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CHAPTER |
INTRODUCTION

1.1 Fluorescent chemosensor

Nowadays, fluorescent chemosensors play an important role as analytical
methods for detection of anions, metal ions, and biomolecules in chemical, biological,
and environment research. Most of fluorescent sensors are composed of the following
two main components: 1) a receptor unit for selective binding of the analytes, and 2)
a fluorophore unit that provides the means of signaling upon the receptor-analyte
binding, whether by fluorescence quenching, fluorescence enhancement, or emission
wavelength shift (Figure 1.1) [1]. The mechanism which controls the response of a
fluorophore to substrate binding, includes Internal charge transfer (ICT) [2-4], photo-
induced electron transfer (PET) [2-5], fluorescence (FOrster) resonance energy transfer
(FRET) [6, 71, aggregation-caused quenching (ACQ) [8] and excimer/exciplex formation

or extinction [2-4, 9].

analyte

l read-out

receptor transducer

Figure 1.1 Basic principle of chemosensors.

1.2 Fluorescence

The fluorescence phenomenon is a lisht emission process of aromatic

compounds or highly conjugated molecules. This process involves the absorption and



emission of light, and it usually can be described by the Jablonski diagram as shown
in Figure 1.2 [10]. When a molecule at the electronic ground state (Sy) absorbs a
sufficient amount of light energy, its electronic energy level will increase to a higher
level called “excited state”. The molecule in excited state is unstable and it has to
release energy in order to return to the S, state. For the excited fluorescence
molecules, the first portion of energy is lost and the molecules will reside in the lowest
excited electronic state (S;) after geometrical relaxations by bond vibrations and
molecular rotations. The transition from S; to Sy is the release of the rest of energy in

a form of light, which is called fluorescence.

Sz AT
' | Internal
1 Conversion
e A ;
S Y A
Absorption
Fluorescence
n Vi »'.," hv‘. :f !
2 .
S
So 3

Figure 1.2 Jablonski Energy Diagram.

Two groups of fluorescent substances (fluorophores) can be classified by their
structures; small molecules and conjugated polymers. The preparation and structural
properties of these two classes of fluorophores are considered in the design of
fluorescence sensors. Polymeric materials can be prepared with ease by
polymerization of monomers [11], but their polydispersities can lead to uncontrollable
photophysical properties of materials from different batches. For the small molecules,
the synthesis could be more tedious and time-consuming, however, their
monodispersities can assure the emission properties in every batch of materials. In
addition, the well-defined structures of small molecules can lead to the assertive

understanding in the interaction between fluorescent sensors and analytes. From these



reasons, small-molecule fluorophores have been widely used in fluorescent sensors
in the past several decades. Some of the small-molecule fluorophores are shown in
Figure 1.3. The structures of these compounds have been designed in order to occupy

specific range in the fluorescent excitation or emission spectra.

|
4 RN R
|\_R R'HN—,/
4 Z (V]

styryl coumarin

R

P i )

tricarbocyanine
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®

'\ l e k\,\“ COOH
X X
. x,,,g R?_/ \oﬁ,u o /o O NRR®

naphtalimide xanthone dapoxyl rhodol

Figure 1.3 Molecule structure of some common Tl-conjugate molecules and their
emission range in the visible region.

1.3 Fluorescent quenching

Fluorescent quenching is a process decreasing the intensity of the fluorescent
emission. There have many processes involving fluorescent quenching such as excited
state reactions, molecular rearrangements, ground state complex formation, and
energy transfer. Generally, there are two mechanisms of quenching process involving
dynamic (collisional) and static quenching. Both of the mechanisms require an
interaction between the fluorophore and quencher. In the case of dynamic quenching,
the quencher must diffuse to the fluorophore during the lifetime of the excited state
upon contact the fluorophore then returns to the ground state without emission of a
photon. In the case of static quenching, a non-fluorescent complex is formed between
the fluorophore and the quencher. The formation of this complex does not rely upon
population of the exited state. Moreover, the advantage of quenching experiments can
be used as determine the accessibility of quencher to a fluorophore, monitor

conformational changes, or monitored association reactions of the fluorescence of one



of the reactants change upon binding with the quencher. The fluorescent quenching

is usually characterized by Stern-Volmer following equation.

I
7 = 1+ kuolQ] = 1+ Ko[Q]

In this equation Iy is the fluorescent intensity in the absence of quencher, | is
the fluorescent intensities in the presence of quencher, kq is the bimolecular
quenching constant, Ty is the lifetime of the fluorophore in the absence of quencher,
and [Q] is the concentration of quencher. The Stern-Volmer quenching constant is
given by Ky = kg To. If the quenching is known to be dynamic, the Stemn-Volmer
constant will be represented by Kp. Otherwise, this constant will be described as K.
Quenching data are usually presented as plots of Iy/I versus [Q]. This is because ¢/l is
expected to be linearly dependent upon the concentration of quencher. A plot of /I

versus [Q] yields an intercept of one on the y-axis and a slope equal to Kqy.
1.3.1 Photo-induced electron transfer (PET)

Photo-induced electron transfer (PET) often results in signal changing. The
phenomenon of PET has been widely used in fluorescent sensor development [2-5].
The PET-based sensors can be categorized into two modes such as fluorescent “turn-
off” and ‘turn-on’” mode. For the turn-off mode, the receptor takes part only indirectly
in the photophysical process. If the HOMO or LUMO state of receptor is between
HOMO and LUMO gab of the energy levels of fluorophore shown in Figure 1.4 resulting

in low or undetectable fluorescent emission.
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Figure 1.4 Orbital energy diagrams for fluorescent ‘turn-off’ PET sensors before and
after binding with anion and (b) fluorescence emission; (b) forward electron transfer.
There are two possible mechanisms for fluorescent quenching by PET as
depicted in Figure 1.5. If the HOMO level of the donor lies between the HOMO-LUMO
gab of the fluorophore, an electron from the donor presumably transfer to the HOMO
state of the excited fluorophore which acts as the electron acceptor (Figure 1.5, left).
In another case where the empty LUMO state of the receptor lies between the HOMO-
LUMO gab of the fluorophore. In this case, the excited fluorophore acts like the
electron donor to the LUMO state of the acceptor before transferring back to the half-
filled HOMO state of the fluorophore (Figure 1.5, right). The electron transfer processes
are the non-radiative processes resulting in quenching of the fluorescent signal of the

fluorophore.
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LUMO _T_\‘ LUMO _T_\'
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Figure 1.5 Photo-induced electron transfer mechanism.



1.3.2 Aggregation-caused quenching (ACQ)

Aggregation-caused quenching (ACQ) is a general property for organic
luminescent materials which have strong emission in diluted organic solution.
However, it is a common phenomenon that luminescence is often weakened or
quenched at high concentrations or in solid forms. This high concentration is called
“concentration quenching” that mainly caused by the “formation of aggregates”. ACQ
is usually arisen from the intermolecular TT-TU stacking interactions of Tt-conjugated
plane molecules, because TI-TU interactions will facilitate the formation of excimers,

which lead to emission quenching [8].
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Scheme 1.1 Fluorescent mechanism for 1.

1.3.3 Excited-state proton transfer

Excited state proton transfer (ESPT) effect of organic molecule is a fundamental
reaction of photochemistry, and it exists widely in many chemical and biological
processes. Some organic molecules can be excited to the excited state by the
excitation of light. In the excited state, a hydroxyl proton of the molecule can transfer
to the vicinity site of a nitrogen, oxygen, or sulfur atom within the molecule through
the intermolecular hydrogen bond, and then the organic molecule changes into its
isomer. This process is referred to as the ESPT effect. 7- hydroxyquinoline (7-HQ) is a
kind of organic molecules which exhibits the ESPT effect. In normal conditions, 7-HQ

is present in the enol form. When 7-HQ is excited by an UV light, it transits to the



excited state from the ground state of the enol form and quickly transfers to the
excited state of the keto form via the intermolecular.
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Figure 1.6 Scheme of ESPT effect of 7-HQ.

1.4 Literature review on fluorescent chemosensors

Examples of literatures related to fluorescent sensors for anions during the past

7 years are as follows last 7 years are as follows:
1.4.1 Literature review on imidazolium-based fluorescent sensor

In 2012, Shirinfar et al. [12] synthesized probe 1 having naphthalene as a
fluorophore and having imidazolium as a receptor group to generate turn-on mode for
RNA (Figure 1.7). Probe 1 exhibited high selectivity to RNA in solution of phosphate
buffer pH 7.4. Probe 1. It binds RNA through the interaction of the imidazolium protons
with the oxygen atoms of RNA with binding constant of 4.9x10° M. Additionally, it was

utilized as RNA fluorescent imaging probe in onion cells and Hela cells.
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Figure 1.7 General methods for the preparation of 1 (left) and 1 solutions with various
amino acid under black light (right).
In 2011, Ahmed and et al. [13] Synthesized 2 having anthracene and

imidazolium as fluorophore and receptor group. This compound served as a turn-off



sensor for GTP and I” in aqueous solution shown in Figure 1.8. The detection limits
were estimated by the titration between solution of sensor molecule and analytes

showing around 4.8x10" M and 8x10™° M for GTP and I, respectively.
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Figure 1.8 General methods for the preparation of 2 (left) and 2 solutions with various
amino acid under black light (right).

