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Simpler Molecular Structure as Selective & Sensitive
ESIPT-based Fluorescent Probe for Cysteine and
Homocysteine Detection with DFT Studies

Nidhi Nehra, Rahul Kaushik, Ghule Vikas D. and Ram Kumar Tittal*

Department of Chemistry, National Institute of Technology (NIT) Kurukshetra, Kurukshetra -136119, Haryana, INDIA

E-mail: rktittaliitd@nitkkr.ac.in

A new simpler, sensitive, selective turn-on fluorescent probe chloro-acetic acid 2-benzothiazol-2-yl-
phenyl ester (HBT-AcCl) was developed from the negative research results of some other scheme.
The probe selectively detected Cys & Hcy from other amino acids. The presented probe considered as
a green probe that conserves complexity, reduces use of extra chloroacetate and has improved %atom

economy.
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Abstract: The undesired research results of triazole syrghesre successfully utilized as a
simpler, sensitive and selective turn-on fluorescprobe 2 namely chloro-acetic acid 2-

benzothiazol-2-yl-phenyl ester (HBT-AcCl) which wamthesized by simple chloroacylation of
2-hydroxyphenyl benzothiazole (HBT). Only one sienghloroacetate, a trigger unit as the
reaction site of prob2 makes it more simple, sensitive and selectiveClys and Hcy over other

Amino Acids. The presented probe HBT-AcCIl consersigsple structure, reduces the use of
extra chloroacetate and improves %atom economy@pare to similar reported probes. Paper
strip tests were carried out to explore the potérapplication for naked-eye detection of Cys
under UV lamp. The selectivity of the HBT-AcCI pmolior Cys and Hcy is supported by the

results of absorbance and emission spectroscopriexgnts and theoretical DFT calculations.
Keywords: HBT-AcCl Probe; Cysteine; Homo-Cysteine; Fluoresceprobe; DFT

calculations.

Introduction

The bio-thiols such as Cysteine (Cys), Homocystéhiey), and Glutathione (GSH) play a
vital role in the regulation of various physiologiqrocesses in biological systems.[1-3] Their
most important role observed in cellular functicensd reversible redox reactions.[4-6] The
variation in the oxidation state of the sulfur matthese bio-thiols important for biological
applications such as antioxidant activity, detasdtfion, apoptosis, and signal transduction.[7]
The proper physiological functioning of any livibgdy requires an optimum level of bio-thiols.
Any abnormal change in the concentration bio-thesdpecially Cys and Hcy may cause severe
damage or loss in the normal metabolism and phygicdl functioning of biological systems.[8-
10] Alcoholic cirrhosis, neurological disordersydiavascular disorders, diabetes mellitus, and

stroke are some of the common damages.[11-13] Téwt reduced bio-thiols Cys is an active



site in many proteins and their motifs. Therefdiee concentration of Cys should be high
enough to support the normal functioning of varitmslogical processes. Low levels of Cys
may cause slower growth, liver damage, skin lesidapigmentation of hairs, loss of muscle/fat,
edema, lethargy, and weakness.[7, 14, 15] The @JdLy is controlled by the trans-sulfuration
and methionine conserving pathway in living systenits overproduction results in

cardiovascular disease, dementia, neural tube tiofecand Alzheimer's disease.[16-22]
Therefore, the determination of Cys and Hcy comedioh is very important for the diagnosis of

the causative disease in living systems duringh®otcal investigations.[23]

During the last decade, various techniques weperted for the detection of bio-thiols
and other amino acids, such as potentiometry, reldwemical analysis, high-performance liquid
chromatography (HPLC), capillary electrophoresig] 8uorescent spectroscopy.[24-29] These
techniques possess one or other drawbacks sucbngslicated sample preparation, complex
instrumentation and non-suitable conditions foldgaal systems. The UV-Vis absorption and
fluorescence spectroscopy are more reliable tedesigfor the detection of amino acids
containing thiols such as Cys, Hcy, and GSH.[30-BBg fluorescent probes are sensitive,
simple, fast action, cheap, non-intrusive, and dmggatible to the system.[1, 36-40] However,
various probes still show some shortcomings suclpaas efficiency, complicated structure,
complicated synthetic procedures or sometimes eeguoire the addition of cetyl trimethyl
ammonium buffer (CTAB) to the test samples to bdbst signal changes.[41-45] Therefore,
modification of existing probes or development ahare advanced, sensitive and simple method
for Cys and Hcy detection from other amino acidsagk remain thrust area in analytical
chemistry. Simpler dyes such as 2-hydroxyphenylzb#mazole (HBT) showed excited-state

intramolecular proton transfer (ESIPT) mechanisiohwaere used as fluorescent probes.

