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CHAPTER |
INTRODUCTION

1.1 Overview

Cyanide ion is very toxic to human or animal even at low concentration can
cause death. It can enter to the human or animal body. However, cyanide has been
wildly used in chemical industrial, agricultural, X-ray film recovery, mining, jewelry
manufacturing [1]. Even in nature, some kind of plant or living organism can produce
or release cyanide to the environment [2]. To determine the presence of cyanide ion
in water, there are two main methods colorimetric change and the titration technique.
Among analytical techniques for the detection of CN’, fluorescence spectroscopy is
one of the most sensitive method for detection cyanide. They use fluorophore
attached to receptor probe. Nowadays, there used many types of fluorophore for
cyanide detection, for example, phenazine [3], naphthalene [4] or Dipyrrole [5]. In this
work, we use boron dipyrromethene (BODIPY) as the fluorophore unit and
salicyladehyde as the receptor moiety to create molecular sensor for detection of

cyanide.
1.2 Introduction of cyanide (LOD, method)

Cyanide is the one of the most toxic compound. When able to enter into the
blood system by ingestion, skin absorption or inhalation and will interact with a heme
unit in the cytochrome active site [6]. There are two main methods for determination
of cyanide, first is colorimetric which is monitor the color change by the UV-absorption
and eye observation. The second is the titration technique using AgNO, as titrant. At
the end point, AgNO, will react with CN" and from the Ag(CN),” complex. This method
required time, highly skill technician and has a relatively low sensitivity. According to
this concern, the World Health Organization (WHO) set the maximum contaminant

value of cyanide in drinking water is 2.7 pM [71].
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1.3 Introduction of fluorescence

Fluorescence activity can be schematically illustrated with the classical
Jablonski diagram (Figure 1.1) to describe absorption and emission of light [8, 9]. Prior
to excitation, the electronic configuration of the molecule is described as being in the
ground state (S0). When a fluorophore absorbs light energy, it is usually excited to a
higher vibrational energy level in the first excited state (S1) before rapidly relaxing to
the lowest energy level when transition from the upper to lower bars in (S1), is
termed vibrational relaxation or internal conversion and occurs in about a picosecond
or less. Fluorescence lifetimes are typically four orders of magnitude slower than
vibrational relaxation, giving the molecules sufficient time to achieve a thermally
equilibrated lowest-energy excited state prior to fluorescence emission.

Simglet excited stales
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Figure 1.1 Jablonski energy diagram explaining fluorescence processes.

1.3.1 Structure of fluorescence compounds (mode on-off)

Nowadays, chemical and biological sensing system has been used due to it had
rapid detection result and high selectivity. All methods have been developed and
improved using redox [10], chromogenic [11] or flurogenic [12] changes as the detection

signals. Conjugated polymers (CPs) have emerged as one of the most important classes



11

of transducing materials. They transform a chemical signal to easily measurable
electrical or optical events. Fluorescence based methodologies have attracted much
interest due to their intrinsic sensitivity and selectivity [13]. Considerable efforts have
been devoted to the design of fluorescent compounds to be used as transducers. CPs
with delocalized Tl-electron system have an overpowering interest due to their
versatile optical and electrical properties [14]. Figure 1.2 shows structures of variety of
CPs commonly investigated, including polythioprene (1) [15], polypyrrole (2) [16],

olyfluorene (3) [17], poly(para-phenylenevinylene) (4) [18] and poly(para-
phenyleneethynylene) (5) [19]. The delocalized electronic structure of CPs enables
them to exhibit efficient absorption, strong emission and produce amplified signal

change upon interacting with various analytes.

/S\ n M

2 3
M +O—=,
5
Figure 1.2 Molecular structure of some common conjugated polymers (CPs)

1.3.2 Mechanisms
- Internal charge transfer (ICT)

In some case, molecule in the locally excited (LE) state may undergo to the
other pathway and release the energy without emission or non-radiative decay.
Example, a substance with structure composed of both good electron donating and
withdrawing groups by electron delocalization process can delocalize electron pair
within the molecule which is called internal charge transfer (ICT) process to convert to
the ICT excited state (Figure 1.3). This state has lower energy with different geometry

from the LE state. After ICT excited state relax to the original ground state.
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This relaxation may give light either within or outside the visible light spectrum [20-28].
Accord to multi-step processes, ICT emission usually has lower fluorescence quantum
yield comparing with the LE state. The ICT state usually gives longer wavelength and
is usually stabilized by polar solvent due to ICT excited state stabilization [29, 30].

Y

2

\

1

EQE) |-

Figure 1.3 The potential energy surface of the ground state (So) is excited to S; or S,

then relaxed to the LE state and ICT state (FC = Franck Condon).

- Photoinduced electron transfer (PET)

When the fluorophore is excited, the electron in the highest occupied
molecular orbital (HOMO) is promoted to the lowest unoccupied molecular orbital
(LUMO). This enables the electron transfer from the HOMO of the donor (belonging of
the free cation receptor) to that of the fluorophore (Figure 1.4, A) resulting in low or
undetectable emission. When this system is in present of the analyte, the energy of
bound receptor will be lower, thus the PET can be disrupted and the system can emit

fluorescence upon excitation (Figurel.4, B).
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Figure 1.4 Principle of the PET mechanism.

1.4 Literature review on fluorescence sensors for cyanide ion

Due to nucleophilic properties of cyanide ion, most of cyanide sensors were
designed to incorporate electron deficient groups to enable the addition reaction of

cyanide ions.

2013, Yang et al. [3] reported Probe 2 containing dicyano vinyl group as a
blinding unit and use phenazine as the fluorophore (Figure 1.5). At the initial state, it
had ICT process and emited red fluorescence at 720 nm which had low quantum yield.
After addition of cyanide, the ICT process was destroyed and Probe 2 brought the

strong orange emission at 630 nm showing a detection limit ca. 5.77x10% uM.

3 CeH1a 2 CgHis =
: ; : S
IS . |OHC N.“ £ @ OHC._ A Nf“+ . 630 nm g
H \ \ CN NN BN 3
§ N\ _ \ l g
5 ‘ N Z > CN ’o\ NF NN N SN 5
d A Yy | 3

CeHia Mrede  CgHig CN <

600 700 800 600 700 800
Wavelength (nm) Wavelength (nm)
Probe 2 2-CN~

Figure 1.5 The mechanism of cyanide ion monitoring of phenazine derivatives (Probe
2).

