< '3 A
LB HIBDINTUANNNAD iu‘l—!!!auﬂiﬂi‘ﬂiiuﬂ!‘]J‘I—!?Nﬂ'IJiuﬂﬂﬂ!!ﬁuﬁuﬂﬂﬂﬁ!ﬂﬂﬁﬁﬂiuﬂi‘)]J

IS4
IBIBDOU

AUYANYNTNYNS

’J‘VIEI%uﬁu!ﬂuﬁ)uﬁuﬂﬂlﬂﬂﬂ]?ﬂ‘hﬂﬂ]&l‘ﬁﬁﬂﬁﬁi mm13ﬂﬂ1ﬁ1ﬂﬂiﬂ%ﬂ"ﬂﬂ

ARIANTIRH RTINS 1A E

Umsdnw 2552

a A Qd d a [y
AVANBUYDIYWIAINTUNTIIINEaY



CHEMOSENSORS BASED ON QUINONE AND BORONIC ACID
AND THEIR COMPLEXATION PROPERTIES

AUEINENINYINS
A RS

Faculty of Science
Chulalongkorn University
Academic Year 2009
Copyright of Chulalongkorn University



Thesis Title CHEMOSENSORS BASED ON QUINONE AND BORONIC
ACID AND THEIR COMPLEXATION PROPERTIES

By Miss Matinee Jamkratoke
Field of Study Chemistry
Thesis Advisor Associate Professor Thawatchai Tuntulani, Ph. D.

Thesis Co-Advisor Ass stant f 28301 Boosayarat Tomapatanaget, Ph. D.

Accepted by [he“Faculty off Sci

gkorn University in Partial
egree

of the Faculty of Science

Fulfillment of the Requirgai

THESIS COMMITTEE

By

......... ¥ Baiboda s d w...riiis... Thesis Advisor
ni, Ph.D.)

......... L Ll o ........ Thesis Co-Advisor
5, Ph.D.)

')

xaminer

1 i . .'"
'sociate Professor Nongnuj Muangsin, Ph:R4)

f Ugas
VbR




v
Wi vwnseInn - Sueimaniindnd TuunaznsaTulsinidussdysenovuas
mniamsinamsseneu®don. (CHEMOSENSORS BASED ON QUINONE
AND BORONIC ACID AND THEIR COMPLEXATION PROPERTIES)

- - = o o e o = - 12 - - o 1
B.ﬂﬂ?ﬂﬂ'l']ﬂﬂ'luﬂuﬁ A3. TIYYY AUNAIY, ﬂ.ﬂﬂiﬂﬂT'JﬂﬂTN“Uﬁi?H .

FUAT I WY DT U] o Nlveuiesvesiun Inad Tuuduiia Ixauaznsa

Tulsiin 6 ¥iid' / \&\ m-HNQB 110z p-HNQB LazoyWus
- ” \ sy - - - 9 ar
{t l 3

nmaaima \; UaAMsiNamsIFFoun ey
Tooouyiins e nuddiuh iy qp 1501 \ T3 wui luduaes i
oy T3 Tasulfindy a%) \ 3 qaammwunn Aoics = 554
W lumas $100 130 \: \ I 1¥U F AcO™ tag CN M3
annIvedayn i 8| ,'5 nauyeIn a1 loudianaseusmi
Taoues (PET) ol adiidnas s :.a-' \ piuswmAnama ludniazaie 4

by o y

szuy 1dun ladin aﬂnﬂﬁ’ﬂ’f A1 wﬂq osiiy lawmiadanon Tad (1:1)
E, "' ¥ ] - o

msazaronauye TN Wi 33 Fl :u S ¥ f : o lamnagaren lod (1:1) uazdmilly

- | .. 4 - - - - J H o

waa wmw.mﬂnuw 1A IV ‘""'_4'0 3 101N CN F 11az OH #39z1nuave3niy

T

msilauiig voalszdAnsaiwmainam 2101y Tuanaswiaeinms

*' ‘f‘;.‘_‘ ".‘ igd

wuwns

Wisunle i\#' vu'lawnnasanen lad

W TUIBIATOAIFULTOS
m-MNQB (¢ p-MNQB 3zapuausuame CN luszuudmlluwaddues m-MNQB

Lag f E ﬂ‘l.*’ﬁﬂﬂﬂl"ﬂﬁﬂlﬂﬂﬂ?ﬁl“’]ﬂﬁ’m?ﬁiuﬁﬂ Bﬂiliﬁl‘h’uﬂﬁ'lﬂiﬂll‘lm'ﬂUﬁ

(PRTAPIEHE LT Ak oL i
q mami‘mﬁm WHTI0P 1

smwnmﬂn'{ﬁsIﬂ'[mumwu'n NpHB.S um'[u:u-uaem11mﬂumma'[u'fwmm'lsmm

Wuiveinaae Ao a-Wynlaa > A-muanlae> A-unu Tua > &-ng Iaa
= =i 4 R ]
madn el muﬁuwuﬂn B A ani:nn

191N 0l nwmwa 9. 'mJ‘ SANTIMIINUI AN Wiy vfmFﬂ
Ymsdnw 285 aeilode o.UTAUTINOTTINUES ﬂlﬂW onrduiY



# # 4873888923 : MAJOR CHEMISTRY
KEYWORDS: BORONIC ACID/ QUINONE IMIDAZOLE / CHEMOSENSOR

MATINEE JAMKRATOKE : CHEMOSENSORS BASED ON QUINONE AND

ADVISOR - ASS

imidazole boronic acid were
synthesize m-HNQB and p-HNQB and
methylated g 3. Complexation properties of
all sensors were ometry. All protonated sensors
showed q€nchifg of flubrescence inte ity at A5, = 554 nm due to an inverse PET

\" ch as F, OAC and CN'. Anion

character up t

binding prope

DMSO, DMSO:H,,

were carried out in four solvent systems:
-4 1:1) and CTAB micelles. The

(1:1_ ) p

F PR
appearance of & mffg ' barnd m was observed in the presence of F,

CN and OH correspo #:ffs -{,.r-, #k.'_ of an ICT efficiency of the sensor upon
changs A h s at ffom spz to spJ. In the DMSO
i e -

system, L "MINC [ bindir '!g s solution m-MNQB and

p-MNQB sﬂwe _ n the Cﬂ
and p-MN showed promising characteristics of fluo

A S TS e

syl es:zed The sacchand? binding propertles were studied usung fluorescence

WA I TRy

Department: _____ Chemistry . Student's Signature : /!
Field of Study : | Chemistry. ... Advisor's Signature : 7
Academic Year : 2009 Co-Advisor's Signature : B BY'P/?W?ﬂ/

B micellar system, m-MNQB

rescence probes in term of




vi
ACKNOWLEDGEMENTS

I wish to express my deepest app reciation to my advisor A ssoc. P rof. Dr.
Thawatchai T untulani a nd A sst. Prof. Dr. B oosayarat T omapatanaget f or t heir

guidance, kindnesses, suggestions and supports throughout my Ph. D. career. I would

like tot hank Assoc.P rof. \ S angpornvitsuti f ora ssistance1 n
computational studies. In a A L soc. Prof. Dr. Sirirat K okpol,
Assoc. Prof. Dr. Mongke .& Dr. Nongnuj Muangsin and
ey aluable co mments and

Prof. D r. B radley D . Smit ,‘ ity of 1 D ame w ho ga ve me agreat
opportunity to joins | r J.

Ph.D. Program ( int Ni . BHD/004972550). 1 wi thank many organizations for

could not o ccur w ithout t he'support f1 longkorn University and B urapha

University. Spe01a1 thanks __g:‘:m Va:l mer 7  of the Supramolecular Chemistry

de to my parent and my

Finally, I'wou

sisters, for their J;: care, kindness, encouragement and other supports throughout

my life.

ﬂumwamwmm
ammnm 1N1INYAY



CONTENTS

ABSRACT (IN THAI ..ot iv
ABSTRACT (IN ENGLISH) vvveereeeeeereeeeeeereseeseeeessesseeeessssseessssssseessssssssseenes v
ACKNOWLEDGEMENTS........... B oo eeeeeeeseeeeeeesseeseeresseesesnens vi
CONTENTS...ceee e i vii
LIST OF TABLES....... IS ..., xii
LIST OF FIGURES. .; —_— ... " R XV
LIST OF SCHEMES ...ouuwstt see vovreeiionnnen, ‘_.‘ .......................... Xxvi
LI1ST OF ABBREVA A e xxvii
CHAPTERI | \
1.1 Cige= g dpplical S, 1
1.2 Desighing goncgpt AN T T 2
13 Literatugdreviw for cyaide SEASOrs. .t o oo 3
y EAEREL , )
e 6
1.3.3 Chembdosiimeters for cya . TR 6
1.3.3.1 C bond fo rmat based sensors..................... 7
| 3l e el 0SOTS. oo 10
u:;;:;:::-.:;: ation based sensors.:. I 11
1.4 Li . c : \ ides and
their dEEIVAIVES. .. .. e e M. 13

1.4.1 Fl}orescence sensors for saccharlde based on photoinduced

A WEImEMInganT

intramolecular c&arge transfer (ICT) .............................

QW”]R\?TTWNWTJWEJ’]& EJ”

HAPTER I EXPERMENTAL
2.1 Synthesis of boronic based receptors.............cccovviiiiiiiiiiiiininn.. 20
2.1.1 Analytical measurements and materials........................... 20

2.1.2 Experimental procedure.........c..cooeeviiiiiiiiiiiiii e, 21



viil

Page
2.1.2.1 Preparation of propane-1,3-dilyl-fomylboronate
(L8C) e 21
2.1.2.2 Preparation of 2,3-diaminonaphthalene-1,4-dione
(D) e Bl e s oo e e emere e raaeaaens 22

2.12.3 Preparatior 3.2-dioxaborinan-2-yl)phenyl)

dihydro-1H-naphtho

enylboronic acid

' ._, 9-( - X0-4,9-dihydro-
, - henylboronic

MNQB " ) ~. -MNQB)........ 27
: "’; i \ -naphtho
!\ \ .................... 29
3 1.3 o ¢ rlnan -2-yl)phenyl)
'i‘ 2+dJin 1daz le-6,11-dione, 8.............. 30
2.1. ropara 7: 6. 0-6,1 1-dihydro-3H-anthra

)phenylboronic acid, HAQB.. 31
y1=6,11-diox 0-6 11-dihy

k

2.2 The cEplexano ndi otonated and @hyla‘ced

naphthoqumone imidazole based sensors...............ceoeviiiiiniinn. 33

ﬂﬂﬁmmmmﬂﬁﬁﬁ ........ .

2.2.1.1 The cmgplexatlon studles of sensors using

AR AN SINEIININ EJ33

Vis spectroscopic techniques..........................
2.2.1.3 T he c omplexation s tudies of't he s ensor us ing

fluorescence titration experiments.................... 34



1X

Page
2.2.2 The complexation studies of the methylated sensors,
0-MNQB, m-MNQB and p-MNQB..............coceiennn. 35
2.2.2.1 The complexation studies of sensors using NMR
............................................... 35
......................... 35
,..}- uorescence
-!ﬂ'l DMSO:H,0
uffer ,pH TA 37
ylated
NQE ‘in micellar
nce spectrophotometry................... 38
ﬁceﬂcf \easure -_-‘ s for th optimizing
condition of the: ar System.................... 38
ce urement ’i screening test of
ptimun condi i of the micellar
.......................... 41

orescence tifration procedure of sensor with

micellar system.. 41

23 T :7 e ole boronic acid
........... 43
................... 43
232 The stoichiomertric determmatlon by Job’s method.......... 44
ﬂﬁﬂﬂlﬂﬂﬁﬂﬂﬁfl‘i .......... ’
2. 4 Determinations of quan?m yield .o
Design and synthesis of quinone boronic-based receptors................

3.2 Design and synthesis of anthraquinone imidazole boronic acid

based receptors HAQB and MAQB........cccoooiiiiieiieciieieceeee 55



Page
3.3 Complexation properties of the protonated napthoquinone sensors
0-HNQB, m-HNQB and p-HNQB..........coooiiiii 59
3.3.1 Photophysical properties of the protonated sensors............ 59
ies of sensors 0-HNQB, m-HNQB

3.3.2 The complexation s
Vi 60

65
69
72

B 73
73

............... 75
s of sensors 0-MNQB,
using fluorescence

75

........... 77
3 él 2.3 The complexatlouudles of sensors, 0-MNQB,

AU TNENITN ‘lﬂﬁm

presence of HEPES as bﬁermg reagent......

RO LA ?.l

metry in aqueous micellar systems..................oooool.



X1

Page
3.4.3.1 The micellar optimum condition for the cyanide
complexation studies of the sensors 0-M NQB,
mM-MNQB and p-MNQB by fluorescent
spectropht ...................................... 85
3432 Se i ti ity of the sensor in the
\-. R" I] / et - <o 90

Lhe evaluati ns of stability constants for tricyano-

. tution Complexes.o es 1S01s in - optimum
g //;r il \\ ystem .................. 92
. ated sensors
4" and y -n\ ddh
N
?\ % \ - in the CTAB
ellar f stem for mic w yanide detection
\\ ......................... 99
hea

344 Theele dducts of the

.......................... 101

y of fluoride and cyanide
....................... 101

4.2 '"F-NMR spectroscopy of fluoride adducts of
............... 103

of the s s in the

presence of cyamde in the mixture of DMSO: H,O

ﬂ usﬁjng ifr' Eﬂﬁ WIS 105

monosaccharldes ..........................................................

R AT AT TR B

3.5.2 The complexation studies of the anthraquinone sensors,
HAQB and M AQB towards several monosaccharides

using fluorescence spectrophotometry...................eeeee.e. 108



X11

Page
3.5.3 The correlation of ionization state of the boron center and
fluorescence properties of sensor MAQB..................... 115
CHAPTER IV CONCLUSIONS
4.1 Naphthoqulnonel daz '1| ong by o ic acid based fluorescence
sensor for cyanide de ” ........................... 119
4.2 Anthraquinon .’;. bledio :...-s aci rased sensor for
fluorescence saceharide detgCtion. e oo vvneevvvvineriiiiiiee 122
43  Suggestion fo “wotks. .. i VLT TR 123
REFERRENCEHF. AL A8 58 BN 124
APPENDIX. . A . T AN W 139
VITAE............... . I b addi [« Jonllh 0 . W% ... 164

ﬂUEJ’JVIEJVIﬁWEJ’Iﬂ‘ﬁ
Qﬁﬂﬁﬁﬂ‘imﬂiﬂ’l?ﬂﬂﬁﬁﬂ



xiil

LIST OF TABLES

Page
Table2.1 Volume of the stock solution of CTAB (1.25x10 mol/L) and
the final concentration of CTABin 5.0 mL......................... 39
Table 2.2 ‘mol/l).and CTAB (1.25x10”2 mol/L)
utio ' oneentration of sensor and
............................... 40
Table2.3 fL) and final
[ in 5.0 mL of 1:4 cthanol:H,O................ 42
Table2.4
i i ( ob’s plot method.. 45
Table25 “sdcgharide stotk s 5mol/L) and the
| of-sacel AL M. 46
Table3.1 fsid pe ti S0 ’eﬂfo’ n \:1' sors in DMSO..... 59
Table3.2 ophys peilies of ethy sors in DMSO......... 74
Table3.3 Rl e oliganis 70t o & yanide complex
i ] o
\ QB CTAB micellar
s :5,'5x10” mol/L of CTAB in
1:4 ethanol HQG@ 7 A et — SRR NO SR 95
Table3.4 ..ﬂko charges of segments of o-I 7' B and p-

1A T e AARNIAD /7 RNTY — o  RARNIAD /s

.
COMPULALIONS . .o eeteeeee ettt et T e 98

Table3.5 Analﬁcﬁharacterlstlcs of MEMNQB and p-MNQB sensors

AUBIRBNTHEANAT

ethanol:HyO) ..o 99
Table 3. 6 Photophysical propeﬁles of HAQB andMAQB in DMSO'and

§ WIS e WAV B B

Table3.7 Stability constants (Ks) of complexes HAQB and MAQB and
different monosaccharides at pH 8.5 in 40% ethanol: sodium
borate buffer and in 20% ethanol: sodium borate buffer,
TESPECHIVELY . ..o 112




Table3.8

Table 3.9

TableA.1.

TableA.2
TableA.3
TableA.4
TableA.5
Table A.6
TableA.7

Xiv
Page

Equilibrium percentages of Syn-periplanar anomeric hydroxyl
pair of furanose form in D,0O of simple monosaccarides .......... 114

Fluorescence enhancement values (FE) at 560 nm of MAQB in

presence of 50 mM of yariol 116

154
155
156
158
159
161
162

AULININTNEINS
QRININIUNRINYIAE



Figurel.l

Figurel.2
Figurel.3

Figurel.4

Figure 1.5

Figure 1.6
Figurel.7
Figure 1.8
Figurel.9
Figure1.10
Figure1.11 .

Figure1.12
Figure1.13

XV

LIST OF FIGURES

Page
Structures of hydrogen bonding based sensors 1, 2, and 3 for
cyanide 4
Structures of dlto 'c sensors 4a,4b, 5aand SD...........cceeeienee 5

Structures of o ' . eage /11 e detection by Cu-
' 6

dlsplac ............. o v
ed sensors using

ation concept and the

.................. 7

................. 8

........................... 8

ot; tﬁﬁct}m t 2 SO, 14With cyanide.............. 9
Structures of sgﬁm:s:’tﬁﬂa =L 10
Structures 0f§en§£rnﬂ'% ST 10
- ide probes......... 11
Structure of BOL ' ide probe........ 11
Structures of the para sensos 21 and the ortho sensors 22......... 12

. .

Figure 1% Illustration of anthracene based photomduced electron transfer

Rt s tiuadngag Ells

increasing of fluorescence intensity..............oevvveereniiieennnnn...

Figure1.17 Structure of the sensor 26 and a thermodynamic structure of 1:1

complex of sensor 26 with furanose form of D-glucose........... 16



Figure1.18
Figure 1.19

Figure 1.20
Figure1.21
Figure 1.22

Figure3.1

Figure 3.2

Figure 3.3

Figure3.4

Figure3.5

Figure 3.6

Figure 3.7

Figure3.8

Figure 3.9

Figure 3.10

Structure of the SENSOT 27 . ... e
Structure of ICT based sensor 28..........vvveeeieieiiiannnnn.

Structures of ICT based sensors 29-32...........cccceviviieieeennnnn.
Structures of fluorescence sensors 33-36 of Wang Lab............

Structures of designed receptors based on quinone and boronic
aCId. .. e e

'H-NMR'(400 MHz, DM§O-d6) spectra of'a) 4a, b) 4b and ¢)

"H-NMR spe€tra’(400MHz, DMSO-dg) of 2)0-HNBQ, b)

m- HNBO aAd) PHNOB. . e e e,
'"H NMRspeétra of (400 MHz, DMSO-ds) a) 0-M NQB, b)
mM-MNQOB and c) p—M NQB‘.' ............................................
'H-NMR spectua (400 ]\/[Hz)ni of a) 8in CDCls, b) HANQB in
DMSO-dg and c) MAQB in DMSO de. ..

'H-H NOESY NMR of M AQB (500 MHz) in DMSO-d....
Absorption and emlssmn spectra (Kexcne 344 nm) of o-HNQB,
m-HNQB (5x10 mol/L) and—p—HNQB (2.5x 10" mol/L) in

Color changes observed -upon the addition of 30 equlvalents
anlons into the DMSO solutlon of p—H NQB (3x10 mol/L)....
Absorption spectra of a) 0-HNBQ, b) m-HNBQ and c) p-

H NBQ in the presence of 30 equivalents of various anions in
DMSO B%10™ mol/L of SenSOTS)...........eevvoeeeeeeceeeeenn,
Absotption spectra(left) and absorption response at 464 nm
(right) toward various anions 0-7 equivalents (A/A.) of a) O-
HNBQ,.b) m-HNBQ and ¢).p-HNBQ upon addition of CsFin
DMSO (3x107 mol/L of.sensor in DMSO) .. ...i- 0. b beie . ik
Absorption spectra and color changes of control compound
p-MNBQ in the presence of various anions in DMSO (3x10™
mol/L of the sensor in DMSO) ..........ooiiiiiiiiiiiiiiiiin,

19

54

57
58

61

61



Xvil
Page

Figure3.11 'H-NMR spectra (400 MHz) of 0-HNBQ upon the addition of

7.0 and 1.1 equiv. of tetrabutylammonium salt of basic anion,

F, AcO’, CN", BzO" and OH in DMSO (3x10” mol/L of

$ensors i DMSO-08) oo v i e, 66
Figure3.12 'H-NMR spectia (400 MHz) 6f m-HNBQ upon the addition of

7.0 and 1.1 equiv. of tetrabutylatamonium salt of basic anions,

F, AcO’, CN", BzO' and @H in DMSO(3x10~ mol/L of

sensorSAaavISCds)... §... 0w ™ e B .. 67
Figure3.13 'H-NMRespecird (400 MHz) of p-HNBQ upon a addition of

7.0 and &1 egii v of, tetraiiwutylammonium salt of basic anions,

FcO €N #B2z0 and OH in DMSO (3x107 mol/L of

sensors in DMSO- de) ....... AR TR 68
Figure3.14 UV-Viss$pectra and color change of p-HNQOB in presence of

anions in 1:1 H,O:DMSO (éfmo"‘ mol/L of p-HNQB in

presencg of 3.0 equiv. amons)"‘ 70
Figure3.15 Fluorescenee spegtra of prot"c;n%tp.d receptors (left) at different

aliquots of CsFi(0-7 equivs) and fluorescence responses (Io/I at

554 nm) (rlght) upon the addltlon of 0-7 equiv. of various

amons CsF KAcO KBzO and KCN in DMSO a) 0-HNBQ,

b) m_l:LNBQ_and_c)_p_HNBQM@oML@f $ensors in

DMSO)‘ .................. 71
Figure3.16 Absorption and emission spectra of -MNQB, m-MNQB and
P-MNQB in DMSO (3x10* mOl/L) .......ovvvveeieeiiiiinnne . 74

Figure8:170 Fludrdscetice Spectial icharigeof p:Ml NQBI (3%1 07 mol/L) in the
presence of 500 equivalents of potassiumssalt for CN" and AcO”
in DMSO and tetrabutylammonium salt for F................. oo 75
Figure 8.18< Fluorescence spectra (left) and fluorescence response (1/10 at
460'nm) (right) of p-MNQB'(3x10™ mel/L) in the presenee of
0-1500 equivalents of tetrabutylammonium fluoride in DMSO.. 76
Figure3.19 Fluorescence responses (I/1p at 460 nm) of p-M NQB (3x10™
mol/L) in the presence of 100 equivalent of tetrabutylammo

nium fluoride in DMSO at various times (0-320 minutes)........ 77



XVviii
Page
Figure3.20 Fluorescence spectral changes of a) o-MNQB, b) m-MNQB
¢) p-MNQB and d) control compound 7b in presence of 100
equiv of potassium salt of anions (5x10” mol/L of receptor in
0.1 mol/L NaCl 1:1, HO:DMSO) .....ccovvviiiiiiiiiiiieie, 78
Figure3.21 Fluorescence response (I-Iy at 460 am) of o-MNQB, m-MNQB
and p-MNQB and control compound Zb in the presence of 100
equiv potassiumsalt of anions (5x10° mol/L of receptor in 0.1
mol/L Na@* 1 H50:DMSO) v ™ oo, 19
Figure3.22 A) showed fluerescence spectra changes of m-HNBQ (5 x 10”°
mol/L) upon the addition Féf 0-500 equivalents of KCN and
right'panel'b) showed fluoteseence responses at 460 nm (1/1o)
of o-HNBQ, m-HNIéQ anc-T p:H NBQ in the presence of 0-500
equivalgnts)of KEN in 0. l'v(nol/L NaCl 1:1, H,O:DMSO
(5x 107 m@l/LJOf 5enSOrs) s ... Bl et e, 80
Figure3.23 Fluoresgence respon‘ses at 46(jiinf(I/IO) of m-HNBQ in the
presence of 0-100, e'qnivalenf;_éﬁII(CN and KOH in 0.1 mol/L
NaCl 1:1{ H0:DMSO (5x 10° mol/L of sensors)................... 81
Figure3.24 A) ﬂuorescence response (I- Io_f460 nm) of o-MNQB, m-
M NQB and p—M NQB in'the | presence - of 500 equlvalents of
"potassnun_salls_cﬁamcns_and_b)_ﬂucmscence_responses upon
n"radlated with UV-lamp (256 nm) of solutions _of'3b (left), 3b
+ CN’ (middle) and 3+ F" (right) (5x107 mol/L of receptor in
0.1 mol/L NaCl in 50% HEPES pH 7.4: DMSO) .................. 82
FigureB8.:25:1 A) Fluoreseerice spectraofim=M NQB with ificreasing of
cyanide concentration (5x10mol/Ll ofreceptor in HEPES
buffer pH 7.4, 0.1 mel/L NaCl, 50% H,O:DMSO) and b)
fluoreseence-tesponse (I-1p at 460 nm) of a-MNQB, m-MNOB
and p-M NQB with increasing of cyanide concentration.. .. .. " 83
Figure3.26 The ESI mass spectrum of p-MNQB in the presence of 500
equiv. of KCN in HEPES buffer pH 7.4, 0.1 mol/L NacCl, 50%
HoO:DMSO ... 84