Recently, some fluorescent probes were reporteglextively detect the Cys, Hcy, and GSH
among various amino acids in the solution medi&th@s nucleophilic substitution followed by
cyclization reaction mechanism.[1, 36, 46-48] Tlesigning of any fluorescent probe require a
fluorophores/chromophores unit like 2-(2-hydroxypyi¢ quinazolin-4(3H)-one (HPQ),[49, 50]
Benzothiazole methyl quinolone (MBQ),[1] coumard@2] 51-54] benzothiazole,[55, 56]
naphthalimide,[57] cyanine,[58, 59] other compldrusture fluorophores,[35, 60-66] and a
trigger unit like acrylate,[67-71] chloroacetat&] bromoacetate,[36] chloropropionate,[36, 47]

bromopropionate,[47] etc. It was observed that phaebes reported so far either constitute
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complex structures of fluorophore units or triggeits or both. There is unnecessary wastage of
atom economy, complexity in structures, not minimgzthe excess and high diversity of probe
are some of the important shortcomings in the exjsprobes that disobey the principles of
green chemistry as proposed by Paul Anastas.[]2T W& efore, it is worthwhile to design and

synthesize some more simpler fluorescent probe.

While working on the synthesis of biologically sigrant 1,2,3-triazole-HBT linked hybrid
molecules containing some pre-existing biologicathportant motifs as shown icheme 1
We have easily synthesized chloro-acetic acid 2timazol-2-yl-phenyl ester (HBT-AcCB
by simple chloroacylation of 2-benzothiazol-2-yleplol (HBT) 1 by chloroacylchloride using
weak and safer base®O;. The structure of the new molecule (HBT-Ac@lyvas successfully
characterized by FTIRH NMR, **C NMR, and ESI MS data. However, the correspondiide
(HBT-AcN3) 3 was not formed and only HBT was recovered fromdbkeimn chromatography
of the reaction product. It revealed that the abdoyl unit might have cleaved off from HBT-
AcCl 2 to set HBT free. Although our efforts to synthesitBT-AcN; were unsuccessful, close
observation of physical changes during the progodseeactions revealed that HBT gave a
fluorescent appearance in solution media via a-kwedwn ESIPT mechanism. The literature
survey on such compounds and their derivativesatedethat similar molecules were used as
fluorescent probes for the detection of Cys, Hc8H over other amino acids.
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Scheme 1A proposed plan for synthesizing 1,2,3-triazoBIHinked hybrid molecules.

Experimental section

Materials and I nstrument
Salicylaldehyde was supplied by Loba Chemie Pwi.,L2-amino thiophenol and solvents of

analytical grade were purchased from Avra Chemi€als Ltd. India. Amino Acid kit was
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purchased from SD Fine chemicals. TheNMR and™*C NMR spectra were recorded using a
Bruker Advanced 400 MHz spectrophotometer. ESI-nmgs=sctrometry was performed on a
WATERS TOF-Q. Thermo Fischer Scientific Evolutiomstrument was used for absorbance

studies and Agilent spectrophotometer was usefiuorescence studies.

Synthesis of 2-hydroxyphenyl benzothiazole (HBT) 1.

