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Abstract

significance to the application of BCD.

Biothiols play important roles in various physiological and biological processes, which closely related to many dis-
eases. Hydrazine is widely used in the chemical industry, but it is harmful to humans and animals. Therefore, it is very
important to develop a fluorescent probe that can simultaneously detect biological thiols and hydrazine. In this work,
a new fluorescent probe (2E,42)-2-(benzo[d]thiazol-2-yl)-5-chloro-5-(7-(diethylamino)-2-oxo-2H-chromen-3-yl)penta-
24-dienenitrile (BCD) was synthesized by integrating coumarin and benzothiazole acetonitrile. Featured with four
binding sites and different bonding mechanism between probe with biothiols and hydrazine, this probe exhibited
fluorescent turn-on for distinguishing Cys, Hcy, GSH and hydrazine with 760-, 8-, 6- and 637-fold fluorescent intensity
increase at 502, 479, 476 and 458 nm, respectively, through different excitation wavelengths. Research on the effect
of pH on the fluorescent performance of BCD shows that the probe exhibits superior stability in a weakly alkaline

to weakly acidic environment, which will facilitate the detection of biological thiols or hydrazine hydrate by BCD.
Selectivity studies have shown that the probe has high specificity to biological thiols and hydrazine, which is of great
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Introduction

Cysteine (Cys), homocysteine (Hcy) and glutathione
(GSH) are three very important biological thiols, which
play important roles in various physiological and biologi-
cal processes. Therefore, they are closely related to many
diseases. Cys participates in the regulation of human
intestinal function, lipid metabolism and other processes
(Jung et al. 2013). Cys deficiency can cause slow growth
in children, hair loss, edema, lethargy, liver damage, mus-
cle and fat loss, skin lesions and weakness (Shahrokhian
2001; Sachdev 2004). The lack of Hcy will increase the
risk of vascular disease, and it will directly lead to brain
atrophy, cognitive impairment and Alzheimer’s disease

*Correspondence: lihepinghn@126.com

School of Chemistry and Food Engineering, Changsha University

of Science and Technology, No. 960, Wanjiali South Road, Tianxin District,
Changsha City 410114, Hunan Province, China