In 2010, Kim and et al. [14] synthesized imidazolium anthracene derivative 3
(Figure 1.9). It exhibited selectivity fluorescent quenching effect by calf thymus DNA
(CT DNA) in 10 mM of sodium phosphate buffer/CH;CN (95:5 v/v) at pH 7.0 with an
association constant is 8.9x10° M. The quenching mechanism was proposed as a

blinding between phosphate oxygens and imidazolium groups of 3.
\ 2PF;
+

N N
¢y L)

Figure 1.9 Chemical structure of 3.

1.4.2 Literature review on guanidinium-based fluorescent sensor

In 2009, Sun and et al. [15] synthesized a new FRET-based ratiometric
fluorescent chemodosimeter 4 for sulfite, in which guanidiniocarbonyl pyrrole moiety
is covalently attached to 9-(aminomethyl)anthracene (Figure 1.10). It was discovered

that guanidinium group responded to SO;* and the limit of detection to 7.8 x 10 M.
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Figure 1.10 Chemical structure of 4 and Fluorescence spectra of 4 in 90% water/DMSO
solution in the presence of other anions.

In 2012, Nogushi and et al. [16] Syntensized TPE having tetraphenylethene and
guanidinium as fluorophore and receptor group, respectively. This sensor showed a
selective turn-on signal for ATP, which was postulated to occur by ion-pairing
complexation of TPE and ATP followed by aggregation-induced emission effect (AIE)
(Figure 1.11).
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Figure 1.11 Chemical structure of TPE and Fluorescence spectra of TPE in HEPES buffer
pH 7.4 in the presence of AMP, ADP and ATP.

1.4.3 Literature review on triethynyltriphenylamine fluorescent sensor

In 2009, Niamnont and et al. [17] reported the synthesis and sensing properties
of water soluble fluorescent dendritic compound A. This dendritic compound
composed of phenylene-ethynylene repeating units and anionic carboxylate
peripheries. Without a surfactant, compound A exhibited a low fluorescent quantum

yield, but a good selectivity toward Hg®*. After adding Triton X-100, the quantum yield
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was drastically increased and the sensitivity for the detection of Hg* was also

improved. (Figure 1.12)
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Figure 1.12 Structure of A and selectivity toward Hg?* ion before (left) and after the
surfactant added (right).

In 2013, Kimpitak and et al. [18] synthesized new molecule in which
triethynyltriphenylamine core and salicylic acid as receptor group. When it was tested
with various types of metal ions, the selectivity with Cu®* had been discovered with

5.79x10° M of K, value. In addition, it was utilized as detector on paper in order to

detect Cu** by naked-eyes.
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Figure 1.13 Structure of triethynyltriphenylamine core and salicylic acid as receptor
group.

1.4.4 Literature review on fluorescent sensors for hydrogen sulfide
1.4.4.1 Replacement of copper complexes

In 2011, Cao and et al. [19] used tricabocyanine fluorophore containing 8-
aminoquinoline coordinating with Cu** to generate a turn on mode in near-infrared
range for sulfide ion in HEPES buffer/ethanol (6:4 v/v) pH 7.0. This sensor showed a
detection limit of 280 nM. The enhancement mechanism was based on the

displacement of sulfide ion to Cu** as shown in Figure 1.14.

Figure 1.14 Mechanism for Sensing of Sulfide Anions.

In 2012, Qi and et al. [20] synthesized a new compound R-1 for sensing
application in water. They found that R-1 had selectivity towards Cu®* in fluorescent
quenching mode (quenching efficiency of 86%). The signal could be restored
selectively by sulfide ions with a detection limit of 4x10® M and a binding constant

around 3x102 (Figure 1.15).
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Figure 1.15 Structure of R-1, complex with Cu** and addition of sulfide anion.

1.4.4.2 Cleavage of the alcoxyl (R-O) bond

In 2015, Zhang and et al. [21] reported novel tetraphenylethene-base
fluorescent probe for H,S, which exhibited high selectivity and sensitivity. This
compound can function as a fluorescent turn-on sensor as well as a colorimetric
sensor. The detection of H,S in living cells was also demonstrated in this work. (Figure

1.16)
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Figure 1.16 (a) Structures of sensor and products. (b) Fluorescence and (c) adsorption
spectra of (1) sensor and (2) products. (d) Color changes of solutions of (1) sensor and
(2) products.

In 2014, Liu and Feng [22] reported a probe based on the excited state
intramolecular proton transfer (ESIPT) in 3-hydroxyflavone. This compound was
originally light yellow and not fluorescent when dissolved in 20 mM PBS buffer pH 7.4
with 20% DMSO and 3 mM CTAB. The addition of SH™ led to emission at 538 nm with
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a color change to deep yellow. The detection limit for SH™ of this probe was 0.13x10°

M base on the signal to noise ratio (S/N) = 3. (Figure 1.17)

|
o~ N
- U ) PN
HS" O : j\ j/ _HS
—_— E;;g]/\f\o SH OO
) //J\]/Noz \n/ "OH
"

(a)

Figure 1.17 Reaction of probe 5 with SH". Color changes of probe 5 (20 mM) solution
after the addition of NaHS (200 mM) (a) under room light and (b) under black light.

1.4.4.3 Reduction of azides

In 2011, Lippert et al [23] reported two azide-caged rodamine analogues as
fluorescent probes 6 and 7 for detection of H,S (Figure 1.18). The fluorescence
properties of two probes were tested in 20 mM HEPES buffered pH 7.4. In addition of
SH’, the probes showed new absorption bands in the visible region and there was a
significant enhancement in the fluorescence intensities. The change in fluorescence
was due to the products of the reactions between 6 and 7 with SH, the corresponding
rhodamine dye structures were confirmed by 'H-NMR and liquid chromatography-mass

spectrometry analyses.
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Figure 1.18 Fluorescent probes 6 and 7 for H,S Detection.
In 2015, Zhang and et al [24] reported 8 based on iminocoumarin

benzothiazole scaffold for detection H,S in 50 mM Tris buffer pH 8.0: 50% DMF. The
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probe 8 utilizes H,S-induced cascade reaction consisting of three consecutive steps:
reduction, elimination and cyclization (Figure 1.19). The fluorescence was measured

after 60 min of incubation and the detection limit of 8 was determined to be

0.15x10° M.

Et;N 0] 3 - Et,N o0~ S NH

Figure 1.19 Fluorescent probe 8 for H,S detection.
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1.5 Objectives of this research

This research involved the design, synthesis and characterization of novel
fluorophores from triphenylamine derivatives with imidazolium group or guanidinium
group as receptor groups (Figure 1.20). The photophysical properties, applications for

anion detection in aqueous media, and sensing mechanism were investigated.
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Figure 1.20 Target molecules.



CHAPTER Il
EXPERIMENTAL

2.1 Chemicals and materials

Tetrakis(triphenylphosphine)palladium (0) Pd(PPh,),, trimethylsilylacetylene,
bis(triphenylphosphine)palladium (II) dichloride (PdCl,(PPhs),) and triphenylamine were
purchased from Fluka. 4-iodophenol, methylimidazole, 3-bromopropylamine.
hydrobromide, Di-tert-butyl dicarbonate, N-bromosuccinimide, 4-
(Diphenylamino)phenylboronic acid and N,N'-di-boc-1H-pyrazole-1-carboxamidine
were purchased from Sigma-Aldrich. All other reagents were non-selectively purchased
from Fluka, Sigma-Aldrich or Merck. For most reactions, solvents such as ethanol (EtOH)
and dichloromethane (CH,Cl,) were reagent grade stored over molecular sieves. For
anhydrous reactions, solvents such as acetonitrile (CHsCN) and tetrahydrofuran (THF)
were dried before use according to the standard procedures. All of the column
chromatography were operated using Merck® silica gel 60 (70-230 mesh). Thin layer
chromatography (TLC) was performed on silica gel plates (Merck F245). Solvents used
for extraction and chromatography such as dichloromethane, hexanes and ethyl
acetate were commercial grade. Some reactions were carried out under positive

pressure of N, filled in rubber balloons.
2.2 Analytical Instruments

The 'H- and "C-NMR spectra were obtained on a Varian Mercury NMR
spectrometer, which operated at 400 MHz for 'H and 100 MHz for **C nuclei (Varian
Company, CA, USA). The HRMS spectra were measured on an electrospray ionization
mass spectrometer (microTOF, Bruker Daltonics). Absorption spectra were measured
by a Varian Cary 50 UV-Vis spectrophotometer. Fluorescence spectra were obtained

from a Varian Cary Eclipse spectrofluorometer.
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2.3 Synthesis of F1, F2, F3 and F4