X1X

Page
Figure 3.27 Fluorescence spectra of m-MNQB and m-MNQB + 50 uM
KCN with various types of surfactants (5x107° mol/L of
m-MNQB, 5x10~ mol/L of surfactant in 1:4 of ethanol:H,0).... 86
Figure3.28 The proposed model of the reaction of sensors and cyanide in
.................................... 87

Figure 3.29

Figure 3.30 0~ mol/L) + 50
d CMC of
.................... 88
Figure3.31 CN and
tration of sensors
.~ -3 % " 89
Figure 3.32 ‘ dbes 11 A |

in the presence of 50 zM

mol/L of sensors, 5x107

x10® mol/L of

eptor in 0.1 mol/L of NaCl in 50% HEPES

7.4:DMSO).. 90
Flgure 3.33 FluOI‘swe response (I/Io atﬂﬁ) nm) of o-M NQB m-M NQB

t O system (5x10 of sensor in

mol/L of NaCl in S(ﬁ% HEPES pH 7.4:DMSO) and in the y

9 m ﬁ*@ﬁ?@!@ﬂ&”ﬁ'}’}ﬂ Eﬂﬂ e

CTAB in 1:4 ethanol:H,0)



Figure 3.34

Figure 3.35

Figure 3.36

Figure 3.37

Figure 3.38

Figure 3.39

Figure 3.40

Figure3.41

Figure 3.42

XX

Page
Fluorescence titration spectra (left) and the fluorescence
titration curves (right) of a) 0-MNQB, b) m-MNQB and c)
p-MNQB upon the addition of cyanide ion in CTAB micellar
system (5x10” mol/L of sensors, 5x107 mol/L of CTAB in 1:4
ethanol: HyO). oo M E B B . . 93
B3LYP/6-31+G(d) optimized structures of (a) o-MNQB (left),
0-MNOB-CN5" (right), (b) m-MNOB (left), m-MNQB-CN3~
(right) and«(e)'P-MNQOB (left), -MNQB.-CN; (right)........... 96
Calibra@on curves of ¢yanide 2.5-40 uM;:2.5-15 pM and 20-40
uM foul@) msMINOB anci (b) p-MNQB in optimum condition
(510x 10 mol/L of scnsoré; 5‘,0x10'3 mol/lL. CTAB in 1:4
ethagol in H,Q) 4. = = :_, .........................................
The "H-NMR spectrum (40(3.J MHz) of MNQB (0.001 mol/L)

100

in presence of110 equiv. of potassium cyanide and tetrabutyl
ammonium fluoride in DMSO de ..................................... 102
The 'H-NMR speet-rum (400 MHZ_) of M-MNQB (0.005 mol/L)

in presence of 10-equiv. of potassudm cyanide and tetrabutyl
ammonium ﬂuorlde in DMSO: .de- B o 102
The 'H-NMR spectrum (400 MHZ) of p-M NQB (0.001 mol/L)

'mpresence—of—lﬂ-eqrrrv—o%petassrnmwamdeand tetrabutyl

ammonium fluoride in DMSO-0g......vv...... ... - vl 103
The "F-NMR spectrum (470 MHz) of m-MNQB in presence

of 3 equiy, of tetrabutylaamonuium fluoride in DMSO-d....... 104
The' ' 'EXNMR $petiram (470-MHz), 6fin-MNOQB in présence

of 3vequiva.of tetrabutylaamonuium‘flueride in DMSO-dk...... 104
Cyclic voltammograme of sensors in.the absence (solid line)
andthepresence S equivalent of KEN (dash ling) (2'x 107

mol/L of sensor in'0.1 mol/L' NaCl 1:1; H,O:DMSO for m-

MNQB , p-MNQB and control compound 7b, 1 x 10* mol/L

for -MNQB in 0.1 mol/L NaCl 1:1; H,O:DMSO) ................ 105



Figure3.43 Structures of the anthraquinone imidazole boronic based
sensors, HAQB and MAQB...........cooiiiiiiii 106
Figure3.44  Absorption and emission spectra of HAQB and MAQB (5x

108
Figure 3.45
109
Figure 3.46
110
Figure 3.47 | _ Xes 0
D-fructose 1@.&-‘@% " .} 4
for HAQB and 510
DR eeeere—— 1 . ... .. 110
Figure 3.48 0%
11 AQB (5x107
mol/I'uﬂ)% ethanol: bufferan.S S, Aex=39510m) ............... 11

MAQB (5x10” molC in 20% ethano&uffer pH 8.5) in tl‘“,uI

HRE

rnannose

sacchari

o= D- galactose = D-glucose,



Figure 3.50

Figure 3.51

FigureA.l

FigureA.2

FigureA.3

FigureA.4

FigureA.5

FigurelA.6

FigureA.7

FigureA.8

pH-Profiles of the fluorescence intensities 560 nm of MAQB
(5x10” mol/L, 20%EtOH:buffer) in various pH (pH 3-5 : 0.2
mol/L phthalate-HCI buffer, pH 6-8 : 0.2 mol/L phosphate
buffer, pH 8.5-10 : 0.2 mol/L sodium borate buffer, pH 11-12 :
0.2 mol/L phosphate-NaOH buffes) ...............................
pH-Profiles of the fluorescence latensities ratio at 587 nm and
555 nm (I5g7/1555) of MAQB in the*absence (-[1-) and the
presencesof' 50 mM of sugars: D-fructose (-0-), D-galactose
(-A-), D=glucese(-V-) and D-mannose (-0=) (5x107° mol/L in
20% Et@H mfvarious bufﬁr; pH 3-5 : 0.2 mol/L phthalate-HCI
buffer, pH'6-8: 0.2 mol/L.ph,Qsphate buffer, pH 8.5-10: 0.2
mol/l&soditim boraté ‘Quffez_,l;H 11-12: 0.2’ mol/L phosphate-
NaOH gbufter) £..4... V00 L AR AN
TheH-NMR spectrum (400MHz) of 2-(5,5-dimethyl-1,3,2-
dioxabofinan-2-yl)benzaldehyde (1) in CDCl,.....................
The "H-NMR speetr'uﬁ (4001\4%{2) of 3-(1,3,2-dioxaborinan-2-
yl)benzaldehyde (1b) in CDClg.,- Bl ...
The H-NMR spectrum (400 MHZ‘) of 4-(1,3,2-dioxaborinan-2-
yl)benzaldehyde (1C) in CDC13 ...................... F S

1 Tﬁc—l—l—NMR—specﬁmtﬁGG—PvH—Iz)—of—drphtha-hml de

naphthaqulnone (2 ... ...
The '"H-NMR spectrum (400 MHz) of 2,3-diaminonaphthalene-
1,4-dione (3) IN CDCla...uviiie i e e
The! ' H-NMR spedirum (400 MHZ)\of 2-(2-(5154diméthy1-
1,3,2=dioxaborinan=2-yl)phenyl)- TH-naphtho[2,3-d]imidazole-
4,9-dione (4a) in DMSO-0g.......c.oovvcmmeeneinniinianiineenn i
The P C-NMR spectrum (100.6 MHz) of 24(2+(5,5-dimétHy/*
1,3,2-dioxaborinan-2-yl)phenyl)-1H-naphtho[2,3-d]imidazole-
4,9-dione (4a) in DMSO-Ug.......oeviviniiniiiiiiiieieeieiieeean,
The "H-NMR spectrum (400 MHz) of 2-(3-(1,3,2-dioxaborinan-
2-yl)phenyl)-1H-naphtho[2,3-d]imidazole-4,9-dione (4b) in

XX11

Page

115

117

136



XX111

Page
FigureA.9 The *C-NMR spectrum (100.6 MHz) of 2-(3-(1,3,2-
dioxaborinan -2-yl)phenyl)-1H-naphtho[2,3-d]imidazole-4,9-
dione (4D) iIN DMSO-g....c.voviriiiiiiii i 140
Figure A.10 The '"H-NMR spectrum Hz) of 2-(4-(1,3,2-dioxaborinan-
midazole-4,9-dione (4c) in
............................. 140
imidazole-4,9-
........................ 141
x0-4,9-dihydro-
.................... 141
le 0-4,9-dihydro-
LN L 142
] 1'1 .ri ‘ 3
FigureA.14 The 'H-N) spe (4' 0 M )-dioxo-4,9-dihydro-
................................. 142
9-dioxe-4,9-dihydro-
!m’fi’h-_-"lwm-‘ﬂlf"ml- Ortan l"'- V 10 (m_
f . . ' \‘
NQB) in DMSO- A e AU 143

Figure A.16 The TH-NMR .spec irum (400 MHz) of 4 9-diog4 9-dihydro-
1H- n?htho[Z 3-d]imidazol-2- d/)phenylboromc acid

ﬂ wEAnENINAng -

1H-naphtho[2,3-d]imidazol-2-yl)phenylboronic acid
P L] o3

AT LR Y

4,9-dihydro-1H-naphtho[2,3-d]imidazol-2-yl) phenylboronic
acid (0-MNQB) in DMSO-0g......cceuvnvniiiiiieiiiiiiiiiieiain 144



FigureA.19

FigureA.20

FigureA.21

Figure A.22

FigureA.23

FigureA.24

Figure A.25

Figure A.26

FigureA.27

FigureA:28

FigureA.29

Figure A.30

XX1V

Page
The “C-NMR spectrum (100.6 MHz) of 4-(1-methyl-4,9-
dioxo-4,9-dihydro-1H-naphtho[2,3-d]imidazol-2-yl)
phenylboronic acid (-MNQB) in DMSO-0.............ccccene.....
The "H-NMR spectrumi(400 MHz) of 4-(1-methyl-4,9-dioxo-
4,9-dihydro-1H-naphtho[2,3 -d [imidazol-2-yl) phenylboronic
acid (M-MNOB) in DMSO-dgs .ot it ..o
The *C-NMR spectrum (100.6 MHZ) of 4-(1-methyl-4,9-
diox0-4,9-dihydro- LH-naphtho|2,3-djimidazol-2-yl)
phenylberonicdcid (M-MNQB) in DMSO-de.......................
The 'H-NMR spectrum (4120 MHz) of 4-(1-methyl-4,9-dioxo-
4,9-dihydro- LH- naphtho[2 3- d]imidazol-2-yl) phenylboronic
acid (p-M NOB) in DMSO de ..........................................
The CANMR speetrun (100.64MHz) of 4-(1-methyl-4,9-
dioxo-4,9-dihydro—1H—napﬁﬁbo[Z,S—d]imidazol—Z—yl)
phenylbdronie adid(PMNQBY it DMSO-Gg. .....................
The 'H-NMR spth:r'u;n (400'{\4}1;') of 2-phenyl-1H-naphtho
[2,3-d]imidazele-4.9-dione (78) iInDMSO-G.......................
The "C- NMR spectrum (100: Z)_MHZ) of 2-phenyl-1H-
naphtho[Z 3- d]1m1dazole 4,9- cflone (7a) in DMSO ds...oovnnnnn

'The_I:LNMRrspecmun_(AOO_MHz)_of_l_meth;d 2 phenyl 1H-

naphtho[Z 3-dJimidazole-4,9-dione (7b) in DMSO (o
Theﬁ_l_3C—NMR spectrum (100.6 MHz) of 1-methyl-2-phenyl-
1H-naphtho[2,3-d]imidazole-4,9-dione (7b) in DMSO-dk........
The H-NMRspectium{400MHz) of 22(4-(173,2:dioxaborinan-
2-ybhphenyl)-3H-anthra[1,2-d}imidazole-6,11-dione (8) in

Thel® GNMRspectrimil( 10016 MHz) 0f 25(4%(153,2-
dioxaborinan-2=yl)phenyl)-3H-anthra[ {,2-d]imidazole-6,1 1-
dione (8) in DMSO-Ug. ....ovviviiniiiiiiiiiie e
The 'H-NMR spectrum (400 MHz) of 4-(6,11-diox0-6,11-
dihydro-3H-anthral[ 1,2-d]imidazol-2-yl)phenylboronic acid
(HAQB) in DMSO-dg..... c.eeieerieeieeieniieieeieseeieeie e e e .

150

150



XXV

Page
FigureA.31 The "*C-NMR spectrum (100.6 MHz) of 4-(6,11-dioxo-6,11-
dihydro-3H-anthra[1,2-d]imidazol-2-yl)phenylboronic acid
(HAQB) in DMSO-dg.......cooeviveniniiiniiviieeeviieeeeeeeviene. 151
FigureA.32 The 'H-NMR spectrum)( Hz) of 4-(3-methyl-6,11-dioxo-

Figure A.33 C-NMR spectrum (400. ~(3-methyl-6,11-

5 152
FigureA.34 spécif : \\\i\nn 6x10™* mol/L
indMSQA.. £ \ YT 152
Figure A.35. FluotadCenet s a of MAQB (5x f ‘mol/Lin 20% ethanol:
bul | n\the presence of 50 mM a) D-
fructos -' H) D alac 2,.0) sse and d) D-glucose (pH
35 0. 2ol e:‘l < HCl Buffer, pH 658 : 0.2 mol/L
phosphate buffer u“' 2 mo l\ odium borate buffer,
pH 11-12% 0.2 mol/L phospt OH buffer) .....cc..cooervres 153

o 1 P N
AN Y,
TN

)
ﬂUEI’J'V]EJ‘V]‘iWEﬂﬂ‘i
AR AINTU NN Y



LIST OF SCHEMES

Scheme 1.1 Three approaches model for the anion sensor: a) binding site-

signaling approach, b) displacement approach and chemodo-

simeter approach. ... Lol o

Scheme 1.2 ilibrium of bor i ts with diol in aqueous
Scheme 3.1 e csigned re epto@one imidazole
Scheme 3.2 I HNE

Scheme 3.3 ofic pat “gjﬁ,. j,\% MAQB....c...cooe..n.
Scheme 3.4 sle frong : diagram for

he inverse PET (photo

he dep \\ ation by anions...
Scheme 3.5 ‘ b boron center of
QB and p-MNQB.....

Scheme 3.6  Equilibrium of ‘ TICYano substituted of the methylated sensors

0-MNQB, m-MNQE and p-MNOB #e........................
Scheme 3.7 . ° Fike acid conjugate base equilibriu [Bro; ric acid in
Scheme 3.8 Aﬁ:' 1011 © s and ioﬁation states of
QB in the absence of sugar...............ocviiiiiiiiiiiin,
Schem The pon th
il ISR TS....
Scheme Structures of all synthesmed sensors ..................................

QW']ﬂ\ﬂﬂ‘iflJ URIINYIAY

XX1V

Page

72

73



AcO’

Anal. Calcd.

Br

Bzo

Cr

ClO4

CN’

CTAB

o UHINENTNYING

LIST OF ABBREVATIONS

Degree Celsius

Microliter

Micromolar

Carbon nuelea

—

FthI‘l U iﬂ"“:‘;: onetic resonanc .
15 : —_——

Proton

Analysis
Bromid

Benzoate ‘

Chloride

Cety trimethylammonium bromide

Dlmethylformamlde

XXVil

@W’lﬁﬁﬂﬁﬂuﬁﬁ’mmﬁﬂ

DTAB

equiv.

Deoxyribonucleic acid
Dodecyltrimethyl ammonium bromide

Equivalent



H,PO4

HEPES

m/z

mg

MHz

mL

mmol

nm

o f]
LA

ppm
s,d, t, m

So

e

| .'AF

XXViil
Fluoride
Gram

Hour

Dihydrogen phos pha ‘

2-[4-(2-Hyaroxyet )-1-piperaZ propane-sulphonic acid
Iodide ...
Intramolecular ¢ha

Coupli »

Stability consts
ass per ch

Milligra

Megahertz
i

Milliliter

illin

N

Na il meter

Nuclégrﬁggnetic resonance

WHATETTnYINg
AT nena

Part per million
Splitting pattern of "H-NMR (singlet, doublet, triplet, multiplet)

Electronic ground state



Si

SDS

TBAF

THF

TTAB

TX-100

UV-Vis

v/iv

XX1X

Electronic excited state
Sodium dodecyl sulfate

Tetrabutylammoium fluoride

Tetrahydrofuran =~ = =
Tetradecyltrin
Triton ¢ 1

Ultraviole

volume

Che i

F oy aRa
Absorption maxi mat

—

AUEAINENTNEINS
RN TUAMINGAY



CHAPTER |
INTRODUCTION

1.1 Supramolecular chemistry and

Supramoleular ¢ hemistry i
definition was introc i
Nowadays, s uprameleculs “hetis

fields such as the deve

appllcatlons

‘/ ry field of ¢ hemistry. E arly

@ry beyond m olecules. [1]

sued fruitfully in many

icals, chemosensors, and

Moleculaf sens ofs or MOS( OIS are mo es which are capable to

ime. Signaling is given

and a host binding site

capably generate a physical sig 1-(;‘1} nge suck absorption, e mission a nd

guests which do not define an eve :;_,- it this process requires the selectivity
et - "_,.-; o "

between the I{(ﬁand the guest. In phys1010' al 16 ffect recognition of a

receptor arises, from the complementary matched of many f \ s such as electronic,

geometry and po ¢ signaling unit, optical

arlo
signals based onm

e change of absorbance or fluorescence.properties are the most

frequently employed &cause of t heir si@ple appl ications us ing inexpensive

particu edia eveal th ogmtlon event.

Especially fluorescence emissions zﬂow sensors to IW very high sensitiyity. [6, 7]

qmaﬂmm dNd wma d



1.2 Designing conceptsfor anion sensors[8-12]

According to a fundamental role of anions in a wide range of chemical and
biological processes, many research groups have paid attentions to the development of

an effective anion sensing system. It own that anions have larger size than

cations and they are more s Therefore, itis difficultto use a
synthetic chemosensor i1 variety of s ynthetic sensors

optical sensors for anio es as shown in Scheme 1.1

[11,12]

a) -

b)

c) ,

Scheme 1.1 ﬁ‘y ig ng site-signaling

approach, b) d1spﬂ

; pmach. [11,12]
i) Binding site-signaling appr oagh’
FEER 3 Y BT} os
class1ca1qﬂpr oach is relied on non -covalent interaction such as H -bonding a nd
electrostatic int eractions. R eiard t o successfdl'f unctioni na quéous system,

AR I A SRR -

Water such as metal complexes coordination interactions and electrostatic interactions.

[11]



ii) Displacement approach

This approach utilizes the displacing of guests into the binding pocket and
releasing of the signaling subunit. The recognition event is observed by the recovery
of spectroscopic signal of uncoordinated signaling subunit upon the displacement of
the guest in the binding site. The displacement of the guest can take place only when
an affinity of the signaling unit and a bindingsite is lower than that of the guest and

the binding site. [11]

iii) Chemodosimeter approach

In this appreach, the specific reaction between a host and an anion guest
provide new spe cies whichhas different optical pr operties from its original f orm.
Because of the spécific zéaction of betwe;,en. hosts and guests, generally this approach
offered desired characteristics of an anioﬁds'ensor in water in term of selectivity and
sensitivity. [12] _

1.3 Literaturereviewsfor cyanide sensor's--;-'

Cyanide has long been known to be the most extremely toxic poison. Acute
toxicity of cyanide is attributedt o t he e,;ff!égtive bi nding t o the activesi te of
cytochrome C-exidase resﬁitfﬁg in the dlsruptloﬁ of electron transport ¢ hain. M any
tissues t hat nvamly.de pend on_acrobic_respiration.such.as#®r-din, ¢ entral nervous
system, heart are acutely affected. [13, 17] Cyanide contaminatéd in surface water or
environments a re originated [ rom many 1 ndustries such as el ectroplating, plastic
manufacturing, metal e xtraction, metallurgy and tanning. [14] The E nvironment
Protection Agency( EPA) hasset'the maximumilevel for eyvanide inidrinking water at
0.2 ppm. [16]+The LD sy '0f hydrogen cyanide for adult.have reported.to be 1.0 mg/kg
which were estimated from lethal dese for liquid contact. [14 ] Recent studies of fire
victitnsand sUtvivors'of cyanide toxic have teported that stirvivors'wasfound to have
<20 uM blood cyanide while'victims was found tohave 20-30 uM blood'eyanide.
[15, 16] Therefore, any techniques used to monitor cyanide to assure physiological
safeguard must have de tection ability down t o micromolar level. Inthe field of

supramolecular chemistry, the development of cyanide sensors has long been known
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as the m ost at tractive subj ect over the past ten years. [12] In this section, optical

sensors for cyanide was classified into three groups as motioned previously.

1.3.1 Non-covalent based cyanide sensor s

acceptor due to delocaliza

the hydrogen bonding based sénso cyanide ¢ ion in a non-aqueous system

HN S
’ ®
NH
%/j g
|
N
| CO

sensor 1 m | m sensor 3

AU fenlE) ekl i e

rogen bonding based se‘qsor 2 for cyanide were reported by Anzenbacher

PR SR T

Recently, Vilar et al. [22] utilized azo-phenylthio ur ea sensor 3 fora

chromogenic cyanide pr obes in m ethanol due to the deprotonation of thiourea NH
groups. However, this sensor showed poor selectivity for cyanide in DMSO because

they responded to other basic anions including fluoride, H,PO,4 and CH3CO;".