@ Springer Open

(Yeun 1998). It has been proven to be an independ-
ent risk factor for cardiovascular disease in the general
population (Wu et al. 2012). GSH is the redox center of
the cell. GSH is also directly involved in the production
of signal molecules (such as H,S), the process of protein
functionalization and some other processes, and it is a
key part of gene regulation and signal transduction in the
cell (Franco et al. 2007; Townsend et al. 2003). There is
a causal relationship between GSH metabolism and dis-
eases such as cancer, neurodegenerative diseases, cystic
fibrosis, human immunodeficiency diseases and aging
(Seshadri et al. 2002). GSH levels in patients with AIDS
and Alzheimer’s disease are low (Borges-Santos et al.
2012; Puertas et al. 2012), and GSH levels in patients with
neurodegenerative diseases are on the rise (Baillet et al.
2010). The imbalance of GSH synthesis is the cause of
many pathological conditions, including diabetes, pul-
monary fibrosis, and endotoxemia (Townsend et al. 2003;
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Lu 2009). Therefore, the detection of these three biologi-
cal thiols in cells, tissues and living bodies is of great sig-
nificance to their physiology and pathology research.
Hydrazine (N,H,) is an important biochemical reagent,
which can be used as a metal corrosion inhibitor (Cruz
Vieira et al. 2002), antibacterial drugs (Balsamo et al.
1983), plant growth regulators (Huffman et al. 1968),
hydrazine fuel cell (Serov and Kwak 2010), and be used
in rocket propulsion Propellant system (Zelnick Sanford
et al. 2003; Mo et al. 2000). It is widely used in various
chemical industries. However, as a volatile and toxic com-
pound, hydrazine can cause serious damage to human
bodies and animal organs (such as the central nervous
system and respiratory system) (Garrod et al. 2005). The
US Environmental Protection Agency stipulates that the
concentration of hydrazine hydrate in drinking water
shall not be higher than 10 ppb (Virji et al. 2005). There-
fore, the specific detection of trace hydrazine hydrate is
of great significance. Fluorescent probes are currently the
preferred choice for the detection of biological thiols due
to their simple structure, high sensitivity and real-time
visualization of physiological processes. At present, there
are a large number of fluorescent probes that can specifi-
cally recognize Cys/Hcy or GSH. Based on an improved
aromatic substitution rearrangement strategy, He et al.
developed a new proportional fluorescence probe (Cou-
SBD-Cl) is based on the coumarin—sulfonylbenzoxa-
diazole platform. It can specifically detect Cys. However,
4-chloro-7-chlorosulfonyl-2,1,3-benzoxadiazole, the raw
material for synthetic probes, is relatively expensive (He
et al. 2017). Zou et al. designed a two-photon fluorescent
probe Cou-Br based on coumarin derivatives to detect
GSH in living cells, mouse models, and clinical speci-
mens. However, the maximum absorption wavelength
of the probe is very small before and after adding GSH,
and the existence of Cys/Hcy has some influence on the
detection (Zou et al. 2020). Due to the similarity in the
nature and structure of Cys/Hcy and GSH, it is still a
big challenge to distinguish these three biothiols. There-
fore, there is an urgent need to develop new fluorescent
probes to simultaneously detect these three biological
thiols. Due to the difference in their spatial structure,
they may combine with different reaction sites to gener-
ate different products, resulting in changes in the color
and fluorescence signal of the system. Nowadays, the use
of multi-site fluorescent probes to detect and distinguish
biological thiols has become a trend. The multi-site flu-
orescent probe designed by Xiong et al. can detect Cys,
Hcy and GSH at the same time, and the changes before
and after the reaction are obvious, which can better dis-
tinguish Cys, Hcy and GSH, but the presence of HSO;~
and S*~ will significantly affect its detection Therefore,
the specificity of the probe is not high enough, which
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affects its practical application (Xiong et al. 2019). There-
fore, it is particularly important to design and synthe-
size a new type of multi-site fluorescent probe with high
sensitivity, strong specificity, and capable of simultane-
ously detecting and distinguishing Cys, Hcy and GSH.
Wu et al. reported a dual analyte-responsive fluorescent
probe CMCA, which can detect hydrazine and bisulfite
in different fluorescence emission channels, and was suc-
cessfully applied to the quantitative determination of
hydrazine and subsulfite in living cells and environmental
water samples (Wu et al. 2018).

In this work, a multi-site fluorescent probe (2E,4Z)-
2-(benzo[d]thiazol-2-yl)-5-chloro-5-(7-(diethylamino)-
2-oxo-2H-chromen-3-yl)penta-2,4-dienenitrile ~ (BCD)
based on coumarin derivatives was constructed and
synthesized (Scheme 1). The synthesis steps are simple,
the raw materials are easily available, and the purpose
of simultaneously detecting and distinguishing Cys, Hcy
and GSH can be achieved. At the same time, it can detect
trace amounts of hydrazine hydrate in different fluores-
cence channels.

Materials

Unless otherwise stated, all reagents used were purchased
from commercial suppliers without further purification.
The corresponding chemical reagents were purchased
from Macleans or Aladdin, USA; the corresponding sol-
vents were purchased from Shanghai Titan Technol-
ogy Co., Ltd. The water used throughout the study was
deionized water. Dissolve a certain amount of probe BCD
in DMF to obtain a 2 mM probe stock solution. Prepare
amino acids with deionized water: threonine (Thr), iso-
leucine (Ile), histidine (His), glutamine acid (Glu), ala-
nine (Ala), glycine (Gly), serine (Ser), methionine (Met),
phenylalanine (Phe), proline (Pro), leucine (Leu), aspar-
tic acid (Asn), lysine (Lys), valine (Val); anions: HSO;™,
SO,*", ClO~, I, NO;~; cations: Na™, Mg?*, Ca**, Ag™,
APT, K, Mn?*, Zn?*, Ni*t, Cd**, Ba®*, Co*'; triethyl-
amine, piperidine aqueous solution (10 mM). For fluo-
rescence testing, the excitation and emission wavelength
slits are both set to 2.5 nm.