The HBT as shown inScheme 2was synthesized using a reported method withe littl
modification.[74] For the synthesis of 2-hydroxyplke benzothiazole (HBT), 2-amino
thiophenol (1.25 g, 10 mmol) and salicylaldehyd22ImL, 10 mmol) were mixed in DMF (10
mL). Then, the iodine (50 mol%) was added. The Itegumixture was heated and stirred at
100°C until the reaction was completed. After cogtiph of the reaction as monitored by TLC,
the reaction mixture was cooled to room temperat&mne a solution of sodium thiosulfate (10
mol%) was added dropwise into the reaction mixtumél the color of iodine was disappeared.
The precipitate obtained was filtrated and washétl water. After vacuum drying, the crude
products were purified by silica gel (60-120 meslbjumn chromatography using hexane:
ethylacetate (9:1) to obtain the pure HBT as whitgstalline solid in 75% Yield. Its melting
point is 130-132°C*H NMR (DMSO-d;, 400 MHz): 11.64 (s, 1H), 8.16 (m, 2H), 8.05 Jd=
8.06 Hz, 1H), 7.53 (m, 1H), 7.42 (m, 2H), 7.08 (dd; 7.33 Hz, 1H), 7.01 (m, 1H). ESI-MS
(positive mode, calculated 227.04, obtained 2280QgHsNOS+H.

Synthesis of chloroacyl-2-hydroxy benzothiazole (HBT-AcClI) 2.

In a 50 mL round bottom flask, 2-(2-hydroxypheny®nzo thiazole (227.14 mg, 1 mmol) was
stirred for 30 minutes with anhydrous®0s; (691 mg, 5 mmol) in dry THF (20 mL). Then,
chloroacetyl chloride (0.339 mL, 3 mmol) was add#dpwise to the above mixture. The
reaction mixture was allowed to react at room tewmpee for 30 minutes and then heated to
50°C until the reaction was completed as monitdmedLC. After completion of the reaction in
12 hours, the solution was filtered to remove eXs&0O;. The filtrate was concentrated and
dried by rotatory evaporator under reduced pressaimerein the solid product obtained was
washed with dry hexane to give the pure off-whitedoict in a 90% yield. The melting point of
product2 was 110-11Z. 'H NMR (400 MHz, DMSO-¢) &: 8.19-8.17 (dd,) = 7.89 Hz, 1H),
8.15-8.13 (dJ = 7.91 Hz, 1H), 8.07-8.05 (d,= 8.12 Hz, 1H), 7.56-7.52 (§,= 7.64 Hz, 1H),
7.46-7.39 (m, 2H), 7.13-7.11 (ddi= 8.21Hz, 1H), 7.03-6.99 @,= 12 Hz, 1H), 4.27 (s, 2H}*C



NMR (DMSO-d, 101 MHz): 168.64, 166.50, 162.17, 152.70, 14715%.59, 132.38, 130.15,
127.44, 126.84, 125.95, 124.11, 123.20, 122.2544n62. ESI-MS (positive mode, calculated
[C15H100:NSCI] is 303.01 and obtained at 341.344d;,0O.NSCI+K]".

Result and discussion:

Herein, we are presenting a new, simpler, sensdingeselective 2-hydroxyphenyl benzothiazole
(HBT) 1 based fluorescent probe named chloro-acetic adin2othiazol-2-yl-phenyl ester
(HBT-AcCI) 2. The HBT as shown ischeme 2 has been synthesized by a reported method
with some modifications using 2-amino thiophenot asalicylaldehyde in presence of by
overnight stirring at 10€ in DMF solvent.[74] After several attempts foarstiardization of
reaction condition with different combination ofi\gents and base as detailedtable 1, The so
formed HBT have been easily transformed to its rd@oyl protected HBT i.e. chloro-acetic acid
2-benzothiazol-2-yl-phenyl ester (ProBeby simple chloroacylation with chloroacyl chlogiech
presence of weak base®O; in dry THF solvent at 50°C. The pure product wasilg obtained
after filtration, concentration and fractional dgjtzation of the crude reaction product with dry

hexane in 90% vyield.

SH CHO ~ s =
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+ - ~N
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/

o
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Scheme 2Synthesis of prob2 by chloroacyl chloride/KCOs.
Table 1 Synthesis of (HBT-AcCI® by chloroacylation of HBT under different conditions.