R= Q—coocwn.n

(Figure 1.2) utilized
the cooperative func A .’ oF e recog ition. The first example was
reported by Hong et | that z in -porphyrin ¢ rown e ther
based sensors, 4a a t cyanide in methanol. The
er served as the coordination

site for cyanide ion. These sen SO cd olor changes from original red of Zn-

porphyrin to greeni or esenee of.c ya tivity of those sensors towards

cyanide was attributed to the ditopic manner of cyanide binc ..'.m' vhereas other anion
,w* Y )
binding relied onsth ¥
Ditopic C@\ide S ENSo Sy esize' ind studied by Chen et
] Sensors 5a and 5b utilized the va riation of the azacrown ether si te for

FT T ETW%'W’EVT e
9 RIAINIUNAINYINY



1.3.2 Cyanide sensor s using displacement methods

Displacement methods for cyanide sensing are usually exploited high affinity
of cyanide toward copper and cobalt for the sensing system. Li et. al. [25] prepared a

new imidazole-functionalized polyflug 6 serving as sensitive and selective system

for ¢ yanide detection. T he recc escence intensity of compound 6

which were completely quenched d upon the addition of cyanide.
Recently, Qin and Li et al . 26 , : ' aensive compound zircon, 7
(2-caboxy-2'-hydrox = ' ! . i
cyanide chemosensor imWwatg }, acen "f-“"’ ffort provided a limit of

cyanide detection in

SO4H

sensor 7

Figure 1.3 Strue e of organic reagent for eyariAEHEEEII y -displacement

133Ch%dos | ﬂ
0, osimetors have
long bﬁ g wg aﬂ detection especially in an

aqueous stem Most of cyanide c hemodosimeter probes are el ectrophllhc organic

PRGN L ik (1Y

earch groups. [49-55]



1.3.3.1 C-C bond formation based sensors

Fluorometric method of cyanide detection based on specific r eaction
between cyanide and quinone derivatives were discovered in 1963. [27, 28] To date, a
number of organic r eagents such as oxa zine, [41-43] derivative of B ODIPY [34],
dipyrrole carboxamide, [40] dicyanovinyl derivative [44], acridium [45] and squaraine
[46] eta. were used as for cyanide probes by forming.a new C-C bond upon cyanide
recognition. )

The first.example of C-<C bond f ormation based s ensor is shown in
Figure 14. The reactions€enter of the sensor possessed trifluoroacetyl- carboxanilide
moiety which can be attacked by c yanide resulting in an intramolecular H-bonding

stabilization of the'anionssensoradduct. [29-34]

~, " INHS L\ & -
OO Vo OO - ALY % OO + HoN
© H ey B Y A TR W O
SO,N" 0O SO5N’ '0'" . SO,N O
CNCF3 ol .QE:? CF3
)
high fluorescence - =~ froder ate fluoreseence low fluor escence

Figure 1.4 Steuetures of C -C bond f ormation ba sed s ensors .using intramolecular
hydrogen bond s = tabilization concept andt he pl ausible mechanism ofs ignal

moderation by cyanide binding of sensor 8.

Ahn et al. [31] reported that-fluorescence signaling of anion binding
for sensot8 is modulated from quenching to enhancement by the intramolecular H -
bonding.stabilization of anien—ienophere adducts:

Besides the exceptional nucleophilicity of cyanide, sensors 9, [35] 10
[36] and 11 [37] (Figure 1.5) utilized the nucliophillic attack of cyanide on carbonyl
moiety which were activated by a n appropriated location of hydroxy phenol group.
For example sens or 11 showed t he c olor c hange in D MSO upon the nucleophilic

addition of cyanide. A ccordingt ot his ¢ oncept, Y oon and P ark et al. applied
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fluorescein a ldehyde-based sensor which served asan  ““OFF—ON’’ cyanide

fluorescence probes in living cells by incorporation into a microfluidic platform. [37]

o’H\lo
N’,N 7 [
N ——,
sens 7
no fluores ( » e : : fluorescence : yellow
Figure 1.5 A) structures of € -C bond £ ation ba sed s ensor using ¢ arbonyl
activation concept and b) :35;-; bl me of signal moderation by ¢ yanide
d ™ LT T

binding of sensor 1

ly, Y |

Rt v, > en ployed a  benzil-cyanide
reaction for t he “désign of a colorimetric m ethod f or the- yanide detection. The
nucleophillic a dditi‘lé cyanide r esulted fin't he f luorescence intensity a nd color

~HRETRAERINEINT

ARaghEN IV

V4

N
R : O

Figure 1.6 Structure of sensor 12



9

Divinyl-cyano group was exploited as the active functional group for a
nucleophillic a ttack by cyanide. Lee et al. [44] recently reported a new
calix[4]pyrrole-based 13 for the cyanide s elective indi cator (Figure 1.7). Complete
bleaching of the c olor of this sens or in t he mixture of C H;CN: DM SO upon t he

addition was attributed to the addition anide on the vinyl site chain at the pyrrole

moiety of the sensor.

Figure 1.7 Reactig 4]pyrrole base 13 with cyanide.

anide selective chemodosimeter based
on acridine salt, sens ‘ : : ok adva s, > of the nucleophilic addition of
cyanide at the 9 -positio N-methylacridinium op resulting in adduct 14-I

i § ) vandagid -
which rapidly reacted with oxygen to one 14-11 as shown in Figure 1.8.
The f inal a dduct s howed. t.-'}? ._ -:: a

concentration a cgor

ching a s a f unction of cyanide
C af oe to bl ue. Upon the

ey e T T T R, A
addition of va 10Us anions in | - g ﬁ owed the sel ectivity

e N

toward cyanide vm a

O
" l ~ ¥ e : g N G | —
1 | \ O O
B 1 ’e
N “4 NT ‘ NT N N~
| ) L | |
CO,Bn CO,Bn COan

ARTAIN TN 1INy &Y

trong fluorescence no fluorescence

Figure 1.8 Mechanism of the reaction of sensor 14 with cyanide
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Furthermore, C-C bond formation based s ensors were obtained form
many or ganic molecules which have el ectron deficiency center for cyanide at tack

such as squaraine 15, [46] and croconium 16 [47] as displayed in Figure 1.9.

sensor 16

Figure 1.9 Structure

Wang 7 usi g c yanide attack ont he
benzothiadiazole r ing s  Aor-2 : /¢, system f or micromolar cyanide
detection as low as 26 ppb in DME—H,C . v/v). In addition, sensor 17 offered

the capability of multip e a bsorption, a hi gh contrast

1

Y |
J

‘ NINBINT
| | /,S\\N

change in color

~and absorption and fluorescence spectral ct anges in the visible and
NIR wavelengt y;

Figure 1.10 Structures of sensor 17
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1.3.3.3 C-B bond formation based sensors

Because of Lewis acid properties of sp2 boron center [57], four groups
of or gano-boron ¢ ompounds were de dicated for cya nide sens ors including

BODIPY derivative [51], cationic bor an

subphthalocyanine dye [49, 50], boran
derivatives [52] and boronic aci 4 d

Martinez-I\; ‘Q\ o) f, ‘ , g used of subphthalocyanine dye

as ‘naked-eye’ sensor for ¢yanide ¢ ion. [n-5% /v ﬂueous acetonitrile solution,
subphthalocyanine dye : | ele 0 cyanide over fluoride due to

the r elative of nuc leophiliciiy” of f] cyanide in this system. In addition,

subphthalocyanine vere employed as sel ective

colorimetric and {l

cl o .7 F 7.‘l R Iy B

o ik - j R =H, COOH

al c&"q'*‘ ~ Hg‘\ -

LAl
J“* ' Fles, . ,\ F
| SGEE - |
subphthalocyanine dZE.s p ?F: loeyanine dyes derivatives 19
Figure1.11 S --------------- nthatlocyanine d 2 ¢yanide probes.
) V. A P

Remntly, Do and Lee et al. [53] developedm)DIPY dye as a donor
segment coupling w"‘h&rane for the prepa@on of boron-based sensor. The sensor

oo B LA LI TR TN
to the blocking o wtramoleculare harge transfer u the c'yanide binding atthe
boron on borane moiety. ¢ 5 a/

QRIAN

Figure 1.12 Structure of BODIPY-borane sensor 20 as a cyanide probes
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Gabbai and Hudnall [54] developed cationic boranes receptors in ortho
and para position of B -Mes as selective cya nide and fluoride pr obes i n aqueous
system. Favorable columbic effectsi n cationic bor ane i ncreased in Lewis acid
properties of boron resulting in strengthening of cyanide-receptor interactions. By the

combination of steric and electronic effect, the selectivity of sensors can be tuned for

as powerful fluorescen sensors for cyanid ater with a detection limit down to

0.5 ppm. The interaction bet W—
L

binding reduced intra sessgfrom the amino group

enter and pyridium upon ¢ yanide

tot he pyridi i i >nt of f luorescence

intensities at shortwa centrations.

sensor 23

4 R BRI TR

reduced ICT : low fluorescence

Figure 1.14 Structures of sensor 23 and mechanism of fluorescence enhancement of

sensors upon cyanide binding
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1.4 Literaturereviews of boronic based sensorsfor saccharides and their

derivatives

Saccharides and their derivatives play ubiquitous roles in many systems. They
endow in m any functions such as structural rigidity in the form of cellulose and
energy storage in the form of starch and glycogen. [58, 59] For medical perspectives,
the monitoring of D-glucose or s imple mronosaccharides is very i mportant int he
medical diag nosis. Therefore, the de yelopment-of's ynthetic ¢ hemosensors f or the
recognition of saccahrides-and their derivatives has attracted chemist’s attention since
the last decade. [58]

In the last 20 years, beronic acid %as been used as recognition site in a number
of synt hetic saccharide sensors and their d}? rivatives. [5, 58-61] Diol of saccharide

formed a tight complex with Boronic acidLar‘s' shown in Scheme 1.2. [62-66] Although,

it

boronic a cid a nd bor onate anion reversibly interacted with di ol of saccharide,
experimental obseryation showed that the iate of this reaction was fastest in aqueous
basic media at which the boron éxisted in_féfraﬁedral anionic form (Keet > Ky = 104).
Furthermore, the ne utral bor onic acid be cafic ‘more a cidic upon bi nding, in ot her
word the boronic ester was more acidic that bbfo‘rg‘ié acid (pKa > p Ky'). [62-66]

In m any bor onic s ensing. sensors, thesaccha rride r ecognition event is

d el

monitored using f luorescence s péctrophoto;netry due to.itsgsuperb sensitivity. A
simple mecha@iéiﬁ—e#be%er&e&eid—s&eeh&ﬁé%ﬁ%&ereseeﬂe&séns'ihg system involved
two factors: i) acid-base interactions of the boron group and afﬁi-rnlo group induced the
spectral cha nges_ based on photoinduced ¢ lectron transfer( PET) [5,59] and ii)
differences be tweensthe el ectron-withdrawing. and e lectron-donating pr operties of
boronic' group upon the binding [induced ‘spectral changes based on internal charge

transfer (ICT). {61}
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+ H*

1.4.1 Fluor
transfer (PET)

e : containing tertiary amine in an
appropriate pos ition. The W E {-B) int eraction provides many

advantages. Th \i nt

1 causing boronic acid to

bind with diol ﬂy_—__‘—_—‘ rta ﬁ; , complexations of

boronic aci d with' sace 1t eractions and ¢ onsequently
disrupt the PET gﬂess resulting in intensification of the ﬂl;mscence intensity.[5,58]
The first f lufwce PET sensor 24 _[67, 68] based on amine-boronic acid
(N-B) nodulati rﬂs’rao% %ﬁdﬂeﬁ ﬂnﬁﬁ% illustrated in
Figure , t he sens ors utilized N -B int eractions W ich w ere strengthened upon
saccharride binding to inhibit PET€>r0cess resultingtin fluorescence enhancement of
anaea@oﬂgﬁ %dn%@%nw e&jqoathﬂem
qapably functioned in a large pH range in aqueous media upon the saccharide binding

as low as pH 6.4.
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(e}

HO),B B

"o / % /
N

N\
POS
/’Hﬁk\‘
hv

strong fluorescence

hv

Figure 1.15 Tlustration of anth ac ne- ased photoinduced electron transfer system of

sensor 24

Recently, d ane ww ater-soluble

fluorescence sensor nyl boronic acid, sensor 25
(Figure 1.16 ). M ra nge for saccharide

detection in physiologica

Weak fluorescence strong fluorescence

e w@ewmm _—

fluorescénée intensity

A Wn AAIAINBIANENAY -

eveloped by Shinkai and James et al. (Figure 1.17). [70] This sensor composed of
diboronic a cid in or der t o i mprove selectivity for spe cific saccharides. Sensor 26
possessed a cleft-like structure that was particularly selective and sensitive to glucose.

It was found that the diboronic initially bound with pyranose of D-gluocse and then
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the thermodynamic conversion of pyranose form to furanose form oc curred slowly.

[71]

. HO O\o 5©
- o]
osiiall (O
\
N OH
N v
o7 Y N
B-OH 2
HO ‘ <
sensor '» é

Figure 1.17 Structure. > structure of 1:1 complex

of sensor 26 with fur

Selectivit lore§cence se 15 in t s class stemmed f rom the linke r
between two bor oni€ pups' p the e ffec '- ' g poc ket for particular
saccharide or their derivafive &anf{"

containing a chiral enter ] ehﬁ 1S, hlg \

.d’
O
S5

onstrated t he sensor 27

lective, chemoselective,

ar arlc acid.

and sensitive fluorescence s o) b

.-t

S

Figure 1.18 Stru;mre of sensor 27

3 Ha@@%&l PBF U Ao oo

transfer

o Wil ATHURTINYIRY..

‘donor s ites of I CT dye s induced c hanges i n I CT e fficiency of dye s resulting in
changes in their optical properties. Due to the alternation between electron acceptor
and electron donors of the boron center upon the hybridization change, this property

caused boronic acid possibly to be ICT based sensors for saccharide.
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The first generation of the ICT sensors was introduced by Shinkai as displayed
inF igure 1.19. [74] Sensor 28 possessed stilbene scaffold asal arge
n-conjugative system and one of the terminal sites possessed boronic acid as a binding
site for saccharide. The othe r t erminal si te pos sessed an a mine gr oup a s € lectron
donor. This sensor showed the blue shift of emission spectra upon the changing of pH
from high to low. This phenomenon was due to the loss of electron acceptor abilities
of the boron upon hybridization changes from sz ofmeutral form to Sp3 of an anionic

form.

Figure 1.19 Structure,0f IGT based sensor 28

Dicesare and Lakowicz el al [75] &bvéloped systematic series of five different
stilbene de rivatives ¢ ombining, the bor omé acid group in position 4 and donor or
acceptor groups in position 4’ as shown in‘Fii;gur“e 1.20. In the case of sensor 28, the
loss of electron acceptability propgerties of th-eil;orﬂl sensor upon the conversion of sz
to sp° hybridization was verified-by ¢ hangiﬁgo‘f."pH from low to high. This change
induced a bl ue s hift of aboué50nm andan inerease of i ntensity in t he e mission
spectrum due tot hel oss of charge t ransfer ef fect. This phenomenon was al so
observed by the ,acidition of a saccharide.

Conversely, by the changing of pH from low to high sensor 33 showed a red
shift of about 35 nm concomitant with a de creasing of fluorescence intensity. The
fluorescence properties of this sensor was attributed to the hybridization changes of
the boron allowing the ICT process possessed between the boron donor and the cyano
acceptor.| Furthermore, this phe nomenon was al so observed in the presenc e of
saccharides. In addition, Dicesare and, Lakowicz. hdsprepared.a number.of analogous

ICT system including chalcenes, [76] oxazoline, [77] and BODIPY.[78]
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W,
: O)s
O % OH (H5C),N Q / OH

sensor 29 sensor 30

As preseiitec 'in Figure 7 da number of simple
naphthalene | sensors [79-81] for applications o .*& ns. Wang have been
focused on wate@ub e fl based @s;ors that showed more
“biocompatible” prope rties suc h as1 onge xcitation/emiSsion wavelength, hi gh

chemical/ hotojh s!anability. The sensors.in this @)up utilized the alternation of

ICT e ncy .to d’u} wcag%‘n%owe s;:]iﬂlpa the saccharide

binding. F br e xample, sensor 35 [79] revealed the large fluorescence enhancement
upﬁw addition of 50 mM fructg;e in_aqueous pHo§phate buffer at pls??4. In this
0

OU PR EE DI latal T Tia b

ttached to the same aromatic ring which set up for intramolecular charge transfer

resulting in low fluorescence intensities in the absence of sugar. Upon the ionization
state change, the ICT state was turn “off” upon the binding with saccharide resulting
in the increasing of fluorescence intensity. Conversely, ratiometric s ensor 36 [79]

which possessed boronic acid and amino group in different aromatic rings showed the
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fluorescence intensity changes in the opposite direction at two wavelengths, 513 nm

and 433 nm upon the addition of saccharide.

1.5 Objective and scope of this dissertation

HO,
B-OH
(0]
(0] N=
N -
GE@R=S ==
—_— 9 e
0o R OH
(0]
o-HNQB : ortheisomer.
m-HNQB :meta isomer » R=H
p-HNQB : para isomer | HAQB R=H
‘ MAQB ;R =CH;

m-MNQB : meta isomer

o-MNQB :ortho isomer
R'=CHj3
p-MNQB : para isomer

Figure 1.22 Structures of designed receptolr‘s_ based on quinone and boronic acid

An ultimate goal in this werk is to dé:/elop effective fluorescence sensors for
particular analytes especially anions and neutral ;g‘ﬁests. We intend to utilize moderate
Lewis a cid pr operties of bor oni¢.a cid for tﬂer ecognition i n t he a queous sensing
applications. R ‘egarding to V;ignaling outplit,-t-l-l'is w ork foctised on f luorescence
spectrophotometiy-duetorits-high-sensitivity-As-displayed i Eigure 1.22, eight target
sensors were designed using acceptor-donor-acceptor (A-D-A) system by c onnecting
quinone includingmna phthoquinone a nd a nthraquinone with boronic a cid using
imidazole as spacer Quinone coupling with,imidazole groups was expected to be a
main A-D system, Besides ‘the main function of boronic acid as binding site, it was
expected.to be a complementary electron acceptor site.

The sensing pr operties of a@ll synthesized c.empounds were evajuated using
fluorescence sspectrophatometty in DMSQO, DMSO:H,0 a nd the micellar'sys tems.
Other techniques such as "H-NMR, “F-NMR are al'so used to s tudy propeérties of
complexes. Moreover, computer calculations are also carried out to explain of signal

transduction and the reactivity of the sensors.



CHAPTERII
EXPERIMENTAL

2.1 Synthesis of boronic based recep

ere recordedona V arian
mical shi were reported in part per
; . p partp

carbon § o n de uterated solvents as
‘was ried out h NS/O analyzer (Perkin
b \,\, on atography separated by

frontal ana lysis conductivity detector. MALDI-
or D

\\

C _DI-TOF using 2-cyano-

d from Aldrich, Fluka and

Merck as st andard analytical g and s ed without f urther pur ification.

TOF mass spectra we

rep

ethane, e thyl acetate, hexane, and

methanol w ere-purified by vents such as acetonitrile and

toluene w ere “dried_over C aH>_and freshly distifatronmm Al trogen a tmosphere.

an‘-v blates (Kieselgel 60

{L

Thin-layer ch oMatog
F54, 1 mm, Merc ',ﬁ

ﬂUEﬂ’J'VlEI‘VﬁWEIWﬂ‘i
QW']éNﬂ‘iflJ UAIAINYAY
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2.1.2 Experimental procedure

2.1.2.1 Preparation of propane-1,3-dilyl-fomylbor onate (1a-c)

O _H O _H

Z “ o\
I—B |—B\ R

X X o__/

‘ - 1a: R=C(CHs),;0-isomer
_J 1b: R=CH, ;m-isomer
1c. R=CH, p-isomer

Dean-Stark equi ‘boronic acid (0.750 g,
5 mmol) and 2,2 - F : (0.520'g 1 ol) or 1,3 -propanediol
(0.380 g, 5m mol) w crethe fated: x i ntoluene ( 100 m L) for 12 hours.

sureto givea crude

\ ite solid for meta isomer, 1b, and
‘ :\\1 | the ne xt s tep without

Hz ArH), 7.81 (d, 1H,
208 (s, GHC(CH5),).

i '
Zfﬂ“)"ﬁuﬁ RN %’wmm;: e

Hz 45, OCH,), 2.10 (t, J = 5.6 Hz, 21, OCH2CH2CH20) (F1gureA2)

QJH LASNIAUNAIANLNA L.,

118 (t,J = 5.2 Hz 4H, OCH,), 2.08 (t, J = 5.6 Hz 2H, OCH,CH,CH,0). (Figure
A3)
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2.1.2.2 Preparation of 2,3-diaminonaphthalene-1,4-dione (3) [82]

0
O > O
al phthalimide N 2:3 viv, NH
O‘ potassium salt 3 0 hydrazine:H,0 O‘ 2
_———— . —_——
NN . O
cl CH5CN L % | reflux NH,

o) o)

3
ask equipped with a magnetic bar
2,3-dichloro-1,4-naph - phthalimide potassium salt
(11.11 g, 30 e flux i ynitrile (75 mL) under
nitrogen a tmosphete" for | ‘ stoTafforday ‘. ow precipitate. T he ye llow

n to give diphthalimide
uction of diphthalimide
derivative was carried. ) M o, 3 viv hy 5‘ e in water (45 mL) for 4

hours to give a deep purpl ipitat ‘J_: e precipi e wa filtrated and washed with

water. The filtered was stedvith die | hane and washed with water. The

organic layer was dried ove fate a nhydrous, filtered and e vaporated to
g Y | Fﬁ@ﬁ‘h AV - | P

dryness provid gt b 11non e:1,4-dione. T he collected

product was drie M. :
. ‘\‘

Characterizatio@atafor and ﬂ

'H NMR spectrum (@o MHz, CDCl3) : & (1

UL, mﬁmmw o
PR IR NG N
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2.1.2.3 Preparation of 2-(1,3,2-dioxaborinan-2-yl)phenyl)-1H-
naphtho[2,3-d]imidazole-4,9-dione (4a-c) [83]

42 RoO(OH o omer

4c: R:CH22 ! p-isomer
1th a magnetic bar, the
benzene (25 mL) was
aquinone (0.940 g, 5 mmol)
ated up to 150 'C for 12
h under nitrogen atg ,." I | » utio 0 room temperature and then
the prec ipitate w as sl Owly fo ‘The'p ! f iltered and washed with
diethylether to give @ . '\

(4a29%, 4b 45% and 4€7

‘dm hy te ocyclic protecting products
3

Characterization da

Compound 4a -

'"H NMR (400 MH :
5=14.40' oad, 1H, NH), 8.12 (m, 3, ArH), 7.84@ 2H, ArH), 7.47 (m,

3H, ArH), 3.74 (s, 4B, OCH2), 1.06 (s, 6H, C(CHa)2) (Figure A.6)

AUEANENINEIN

§=154.0,134.3,133.2, 134.7, 131.0, 130. 1,428.9, 126.7, 126.7,125.9, 72.0,

ARARINIUANAINGTRY

Elemental Analysis: Anal. Calcd. for C,H9BN,O4: C, 68.42; H, 4.96; N, 7.25.
Found: C, 67.99; H, 4.82; N, 7.55.
EI-MS m/z for (M +2H)" =387.15

4!’
.\‘,
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Compound 4b :
'H-NMR (400 MHz, DMSO-ds)

&=14.42 (s, 1H, NH), 8.57 (s, 1H, ArH), 8.26 (d, J= 7.6 Hz, 1H, ArH), 8.083
(m, 2H, ArH), 7.83 (m, 2H, ArH), 7.77 (d, J=7.6 Hz, 1H, ArH), 7.50 (t, J= 7.2 Hz,
1H, ArH), 4.14 (t, J=4.8 Hz, 4H, O .02 (t, J=5.2 Hz, 2H, OCH,CH,CH,0)
(Figure A.8) N\

BC-NMR (100.6 MHz, DN
§=179.1,
134.3,134.2, 134.2

34.4,134.4,134.4, 134.3,
6.9, 62.5,27.3 (Figure A.9)
Elemental Anal ,4.22: N, 7.82.

MALDI-TOF

Compound 4c :
'H-NMR (400 MHz, D

5=14.39(s, 1 H, ArH), 8.09 (m, 2H, ArH), 7.49
(m, 2H, ArH), 7.78 (d, /=8 af‘ t, /=4.1 Hz, 4H, OCHy), 2.01 (t,

J=5.2Hz, 2H,

"Vg* ,i-‘- )
BC-NMR (100.6 i :
8=152.74 4 4,134.4,134.3, 134. 2, 130.7,127.1, JJ 4, 1263, 62.0, 27.3.

(Figure A. 11)

Element%nalysm Anal ﬂcﬂor C22H19B104 gl’! G jZ N, 7.82.

Found: C, 67/06: H, 4.59: N, 7476.