Instrumentation

Ultraviolet absorption spectrum (UV-Vis) was meas-
ured with an ultraviolet—visible spectrophotometer
(TU-1901, Beijing). F-7000 fluorescence spectrophotom-
eter (Hitachi, Japan) was used to record the fluorescence
emission spectrum. Using TMS as an internal reference,
"HNMR and *CNMR spectra were recorded on a Var-
ian INOVA-400 nuclear magnetic resonance spectrom-
eter. High-resolution spectral analysis (HRMS) was
performed on the LTQ Orbitrap XL mass spectrometer.
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Scheme 1 Synthesis of BCD
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Synthesis

Synthesis of compound 1: The target compound was
synthesized according to the known literature (Debnath
et al. 2015). 4-(Diethylamino)-2-hydroxybenzaldehyde
(2.90 g, 15.01 mmol) was dissolved in 40 mL of absolute
ethanol, then add ethyl acetoacetate (2.30 mL, 2.34 g,
17.98 mmol) and three drops piperidine. The mixed solu-
tion was stirred and refluxed for 12 h. After the reaction
was completed, it was cooled to room temperature and
vacuum-filtered to obtain a filter cake. The filter cake was
recrystallized with absolute ethanol to obtain 2.93 g of
yellow powder with a yield of 75.22%.

Synthesis of compound 2: Synthesized according to ref-
erences (Chen et al. 2018; El-Kazak et al. 2019) and made
appropriate improvements. In a 100-mL round-bot-
tom flask, cool an anhydrous N,N-dimethylformamide
(5.00 mL, 4.75 g, 65.00 mmol) solution to 0 °C. Then,

POCl; (2.00 mL, 3.29 g, 21.50 mmol) was added drop-
wise with stirring in an ice bath (keeping the temperature
at 0-5 °C) to form a light red solution. After stirring the
mixture for 2 h, Compound 1 (0.50 g, 1.90 mmol) was
slowly added under the protection of argon and stirred
for two hours. The mixture was moved to room tem-
perature and stirred overnight. After the reaction was
completed, the solution was stirred and poured into an
appropriate amount of crushed ice. The solution was
neutralized to pH=7-8 with sodium carbonate, and a
reddish brown solid was formed. The product was fil-
tered, washed with ice-cold water, and dried to obtain
0.47 g of brick red powder with a yield of 80.00%.
Synthesis of compound 3: Synthesized according to ref-
erence (Li et al. 2014) and made minor improvements.
In a 25-mL round-bottom flask, dissolve o-aminothio-
phenol (1.10 mL, 1.25 g, 10.00 mmol) and malononitrile
(0.66 g, 10.00 mmol) in 5 mL methanol. Dissolve 0.57 mL
of glacial acetic acid in 10 mL of methanol and slowly add
dropwise to the round-bottom flask. The mixed solution
was stirred at room temperature for 2.5 h, and a large
amount of yellow precipitate was deposited, which was
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filtered and dried to obtain 0.8266 g of light yellow pow-
der with a yield of 47.50%.