S.No. Comp.(mmol) Reaction Conditions 2 Yield® (%)
HBT:CIAcCl Base Solvent Temp (°C) Time (h)

1 11 KCO;; 1 eq MeCO R.T. 24 40

2 1:1 KCO;; 5 eq MeCO R.T. 24 42

3 1:3 KCO;; 5 eq MeCO reflux 18 69

4 11 EtN; 3 eq MgCO R.T. 24 41

5 1:3 EtN; 5 eq MeCO reflux 18 52
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6 1:1 KCOs. 1 eq DCM R.T. 24 45
7 1:3 KCO;s; 5 eq DCM reflux 18 68
8 1:1 EtN; 3 eq DCM R.T. 24 52
9 1:3 EtN; 3 eq DCM reflux 18 77
10 1:1 KCO;; 1 eq THF R.T. 24 47
11 1:1 KCO;s; 5 eq THF R.T. 24 50
12 1:3 KCO;s; 5 eq THF 50 12 90
13 1:1 EiN; 3 eq THF R.T. 24 48
14 1:3 EiN; 3 eq THF 50 18 65
15 1:1 NaOH;0.5M KD R.T 12 b

16 1:3 NaOH;0.5M KD 50 12 b

%Yield refers to the pure compound after fractioergktallization.
®No reaction, HBT recovered unreacted.

As far as the green chemistry of the presentedepPols concerned, we have compared the
%atom economy of some of the related probes whale tbeen reported as a simpler and
selective probe for Cys detection from other ananmls. The %atom economy of our presented
probe 2 (see Sl, comparison of %atom economy, Page no. fBuhd comparatively better
(53.49%) than other similar reported probes unaenpgarison i.e. probe BPBC (38.09%) and
HBT-Bromopropionate (47.02%). Hence, our presewnbershows a better %atom economy.
Also, the presented prol2econserve simplicity and use less stoichiometrgagtyl chloride and
Cys during acylation and fluorescence study, respy.

In absorbance spectroscopy, the UV-Vis spectrunprobe 2 showed absorbance peak at
about 300 nm which could be assigned to HBT mare®MSO: PBS buffer ((9:1), 10 mM, pH
7.2).[9, 47] In order to check the time-dependeattion mechanism between prdband Cys,
we have performed time-dependent studies of pot x 10° M) with Cys (5 x 1¢ M, 2.5
equiv) in DMSO: PBS buffer (9:1, pH=7.2, 10 mM) ngiboth absorbance spectroscopy and
emission spectroscop¥igure S1-2. In the absorbance spectrum, pr@eas mixed with the
Cys solution and the absorbance readings were taitbra time interval of 2 minutes. A similar
experiment was carried out in emission spectrosemiryg probe2 (2 x 10° M) with Cys (5 x
10° M, 2.5 equiv) and in both cases, it was found #fmiut 10 minutes were required for the
completion of cyclization. This showed that thessieg of Cys using prob2is a time-dependent
process. All the spectra were recorded after 16bbof incubation time.

We have tested our proBg?2 x 10° M) with different amino acids i.e. Cys, Hcy, Alarg, Asp,
GSH, His, Gly, lle, Leu, Lys, Met, Phe, Pro, Sehr,TTrp, Val (5 x 10 M, 2.5 equiv), as
predicted in presence of Cys (5 x™1®, 2.5 equiv), the absorbance peak at 300 nm gets

decreased and a new absorbance peak was gendratemin330 nm with an isosbestic point at
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about 315 nmKigure 1). However, other amino acids (5 x LB, 2.5 equiv each) showed no
change or less significant change in the absorbspeetra except Hey (5 x 20, 2.5 equiv).

0.90 . J
_»other amino acids

0.75 1

0.60 ¥

0.45 4

0.30 1

Absorbance (a.u.)

0.154

0.00 1 S ——————
300 350 400 450 500 550

Wavelength (nm)

Figure 1: Absorbance selective studies of pr@@ x 10° M) with different Amino Acids (5 x
10° M, 2.5 equiv) in DMSO: PBS buffer 9:1, pH=7.2, rhonol.

1.2-
1.04 ,
08
0.6

0.4

Absorbance (a.u.)