Qﬂﬁ’ﬂoﬁﬁﬂ@ﬁﬁmﬂﬂﬁﬂﬁ d




25

2.1.2.4 Preparation of (4,9-dioxo-4,9-dihydro-1H-naphtho[2,3-
d]imidazol-2-yl)phenylboronic acid (0-HNQB, m-HNQB and p-HNQB)

N = 30%H,0 in CHsCN O‘ >_O
‘ —_—
‘g * N | ‘ B\OH
‘ Z-HNQB : o-isomer
-HNQB : m-isome
ﬂNQB ! p-isomer

\\ xaborinan-2-yl)phenyl)-1H-
ol) w erer emoved b
s ) y

refluxing in 50 mI of A W S lid of'product was filtered off

i prod quantitative yield.

and washed with diefly!

' r i ’ [ .
5=14.39 (s, 1H, NH .{... o 821 (b, 1H, BOH), 8.09 (t, Juy =
8.1, 1H, ArH), 7.93 (d, Jup =7 # ,usgr 3y = 7.8, 2H, ArH), 7.65 (d, Ju
e ST |
— 7.7, 1H, ArH)\7.48 |
g 4 X

BC-NMR (100.6 M

§ =154, 938 12, 138.10, 138.05, 134.57, 134.32,@.03, 133.89, 129.81,
129.17, 128 27, 126l'4ﬂgureA 13)

Element%nalysm An’a; Calcd&c’! ZJI“? ﬂ(} §4 [] N, 8.81.

Found: C, 64.29: H, 3.41: N, 8.93%

WW%Q%&@%MMTMEH@EI
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Compound m-HNQB:
"H-NMR (400 MHz,DMSO-ds) & (in ppm)

8 =14.34 (s, 2H, NH), 8.67 (s, 2H, BOH), 8.25 (d, Ju, = 8.2, 2H, ArH), 8.08
(t, Juz = 8.1, 2H, ArH), 7.94(d, Ju, = 7.9, 2H, ArH), 7.83 (d, Ju, = 7.8, 2H, ArH),
7.51 (t, Jnz = 7.5, 2H, ArH) (Figure

AR ' :
5= 179.01, 17303053:30. 13660, 1357601335 135.51, 134.42, 13427,

133.52, 133.22, 128

'H-NMR (400 MHz,DM _

§=14.34 (s, 2H fﬂ... S 8.19 (d, Jus
(t, Jnz = 8.1, 2H, ArH), «f’ﬁ sz-' :
(Figure A.16)

= 8.2, 2H, ArH), 8.10
7.84 (d, Ju; = 7.8, 2H, ArH).

V= <3
13C- NMR (100 , =
0 =152.86,135.22, 135.17, 135.13, 135.01, 134.29, 1 .22, 133.26, 133.20,
130.22, 126.86, 126 824126.71, 126.30, 126/23{ 126.21, 126.14 (Figure A.17)
ElemenﬂAEsglAr:g CZ]d%! (;VUI]I1§\T;OW4 CE64! ;]I-If]49§N 8.81.
Found : C, 63. &)

’Mﬂ%@z@ﬂ‘é%ﬂﬁﬂﬂﬂ?ﬁ d
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2.1.2.5 Preparation of 4-(1-methyl-4,9-dioxo-4,9-dihydro-1H-
naphtho [2,3-d]imidazol-2-yl) phenylboronic acid (o-MNQB, m-MNQB and
p-MNQB)

q MNQB : o-isomer
MNQB: m-isomer
QB: p-isomer

, 2H, ArH), 8.01 (s, 2H, BOH), 7.87 (m;2H, ArH), 7.77 (m, 1H,
ArH), 7.54 (m, 3H, ArH), 3.84 (s, 3H, NCH3). (Figure A.18)

AR e

ARERSE T VR Y™

Elemental Analysis: Anal. Calcd. for: C;sH13BN,O4 : C, 65.10; H, 3.95; N, 8.43.
Found: C, 65.27; H, 3.98; N, 8.48.
MADI-TOF: m/z for (M + 3H)" = 334.66.
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Compound m-MNQB :
"H-NMR (400 MHz,DMSO-dg) & (in ppm)

8 =8.29 (s, 2H, BOH), 8.21 (s, 1H, ArH), 8.09(d, J= 8.1 Hz, 2H, ArH),
7.99(d, J= 8.0 Hz, 2H, ArH), 7.86 (t, ] = 7.5, 1H, ArH), 7.86 (d, ] = 7.8, 1H, ArH),

5 = 1789, 176.4 =143 0, 136. '@343 133.8, 133.3, 132.9,
131.3,128.3, 127.8 6,34.8. (Figure 'u-

NN

OH395N843

5= 8.23 (s, 2H, 3 — 8.0'Hz, 2H, ArH), 7.98 (d, J= 8.0 Hz,
f 3 L
2H, ArH), 7.86 (t, I = 7.8, 21 f.t.; , ArH), 4.08 (s, 3H, NCHs).

(Figure A.22)

PC-NMR (10 y Vfiz, DMSO-dg) &

8=178.86E6., 3, i. L133.3, 132.8, 129.9,
128.7, 126.8, 12616, 34.8 (FigureA23) ’ a
./
L CTE e
Found : C, 65.07; H, 3.90; N, 8.56.

MADI- TOF m/z for = M +H -‘332 39.

YWIaN iM1anenas
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2.1.2.6 Preparation of 1-methyl-2-phenyl-1H-naphtho[2,3-d]
imidazole-4,9-dione, 7b

‘5* o
I
HF T El;s_@
7b
‘ \ tre e (20 mL) was added
dropwise toa s olution ¢ Amino-1,4 htha ] 1e (0.376 g,2m mol)in
nitrobezene (20 agtion 1n ture was heated a ) °C and stirred for 12
hours under nitrog¢ Atm - I ' oluti \ as C( ) 0 room temperature and
then the brown precipi yrmed. T he precipitate was filtered and washed
with diethylether to » 0[2.3 d|imidazole-4,9-dione, 7a.
Compound 7a (0.274 g, nn j aH 1.5 mmol) were stirred in 30 mL
of 1:10; DMF:THF. Subseque . ¥ jodide 77pL 1.5 mmol) was added to the
reaction mixture vi a licro ‘ '- J ire | mixture w as s tirred at room
temperature f' v Lday. The solvent was removed unde -_:,:,-- o give the solid of
methyl protect u ¥ -‘5‘\‘

Characterization datafor 7aand 7b |

C°”“:mmm HNINYINT

8 8.20 (m, 2H, ArH), 8. 07‘(m 2H, ArH), 7 76 (m, 2H, ArH), 7. Um 3H,

Q“W“fmﬂ‘im URIINYA

ompound 7b:
'H-NMR (400 MHz,DMSO- dg)
0 =8.05 (m, 2H, ArH), 7.82 (m, 4H, ArH), 7.58 (m, 3H, ArH), 4.03 (s, 3H,
NCHs3). (Figure A.25)
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BC-NMR (100.6 MHz, DMSO-dg)
5=178.8,176.4, 154.5,142.9, 134.5, 134.3, 133.7, 133.2, 132.8, 130.9, 129.8, 129.3,
128.6, 126.8, 126.6, 34.7 (Figure A.25)

Elemental Analysis: Anal. Calcd. for:

HN>O,: C, 74.99; H, 4.20; N, 9.72.

O._H
0%
.
1c —
| M AT - .
-neck-rou id bottor equipped with a magnetic bar, the
corresponding 4-formyl phenylborens e' nol) in nitrobenzene (25 mL) was
ST <43

added dropw1 e 0 a 10n€ (0.940 g, 5 mmol) in
nitrobenzene w ------------- ction mixture :# p to 150 °C for 24 h
under nitrogen atmosp em temperature and then
the pr ecipitate sﬁvly f ormed. T he preci pitate w as f md and washed with

diethylether to give fyﬁw solid of the protecting product (8, 70%).

UV

'H-NMR (400 MHz, CDCls)

QSRR NN T M0 G AL
8.4 Hz, ArH), 8.14(m, 2H, ArH), (s, 1H, ArH), 7.97 (d, 2H, J = 8.0 Hz, ArH),
7.81 (t,2H, J = 3.6 Hz, ArH), 4.21(t, 4H, J = 5.6 Hz, OCH,CH,), 2.11(t, 2H, J = 5.6
Hz, OCH,CH2CH,0) (Figure A.28)
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BC-NMR (100.6 MHz, DMSO-dg)
§=152.8,152.7,135.0, 134.4, 134.2, 132.7, 130.7, 130.2, 126.3, 126.1, 62.0,
58.3, 36.2 (Figure A.29)

Elemental Analysis: Anal. Calcd. for:

1,,BN,O,4: C, 70.61; H, 4.20; N, 6.86.

aboginan-2-yl)phenyl)-3H-
anthra[1,2- d]1 id “-""“‘m“"‘f""‘“'mﬁ“"\ reﬂuxmg in50mL
of 30% H,O:CE CN.

to give a product. J he quantitative yield.

SHUEINENINGINS

8 = 12,97 (s, IH,NH), 8.34 (d, I H, J = 7,6 Hz, ArH), 8.26(s2H, BOH),

W’ﬁ‘?ﬂ“ﬁ’ﬂﬁfﬂﬁmﬂhﬂ%ﬂﬂ d

C-NMR (100.6 MHz, DMSO-ds)
0 =183.37, 182.56, 158.60, 137.53, 134.76, 134.54, 133.36, 133.23, 133.160,
128.33,127.47, 127.09, 126.50, 125.27, 121.33, 118.91 (Figure A.31)

ed with diethylether
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Elemental Analysis: Anal. Caled. for: C;1H;3N,O04: C, 68.51; H, 3.56; N, 7.61
Found: C, 68.57; H, 3.56; N, 7.62
MADI-TOF: m/z for (M + 2H)" = 368.09

ethyl-6,11-dioxo-6,11-dihydro-3H-

2.1.2.9 Preparation of 4

2-(4-(1.302¢ wqﬁ )-3H-anthra[ 1,2-d]imidazole-6,11-

dione (8) (0.5 mmo a ‘. .t£~ ¢ charged with 30 mL of

N,N- dimethylacetamid n Eni trogen: { i odide (47 puL, 0.75 mmol) w as
added to the reaction mixturefﬁuj,.m minge: The reaction mixture was stirred at
J',":'/ b <4 -

room t emperatu ndgrvacuum to give the

solid of ’»""=  d producis-with-4-5% yiold—Tho-piotocting 9rd p was removed by

f[ da nd washed w ith

diethylether to obmn a yellow solid of the desired product i} quantitative yield.

TEMEITEN NN

= 831 (s, 2H, BOH), 8.17 (m, 4H, ArH), 8.01 (m, 2H, ArH), 7,90 (m, 4H,

Q“‘Wﬂﬁﬁ‘ﬂﬁfﬂ%ﬁﬂ’]’l Neae

C-NMR (100.6 MHz, DMSO-dg) (in ppm)
& = 183.62,183.47,161.48,158.88, 149.45,142.96, 140.97, 135.60, 135.03,
134.95, 134.68, 134.48, 133.14,  131.23, 129.93, 127.26, 125.73, 123.92, 122.65,
117.27, 32.82. (Figure A.33)

. . , # -.
refluxing i n 30%"
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Elemental Analysis: Anal. Calcd. for: C;H;sBN,Oy4 : C, 69.40; H, 3.96; N, 7.33.
Found: C, 68.94; H, 4.03; N, 7.34.
MADI-TOF: m/z for (M + 3H)" = 382.11.

2.2 The complexation studies of th

onated and methylated naphthoquinone
imidazole based sensors 7

' //c_-n/ﬂ_—wmatw sensors, 0-HNQB,

sors using 'H-NMR

SO-dg 0.5 mL w as

prepared in N MR f - 0205 ‘ olutions of various anionic

tetabutyl ammonium's alt oride i n " DMS 6 was preparedin a small vi al.

sensors  using  UV-Vis
V-’ ' )

a)greenmg est with excessanion experm@ts

Sensois were prepared in spectroscoplc grade DMSO at concentrations

iéﬁ‘fﬂﬂﬁﬁ:ﬂﬁﬂﬁﬁﬁﬂﬂ‘iﬁf o

(3x10™ /L in 3.0 mL) and subssquently added as a solid into the 3.0 %of sensor

RTEST I TINEY T
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b) The complexation studies of the sensor using UV-Vis titration
experiments

Sensors were prepared in spectroscopic grade DMSO at concentrations
of 310 mol/L. A stock solution of potassium salts of anions including CN", AcO"

and BzO and cesium fluoride (CsF) ¥ repared at concentrations of 3x10~ mol/L

in spectroscopic grade DMSO :w_. ‘ olution was placed in a 100.0 mm

width quartz cell. The solution : » ANio ' " ctly to the sensor solution via
microburet in va rious ra 55(0-7 iy : irred for 30 s econd. UV-Vis
sor using fluorescence

e DMSO at concentrations
{ ons including CN°, AcO
and BzO" and cesium fluoride @ \ solutlon at concentrations
of 3x10” mol/L in spectro ic ‘DN of sensor solution was placed
in 100.0 mm width quartz cell E‘,“ﬂ-.s ugn. : ns was added directly to the sensor

solution via a microburet in various ratios (0-7 equivalents) and stirred for 30 second.
g + -

- s o g

Fluorescence spectra w C 25°C af ; ditignunder the following
- Eam——_____VL. .}
‘ ‘\‘
mEnd: 800 nm ﬂ
atlon 346 nm
Scan rate: 600¢'|m/mn

QW']@\ﬂﬂ‘iﬂJ 1RIINYAY

condition:
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2.2.2 The complexation studies of the methylated sensors, o-MNQB,
m-MNQB and p-MNQB

2.2.2.1 The complexation studies of sensorsusing NMR techniques

| #)ard F and CN using ‘H-NMR

Sensors Jl D S Prepared in NMR tubes at

for M-MNQB.and p-M NQB and of 1x107

a) The compl
spectroscopy
The sol

concentration of 5x10° 1

were weighed as 1.95 o afdd 9435 mg e quivalents) ‘espectively.The solid of

anion salts was added

spectr oscopy |

3 n DMSO-ds was prepared in
NMR tubes (0.7 mL). "
added directly to NMR tub

oride (3 equivalents) was

or eseence spectr ophoto-

metry in DM SO — o
Z ¥

a)reening est with vartousanions m

Senso& p-MNQB was prepared i n spectroscopic g rade D MSO at

WS 0NN 130 1P ) D INT A 0 Mo

mol/L semors solution to give SO%qulvalents of anlons Solution mlxt&}s stood at

PATBITI MY
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Sart: 360 nm

End: 800 nm
Excitation: 344 nm
Excitation Sit:10.0
Emission Sit:10.0

_ opic g rade D MSO at
concentrations of 3xd o]/ JA stoek s olut , of te rat ylammonium fluoride
(TBAF) was prepar" | ‘ nfration o ‘ '. y _ in spec oscopic grade DMSO.
2.0 mL of sensor g i placedrina 0w dth quartz cell. The solution of
TBAF wasa ddedt o't ha's ehs ’ in va riot ios (0 1500 e quivalents).

Fluorescence spectra were 1 room temperature with 2 minutes stirring time

ﬂUEJ’J‘VIEJ‘ﬂiWEﬂﬂ‘i
’QWWNﬂSWﬁJWI’JﬂEﬂﬁE}
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2223 The  complexation studies by fluor escence
spectrophotometry mixture of 1:1; DMSO:H,0 and 1:1; DM SO: HEPES buffer
pH 7.4

a) Screening test of anions experiments
Typically, sensors were prepared as stock solution in spectroscopic
grade DMSO at concentrations of 1x10 " mol/Ls#"Asolid of potassium salts of anions
(CN, AcO, BzO, H,PO4 | NO;, ClOsy ClyBr, SCN andI ") tha t quantity
corresponded to 100 equivalents or 500 equivalentsofanions was dissolved in 1.5
mL of 0.2 mol/L Na€Cl or 0.2:mel/l. NaCl in HEPES buffer pH 7.4. T he solution of
sensors and anionsswas mixed together to give a final concentration of sens ors at
5x107° mol/L with 100 and 500 equival‘lents of anions in 1:1; DMSO:H,0O and 1:1;
DMSO: HEPES buffer pH7.4, respectively. In the case of F, a stock solution of
sensors and KF were mixed to/givea final coneentration of sensors (5x10” mol/L)
with 500 e quivalent or 100 equi\?alents of}‘ F in 0.1 mol/LNaCl in 60% HEPES pH
7.4 : DMSO. The mixtures st ood at roéfhu temperature for 30 m inutes be fore
monitoring florescence spectra ﬁnder the foiléwi.ﬁg conditions:
Start: 364 nim —
End: 800 Aim- 2=
Excitation:-344 nm
Excitation Sit:10.0
- Emission Sit:10.0
Scan rate: 120 nmVymin

v ol i

c) Theteyanide complexation studies of the sensor using
fluor eseencetitr ation experiments

Stock solutions of  sensors ( 1.0x10™ mol/L) w ere preparedi n
spectroscopic grade DMSO. A stock solution of KICN (0.25 mo/L) wasprepared in
0.2: mol/L' NaCl as supporting ¢ lectrolyte in HEPES bu ffer pH 7.4. 11 a volumetric
flask 5 mL, 2.5 mL of the stock solution of the sensor was mixed with the portion of
the KCN s tock solution in various ratios and then volume was adjusted with 0.2 M
NaCl inH ;0O or in HEPES bu ffer pH 7.4. Solution m ixtures stood a tr oom
temperature over 10 minutes before monitoring the florescence spectra. The mixture

was placed in 100.0 m m width qua rtz cell, and t hen fluorescence spe ctra w ere
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recorded at room te mperature under t he conditions as m entioned in the screening

experiment.

2.2.3 The cyanide complexation studies of the methylated sensors,
o-MNQB, m-MNQB and p-MNOB in micelar systems using fluorescence
spectrophotometry

2.2.3.1 Fluerescence measur ementsfor-the optimizing condition of

themicellar system

Fluorgseence m easurements in this s ection were pe rformed under
following condition: :

Staris 364 nm _
End: 800 nm
Excitation: 344'nm
Excitaion’it: 10.0
Emission Siti10.0 -~
Scan ratel-120-nm/min 2

a)The studies on the effect of slur?‘éctant types

Into a 5.0 Mk volumetrio flask; LOME0F2:5% 10 | mol/L of a sensor in
spectroscopic ethanol was mixed with a 1.25x10~ mol/L of a-solution of a surfactants
(cetyltrimethylammonium br omide (C TAB), sodium dod eeyl s ulfate (SDS), and
Triton X-100 ( TX-100)). in MilliQ w ater. ;The mixture w as shaken gently for 30
second  and “then't he vol ume was adjusted with MilliQ w ater t6% give the final
concentration of 5X10™ mol/L for the sensor and 5x10™mol/L for the surfactant. In the
case of KCN sample, 0.1 mL of2{5x10” mol/L KGN.in MilliQ water was added to
the s olution /mixture of | the sensor and the surfactant, and then t he voilume of the
sample was adjusted to 5.0 mL to give the final concentration of 50 uM for CN,
5x10™ mol/L for the sensor and 5x10~ mol/L for the surfactant. After the sample stood
for 30 m inutes, the mixture was placed in a 100.0 mm width quartz cell, and then

fluorescence spectra were recorded at room temperature.
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b) The studies on the effect of cationic surfactants

The procedure for sample preparation and fluorescence measurements
were followed those mentioned in previous studies using cetyltrimethylammonium
bromide ( CTAB),d odecyltrimethyl ammoniumbr omide( DTAB)a nd

tetradecyltrimethylammonium bro i g

Into a 5.0'mE volumetric £ K Te0r .5%x10™ mol/L of a sensor in
spectroscopic ethano , ith )5 il cetyltrimethylammonium
bromide (CTAB) in yasiotis poriions according o . le 2.1 Then 100 uL of 2.5x10°
i V | % ture of the sensor and the

\
dtc

,

of CTAB. After the sample 1 , m inutes, th mixture was placed in a 100.0

) mL to give the final

n Various concentration

mm w idth quartze ‘ tra w ere t hen recorded atr oom

Table 2.1 Volume of the s tgck-solution ¢ 25x107 mol/L) and the final

Volu rﬁ, JF" of CTAB

"AB stock solution o |
- q'

0
B 0 ' ‘ .hu_

0.25

ﬂ‘lJW?'VlEIWiWEIVm‘i
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d) The studies of sensor concentration effect

Into a 5.0 mL vol umetric f lask, 5x10 * mol/L of a sensori n
spectroscopic ethanol in various portions was mixed with 100 equivalent of CTAB to
give the final concentration in 1:4 ethanol:H,O after volume adjustment with ethanol

and water as shown in the Table | the presence of cyanide, 50 puM of 2.5x107

tion mixture of the sensor and the
to 5.0 m L with ethanol and
water as shown in the Table 2.2 o give ; g tion of 25 uM for CN’ in
1:4 ethanol:H,O wi : 00 equiv CTAB. After the
sample stood for 30 as E.‘ in a 100.0 mm width

quartz cell, and then flu® d at room temperature.

Table 2.2 Volume g .sév or 510" mol/L ) ‘_ A R \ 102 mol/L) in he stock
solution and the final tration - ¢ S If’.-_ ¢ 1d CTABin 50mL ofl: 4
ethanol:H,O Lol \ .

AB Final

stock solution _i:~'='-': ,- " k solution concentration of

Volume of sensor

(mL) CTAB (mM)
0.05 '\ f 0.50
0.1 —T00 v 1.00
05 5.00
| 10.00

ﬂﬂﬂlﬂﬂﬁlﬂ‘ﬁwmﬂ‘i
QW']a\ﬂﬂiﬂJ UAIAINYAY
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2.2.3.2 Fluorescence measur ement for screening test of anionsin

optimum condition of the micellar system

Stock s olutions of  sensors ( 2.5x10 mol/L) w ere prepa red in
spectroscopic grade ethanol. Stock selutions of anions (KCN, KF, KAcO, KBzO,
KH,PO4, KNO;, KClO4, KCI, KBr, KSCNand KI) and CTAB were prepared in
MillQ water as a concentration of 0.25 mol/L/and™1 25 x10™ mol/L, respectively. In a
5.0 mL volumetric flask, T:0'mL of ethanol solution of receptors was mixed with 2.0
mL of the stock solution.of €TAB. The mixture was shaken gently for 30 seconds and
then the volume w as adjusted with MilliQ water to give the final c oncentration of
5x10” mol/L for the seasor and5x 107 nilol/L for the surfactant. In the presence of an
anion, 10 uM ofs@nioni€ stock s O}utior; was added tot he'solution mixture of the
sensor and the surfaétant@nd then the Volu'me ofsample was adjusted to 5.0 mL to
give the final concentration‘as 50 uM! for anion, 5x10°° mol/L for the sensor and 5x10°
> mol/L for the surfactant: A fter the salnplélfor stood 30 minutes, the mixture solution
was placed in a 100.0'm m width quartz "E:’e‘ll,’é nd then fluorescence spe ctra were

‘ L4
recorded at room temperature. ... ‘i

c it A

2.2.3.3 Fluorescence titratioﬁ_rbr!ocedure of sensor with CN in

optimum condition of thejm:iéellar system

Stock s olutions of  sensors ( 2.5x10°* mol/l.) w ere prepa red in
spectroscopic grade ethanol. Stock solutions of anions and CTAB were prepared in
MilliQ water as a comcentration at 0.25 mol/L and 1.25x10 mol/L, respectively. In a
5.0 mLsyoluinetric flask, 1.0 mL/of ethanolsolution of the receptors.was mixed with
2.0 mL of the stockssolution 'of CTAB. Aftershaking for 30 seconds;the mixture was
added with portions of the stock s@lution of potassium cyanide (2.5 x10:* . mol/L) to
give the final.concentrationof €N according to Table 2.3 afterthe‘volutac adjustment
with MilliQ water. Mixtures s'tood at room't emiperature for30 m inutes and were
placed in a 100.0 mm width quartz cell and then fluorescence spectra were recorded at

room temperature.
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Table 2.3 Volume of KCN stock solution (2.5x10™ mol/L) and final concentration of
CN " in 5.0 mL of 1:4 ethanol:H,O

Volume of KCN stock Final concentration of

solution (uL b CN in5.0mL (uM)

ARIAIN TN INGINY
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2.3 The complexation studies of anthraquinone imidazole boronic acid based
sensors, HAQB and M AQB with monosaccharides

Fluorescence studies int hiss ection w ere carried out in a mixture o f

ethanol:buffer ( 40% f or HAQB and o for MAQB). B uffers w ere pr epared
according to a procedure of Perri :‘:‘ d D ] as following: pH 3-5: 0.2 mol/L
phthalate-HCl buf fer, pH ] x buffer, pH 8.5-10 : 0.2 mol/L

H buffer.