In 2014, Li et al. [31] synthesized fluorescent chemosensor (S1) based on
benzimidazole group for cyanide anion in aqueous solution (H,O/DMSO, 8:2, v/v)

(Figure 1.6). The fluorescence color of the solution containing sensor S1 induced a
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remarkable color change from pale blue to mazarine only after the addition of CN™ in
aqueous solution. Moreover, the detection limit on fluorescence response of the

sensor to CN” is down to 8.8 x 108 M.

Figure 1.6 The mechanism of receptor S1 for cyanide ion.

Recently, in 2014, Niamnont et al.,, [32] discovered that salicylaldehyde
derivatives can be used as a selective probe for cyanide ion in HEPES buffer media
with 1.6 puM of LOD (Figure 1.7). The fluorophore exhibited fluorescence turn-on in
response to cyanide in aqueous media. The turn-on signal is result of the conversion

of the aldehyde to cyanohydrin via the internal acid catalyzed.

In HEPES bufter without organic solvent!

Figure 1.7 Cyanide detection by probe based on cyanohydrin formation.
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1.5 Literature review on Boron dipyrromethene (BODIPY)

1.5.1 Introduction of BODIPY

<«
2 N\ N\B/N\ 6¢ B
3y 5,\a

Figure 1.8 The structure and numbering of the BODIPY fluorophore

Boron dipyrromethene or BODIPY was first discovered in 1968 by Treibs and
Kreuzer [33] and has been used as the optical materials for many applications such as
organic dyes [34] and small-molecule solar cells [35]. The core structure of the BODIPY
fluorophore is shown in Figure 1.8. BODIPY contains a boron atom as part of the core
structure. The advantages of BODIPY are stable in physiological conditions, relatively
insensitive to variations in pH, generally have high quantum efficiency, sharp emission
peaks, tunable in fluorescence characteristic and compatible with biological media.
Which these advantages, in the past few years, there have many reports the
fluorescence for the detection of toxic chemical such as metal ions. However, there
was only few reports on anion based on BODIPY derivatives in water and even in living

cell.

1.5.2 Literature review on BODIPY-based fluorescence sensors toward cyanide

ion

In 2008, Ekmekci et al. [34] developed and synthesized the flurogenic and
colorimetric probe based on BODIPY for the cyanide ion detection (Figure 1.9).
Trifluoro amide receptor attached on the 3-position of BODIPY core demonstrated
fluorescence quenching along with color change from pink to blue after the addition

of cyanide anion.
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Pink Blue
Fluorescent (ON) Non-Fluorescent (OFF

Figure 1.9 Suggested mechanism for on-off switching within the presence of CN- ions
In 2012, Madhu et al. [35] successfully synthesized the BODIPY fluorophore
containing aldehyde receptor moiety at the 8 position (Figure 1.10). When cyanide ion
reacted with the carbonyl group by nucleophilic addition reaction with the carbonyl
group, it was converted into the corresponding cyanohydrin. Upon addition of cyanide,
this probe gave an apparent color change from orange to dark yellow and turn off
fluorescence with 3 ppm of detection limit. Moreover, this BODIPY probe can also be

used in biological cell lines for the detection of cyanide ion.

O<_H,

1 equiv. CN-

N CD;CN
N-g N=
FF

Figure 1.10 The nucleophilic addition reaction of cyanide toward probe and

colorimetric and flurogenic change before and after addition of cyanide.

In 2012, Zhang et al. [36] reported the BODIPY containing indolium iodide (4b)
(Figure 1.11). In the present of cyanide 3b showed the ratiometric fluorescence
response to cyanide anion with a dramatic fluorescence color change from red to
green showing a detection limit ca. 0.5 uM. However, this system had to perform at

basic condition (pH 9.3)
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Figure 1.11 Ratiometric fluorescent response of probe 1 to cyanide ions, with a
dramatic fluorescence color change from red to green.

In 2012, Lee et al. [37] successfully synthesized BODIPY 1 containing dicyano-
vinyl group as turn-on fluorescence sensor for cyanide anion in 1%THF/H,O. The
photoinduced intramolecular charge transfer (ICT) from the BODIPY unit to the dicyano-
vinyl group could occur resulting from the nucleophilic attack of cyanide on the
olefinic carbon. This caused the interruption of Tt-conjugation between the phenyl and

dicyano-vinyl groups, which would influence the fluorescence emission.

CN
I

N

E J CN-

]/\ 4 ClO, HSO, H,PO; NO, AcO
)/N B’N\< *B-

Figure 1.12 Structure of 1 and its CN" adduct (left) and 1 solutions with various

anions under black light (right).

Based on above literature reviews on BODIPY for cyanide sensors, there are
some disadvantages such as lack of colorimetric change, turn-off fluorescence and
ability to perform in physical condition (pH 7.4). Therefore, colorimetric, turn-on
fluorescence chemosensor for cyanide detection with high sensitivity and biological

compatibility are very limited.
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1.6 Objective and expected outcome of this work and expected outcome

In this research, we design and prepare two fluorescence chemosensors based
on BODIPY derivatives (GSB and RSB) containing salicylaldehyde moiety as the receptor
unit. We expect turn-on fluorescence mode for cyanide detection along with naked
eye observation, high selectivity and sensitivity toward cyanide ion in aqueous media.
Moreover, we will use our BODIPY in biological media in order to detect cyanide in

cells sample.

GSB

Figure 1.13 The structures of target molecules.



CHAPTER Il
EXPERIMENT

2.1 Chemical and Materials

Bis(triphenylphosphine)palladium(ll) dichloride (PACl(PPhs),), trimethylsilyl-
acetylene and triphenylphosphine were purchased from Fluka. Copper (I) iodide and
2-hydroxybenzaldehyde were purchased from Aldrich. 4-lodobenzaldehyde was
purchased from TCl. Calcium carbide and all other reagents were non-selectively
purchased from Sigma-Aldrich, Fluka or Merck and used without further purification.
For most reactions, solvents such as dichloromethane is reagent grade stored over
molecular sieves. In anhydrous reactions, solvents such as THF and TEA were dried
and distilled before use according to the standard procedures. All column
chromatography was 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, hexane and ethyl
acetate were commercial grade and distilled before use while diethyl ether was
reagent grade. Mili-Q water was used in all experiments unless specified otherwise. All

of reactions were carried out under positive pressure of N, filled in rubber balloons.