0.2+

OO ¥ T v T s T Y T ¥ T ¥ 1
280 320 360 400 440 480 520
Wavelength (nm)

Figure 2: Systematic absorbance titration of pr@.5 x 10° M) with Cys (0-6.25 x 18M, 0-
2.5 equiv) in DMSO: PBS buffer 9:1, pH=7.2, 10 mmol

The change in absorbance peak of both Cys and ldald doe due to the removal of the
chloroacetyl group through the cyclization proceBarther, we have conducted systematic
absorbance titration of prol#e(2.5 x 10° M) with different concentrations of Cys (0-6.25.8°

7



M, 0-2.5 equiv) Figure 2). With the successive rise in the concentratiol©g$ the change in

absorbance was observed with a decrease at 30@chanancrement at 330 nm.

Further, HBT is known as a fluorescent active malecand well known for its ESIPT
behavior.[31] However, prob2 showed weak fluorescence peak at about 470 nm awith
excitation wavelength of 330 nm in DMSO: PBS bufi@:1), 10 mM, pH 7.2), which could be
due to the electron-withdrawing nature of attacbleldroacyl group. We expected that the Cys
could remove the chloroacyl group from the HBT wmitl revive the fluorescence via the ESIPT
process. Therefore, we have checked ptdlas a sensor for Cys using emission spectroscopy.
At first, selectivity experiments of prot®(2 x 10° M) with different amino acids (5 x TOM,

2.5 equiv) were carried out with an excitation waugth of 330 nm. It was found that an
increase in the fluorescence at 470 nm was obsenvéte presence of Cys (5 x 10, 2.5
equiv) Figure 3). Other amino acids (2.5 equiv each) showed noghar very little change in
the emission spectra. Similar to the results obthin UV-Vis experiments, Hcy (5 x TV, 2.5
equiv) also showed significant change at 470 nmitowias less as compared to the Cys. The
change in fluorescence with Cys could also be tltethrough naked eyes under UV light
(Figure 4). In order to attain a clear picture, concentratiependent studies of proBewith
simpler bio-thiol Cys were conducted. Systematiation of probe2 (1.8 x 10° M) with some
varying concentrations of Cys (0-4.5 L0/, 0-2.5 equiv) was carried ouFigure 5). The
results showed that the conc. of Cys and fluorescémensity is linearly proportional and the
fluorescence signal of prol®was drastically increased at 470 nm. Also, thetloh detection
(LOD) was calculated as 1.2 x40/ using the change in fluorescence intensiig(re S1).
The LOD was calculated by using the earlier rembmeethods which use the slope of the
straight line and putting it in the formula: LOD 3s/slope, wheres stands for the standard

deviation determined by three reading of praij@5)
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Figure 3: Fluorescence selective studies of prab@ x 10°M) with different amino acids (5 x
10°M, 2.5 equiv) in DMSO: PBS buffer 9:1, pH=7.2, 1@, with Aexc = 330 nm.

2, Cys, Hey, N5, Ala, Arg, Asp, GSH, His, Gly, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Val

Figure 4: Naked eye detectable change in fluorescence @gbe< 10°M) with different A. A.
(2.5 x 10°'M, 2.5 equiv) in DMSO:PBS buffer 9:1, pH=7.2, 10 sirander UV lamp.
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Figure 5: Fluorescence titration of prot2s(1.8 X 10° M) with Cys (0-4.5 x 10 M, 0-2.5 equiv)
in DMSO:PBS buffer 9:1, pH=7.2, 10 mmol wikla,. = 330 nm. Slit width= 10 nm/ 5nm.