Into a 5.0 v i ) m c o ol/L of a sensorin
spectroscopic ethanol w ‘ T abuffer to give tl \:. concentration 5.0x10°
> mol/L. In the ‘presence : 2m Sto¢ k s‘ugar s olution including
D-fructose, D-galactose, | j se (1.2 » /L in buffer) was added
into 1.0 m L of 2.'5x1 : Q& ' “Solution in 5.0 mL volumetric flask.
Upon t he volume adjus _ nal ¢ ntra of the s ample was 5.0x107
7 ] sugar. After kept standing for 2
minutes, t he m ixture w a B‘ };-.7 ) m width qua rtz c ell, a nd t hen
fluorescence spectra wi orded at room tenr uorescence measurements
of HAQB in his-scctionwere performed-under fotlowing conditic

V p—— A

=

P g

Excitati on: 395 Nm

AUEEIIENINEINT

Scanrate: 120§m/min

RIAINTUNRINEIAY

mol/L of the sensor in
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Fluorescence measurements of MAQB in this section were performed under
following condition:
Sart: 420 nm
End: 750 nm
Excitation: 395 nm

Stock so off'scusofs ja -‘ gars were 5 epar d it ethanol:sodium borate
buffer pH 8.5 at co -‘ q 0~ mol/L (40% ¢ ol:s¢ odium borate buffer for
sensor HAQB and 20% &11 ‘” ? \ \\\ or MAQB). In a 5.0 mL
volumetric flask, the portion of ethanol solution tors was mixed with portions
of the stock solution of ! 7 1 t10n of sugar according to
Table 2.4. Mixtures stood af 1 temperature for m wites and were placed in 10.0
mm width qua rtz ¢ ell, andy then- .ﬂ\f_ ¢ spe ctra werer ecorded atr oom

temperature following the condition mentios \pH dependent experiments.

Y

)

ﬂUEI’JVIEJ*WﬁWEﬂﬂ?
QWWﬂﬁ\ﬂiﬂJﬁJ%ﬂﬂEﬂﬁﬂ
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Table 2.4 Mole fraction and vo lume of sensor (5x10” mol/L) and saccharide stock

solution (5x10™ mol/L) for Job’s plot method

volume of volume of
sensor stock sugar stock
solution (mL)  solution (mL)

molefraction of molefraction of

Sample
sensor

0 5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0

0

O 00 9 N W B W N~

—_—
- O

VV 'H ” &

(e FEf
2.3.3 The complexationstudi

fluorescence titration _—>__ T

Stock ’af’l . repared i n s pectroscopic

grade e thanol. O.Em ol/Ls fogs wer@repared in 0.2 mol/L

sodium borate bu ‘ er pH 8.5. In a 5.0 mL volumetric flask, 1.0 m L of the ethanolic

concen nt with sodium

solution of rece tors‘vﬁlixed with the ortiens of stock solution s%ars to give final
ﬁoq J

L W

borate buffer pH 8.5, the mixtures was stood at room temperature for 2 minutes and

QU LERGEGIRIE sk (haE i
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Table 2.5 Volume of the saccharide stock s olution (0.25 mol/L) and the final

concentration of saccharide in 5.0 mL

Volume of sugar stock Final concentration of

solution (mL) sugar in 5.0 mL (mM)

~
60
75 =

=~ 1500.00

AUEINENTNYINS
ARIANTAUUNIINGIAY
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2.4 Deter minations of quantum yield [85, 86]

Quantum yield (@ ) was obtained by a relative basis with reference to a
standard having known quantum yield. Quantum yield of samples were calculated

following equation

or

®, = quantum yield oft
®s7p = quantum yield of
A = absorbance of solutio ‘

E = integrated fluorcscence spec

e

Gradstp = gradient of standard———
T TR
237 7

Thei n egrated fluorescence spe ctra of a samplel were plotted versus

absorbance at 113_ .
bisulfate in 1N H3S, )4 Was u
W

n = refractive index of solyent

Grady = gradient of unkn

R
o ol

-
. !

« ﬂ mple. The quinnine
08in IN HzSO4).

— N A
> (Ws = '4
'

AULININTNEINS
ARIANTAUIM TN



CHAPTER Il1
RESULTS AND DISCUSSIONS

3.1 Design and synthesis of quinone baronic-based receptors

Our research has focused on the destgn and synthesis of the molecules which
can act as a desired anion-sensor in water. Generally;" chemosensors are consisted of
binding units and sensory-uNits cohnecting with _the spacer. In the field of
supramolecular chemistey, recognition: events occur via non-covalent interactions
including hydrogen bonding,electrostatie interactions, ion-dipole interactions, cation-
m interactions and m-w stacking. interactions. [3] It is"well known that those
interactions played an important role in biéiogical systems due to the selectivity and
sensitivity. In natural system, an effective"-"non—covalent recognition of host and guest
are derived from compligated molecules o“;:_systems that are able to expel or strip the
solvated water molecules from the binding-:-site of the host or the guest molecule
resulting in perfect recognitions.[5] Howeﬁér* many synthetic receptors based on
non-covalent recognition’ still incapable function in agueous system because guest
molecules are solvated by water consequent tqut'he less effective of synthetic receptors
in water. In order to-overcome the solvation ‘b_rbdbxlém of.the synthetic receptors, the
higher affinity-between host and guest thought specific_reacions was introduced to
sensors. Boronie acids have attracted chemist’s attention due-toits specific functional
group for diol guests such as sugar and their derivatives.[57-61] Recently, they also
have been discovered. to specifically recognize cyanide [53-56] and fluoride, [87, 88]
particularly in agueous,system:.

Regarding to sensory: systems, optical output such as color, absorption spectra
and especially fluorescence spectraswas usually due to sensitivity and uncomplicated
instrumental:readout~Hypothetically, the Conjugationyofian electron, acCeptor such a
quinone derivative with' electron donor such ‘an imidazole as‘a“main acceptor-donor
segment (main A-D system) performs intramolecular charge transfer sensory system
which is sensitive to a small perturbation. [89-91] Conjugative connecting of anion

recognition site as a boronic acid to main A-D site was expected to afford the large
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response to the recognition events. Designed receptors based on quinone imidazole

boronic acid were depicted in Scheme 3.1.

~
v

0
0 N=
N —
GERST v
v\ 209
R OH i
o)

m-HNQB : metaisomer

o-HNQB : ortho isomer
R=H
p-HNQB : para isomer

HAQB ' R=H
MAQB ;R = CH;

o-MNQ@B : ortho_isomer:
m-MNQB : meta isomer /R =CHs |
p-MNQB _para isomer

Scheme 3.1 Structures offdesigned recept(;)rsl based on guinone imidazole and boronic
acid

Naphthoguinoné was chosen to-fabricate'a main electron acceptor segment of
synthesized receptors. Synthetie pathway'{;f- receptors, o-HNBQ, m-HNBQ and
p-HNQB and o-MNBQ, m-MNBQ and pMNQ‘B was illustrated in Scheme 3.2. In
order to avoided side reactlon due to weak, LeW|s aC|d properties of boronic acid,
synthetic pathway was started by protecting the boronlc acidsgroup of appropriated
formyl phenylboronic—acidsusing propanediolin refluxing toluene. Dean-Stark
apparatus was equipped with the reaction flask in order to-remove water from the
condensation reaction. After refluxing overnight and removal.of toluene, the clear oil
of protected formyl _phenylboronate products la-c were vyielded and were
subsequently:used-in the next steps without-purification. The Structure of compounds
1a-c was.confirmed-by "H-NMR 'spectroscopy by the ‘appearance of ethylene chain as
a singlet peak at 3.82 ppm for 1a and in the case of<lb and 1c showingsthe ethylene
chain signal as atriplet peakat 4.20 and 4.18 ppm; respectively.
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O
N
o - 0 N
cl phthalimide
O‘ potassium salt 0
———————--
0
cl CHLCN ]
o 5 N
Y/
o]
2,66%
2:3vlv,
hydrazine:H,O

Oy H
2 OH
N B
OH
0O
N
O‘ D \ / 4a: R=C(CHs)y; o-isomer, 29%
N \; 4b: R=CH, ; m-isomer, 45%
H B~OH 4c: R=CH, ; p-isomer, 71%
© HO'

0-HNQB: o-isomer , quantitaive yield
m-HNQB: m-/somer quantitaive yield -
p-HNQB: p-isomer, quantitaive yield = .

Ha B\OH

ﬂUﬂ?ﬂﬂ‘ﬂ@@ﬂﬂ%ﬂ‘i

p-MNQB: p-isomer, 35%

IR RIRIANRA NG

0-MNBQ, m-MNBQ and p-MNQB
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According to Winkelmann’s report, [82] 2,3-diamino-1,4-naphthoquinone,
compound 2 was synthesized by a nuecleophillic substitution reaction of 2,3-dichloro-
1,4-naphthoquinone and phthalimide potassium salt affording a yellow solid of
diphthalimide naphthoquinone in 66% yield. The *H-NMR spectrum of compound 2
showed a typical two sets of disubstituted aromatic signals. Then, compound 2 was
reduced to amine by refluxing in the mpxure of hydrazine:water providing a deep
violet solid of 2,3-diaminenaphthalene-1,4-dione, 3yin a quantitative yield. The 'h-
NMR spectrum of compound 3 showed the complete reduction of phthalmide to
amine by the appearanee of the one set of doublet of deublet at 7.91 and 7.52 ppm
assigned to the aromaii€ proions of naphthoquinone moiety with coupling constants of
5.4 and 3.3 Hz. ,

The key step of ihe synthesis is the opl(idative condensation [83] of diamine and
aldehyde to yield the desired heterocylic imidazole. Compounds 4a, 4b and 4c were
prepared by condensation: of 2,3-diaminp-1;4—naphthoquinone with an appropriate
protected formylphenylboronic acid“in re%luxing nitrobenzene and the reaction was
kept at 150 °C. Compolinds 4a; 4b‘and 4c were separated from the reaction mixture by
precipitation to obtain the yellow*solids df*":ta,, 4b and 4c in 29%, 45% and 71%
yields, respectively. Structures-of heterocyclié pr—dducts 4a, 4b and 4c were assured by
'H-NMR  (Figure 3.1) and 13C NMR spectroscopy Interestingly, NH imidazole
protons were found.at 14.40, 14.42 and 14. 39 ppm for 4a, 4l and 4c, respectively.
This is indicative-of-a very high acidic proton due to-the titramolecular hydrogen
bonding between-NH-imidazole and oxygen of naphthoquinone. *C-NMR spectra
showed C=N signal at 155.9 ppm in all isomers. MALDI-TOF mass spectra showed
intense peak at 387:15,.359.64 and 358.63,for 4a (M+2H)", 4b (M+2H)" and 4c
(M+H)T;; respectively, ‘corresponded 10! CioH:sBN.Oy species: Moreover, elemental

analysis of 4a, 4b"and 4c'showed'a'good agreement with the desired Structures.



52

a)
. JJ\LJ\_JLH_
b)
d L J
) LN
|
= Nl
125 120 115 1GESINS 00 ges gt o8 ,‘x'_}l 14 "v;:m”j::_"_“ ux; S8 S0N 45 W0 SN0 213 200 15 1D 03
‘ /

Figure 3.1 'H-NMR specira (400 MHz, DMSO -ds) of a) 4a, b) 4b and c¢) 4c
..I' — .

In order to remove /the -protecting borm)ate group, compounds 4a-c were
refluxed in 30%H,0 in CH3CN togive the protonated sensors 0-HNBQ, m-HNBQ as
yellow solid and p- HNBQ as red purple sollds Compounds 0- HNBQ m-HNBQ and
p-HNQB were charaete#med—by—H—NM%—&NM%MA%TOF mass spectroscopy
and elemental ahaly5|s. As displayed in Figure 3.2, *H- MNR,spectra showed that the
protecting groups were completely removed by the appearance of hydroxyl signals of
the boronic acid moiety at 8.6-8.7 ppm and the vanishing of proton signals of the
ethoxy €hains. Cohsidefing@ach isomer;ithe:HNMR! spectruriof0*HNBQ showed
three sets of phenyl-boronic acid as-a doublet, doublet-and triplet corresponding to the
ortho position of the boronic acid (Figure 3.2a). The.'H-NMR spectrum of m-HNBQ
showed" aromatic™protons=of.the phenyl "boronic ‘acid as- four seis’ of' signals
corresponding to the meta position’of‘the phenyl borenic acid(Figure 3.2b).~The 'H-
NMR spectrum of p-HNQB showed doublet of doublet of aromatic protons of phenyl
boronic acid at 8.19 and 8.10 ppm corresponding to the para position of the phenyl
boronic acid (Figure 3.2c). MALDI-TOF mass spectra supported the structures of the
designed compounds with intense peak of m/z at 318.0 for o-HNQB, 319.0 for
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m-HNQB and 319.0 for p-HNQB corresponding to C17H1:BN,O,4. Elemental analysis
of 0-HNQB, m-HNQB and p-HNQB showed a good agreement with the proposed

structures.

a) | ’ //
<o ///
\ " h
125 120 115 110 10 0 .5 30 25 20 15 10 05
b)
c) ...... T.an
wis _|__
= _;:.{,-":-; ‘--_‘.;
Figure3.2" ‘F‘J}_/IR spectra (400 M a) 0-HNBQ b) m-HNBQ and
¢) p-HNQB ,

Methylatig of all HNQB isomers were carried oua using methyl iodide in

N,N -dimeth aminoafeﬁhide DMAC) in resence of excess amount of NaH.
Poor nuc oﬁﬂli&} gﬂlh | |t&}rﬂ@rwegy5} ﬂiéﬁ stemmed from
strong hﬂrogeh bond of the acidic proton and delocalized electrons of nitrogen
at . _Compounds _.o- B,‘- nd:. "p- er"ﬁ' etely
QEHGR R Faty saVGAL T a ey A
Qnalysis. 1'H NMR spectra shoWed the methyl proton at 3‘.84 ppm for o-MNBQ
whereas that methyl signals of m-MNBQ and p-MNQB appeared at 4.08 ppm.

Considering each isomer, the *H-NMR spectrum of each isomer displayed the

aromatic signal of phenyl boronic acid corresponding to ortho, meta and para
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positions of o-MNBQ, m-MNBQ and p-MNBQ, respectively. The *H-NMR
spectrum of o-MNBQ showed three sets of the phenyl boronic acid as a doublet
(Figure 3.3a), doublet and triplet whereas the 'H-NMR spectrum of m-MNBQ
showed four sets of the phenyl boronic acid signals as singlet(Figure 3.3b), doublet,
doublet and triplet. The *H-NMR spectrur 0 p-MNQB showed doublet of doublet of

analysis. MALDI- SO ' ures of all the desired
compounds with intei *  ak of 34 5 m/z o QB, 331.60 m/z for m-
respectively. Ele p-MNQB showed a
good agreement wi

.J .
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Figure 3.3 *H-NMR spectra of (400 MHz, DMSO-ds) a) 0-MNQB, b) m-MNQB and
c) p-MNQB
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Additionally, control compounds 7a and 7b were synthesized in order to prove
the signal transductions of the synthesized receptors. Synthesis of compounds 7a and
7b were performed similar to that of naphthoquinone boronic based sensors. All
characterization data including *H NMR, *C-NMR, MADI-TOF mass spectrometry

and elemental analysis were compl pported the structure of compounds 7a and
7b.
3.2 Design and synthesis of anth onic acid based
receptors HAQB
o )
B-O
Os_H
+
0B

i) CHsl, NaH, DMAC
ii) 30%H,0:CH5CN

HAQB, quantltatlve‘elds

qmmmm um‘mma d

cheme 3.3 Synthetic pathway of sensors HAQB and MAQB
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New series of quinone imidazole boronic based sensors, HAQB and MAQB
were designed by extended aromatic conjugation in order to improve the solubility
and optical properties of sensors. Anthraquinone compound were synthesized using
similar procedure with naphthaquinone receptors as shown in Scheme 3.3.
Anthraquinone receptor were prepared using commercial available of 1,2-diamino-
1,4-anthraquinone and proiected = para-formylphenylboronate, 1c refluxed in
nitrobenzene. Protecting antharaquinone produet were separated by precipitated with
diethyl ether to give brown solid of campound 8 in 70%. The *H-NMR spectrum of
precursor compound«8-showed ihe imdidazole proton at 11.35 ppm due to the
hydrogen bonding of.ihis preton with the oxygen atom (Figure 3.4a). Sensors HAQB
and MAQB were prepared by straightfo‘"[ward procedure as mentioned in preparation
of naphthoquinene sepsors: AS s‘hown -in,.l.Figure 3.4b, the *H-NMR spectrum in
DMSO-ds of HAQB showed clearly f__e,ature of the desired compound by the
appearance of signal of acidic protons of iffydaz?ole signal at 12.97 ppm. The 'H-NMR
spectrum of MAQB showed a signal‘of methyl proton at 3.98 ppm with a concomitant
of the disappearance 0f NH proton signals (Figure 3.4). In additional, all desired
products were characterized by‘~13C-NI\/I‘"I'\T;‘-4\_/IADI-TOF mass spectrometry and
elemental analysis. The results confirmed tﬁé)&étence of structures. MALDI-TOF
mass spectra supported the structures compounds showmg intense peaks of at 408.12
m/z for compound 8, 368 09 m/z for HAQB and 38211 m/z for MAQB
corresponding to-fivi=2H} - [M=+2H] and-{ivi+3H] ; respectlvely. Elemental analysis
of compound 8, HAQB and MAQB agree well with the proposéd structure.
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—
Figure 3.4 'H-NMR spectra (400 MHz) of @) 8 in CDCls, b) HAQB in DMSO-ds

and ¢) MAQB in DMSO-dg

The foregoing *H-NA R results s arly that NH imidazole of HAQB
interacted withox SR DIMSO-ds via hydrogen
bonding i;{”——" ever, the orientation
of methyl group-© ..T" verified. As expected

H1 - i
orientation, l NOESY spectra of MAQB suggested‘ at the position of the
methyl preferred in thesoutsized of O-N five member ring by the observation of the

e 44 A A A o

Figure q.l
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3.3 Complexation properties of the protonated naphthoquinone sensors
0-HNQB, m-HNQB and p-HNQB

3.3.1 Photophysical properties of the protonated sensors

As shown in Figure 3.6 and Table 3.1,,DMSO solutions of the protonated
naphthoquinone imidazole boronic based sensers o-HNQB, m-HNQB and p-HNQB
displayed a light yellow color solution.and visible absorption band at 404, 408 and
410 nm, respectivelye=The light yellow color and the visible absorption bands
stemmed from the migration of electron density from electron donating group of
amino on imidazole ing 10 electron acceptor group of naphthoquinone. [7, 92]
Compared to the pareat compound, 1,4—d,i§1mino-2,3-naphthoquinone, compound 3
(Amax = 585 nm, = 2161 mol/L.cm, Eg;g 1.55 eV, Figure A.34), naphthoquinone
imidazole boronic based sensors provided"n,a large energy gap (Eq ~ 2.44 eV) due to
the attachment of electron deficient group (boronic acid) to the structure.

As expected, the protohatéd napth(”)q:ljinJ('-)ne Imidazole boronic based sensors
exhibit emission properties as listed in Tabie':%;l, _their guantum yield of DMSO was
quite low in the attribution of the characteriist,i-(fjf'Bf low lying n-7* excited state in
quinone compound resulting in dominatiné-_'gf, intersystem crossing relaxation

pathway. [7]

Table 3.1 Photophysical properties of the protonated sensorsth DMSO.

Receptors  Au (mm)  Extinction coefficients Aem (NM) dF
(g, mol/L.cm)

0-HNOB 404 1590 550 0.082

m-HNOB 405 1514 551 0.074

p-HNQB 410 2016 551 0.089

# Quantum yields were determined using quinine sulfate as the standard (®stp) 0.508
in1N HQSO4.
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Regarding the position of boronic acid, o-HNQB, m-HNQB and p-HNQB
displayed insignificant different feature in absorption and emission spectra suggesting
that the position of boronic did not affect the photophysical properties of the free

receptors.

- 0.8

- 0.6

- 0.4

Normalized absorbance
Normalized intensity

- 0.2

0.0 7 /I T 1 T T ' T
400 5004 4 600 700
wavelength (nm)

- 0.0

Figure 3.6 Absorption‘and emission spectra (Xe;éite = 344 nm) of 0o-HNQB, m-HNQB
(5x10™* mol/L) and p-HNQ@B (2.5% 10" mal/L)sin DMSO.

3.3.2 The complexationstudies ,Qf,_vs"ensors 0-HNQB, m-HNQB and
p-HNQB with various anions using spectrophotometry

The complexation studies of the protonated sensors-were carried out using
tetrabutylammonium salt of anions in DMSO (F, CI', Br’, I';.€N", AcO’, BzO", H,PO,
and NO3’) and potassium salt for CN". In the presence of 30 equivalents of anions,
color changes from yellow 10 red and orange of the ‘receptars, p-HNQB (Figure 3.7)
and m-HNQB in DMSO were detected by naked eye upon addition of F, AcO", CN’
and H,PO, while that of o-HNQB showed slightly=change. The results suggested
that the basieity+of anion played as important role of|the ‘color changes receptor
solution. Complexation abilities of the protonated receptors were also investigated
using spectrophotometric technique. UV-Vis spectra (Figure 3.8) clearly showed that
basic anions such as F, AcO’, CN" and H,PO, caused the bathochromic shift in from
404 nm to 455 nm, 487 nm and 497 nm for o-HNQB, m-HNQB and p-HNQB,
respectively.
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Figure 3.7 Color changes observed upan the @equwalents anions into
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Figure 3.8 Absorption spectra of a) 0-HNQB, b) m-HNQB and c) p-HNQB in the
presence of 30 equivalents of various anions in DMSO (3x10™* mol/L of sensors).
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In order to evaluate the anion binding properties of each anion and sensor,
spectroscopic titrations were performed with anions including F, AcO, CN™ and
H.PO, in DMSO. As shown in Figure 3.9, the original absorption band at 404 nm
gradually decreased and the new absorption band at 481 nm for receptor m-HNQB

and 497 nm for p-HNQB progressive eased upon increasing CsF concentrations.

a rved in both sensors. Although,
0-HNQB gave a slightly change in the of i 0 ' Ilow to pale orange, it exhibited
significant red shift (4 5 ) tpon bi Jing 3.93). In the case of other
anions such as AcO ,,CN™ar , "; o howed similar behavior to the CsF
titration by producing the "j N2 { *\‘»@ 2 longer wavelength with well-
defined isosbestic p'l 4 nate ) : could not be calculated
from the UV-vis ion data due ¢ low dissociation ability of potassium salts or
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Color and UV spectral changes by the interaction of protonated sensors with
anion have been obtained by the deprotonation of NH to N™ on imidazole resulting in
charge transfer from N to electron acceptor group (naphthoquinone). [92, 93] To

prove this explanation, the anionic complexation properties of methylated compound

pP-MNQB was investigated. As displayec 1igure 3.10, UV-vis spectra and the color

" Free F GN' AcO- B0 H,PO,; NOg

F; UEANHNINEONT. e

p-MNQB in the presence of various anions in DME(3X10 mol/L of@sensor in

TRIANITUURINYIAY
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Moreover, UV-vis spectra and color of o-HAQB showed a slightly change in
the presence of anion such as F', OAc” and BzO". The deprotonation of NH proton in
ortho isomer may cause the distorted feature of the ortho position and precluded the
delocalization of electron in ortho isomer consequently revealing in a slight red shift

and pale orange color upon the deprotenation.

