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Synthesis of a novel sensor based on orcinol-dansyl derivative for fluoride ion detection

Paradee Kwanmuang, Apisit Songsasen, Weekit Sirisaksoontorn and Boontana Wannalerse’

Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science, Kasetsart
University, Chatuchak, Bangkok, 10900, Thailand
e-mail: fscibnw@ku.ac.th

Abstract: A novel chemosensor (PK1) has been designed and synthesized in three steps. The binding ability of sensor PK1
with different anions (&, Cl, Br, CsHsCOO, CH;COO, HPOy)in DMSO was evaluated by using 'H NMR, UV-vis and
fluorescence spectroscopic techniques. Upon addition of fluoride ion, the NH proton of PKI disappeared because of

deprotonation process. The sensor PK1 exhibited the spectral changes of selectivity to fluoride anion (F') over other anions,

and the new absorption was found at 308 nm due to the internal charge transfer. The fluorescence emission at 415, 438,

and 560 nm was quenched due to the complexation of PKI-F'. The stoichiometric complexation was studies by Job's
method as a 1:1 ratio of PK1 with F. The association constant between PKI and fluoride was 4.5x10? M in the DMSO

solution.
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1. INTRODUCTION

The new chemosensors for anion detection have been
extensively developed and gained much attention for
several years 1,21. Anions display in many important

aspects such as biochemical, environmental and
industrial systems including things in daily life. Fluoride

ion (F) is mixed in the gradient of toothpaste for
protecting caries in human teeth. However, the risk of
fluoride ion depends on extreme concentration levels.

The excess fluoride level can cause many problems in the
human body such as, thyroid problem, bone disease and
dental fluorosis 1 3- 41. According to United States

environmental protection agency (USEPA) and world
health organization (WHO), the limitation of fluoride in
water is 1.5 mg/L (79 pM) (51. Host-guest chemistry is a
simple and fast method for anion detection. The design

and synthesis of host molecules have greatly
concentrated on the selectivity and sensitivity of binding
sites for anion sensing. Generally, chemosensors can

interact with anions via hydrogen bonding, electrostatic,
or hydrophobic interactions (6. The dansyl fluorophore is

well known due to its high fluorescence quantum vyield
and tremendous sensitivity to response in its system.

Furthermore, dansyl fluorophore is easy to modify the
molecule under simple reactions 71. In this research, we

report the synthesized sensor PK1 which consists of the
amide moiety as a binding unit and the dansyl group as a
signaling unit for fluoride ion detection. The

complexation between sensor PK1 and fluoride ion was
investigated by 'H-NMR, UV-visible and fluorescence

techniques.

2. EXPERIMENT
2.1 Chemicals and instrumentation

All reagent and solvents were obtained commercially at
analytical grade and used without further purification. All

the tetrabutylammonium (TBA) salts of various anions (F,

Cl, Br, CHsCOO, C¢HsCOO', H,PO4) were purchased
from Merck KGaA. The 'H and *C NMR spectra were

recorded on a Bruker Advance 500 using CDCI; and
(CD3);S0 as solvents.  FT-IR spectra were taken with

Perkin Elmer 2000 using KBr pellet technique in the
range of 4000-400 cm™. High resolution mass spectra

(HRMS) were measured on a Bruker microtof-Q IllI.

Elemental analysis of all compounds was examined by
SCIENTIFIC AND TECHNOLOGICAL RESEARCH
EQUIPMENT CENTER. UV-vis spectra were recorded

on a UV-visible spectrophotometer (SHIMADZU UV-
1800).

2.2 Synthesis and structural characterization of PK1

The sensor PK1 was successfully prepared by the
synthetic route as shown in scheme 1.
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Scheme 1. The synthetic route of sensor PK1

2.2.1 Synthesis of 2-chloro-N-4-
rifluoromethylyphenyl) acetamide (Compound 1)

4. (trifluoromethyl) aniline (2.5 g, 0.0155 mol) and
triethylamine (3.25 mL) in dichloromethane (10 mL) were
stirred under nitrogen atmosphere for an hour. The
chloroacetyl chloride (4.95 mL) in dichloromethane (2
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mL) was added dropwise in ice bath. The mixture was
stirred for 24 h. The reaction mixture was poured into
water and extracted (3x20 mL) with dichloromethane. The
organic layer was dried with anhydrous Na;SOs. The