2.2 Analytical Instruments

The 'H and >C-NMR spectra were acquired from sample solution in CDCls, D,O
and DMSO-dj on a Varian Mercury NMR spectrometer, which operated at 400 MHz for
'H-NMR and 100 MHz for *C-NMR. Mass spectra were obtained by electrospray
ionization mass spectrometry (ESI). Absorption spectra were measured by a Varian Cary
50 UV-Vis spectrophotometer (Varian, USA) and emission spectra were obtained from

a Varian Cary Eclipse spectrofluorometer (Varian, USA).
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2.3 Synthesis of GSB and RSB

2.3.1 Preparation of 2-hydroxy-5-iodobenzaldehyde (2)

OH OH
®/CHO Acetic Acid, ICI CHO
55%
salicylaldehyde 2

Scheme 2.1 Synthesis of 2

To a prepared mixture of salicylaldehyde (5.0 g, 0.041 mol), iodo-monochloride
(8.12 g, 0.05 mol) and acetic acid (3.0 g, 0.05 mol) were stirred in round bottle flask at
ambient condition for 18 h. The reaction mixture was extracted with CH,Cl, for three
times. The combined extract was washed with DI water, Na,S,0; and NaHCO; then
dried over anhydrous MgSO,4 and purified by column chromatography on silica gel to
afford the pure product of 2.717 g (27%) as white solid. 'H NMR (400 MHz, CDCl;) &
10.93 (d, J = 1.0 Hz, 1H), 9.81 (d, J = 0.7 Hz, 1H), 7.83 (d, J = 2.0 Hz, 1H), 7.74 (d, J = 8.8
Hz, 1H), 6.78 (d, J = 8.8 Hz, 1H).

2.3.2 Preparation of 2-Hydroxy-5-((trimethylsilyl)ethynyl)benzaldehyde (3)

™S OH

Vi CHO
CHO Pd(PPh3),Cly, Cul, PPhs, 1

OH

55% dichloromethane // 33%

Scheme 2.2 Synthesis of 3
2-Hydroxy-5-iodobenzaldehyde (1.0 g, 4.03 mmol), bis(triphenylphosphine)-
palladium(ll) dichloride (85 mg, 0.121 mmol), Cul (23.04 mg, 0.121 mmol), PPh; (21.35
mg, 0.081 mmol) and trimethylsilylacetylene (593.505 mg, 6.05 mmol) were dissolved
in a mixed solvent of TEA (5 mL) and THF (30 mL) in round bottle flask with magnetic
stir bar. The reaction mixture was stirred at ambient condition for 18 h. After removal
of solvent under reduced pressure, the residue was purified by column

chromatography on silica gel to give product in 864.000 mg as white solid (98%). 'H
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NMR (400 MHz, CDCls) & 11.08 (s, 1H), 9.83 (s, 1H), 7.69 (s, 1H), 7.58 (d, J = 7.3 Hz, 1H),
6.92 (d, J = 8.6 Hz, 1H), 0.23 (s, 11H).

2.3.3 Preparation of 5-ethynyl-2-hydroxybenzaldehyde (4)

OH OH

CHO CHO
K,CO3, CH,Cl,

// 33% Methanol // 98%
™S 3 H 4
Scheme 2.3 Synthesis of 4
2-Hydroxy-5-((trimethylsilylDethynylbenza-ldehyde (853 mg, 2.91 mmol) and
K,CO5(1403.80 mg, 17.46 mmol) were dissolved in a mixed solvent of CH,Cl, (30 mL)
and MeOH (15 mL) in round bottle flask with magnetic bar. The reaction mixture was
stirred at ambient condition for 18 h. The reaction was washed with DI water, then
dried over anhydrous MgSO,4 and purified by column chromatography on silica gel to
give desired product in 308 mg as white solid (54%). 'H NMR (400 MHz, CDCls) & 11.12
(s, 1H), 9.85 (s, 1H), 7.71 (d, J = 2.0 Hz, 1H), 7.61 (dd, J = 9.1, 1.7 Hz, 1H), 6.94 (d, J = 8.4
Hz, 1H), 3.02 (s, 2H).

2.3.4 Preparation of 2-phenylpyrrole (6b)

.OH

N
| KOH, 18—crown-6 / )
CHj + CaC, ! N
DMSO H

5 6b
Scheme 2.4 Synthesis of 6b

Acetophenone oxime (400 mg, 2.96 mmol), calcium carbide (1139 mg, 17.77
mmol), and a piece of 18-crown-6 were dissolved in solvent of DMSO (40 mL) in seal
tube with magnetic bar. The reaction mixture was stirred at 100°C for 18 hr, then the
reaction mixture was extracted with diethyl ether, washed with DI water and purified

by column chromatography on aluminum oxide to give desired product in 224 mg as
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dark purple solid (53%). 'H NMR (400 MHz, CDCly) & 7.46 (d, J = 7.6 Hz, 1H), 7.35 (t, J
= 7.7 Hz, 1H), 7.19 (t, J = 7.4 Hz, 1H), 6.85 (s, 1H), 6.51 (s, 1H), 6.29 (d, J = 3.0 Hz, 1H).

2.3.5 Preparation of BODIPY 7a

ﬂ 1) TFA with
N

R

H 2) DDQ
3) BF;0Et,
6
6a:R=H
6b: R = Phenyl 7a: R = H (38%)

7b: R = Phenyl (49%)
Scheme 2.5 Synthesis of 7a and 7b

4-lodobenzaldehyde (1000 mg, 4.31 mmol), pyrrole (compound 6a) (578.3 mg,
8.62 mmol) were dissolved in dried CH,Cl, (40 mL) in round bottle flask with magnetic
bar. The reaction mixture was stirred at ambient condition for 10 min, trifluoroacetic
acid (TFA) was added for 2-3 drops, and the solution was stirred for another 10 min.
The solvent was removed under reduced pressure, dissolved in CH,Cl,, washed with
DI water, dried over anhydrous MgSO, and removed solvent under reduced pressure
then purified by column chromatography on silica gel to give intermediate crude
product. The intermediate product (395 mg, 1.135 mmol) and 2, 3-dichloro-5, 6-
dicyanobenzoquinone, DDQ (258 mg, 1.135 mmol) was dissolved in dichlorometane
(30 ml) in round bottle flask with magnetic stir bar. The reaction mixture was stirred at
room temperature for 30 minutes, then the reaction mixture was stirred at 0 degree
Celsius. N, N-Diisopropylethylamine (1032.8 mg, 8 mmol) and Boron trifluoride diethyl
etherate (1620.84 mg, 11.42 mmol) were added and stirred for another 30 minutes.
The reaction was washed with saturated NaHCO,, brine, dried over anhydrous MgSQ,
and removed solvent under reduced pressure the purified by column chromatography
on silica gel to give product in 570 mg as orange solid (38%). 'H NMR (400 MHz, CDCl,)
0 7.93 (s, 1H), 7.87 (d, J = 8.3 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 6.89 (d, J = 3.4 Hz, 1H),
6.54 (d, J = 2.3 Hz, 1H).
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2.3.6 Preparation of BODIPY 7b

This compound was prepared from 2-Phenylpyrrole (compound 6b) using the
same procedure for 6a. The product was obtained as a red solid in 528 mg (49%). 'H
NMR (400 MHz, CDCls) & 7.93 — 7.79 (m, 1H), 7.47 — 7.35 (m, 1H), 7.31 (d, J = 8.3 Hz,
1H), 6.85 (d, J = 3.9 Hz, 1H), 6.62 (d, J = 3.8 Hz, 1H).