2.3.1 4, 4°, 4"’ -Triiodotriphenylamine (1)

| |
O ko, LT
@ CH.COOH.120 =C @

Triphenylamine (3.0 g, 12.2 mmol) was mixed with potassium iodide (6.53 g, 36
mmol) and potassium iodate (7.85 ¢, 36 mmol) in a 50-mL round-bottom flask under
N, atmosphere. After that acetic acid (20 mL) was added to the flask and stirred at 120
°C for 48 hr. After the reaction was completed, the reaction was extracted 3 times with
water and dichloromethane. The organic layer was dried over anhydrous sodium
sulfate, followed by removing of solvent under reduced pressure. The organic residue
was purified by column chromatography on silica gel eluting by hexane to afford 1 as
white solid in 90% yield. 'H NMR (400 MHz, CDCl;) & 7.54 (d, J = 8.8 Hz, 6H), 6.81 (d, J
= 8.8 Hz, 6H). ’C NMR (100 MHz, CDCls) 6 146.7, 138.4, 126.2, 86.8. [17]

2.3.2 1-(4-Bromobutoxy)-4-iodobenzene (2)

BEr
OH

1.4 Dibromobutane, K;CO4
[) = 0
I Acetone, 60°C ,lTj

4-lodophenol (1 ¢, 4.5 mmol) was mixed with 1,4-dibromobutane (1.07 ml, 9
mmol) and potassium carbonate (1.24 g, 9 mmol) in a 50-mL round-bottom flask under
N, atmosphere. The mixture was diluted with acetone (10 mL) then stirred at 60 °C
overnight. After the reaction was completed, the crude reaction was extracted 3 times
with water and dichloromethane. The combined organic layer was dried over
anhydrous sodium sulfate followed by removing of solvent under reduced pressure.
The residue was purified by column chromatography on silica gel eluting with hexane

to provide 2 as pale yellow oil in 90% yield. *H NMR (400 MHz, CDCl;) & 7.54 (d, J =
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9.0 Hz, 2H), 6.66 (d, J = 9.0 Hz, 2H), 3.93 (t, J = 6.1 Hz, 2H), 3.47 (t, J = 6.6 Hz, 2H), 2.09

- 1.98 (m, 2H), 1.98 — 1.85 (m, 2H). °C NMR (100 MHz, CDCl,) 0 1586, 138.1, 116.8,
82.7, 66.9, 33.2, 29.3, 27.7. [25]

2.3.3 (2-(4-(4-Bromobutoxy)phenyl)ethynyl)trimethylsilane (3)

Br Br

J)/ Cul Pd{PPhy)Cly D.’l/r
TMSE-ac st}fle:r' =
@ Tduene, DIPA

lodobenzene 2 (0.3 g, 0.84 mmol) was mixed with Pd(PPhs),Cl, (11 mg, 0.01

SiMe;

mmol), Cul (6.4 mg, 0.03 mmol) in a 50-mL round-bottom flask under N, atmosphere.
The mixture was dissolved in toluene (10 mL) and then diisopropylamine (3 mL) was
added, followed by TMS-acetylene (0.25 mL, 1.69 mmol). The mixture was stirred at
room temperature overnight. After the reaction was completed, the solvent was
evaporated and the crude was purified by column chromatography on silica gel using
10% ethyl acetate in hexane as eluting to afford 3 as yellow solid in 96% vield. The *H

NMR spectrum of this product is in good agreement with the literature report. [26]

2.3.4 1-(4-Bromobutoxy)-4-ethynylbenzene (4)

E" Er

s/(r
‘—’|_2‘—’2' MaOH

Il Il
|_

Sr-.a

KzTOs
_— -

3 (0.3 g, 0.92 mmol) was mixed with potassium carbonate (0.38 ¢, 2.76 mmol)
a in 50-mL round-bottom flask under N, atmosphere. The mixture was dissolved with
dichloromethane (8 mL) and methanol (2 mL) and stirred at room temperature for 4
hr. After the reaction was completed, the reaction crude was extracted 3 times with

water and dichloromethane. The organic layer was dried over anhydrous sodium
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sulfate followed by removing of solvent under reduced pressure. The organic residue
was purified by column chromatography on silica gel eluting with 10% ethyl acetate
in hexane to provide 4 as white solid in 93% yield. 'H NMR (400 MHz, CDCls) O 7.42 (d,
J =8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 3.98 (t, J = 5.9 Hz, 2H), 3.48 (t, J = 6.5 Hz, 2H),
3.01 (s, 1H), 2.11 - 2.00 (m, 2H), 2.00 - 1.89 (m, 2H). **C NMR (100 MHz, CDCl5) & 159.4,
133.7, 114.6, 83.8, 75.9, 67.0, 33.4, 29.5, 27.9.

2.3.5 Tribromo (5)

Br

/

N DH /o
J/r ““N”” j\L

|\@N@/| ) CuI:F'I:I[F'F'hE]EGIE‘; O

I Toluene, DIPA.

Br

Compound 1 (0.1 g, 0.16 mmol) was mixed with Pd(PPh3),Cl, (4.5 mg, 0.006
mmol) and Cul (1.2 mg, 0.006 mmol) in a 50-mL round-bottom flask under N,
atmosphere. The mixture dissolved with toluene (7 mL) and diisopropylamine (3 mL).
Then 4 (0.16 g, 0.64 mmol) was added into the mixture solution slowly. After that
stirred at room temperature for 48 hr, evaporated of solvent. The organic crude was
purified by column chromatography on silica gel using 20% ethyl acetate in hexane as
eluting providing 5 as brown solid in 48% yield. *H NMR (400 MHz, CDCls) O 7.43 (d, J
= 15.0 Hz, 6H), 7.41 (d, J = 14.9 Hz, 6H), 7.05 (d, J = 8.4 Hz, 6H), 6.86 (d, J = 8.5 Hz, 6H),
4.01 (t,J = 5.9 Hz, 6H), 3.49 (t, J = 6.5 Hz, 6H), 2.14 — 2.02 (m, 1H), 2.02 - 1.89 (m, 6H).*C
NMR (101 MHz, CDCL3) 0 159.0, 146.7, 133.1, 132.8, 124.2, 118.4, 115.8, 114.7, 89.4,
88.1, 67.1, 33.4, 29.6, 28.0.
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2.3.6 Synthesis of F1
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Compound 5 (0.05 g, 0.05 mmol) was mixed with 1-methylimidazole (0.016 mL,
0.2 mmol) in microwave tube. The mixture dissolved with acetonitrile (3 mL). The
reaction was carried out under microwave irradiation at 120 W at 100 °C for 3 hr. After
that the reaction was evapolated, washed with diethyl ether and dichloromethane,
respectively. Finally, the residue was removed solvent by evaporation and vacuum dry
providing F1 product in 82% yield. 'H NMR (400 MHz, CD5OD) 0 9.00 - 8.94 (m, 3H),
7.68 (s, 3H), 7.59 (s, 3H), 7.42 (d, J = 8.7 Hz, 12H), 7.06 (d, J = 8.6 Hz, 6H), 6.92 (d, J =
8.8 Hz, 6H), 4.31 (t, J = 7.1 Hz, 6H), 4.07 (t, J = 5.5 Hz, 6H), 3.92 (s, 9H), 2.15 — 2.04 (m,
6H), 1.91 — 1.79 (m, 6H). >C NMR (75 MHz, CD50D) o 160.3, 147.8, 134.0, 133.7, 125.0,
123.6, 119.6, 116.8, 115.8, 90.9, 89.0, 68.3, 36.6, 28.1, 27.0.