For the sensing of biologically important molecusegsh as Cys, the sensing probe should have
worked at a wide pH range. For this, we have paréal the pH-dependent sensing experiment
of Cys at pH range from 4-10 using emission spsctpy. We have found that the prdbg x

10° M) with Cys (5 x 10 M, 2.5 equiv) showed enhancement in emission giteat pH = 5.0,
6.0, 7.4, 8.0, 9.0, 10.0 and showed the poterdiavdrk over wide pH range 5-1Figure 6).
Hence, prob& could work at all physiological pHs. This showédttprobe? could be used for
Cys detection in biological samples too. To essiibthe mechanism for Cys sensing, the ESI-
MS spectrum of prob2 (Figure S12 was recorded in the presence of Cys (2.5 eqUiWg. peak
corresponds to prolizat m/z = 341.34 [Prob2 + K]" was disappeared and a new peak of HBT
at m/z = 228.00 was observegdure S13. Further, the peaks at 178.05 [C5H6NO3S + NH4
could be due to the cyclized product. To furthevehansight into the mechanism, the role of
chloroacyl was checked. We have synthesized a melae@’' (HBT-Ac) by simple acylation of
2-(2-hydroxyphenyl)-benzo thiazole (HBT) named mcetid 2-benzothiazol-2-yl-phenyl ester
(HBT-Ac).[76] We have checked prol2é (HBT-Ac) with analytes (Cys, Hcy andsNand found
that almost no emission enhancement was occurried. proved that the formation of stable
cyclized product played an important role in the@sseg mechanism. In literature also, it is
mentioned that the acetylated derivatives showegigiele change in the presence of Cys, Hcy
and N;.[77] This confirmed the removal of the chloroacyl grauna the formation of a free HBT
unit. Further, we have also carried out a simple€CTéxperiment for confirmation of the free
HBT unit. For this, prob& (10 mg) was vigorously stirred with Cys for 5 miesit Then, the

spot of the resulting solution was monitored whbk pure HBT on a TLC plate. It was observed
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that the spot of the resulting reaction mixturepadbe2+Cys was moved identically with the
spot of pure HBT, which confirmed the presence reefHBT. These results supported the
mechanism proposed earlier for the reaction of @@with bio-thiols like Cys and Hcy. In a
comparison study of Cys and Hcy, it was found tHay having one carbon more is almost
similar to the Cys in chemical structure and biaagfunctions. Due to the presence of the same
functional groups, we have decided to compare fileeteof Cys and Hcy (5 x 1M, 2.5 equiv)

on probe2 (2 x 10°M).

10- .
1 —®—Probe 2
9 - ~@~—Probe 2 + Cys(2.5 equi.)

8 4
7 4
6
54

1_ Q . n - - » ™

Ny (a.u.)

pH

Figure 6: The pH-dependent change in emission intensithefprobe2 (2 x 10° M) with Cys
(5 x 10°M, 2.5 equiv) at pH = 4.0, 5.0, 6.0, 7.4, 8.0, 40,0. The excitation was observed at
330 nm and emission wavelength at 470 nm.

In absorbance spectra, the change is more in e @faCys as compared to Hcy at 300 nm
and 330 nm. In emission spectra, the increase issén intensity of prob& (2 x 10°M) with
Cys (5 x 10 M, 2.5 equiv) is almost 8-times, whereas with HByx( 10° M, 2.5 equiv), the
change is only 3-times at 470 nm. As we have preghdle cyclization reaction for sensing
mechanism, we have further investigated the eftédhe structural difference of one carbon
atom in Cys and Hcy. For this, we have performexditittne-dependent studies and found that the
reaction completion time for Cys (5 x 1B, 2.5 equiv) with prob@ (2 x 10°M) was about 10
minutes. On the other hand, the reaction complétina for the same prot(1 x 10°M) with
Hcy (2.5 x 10 M, 2.5 equiv) was about 25 minutes. This changddcbe due to one carbon
more in Hcy that could make the cyclization proceséttle slower as compared to Cys.

Therefore, these results revealed that althoughbepPocould detect both Cys and Hcy, the
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change is more prominent and quick for Cys as coetbto Hcy. The overall comparison of
results showed that the probes better than the earlier reported HBT based gsdbr Cys and
Hcy sensing through nucleophilic attack via a ESREchanism as shown irable S2(see Sl
file, page S-15-16) wherein our prolie showed long response time and short emission

wavelength (below 500 nm).