OHC OH

Pd(PPh3),Cl,, Cul, PPhs, 4

dichloromethane

GSB: R =H (80%)
RSB: R = Phenyl (71%)

7a:R=H
7b: R = Phenyl

Scheme 2.6 Synthesis of GSB and RSB
2.3.7 Preparation of GSB

A mixture of compound 7a (54 mg, 0.1369 mmol), 5-ethynyl-2-
hydroxybenzaldehyde (4) (40 mg, 0.274 mmol), bis(triphenylphosphine)palladiumll)
dichloride (14.04 mg, 0.02 mmol), Cul (3.81 mg, 0.02 mmol) and PPhs (2.9 mg, 0.011
mmol) were dissolved in mixture solvent of TEA (3 mL) and THF ( 15 mL) in round
bottle flask with magnetic stir bar. The reaction mixture was stirred at ambient
condition for 18 hr. The solvent was removed under reduced pressure, dissolved in
CH,Cl, (30 mL), washed with NH,CL, DI water, dried with MgSO4 and removed solvent
under reduced pressure then purified by column chromatography on silica gel to give
desire product in 45 mg as dark green solid (80%). 'H NMR (400 MHz, CDCl5) 0 11.17
(s, 1H), 9.91 (s, 1H), 7.94 (s, 2H), 7.80 (s, 2H), 7.74 — 7.51 (m, 7H), 7.01 (d, J = 8.3 Hz, 1H),
6.93 (s, 2H), 6.55 (s, 2H).
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2.3.8 Preparation of RSB

This compound was prepared from compound 7b using the same procedure
for GSB. The product was obtained as a maroon solid in 148 mg (71%). "H NMR (400
MHz, CDCls) & 11.17 (s, 1H), 9.92 (s, 1H), 7.85 (d, J = 5.5 Hz, 4H), 7.81 (s, 2H), 7.71 (d, J
= 8.5 Hz, 1H), 7.66 (d, J = 7.9 Hz, 2H), 7.59 (d, J = 8.0 Hz, 3H), 7.41 (d, J = 5.4 Hz, 6H),
7.02 (d, J = 8.6 Hz, 1H), 6.89 (d, J = 3.9 Hz, 2H), 6.63 (d, J = 3.7 Hz, 2H).

2.4 Photophysical properties

The stock solutions of 1 mM GSB and RSB in DMSO were prepared and diluted
to 100 puM.

2.4.1 UV-Visible spectroscopy

The UV-Visible absorption spectra of the stock solution of fluorophore were

recorded from 250 nm to 60 nm at ambient temperature.
2.4.2 Fluorescence spectroscopy

The stock solutions of GSB and RSB were diluted to 10 uM in 90% DMSO and
10% HEPES buffer pH 7.4. The emission spectra of fluorophore were recorded from
350 nm to 700 nm at ambient temperature using an excitation wavelength at 345, 504

and 557 nm, respectively.
2.4.3 Fluorescence quantum yield

The fluorescence quantum yield of fluorophores were perform in DMSO by

using quinine sulfate (PF = 0.546 in 0.5 N H,S0,) and rhodamine B (DF = 0.70 in MeOH)
as the standard references. The UV-Visible absorption spectra of five analytical samples
and five reference samples at varied concentrations were recorded. The maximum
absorbance of all solution samples should never exceed 0.1. The fluorescence
emission spectra of the same solution using appropriate excitation wavelengths
selected were recorded based on the absorption maximum wavelength (A5 of each
compound. Graphs of integrated fluorescence intensity were plotted against the

absorbance at the respective excitation wavelengths. Each plot should be straight line
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with 1 interception and gradient m. In addition, the fluorescence intensity vs.

absorbance represented into the following equation.

Grady \ [ 17>
Dy = D,
X T (Grad5T> <77§T

The subscripts @D, denote the fluorescence quantum yield of standard

reference which used quinine sulfate (D = 0.546 in 0.5 N H,S0,) and rhodamine B (D

= 0.70 in MeOH) and @y is the fluorescence quantum vyield of sample and M is the

refractive index of the solvent.

2.5 Fluorescence sensor study
2.5.1 Anion sensor

The excitation wavelength was 345 nm, 504 nm and 557 nm for GSB and RSB
and the emission was recorded from 355-750 nm. Sodium anion solutions were
prepared in Milli-Q water. Concentrations of all stock sodium anion solution were
adjusted to 50 mM and were added with desired volumes (10 pL) to the fluorophore
solutions. The final volumes of the mixture were adjusted to 1000 pL to afford the

final concentration of 10 uM for the fluorophore and 700 uM for anions.
2.5.2 Surfactant study

The excitation wavelength were 504 nm and 557 nm and the emission was
recorded from 514-750 nm. Surfactant solutions were prepared in Milli-Q water.
Concentration of all stock sodium anion solutions were adjusted to 20 mM and were
added with the desired volume (700 L) to fluorophore solutions. The final volumes
of the mixture were adjusted to 1000 pL to afford the final concentration of 10 uM for

the fluorophores and 10 uM for surfactants.
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RESULTS AND DISCUSSION

3.1 Cyanide fluorescence sensor from GSB and RSB

In this work, we designed and synthesized the fluorophores GSB and RSB based
on the salicylaldehyde probe attached to BODIPY fluorogenic unit with unsubstitution
and extended phenyl group at 3, 5 position. It should make these fluorophore for turn-
on and colorimetric fluorescence sensor for CN™ detection and can be used in cell

imaging application under physical condition.