CH:CIl, solvent was evaporated by using rotary
evaporator. The compound 1 was afforded as a brown

solid in yield of 85.03%'H NMR 400 MHz, CDCls, ppmy.
6-841s, 1H),772d,J-86 Hz, 2H), 765, J-87
Hz, 2H), 4.25 s, 2H)

2.2.2 Synthesis of 2-3-hydroxy-5-methylphenoxy)-N-{4-
trifluoromethylphenylhacetamide (Compound 2)

3,5-dihydroxytoluene (1.0448 g, 8.42 mmol) and K,COs
(1.7450 g, 0.0126 mol) in acetonitrile (15 ml) were stirred
and refluxed at 135°C under nitrogen atmosphere for an
hour. Then, 2- chloro- N- (4- (trifluoromethyl) phenyl)
acetamide (2 g, 8.42 mmol) in acetonitrile (15 ml) was
added dropwise. The mixture was stirred for 13 h. The

reaction mixture was poured into water and extracted
with dichloromethane. The organic layer was dried with

anhydrous Na;SO4. The product was purified by column
chromatography using EtOAc/CH.Cl, = 1.9 (v/v) as an
eluent to get compound 2 as white solid (26.61yield). *H
NMR 400 MHz, CDCls, ppm): 5-839 s, 1H), 7.75d, J
=86 Hz, 2H), 7.68 -7.54 am, 2H), 6.50 -6.25 m, 3H), 5.32
¢, 1H), 463 d, J=13.0 Hz, 2H), 2.32 (s, 3H).

2. 2. 3 Synthesis of 3- methyl- 5- ¢ 2- oxo- 2- ( ( 4-
( trifluoromethyly phenyly aminoy ethoxy) phenyl 5-
dimethylaminoynaphthalene-1-sulfonate (Sensor PK1,
Compound 2 (0.7 g, 2.15 mmol) and K,CO30.4461¢, 3.23
mmol) in acetonitrile (15 mL) were stirred and refluxed at
135°C under nitrogen atmosphere for an hour. Then,
dansyl chloride (0.5805¢g, 2.15 mmol) in acetonitrile (15
mL) was added dropwise. The mixture was stirred for 7 h.

The reaction mixture was poured into water and extracted
with dichloromethane. The organic layer was dried with

anhydrous Na;SO4. The product was purified by column

chromatography using CH.Cl, as an eluent to afford
sensor PK1 as a yellow solid (77 54«yield). 'H NMR 400

MHz, CDCls, ppm): 56-8.66 d, J=8.3 Hz, 2H), 849 d, J -
86 Hz, 2H), 8.27 s, 2H),8.15 dd, J=7.3, 1.2 Hz, 2H), 7.77
-766 m, 6H), 763 d, J=86 Hz,4H),749dd, J=84,75
Hz, 2H), 7.35-7.25 @, 3H), 6.66 (s, 2H), 6.51 (s, 2H), 6.40
&, J=21Hz, 2H), 4.37 (s, 4H), 2.96 (s, 12H), 2.23 (s, 6H).
13C NMR 400 MHz, CDCl3, ppm): §-165.8, 157.1, 150.3,
1414, 139.7, 132.1, 131.2, 131.0, 130.1, 129.1, 126.4,
1253, 123.1, 122.6, 119.4, 116.9, 115.8, 114.2, 106.3,
67.4,53.4,455,42.8,32.2,29.7,26.4,23.4,215 FT-IR
(KBr, cmy, v-3369, 1701, 1599, 1533, 1460, 1293,1067;
HRMS (ES|): msz [M+H]‘ calc.: C23H25F3N2058, 55957,
and found: 559. 1499; Elemental Analysis : calc.
CststsNzOsS, %C = 60.21, wH = 4.51, %N = 5.02, and
found: %C =60.61, %H =428, «N =4.67.