Synthesis of probe BCD: Compound 2 (047 g,
15.40 mmol) and compound 3 (0.30 g, 17.20 mmol) were
dissolved in 20 mL CH,Cl, and heated to reflux for 12 h.
After the reaction was completed, it was cooled to room
temperature, then vacuum-filtered, washed with CH,Cl,
three times, and dried to obtain 0.21 g of dark purple
powder with a yield of 28.90%: "H NMR (Additional file 1:
Fig. S1) (400 MHz, CDCl;) & 1.25 (d, J=7.1 Hz, 6H),
3.47 (t, J=7.1 Hz, 4H), 6.50 (d, ] =2.3 Hz, 1H), 6.63 (dd,
J=8.9,2.5 Hz, 1H), 7.35-7.53 (m, 3H), 7.81-7.90 (m, 1H),
8.07 (d, J=7.4 Hz, 1H), 8.27(s, 1H), 8.43 (d, J=11.6 Hz,
1H), 8.54 (d, ] =11.6 Hz, 1H). 3C NMR (Additional file 1:
Fig. S2) (101 MHz, CDCl,) & 12.56, 45.23, 96.73, 97.15,
107.78, 108.50, 109.78, 115.27, 121.67, 123.81, 126.17,
126.97, 127.29, 130.42, 130.80, 135.11, 141.41, 142.26,
142.91, 145.86, 152.40, 153.99, 161.51. HRMS (Additional
file 1: Fig. S3): calc. for C,;H,,CIN;0,S: 461.9640, found:
462.1034.

Results and discussion
Spectral response of probe BCD to N,H,
In order to evaluate the spectral response of BCD to
N,H,, an optical response experiment was performed
on N,H, in DMF/Hepes (v/v="7:3, pH=7.4). From the
ultraviolet—visible spectrum in Fig. 1, it can be seen that
the probe BCD has the maximum absorption wavelength
at 517 nm. After adding hydrazine hydrate, the maximum
absorption peak at 517 nm disappears, and a new one
appears at 407 nm. The strong absorption peak indicates
that the addition of hydrazine hydrate reacts with the
probe BCD to destroy the original conjugation structure
of the probe molecule.

It can be seen from Fig. 2a that after adding hydrazine
hydrate, the fluorescent intensity of BCD is significantly
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Fig. 1 UV-Vis absorbance spectra of probe BCD (60 uM) in the

absence and presence of N,H, (10 mM) in the DMF-Hepes buffer (7/3,

v/v, pH=74)
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enhanced, and the fluorescent intensity of the solu-
tion reaches an equilibrium state in about 2 h. In order
to explore the pH stability of BCD and its applicable pH
range, the fluorescent intensity of BCD (60 uM) in the
absence and presence of N,H, (100 uM) was measured
under different pH conditions. In the absence of N,H,,
the fluorescent intensity of BCD varies slightly from pH
1.0 to 11.0, indicating that the probe is stable over a wide
pH range (Fig. 2b).

When N,H, is not added, the maximum absorption
peak of BCD is at 517 nm. Within 3 min, the absorbance
of the solution at 517 nm gradually increases and a slight
red shift (3 nm) occurs; from 3 to 38 min, the absorb-
ance at 517 nm gradually decreases, and a new strong
absorption peak appears at 450 nm; from 38 to 120 min,
the intensity of the strong absorption peak at 450 nm
gradually decreases, and finally a strong absorption peak
appears at 407 nm. The time-varying UV-Vis spectra of
the BCD solution after the addition of N,H, also indi-
rectly proves that hydrazine hydrate and BCD are not
completely reacted in one step, but have substitution
reactions with cyano groups and active chlorine atoms
(Fig. 3).

The fluorescence spectrum of BCD is shown in Fig. 4a.
The probe BCD has almost no fluorescence in Hepes
buffer. As the concentration of hydrazine increases, the
fluorescent intensity of BCD at 458 nm (Aex=407 nm)
increases by about 637 times. The concentration of N,H,
and the fluorescent intensity of BCD at 458 nm showed
a good linear relationship in the range of 100-1500 pM.
The calculation found that the limit of detection (LOD)
was 9.98125 uM (based on 3 s/k, where s is the standard
deviation of the blank measurement and k is the slope of
the linearity of the fluorescent intensity and the sample
concentration curve).

