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Abstract: Benzothiazole derivates have been play important role in chemical, biological and
pharmacological reactions because of heterocyclic structure. In this study, fluorescent active
novel benzothiazole substitute picolinoyl chloride derivate 6-((2-(benzothiazol-2
yl)phenyl)carbamoyl)picolinoyl chloride (BTPCP) successfully synthesized and characterized.
BTPCP structure was identified by classic spectroscopic methods (FT-IR, 'H-NMR and *C-
NMR). BTPCP photophysical properties was investigated by using UV-Vis spectroscopy and
Fluorescence spectroscopy. Benzothiazole substitute picolinoyl chloride derivate (BTPCP) has
been shown fluorescence activity. The novel fluorescence active BTPCP is expected to find
potential application studies in different biological, pharmacological and especially toxic heavy
metal ion detection sensor as Hg?*, Cu?*, Cr**, Fe*".. etc.

Yeni Benzotiyazol Bazh Piridin Tiirevinin Sentezi, Karakterizasyonu ve Baz1 Fotofiziksel
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Oz: Benzotiyazol tiirevleri, heterosiklik yapilar nedeniyle kimyasal, biyolojik ve farmakolojik
reaksiyonlarda onemli rol oynamaktadir. Bu c¢aligmada, floresans aktif yeni benzotiyazol
substitue pikolinoil kloriir tiirevi 6-((2-(benzotiyazol-2il)fenil)karbamoil)pikolinoil kloriir
(BTPCP) basartyla sentezlenmis ve karakterize edilmistir. Sentezlenen BTPCP’nin molekiil
yapist klasik spektroskopik yontemler (FT-IR, 'H-NMR ve !C-NMR) kullanilarak
belirlenmistir. BTPCP molekiiliiniin fotofiziksel 6zellikleri Uv-V1s spektroskopisi ve Fluoresans
spektroskopisi kullanilarak incelenmistir. Yapilan incelemeler sonucunda benzotiyazol
substitue pikolinoyil kloriir tiirevi BTPCP floresans aktivitesi gosterdigi belirlenmistir. Yeni
floresans aktif BTPCP'nin Hg?*, Cu?', Cr’*, Fe’*... gibi agir metal iyonlarmin belirlenmesi
kullanilabilecek sensor calismalari basta olmak tizere, farkli biyolojik ve farmakolojik
caligmalarda uygulama bulmasi beklenmektedir.

1. INTRODUCTION

Toxic heavy metals are harmful to environmental and
human life and the most significant damage caused the
environment occurred in soil and water. Nowadays,
developing new methods for the detection of heavy metal
ion pollution caused by industrial activities an important
field of studies [1-6]. Heavy metal ions wastewater, which
released uncontrollably into the environment from many
different industrial areas such as leather, textile and paint,
poses a danger to the environment and human life [7-9].
Detection and disposal of these metals constitute an
important field of work. It has known that toxic heavy

metals cause diseases in humans, especially the immune
system, nervous system, digestive system, heart, kidney
and neurological diseases [10-12]. Today, heavy metal
analyzes of pollution are generally carried out using
different analytical methods such as voltammetry,
chromatography or spectroscopy. However, since all
methods require expensive devices and involve complex,
time-consuming procedures that can only be carried out
by well-trained technical personnel, instrumental analysis
methods used for the qualitative and quantitative
detection of heavy metal ions, especially in water
samples. However, studies continue to develop new
methods with simple devices, cheap, fast and high
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sensitivity [13-15]. Among the methods used to detect
heavy metal ions, applications of fluorescent sensors are
preferred over other common analytical methods due to
their advantages such as high sensitivity, good selectivity,
fast response and local observation [16]. The molecular
structure modifications of chemosensors have been
triggered the ability to selectively complex selective
against the metal ions. [17-21].

Benzothiazole molecules have high quantum yields and
large Stokes shifts due to their stable conjugated
structures. Benzothiazole compounds constitute an
interesting field of study for researchers who want to
synthesize fluorescence sensors and chemosensors due to
their excellent photophysical properties such as
photostability [21-24].

The last decade, synthesis of new benzothiazole based
fluorescence active compounds for detection of heavy
metal ions have been an important research area. The
synthesis and determination of photophysical properties
benzothiazole based amide derivatives fluorescence
sensor applications such as Hg?*, Cu?', Cr**, CN- have
been in the literature [14, 25-26].

Benzothiazole based molecules are an important group of

heterocyclic compounds that can exhibit various
pharmacological  activities such as anticancer,
antibacterial,  anti-inflammatory,  analgesic ~ and

antidiabetic, as well as unique material properties due to
their chemical and biological properties [27-29].