2.3.7 N-(tert-Butoxycarbonyl)-3-bromopropylamine (6)

BoczO 0
BFMNHL_BF BFM \ ,J'J\D/l<
TEA. CH.Cl, N

3-Bromopropylamine hydrobromide (2.00 g, 9.10 mmol) in dichloromethane
(50 mL) were added Boc,O (2.39 g, 10.10 mmol) and triethylamine (2.5 mL, 18.27
mmol). The mixture was stirred at room temperature for 18 h. After the reaction was
completed, the crude reaction mixture was extracted with dichloromethane /1 N HCl,
water, and brine. The combined organic layer was dried over anhydrous sodium sulfate

followed by removing of solvent under reduced pressure. The residue was purified by
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column chromatography on silica gel using 20% ethyl acetate in hexane to provide 6
as colorless oil in 80% yield. The 'H NMR spectrum of this product is in good agreement

with the literature report. [16]

2.3.8 Synthesis of 7

OH . K.CO. J) )4

+ BFMH ’:'J< Acetone, 60°C

4-lodophenol (1 ¢, 45 mmol) was mixed with N-(tert-Butoxycarbonyl)-3-
bromopropylamine (1.30 g, 5.45 mmol) and potassium carbonate (1.24 ¢, 9 mmol) in
a 50-mL round-bottom flask under N, atmosphere. The mixture was diluted with
acetone 10 mL then stirred at 60 °C overnight. After the reaction was completed, the
crude reaction mixture was extracted 3 times with water and dichloromethane. The
combined organic layer was dried over anhydrous sodium sulfate followed by
removing of solvent under reduced pressure. The residue was purified by column
chromatography on silica gel using 20% ethyl acetate in hexane to provide 7 as pale
white solid in 94% yield. The 'H NMR spectrum of this product is in good agreement
with the literature report. [27]

2.3.9 Synthesis of 8

A CFzCO0-
HN™ ™0 fH.

I

CH,Cls

Compound 7 (0.5 g, 1.32 mmol) dissolved with dichloromethane (5 mL) was
added TFA (3 mL, 39.0 mmol) in a 50-mL round-bottom flask under N, atmosphere,
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after that stirred at room temperature overnight. The crude reaction mixture was
poured into diethyl ether to precipitate 8 as a white solid, collected by filtration and
washed with diethyl ether and dried in vacuum (42% yield). "H NMR (400 MHz, CD;0D)
0 7.59 (d, J = 8.9 Hz, 2H), 6.78 (d, J = 2 Hz, 2H), 4.10 (t, J = 5.8 Hz, 2H), 3.15(t, J = 2
Hz, 2H), 2.20 - 2.06 (m, 2H).

2.3.10 Synthesis of 9

0
CF2CO0" N’JLD’%
TiH, A

HN
of 7 f © j<
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i CH;Cl, @

Compound 8 (0.3 g, 0.76 mmol) was mixed with 1—H—pyrazole—l—(N,N’—bis(tert—
butyloxycarbonyl))carboxamidine (0.238 ¢, 0.76 mmol) in 50-mL round-bottom flask
under N, atmosphere. The mixture was dissolved with dichloromethane (8 mL) and
triethylamine (0.318 mL, 2.28 mmol) then stirred at room temperature for 48 hr. After
the reaction was completed, the reaction crude was extracted 3 times with water and
dichloromethane. The organic layer was dried by anhydrous sodium sulfate followed
by removing of solvent under reduced pressure. The organic residue was purified by
column chromatography on silica gel eluting with dichloromethane to provide 9 as
white solid in 72% yield. *H NMR (400 MHz, CDCly) & 11.49 (s, J = 49.7 Hz, 1H), 8.63 (s,
1H), 7.52 (d, J = 8.8 Hz, 2H), 6.72 (d, J = 8.9 Hz, 2H), 4.00 (t, J = 5.7 Hz, 2H), 3.62 (dd, J
= 11.9, 6.1 Hz, 2H), 2.15 — 1.92 (m, 2H), 1.49 (s, J = 6.0 Hz, 18H). °C NMR (101 MHz,
CDCl;) O 163.35, 158.38, 155.92, 152.94, 137.90, 116.68, 82.81, 82.69, 79.02, 66.31,
38.75, 28.32, 28.09, 27.88.
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2.3.11 Synthesis of 10

| - I

Si Si
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TEA THF rt

fl
ST
4, 4’, 4"’ -triiodotriphenylamine (1.0 g, 1.60 mmol) was mixed with Pd(PPh,),Cl,
(18 mg, 0.0032 mmol) and Cul (6 mg, 0.0064 mmol) in a 50-mL round-bottom flask
under N, atmosphere. The mixture was dissolved in THF (10 mL) and then
triethylamine (4 mL) was added, followed by TMS-acetylene (0.94 mL, 6.41 mmol).
The mixture was stirred at room temperature overnight. After the reaction was
completed, the solvent was evaporated and the crude reaction was purified by column
chromatography on silica gel using 10% dichloromethane in hexane as eluting to afford

10 as yellow solid in 96% vyield. The 'H NMR spectrum of this product is in good

agreement with the literature report. [28]

2.3.12 Synthesis of 11

KoC O,

CH,Cl,, MeOH

Il
=l

-~

Compound 10 (2.0 g, 3.75 mmol) was mixed with potassium carbonate (2.07 g,
15.00 mmol) in a 50-mL round-bottom flask under N, atmosphere. The mixture was
dissolved with dichloromethane (10 mL) and methanol (5 mL) and stirred at room
temperature for 4 hr. After the reaction was completed, the reaction crude was

extracted 3 times with water and dichloromethane. The organic layer was dried by
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anhydrous sodium sulfate followed by removing of solvent under reduced pressure.
The organic residue was purified by column chromatography on silica gel eluting with
20% dichloromethane in hexane to provide 11 as yellow solid in 93% vyield. The 'H

NMR spectrum of this product is in good agreement with the literature report. [28]

2.3.13 Synthesis of F2

BMNYH\/\\,G\ = e o\/\,ﬂ NHBoc
NHBoc g]\\ P /\\j/ T«ra oc
H S =
% @% NBoc \[fl /©/
N o~ M TN

H NHBoc  cul, Pd(PPh3);Cl;

? . @ Toluene, DIPA, rt

HN. _NHBoc

Compound 9 (0.25 g, 0.481 mmol) was mixed with Pd(PPhs),Cl, (1.36 mg, 0.0019
mmol) and Cul (0.74 mg, 0.004 mmol) in 50-mL round-bottom flask under N,
atmosphere. The mixture dissolved with toluene (7 mL) and diisopropylamine (3 mL).
Then 11 (0.03 g, 0.097 mmol) was added into the mixture solution slowly. After that
stirred at room temperature for 48 hr, evaporated of solvent. The organic crude was
purified by column chromatography on silica gel using 20% ethyl acetate in hexane as
eluting providing F2 as yellow solid in 38% yield. *H NMR (400 MHz, CDCl;) & 11.51 (s,
3H), 8.68 (s, 3H), 7.42 (dd, J = 14.6, 8.8 Hz, 12H), 7.05 (d, J = 8.7 Hz, 6H), 6.93 (d, J = 8.9
Hz, 6H), 4.07 (t, J = 5.8 Hz, 6H), 3.65 (dd, J = 11.9, 6.0 Hz, 6H), 2.12 - 2.02 (m, 6H), 1.51
(d, J = 1.7 Hz, 54H).

2.3.14 Synthesis of 12

Br

Triphenylamine (2 g, 8.15 mmol) was mixed with NBS (1.45 g, 8.15 mol) in sealed

tube. The mixture dissolved with carbon tetrachloride (10 mL). The solution was
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refluxed for 5 h. The precipitated succinimide was filtered, evaporated of solvent and
recrystallized from ethanol providing 12 as white solid in 90% yield. The 'H NMR

spectrum of this product is in good agreement with the literature report. [29]

2.3.15 Synthesis of 13

Si

Br ||

Cul, Pd{PPhg).
TMS-acetylene

-
T

M N
©/ \© Toluene, DIPA rt ©/ \©

Compound 12 (0.5 g, 1.54 mmol) was mixed with Pd(PPh), (88.9 mg, 0.08
mmol), Cul (14 mg, 0.08 mmol) in a 50-mL round-bottom flask under N, atmosphere.
The mixture was dissolved in toluene (10 mL) and then diisopropylamine (3 mL) was
added, followed by TMS-acetylene (0.22 mL, 1.54 mmol). The mixture was stirred at
80°C overnight. After the reaction was completed, the solvent was evaporated and the
crude mixture was purified by column chromatography on silica gel using 10% ethyl
acetate in hexane as eluting to afford 13 as yellow solid in 96% yield. The 'H NMR

spectrum of this product is in good agreement with the literature report. [30]

2.3.16 Synthesis of 14

Si H
I |

KoCO 4

N CHzClz MeOH N

Compound 13 (0.27 ¢, 0.79 mmol) was mixed with potassium carbonate (0.16

g, 1.18 mmol) in 50-mL round-bottom flask under N, atmosphere. The mixture was

dissolved with dichloromethane (5 mL) and methanol (2 mL) and stirred at room
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temperature for 4 hr. After the reaction was completed, the reaction crude was
extracted 3 times with water and dichloromethane. The organic layer was dried by
anhydrous sodium sulfate followed by removing of solvent under reduced pressure.
The organic residue was purified by column chromatography on silica gel eluting with
10% ethyl acetate in hexane to provide 14 as yellow solid in 93% yield. The 'H NMR

spectrum of this product is in good agreement with the literature report. [31]
2.3.17 Synthesis of 15