OHC OH

GSB RSB

Figure 3.1 Fluorophore molecules GSB and RSB.
3.1.1 Synthesis and characterization of GSB and RSB

The fluorophore GSB and RSB were synthesized as shown in Scheme 3.1. The
synthesis was started with the iodination of salicylaldehyde with iodine monochloride
using acetic acid to give 2 in 55% yield. Then Sonogashira coupling reaction between
2-hydroxy-5-iodobenzaldehyde and trimethylsilylacetylene followed by desilylation
afforded 5-ethynyl-2-hydroxybenzaldehyde (4) in excellent yield. For the BODIPY core
synthesis (8a or 8b), it was accomplished with the known reaction sequence:
condensation of unsubstituted pyrrole or 2-phenylpyrrole with 4-iodobenzaldehyde,
oxidation with 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) and complexation

with Boron trifluoride diethyl etherate. Finally, the Sonogashira coupling reaction
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between BODIPY fluorophores (8a or 8b) and 5-ethynyl-2-hydroxybenzaldehyde gave
GSB and RSB in 80 and 71% yield, respectively.

0 0o
o} (o} H OH H OH
" OH H OH  Pd(PPh3),Cl,, PPhs, Cul,
ICI TMS-acetylene K2COs4
[ -
Acetic acid, 18 h TEA, TEA, 18 h CH,Cl,, MeO, 18 h
. o, V4 , 7,
55% ™S 33% H  98%
|
o
/©)kH
R@ | { N DDQ 1 N { DIPEA, BF3OFEt,
H  TFA CH,Clp, 0°C, 10min R~ N /= CHuCl, 30min g~ NH | CH.Cl,, 0°C, 30 min
HN_ Ny
5a: R=H
5b: R=Phenyl R R
6a: R=H (35%) 7a: R=H 8a: R=H (38%)
6b: R=Phenyl (93%) 7b: R=Phenyl 8b: R=Phenyl (49%)
OHC_~ OH
CHO
/©/OH
=

H

Pd(PPh3),Cl,, PPhj, Cul,
TMS-acetylene, THF, TEA, 18h

GSB: R=H (80%)
RSB: R = Phenyl (71%)

Scheme 3.1 Synthesis route of fluorophore GSB and RSB.

For the NMR characterization, 'H NMR spectrum of 5-ethynyl-2-hydroxybenz-
aldehyde (4) are shown in Figure 3.2. Aldehyde (f), hydroxyl (e), terminal alkyne (b)
and aromatic protons (a) showed the corresponding singlet peaks at 11.14, 9.87 and
7.72 ppm, respectively. In addition, the remaining aromatic protons (d and e) displayed

at 7.63 and 6.96 ppm, respectively.
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Figure 3.2 'H NMR spectrum of 5-ethynyl-2-hydroxybenzaldehyde (4).

The 'H NMR spectrum of GSB and RSB are shown in Figure 3.3. The present of
salicylaldehyde receptors in BODIPY GSB and RSB were confirmed by the OH (h) peak
and carbonyl (i) peak at ca. 9.87 and 11.12 ppm. Both GSB and RSB showed the
characteristic pyrrole peaks (c and d) at ca. 6.84 and 6.59 ppm suggesting the existing
of BODIPY core. Moreover, the extra phenyl conjugate of RSB peaks (k, |) showed the
signals at ca. 7.39 and 7.37 ppm. Moreover, the molecular weights of GSB and RSB
were confirmed by mass spectrometer (412.119 and 564.821) as seen in appendix

(figure S.11 and S.14).
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Figure 3.3 "H NMR spectra of GSB and RSB.

3.1.2 Photophysical properties of GSB and RSB

Normalized Intensity (a.u.)

420 470 520 570 620 670
Wavelength (nm)

Figure 3.4 Electronic absorption and emission spectra of GSB (green) and RSB (red)

(10pM) in 90%DMSO/TRIS buffer pH 7.4.

The absorption and emission of GSB and RSB were studied in the mixture of
DMSO and TRIS pH 7.4 (9:1) solvent. The photophysical properties are compiled in
Table 3.1. GSB and RSB fluorophores exhibited absorption maxima at 504 and 557nm,
respectively (Figure 3.4). Each fluorophore showed a single maximum emission
wavelength at 529 and 600 nm. This resulted in the green and red emission of GSB
and RSB under the blacklisht. The quantum efficiency of both fluorophores were
determined using quinine sulfate (DF = 0.546 in 0.5 N H2504) and rhodamine B (PF
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= 0.70 in MeOH) as standard. As expected, GSB and RSB provided relatively low
quantum vyield than typical BODIPY derivative. The molar absorptivity of both
fluorophore were measured (Figure 3.5). GSB and RSB provided the molar absorptivity

around 44000 - 45000. The values are corresponded to typical BODIPY derivatives.

Table 3.1 Photophysical properties of GSB and RSB in 90% DMSO/TRIS buffer pH 7.4.

Compound Solution Blacklight )\ab (nm) )\em (nm) Epsilon D; (%)

GSB ' ! 504 529 44000 1

RSB 557 600 45200 13

Epsilon of GSB Epsilon of RSB

0.8 0.8
5 o
£06 Sos
o 8 i
EOA y = 0.044x S04 y = 0.0452x
< o 2
0.2 R? = 0.9993 < 02 R? = 0.9952
0 0
0 > 10 1> 20 » 0 5 10 15 20 25
Concentration Concentration

Figure 3.5 The epsilon value of GSB (left) and RSB (right).

The low quantum yield of GSB and RSB could be expended by PET and ICT
processes as depicted in Figure 3.6. For ICT process, the aldehyde moiety will act as
electron withdrawing group while hydroxyl moiety will act as electron donor group
causing the fluorescent quenching. Also the PET process are occur from the electron
transfer between hydroxy donor group and BODIPY acceptor. Moreover, the higher
quantum vyield of RSB than GSB is probably governed by the photoinduced the
electron transfer process (PET) of extra phenyl groups to acceptor BODIPY core which

lower the effect of PET from the hydroxy group in salicylaldehyde.
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Figure 3.6 Quenching mechanism of photosphere GSB and RSB

The effects of solvent on emission of fluorophores were studied by varying the
content of the TRIS buffer pH 7.4 in the DMSO solution from 10 to 90%, as seen in
Figure 3.7. The results showed that in high water content, both fluorophores exhibited
weak emission due to their poor solubility. Therefore, we decided to use 90% DMSO

as the optimum condition for further study.
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Figure 3.7 Fluorescence enhancement ratio (I/1,) of GSB (left) and RSB (right) (10uM)
in TRIS buffer pH 7.4 mixed with DMSO (10-90% v/v).
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3.1.3 Optical response of GSB and RSB toward cyanide and other anions