3.3.3 The complexation studies “Qi="senasors o-HNQB, m-HNQB and
p-HNQB using *H-NMR spectroscopy.

The protonated sensors; 0-HNQB, m-HNQB and p-HNBQ possessed two
potential sites for the interagtion with anions including the acidic proton at imidazole
ring and the boronic acid siie. In order to c,l(arify the binding mode of the protonated
sensors, *H-NMR experiments were perfoirmed in DMSO-d;s to elucidate the binding
site of sensors with anions ncluding F, AcO% CN , BzO". When the anion was added
into the DMSO-dg solution of sensors, the NH proton in their 'H-NMR spectra
completely disappearance, while the hydroxyl signal of baronic acid still remained. It
can be rationalized that further ‘binding of anjons towards the boron center were
blocked by the negative charge-of N™ atom reéultéﬂ"‘from deprotonation. These binding
modes were further proved by using tetrabutylammonium hydroxide, the same results
were observed indicating that the basic anions éBstracted proton on the heterocyclic
imidazole ring.

Upon the—deprotonations of each sensor, ‘H-NMR spectra of o-HNQB
displayed dramatically changes in signals of phenyl ‘boronic protons and
naphthoquinone protons.. As shown in Figure 3.11, H; and H, of boronic acid phenyl
ring signals“were-moved to; downfield ‘regions; whereas Hg signal. was moved to
upfield “‘region ‘upon” the“deprotonation. It can be possibly revealed“that the boronic
phenyl ring plane was distorted perpendicularly to.naphthoquinone imidazole plane
upon the breaking of N-B “interaction caused” by “the '‘megative -¢harge upon
deprotonation. Beside that distortion, the significant upfield shifts of H; and Hg
naphthoquinone protons were also observed due to the increasing of electron density
on naphthoquinone imidazole plane upon binding. Interestingly, *H-NMR spectrum
of 0-HNQB in the presence of F showed a different pattern with the large downfield
shifts of all proton signals as displayed in Figure 3.11. As the results, it can be
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rationalized in term of that the high electronegatvity and small size of fluoride ion can
stabilized the N-B interaction resulting in the existence of planar feature of the
deprotonated form of o-HNQB. Thus, the negative charges were delocalized through

whole molecule via conjugated n-system. These interaction modes were furthermore
proved by using tetrabutylammonium xide, the same results were observed. This
Is indicated that the anions abs tractec pr eterocyclic imidazole ring.

Z
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Figure 3.13 *"H-NMR spectra (400 MHz) of p-HNQB upon aladdition of 7.0 and 1.1
equiv. of tetrabg’t;?lammonium salt of basic anions, F, AcO', CN’, BzO" and OH" in
DMSO (3x10°® mol/L of sensors in DMSO-ds).

Regarding the effect of deprotonation.of m-HNBQ and p-HNBQ, as displayed
in Figures 3.12 and 3.13, slightly upfield shifts of phenylbaronic protons were
observediwhile the large upfield shifts were founded in the naphthoquinone proton
signal upon the addition of AcO’, BzO™ and CN'. Due*to the lack of N-B“interactions
In the meta and para isomers, the less rigidity in m-HNBQ and p-HNBQ provided
the smaller changes in the phenyl boronic protons. The large upfield shifts of all
protons were also found in the presence of F due to the high electronegavity of F.

Moreover, 'H-NMR titrations were carried out in DMSO-ds using
tetrabutylammonium salt of anions except CN™ using potassium salt in order to

evaluate the binding properties of the protonated receptor toward anions. *H-NMR
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titration results showed that a slow exchange of protonated and deprotonated forms
compared to NMR time scale was observed by the appearance of the new peaks of
deprotonated form. Unfortunately, the integration of the protonated and deprotonated
form was difficult to measure due to the board and overlapping signals.

3.3.4 Applications of sensors 0-HNQ@B; m-HNQB and p-HNQB as a CN’
naked eye sensor in DMSQO:H,0 mixture

Interestingly,.m=HNOQB-and p-HNQB isomers showed promising application
as of naked eye sensors for eyanide ion in agueous media. In DMSO: water (1:1), the
color changed from yellow.to red upon addition of cyanide were found, while other
anions such as F7OAg™ and BzO, siill exhibited the original color in this system.
These results weregdinterpreted in term of_,acidity of the conjugate acid of anion in
mixture of DMSO:H,0. HCN/is.a weak égid-tin both systems, water (pK, = 9.1) and
DMSO (pK, = 12.9) whereas other anionél including HE (pK, = 3.2 in water), HBzO
(pKa = 4.25 in water) and HAcO (pK, = 4.7?5'?'i'n water) [94] were strong acids in water
but there are weak acids in DMSO. Theréf{;re, sensors existed in the deprotonated
form in the presence of CN in-the mixture o_fs dMSO'HZO whereas sensors returned
to the protonated form resultmg in.recovery of. the orlglnal color. However, the naked-
eye sensing property for cyanlde ion in the mlxture of DMSO:H;0 could not be found
in 0-HNQB due-to-the pale-orange color of the deprotonated form of this sensor.
Therefore, the color change in this sensor could not be detected by eyes. Additionally,
UV-vis spectra were observed upon the addition of anigns in DMSO:H,0. As
expectation, the red shift. was found only in the,case of the CN" addition (Figure 3.14)
due to the existence of deprotonated form of-sensors in this system.
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3.3.5 Applications of sensors o-HNQB, m-HNQB and p-HNQB as

fluorescence anion sensors

Due to the excellent sensitivity of fluorescence spectrophotometry, we
attempted to utilize fluorescence properties of the synthesized sensors for anion
detection. Emission spectra of , 0-HNQB, m-HNOB and p-HNQB in DMSO solution
were recorded in the presence of potassium salis'of.various anions using the excitation
wavelength at 394 nm. Since guinone.compound provided low emission properties,
the DMSO solution.ofssamples-were prepared at high-eoncentration (3x10™ mol/L).
Obviously, upon adding aniens stich as F, AcO’, BzO', H,PO, and CN", the emission
bands of all sensors awb54 amanvere gradually guenched (Figure 3.15). The reduction
of quantum yield was_possibly asgribed -to,.l.the occurrence of inverse PET upon the
deprotonation on the imidazole ring. Asldemonstrated in Scheme 3.4, the negative
charge possibly moved tg the ‘fow Iyin'g energy level resulting in disruption of
emissiom decay of excited electrons. H'owever, the protonated sensors including
0-HNQB, m-HNQB and p-HNQB offered':tﬁ'é response toward all anions. Therefore,

s J )
these sensors gave a poor selectivity for anion detection.
=1l

e SR
.

9 0
M r
4 JOH
>_<:>B L ,.f>_@els’
5 OH

Swiich “off" fimorcscent

Scheme 3.4 Feasible frontiers orbital energy diagram for the protonated Sensors
which was represented as the inverse PET (photoinduced electron transfer) upon the

deprotonation by anions
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3.4 The complexation studies of methylated naphthoquinone imidazole based
sensors o-MNQB, m-MNQB and p-MNQB

As mentioned previously, protonated sensors were deprotonation in the presence
of anions. The negative charge inhibited the anion substitution of the boron center of
sensors and resulted in the poor selectivity of anion detections. The methylation on
NH imidazole can inhibited the deprotonation bysanions. The covalently anion-
substitution on the boron center occurs.as shown in.Scheme 3.5. Methylated receptors,
0-MNQB, m-MNQB«and p-MNOQB were studied for the effective binding with

nucleophilic anions sueh as €N_or F providing the fluorescence spectral changes.

= N = X = F’—,n CN’, OH /\)K/ [
AL fod R e N
WN 7B -~ <& N/)_\_/\/\/BL

ortho isomer : o-MNQB e
meta isomer : m-MNQB
para isomer : p-MNQB

Scheme 3.5 Equilibrium of nucleophilic substifuti-()n on the boron center of the
methylated senserso=MNQB; m=MNQB-and p=MNQB

3.4.1 Photophysical properties of the methylated sensors

As shown'in Figure-3.16 and" Table=3.2, DMSQ Ssolutions“of the methylated
naphthoquinone imidazole sensors;0-MNQB, m-MNQB and p-MNQB offered quite
similar optical and photophysical#properties to the«protonated sensors; 0-MNQB,
m-MNQB and psMNQB. The visible‘absorption band at about 392 nm.ef all'isomers
IS due to electron transition from electron donating group to acceptor group. Quantum

yields of the sensors were as low as those of the protonated sensors.
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Table 3.2 Photophysical properties of methylated sensors in DMSO

senors Aabs (nm)  Extinction coefficients Aem (NM) oF
(g, mol/L.cm)

0-MNQB 391 _ 1652 532 0.019
m-MNQB 393 A 545 0.065
p-MNQB 394 548 0.052

% Quantum vyields the standard (dsrp) 0.508

in1 N H,SO4.

Normalized intensity

Figure 3.16 Absorp‘ognd emission spectra of o-MNQB, m-MNQB and p-MNQB

'”DMﬂZHEiQ‘VIEJWﬁWEﬂﬂ‘i
’QW’INﬂ‘iﬂJ UNIINYIA



75

3.4.2 The complexation studies of sensors, o-MNQB, m-MNQB and
p-MNQB using fluorescence spectrometry

3.4.2.1 Complexation properties of sensors p-MNQB using
fluorescence spectrophotometry in DMSO system

Complexations studies were studiec.in'DMSO using excess amount of
various anions. As shown in Figure 3.17, a large enhancement of emission band at
460 nm was observedsupon the addition of 500 equivalents of tetrabutylammonium
fluoride into the DMSO solution of p-MNQB suggesting that fluoride ion interacted
with the boron centersof the receptor resulting in the appearance of a new emission

band at 460 nm.

800 =

600

400 +

Intensity

200 1

800

wavelength (nm)

Figure 3.17 Fluoresgence spectral change of.p-MNQB (3x10™ mol/L) in the presence
of 500, equivalents ‘of potassium® saltfor. \CN and : AcO“«in DMSO and
tetrabutylammonium saltfor'F

The blue shifts of p-MNQB upon the fluoride ‘substitution signified to
the hybridization changes of boron from sp? to sp° as shown 'in"Scheme 3.5.
Presumably, the large blue shift (ca. 100 nm) was derived from the reduction of
electron acceptability of boron center upon the anion binding. The existence of
anionic fluoride adducts including RB(OH),F, RB(OH)F," and RBF3 in DMSO were
observed in *H-NMR and *F-NMR spectra which were described in the next sections.
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Fluorescence titration experiments were carried out using 3x10™ mol/L
of p-MNQB in DMSO and adding F for 2 minutes prior to the measurement. As
displayed in Figure 3.18, emission band intensities at 460 nm increased upon in
increasing fluoride concentrations. Concerning of the fluorescence response (/1) at

the response without the curvature even

the 1500 equiv of F. It is implied that the yb tween fluoride ion and the sensor
was not completed in this eondition. &
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Figure 3.18 Fluorescence specira‘(left) ane

cquivalents of F

resc‘(‘:e response (I/lp at 460 nm)
. P 7 o = .

(right) of p-MNQB ( 14rgéﬂ:)-*| the presence of 0-1500 equivalents of

tetrabutylammonium fluoride in DMSO. - =+

= A S

\“"’o response, the

emission band guivalents of fluoride were

monitored at various times. It was found that the reaction between fluoride and the

sensor in DMSO was Wplete at 320 min@ (Figure 3.19). However, the binding

el A A NN TR
qummmwﬁwmé’ﬂ
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Figure 3.19 Fluorescence responses (1/1y a,tl.460 nm) of p-MNQB (3x10™ mol/L) in
the presence of 100requivalent of fetrabuiylammonium fluoride in DMSO at various
times (0-320 minutes)s F'.-
3.4.2.2 fThej complexation ?ﬁ'jd’i'és of sensors 0-MNQB, m-MNQB

L
and p-MNQB using fluoresceneespectrophotometry in DMSO:H,0 system
, il

Although, previous showed thi_@-l_\/_ll\_lQB was a good characteristic of
fluoride by switehing “on” thé}fluorescence barid-;t 460 nm.upen fluoride binding, the
sensitivity towaid-fiuoride ton—of this sensor was not acceptable for practical
applications. We—intended to study the methylated-sensors for fluoride sensing
application in water due to the requirement of an effective fluoride sensor in aqueous
system. We expected that the covalent bonding between boron and fluoride could
overcome the highly solvation of water molecule toward tluoride anion in aqueous
system.

Therefore anion ¢Complexation studies of sensorsy sincluding
0-MNQB, m=IMNQB, and p-MNQB "were examined In the mixture of BMSO: water
(1:1) by using NaCl as supporting electrolyte. The selected potassium salts of anions;
KCN, KF, KAcO, KBzO, KH,PO4, KNO3, KCIO,4, KCI, KBr and KI were tested. In
the presence of 100 equiv. of potassium salts of anions, emission spectra of the
sensors in the range of 360-750 nm were monitored with excitation at 344 nm to test
the selectivity of the sensors.
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Figure 3.20 Fluorescence spectral €hanges of @) o-MNOB, b) m-MNQB c) p-MNQB
and d) control compound 71/ :inpresence of'iéﬁl‘equiv. of potassium salt of anions

(5x10° mol/L of receptor in 0.1 mol/L. NaCIa_EL__,- H20:DMSO0).

‘fAéi—Hmstrated—in—Figtrre—Si‘e,—the—enhanteméﬁts of fluorescence
intensities at 4é(jljnm were observed upon the addition of cyaﬁi’d_é ion in all receptors.
However, m-MNQB and p-MNQB gave slight responses toward fluoride ion. Since
the nucleophilic substitution of cyanide to the,carbonyl of naphthoquinone can take
place [2¢4, 28] the'control'compound 7b; naphthequinene imdazole‘derivative without
boronic acid, was~also synthesized to verify the ‘interaction ‘mode~of sensors. The
control compound 7b showed insignificant response. toward any anions suggesting
that the fluorescence enhanecement at'460 nm stemmed from the interaetion between
cyanide or fluoride fons and the boron center of sensors. Therefore, fluorescence
responses at 460 nm upon the cyanide addition were assigned to the anionic

substitution on the boron center.
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129

Figure 3.21 Fluas cente e onse (l:p at 460 nm) of o-MNQB, m-MNQB
p-MNQB and contro 0
-of géceptor in Oﬂl mol'A_ NaCl1:1, H;0:DMSO).

=g -_;‘n ..-‘.."-i-l d
¥ o
Consideri the-lselecnwt)Lf;i- methylated sensors in DMSO:H,0

system, the high fluorescendelJESponses il-l at("460 nm) illustrated in Figure 3.21

0 d*7b in tﬁ presence of 100 equiv. potassium salt of

anions (5x10° mol

’

suggested that all methylated sensors preferfT c-yamde to fluoride. Although it is well
known that qu0rlde was able to bind with the boron center, al‘l isomers gave a high
response to CN =in-thi - 13‘13{ fluoride has a high
hydration enthalpy and low basicity (AHOhyd = -504 kJ/m-el pK, = 3.18) [95] in
aqueous system thetefore, it is hard to expel the solvated water to undergo the reaction
with the boron atom;

To verify 'the sensitivity of“each'\isamer, fluoresCence titrations of
methylated compounds were carried out in 0.1 mol/L"NacCl 1:1, H,O:DMSO. Prior to
fluorescence measurement, the solution mixture of the sensor and cyanide was stirred
for 10 minutes. As displayed in Figure 3.22a, intensities of the-emission+bands at 460
nm increased as a function of cyanide concentration. As shown Figure 3.22b, the
titration curve showed the different ratio of intensity (1/1o) at 460 nm upon increasing
of cyanide. The ratio of I/l of meta isomer has higher value than that of para and
ortho isomer. o-MNQB showed the fluctuation change of I/l value during the

titration. The fluctuated fluorescence results in the case of o-MNQB were due to the
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weak interaction of cyanide that was arised from two factors, i) the steric on the boron
center and ii) the strongest N-B interaction on this isomer. Subsequently, the most
effective fluorescence probe for cyanide ion in these studies was the meta isomer

which possessed a good combination of selectivity, and sensitivity.

. i T——— I
a) A 500 equiv. CN- D) 15723 S Non o
100 - <A _pMNQB L o
g p—
Y S O’. I 4
= = o Ao
v , -
Z = F"Adf
£ 504 N N,
= - o4
= e
A

0 100 200 300 400 500

wavelength(nm) T’ equivalent of CN-
Figure 3.22 A) showed flugrescence specﬁg,cbanges of m-HNQB (5 x 10®° mol/L)
upon the addition of 0-500 equivalents' of KCN and right panel b) showed
fluorescence responses at 460 nmi (1/1p) of 6|—iNjQB m-HNQB and p-HNQB in the
presence of 0 - 500 equiv. of KEN-in 0.1 mol/L :I'\I'aCI 1:1, H,0:DMSO (5x10™ mol/L

of sensors). - J S i

it is well known that hydroxide i1s able to. iateract with boronic
resulting in the generation of anionic species, RB(OH); which has similar electronic
properties to RBF3 or RB(CN)3". To verify the hydroxide effect, fluorescence titration
experiments of m-MNQB with potassium hydroxide were performed in 0.1 mol/L
NaCl 1:1, H,O:DMSO. As expectation, hydroxide adducts of m-MNQB is able to
generate ‘the fluorescence response at 460 nm similar to cyanide and fluoride adducts
of sensors. As elucidated in. Figure 3,23, the results'showed that hydroxide response
was' significantly “higher than eyanide response. Therefare, hydroxide concentration

must be strongly concerned for boronic based sensors.
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-]

I/1, at 460 nm

Figure 3.23 Flue e g at 460, ) G QB in the presence of
0-100 equiv. of KCi : 1 mol 1, \! MSO (5x10° mol/L of
Sensors). 3\

_ rs, o-MNQB, m-MNQB
and p-MNQB by fluor e ,'"‘ MSO:H,O system in the

PES which is organic
chemical bu ‘ ag-reagent;-is-used-fo r-ma intaining pr lological pH change. HEPES
not only controlle )
l ! 1 mol/L NaCl in 50%
HEPES pH 7.4: DM*) ing 5x10™ mol/L oUnsors Screening tests were performed
in the As presented
in Flgﬂ ’u)Ei % m ﬂ\lﬂﬁ ﬁoﬂ adﬁ ﬂﬁere observed in

the case of m-MNQB and p- MN@B whereas o- I\ﬂQB showed a sh@yresponse

NIRRTy e -
gaveabrlghter Iumlnescence an that of m-MNQB plu

was also non-coordinating

agent. Therefore,.complexation studies were carried out in
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Figure 3.24 A) fl;?agce response (I‘_—Io,uat 460 nm) of 0-MNQB, m-MNQB and
p-MNQB in the jpresence t")fr,-*SOQ_equﬂ. of potassium salts of anions and b)
i radiaEed \A&Eh ‘UV-lamp (256 nm) of solutions of 3b
3b #iF (ri@l)t) (5x10®° mol/L of sensor in 0.1 mol/L
4 BNSD) S
e N

The cyanide ‘;Ein:diﬂng propé&fég_":‘of the methylated sensors were

fluorescence responses up
(Ieft), 3b + CN" (midd]
NaCl in 50% HEPES

evaluated by fluorescence .ti}rft.i-;;‘l using D@QTEPES buffer system. As shown in
Figure 3.24, th'_e_‘.“similar results were found in all three sensors. As expected, the
fluorescence resp m=thi & than that of the non-
buffer system ‘due.to the strong interference of hydroxidefaﬁcentration generated.
However, the methylated sensors provided minimum fluorescence response of
cyanide ion over the,concentration of 0.5 mM. The saturation of signal was more than

1200 equivalents,'which were not appropriate for practical‘applications.
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Figure 3.25 A) Fluerescence spectra of m-MNQB with increasing of cyanide
concntration (5x107 mel/L.of sensor in “l-IEPES buffer pH 7.4, 0.1 mol/L NaCl, 50%
H,0:DMSOQO) and b) fluorescence (,esponse,l(l-lo at 460 nm) of o-MNQB, m-MNQB
and p-MNQB withncreasing of cyanide (;gncentration

1
il 4

It should be noted that hydm:exide can be possibly generated by a high
concentrations of CNZ leading to the in(,:"r;éési"rig of the pH of the solution. High
concentration of CN™ may be controtled b)f"tf;é—buffer capacity. To verify the HEPES
buffer capacity, the pH of the solution minli.ré,”L\/as measured before and after the

addition of 500 equivalent or 25 mM of potasﬁgm. cyanide in the presence of HEPES.
It was found thatthe pH of th'é‘solljtion was rja\iéea'from 7.4.to ¥1. Presumably, at high
concentration Of-potassium=cyanide-can-generate hydroxide»id‘h which was easily
substituted on boron center providing R-B(OH)3™ species. Therézfore, millimolar level
of cyanide ion in.water, the intensities of emission band at-460 nm do not reflect to
the cyanide recognition.only. To clarify this point, the mixture of p-MNQB in the
presence.of 500 equivalent off KCN in.HEPES buffer pH 7.4, was tested by ESI mass
spectroscopy. The=spectrum showed"an intense "peak at “387.06 “m/z which was
corresponded to p-MNQB-(OH)s K" species (Figure.3.26). These phenemena could
not accur with other anions because they have a law basicity ta generatesllydroxide in

water.
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i resence of 500 equiv. of

KCN in HEPES buffer 0.1 Mo/t } 0 ».\n 1SO0.
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3.4.3 The complexation studies of the sensors, 0o-MNQB, m-MNQB and

p-MNQB using fluorescence spectrophotometry in aqueous micellar systems

We attempted to search for the effective system for cyanide detection using

our sensors without the synthetic i ions. In previously reports, a number of

the micellar systems were em )l ~cation [96-105]; anion [108-110];

micellar systems was_ca tto i m of sensors in water and

enhance the comp to the sensor to obtain a

good response tim to a micromolar level

Tl n for the cyanide
complexation studi s NQB and p-MNQB by

obtain the highest efficiency

pes of surfactants, neutral (Triton X-

100), anionic (SDS) and W_(G AB) :

|.

urfactants were examined for the
?‘yanide concentration

fluorescence re‘aonses in the presence gf 50, N
‘ 19 of pH at 7 (5x107

ﬂ‘NS’WIEI"ﬂiWEJ’]ﬂ'ﬁ
awwmmmumwmaﬁ
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Figure 3.27 Fluorgseencesspectra of m-l\/INQB and m-MNQB + 50 M KCN with

various types of surfagtants'(5x10™ mol/L.of m-M NQB, 5x10~ mol/L of surfactant in

1:4 of ethanol:H,0)  d
" )

As ‘€xpegted,jall cationic, anronlc and neutral surfactants, offered the
improvement of the solubility of the recepto[s in water by hydrophobic insertion of
the sensors into micellgs. Emlssmn spectra of free m-MNQB in three micellar
systems exhibited similar feature W|th emlse|en maX|ma at 540 nm. As illustrated in
Figure 3.27, in the presence-of 50 nM of;\cyamde, emission bands at 460 nm of
m-MNQB whieh were switched “on™ upon the hybridizations ehanges on the boron
center from sp? :fbfspa was remarkably enhanced in the CTA‘B system. In the case of
TX-100 neutral surfactant system, the receptors showed a slight response upon the
addition of 50 yl\/l cyanide. In SDS anionic surfactant system, the fluorescence
response..at .460 nm remained unchanged..tpon .the addition. of.50 #M cyanide
suggesting no.interaction between sensors and cyanide. It implied that complexation
ability ofisensors toward cyanide was interrupted by electrostatic repulsion between
the, anionic micellar surface and cyanides Therefore, neutralyand-anion, surfactants
improved ‘only: solubility of the<Sensers in water but not promoted the cyanide-
Substitution on the boron center. In the case of CTAB micellar system, this system
gave remarkable improvement of cyanide detection ability in water by providing a
200-fold fluorescence enhancement at 460 nm in the presence of 50 uM of potassium

cyanide.
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Figure 3.29 Fluorescence responses of m-MNQB and m=-MNOB + 50 M KCN with
various types of cationic surfactants ($x10‘5 mol/L of m-NQB, 5x10° mol/L of
surfactant in 1:4-ethancl:H, Q) 1 &

3

-

Moreoyer, the optihum catilgnicisurfactant with a different chain length
were also explored. Figure 3.29 showed the effect of the chain length of cationic
surfactants (DTAB, TTAB, and CTAB) verSus ‘the cyanide sensing properties of the
sensors. In the same conditions, & longer 6ha|n micelle such as CTAB provided a
complete micelle [113] form’ resul‘ung ina large rééponse of emission band at 460 nm.
It is clearly seen that the rncorporatrng sensors |n CTAB remarkably improved the

sensitivity of the sensors, CTAB was thus a sunable surfactant for further studies.