H O e B
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Compound 14 (0.3 g, 0.84 mmol) was mixed with Pd(PPhs),Cl, (11.8 mg, 0.016

mmol) and Cul (6.4 mg, 0.033 mmol) in a 50-mL round-bottom flask under N,
atmosphere. The mixture dissolved with toluene (7 mL) and diisopropylamine (3 mL).
Then 2 (0.22 g, 0.84 mmol) was added into the mixture solution slowly. After that
stirred at room temperature overnight, evaporation of solvent. The organic crude was
purified by column chromatography on silica gel using 20% ethyl acetate in hexane as
eluting providing 15 as brown solid in 72% yield. *H NMR (400 MHz, CDCls) & 7.47 (d, J
= 8.7 Hz, 2H), 7.39 (d, J = 8.6 Hz, 2H), 7.34 — 7.27 (m, 4H), 7.14 (d, J = 7.7 Hz, 4H), 7.09
(t, /= 7.3 Hz, 2H), 7.04 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 4.04 (t, J = 6.0 Hz,
2H), 3.52 (t, J = 6.5 Hz, 2H), 2.18 - 2.05 (m, 2H), 1.98 (dt, J = 12.3, 6.0 Hz, 2H).



27

2.3.18 Synthesis of F3

OM/BI'

| | Methylimidazole | |
0 CH2CM, microwave O
A PAS

Compound 15 (0.1 g, 0.2 mmol) was mixed with 1-methylimidazole (0.08 mL,

1.0 mmol) in microwave tube. The mixture dissolved with acetonitrile (3 mL). The
reaction was carried out under microwave irradiation at 120 W at 100 °C for 3 hr. After
that the reaction was evapolated and washed with diethyl ether. Finally, the residue
was removed solvent by evaporation and vacuum dry providing F3 product in 86%
yield. 'H NMR (400 MHz, CDCl;) & 10.21 (s, J = 65.9 Hz, 1H), 7.47 (d, J = 11.5 Hz, 2H),
7.37 (d, J = 8.7 Hz,2H), 7.31 (d, J = 8.7 Hz, 2H), 7.24 (dd, J = 13.4, 5.0 Hz, 4H), 7.07 (d, J
= 7.5 Hz, 4H), 7.05 - 6.99 (m, 2H), 6.96 (d, J = 8.7 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.43
(t, /= 7.3 Hz, 2H), 4.05 (s, J = 7.4 Hz, 2H), 4.02 — 3.96 (m, 2H), 2.12 (dt, J = 14.6, 7.5 Hz,
2H), 1.92 = 1.77 (m, 2H).

2.3.19 Synthesis of 16

OH

HO.__OH O
B 4-lodophenaol

Pd(PPha).. KOAC

N EOH G
0 YY)

4-(Diphenylamino)phenylboronic acid (0.30 ¢, 1.03 mmol) was mixed with 4-

lodophenol (0.22 g, 1.03 mmol), Pd(PPh), (59 mg, 0.05 mmol) and potassium acetate

(0.29 g, 2.05 mmol) in a 50-mL round-bottom flask under N, atmosphere. The mixture



28

dissolved with ethanol (8 mL) then reflux overnight. After the reaction was completed,
the solvent was evaporated and the crude mixture was purified by column
chromatography on silica gel using 20% ethyl acetate in hexane as eluting to afford 16
as pale yellow solid in 52% vyield. The 'H NMR spectrum of this product is in good

agreement with the literature report. [32]
2.3.20 Synthesis of 17

O 0" ™"NHBoc

Br" ™" "“NHBac C
O KECOE O
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Compound 16 (0.14 ¢, 0.42 mmol) was mixed with N-(tert-Butoxycarbonyl)-3-

¥

bromopropylamine (0.10 g, 0.42 mmol) and potassium carbonate (0.11 g, 0.84 mmol)
in a 50-mL round-bottom flask under N, atmosphere. The mixture was diluted with
acetone (10 mL) then stirred at 60 °C overnight. After the reaction was completed, the
crude reaction mixture was extracted 3 times with water and dichloromethane. The
combined organic layer was dried over anhydrous sodium sulfate followed by
removing of solvent under reduced pressure. The residue was purified by column
chromatography on silica gel using 20% ethyl acetate in hexane to provide 17 as pale
yellow solid in 76% yield. 'H NMR (400 MHz, CDCl;) & 7.52 (d, J = 8.6 Hz, 2H), 7.45 (d,
J = 8.4 Hz, 2H), 7.28 (dd, J = 14.1, 6.6 Hz, 4H), 7.16 (d, J = 7.5 Hz, 6H), 7.09 - 7.00 (m,
2H), 6.97 (d, J = 8.5 Hz, 2H), 4.90 (s, 1H), 4.07 (t, J = 5.9 Hz, 2H), 3.38 (s, J = 31.2 Hz, 2H),
2.12 - 1.88 (m, 2H), 1.50 (s, J = 25.5 Hz, 9H).
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2.3.21 Synthesis of 18
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Compound 17 (0.4 g, 0.8 mmol) dissolved with dichloromethane (5 mL) was
added TFA (3 mL, 39.0 mmol) in a 50-mL round-bottom flask under N, atmosphere,
after that stirred at room temperature overnight. The crude reaction mixture was
poured into hexane to precipitate 18 as a white solid, collected by filtration and
washed with hexane and dried in vacuum (62% vyield). *H NMR (400 MHz, CH,OD) o)
7.53(d, J = 8.6 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 7.26 (t, J = 7.8 Hz, 4H), 7.05 (d, J = 8.3
Hz, 6H), 7.01 (d, J = 8.5 Hz, 4H), 4.16 (t, J = 5.7 Hz, 2H), 3.19 (t, J = 7.3 Hz, 2H), 2.24 -
2.11 (m, 2H).

2.3.22 Synthesis of 19

MBoc
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Compound 18 (40 mg, 0.10 mmol) was mixed with 1—H—pyrazole—1—(N,N’—bis(tert—

[F

butyloxycarbonyl))carboxamidine (31 mg, 0.10 mmol) in 25-mL round-bottom flask

under N, atmosphere. The mixture was dissolved with dichloromethane (5 mL) and
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TEA (0.042 mL, 0.3 mmol) then stirred at room temperature for 48 hr. After the reaction
was completed, the reaction crude was extracted 3 times with water and
dichloromethane. The organic layer was dried by anhydrous sodium sulfate followed
by removing of solvent under reduced pressure. The organic residue was purified by
column chromatography on silica gel eluting with dichloromethane to provide 19 as
white solid in 46% yield. 'H NMR (400 MHz, CDCl) & 11.52 (s, 1H), 8.77 (s, 1H), 7.48 (d,
J=8.7Hz 2H), 7.42 (d, J = 8.6 Hz, 2H), 7.26 (t, J = 7.8 Hz, 4H), 7.12 (d, J = 7.5 Hz, 6H),
7.02(t, J =7.2Hz, 4H), 4.10 (t, J = 5.4 Hz, 2H), 3.69 (d, J = 5.6 Hz, 2H), 2.28 — 1.89 (m,
2H), 1.51 (d, J = 1.3 Hz, 18H).

2.3.23 Synthesis of F4

MBoc .

D’ﬁ“vf““H’M“NHBnc G’ﬁ“”“ﬁ“ﬁ NH,

Compound 19 (0.2 g, 0.31 mmol) dissolved with dichloromethane (5 mL) was
added TFA (3 mL, 39 mmol) in 50-mL round-bottom flask under N, atmosphere, after
that stirred at room temperature overnight. The crude reaction mixture was poured
into hexane to precipitate F4 as a white solid, collected by filtration and washed with
hexane and dried in vacuum (47% yield). "H NMR (400 MHz, CD50D) O744(d, =67
Hz, 2H), 7.39 (d, J = 7.6 Hz, 2H), 7.19 (t, J = 7.6 Hz, 4H), 6.98 (d, J = 7.5 Hz, 6H), 6.93 (d,
J =8.0 Hz, 4H), 4.02 (d, J = 6.1 Hz, 2H), 3.59 (s, 2H), 3.34 (d, J = 6.0 Hz, 2H), 2.11 - 1.85
(m, 2H).
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2.3.24 Synthesis of 1-butyl-3-methylimidazolium bromide (20)

