'BC-DEPT-135 of 5,7-diamideferrocenyl-25,26,27,28-tetramethoxy
calix[4]arene (Sa) in CDCl; 4

A.18

A.19 e ‘ -25%—&&amethoxycahx[4]

...................................... 133

A.20
A.21
A22

A.23

A.24

A.25 HMBC of 5,7-diamideferrocenyl-25,26,27,28-tetramethylethylester

cati Pl @ R BRIV V)T o

A26 HMQCof 5,7-diamidef 1-25,26,27,28-tet thyl ster
Q lamideferroceny j. etramethy &tjlylesten

_SIRARINIUSIR L INIRY 0

COSY of 5,7-diamideferrocenyl-25,26,27,28-tetramethylethylester

calix[4]arene (8b) in CDEI3 400 MHZ......ccoviiniiiimmiinmnirsiininne e seniensains 141
A.28 NOESY of 5,7-diamideferrocenyl-25,26,27,28-tetramethylethylester

calix[4]arene (Sb) in CDCI3 400 MHZ..........ooooimiii 142
A29 'H-NMR of 5,7-diamideferrocenyl-25,26,27,28-dimethoxydimethyl ethyles

tercalix[4] arene (5¢) in CDCI3200 MHz...........ooooiii 143

B.1 "H-NMR titration of 5a and Acetate at (a) absence of Acetate,
(b) 0.6 equi., (c) 1.0 equi, (d) 1.2 equi in CDs;CN-d’ with400 MHz. .. .......... .. 145



XVii

List of Figures (continued)

Figure Page
B.2 'H-NMR titrations of 5¢ and Acetate (a) absence of Acetate,

(b) 0.6 equi, (c) 1.0 equi, (d) 1.2 equi in CDCN with 400MHz.................... 146
B.3 'H-NMR titration of 5b and Acetate at (a) absence of Acetate,

(b) 0.6 equi and (c) 1.0 equi in CD3CN-d” with 200 MHz......................... 147
B.4  Titration curves of Sb with various anions in CD3CN...............oooe .. 148

B.5  Titration curves of S¢ with vari

B.6  Mass Spectrum (ESI-T(
(d)5¢ +Rb" and (e :

B.7  CV titrations of 52

1ons inCD3CN.........ooooiii 148
Pf ions (a) 5S¢ + Na', (b, ¢) 5S¢ + K™,

B.8  SW titrations of
B.9  CV titrations of
B.10 SW titrations of ]
B.11 CV titrations of Sb'and Acetate in AN wi 'TBAPF at SO0 mV/s............ 132
B.I2 SW titrations of Acefate. ‘AN with 0. 1'M. TBAPF at 50 mV/s........... 152
B3 CV titration of Sefind Bénzoate in AN with 0.1 M TBAPF at SO mV/s. ........... 153
B.14 SW titrations of 5S¢ enzoate. Nowith 0.1 M TBAPF at SOmV/s........... 153
B.IS CV titrations of Sc and,Ag;;;; in AN with 0.1 M TBAPF at 50 mV/s............. 154

B.16 SW tltratlonﬁbeC and Acetatﬁ AN MITBAPF at 50 mV/s............. 154
B.17 CV titrations of 5a and Cl in SAPEF atSO0mV/s................... 55

ﬂ‘UEJ’WEJWﬁWEJ']ﬂ‘ﬁ
awmﬂﬂmum’mmaﬂ



Xix

LIST OF SCHEMES
Scheme Page
2.3.1 Pathway of synthesis dithia diaza calix[4]arene (4).................. 27
3.3.1 Pathway of syntheses 5a,5band 5c.................................... 64
3.3.2 The mechanism of electrochemical properties for complexes...... 102
4.1  Procedure of demetallic compound..................................... 108

AULINENINYINS
ARIANTAUUNINGIAY



XX

LIST OF TABLES
Table Page
1.1 Functional groups that form hydrogen bonds................................ 4
1.2 Properties of hydrogen bonded interactions.................................. 6
3.2.2.2.1.1 Volumn and concentration of the tetrabutylammonium salts and

the ligand used to prepare various tetrabutylammonium salts : ligand

B 05 6050 S0 0 0 A i S S v o SRR 8 S IS 57
3.2.2.2.1.2 Volumn and concentratio cation salt and the ligand used to

prepare various cation salt : ligapd gatios.................................... 58
3.2.2.2.1.3 Volumnes and coneentrati tylammonium salts

and the solution ¢ and an , to prepare
i - ammoni ratios ....................... 59
3.2.3.2.1 l / est used fora typical CV experiment......... 61
3.3.1 intesi gone as :‘ artia ¢ conformation ratio. .......... 69
3.3.2 graphic datd for the X ffraction Studies of 5a and 5b....74
333 iStances betw : ;_. € Hq at 1ylene bridge and aromatic
......... NN T8
3.34 ances (A) and Augle - S 79
335 IStances, Ang SC 80
3.3.6 tion ; i edpe) conformation when
increasing s— ............................ S
3.3.7 The stabilg constants O ,Sb md Sc toward various
anions at roomgemperature in CDACN (M) o TR 83
s oS w@m@wm 2 b S
339 The”haracterlstlc valuegyof Sa, Sb an ................................ 95

2240 YA TSR F 0

3.3.11 The ipa/ip ratios of ferrocene couple upon the addition of NaClO,. ... .. 106



XXi

LIST OF CHARTS
Chart ) Page
3.3.1 Correlation of proton at aromatic and methylene bridge of C and Pc...... )
3.3.2 Show the effect of hydrogen bond interaction on CpH signals.............. 88

AULINENINYINS
RN TUNMING 1AL



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