/lo ‘‘‘‘‘‘‘‘‘
3001 < -
0
£ ’
. o
o 200 ;
= ~ |"CMCpointiof CTAB
= in 10% ethanol:H,0
= ]
o104
I
PE
N s e —— ————
0 2 4 6 8 10

mM of CTAB

Figure 3.30 Fluorescence response (I-1g) of m-MNQB (5x10™ mol/L) + 50 pM KCN
in various concentration of CTAB and CMC of CTAB in 10% ethanol:H,O shown as

gray area.
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The effect of CTAB concentrations were also studied as demonstrated
in Figure 3.30. The concentration of CTAB at 1.5 mM afforded a large change of
fluorescence response in the case of m-MNQB and p-MNQB. These results agreed
well with the critical micelle concentration (CMC) of CTAB in 1:4 ethanol in water
reported in the literature. [114] It should be noted that the fluorescence intensity
increased with increasing CTAB concentration above the CMC of CTAB (1.5 mM in
1:4 of ethanol in water). These results supporied-our approach that the reaction
between cyanide and the sensors was aceelerated at the cationic surface of micelle by
means of the encouragement of shift to the right side of equilibrium. However, 5 mM

of CTAB was used inaall manipulations (100 equivalents compared to the probe)

—o+ m-MINOB - BN,
,f: »

4 N . -~ \
b -

el S
M 1

lr’lo at 464 nm

L3
L

0 20 20’ WEbes. 80 100
uM of 'receptors

Figure 3.31 Fluorescence responses of m-MNQB + 25 xM KCN and p-MNQB +
25 uM KCN with various concentration of sensors (100. equivalents of CTAB

compared to sensors,in 1:4 ethanol:H,0).

The-effect of sensor-Concentrations was-also examined in the presence
of 100 equivalents of CTAB compared to sensor concentration and 25 zM of KCN.
The fluoresceice, responses; of m-MNQB' and p-MNQB were displayed in Figure
3.31. 1/10 of the detection system showed the highest response at 50 #M of sensors
and 5 mM of CTAB. At low concentration of sensors, the accessibility of the sensor
toward cyanide was disturbed by the competitive interaction between CTAB cationic
surfaces and cyanide. At high concentration of sensors (100 M), fluorescence

response slightly decreased possibly caused by low amount of cyanide in this system.
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For further studies the optimum condition for micromolar cyanide sensing in water is
50 uM of sensors and 5.0 mM of CTAB.

3.4.3.2 Selectivity and sensitivity of the sensor in the optimal

of this optimum condition,

m-MNQB and p-MD} ‘dledJI T@System under the optimum

conditions in the

micellar system

—;Eﬁ-

S illustrated in Figure 3.32,
the incorporation , TAB micellar system
provided the highe eScehce S for v i ' oncentration of cyanide
ion. Hence, m- ' 1 p-I\V have elle it selectivity for cyanide over other

anions in the opti

MNBI M O:H,0 system]
MNQB in DMSO:H,0 system

TIORRRRNNRNN

at 460 nm
L o o et ot e

S

_auiinn ...

the CTAB micellar system in theﬁresence of 50 M (1 equiv.) of various anions

YA S A (10 oo
responses of m-MNQB and p-MNQB in DMSO:H,O system with 25 mM (500
equivalents) of various anions (5x10° mol/L of receptor in 0.1 mol/L of NaCl in 50%
HEPES pH 7.4:DMSO).
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| CIDMSO:H,0 system
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o-MNOQB m-MNQB — p-MNQB

Figure 3.33 Fluorgseence response (I/IIJo at 460 nm) of 0-MNQB, m-MNQB and
p-MNQB with 0.25 mM oficyanide mixing for 30 minutes in the DMSO:H,0 system
(5x10™ mol/L of sénsogin 0.1 mol/k of P_d-aCI in 50% HEPES pH 7.4:DMSO) and in
the micellar system# (5x40° mol/L of :Sends:ors, 5%10° mol/L of CTAB in 1:4
ethanol:H.0). =
il F/R

To compare the sensttivity of the sensors in the CTAB micellar system
and the DMSO:H,0 system, fivorescence respansés (1/1p) at the same amount of KCN
were measured after mixing-for-30 minutes: The results in Figure 3.33 showed that the
incorporation of m-MNQB and p-MNQB into the CTAB micelle gave remarkably
higher sen3|t|v1fy toward CN than in the solution of mlxed DMSO: H;0. As

described in preVious sections, sensors in DMSO:H,O Showed the fluorescence
responses in a millimolar level whereas sensors in CTAB micelle afforded the

fluorescence response if-a:micromolar level.
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3.4.3.3 The evaluations of stability constants for tricyano-
substitution complexes of the sensors in optimum condition of the CTAB

micellar system

As describes in previously, we cannot calculate the stability constants
(K) of the tricyano-substituted complex of ihessynthesized sensors in DMSO and
DMSO:H,0 system. Thisprobably stemmed from many factors such as i) a poor rate
of CN" substitution and ii) the undesired‘hydroxide interference. However, we found
that the reaction between receptors and cyanide was aecomplished in the micellar
system observing from the.saturated fluorescence signal at 460 nm in 30 minutes.
Therefore, we take the advaniage of tl]e acceleration of the reaction between the
sensors and cyanide ien in the ECTAB_ mlcellar system to evaluate the cyanide
complexation abilities of 0-MNQB, [n—Ml:\l_.QB and p-MNQB.

Fluorescence titrations Wgre “carried out in the CTAB optimum
conditions by adding aliguots of KEN coneentration (5x10”° mol/L of receptors, 0-5
equivalents of KCN in 5x10~ mol/L of éTAE in 1:4 ethanol:H,0). Fluorescence
titration spectra of 0-MNQOB, m-MNQB aﬁdap MNQB were illustrated in Figure
3.34. Sensors m-MNQB and" p MNQOB shoWedrthat emission band at 460 nm were
increasing upon the mcrement of the cyanlde concentratlon Interestingly, the
fluorescence intensity was saturated at 3 equwalents (150 uM) of KCN. It was
indicative of themmmnmymdewmmnter pf m-MNQB and p-
MNQB. Unfdriunately, 0-MNQB showed a fluctuated titration curve as shown in
Figure 3.34a.



=

0-10 equiv. CN-

b)

Intensity
b -
2 =S

53

=

=
N

Intensity
g

ﬂUﬂﬂﬂﬂﬂﬁWHﬁﬂﬁ”
T mmﬁmmmﬁmsj oy

93

urves

anide

n in CTAB micellar system (5x10™ mol/L of sensors, 5x10° mol/L of CTAB in 1:4

ethanol:H,0).



94

Stability constants of tri-cyano complexes of the sensors (Scheme 3.9),
m-MNQB and p-MNQB, in CTAB micelle (5x10™ mol/L of sensors, 5x10 mol/L of
CTAB in 1:4 ethanol:H,0O) were calculated by fitting the emission intensity at 460 nm
(Aex = 344 nm) versus concentration of potassium cyanide using non-linear relation
equation 1 and 2, [58] where I, and 1.4 are the initial and final fluorescence
intensities of the titration curves, respectively.«Titration data were analyzed using
Solver in Microsoft Excel and the regression..statistic were determined using

SolverStat macro.

I, +IB8ICNTY

13 BICN ]” "
f LIRBOH )4, (CN), ]
" [RBOH),ICN T 2

O CH,

CHy o 4. 3 CHy
|
CN-
‘# o O L . Ve
27 %@\ — e
* OH Ks B CN N \ /@E\C
e}

CNN

B3:K1XK2XK3

Scheme 3.6 Equilibrium of tricyano-substituted of the methylated sensors
0-MNQB, m-MNQB and p-MNQB

From-equations 1 and 2; the best fitting.of fluorescence intensity at 460
nm versusS cyanide concentration cerresponded to the n value of 3. As illustrated in
Figure 8.34/ Calculatedyintensity (I.4) agreed ‘well"with thelobservation data (lops)
which were saturated-at'three equivalents of cyanide."Unfortunately, the titration data
did not well define for the calculations of stepwise stability constants (Ki, K, and K3).
Overall stability constants of tri-cyano substituted complex (log £) of m-MNQB and
p-MNQB obtained by the best fit were collected in Table 3.3. These results showed

that meta and para isomers have the similar binding abilities towards cyanide in the
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CTAB micelle. Therefore, the boronic acids at meta and para positions has no steric

effect on cyanide substitution.

Table 3.3 Overall stability constants for tri-substituted cyanide complex of o-MNQB,
m-MNQB and p-MNQB in CTAB micellar condition (5x10° mol/L of sensors,
5x10°° mol/L of CTAB in 1:4 ethanol:H,0)

Sensors log B
0-MNQB nd
m:=MNOB 4.19+0.09
pAMNQB ’ 3.99 £ 0.05

nd =not detegmine _

Regarding the reactivity of o-MNOB toward cyanide, the result
showed poor CN-substitution ‘ont this isdn']:ér.J'-Obviously, the incorporation of o-
MNQB into CTAB migellar system coulld:i:r"rot_improve the complexation ability
toward cyanide ion. Poor “substitution Qf,t'JéS/anide onto ortho position of
naphthoquinone imdazole boropic. based .sén_ggr, can be also explained by the
calculated structure using density function the-ory (DET) at BSLYP/6-31+G(d) level
as depicted in Figure 3.35. The calculated structures showed that the dihedral angles
of the donor and aeceptor planes of o-MNQB, m-MNQB and p-MNQB were 56.5°,
37.5° and 37.7°, respectively. After cyanide substitution, the‘dihedral angles of CN-
substituted m-MNQB and p-MNQB changed slightly (~ 2°) while that of substituted
0-MNQB rotated significantly (nearly;12°)."The large preorganization of this isomer
probablysinhibited the substitution of cyanide in the boronic center of o-MNQB. The
calculated structure thus agreed wery well with ishe experimental reSults, which
showed that the emission spectra of o-MNQB before and after eyanide additions were
insignificantly different.
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Figure 3.35 B3LYP/6 31 G(d) b‘bt cfu s of (a) o-MNQB (left),
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gigs, AE are in kcal/mol,




97

3.4.3.4 Calculated structures of the methylated sensors and their

tri-cyano adducts using density functions theory (DFT)

As previous discussions, the observation of a high emission band at
460 nm indicated that nucleophilic attackedl an boron center to give a sp* boron center
of anionic adduct, RBX3( X= OH, CN' and/orF). On the strategy of design, the
sensor was desighed using A-D-A system. dmidazele connecting to naphthoquinone
was expected to be main A-D segment., The boronic acid site was expected to be a
electron acceptor site€onsequenily, the interaction of anion onto boron center was
expected to alter the ACT efficiency of the sensor resulting in the large response of
their spectra. )

For betier understanding ,;For photophysical properties, the free
methylated sensors.and their tri-cyano adc]_gcts were calculated using density function
theory (DFT) at B3LYP/G-31+G(d) Ievei;.‘ As collected in Table 3.5, natural bond
orbital (NBO) charges of rigth segments suggested that segment of free sensor which
possessed a negative charge acted s donor site while the figth segment or the boronic
segments which possessed a posiﬁve chargé-f%\et_ed as an electron accptor site. Upon
the addition of CN’, the recognition segmen@ér‘@e turned to negative corresponding

to the reduction in acceptability of boronic g’gid resulting in the pertubation of ICT

d

excited state. Itimeaned that the dominating‘of this ICT excited state was swithced

“on” by the formation-of-anionic-adduct:
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Table 3.4 NBO charges of segments of o-MNQB, m-MNQB and p-MNQB and of
0-MNQB(CN);", m-MNQB(CN);~ and p-MNQB(CN);™ derived from the B3LYP/6-
31+G(d) computations

Species Charge * Total charge *
Left segment Right. segment
Free hosis
0-MNQB s f 0268‘5 0.02685 0.00
m-MNQB -0.03985 0.03985 0.00
p-MNQB 40:02358. % 0.02358 0.00
Full CN-substituted hests \ &
0-MNQB(CN)g" 0.04235%y -0.95762 -1.00
m-MNQB(CN)z™ -0.08330 4 -0.91670 -1.00
p-MNQB(CN)s 44001968 4 -0.97892 -1.00

‘(f

% The elementary charge tinit 5 4:602 x 10 19 coulgmbs

—"

We can conclude that fluo‘re”sciaﬂce_ modulation of the methylated
naphthoqumone imidazole boronic based sensors was attrlbuted to the disturbance of

mtramolecular Charge transfer upon the anion binding. Thls ICT state was
predominant by the poor acceptability on boron center after blndlng with anions such
as OH, F and CN. [5, 75] A large fluorescence response toward nucleophilic attack
of these sensors occurregisince the boron center behaved as a complementary acceptor
of a standardelectron donor-acceptar system(D-A or A-D). The presence of electron
donor (imidazole group) and electron acceptor (naphthoquinone group) as a main A-D
site caused a prerequisite dipole moment change resuiting in a large change«in spectral
properties. [90, 91]
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3.4.3.5 Analytical applications of the sensor in the CTAB micellar

system for micromolar cyanide detection in water

From the successful results of the incorporation of sensors in the
CTAB micelle, this system can improve the cyanide detection down to micromolar
level. For analytical applications, the calibration curves of cyanide ion were carried
out using the optimum eondition (5x10° mel/L ef sensors and 5x10° mol/L of
CTAB). At below 50 uM cyanide concentration.which is the level in practical
application, the emission intensities at 460 nm of m-MNQB and p-MNQB versus the
cyanide concentration provided two well linear ranges of cyanide detections, 2.5-15
uM and 20-40 M (Figure:3.36). Analyscical parameters of m-MNQB and p-MNQB
were listed in Table 3.50 The results clearly.-gdemonstrated that the synthesized sensors
in CTAB micelle gave excellent limits of detection of cyanide at 1.42 and 1.47 uM
for m-MNQB and p-MNQB, resp‘ectively.”";a L
Table 3.5 Analytical characteriétic-s of mMNHQB and p-MNQB sensors (5x107
mol/L of sensors, 5x10° mol/L 6f CTAB in"'Ir_‘.’Z_l_‘ethanoI:HZO)

2o A4
Linear . -4 Detection
“Linear regression Correlation Lo
Sensors range _ vaw limit @
- equation (i) coefficieAt-(R)

(M) (uM)
2.5-15 | =3.15Ccn + 25.47 0.9956

m-MNQB | 1.42
20-40 I =11.22Ccy - 135.12 0.9920
2.5-15 | =2.37Ccn - 15.09 0.9970

p-MNQB 1.47
20-40 | = 6.84CcN - 72.46 0.9963

[a] Detection limits were calculated from the concentration at which the fluerescence
Intensity is 3.times of standard deviation of the blank (n = 10) [115]

Ccn = concentration of KCN in mol/L
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a) 300

Intensity at 460 nm

b)

01"

Intensity at 460 nm

25 50 75 100 125150 20 25 30 Y 40
ARNATHS UM INGTR Y
: )
Figure 3.36 Calibration curves of cyanide 2.5-40 uM, 2.5-15 uM and 20-40 uM for

a) m-MNQB and b) p-MNQB in optimum condition (5.0x10° mol/L of sensors;
5.0x10 mol/L CTAB in 1:4 ethanol in H;0).
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3.4.4 The electronic properties of the anionic adducts of the sensors

As demonstrated by previously, the methylated naphthoquinone imidazole
boronic based receptors showed excellent fluorescence response toward hybridization
changes of boron center upon the nueleophiliic substitution by OH", F" and CN". A
large stoke shift (Alex-emiss = 120 nm) as well'as:enhancement of large blue shift (ca.
100 nm) of new emission band at 460 nm of sensercorresponded to the existence of
RBX3 species. Henceforth, the existences of RBXs species of each system were
characterized using-several iechniques such as "H*NMR, °F-NMR, and cyclic
voltammetry.

|
344.1 S M-NMR spectroscopy of fluoride and cyanide adducts of

the sensors

'H-NMR /Spegtra of fluoride_ and cyanide adducts of the methylated
receptors were meastired. in” DMSO-ds ”ué'infj- tetrabutylammonium fluoride and
potassium cyanide, respectively: After the éd‘;:ii{ion of anions (3 days), we found that
'H-NMR spectra of m-MNQB “and p-MN(.;Bi'é-howed the complete vanishing of
hydroxyl signals of m-MNOB and p-I\/INQBIét_Q.'Z_QVppm and 8.23 ppm, respectively.
The signals of all aromatic pfoton shifted upfi-eldd'due to the existence of the anionic
adducts upon the-binding (Figure 3:38 and Figure 3:39): As-shown in Figure 3.37,
0-MNQB showed-the incomplete changes by the remaining of free sensor signals due
to the poor substitution of nucleophiles to the boron center. Therefore, the poor
fluorescence response of.0-MNQB caused hy the low concentrations of its RBX3™ (X

= F, CN):species.
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o-MNQB 0.001 M + 10 TBAF

Figure 3.37 The H-NIMR specirtim (400, Mk .\H QB (0.001 mol/L) in
presence of 10 equiv. of J:u"‘ tylammonium fluoride in
DMSO-ds. —Len

u.-..-suwuu

Figure 3.38 The H-NMR spectrum (400 MHz) of m-MNQB (0.005 mol/L) in
presence of 10 equiv. of potassium cyanide and tetrabutylammonium fluoride in
DMSO-ds.
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Figure 3.39 The 'H-) QB (0.005 mol/L) in
presence of 10 equiv. of notas ;"‘H,L‘ tetrabutylammonium fluoride in
DMSO-ds. —=

A

ide adducts of the sensors

e =
Anger Genter of the methylated
receptors were cl@f d , R s n D%-de by the addition of
3 equivalents of tetrabutylammonium fluoride. *F-NMR spectra of m-MNQB upon

adding showed the sign 28 n “ F',‘ 4.67 ppm for RB(OH)F,
and 14%12 u r R %\ﬁ% cﬂ @ﬁ% only signal of

monosukﬂiluted fluoride (RB(OH)zF) at 129.89 ppm [89] (Figure 3. 41) due to the
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3.4.4.3 Electrochemical studies of the sensors in the presence of
cyanide in the mixture of DMSO:H,0 system

Cyclic voltammograms of o-MNQB, m-MNQB and p-MNQB were

e of ensor, m-MNQB and p-MNQB
ﬁe solution of sensors, the CV
M of both sensors. It was

solution. Consequently,
NQB showed slightly
uiv CN". The CV results

current (uA)

I.A l.2 I ¥ -UJ -l].ﬁ -..;I -I] 2 0o
Potential (V). vs Ag/AgC]

current (pA)

(]

Figure 3 42 Cyclic voltammograms of sensors ingthe absence (solid line) and the

R IR A LA RE R

for o-MNQB in 0.1 mol/L NaCl 1:1; H,0:DMSO)
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3.5 The sensing properties of the anthraquinone sensors towards
monosaccharides

The previous results showed that naphthoquinone imidazole boronic based
fluorescence sensor for anions in terms

sensors gave an excellent characteristic
! rge he formation of anionic adducts.
Accordingly, the quinone - based s 5.9 ected to use the alternation of
the ICT process to indu i @ce intensity changes upon
binding saccharid 01 ¢ ity of the na oguinone sensors in organic
' ation quino ) ' | sensors are required. More
extended aromatic '-_- n “ aguinone ere synthesized and the
complexation ' | 7 ‘ _ arides was studied.
Considering the exie ed’ 1 ‘o-'- terh it is '-;n--g that the anthraquinone
sensors would show a'better soli Illg ) ‘organic so \

: ALl \
pridey

2R

n also provide stronger
emission spectra. |

HO,
B—OH

- ~CH
=7

=)
b
ﬂ TG W«l ST TaTal S

and MA

QW']%WﬂiﬂJ URIINYIA
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3.5.1 Photophysical properties of the anthraquinone sensors, HAQB and
MAQB.

As listed in Table 3.6, photophysical properties of the HAQB and MAQB
offered better optical properties tha se of naphthoquinone sensors including
extinction coefficients and g he better conjugative m-system.