NL_J"N# "\_E{
— N '\..N.,-o-"
MB{- M ] +

Acetonitrile, 80°C, 48 hr

1-bromobutane (5.29 ml, 0.04 mol) mixed with 1-methylimidazole (3 mL, 0.03
mol) in 50-mL round-bottom flask. The mixture dissolved with acetonitrile (20 mL)
then stirred at 80 °C for 48 hr. Finally, the residue was removed solvent by evaporation
and vacuum dry providing 20 in 82% yield. The "H NMR spectrum of this product is in

good agreement with the literature report. [33]
2.4 Photophysical property study
2.4.1 UV-Visible spectroscopy

The stock solutions of F1 (0.3 mM) in Milli-Q water was dilute to 5 uM in HEPES
buffer 10 mM, pH 7.0 and F2-F4 (0.3 mM) in DMSO were dilute to 5 uM in 0.017%
DMSO/HEPES buffer 10 mM, pH 7.0. The UV-Visible absorption spectra of all

fluorophores were recorded from 250 nm to 700 nm at ambient temperature.
2.4.2 Fluorescence spectroscopy

The stock solutions of F1 was dilute to 5 uM in 10 mM HEPES buffer pH 7.0
and F2-F4 were dilute to 5 pM in 0.017% DMSO/10 mM HEPES buffer pH 7.0. The
emission spectra of fluorophores were recorded from 360 to 700 nm at ambient

temperature using an excitation wavelength at 350 to 362 nm.
2.4.3 Fluorescence quantum yield

The fluorescence quantum yields of F1 was performed in HEPES buffer 10 mM,
pH 7.0, while F2-F4 were performed in 0.017% DMSO/10 mM HEPES buffer pH 7.0 using
quinine sulfate (D = 054) in 0.1 M H,S0, as a reference [34] The maximum
absorbance of all samples should not exceed 0.1. The fluorescence emission spectra
of the same solution using appropriate excitation wavelengths selected were recorded
based on the absorption maximum wavelength (Ama) Of €ach compound. Graphs of

integrated fluorescence intensities were plotted against the absorbance at the
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respective excitation wavelengths. Each plot should be a straight line with 0

interception and gradient m.

In addition, the fluorescence quantum vyield (@) was obtained from a plot

integrated fluorescence intensity and absorbance as represented into the following

equation: Grad 2
M
(Dx = (I)ST X 5(
Gradg f\ng

The subscripts @ denote the fluorescence quantum yield of a standard
reference which used quinine sulfate in 0.1 M H,SOq4 (@D: = 0.546) and D, is the

fluorescence quantum yield of sample and M is the refractive index of the solvent.
2.5 Fluorescent sensor study
2.5.1 Anion sensor

2.5.1.1 Selectivity study

The stock solution 0.3 mM of the fluorophore F1 was prepared in Milli-Q water
and F2-F4 were prepared in dimethyl sulfoxide (DMSO). All anion solutions were
prepared in Milli-Q water and adjusted to 10 mM. The final volumes of the mixture
were adjusted to 300 L to afford final concentration of 5 uM for the fluorophore and
250 pM for anion, recored after mixing for 10 minutes using Kex = 362 nm (sensor F1),

350 nm (sensor F2), 349 nm (sensor F3) and 319 nm (sensor F4).
2.5.1.2 Competition with other anion

The mixture of F1/SH/other anion in concentration with ratio 1/10/50 used for

investigating the interference of other anion to SH™ binding with sensors.



CHAPTER 1lI
RESULTS AND DISCUSSION

3.1 Fluorescent sensors F1 and F2

3.1.1 Synthesis and characterization of F1 and F2
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Scheme 3.1 Synthesis of F1.

The synthesis of F1 began with the alkylation of 4-iodophenol using 1,4-
dibromobutane, followed by a Sonogashira coupling on the iodo group with the
commercially available trimethylsilyl acetylene. The desilylation afforded

acetylenylarene 4 in excellent yield. After the iodination of triphenylamine core, the
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Sonogashira coupling between triiodo core 1 and excess alkyne 4 provided the
tribromo 5 in moderate yield of 48%. The final step involving the nucleophilic
substitution of the bromo groups on 5 with N-methylimidazole to afforded F1 in 82%
yield.

6
f1 (ppm)

Figure 3.1 'H-NMR (400 MHz) of 4, 5 in CDCl; and F1 in CD;OD.

The 'H-NMR spectra of 4 and 5 in CDCl; and F1 in CD;0D are shown in Figure
3.1. In the spectra of 4, there are two doublet signals at 7.42 and 6.82 ppm, and one
singlet signal at 3.01 ppm corresponding to the aromatic and terminal alkyne groups,
respectively. The signal methylene protons in 4 can be found around 1.89-3.98 ppm.
After the Sonogashira coupling between 1 and 4, the product 5 was formed and the
signal for terminal alkyne proton disappeared. After the alkylation of 5 with N-
methylimidazole, the methylene proton at the g-position moved downfield from 3.49
to 4.31 ppm which indicated a successful substitution with imidazole. In addition, the
singlet peak at 3.92 ppm (m-position) belonging to the methyl on imidazole ring also
confirmed the high purity of the substitution product. The analysis by mass
spectrometry confirmed the chemical formular of F1 whose calculated exact mass of

1165.3572 was found at m/z of 1165.0827.
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The synthesis of F2 began with protection of 3-bromopropylamine
hydrobromide by Boc,O, followed by alkylation of 4-iodophenol and deprotection of
the Boc group using TFA to afford 8 in moderate yield. Compound 8 was then reacted
with 1—H—pyrazole—1—(N,N,—bis(tert—butyloxycarbonyl))carboxamidine to provide 9 in
72% vyield. Finally, compound 9 was coupled with 11 via the Sonogashira coupling to

afford F2 in moderate yield of 38%.
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Scheme 3.2 Synthesis of F2.
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Figure 3.2 'H-NMR (400 MHz) of 9 and F2 in CDCls.

The "H-NMR spectra of 9 and F2 in CDCl; are shown in Figure 3.2. The spectrum
of 9 shows two doublet signals at 7.52 and 6.72 ppm belong to the aromatic protons,
three singlet signals at 11.49, 8.63 and 1.49 ppm corresponding to the guanidine group.
The alkyl protons in 9 can be found around 2.04-4.00 ppm. After the Sonogashira
coupling to yield F2, the signals for aromatic protons of triphenylamine core at the i-
and j-positions appeared, which is a good indication of a successful coupling between
the two building blocks. The analysis by mass spectrometry confirmed the molecular
formular F2 as a mass of 1491.7666 was found for this compound with a calculated

exact mass of 1491.7600.
3.1.2 Photophysical properties of F1 and F2

The absorption and emission properties of F1 were studied in 10 mM HEPES
buffer, pH 7.0, while the less polar F2 was studied in 0.017% DMSO/10 mM HEPES
buffer, pH 7.0. From the normalized absorption and emission spectra (Figure 3.3) and
data summarized in Table 3.1, F1 and F2 exhibited the absorption maxima at 362 and
350 nm, respectively. In the emission spectra, the emission maxima were observed at
450 nm for F1 and 456 nm for F2. The absorption maxima of F1 and F2 and their molar

extinction coefficients are in the same range since these compounds possess similar
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conjugated systems of phenylene ethynylene [35]. The slightly longer absorption
maxima for F1 may be due to the solvent effect. The polar aqueous media could
facilitate the solubility of F1, while it forces the more hydrophobic F2 to aggregate via
TU-TU stacking. This aggregation may lower the degree of conjugation between the

triphenylamine core and ethynyl arene peripheries.
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Figure 3.3 Normalized absorption and emission spectra of F1 in 10 mM HEPES buffer
pH 7.0 and F2 in 0.017% DMSO/10 mM HEPES buffer, pH 7.0.

The quantum efficiencies of both fluorophores were determined using quinine
sulfate 0.1 M H,SO, (@ = 54%) as standard. The quantum yield of F1 was determined
to be 17.97%, while that of F2 was at 7.40%. The lower emission efficiency for F2 may
also result from the self-quenching as the compound has less solubility in aqueous

media.



Table 3.1 Photophysical properties of sensor F1-F2 in aqueous solution.
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Absorption Emission
Sensor
Aab (nm) Epsilon Aem (nm) D (%)
F1 362 42,200 450 17.97
F2 353 43,600 456 7.40

Quinine sulfate in 0.1 M H2504 (D = 54%) was used as the standard.
3.2 Sensing property of F1

In this section, we screened the sensing ability of F1 in 10 mM HEPES buffer pH

7.0. The fluorophore F1 was tested with sixteen different anions such as N3, AcO,

HPO,%, NO5, NO,, SO5%, SO,%, HCO5, CL, Br, I, F, CN;, S,05%, SCN" and SH™ at 250 uM

(50 equiv.), and the results were summarized in Figure 3.4. From these results,

fluorescent signals of F1 was significantly quenched by addition of SH™ and slightly

quenched by addition of 5,05 and SCN” while it remained unchanged in the presence

of 13 other anions.

nm

Fluorescent intensity (a.u.)