To evaluate GSB and RSB as the cyanide sensors, the absorption spectrum of
each fluorophore before and after the addition of cyanide were monitored. The
absorption changes of fluorophore GSB and RSB in the presence and absence of
cyanide ion were displayed in Figure 3.8. In case of GSB probe, upon the addition of
100 equivalent of cyanide ion (1 mM), the maxima absorption peak at 504 nm
disappeared and the new absorption peak at 345 nm was formed (Figure 3.8, left).
Based on these results, we decided to use the Asss/Asqq ratio to quantify the absorption
changed in this system. Before the addition of cyanide ion, Ass,/Asqq of GSB was 0.2,
and the addition of cyanide ion resulted in the increase of Azg,/Aspq to 11 which was
55-fold. This observation were corresponded with the color change which observed
by naked eye. The orange color of GSB probe was decolorized and turned to colorless
(Figure 3.8, left, inset). Similarly, before addition of cyanide ion, the RSB displayed
the maxima absorption peak at 557 nm. Upon addition of cyanide ion (1mM), there
was the new increased peak at 345 nm and the decreased peak at 557 nm (Figure 3.8,
right). When we used the Asgs/Ass; ratio to quantify the absorption changed,
approximately 5-fold increase was observed in the present of cyanide. Interestingly,
the color change of RSB probe was visualized as decolorization from purple to
colorless (Figure 3.8, right, inset). The results clearly demonstrated that GSB and RSB
could be used as the naked-eye observation for cyanide sensing.

0.6
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Figure 3.8 Absorption spectra of the solution of GSB (left) and RSB (right) (10pM)
upon addition of sodium cyanide (1 mM) in 90% DMSO/TRIS buffer pH 7.4.
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In case of fluorescence sensing ability for probe GSB and RSB toward cyanide
ion, the fluorescence response were displayed in Figure 3.9. When excited at 345 nm,
GSB enhanced the fluorescence emission at 504 nm upon the addition of 100
equivalent of cyanide ion (1 mM) (Figure 3.9, left). The fluorescence enhancement
ratio (/o) was found to be 46-fold. Moreover, we observed the strong green emission
of GSB under black light upon the addition of cyanide as seen in Figure 3.9 (left, inset).
In term of quantum efficiency, upon the addition of CN’, it change from 1% to 22%.
On the other hand, the response of the RSB showed the different behavior. Upon the
addition of 100 equivalent of cyanide ion (1 mM), RSB exhibited a prominent
fluorescence enhancement accompanied by blue shift of 53 nm from 557 to 504 nm
(Figure 3.9, right). This resulted in the flurogenic change from red to green emission
(Figure 3.9, right, inset). Therefore we decided to use the ratiometric emission
wavelength at 600 and 504 nm to quantify the enhancement efficiency. It showed the
value of lgo/ls0s before and after addition of CN” were calculated to be 45-fold. These
results suggested that GSB probes is promising as the fluorescence turn-on sensor for
cyanide detection. On the other hand, RSB could serve as ratiometric fluorescence

sensor for cyanide detection.
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Figure 3.9 Emission spectra of the solution of GSB (left) and RSB (right) (10uM) upon
addition of sodium cyanide (ImM) in 90% DMSO/TRIS buffer pH 7.4.
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3.2 Sensitivity of GSB and RSB toward cyanide

With the optimized condition in hands, the absorption intensity in relationship
to cyanide concentration was investigated upon addition of various equivalent of
sodium cyanide (10-90 equivalents) in aqueous solvent (90% DMSO/TRIS buffer pH
7.4). For GSB probe, the absorption peak at 504 nm was dramatically decreased along
with the increased of peak 345 nm (Figure 3.10, left). We also observed the gradual
color change from orange to colorless solution upon the addition of cyanide. Similar
to GSB, RSB displayed the decrease of absorption band at 557 nm with the increase
of peak at 345 nm upon the addition of sodium cyanide (Figure 3.10, right). Moreover,

the colorimetric change from purple to colorless was observed.
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Figure 3.10 Absorption spectra change of the solution of GSB (left) and RSB (right)
(10pM) upon addition of various sodium cyanide (1-70eqjiv) in 90% DMSO/TRIS buffer
pH 7.4.

For fluorescence change, GSB alone displayed weak fluorescence emission
intensity at 529 nm while RSB displayed red fluorescence emission intensity at 557
nm. When we changed the excitation wavelength to the new absorption at 345 nm,
upon addition of various equivalent of sodium cyanide from 1 — 90 equivalent led to
the fluorescence enhancement significantly. In case of GSB. The strong green
fluorescence emission was observed upon addition of sodium cyanide (Figure 3.11, b
left). For the RSB, on the other hand, the ratiometric change was observed (Figure

3.11, a right). The peak at 600 nm was decreased graduately along with the increase



of peak at 504 nm. Under the black light, we saw the flurogenic change from red to
green (Figure 3.11, b right). Moreover, the plot I/l vs. concentration of cyanide of both
GSB and RSB demonstrated that the fluorescence enhancement ratio could not reach
the equilibrium point even though 90 equivalent of cyanide ion were added (Figure
3.11, a and b inset). These suggested that the fluorescence change of our sensor are
the reaction mode.
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Figure 3.11 Emission spectra change (a) and visual observation under black light (b)
of the solution of GSB (left) and RSB (right) (10uM) upon addition of various sodium
cyanide (1-90eqjiv) in 90% DMSO/ TRIS buffer pH 7.4.

As previous discussed, the fluorophore RSB exhibited ratiometric change from
red to green with cyanide in TRIS buffer pH 7.4. Next, in order to improve the initial
fluorescence intensity of RSB, the effect of surfactants was investigated. Varity of
surfactants such as cationic (CTAB, DTAB, HTAB and TTAB), anionic (SDS, SDC, SDBS )
and nonionic (TWEEN 20, Triton X-100 and Brij) surfactants were added to the RSB in
90% DMSO/ TRIS buffer pH 7.4 and the emission of RSB were showed in Figure 3.12.
There were no significant change upon the addition of surfactants and 90% DMSO/

TRIS buffer pH 7.4 remained the best choice of this system.
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Figure 3.12 Bar chart representing the fluorescence enhancement (I/1,) of RSB (10uM)
in TRIS buffer pH 7.4 in the present of various surfactants (10mM). The fluorescence

intensity at the emission peak of each system was used.

The time dependent studies of fluorescence response of both fluorophores in
relationship to the amount cyanide were tested. Upon the addition of 100 equivalent
of cyanide, the fluorescence intensity sharply increased during 0 — 60 min. And then
the fluorescence intensity remained constantly throughout the entire experiment (320
min). This suggest that, reaction need around 60-70 min to consume all the cyanide
ion (Figure 3.13). Also, this behavior confirm that the sensing mechanism is the reaction
mode which we will explain more details in the next section.