Spectral response of probe BCD to biothiol

Homocysteine(Hcy) is a heterogeneous amino acid
cysteine (Cys), which contains an extra methylene
group (-CH2-) before the thiol group (-SH) in the side
chain. In order to study the spectral response of BCD
to biological thiols, the sensing characteristics of bio-
logical thiols were tested in DMF/Hepes (v/v=38:2,
pH=7.4) aqueous solution. After Cys was added, the
strong absorption peak of BCD at 516 nm was blue-
shifted, while the strong absorption peak at 365 nm
was red-shifted (Fig. 5a). Compared with the addition
of Cys, the strong absorption peak at 516 nm did not
undergo a significant blue shift after adding Hcy to
the BCD solution, but the strong absorption peak at
365 nm also exhibited a red shift (Fig. 5b). After the
BCD solution was added to GSH, there was no obvious
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red-shift or blue-shift in the strong absorption peak
at 516 nm or 365 nm (Fig. 5¢). It can be seen from the
UV-Vis spectra of the concentration of biological thiols
that the conjugation of the final product of the reaction
between BCD and different biological thiols is different.
Similarly, in order to explore the stability of the probe
in the buffer solution (DMF/Hepes =8:2), the fluores-
cent intensity of BCD under different pH environments
was measured. It can be seen from Fig. 6 that the probe
is hardly affected by the environmental pH. After add-
ing biothiol, the fluorescent intensity of the solution
changed. In general, the monitoring effect of BCD on
biological thiols is very good in a neutral environment.
When Cys is not added, BCD has two strong absorp-
tion peaks: 516 nm and 365 nm. Within 10 min, the

absorbance of the solution at 516 nm gradually increased
and a red shift (20 nm) occurred. From 10 to 40 min,
the absorbance at 516 nm does not change much, while
the absorbance at 365 nm gradually increases; from 40
to 360 min, the intensity of the strong absorption peak
at 365 nm gradually increases and gradually red-shifts,
forming a new strong absorption peak at 399 nm, while
the intensity of the strong absorption peak at 516 nm
gradually weakens and appears at 497 nm isoabsorbent
point; after 360—600 min, the intensity of the strong
absorption peak at 365 nm gradually increased, and the
BCD solution finally formed new absorption peaks at
463 nm and 399 nm. It can be seen from the time-ultra-
violet diagram of the BCD solution after adding Cys that
Cys and BCD have undergone a series of reactions, which
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can also support the speculation of the detection mecha-
nism of BCD for biothiols later.

Within 15 min, the absorbance of the solution at
516 nm gradually increased and a slight red shift
occurred; from 15 to 65 min, the strong absorption
peak at 516 nm gradually weakened, while the absorb-
ance at 365 nm increased; from 65 to 150 min, the inten-
sity of the strong absorption peak at 365 nm gradually
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weakened and gradually red-shifted, while the inten-
sity of the strong absorption peak at 516 nm gradu-
ally increased; from 150 to 540 min, the intensity of the
strong absorption peak at 365 nm gradually increased
and red-shifted to 396 nm, the absorbance at 516 nm
gradually decreased, and an isosbestic point appeared at
490 nm. The comparison between Fig. 7 and Fig. 8 can
prove indirectly that the reaction of Cys and BCD to form
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a cyclic compound is much easier than the reaction of
Hcy and BCD to form a cyclic compound.

Within 15 min, the absorbance of the solution at
516 nm gradually increased, and a slight red shift (12 nm)
occurred; from 15 to 360 min, the strong absorption peak
at 516 nm gradually weakened, while the absorbance at
365 nm increased. Comparing Fig. 9 with Figs. 7 and §,
we can find that GSH and BCD hardly generate cyclic
compounds.