Figure 3.4 Fluorescence quenching of F1 (5 uM) by various anions (250 pM) in 10 mM

HEPES buffer pH 7.0. Inset: Fluorescence spectra of F1 (5 uM) in the presence of 16

anion (250 pM) in 10 mM HEPES buffer pH 7.0.
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Figure 3.5 The photographed image of solutions of F1 (5 uM) in the presence of various

anions (20 eqjiv) in 10 mM HEPES buffer pH 7.0 under irradiation by UV black light.

3.2.1 Effect of pH

From the selectivity screening for F1 in the previous section, we opted to
further investigate the optimal conditions to use F1 as a SH™ fluorescent sensor. We
first began to study the effect of pH in order to improve sensitivity of F1 for the
detection of SH. HEPES buffers of various pH in the range of 6-8 (pH 6, 6.5, 7.0, 7.4,
and 8) were used as the media for SH™ sensing by F1 as shown in Figure 3.6. From this
data, it was apparent that the fluorescent intensity of F1 was relatively unchanged at
the pH range from 7.0 to 8.0. However, fluorescent quenching ratio was found in the
highest at pH 7.0. We thus chose to study other parameters at pH 7.0 because it is

close to the physiological conditions.

Fluorescent intensity (a.u.)

pH

Figure 3.6 Effects of pH on fluorogenic response of F1 with SH™ in HEPES buffer pH 7.0.
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3.2.2 Time dependence study

In order to examine the fluorescent signal changes over time after the addition
of hydrogen sulfide, thiocyanate and thiosulfate to F1, the fluorescent intensities were
measured one minute after the addition of those analyses, and repeatedly after every
minutes. Figure 3.7 indicated that the fluorescence intensity sharply decreased during
the first minute and remained constantly throughout the entire experiment (5 minutes
after). This result highlighted the spontaneous fluorescent quenching of F1 by these

three sulfur-containing anions.
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Figure 3.7 Time dependents changes in fluorescence intensity of F1 (5uM) upon

addition of SH, SCN™ and 5,05 50 equivalent in 10 mM HEPPES buffer pH 7.0.

3.2.3 Effect of water contents on SH™ sensing properties of F1

The effect of water contents on sensing properties was studied by varying the
ratio between HEPES buffer (10 mM, pH 7.0) and DMSO from 10 to 100%, as show in
Figure 3.8. The results showed that F1 exhibited weaker emission intensity in solvent
with higher water content. This behavior may cause by the poorer solubility as the
triethynyltriphenylamine group is hydrophobic and tend to form TU-TU stacking. The
lower water content can dissolve F1 more efficiently, thus the starting emission

intensity was much higher. Upon the addition of SH’, there might be Coulombic
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interactions between SH™ and the imidazolium groups that lead to a poorer solubility

of such ion-pair, and lowering of the emission intensity.
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Figure 3.8 Fluorescent spectra of F1 before and after addition of SH™ in various water

contents.

3.2.4 Effect of interfering ions on selectivity of F1 towards SH

The interference studies for the SH sensing by F1 were performed by addition
of SH (250 uM) into a solution of F1 (5 uM) in 10 mM HEPES buffer pH 7.0, followed
by addition of each foreign anion (1,250 uM, 5-fold of SH’) (Figure 3.9). The effect of
foreign anions on quenching with SH™ from other anion, the solution of, in presence of
was used as a blank. The quenching ratio in the presence of additional anions
Therefore, quenching fluorescence signal of this sensor is a good indication for the

predominant presence of SH. In quantitative determination of SH’, samples however

should be free from these interfering anions.
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Figure 3.9 Competitive experiments of F1 (5 uM) and SH™ (250 pM) with 15 interfering
anion ions (1250 uM).

3.2.5 Sensitivity of F1 toward hydrogen sulfide

The relationship between the fluorescent intensity of F1 and the concentration
of SH” was investigated upon addition of 0-50 equivalent of sodium sulfide. Spectra in
Figure 3.10 indicated that the fluorescent intensity decreased gradually when the ratio
between F1 and sodium sulfide is less than 1:50. At the higher concentrations of
sodium sulfide, there is no significant change in quenched fluorescent signal. The
mechanism of fluorescent quenching may involve the electrostatic interaction
between the imidazolium groups and the hydrogen sulfide ion to produce a stable
ion-pair, which may aggregates under the experiment conditions. This hypothesis was
partly supported by the decrease in absorbance upon addition of SH (Figure 3.10,

inset).
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Figure 3.10 The fluorescence intensity of compound F1 (5 uM) with SH™ titration (0-
250 pM) in 10 mM HEPES buffer pH 7.0. Inset: The absorption spectra of F1, F1+SH’
and SH".

3.2.6 The Stern-Volmer plot for fluorescent quenching of F1 by SH’

In order to determine the quenching efficiency of F1 by SH, a plot between
various concentrations of SH™ and (Io/l) of F1 was constructed (Figure 3.11). A Stern-
Volmer constant (Ky,) of 0.45 x 10° M was determined from the slope of that plot,
which was later used to estimate the detection limit for SH™ at three-times-noise of

0.11 pM
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Figure 3.11 The Stern-Volmer plot for fluorescent quenching of F1 by SH".
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3.2.7 Thiol sensing

As F1 exhibited selectivity towards sulfur-containing anions, it might be
interesting to expand the application of F1 for the detection of thiol derivatives. To
prove this assumption, 4-chlorothiophenol was used a representative thiol analyses.
The fluorescence responses of F1 in the presence of various concentration of 4-
chlorothiophenol (2-50 uM) is shown in Figure 3.12. The Stern-Volmer constant (K,)
was determined to be 1.04 x 10® M, which corresponds to a detection limit at three-

times-noise of 0.11 uM.
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Figure 3.12 The fluorescence intensity of F1 (5 uM) with 4-chlorothiophenol (0-50 uM)
in 0.03% MeOH/10 mM HEPES buffer pH 7.0. Inset: The Stern-Volmer plot for
fluorescent quenching of F1 by 4-chlorothiophenol.

3.3 Synthesis and characterization of F3, a comparative analog for F1

From the previous result, it was found that F1 showed selective fluorescent
quenching towards three sulfur-containing anions. For better understanding on the
sensing mechanism of F1 and comparison to its analog with one imidazolium pendant,

we chose to synthesize F3 (Figure 3.13) and studly its sensing properties.
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Figure 3.13 Structure of F3.

a5

F3 was synthesized in four steps as outlined in Scheme 3.3. Beginning with the

bromomination of triphenylamine, Sonogashira coupling with trimethylsilyl acetylene,

and desilylation, compound 14 was produced in excellent yield. Another Sonogashira

coupling between 14 and 2 afford 15 in 72% yield. The final step which involved

nucleophilic replacement of the bromo groups on 15 with N-methylimidazole to afford

the F3 in 86% yield.

90 % “ 89 %
s
H n/\/-vz :/“\/‘\".C/)
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Scheme 3.3 Synthesis of F3.
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Figure 3.14 "H-NMR (400 MHz) of 2, 15 and F3 in CDCls.

The 'H-NMR spectra of 2, 15 and F3 in CDCl; are shown in Figure 3.14. The
presence of all signals from 2 and 15, and a singlet peak at 3.99 ppm in the spectrum
of F3 indicated a successful transformation. Moreover, the analysis by mass
spectrometry confirmed the structural composition of F3 as a mass of 577.1728 was

found for the compound whose calculated exact mass is 577.1674.
3.3.1 Photophysical properties of F3

The absorption and emission properties of F3 in 0.017% DMSO/10 mM HEPES
buffer, pH 7.0 were compared with those of F1 in Table 3.2. Compound F3 exhibited
absorption maxima at 352 nm and emission maxima at 437 nm (Figure 3.15). The
shorter maximum absorption wavelength and lower molar extinction coefficient in F3

may result from the shorter conjugated system.
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Figure 3.15 Normalized absorption and emission spectra of F1 in 10 mM HEPES buffer
pH 7.0 and F3 in 0.017% DMSO/10 mM HEPES buffer, pH 7.0.

The quantum efficiency of F3 was also determined using quinine sulfate (0.1 M
H,50, (@D = 54%)) as a reference standard. As expected, F1 which has three

imidazolium groups has high quantum yield than F3 because of better solubility in

aqueous media.

Table 3.2 Photophysical properties of F1 and F3 in aqueous solution.

Absorption Emission
Sensor
A, (nm) Epsilon A, (nm) @ (%)
F1 362 42,200 450 17.97
F3 352 14,200 a37 3.16

2Quinine sulfate in 0.1 M H,SO, (D = 54%) was used as the standard.