Finally, from these observations and literaturelgt@a plausible mechanism as showisaneme

3 involving the nucleophilic attack of the free temai amine of both Cys and Hcy onto the
carbonyl carbon of HBT-AcCl was proposed. The &titawf amine was followed by

intramolecular cyclization and cleavage to set Hi8de for ESIPT-based fluorescence and
corresponding cyclic structures of Cys and Hcy welaas six and seven-member rings,
respectively. The formation of seven-member ringxb-[1,4]thiazepane-3-carboxylic acid
(n=2) from Hcy requires more time and is thermodyitally less stable as compared to the

formation of six-member ring 5-oxo-thiomorpholinez&rboxylic acid (n=1) from Cys.[78]

HS . NH,

N Ba<

X @ __ " cooH f\\ -
S — n=1(Cys) S. =~ O I 7
X=H, Cl, Br etc. n=2 (Hcy) | X=Cl <:<//; g‘j /\NHZ ‘L _
N/ jf\s’ﬁ\(

Nu-substitution 0 COOH Intramolecular
cyclization

o D
. \ lNiCOOH

Scheme 3:A plausible mechanism of HBT-AcCI for Nu-attack arytlization of Cys and Hcy,
(Cys: n=1 and Hcy: n=2).

The potential application of the presented simplerescent prob was explored by using test
paper strips. The paper strips were prepared hyirdipthe Whattmann filter paper in a 20 mL
acetone solution containing 5 mg of praheThe test strips were dipped for 2 hours, airdirie
and used for further experiments. For an experiptest strips containing protwere dipped

in different concentrations of Cys (10, 100, 10 and 100 mmol) solutions prepared in PBS
buffer for 10 minutes. Then, the test strips wemmaoved, air-dried and were taken under UV

lamp Figure S19. The increase in the fluorescence intensity weseo/ed as the concentration
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of Cys increases and can be easily detected throagbd eyes. This confirmed that prabe

could be used as a paper strip for the detectimysitine through naked eyes.
DFT Study

In a computational study, we have carried out tkengetry optimization of Cys and Hcy
substituted HBT molecules using the GO9w softw@Bd.[The minimization was carried out
using the density functional theory (DFT) at theL B®/6-311G(d,p) level. From the viewpoint
of quantum chemistry, excited-state properties gemerally associated with the frontier
molecular orbitals (FMOSs) that are dispersed ondbmplete geometries of molecules. For a
well understanding of the FMOs, the distributiontt@ans of HOMO (donor) and LUMO

(acceptor) are presentedkigure 7.

HBT-Keto (HOMO) HBT-Keto (LUMO)

2 o
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>

>
-
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-~ :
> - P, -
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Figure 7. HOMO and LUMO frontier orbitals of HBT(enol), HBTéko), HBT-AcCI-Cys and
HBT-AcCl-Hcy.

To enhance the electron transfer, the energy nagefs the transport of electrons from HOMO
to LUMO must be smaller. The calculated HOMO and ttUMO energies of the selected
molecules are listed ifiable 2 In HBT-AcCI-Cys, the HOMO is mainly distributedoag the
side chain of the molecule with large densitiestlos S and N atoms, whereas the LUMO is
more delocalized on the HBT area. In HBT-AcCI-He¢ygy contributes to HOMO energies
while LUMO is distributed among HBT molecules. THOMO energies of HBT-AcCI-Cys and
HBT-AcCl-Hcy lie at -6.51 and -6.44 eV, respectiyelihereas their LUMO energies lie almost
at the same level, and they are around -1.99 afe\2, respectively. The bandgap energi)
between the FMOs of HBT-AcCI-Cys and HBT-AcCl-Hcyead.52 and 4.44 eV, respectively
and revealed the stability of HBT-AcCI-Cys over HBECI-Hcy. Also, with the help of long-
range corrected DFT calculations i.e. CAM-B3LYP3BLG(d,p) level of theory similar results

Table 2. B3LYP/6-311G(d,p) and CAM-B3LYP/ 6-311G(d,p) cdkted energies of HOMO,
LUMO, and energy gapAE) for selected molecules.
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were obtained. During Nu-attack and cyclizationCys and Hcy via intermediate formation of
HBT-AcCI-Cys and HBT-AcCI-Hcy complexes, respectwboth release HBT molecule which
exist in the keto-enol form to exhibit fluorescenga ESIPT mechanism as shown above in