Similar to naphthoquinone de Ve tlon of anthraquinone involves

the migration of electron.density . roup to electron acceptor
group. [7, 92, 93] B
of this sensor prowided & Jemissive | -   than_that of the methylated

d n-conjugative system
anthraquinone sensopit

Table 3.6 PhotophySicalproperties of HAQB and MAQB in BMSO and EtOH

Sensors/solvent #* A.,g(nm) - Extinction coefficients — Aem (nm) o

HAQB
DMSO 535 0.225
EtOH 542 0.323

MAQB |
DMSO Vi - 0.027

EtOH m ‘ m 536 0.051

# Quant é yields Wge-ﬁtermlned us%quﬂe sulfate as the standard (®stp) 0.508

umvm INBINT
ﬂW']éWﬂiﬂJ URIINYIA
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a) ., — HAQB [0 b) 1]
----MAQB
g 03 z 2 os -y
Z 0.6 £ 0.6 =
= _: '§
E 0.4 E 0.4 E
E 0.2+ ozliS | E 0.2 %
E | | "// \
* wavelength (nm) \ Y | i ‘&/ wavelength (nm)
Figure 3.44 Absorpti ssion s A | MAQB (5x10° mol/L)
in a) DMSO and b) E ' "
3.5.2 The¢ Xagion stu '{ the anthr : sensors, HAQB and

(J."’x

The aim of ‘ocusgf‘pn. e evaluati

e spectrophotometry

of the new ICT sensor based

on anthraquinone imi aron ‘acid as a saccharide fluorescence probe. Due to

the solubility limit,

ethanol:water. Previous
fastest in aqueous basic medT/ i > th ., n. ;
(Scheme 3.7). [5 Due to the Tack

coordination,

where the pH 3*'; ger than t ch fost of boron centers

existed in the tet. edral form. [62-66

mwsmwmm

B, ‘OH H*

AR 6 AN INGAN Y

Scheme 3.7 The acid-conjugate base equilibrium for phenylbronic acid in water

d out in the mixture of
po TQdT at | ction of boronic acid and diol was
» boron existed in a tetrahedral anionic form
ﬁap iate donor atom sueh as nitrogen for self-

i gﬂl‘ll|.l"\‘-Illl‘-.;ﬂllllll‘l_ll.@l“.l&ll‘l;""III-;“"HﬂIl- (1S must be performed
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According to Figure 3.45, fluorescence-pH titration of HAQB and MAQB in
20% EtOH:H,0 and 40% EtOH:H,0, respectively, displayed fluorescence quenching

in a basic pH condition.

a) o =1 i b)

pH 5

1504
pH 12

Intensity
3

Figure 3.45 Fluoresce SPECtre of. B (10 I/L in 40% ethanol: buffer) at
pH 3-10 buffer and OB (5x10°° mol/Lin etha l; buffer) at pH 5-12 buffer
(pH 3-5 : 0.2 mol/k phthalz -HCI-A{uﬁ pH 6- 0 /L phosphate buffer, pH
8.5-10 : 0.2 mol/L sodiu bﬁal"egé)’tiiﬁ" oM 1- mol/L phosphate-NaOH
buffer) .n-lr'":J _J:

The pK, values of H@E@J :.. JE be estimated by fitting emission

intensities versﬁpH using a non- I|nea 3, [75] where lacig and lpage

©)

mm.m% aasz:‘?;}mmﬁﬂ. -

values of phenylboronic acid without intramolecular N-B interactions. [5]
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1_0*._,_]1-‘_.9,._@“9_,9_3 O HAQB obs
\\\,g ----- HAQB cal

=3 O MAQBobs

0.8- W, - == MAQB cal

® mol/L in 40% bugfe PH: -10,buffer ar d M AQB (5x10™ mol/L in 20%
thalate-HCI buffer, pH 6-8 : 0.2

ethanol: buffer) at 3 l-" mo \\\ N

mol/L phosphate bu W 02/ 10 diun ate pbuffer, pH 11-12 : 0.2

The 1:1 stoichio idated by the continuous variation
method or Job’s method [7] using

monosaccharide. The plot of | 'aﬂ,.;;*;_” indicated that the stoichiometry

= _r""u- "l

l . .
a representative of the simple

of complexes was 1:1

Figure 3.47 Job’s plots for 1:1 complexes of a) HAQB and b) MAQB with
D-fructose at pH 8.5 (5x10®° mol/L in 40% EtOH:buffer pH 8.5 for HAQB and
5%10”° mol/L in 20% EtOH:buffer pH 8.5 for MAQB)
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To explore the general applications of sensors HAQB and MAQB, the effect
of sugars on the fluorescence responses of HAQB and MAQB was examined at pH =
8.5 in the mixture of 40% EtOH:buffer and 20% EtOH:buffer, respectively. As shown
in Figure 3.48, the addition of D-fructose resulted in significant fluorescence intensity

a)  sw
600 4
Ea
% 400 -
B 200 4
u_
400
Figure 3.48 Fluor in 40% ethanol:buffer
pH 8.5, Aex = 410 nim 0-150 mM of D-fructose

=
T

et
=

=
it

AI;’IG at 600 nm

Y

| ¢ e o
ARG i BAG A By i
40% ethanol:buffer pH 8.5) and b) at 560 nm of MAQB (5x10™ mol/L in 20%
ethanol: buffer pH 8.5) in the presence of 0-150 mM of various saccharides ; [1 = D-

fructose, o = D-galactose, V = D-glucose, A = D-mannose



112

Furthermore, the effect of other saccharides including D-galactose, D-glucose
and D-mannose were also studied at pH 8.5. As displayed in Figure 3.49, when
fluorescence intensities were monitored at 600 nm for HAQB and 560 nm for
MAQB, the results clearly showed that the binding of other simple monosaccharides
with the sensors effected fluorescence intensities. It seems that the binding affinity
toward simple monosaccharide of the sensog followed in the order of D-fructose >
D-galactose > D-mannose > D-glucose. For_moresguantitative results, the stability
constants Ks between the sensors and.Saccharides were determined using the non-
linear fitting of intensities at 554 am versus saccharide eencentrations as expressed in
equation 4. [75] Stability censiants were calculated on the basis of 1:1 sensor and

sugar interactions. ﬂ

7L I, +f°5ks[Sugar]

1+ Ifs [Sugar] @

As summarized in Table 3.7, the affinity trend of both sensors followed the
"
preliminary results. Indeed, the ‘affinity trends were similar to those observed in

phenylboronic acid reported previously. [59-63':-‘_:"

Table 3.7 Stability constants'(Ks) of complexés of HAQB and MAQB and different
monosaccharides-at pH8:51n40% ethanol: sodium- borate butier and in 20% ethanol:

sodium borate buffer, respectively

Sugar Stability: constants (K, M™)
HAQB MAQB
D-fructose 51.15 454,70
D-galactose - 246.26
D-glucose 1 98.63
D-mannose - 115.21

* not determined
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Unfortunately, fluorescence titration experiments for HAQB cannot provide
the stability of all sugars due to the small fluorescence change upon the addition of
D-galactose, D-glucose and D-mannose. However, the fluorescence spectral changes
(Alllg) showed that affinity trend of HAQB belonged in order of D-fructose >

D-galactose > D-glucose > D-mannose me as observed in the case of MAQB.
The titration results and stabi ‘g\‘. nst: )B indicated a high selectivity of

@simple mono-boronic acid

arrange a syn-periplanar

depended on the a
orientation which 7 or nplexes. [5] As listed in
Table 3.8, DO equilt 4O 1085 that D-fructose has an
‘ 56 _ ereas those values of
\« monoboronic based

sensor remarkably preferred bind vith . D-fructose r monosaccarides.

enormous percenta

the other monosag

AULININTNEINS
RIAINTUNRINEIAY
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Table 3.8 Equilibrium percentages of syn-periplanar anomeric hydroxyl pair of

furanose form in D,O of simple monosaccarides [5]

Percentage of furanose form
Structure of furanose form

] ] (with syn-periplanar
Monosaccharides  (with syn-pe ] o
R anomeric hydroxyl pair) in

D,0 (%)
D-Glucose 0.14%
D-Mannose | FHe (9& B WY 0.3°
3-D-mannofur;
fiibee
s -f " " f
D-Galactose ' 2.5°

(=1 7-UdldlUlUlULAdLIUSE

Y— :

D-Fructose

ﬂumnﬁi’wmm

IS ﬁﬁ@”ﬂ BIANYIAY
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3.5.3 The correlation of ionization state of the boron center and
fluorescence properties of sensor MAQB

According to pH-dependent experiments in the absence and the presence of
sugars, the correlation of the fluoreseence properties and the feature of the sensors
could be deduced. Firstly, to understand the stetctural features associated with the
fluorescence properties changes, the pH-profile.of MAOB in the absence of sugar was

re-considered.

300

600

400 4

Intesity a6 560 nm

200

4 6-2dia 3 10 12
pH/

Figure 3.50 pH-Profiles of the quorescencéjntensities 560 nm of MAQB (5x10°
mol/L, 20%EtOH:buffer) in various pH (pHné-.Sn 0.2 mol/L phthalate-HCI buffer, pH
6-8 : 0.2 mol/l> phosphate-bufferpiH-8.5-10.-0.2mol/A-sodiumorate buffer, pH 11-
12 : 0.2 mol/L phosphate-NaOH buffer)

As displayed. in Figure 3.50, at pH_ 4, the strong emission band with
fluoreseeénce maxima at'555nm was cbserved that peak: possibly, cerresponded to the
protonated at nitrogen of trigonal planar boronic acid species. ‘At the'pH range 4-6.5,
the fluorescence intensity decreased as increasing of pH due to the formation of
nelitfal /froni_of, MAQB“With sp® fybridization /bordh/ cefiter.” The fludtescence
intensity decreased dramatically when-the pH ‘changed from'6 te-9 and snow aslightly
changes beyond 9. Besides the quenching of fluorescence intensity at upon the
increasing of pH, the slightly red shift to 587 nm was also observed. the These
changes possibly correlated with the hybridization changes of boronic acid from sp? to
sp® upon the hydroxide binding as illustrated in Scheme 3.8.
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_K hex = 395 nm LLLL‘\
HZO H3 /z HZO 30 N= i
! ‘ ‘ N-CH;4 l l ! N ~CHs ' ‘ ‘ N-CH,

high fluorescence ate ' l#/ low fluorescence

Scheme 3.8 Associati cenc*)ropmzatlon states of MAQB in

sensor in the pi -fructose, D-galactose,

D-glucose and showed the fluorescence

enhancement and redsshi - ddit cha 'as represent in FE values
J W L :

(/1o at 560 nm) i J : }‘itg_ lightly fluorescence enhancements and

red shifts were obse g@q'ﬁ -6. It is implied that the interactions

between the sensor and sugar cotifd c idic media.

Table 3.9 Fluorescence en_bzw_, alues
iy e

50 mM of var o

60 nm of MAQB in presence of

J: |

pH

‘ ' n@o
ructose D-Galactose S€E D-Mannose

Ui :
1

ARSI NI TS Y

g 85 2.70 3.07 2.17 2.45
9 4.24 5.04 3.91 4.00
10 3.66 5.22 453 4.16
11 6.17 6.72 * 4.89
12 6.78 7.49 * 5.45

-* not determined
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The increasing of the fluorescence quantum yield of the sensor upon binding
with saccharides was attributed to the switching “off” ICT transition upon the

reduction of electron acceptability of the boron center as illustrated in Scheme 3.9.
[79]

Aex 395 nm

ﬂﬁﬂ’)ﬂﬂﬂ‘i‘ﬂﬂ’]ﬂ‘i

Figure 351 pH-Profiles of the quorescence intensities ratio at 587 nm and 555 nm

TSN L0/ o i3 30K 3

20% EtOH in various buffer; pH 3-5 : 0.2 mol/L phthalate-HCI buffer, pH 6-8 : 0.2

mol/L phosphate buffer, pH 8.5-10 : 0.2 mol/L sodium borate buffer, pH 11-12 : 0.2
mol/L phosphate-NaOH buffer)
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Regarding to the ionization changes, the pH-profile of MAQB was re-
plotted between the ratio of Isg/Isss (indicative of sp*/sp?) against pH in order to track
the ionization state changes of the boron center. As illustrated in Figure 3.51, the pH-
profile in the absence of sugars showed that the ratio of Isg7/lsss remarkably increased
where the pH of the solution was larger than pKa. These results indicated that anionic
tetrahedral of boron was formed at pH = piK. as described previously. Furthermore, in
the presence of saccharides, the resuits weie sumilar to those in the absence of
saccharides. The sp® form of the sugar-MAQB adduct increased as increasing the pH.
The ionization changes'in the presence of saccharides were observed at lower pH than
that in the absence.of sugars (the shifted to the left of the pH-profile). It can be
rationalized that thes pKy of saccharide-boronic complex are lower than the
uncomplexed boronic acid in other words the boronic ester Is more acidic than the
boronic acid. The higher.acidity of saccha:rjde—sensor adduct can be explained by that
the formation of tetrahedral boronate-sacch,aride complex or the rehybridrization from
sp”to sp* of the boron reduced ring straiin and lowers the energy of the product.
Consequently, the equilibrium between thé“ neutral boronic acid -saccharide complex
and the boronate anion-saccharide‘complex éi}lfﬂed to the right resulting in the lower
pK, of saccharide-boronic complex. [5] 7 A

According to Table. 3.8 .and Figu_re-f_SLS_l,r besides the correlation of the
hybridization of the boron cehter and emissioh mdéxima, the fluorescence intensity of
the saccharide—sensor adduct seems to be much stronger than that of free sensors,
although, they were possessed the same ionization state especially at high pH (11 and
12). This result indicated that it was not only the effect of the ionization state or the
hybridization of theberon changes that cerresponded to the fluorescence signal
changesyschanges in electronic structures also influenced the fluorescence intensity.
Regarding, ICT properties of the sensors, the fast internal conversion (IC) mainly
causes low quantum yield in polar solvents. [116] Presumably, the internal gonversion
pathway wasgrohibited upon the saccharide binding resulting in the increasing of the

fluorescence intensity.



CHAPTER IV
CONCLUSIONS

oronic acid based fluor escence sensors for

4.1 Naphthoquinone imidazoledione
cyanide detection in water

Naphthoquinone i mdazoledione | &\orescence sensors have be en

synthesized from hetg clic pr SO x1dat1ve ¢ ondensation of
2,3-diamino-1,4-n. € 8 rotected f ormylphenyl-
boronate yielded t_he" esterpic : oducts %, 45%a nd 71%yi elds,
respectively. The prg or atec f sle 4 ; \ \‘\\ and p-HNQB can be
accomplished upon t hesre al of sthe protecting group 1 quantitative yields. The
methylated sensor NQE M : VINQB ¢ n be accomplished by the
reaction of the correspor * " _ _ AW methyl iodide to give desired

products upon the de; ction of group in 2 ",‘ 0%, and 45% yields for
o-MNQB, m-MNQB and | )B, respe A |
HO
B-OH
N-R

o-HA’I\y ortho isome
m-H meta isomer =

R =H
p-HNQB : para isomer

HAQB:R=H
MAQB' R = CH,

ﬂ%ﬂ%%ﬂ%‘ﬂ’ﬂﬂ?ﬂ‘i
W"Iﬁﬁﬁﬁfﬁw‘i‘]’mmﬁ d
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Spectrophotometric inv estigations of 0-HNQB, m-HNQB and p-HNQB in
DMSO with various anions exhibited the red shift of absorption spectra concomitant
with the color changes from yellow to red upon the addition of basic anions including
F, OAc’, BzO™ and H,PO,". Color and UV s pectral changes can be explained by
means of the deprotonation of NH to N' on the imidazole moiety resulting in charge
transfer from the donor to the electron acceptor group. Besides the color changes by
basic anionsin DMSO, m-HNOQB and p-HNQB:showed t he na ked-eye sensor
character for cyanide in the mixture of DMSQO:H,0 due to the weak acid properties of
HCN in DMSO and HsO:However, all protonated sensors showed poor characteristic
of a fluorescence semsor La't erm of § electivity. T hey o ffered t he que nching of
fluorescence intensities upon the addition of basic anions including F', OAc™ BzO
and H,PO, dueto the inverse 0f P.ET pr 0gess upon the deprotonation. The binding
mode of anion recegnition wasc larified la,y the control compound 7. The 'H-NMR
and U V-vis techniques r evealed that t hen‘fm ton such as F°, CNand O H could not
interact with boroni¢ acid in deprotonatiog-_form sensors due to the repulsion of the
negative charge. o

Complexation s tudies of methylatéib sensors 0-MNQB, m-MNQB and
p-MNQB were carried out using the ﬂuoreséérl-c'é' spectrophotometry in four solvent
systems including DMSO, DMSO:H, 0. DMS?HEPES pH 7.4 and CTAB micelle. In
DMSO system,"m-MNQB aﬁd p-MNQB shoWé& tﬁe appearance of a new emission
band at 460 nm-dirthe-presence-of-excesssamountof-tiuworide. However, fluorescence
responses of this.ba nd did not provide saturated signal cven in the a ddition of an
excess amount of fluoride in DMSO system. The complexation studies with anions of
all sensors in the DMSO:H,0 (1:1) systemsshowed t he hi gh intensity fluorescence
band at 460 mm upon the addition of cyanide and fluoride. Regarding to fluorescence
response (1-Iy) of ‘the new emission band at 460 n m, 1t'suggested that all methylated
compound sensors preferred to bind with cyanide over fluoride and otherssanions in
this system. =However, the'sensors also responded to OH! resulting in the significant
increasing of the fluorescence intensity at 460 nm. The fluorescence properties of the
sensors were also studied in the mixture of DMSO:HEPES pH 7.4 (1:1) in order to
control t he hydr oxide ¢ oncentration. Results show ed that sensor m-MNQB and
p-MNQB in this s ystem s till gave unpr omising results in cluding the s low rate of

cyanide r esponse and the limit of cyanide detection because the pH or hydr oxide
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concentration of this cyanide detection system could not be controlled by the HEPES
buffer. Therefore, the ne utral bo ronic a cid based s ensor ¢ ould n ot pr ovide a
reasonable anion or cyanide detection system due to the lack of positive charge for a
driving the anion recognition.

The optimum condition f or ¢ yanide de tection us ing the a ssistance of a
surfactant was investigated in a micromolar level of cyanide concentration in water.
The optimum ¢ onditionf or micromolar ¢ yanidesde tectioni n water usingt he
incorporation of mM-MNQB or p-MNQB into 4 cationic.m icellar systemis 5x107
mol/L of sensors and5x10™ mol/L of certyltrimethyl ammonium bromide (CTAB) in
1:4 e thanol:H,O. _@emparedt o ¢ yanide de tections tudiesi nt he s olutiono f
DMSO:H,0, t he CEAB migellars ystem pr ovided s ignificant i mprovementi n
sensitivity and selectivity resulting in IOOO-T.fOId enhancement of the detection limits
for m-MNQB and p-MNOB. At below 5;0 uM of K CN under optimal condition of
CTAB, fluorescence intengities at 460 nm.“'.pf ‘M-MNQB and p-MNQB provided two
sets of linear ranges, 2.5-15 uM and 20—4I(}‘_ 4M and the limit of cyanide detection at
1.4 uM. F urthermore, the stab-ility consta-r;t-:"'(.)f .':tricyano complex of m-MNQB and
p-MNQB under optimum c ondition of thé"‘??_TAB micellar sys tem showed similar
affinities for both s ensor, log Bz —4.19 J_rOi)i ;’jrid 3.99+0.05 for m-MNQB and
P-MNQB, r espectively. H owever, 0-M NQB?_.sI_l_'gw_ed a poor response t oward a ny
anions even cyanide in any systems includiﬁg DMSO, DMSO:H,O, DMSO:HEPES
pH 7.4 and CTAB micellar system due to the steric hindrance on the binding site of
this sensor. 7

As described‘previously, the blue band corresponded tosthe existence of anionic
form of RBX3™ when Xurepresented F~ or N and O H'. Regarding to their na tural
bond orbital (NBQ) charge, the naphthoquinone imimdazole acted as'main donor site
and borenic aci d acted as acc eptor s ite of the f ree sensor. T he fluorescence
enhancement at 460 nm c orresponded to the p ertutbation of ICT e fficiency by the
decreasing of'electron acceptability pr operties of a cceptor site upon afion binding.
The new blue band was ascribed to the destabilization of charge transfer at the excited

state of sensors resulting in large energy band gap of anionic forms of sensors.
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4.2 Anthraquinone imidazoledione boronic acid based sensors for saccharide
detection

Anthraquinone imdazoledione boronic acid based sensors were designed using
the ICT concept. HAQB and MAQB were synthesized using similar procedure to the
naphthoquinone based sensor to give the desired products in quantitative yields at the
last step. Complexation properties of HAQB and MAOB were studied using various
simple monosaccharides.as a particular guest. Aecording to pH variation experiments,
pKa of both s ensors w ere ¢ stumated t?)mbe 8.45 and 8.14 for HAQB and MAQB,
respectively. At pH=8.5, both.sensors showed fluorescence enhancement upon the
addition of monosaccharides and the slightly red shift (ca. 30'nm) was observed in the
case of MAQB. Aecording to the stabillity constants Ks of the 1:1 complex, results
clearly s howed t hat ghe bi nding a'fﬁnitSL t oward s imple m onosaccharides of bot h
sensors was in order of. D-fructosg > D—ga—ifact(_)se > D-glucose > D-mannose. Besides
the si milar bi nding: affinity t réﬁds of b'bths ensors, HAQB showed remarkable

selectivity toward D-fruetose. .|

: 7 . e
Furthermore, the correlation of  fluorescence properties a nd hybr idization
changes of MAQB was explored i the preséﬁeé:{;‘f and in the absence of saccharides

by pH variation experiments. Emission bandisEl_t;_-S'IS_S nm and 587 nm were ascribed to

=l

sz and Sp3 hybridization of ti;;: boron centerj réspectively. Flugrescence intensities of
saccharide-sensoiadducts~were stronger than thratof tree sensé)r at the studied pH
(4-12). It can be concluded that not only the effect of ionization state or changes in
hybridization of the boron center resulted in the fluorescence signal changes, but that

changes in electronigsstructures also influenced the fluorescence intensity.
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4.3 Suggestions for future works
Future works will focus on:

i) characterization of cyanide-sensor adducts using ''B-NMR spectroscopy

ii) evaluation of M-MNC QB in the CTAB micellar system for
the analytical appl

drinking wa

ection in real samples such as

iii) pH depe monosaccharides using

spectrosce

iv) comple AOB and MAQB with

monosaccarid

ﬂUEJ’J‘i’lHﬂﬁWEJ’]ﬂ‘i
amaqnsmumwmaﬂ
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Figure A.7 The "“GINMR spectrim (1006 M Hz) of 2-(2-(5,5-dimethyl-1,3,2-
dioxaborinan-2-yl)phenyl)- 1 H-naphtho[ 2. azole-4,9-dione (4a) in DMSO-ds.
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Figure A.13 The "“GINMR spottrint (1006 M H2) of 4.9-dioxo-4,9-dihydro-1H-
naphtho[2,3-d]imidazol- _ ‘ 0-HI
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Figure A.15 The “GINMR spottrint (1006 M H2) of 4.9-dioxo-4,9-dihydro-1H-
naphtho[2,3-d]imidazol- oni | ‘

Figure A.16 The 'H-NMR spe ctrum (400 MHz) of 4,9-dioxo-4,9-dihydro-1H-
naphtho[2,3-d]imidazol-2-yl)phenylboronic acid (p-HNQB) in DMSO-ds.
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ds.
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Figure A.20 The 'H-NMR spe ctrum (400 MHz) of 4-(1-methyl-4,9-dioxo0-4,9-
dihydro-1H-naphtho[2,3-d]imidazol-2-yl) phenylboronic acid (M-MNQB) in DMSO-
de.
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FlgureA 22 The 'H-NMR spectrum (400 MHz) of 4-(1-methyl-4,9-dioxo-4,9-
dihydro-1H-naphtho[2,3-d]imidazol-2-yl) phenylboronic acid (p-M NQB) in DMSO-
ds.



147

7). of 4-(1-methyl-4,9-dioxo-4,9-
a cid (p-MNQB)in

Figure A.23 The SGIN
dihydro-1H-naphth 0[2.3
DMSO-ds. v

Ta1H-NMR esp.

Figure A.24 The 'H-NMR spe ctrum (400 MHz) of 2-phenyl-1H-naphtho[2,3-
d]imidazole-4,9-dione (7a) in DMSO-d.
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Figure A.29 The “€-NMR spe , of 24(4-( \3,2-dioxaborinan-2-
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Figure A.30 The 'H-NMR spectrum (400 MHz) of 4-(6,11-dioxo-6,11-dihydro-3H-
anthra[ 1,2-d]imidazol-2-yl)phenylboronic acid (HAQB) in DMSO-ds.
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Figure A.31 The E@NMR spectrum (100.6 M Hz) of 4(6,11-dioxo-6,11-dihydro-
3H-anthra[1,2-d]imidazol-2- ' '
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‘Igure A. 32 The 1H-NMR spe ctrum (400 MHz) of 4 (3 methyl 6 11- leXO 6,11-
dihydro-3H-anthra[1,2-d]imidazol-2-yl)phenylboronic acid (M AQB) in DMSO-ds.
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Table A.1. Relative energies (AE,¢) of -MNQB, m-MNQB and p-MNQB and of
0-MNQB(CN)3, m-MNQB(CN)s and p-MNQB(CN)3~ computed at the B3LYP/6-
31+G(d) level

Species AE"
Non CN-substitutea
o-MNQB 3.42
m-MNQB ¢ 0.00

p-MNQB 00N 50026 N 0.40

Full CN-substi ;

oMNQB(CN); & 4 . 6.08
erNQmC{-d"_“_:” 11  an 0,00
p-MNQB(CN)3 F AR N 133

% In hartree. ° In kcal/mol.

of non cyanide-substituted
ligands. ¢ The most stabl

ituted ligands

X
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A.1 Molecular structuresand total energies of o-MNQB, m-MNQB and p-MNQB
and their cyanide adducts.

Compound: o-MNQB
Total energy: -1129.1705186
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Compound: 0-M N@

Total energy: -1256
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Compound: m-MNQB

Total energy: -1129.1759608 au

Table A.4 Cartesian coordinates (i
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Compound: p-MNQB

Total energy: -1129.1753226 au
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