The aim of this study is to design, synthesize and
characterize  novel  fluorescence active  6-((2-
(benzothiazol-2-yl phenyl)carbamoyl)picolinoyl chloride
(BTPCP) and BTPCP photophysical properties
determined by using spectroscopic methods. (Uv-Vis
spectroscopy and Fluorescence spectroscopy). The novel
fluorescence active BTPCP can be used in different fields
as medicine, materials, toxic heavy metal ions detection
sensors like Hg*?, Cu*?, Cr*3, Fe™3...... etc.

2. MATERIAL AND METHOD

2.1. Reagents and Instruments

All chemical compounds and organic solvents were
obtained from commercial sources (Merck, Sigma-
Aldrich, and Alfa Aesar) without any purifications. For
the column chromatographys, silica gel 230-400 mesh was
used and for thin layer chromatography (TLC)
applications, pre-coated silica gel 60F254 aluminum
sheets were used. The reaction was conducted in under
inert (argon) atmosphere. FTIR spectra was performed on
a Perkin Elmer Spectrum Two spectrophotometer
equipped with ATR apparatus. The Bruker 400 MHz
device was used for measuring the '"H-NMR and '3C-
NMR spectra in chloroform solvent with the interior label
of chemical shifts, tetramethyl silane. Fluorescence
spectra were on the Agilent Cary Eclipse
Spectrophotometer, while PerkinElmer Lambda 35
spectrophotometer was used to measure UV-Vis
absorption spectra.

2.2. Synthesis of compound 6-((2-(benzothiazol-2-
yD)phenyl)carbamoyl)picolinoyl chloride (BTPCP)

Na;CO; (318 mg, 3 mmol) and 2-(2-aminophenyl)-
benzothiazole (1) (226 mg, 1 mmol) were stirred for 1 h
at room temperature in THF (25 ml) and then 2,6-
pyridinedicarboxylic acid chloride (243,6 mg, 1,2 mmol)
was added the mixture. The reaction mixture was refluxed
for 8 h under Ar atmosphere. After the reaction mixture
was cooled and poured into ice, the mixture was stirred
for 1 h. The solid was filtered and the crude product was
purified by column chromatography on silica gel. The
synthesis of BTPCP is shown in Scheme 1.

White solid, Yield: 181,3 mg (45%). FT-IR (ATR, cm™)
3149 (NH), 1742 (C=Oacyi chioride) 1689 (C=Oamidc), 752 (C-
Cl). '"H NMR (400 MHz, CDCl3) &: 13.64 (s, 1H, NH-Ar),
8.95 (dd, /=7 Hz, 1H, H,), 8.64- 8.55 (m, 2H, H, Hs),
8.35 (d, J=8 Hz, 2H, Hs, H,;), 8.26-8.10 (m, 2H, Hy, Hy),
7.60—7.38 (m, 2H, Hs Hg), 7.14—7.19 (m, 2H, Hy Hy):;3C
NMR (100 MHz, CDCls) &: 168.5 (1C, CI-C=0), 165.3
(1C, -NH-C=0), 1643 (-S-C=N-), 162.6 (-N-C=C-),
1543 (-C-C=N-), 152.5 (-N-C=C-),138.1, 130.4, 129.1,
127.8,124.1, 121.5, 120.7 (Aromatic C)

]
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Scheme 1. The synthesis of BTPCP; i: THF, Na,COj3, inert atmosphere,
8 h reflux.
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Figure 1. The FT-IR spectrum of BTPCP
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Figure 2. The '"H-NMR spectrum of BTPCP
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Figure 3. The *C-NMR spectrum of BTPCP
2.3.UV-Vis Spectroscopy

A novel benzothiazole substitute picolinoyl chloride
derivate BTPCP was examined in UV-Vis
spectrophotometer. In the UV-Vis spectrum, absorption
bands were observed at wavelengths of 324 nm (Aabs.) and
382 nm (Aabs.), respectively, due to the influence of the
chromophore C=C, C=N groups in the heterocycle and the
C=0 groups in the molecular structure. The Uv-Vis
spectrum of BTPCP has been showed two absorbance
bands: the m-m* transitions of the aromatic core are
responsible for the absorbance band at 324 nm, while the
n—7* electron transition, which results from the promotion
of nonbonding electrons on the N atom of the pyridine
and N ,S atoms of benzothiazole moiety to an anti-
bonding orbital of BTPCP, is responsible for the bands at
382 nm. The UV-Vis spectrum of novel BTPCP shown in
Figure 4.
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Figure 4. The UV-Vis spectrum of BTPCP
2.4. Fluorescence Spectroscopy

A novel benzothiazole substitute picolinoyl chloride
derivate BTPCP’s florescence properties was examined in
two different solvents (Chloroform and H;O) in
Fluorescence Spectrophotometer. A novel benzothiazole
derivate has been shown fluorescence properties in two
solvents. Benzothiazoles have high quantum yields and
large Stokes shifts due to their stable conjugated structure.
The aromatic ring structure in the structure of
benzothiazoles and the thiazole structure in the molecular

skeleton provide the molecule with fluorescence
properties. Excitation and emission wavelengths in the
fluorescence spectrum of the BTPCP molecule were
observed as 350 nm (Ae) and 556 nm (Aem) in
chloroform. The Fluorescence spectrum of novel BTPCP
in chloroform is shown in Figure 5. Excitation and
emission wavelengths in the fluorescence spectrum of the
BTPCP molecule were observed as 350 nm (Aexc.) and 564
nm (Aem.) in H2O. The Fluorescence spectrum of novel
BTPCP in H,O is shown in Figure 5.
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Figure 5. The Fluorescence spectrum of BTPCP in Chloroform and
H0.