It can be found from Fig. 10 that after adding bio-
thiol, the fluorescent intensity of the BCD solution
has increased to varying degrees. As the concentra-
tion of Cys increases, the fluorescent intensity of the
solution at 502 nm (Aex=463 nm) increases signifi-
cantly, approximately 760 times (Fig. 10a). After add-
ing Hcy, the fluorescent intensity of the BCD solution at
479 nm (Aex=396 nm) increased approximately 8 times
(Fig. 10c). After adding GSH to the BCD solution, the flu-
orescent intensity at 476 nm (Aex=2365 nm) was slightly
increased (Fig. 10e). Calculations found that the limits of
detection (LOD) for Cys, Hcy, and GSH were 0.9825 uM,
135.6225 pM, and 243.9945 uM, respectively.

Study on the selectivity of BCD

In order to evaluate the selectivity of BCD to N,H, and
biothiols and other small biomolecules, various related
species were studied, including common amino acids
(Thr, Ile, His, Glu, Ala, Gly, Ser, Met, Phe, Pro, Leu, Asn,
Lys, Val) anions (HSO;, SO42’, ClO7, I, NO;7), metal
ions (Nat, Mg”*", Ca**, Ag*, APT, K, Mn?*, Zn*", Ni*™,
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Cd*", Ba?*, Co®"), triethylamine and piperidine. As
shown in Fig. 11a, after adding N,H,, the fluorescence
of the BCD solution was greatly enhanced, and the fluo-
rescence color was blue. Unlike N,H,, BCD emits green
fluorescence with the addition of Cys. In contrast, the
changes in fluorescent intensity caused by other small
molecules are negligible, and no obvious changes in fluo-
rescence color are observed. These results indicate that
BCD is more selective for N,H, and biothiols than other
species. Therefore, BCD has specific detection for N,H,
and biothiols in aqueous solution.

Research on sensing mechanism

By analyzing the reaction time diagrams of BCD with
biological mercaptans and hydrazine hydrate (as shown
in Figs. 3,7, 8 and 9), the reaction mechanism is inferred
as shown in Scheme 2. The probe BCD is composed of
coumarin dye and benzothiazole acetonitrile and has
four potential reaction sites. The chlorine atom (site 1)
in the probe can be used as a leaving group to undergo
SNAr nucleophilic substitution with a sulfhydryl group;
a,p-unsaturated bond (site 2) can be used as acceptor
for Michael addition reaction; Cyano group (site 3) can
be used as electrophile; under the action of the cyano
group, the unsaturated bond in the benzothiazole moiety
(position 4) can be used as another reaction site to dis-
tinguish biological thiols. The reaction site of the probe
BCD is the same as that in reference (Yin et al. 2018), so
it is speculated that the reaction mechanism of BCD and
biothiol is consistent with the reference. Utilizing the

(a)

500 - BCD+Cys

400

300

CD+Thr, Ile. His. GN.
] Ala. Gly. Ser. Met. Ph
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Fig. 11 a Fluorescence spectra of probe BCD (60 pM) in the presence of other species (1 mM) in the DMF-Hepes buffer (8/2, v/v, pH=7.4),

Aex =463 nm. Inset: color of the solution containing BCD (60 uM) before and after the addition of Cys(1.4 mM), Hcy(1.4 mM), GSH (1.4 mM) in
the DMF-Hepes buffer (8/2, v/v, pH=7.4) under 365 nm UV light. b Fluorescence spectra of probe BCD (60 uM) in the presence of other species
(400 uM) in the DMF-Hepes buffer (7/3, v/v, pH=7.4), Aex=407 nm. Inset: color of the solution containing BCD (60 uM) before and after the
addition of N,H, (10 mM) in the DMF-Hepes buffer (7/3, v/v, pH=7.4) under 365 nm UV light

(b)

400

/ BCD+NH,NH,

300

fluorescent intensity
N
S
S
1

BCD+Na'. M2, ca?'. Ag

Mn2, zn?t, Ni2t, cd?t, Ba
100

450 500 550 600 650
wavelength (nm)