2.3 The preparation of stock solution for binding

study between sensor PK1 and various anions
Stock solutions of analytes (F, CI, Br, CH;COO,

CsHsCOO', HzPO4 in the form tetrabutylammonium
salts) with the concentration of 1x10° M were prepared in
DMSO. Sensor PK1 was dissolved in DMSO to give the
stock solution with the concentration of 5x104 M.

3.RESULTS AND DISCUSSION

3.1 The binding behavior between sensor PK1 and

various anions
3.1.1'H NMR study

To investigate the sensing mechanism of sensor PK1
towards various anions, adding 4 equiv anions to PK1
was studied in DMSO-ds as a solvent in Fig 1. When

adding fluoride ion, the NH proton of sensor PK1
disappeared because of deprotonation process. And also,

the deprotonation NH proton of PK1 gave the signal of
HoF at 16.07 ppm. (81 Moreover, the aromatic proton

shifted to upfield, indicating the increase of electron
density. For chloride, bromide, benzoate, acetate and

phosphate, the NH signal of PK1 displayed to downfield
shift under hydrogen bonding interaction. Meanwhile,

thearomatic protons slightly shifted to upfield. These

results indicated that the sensor PK1 has high selectivity
to the fluoride ion.
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Figure 1.*H NMR spectra of (A) PK1-5x10* M. B) PK1
+4 equiv of F(C)PK1+4 equiv of CI' (D) PK1+4 equiv of
Br (E) PK1 + 4 equiv of C¢HsCOO (F) PK1 + 4 equiv of
CH3COO (G)PK1 +4 equiv of H,PO4 in DMSO-ds

3.1.2 UV-vis spectroscopic studies

The anion binding affinity of sensor PK1 with different
anions (, CI, Br, C¢HsCOO", CH3COO', H,PO.)was
performed by UV-vis absorption spectroscopy. Upon
addition of 20 equiv. F to PK1 solution, the absorption

band at 358 nm was decreased and a new absorption
band at 308 nm was found as shown in Fig.2A The

results occurred under internal charge transfer process
19-111. Moreover, the graph bars exhibited that only F

ion gave the new band at 308 nm in Fig 2B. Under the
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same condition, there was no the absorption band at 308
nm when adding other anions.
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Figure 2. (A) UV-vis absorption spectra of PK1  2x10
4M)in DMSO/TBAPFs in the absence and presence of 20
equiv. of various anions: F, ClI', Br, CHsCOO ,
CsHsCOO', HoPO4 (B) The graph bars at A = 308 nm of
PK1 and PK1 +various anions.

3.1.3 Fluorescence spectra
The fluorescent sensing properties of sensor PK1 to F

with different concentrations were performed by the
titration experiment in Fig 3.
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Figure 3. Fluorescence spectra of sensor PK1 (DMSO,
1x10° M, upon the addition of F ion (0-20 equiv., Aex
=370 nm.

The fluorescence emission band at 415, 438, and 560 nm
were quenched upon the addition of F ion. This result

indicates the complexation between PK1 and F ion in the
solution [12). Moreover, the Job-s plot of PK1 and F ion

suggests that the fluorescence intensity at 558 nm
reached the maximum at 0.5 mole fraction (Fig. 4), which

was identified as a 1:1 ratio complexation of PK1 and F.
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Figure 4. Job s plot of PK1 and fluoride ion in
DMSO,/TBAPFg. The emission wavelength was 558 nm
(Aex=370 nm,

3.2 Calculation of the association constant

The association constant can be calculated by using the
Benesi-Hildebrand equation (13;. From the relationship

between 1/F-Fg) and 1/F1, a linear plot was obtained with
R2-0.9923. The association constant between sensor PK1
and F ion was equal to 45x10* M.
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Figure 5.Benesi-Hildebrand plot (Aex=370 nm) of 1/F-Fg)
vs 1F1based on a 1:1 complexation between PK1 and F.

4. CONCLUSION

In summary, we have successfully developed a
new orcinol-dansyl derivative (sensor PK1). From H

NMR, UV-vis and fluorescence titration studies, the NH
proton of PK1 can be deprotonated by F ion. It was found
that a new absorption band at 308 nm was ascribed to the
internal charge transfer. Moreover, the fluorescence
emission at 415, 438, and 560 nm was quenched due to
complexation between PK1 and F.
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