3. RESULTS

This study has two steps. In the first step of this study,
novel benzothiazole substitute picolinoyl chloride
derivate BTPCP’s was synthesized by the condensation
reaction of 2-(2-aminophenyl)-benzothiazole (1) with 2,6-
Pyridinedicarboxylic acid chloride (2) (Scheme 1.). The
chemical structure of compound BTPCP was
characterized by spectroscopic methods (FT-IR, 'H-
NMR, ®C-NMR) (Figure 1- Figure 3). The proposed
structures are full agreement with the all spectroscopic
data. In the FT-IR spectrum of BTPCP showed
characteristic NH, C=N, C=0 and C-Cl stretching bands
at 3149, 1742, 1579, 1689 and 752 cm’!, respectively [14].
(Figure 1.) In the 'H-NMR spectrum, the low field singlet
at 13.64 ppm was assigned to NH groups, doublet at 8.95
ppm ( Hi), multiplet at 8. 64-8.55 (H:, H3), 8.35 ppm
doublet at (Hs H;;), multiplet at 8.26—8.10 (m, 2H, Hy,
H7),7.60-7.38 (m, 2H, Hs Hi9), 7.14-7.19 (m, 2H, Hs Hy)
were assigned to the aromatic C-H. (Figure 2.) The
carbonyl groups amide and acyl chloride peaks in the '3C-
NMR spectrum were confirmed at 168.5, 165.3 ppm
respectively. The benzothiazole ring -S-C=N- aromatic
carbon was confirmed at 164.3 ppm. The pyridine ring
carbon atoms -N-C=C- peak at 162.6 ppm, -C-C=N- peak
at 154.3 ppm, -N-C=C- peak at 152.5 ppm, the other
aromatic carbons peaks between 164.3 and 120.7 ppm
(Figure 3.).

The second step of this study, novel benzothiazole
substitute picolinoyl chloride derivate BTPCP’s the
photophysical properties were determined by using UV-
Vis spectrophotometer and Fluorescence
spectrophotometer.
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The absorption and fluorescence spectrums of BTPCP
performed to its interaction in different solvents such as
H>0 and chloroform. The UV-Vis spectrum of BTPCP is
examined in chloroform, it has seen that it has two
different absorbances at 324 and 382 nm wavelengths.
(Figure 4.) Considering the UV spectra; when BTPCP
was excited at 401 nm, emission of BTPCP was sighed at
556 nm with a large stokes' shift of 155 nm in the
fluorescence spectrum in chloroform (Figure 5). And
when BTPCP was excited at 350 nm, emission of BTPCP
was monitored at 564 nm with a large stokes' shift of 158
nm in the fluorescence spectrum in H>O (Figure 5).

Benzothiazole-based fluorescent sensor have emerged as
powerful tools in chemosensor technology due to their
photophysical properties and selective fluorescence
quenching upon interaction with metal ions. The
incorporation of electron-donating groups such as prydine
heterocyle into an extended n-conjugated system enables
benzothiazole heterocycles to function as efficient
acceptors chromophores [25].

4. DISCUSSION AND CONCLUSION

Benzothiazole derivates have been play important role in
chemical, biological and pharmacological reactions
because of its heterocyclic structure that exhibit various
important biological activities such as anti-inflammatory,
antidiabetic, antibacterial, analgesic, anticancer, etc.
Benzothiazole derivatives compounds are an important
group of organic compounds with their properties that
play an important role in chemical, biological and
pharmacological reactions, as well as applications such as
sensors and chemosensors for materials science. In this
study, novel benzothiazole derivate  potential
chemosensor 6-((2-(benzothiazol-2-
yl)phenyl)carbamoyl)picolinoyl chloride (BTPCP) has
been successfully synthesized and characterized. The
fluorescence properties of the synthesized molecule make
into this molecule interesting in sensors studies. BTPCP
is a compound that has the potential to be used in the
detection of heavy metal pollution. It has been stated in
the literature that compounds with similar molecular
structures are sensitive and selective to Cu*? ions, BTPCP
a strong candidate for the detection of heavy metal ions.
BTPCP is estimated that this new benzothiazole derivate
will create a new perspective for research in many
different fields such as material science, chemistry,
biology, medicine, etc.
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