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The reaction of salicylhydroxamic acid with hypochlorite produces
1,2-benzisoxazoline-3-one, a heterocycle that contains a fluoro-
phore. As a result, this reaction was used as the basis for a new,
selective and sensitive fluorescence system for the recognition of
hypochlorite. The effectiveness of the method was demonstrated
by its use to detect hypochlorite in a disinfectant solution as well as
to image hypochlorite in cells.

In modern-day organic chemistry, a growing trend exists to develop
green and sustainable synthetic processes."” The preparation
of heterocyclic compounds has remained an important issue in
synthetic chemistry because these substances play important
roles in coordination chemistry, biochemistry, and pharmaceutical
and materials science.> Many biologically active natural products
are heterocycles that are used in the agrochemical, pharmaceutical
and flavorant industries.*> For example, 1,2-benzisoxazole deriva-
tives have been widely utilized as anti-cancer, anti-microbial and
anti-thrombotic agents.® As a result, the observation that 1,2-benz-
isoxazoline-3-ones can be prepared from hydroxamic acids, using
either thionyl chloride at low temperature, or 1,1’-carbonyl-
diimidazole (CDI) at high temperature, is relevant.” The design
and discovery of new methods to synthesize heterocyclic com-
pounds, like 1,2-benzisoxazoline-3-ones, remain important.
Reactive oxygen species (ROS) are involved in a number of
biological functions.® Among ROS, the hypochlorite ion (CIO™)
has gained importance because of the biological roles it plays.’
The hypochlorite ion is produced in living systems mainly by

“ Institute of Molecular Science, Key Laboratory of Materials for Energy Conversion
and Storage of Shanxi Province, Shanxi University, Taiyuan 030-006, P. R. China.
E-mail: yincx@sxu.edu.cn

b Research Institute of Applied Chemistry, Shanxi University, Taiyuan,

030006, China

¢ Department of Chemistry, University of Missouri 601 South College Avenue,
Columbia, Missouri 65211, USA. E-mail: glasst@missouri.edu

 Department of Chemistry and Nano Science, Ewha Womans University, Seoul,
120-750, Korea. E-mail: jyoon@ewha.ac.kr

+ Electronic supplementary information (ESI) available. See DOI: 10.1039/c6tb01392a

i Contributed equally to this work.

This journal is © The Royal Society of Chemistry 2016

myeloperoxidase (MPO) catalyzed peroxidation of chloride ions.™
However, because of its high and nonselective reactivity, abnormal
production of hypochlorite can lead to various diseases including
cardiovascular ailments,'" arthritis,"> neuronal degeneration'?
and cancer." As a consequence, methods for sensitive and
selective detection of the hypochlorite ion are highly significant.
To date, a variety of fluorescent probes for ClIO™ sensing, which
are designed based on HOCI induced oxidation reactions, have
been described."> However, fluorescent probes that display a
fluorescence enhancement (turn-on) response and that func-
tion in 100% aqueous media are scarce. In addition, tedious
synthetic procedures for these probes can have serious dis-
advantages. In the current study, we report a simple, rapid and
economical method to sense CIO™.

The method uncovered to prepare 1,2-benzisoxazoline-3-one
(2), shown in Scheme 1, is both simple and efficient. Specifically,
treatment of a methanol solution of salicylhydroxamic acid (1) at
ambient temperature with excess sodium hypochlorite leads to
rapid (30 s) formation of 2. This heterocycle is isolated in 82%
yield following implementation of a simple extraction procedure.
Compound 2 was confirmed by "H-NMR, "*C-NMR and ESI-MS.

Because 1,2-benzisoxazoline-3-one is fluorescent and the
oxidation reaction producing it is both rapid and efficient, we
envisaged that the process would serve as the basis for a new
method for HOCI detection and imaging the physiological
generation of this ROS. In Fig. 1 emission spectra are displayed
which show the fluorescence changes that occur when ClO™
(1.0 equiv.) and other ROS and RNS (10 equiv., H,O,, '0,, *0*~,
ROO®, NO*® and °*OH) are added to aqueous HEPES (10 mM,
PH 7.4) solutions of 1. The spectra demonstrate that only CIO™
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Scheme 1 Synthesis of 1,2-benzisoxazoline-3-one (2) from salicylnydroxamic
acid (1) using hypochlorite.
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Fig. 1 Top: Fluorescence spectra of mixtures of 1 (10 uM) and other ROS
and RNS (100 uM) including CIO~, H;0,, 10,, O,°~, ROO*, NO*, *OH in
HEPES (10 mM, pH 7.4) (lex = 300 nm). In the inset are photographic
images of mixtures of 1 containing ClO™ (blue) and other anions (colorless)
under illumination with a 365 nm UV lamp. Bottom: Fluorescence inten-
sities (415 nm) of the probe (2.5 uM) upon the addition of 2.5 uM CIO™ in
the presence of 25 uM of the other analytes in HEPES (10 mM, pH 7.4)
solutions. Black bar: probe + various analytes. Red bar: probe + various
anions + ClO™ (lex = 300 NM, Jem = 415 nm).