Chen et al. J Anal Sci Technol (2021) 12:50 Page 10 of 12

1)
—_—
rearrangement
homocysteine K OH
2) HO o)
¢ S/Q HS NH
~ 2
XX N —
substitution
§ o)
cyclization
3)
cyclization
_NH»
4) HN
X
AN N N/NHz
NHoNH,
P
/\N N (0] 0]
k BCD-NyH,4
Scheme 2 Possible sensing mechanism of probe BCD: (1) proposed mechanisms of probe BCD with Cys; (2) proposed mechanisms of probe BCD
with Hcy; (3) proposed mechanisms of probe BCD with GSH; (4) proposed mechanisms of probe BCD with N,H,




Chen etal. JAnal Sci Technol (2021) 12:50

nucleophilicity of biological thiol sulfhydryl groups, the
chlorine atom is first substituted (site 1) and then intra-
molecular rearrangement occurs, achieving an intramo-
lecular cyclization reaction (attack site 2 or 3). Due to
the different chain lengths of Cys, Hcy, and GSH, it is
easiest to attack site 2 to generate a seven-membered ring
intermediate product when the probe reacts with Cys to
undergo intramolecular cyclization (see Additional file 1:
Fig. S5); when intramolecular cyclization occurs with
Hcy, the offensive site 3 will generate a ten-membered
ring intermediate product. From a kinetic point of view,
it is far more difficult to form a seven-membered ring
compound; when it reacts with GSH to undergo intra-
molecular cyclization, it will attack position 4, which will
generate a fourteen-membered ring compound, which is
extremely difficult in terms of kinetics. Due to the differ-
ence in their spatial structure, they will combine with dif-
ferent reaction sites to generate different products, which
will cause the color and fluorescence signal of the system
to change, so as to achieve the purpose of detecting and
distinguishing these three biological thiols. The strong
electron-withdrawing group cyano group is used as the
recognition site of hydrazine, and it reacts with hydrazine
hydrate to form a hydrazone, which changes the push—
pull structure and blue shifts in ultraviolet light. The
active chlorine atom and hydrazine hydrate also undergo
substitution reactions. The reaction mechanism is sup-
ported by HRMS (see Additional file 1: Fig. S6) and 'H
NMR spectra (see Additional file 1: Fig. S7).

Conclusion

In conclusion, in this work, a new type of open fluores-
cent probe BCD was designed and synthesized, which
can simultaneously detect biological thiols and hydra-
zine. The structure of the probe BCD was confirmed
by nuclear magnetic (NMR) and high-resolution mass
spectrometry (HRMS). According to the literature, the
reaction mechanism of BCD and biological mercaptan
or hydrazine hydrate was speculated, and the reaction
mechanism of BCD and hydrazine hydrate was sup-
ported by mass spectrometry data. Further research
results on BCD show that the probe has excellent perfor-
mance such as high sensitivity and strong specificity, and
the probe BCD has strong stability in weak acid and weak
base environments, which is conducive to the detection
of biological thiols or hydrazine hydrate.
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BCD: (2E,42)-2-(benzo[d]thiazol-2-yl)-5-chloro-5-(7-(diethylamino)-2-
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Mg?*: Magnesium; Ca?*: Calcium ion; Ag™: Silver ion; A**: Aluminum ion;

K*: Potassium; Mn?*: Manganese ion; Zn>*: Zinc ions; Ni**: Nickel ion; Cd**:
Cadmium ion; Ba?*: Barium ion; Co?*: Cobalt ion; HAC: Acetic acid; MeOH:
Methanol; UV-Vis: Ultraviolet absorption spectrum; 'H NMR: Hydrogen nuclear
magnetic resonance; '*C NMR: Carbon nuclear magnetic resonance; TMS:
Tetramethylsilane; POCl;: Phosphorus oxychloride; CH,Cl: Dichloromethane;
HRMS: High-resolution mass spectrometry; Hepes: 2-[4-(2-Hydroxyethyl)-
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