Scheme 3

Further, we have calculated the electronic charggiloution over all the atoms by B3LYP/6-
311G(d,p) optimized structure of the intermediatesplexes formed by the Nu-attack of free
NH- of the Cys and Hcy at the AcCl of the prdb& form HBT-AcCI-Cys or HBT-AcCl-Hcy
as shown inFigure 8 and 9. It was observed that the ‘N’ of the amine in theermediate
complex HBT-AcCI-Cys is electronegative by a vabfe-0.431 while the ‘C’ of the carbonyl
functional group in HBT-AcCI of the intermediatenasplex HBT-AcCI-Cys is electropositive by
a value of 0.399. It revealed the favorable Nuekttaf NH, at the C=0 carbon. Likewise, the
‘N’ of the amine present in intermediate complexTHBcCI-Hcy is electronegative by a value
of -0.432 while the ‘C’ of the carbonyl functiongroup in HBT-AcCI of the intermediate
complex HBT-AcCI-Cys is electropositive by a valie0.395 to reveal the favorable Nu-attack
of NH; at the C=0 carbon. It was further supported by Muwecular Electrostatic Potential
(MESP) on 0.001 a.u. molecular surface of the HEIGACys and HBT-AcCl-Hcy which have
been computed at B3APW91/6-311G(d,p) level of theony have been representedrigure 10
and1l.

Figure 8 B3PW91/6-311G(d,p) optimized structure of HBTAd&Qs showing electronic
charge distribution.
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Figure 9: B3PW91/6-311G(d,p) optimized structure of HBTAd@ly showing electronic
charge distribution.

Figure 10. B3PW91/6-311G(d,p) calculated MESP on the 0.0cten/boht molecular
surface of HBT-AcCI-Cys

As it can be seen from the structures of HBT-Ac@6@nd HBT-AcCl-Hcy, the amine nitrogen
in both the structures are showing red color owsr surrounding which is indicative of
electronegative nature of nitrogen of the aminesoAlthe oxygen of the carbonyl is
electronegative whereby carbon atom of carbonyaimecmore electropositive for the attack of

nucleophile or electronegative group/atom likeagn of amine.
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Figure 11: B3PW91/6-311G(d,p) calculated MESP on the 0.08&cten/boht molecular
surface of HBT-AcClI-Hcy.

Conclusion

A new simpler, sensitive, selective turn-on flu@esg probe chloro-acetic acid 2-benzothiazol-
2-yl-phenyl ester (HBT-AcCI) has been developedrirthe negative research results of some
other scheme. The probe was synthesized by simipleroacylation of 2-hydrohyphenyl
benzothiazole (HBT) and efficiently utilized forlsetive detection of Cys and Hcy over other
amino acids. The %atom economy of the presentedef#avas found to be better than other
similar probes. It conserves complexity, reducesuse of extra chloroacetate and has improved
%atom economy. The selective nature of pr@lder Cys and Hcy and nucleophilic attack of
amine in HBT-AcCI-Cys and HBT-AcCl-Hcy were suppeattby the DFT results. The potential
application of prob& was explored by using a paper strip test for thked detection of Cys
under UV lamp.
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Highlights:

1) A new simpler, sensitive, selective turn-on ESIPT-based fluorescent probe chloro-acetic acid

2)

3)

4)

5)

6)

2-benzothiazol-2-yl-phenyl ester (HBT-AcCl) devel oped from the negative research results of
some other scheme.

The HBT-AcCI probe was synthesized by simple monochloroacylation of 2-hydrohyphenyl
benzothiazole (HBT) to avoid wastage of chemicals.

The HBT-AcCI probe was efficiently utilized for selective detection of Cys and Hcy over
other Amino Acids.

The %atom economy of the presented probe was found better than other similar but complex
reported probes.

Paper strip tests were carried out to explore the potenitial application for naked eye
detection of Cys under UV lamp.

Selectivity of HBT-AcCI probe for Cys and Hcy is supported by theoritical DFT
calculations

Ram Kumar Tittal
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