causes production of 2 in association with a large increase in
the intensity of the fluorescence band with a maximum at
415 nm (300 nm excitation). UV-Vis spectroscopic monitoring
of the reaction between 1 and ClO™~ shows that an increase in
absorption occurs at 265 nm as the reaction proceeds (Fig. S3,
ESIT) and fluorescence titration data show that a ClO™ concen-
tration dependent fluorescence enhancement occurs at 415 nm
(Fig. 2a).

Analysis of the fluorescence titration profile of the reaction
of 1 (2.5 uM) with CIO™ demonstrates that the limit of detection
of the system for ClO™ is 49 nM (Fig. 2b). As shown in Fig. S5
(ESIt), probe 1 shows fluorescence enhancement at pH in the
range of 6-12 upon the addition of HOCI.

Time-dependent changes in the fluorescence spectra, brought
about by the addition of 10 equiv. of CIO™ to a solution of 1, were
monitored. The results (Fig. 3) show that reaction to form 2 is
completed within 30 s, indicating that the probe reacts rapidly
with this ROS under the conditions employed. This fast response
suggests that the process can be possibly employed directly for
the quantitative detection of Cl1O™.

The ability of 1 to be used to visualize CIO~ within living cells
was also evaluated. For this purpose, laser confocal fluorescence
imaging was carried using a Leica TCS SP5 laser scanning
microscope, with an optical window in the blue channel
(400-450 nm) as a signal output. As the images given in
Fig. 4a show, HepG2 cells incubated with the 2.5 uM probe
for 30 min at 37 °C do not fluoresce when selectively excited at
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Fig. 2 Top: Fluorescence spectra of 1 (2.5 uM) in the presence of various
concentrations of ClO~ (0-1.8 uM) in HEPES (10 mM, pH 7.4)
(lex = 300 nm). Bottom: Plot of intensities of fluorescence at 415 nm as
a function of the concentrations of ClO™.
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Fig. 3 Reaction time profile of probe 1 and ClO™.

300 nm. In contrast, HepG2 cells do display blue fluorescence
after they are incubated with 2 uM of 1 for 30 min at 37 °C and
then treated with 5 uM ClO™ (Fig. 4b). The results of these

Fig. 4 Confocal fluorescence microscope (a) and bright field (c) images
of HepG2 cells in the absence of 1. Confocal fluorescence microscope
(b) and bright field (d) images of HepG2 cells following incubation with
2.5 uM 1 for 10 min followed by addition of 5 uM CIO™.

This journal is © The Royal Society of Chemistry 2016
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Table 1 Determination of HOCI concentration in a disinfectant

Solution added” (uL) Relative fluorescence” (AF) [OCI"]° (mmol L)

1 7 142 106 £+ 3
212 301 114 £ 2
329 640 95+ 6

“ Diluted 1000 fold. ? 2.5 uM probe in 10 mM HEPES, pH 7.4. ¢ Hypo-
chlorite concentration of sodium hypochlorite disinfectant (n = 5).

whole cell experiments demonstrate that the new probe is cell
permeable and that it can be used to visualize CIO™ within
living cells.

To investigate the applicability of the new probe for moni-
toring ClO™ in real samples, the levels of this ROS in a common
disinfectant were examined (Table 1). Aliquots of a commercial
bleach solution, without pretreatment, were added to a solution
of 1 in buffer. By comparing the observed fluorescence intensities
to those of a standard curve (Fig. S4, ESIT), the concentration of
ClO™ in the bleach sample was determined to be 105 + 3 mM
(Table S1, ESIY).

In summary, in this study we uncovered a simple, rapid and
economical method for synthesis of the interesting heterocycle,
1,2-benzisoxazoline-3-one, using ClIO~ promoted oxidation of
salicylhydroxamic acid at room temperature for 30 s. Compared
with traditional protocols used to prepare this substance,” the
new method is more environmentally benign. In addition, we
demonstrated that this process can be used as a fluorescent
probe for ClIO™. The application of this method to the synthesis
of other heterocyclic compounds and to the development of
new fluorescent probes with longer wavelength emission charac-
teristics is under current investigation.
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