250

600
500 00000—0—0—0—0— 200

400

N
w
(=}

300

Intensity
Intensity

—
o
o

200

w
(e}

100

0 0
0 40 80 120 160 200 240 280 320 0 40 80 120 160 200 240 280 320
Time (min) Time (min)

Figure 3.13 Time dependent changes in fluorescence intensity of GSB (left) and RSB
(right) (10pM) upon addition of cyanide 100 equivalent in 90% DMSO/ TRIS buffer pH
7.4.
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Even though the pH at 7.4 is an ideal for the fluorescence sensor, we also
investigated the pH dependent of RSB fluorophore toward the fluorescence intensity
in the absent of cyanide (Figure 3.14). Under the acidic condition (below pH 6.4), we
found that the emission of RSB fluorophore was totally suppressed. This result perhaps
governed by deprotonation at aldehyde moiety enhancing the ICT effect. On the other
hand, in pH range between 6.4 - 8.4, RSB fluorophore exhibited the fluorescence
intensity in the same range (365 — 493 a.u.). This suggest that our fluorophore are stable

in the physical condition.
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Figure 3.14 The fluorescence intensity of RSB (10puM) in 90%DMSO/ buffer pH 4.4 —
10.5.

3.3 Determination of detection limit of GSB and RSB toward cyanide

The detection limit was estimated by a plot of Al at 504 nm versus cyanide
concentration in the range of 2-10 uM (Figure 3.15). The fluorescence enhancement
ratio of GSB and RSB showed a well-behaved linear correlation in the studied range.
The plot also gave the detection limit (at 3 x noise) of GSB and RSB cyanide sensing
in the value of 0.88 and 1.79 uM, respectively. These values are lower than the WHO
guideline (2.7 uM or 0.07mg/L) for cyanide allowed in fresh water. Therefore, our

fluorophores are able to use for cyanide detection in aqueous system.
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Figure 3.15 A plot of the fluorescence intensity change ((I-lp)/l, x 100) of GSB (left)
and RSB (right) (10uM) versus [CNT. (Ao, = 345 nm; A, = 504 nm; Medium =
90%DMSO/ TRIS buffer 7.4; [FO] = 1uM)

For the purposed mechanism of fluorescence enhancement of GSB and RSB
toward cyanide ion. Initially, both of these probes has the ICT process along with the
PET process that suppress the fluorescent emission as seen in Figure 3.16 top. We
hypothesized that, at initial state, GSB was in deprotonated form due to the effect of
electron withdrawing from BODIPY core. These resulted in the lower pKa of
salicylaldehyde group (ca.8) under our tested condition (pH buffer 7.4). In attempt to
gain more information of these phenomenal, structural optimization of GSB was carry
out by DFT calculation in D88-LYP level as Figure 3.16 below. The optimized structure
of GSB has extended TT-conjugation between BODIPY core and salicylaldehyde thought
the c-c triple bond linkage. HOMO of GSB was delocalized on BODIPY core while LUMO
was delocalized on salicylaldehyde group. These suggest that the photo-induce
electron transfer (PET) process between BODIPY and salicylaldehyde resulting in the
fluorescence quenching of initial GSB. Upon the addition of the CN, it underwent
nucleophilic attack to salicylaldehyde group and generated the cyanohydrin (Figure
3.16, top, right). Under pH buffer 7.4, the cyanohydrin could be exist in the protonated
form due to the loss of aldehyde group. This would increase the pKa value of phenolic
group close to the normal phenol (ca.9). Therefore the PET process from phenolate
to BODIPY unit should be destroyed. Moreover, the structure optimization of

cyanohydrin displayed that electron were delocalized in BODIPY unit in both of LUMO
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and HOMO (Figure 3.16, below, right). Therefore, the attack of cyanide ion not only
cause the change in pKa of phenolic group but also interrupt the Tt-conjugation causing

the fluorescence enhancement of GSB.

LUMO LUMO

HOMO HOMO

Weakly Fluorescent Highly Fluorescent

Figure 3.16 Purposed mechanism sensing of GSB toward cyanide ion.

The "H-NMR titration study of RSB in DMSO-dj, it found that when addition of
sodium cyanide 0.2 — 1.0 equivalent the peak of aldehyde at 11.14 ppm were
disappeared while peat at 5.63 ppm were increased continuously (Figure 3.17). We
discussed that the new peak is belong to the H at the cyanohydrin intermediate (RSB
- CN) resulting from the attack of cyanide at aldehyde group (Figure 3.17, top).
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Figure 3.17 1H NMR Titration of RSB toward cyanide ion in DMSO-dj

To investigate the selectivity of our sensors, cyanide and other 13 anions (SCN’
, HCO5, OAC, NO,, NOs, F, CL, Br, I, 5,057, SO5™, SO,”, N3) were tested with GSB and
RSB. In Figure 3.18, GSB displayed high specificity and there was only cyanide ion can
lower the absorption peak at 504 nm. This result caused the colorimetric change from
orange to colorless with only cyanide ion (Figure 3.18, c). Even though absorption peak
at 345 nm increased upon the addition of some anions (OAc, F, SO,* and SO5?) (Figure
3.18, a), but the color of their solution remain unchanged. Therefore we decided to
use the absorption ratio between 345 and 504 nm for quantified the naked eye
observation. Ratio bars of Asss/Asoq sShowed an approximately 55-fold enhancement in
the present of cyanide ion in comparison with other 13 anions in case of GSB (Figure
3.18, b). Similarly, RSB showed high specificity to cyanide ion and absorption peak at

557 nm decreased along with the increase at 345 nm (Figure 3.19, a). This resulted in
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the decolorized from purple to colorless (Figure 3.19, c) and the Asgs/Ass; ratio bars

showed an approximately 5-fold increase after addition of cyanide ion (Figure 3.19, b).
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Figure 3.18 The Absorption spectra (a), Asss/Asoq bar charts (b) and visual observation
(c) of GSB upon addition of 14 common anions (CN’, SCN’, HCO5, OAc, NO,, NOs, F,
CL, Br, I, $,05%, SO5%, SO, N3). (A, = 345 nm; Medium = 90%DMSO/ TRIS buffer
7.4; [GSB] = 10uM; [anion] = 1 mM)
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Figure 3.19 The Absorption spectra (a), Asss/Ass; bar charts (b) and visual observation
(c) of RSB upon addition of 14 common anions (CN’, SCN’, HCO5', OAC, NO,, NOs, F,