3.3.3 Sensing property of F3

Upon addition of various anions (250 uM) to the solution of F3 (5 uM) in 0.017%
DMSO/10 mM HEPES buffer pH 7.0, it was found that the fluorescent signal of F3 could
be slightly quenched by S,05* and SH’, with a preference toward S,05* (Figure 3.16).

However, the |/l for SH™ of nearly 3.5 suggested that F3 is less sensitive towards SH’
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compared to F1, which showed the Iy/I for SH™ of almost 28. This result signifies the

essential of three imidazolium groups in F1.
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Figure 3.16 Fluorescence quenching of F3 (5 uM) by various anions (250 M) in 0.017%
DMSO/10 mM HEPES buffer pH 7.0. Inset: Fluorescence spectra of F3 (5 uM) in the
presence of 16 anion (250 uM) in 0.017% DMSO/10 mM HEPES buffer pH 7.0.

Since the fluorescent quenching of F1 or F3 was postulated to result from the
formation of ion-pair between the SH™ and the imidazolium groups, the investigation
of such mechanism was carried out by several NMR experiments. When a solution of
F1 in CD;0D was added a solution of Na,S in D,O (4 eq), no significant signal shift was
observed except for the gradual disappearing of the singlet peak at 8.99 ppm which
corresponded to the imidazolium C-H proton (i-position). The similar experiment with
compound F3 also result in the same spectral change. We thus opted to use N-butyl-
N’-methylimidazolium bromide (20) as a model compound for the NMR experiment.
To our surprise, when the solution of 20 in D,O was treated with Na,S in D,O (excess),
the signal for C-H proton on the imidazolium ring disappeared (Figure 3.18). There are
a number of reports on the fast deuterium exchange at the 2-position of the
imidazolium rings ([36, 37]). However, the special hydrogen-bonding between
imidazolium C-H and anions such as Cl, Br, and phosphate are well known in the
literatures ([12-14, 38-42]). With the limited solubility of Na,S in organic solvents, we

therefore chose to probe this hydrogen-bonding between the model compound (20)
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and 1-octanethiol instead (Figure 3.19). From the data, it is apparent that the addition
of 1-octanethiol result in a downfield shift of the imidazolium proton (C-2) as a result
of hydrogen-bonding. This interaction could result in the formation of ion-pair between
F1 and sulfur-containing anion, which further aggregate and lead to fluorescent signal

quenching.
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Figure 3.17 'H NMR of F1 adding hydrogen sulfide ion in CD5OD.
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Figure 3.19 "H NMR of 20 upon the addition of 1-octanethiol in acetone-d.
3.4 Sensing property of F2

The sensing ability of F2 was screened using its solution in 0.017% DMSO/10mM
HEPES buffer pH 7.0 against sixteen different anions such as N3, AcO, HPO4*, NOs, NO,
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SO4%, SO,%, HCO5, CL, Br, I, F, CN, S,05%, SCN” and SH™ at 250 uM. The results which
are summarized in Figure 3.20 showed that the fluorescent signal of F2 can be

selectively quenched by S,05%.

Fluorescent intensity (a.u.)
. @ 2 I+

500 550 600 650

00 550
Wavelength (nm)

350 400 450 700
OAC NO, soF HCO,  ct Br r F o 5,0,

HPO,* NO, s0,* ;0.7 SH SCN

Figure 3.20 Fluorescence quenching of F2 (5 uM) by various anions (250 uM) in 10 mM
HEPES buffer pH 7.0. Inset: Fluorescence spectra of F2 (5 pM) in the presence of 16
anion (250 pM) in 10 mM HEPES buffer pH 7.0.

3.4.1 Competitive experiments of F2

The interfering effect of other anions on detection of S,05> by F2 was
investigated as the solutions of F2 (5 uM) in 0.017% DMSO/10 mM HEPES buffer pH 7.0
and S,05% (250 uM) were added the foreign anion (1,250 uM) (Figure 3.21). The data
indicated that some anions such as NO,, Cl;, I and F can interfere the detection of

5,052
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Figure 3.21 Competitive experiments of F2 (5 uM) and S,05* (250 uM) with 15
interfering anion ions (1250 uM).

3.4.2 The Stern-Volmer plot for fluorescent quenching of F2 by S,0;*

The Stern-Volmer constant (K,,) of 0.10x10° M'was determined from slope of
the plot between the (Iy/1) and the concentration of S,05%. The detection limit at three-

times-noise was then estimated to be 1.30 pM Figure 3.22.
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Figure 3.22 The Stern-Volmer plot for fluorescent quenching of F2 by S,05%.
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Several attempts were carried out in order to deprotect the guanidine group in
F2 (Scheme 3.4). However, the presence of alkyne functional groups may lead to
undesired side-reaction when F2 was treated with acidic reagents. In fact, all of the
reactions in Scheme 3.4 gave rise to inseparable complex mixtures. As a result, we
redesigned and synthesized compound F4 with an aim to study the effect of
guanidinium group on sensing properties in this class of compounds.
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Scheme 3.4 Synthesis part deprotect diBoc.
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Figure 3.23 Structure of F4.
3.5 Synthesis and characterization of F4

The synthesis of F4 began with a Suzuki coupling on the iodo group of 4-
iodophenol with the commercially available 4-(diphenylamino)phenylboronic acid to

afford 16 in 52% yield. The alkylation of N-(tert-Butoxycarbonyl)-3-bromopropylamine
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providing 17, then deprotection of the Boc group by TFA cleanly gave 18 in 62% yield.
Compound 18 reacted  with 1—H—pyrazote—1—(N,N,—bis(tert—butyloxycarbonyt))
carboxamidine to provide 19 in 46% yield. In the final step, 19 was deprotected by
TFA to providing guanidinium F4 in 47% vyield.
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Scheme 3.5 Synthesis of F4.
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Figure 3.24 'H-NMR (400 MHz) of 19 in CDCl;and 18 and F4 in CD;OD.

The 'H-NMR spectra of 19 in CDCl; and 18 and F4 in CD;OD were shown in
Figure 3.24. The successful synthesis of F4 was evidenced by the existing of all signals
of 19 and 18 with the disappearing of the signal for the Boc groups and exchangeable

N-H protons.
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3.5.1 Photophysical properties of F4

The absorption and emission properties of F4 were studied in 0.017% DMSO/10
mM HEPES buffer, pH 7.0. The fluorophore F4 exhibited absorption maxima at 319 nm
and emission maxima at 428 nm (Figure 3.25). From the data, the absorption
wavelength of F4 was shorter than F2 as resulted from the shorter conjugated system
in F4. Other photophysical properties of F4 were compared to F2 and summarized in

Table 3.3.
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Figure 3.25 Normalized absorption and emission spectra of F2 and F4 in 0.017%
DMSO/10 mM HEPES buffer, pH 7.0.

Table 3.3 Photophysical properties of sensor F2 and F4 in aqueous solution.

Absorption Emission
Sensor
Aab (nm) EpSilOﬂ Aem (nm) ¢ (%)G
F2 353 43,600 456 7.40
F4 319 6,500 428 2.39

2Quinine sulfate in 0.1 M H,50, (D = 54%) was used as the standard.
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3.5.2 Sensing property of F4

The selectivity of F4 was then screened against various anions as shown in
Figure 3.26. Unfortunately, this compound did not show selectivity towards any

analytes, as its fluorescent signal decreased without any distinguishable trend.
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Figure 3.26 Fluorescent spectra of F4 (5 uM) in the presence of 15 anion (250 uM) in
10 mM HEPES buffer pH 7.0.



CHAPTER IV
CONCLUSION

In summary, four new fluorophores F1-F4 were successfully synthesized by
Sonogashira and Suzuki coupling reactions. These compounds were characterized by
'H NMR spectroscopy, mass spectrometry, UV-Vis and fluorescent spectrophotometry.
The comparison of photophysical properties of F1-F4 in 10 mM HEPES buffer pH 7.0
solution, wavelengths the maximum absorption of F1-F4 were around 319-362 nm and
the maximum emission wavelengths showed around 437-456 nm. The quantum
efficiency of F1 was highest because the solubility in water of F1 was better than F2-
F4 resulting in F2-F4 were lower quantum efficiency. The screening results of F1-F4
with different anions showed that F1 was selective for hydrogen sulfide ion, F2 was
selective for thiosulfate ion via a fluorescent quenching process, while F3 and F4 were
low selectivity. The selectively quenching effect was probably associated with binding
between the proton at the 2-position of the imidazolium rings of F1 with hydrogen
sulfide ion. For F2 is selectively quenching by thiosulfate ion. The sensor exhibited a
great specificity of hydrogen sulfide ion in F1 and thiosulfate ion in F2 were good

detection limit.
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Figure A.1 'H-NMR of 1-(4-Bromobutoxy)-4-iodobenzene (2) in CDCls.
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