CL, Br,, I, 5,057, SO5%, SO.Z, N5). (Ao, = 345 nm; Medium = 90%DMSO/ TRIS buffer
7.4; [RSB] = 10uM; [anion] = 1 mM)
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For the fluorescence selectivity tests, after the addition of anions to GSB
solutions, it demonstrated the fluorescence enhancement of peak at 504 nm with only
cyanide (Figure 3.20, a). Moreover the strong green emission were appeared under
black light as seen on Figure 3.20, c. The emission enhancement ratio (I/1,) bar showed

46-fold enhancement when compare to other 13 anions (Figure 3.20, b).
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Figure 3.20 The fluorescence spectra (a), I/ly bar chart (b) and visual observation
under black light (c) of GSB upon addition of 14 common anions (CN’, SCN’, HCOs/,
OAC, NO,, NOy, F, CU, Br,, I, 5,052, SO5%, SO.%, N5). (Ao, = 345 nm; Medium =
90%DMSQO/ TRIS buffer 7.4; [GSB] = 10uM; [anion] = 1 mM)

On the other hand, in the present on cyanide, RSB exhibited the shift in the
emission maxima from 557 to 504 nm (Figure 3.21, a). This resulted in the color change
from red to green under the black light (Figure 3.21, c). Unlike cyanide, other anion
such as OAc” and F" can also quench the emission signal at 557 nm but are not able
to increase the emission signal at 504 nm. The emission enhancement ratio at 504
versus 600 nm was used to quantify the sensing abilities of RSB as showed in Figure
3.21, b. For cyanide ion, the ratio between lsy/l509 Was 45-fold different from the other
anions. Based on these results, GSB and RSB can be used for specific fluorescence

turn-on and colorimetric sensor for visual detection of CN” over competitive anions.
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Figure 3.21 The fluorescence spectra (a), I/ly bar chart (b) and visual observation
under black light (c) of RSB upon addition of 14 common anions (CN’, SCN’, HCO3,
OAC, NO,, NO5, F, CL, Br, I, $,05%, SO5%, SO.%, N3). (Ao, = 345 nm; Medium =
90%DMSO/TRIS buffer 7.4; [RSB] = 10uM,; [anion] = 1 mM)

The competitive test was conducted by adding cyanide ion and another anion
to the GSB or RSB solutions and the fluorescence response (I/1,) were summarized in
Figure 3.22 and Figure 3.23. In the present of mixture of cyanide/other anions in 1:3
ratio, it reveal that they are no significantly different fluorescence intensity of the GSB
and RSB (Figure 3.22) but did result in slight fluorescence quenching fir SCN". However
when competitive anion were increase to 1:5 ratio, the SCN™ was strongly interfere
causing completely quench in fluorescence signal. However, the quenching behavior
from SCN™ could not be explain in yet but the mixture of fluorophore and cyanide

could be used for SCN™ detection.
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Figure 3.22 The bars represent the fluorescence enhancement ratio (I/1y) of GSB (left)

and RSB (right) upon addition of CN" in the present of another 13 anions (SCN’, HCOs,

OAC, NO,, NO5, F, CU, Br, I, 5,057, SO5%, SO4%, N5). (Ao, = 345 nm; Medium =
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90%DMSO/TRIS buffer 7.4; [GSB and RSB] = 10uM; [CN] = 500 uM; [another anion] =

2.5 mM)



a5

3.4 Application in cell imaging

Fluorescent probes & dyes in cellular biology have recently become the one
of the most popular biological analysis due to, there is non-destructive way of tracking
or analyzing biological molecules. Therefore, we tested the GSB and RSB as the
fluorescence dye for the detection of cyanide in living cell. HepG2 cells were chose as
example cell lines and fluorescence images were recorded under fluorescence
microscope showing no fluorescence emission under green and red field (Figure
3.24A). After incubation of 0.5 uM of GSB and RSB for 30 min at 37 °C, the weak green
emission was detected in case of GSB while RSB exhibited the strong red emission in
cytoplasm of HepG2 cell. On the other hand, when 0.5 mM of NaCN were added to
HepG2 cell for 1 hr at 37 °C and it was further incubated with GSB and RSB, it induced
the strong green emission in case of GSB (Figure 3.24E) and flurogenic change from
red to green in case of RSB (Figure 3.24F). These results suggested the ability to use
the GSB and RSB as dyes for visualizing CN" in living cell.
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Figure 3.24 Bright and fluorescence images of HepG2 cells (A) (control), treated with
0.5 mM of sodium cyanide (B), incubated with 0.5 uM of GSB and RSB (C, D), treated
with 0.5 mM of sodium cyanide then incubated with 0.5 uM of GSB and RSB (E, F).



CHAPTER IV
CONCLUSION

In summary, two new fluorophore GSB and RSB were successful synthesized
from the sonogashira coupling reaction to introduce the BODIPY core connected to
salicylaldehyde receptor. Both GSB and RSB probes can be used as naked eye sensor
displaying highly selective and sensitive colorimetric change from orange and purple
to colorless in the presence of cyanide anion. Moreover, GSB exhibited exclusive “off-
on” green emission response while RSB demonstrated flurogenic change from red to
green emission toward cyanide anion. The other 13 competitive anions did not show
significant interference in visual observation. The detection limit of GSB and RSB probes
were calculated to be 0.88 and 1.79 uM, respectively which are below the
concentration limited by WHO in drinking water of 2.7 uM. The sensing mechanisms of
two probes were investigated by density functional theory (DFT) calculation. Moreover,
GSB and RSB were successfully extended to the intracellular cyanide detection which
was confirmed by fluorescence microscopy imaging in HepG2 cell lines. The outcome
of this research suggested that the sensing ability of GSB and RSB will make a great
tool for cyanide detection in aqueous and living cell system as well as provide the key

information for future fluorescence probe design.
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Figure S.1 'H-NMR spectrum of 2-Hydroxy-5-iodobenzaldehyde (2)
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Figure S.2 'H-NMR spectrum of 2-Hydroxy-5-((trimethylsilylethynyl)benzaldehyde (3)
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Figure S.3 C-NMR spectrum of 2-Hydroxy-5-((trimethylsily)ethynyl)benzaldehyde (3)
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Figure S.4 "H-NMR spectrum of 5-ethynyl-2-hydroxybenzaldehyde (4)
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Figure S.5 C-NMR spectrum of 5-ethynyl-2-hydroxybenzaldehyde (4)
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