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By covalent combination of a chiral amino acid, lipid, and achiral
phenothiazine derivative, a reaction-based chiroptical probe, PTZ-D,
was obtained. PTZ-D could self-assemble into a chiral organogel
realizing the chirality transformation from a chiral amino acid to a
self-assembled system and displaying unprecedented chiroptical
monitoring of ClO™ with switchable CPL signals.

Fluorescent probes have developed rapidly in the past decades,
while the investigation only focuses on achiral chromophore
scaffolds emitting unpolarized light," which inevitably suffer
from the interference of background because of the common
existence of autofluorescence. In recent years, chiroptical technolo-
gies have attracted great attention in recognizing polarized light
owing to the high specificity. In the field of optoelectronic
technologies, organic semiconductors have been used in field-
effect transistors to detect circularly polarized luminescence
(CPL), which has great significance in the development of CPL
detecting devices.> Additionally, a kind of chiral oligothiophene
material has been developed to discriminate the direction of
illumination.? In the field of chiroptical sensing, circular dichroism
(CD) spectroscopy, the most widely used chiroptical tool, has been
extensively used to investigate the absolute configurations of chiral
compounds.* However, reaction-based CD sensing of achiral species
has been limited due to the shortage of suitable probes. Recently,
we synthesized an effective CD probe to detect CIO™ with switching
CD signals.>® Despite the advantages of CD spectroscopy, as
absorption spectroscopy, CD only reflects the structural properties
in the ground state of a molecule. In contrast, circularly polarized
luminescence (CPL) is correlated with the excited states, displaying
the difference in the emission intensity between left- and
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right-circularly polarized light.® Additionally, emission spectro-
scopy is normally much more sensitive than absorption spectro-
scopy and has a larger application range. Thereby, we aim to
design a kind of probe emitting CPL signals; only the polarized
light from the target-triggered CPL probe can be collected, and
other unpolarized light will be automatically filtered out, which
will dramatically increase spatial resolution and selectivity.

Until now, some CPL biosensors have been reported, which
are activated or enhanced by the generation of metal ion
coordination bonds,” photoisomerization® or concentration
variation.” Although these probes could show CPL-changing,
even CPL-switching properties, they were not reaction-based.
Their further application was limited by single triggered fash-
ion of the scaffolds involved in the probes. In order to further
expand the application range of CPL, the design of reaction-
based CPL sensors has become necessary because of adjustable
reaction sites and tuneable emission wavelength.

The extent of CPL can be conveniently indicated through the
luminescence dissymmetry factor (gjum), whose values range
between —2 and +2.'° Kawai and co-workers found that the self-
assembly could amplify the gj,, value, because the excitonic
couplings between individual chromophores were gathered in
an aggregate state."* Liu’s group originally proposed a kind of
chiral amino acid-based lipid, which could self-assemble to
form an organogel composed of helicoid nanotubes."> Moreover,
they used this gel to build some CPL systems commendably.'?
Inspired by their study, we tried to take advantage of this chiral
amino acid-based lipid to construct a reaction-based chiral probe
through covalently linking it to an activatable chromophore.
Here, a phenothiazine derivative was chosen as the candidate
because phenothiazine not only exhibits pretty good absorption
and emission properties, but can also be used to detect CIO™
through the oxidation of the sulfur atom bridge.” In this work, we
report first the design and synthesis of a reaction-based CPL
sensor, PTZ-D, to monitor hypochlorite ion (ClO™) with switch-
able CPL signals (Fig. 1).

The synthesis and characterization of PTZ-D and its enantio-
mer PTZ-L are described in the ESIL} In general, chiral glutamic
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Fig. 1 Chemical structure of PTZ-D and the proposed switchable CPL
mechanism towards ClO™.

acid-based lipids were synthesized through an amide condensation
reaction between glutamic acid and octadecylamine. Then a
phenothiazine derivative with a carboxyl group was linked to the
glutamic acid-based lipids to obtain the probes.

Firstly, the selectivity of PTZ-D toward different ROS/RNS
(Reactive Oxygen Species/Reactive Nitrogen Species), including
ONOO™, NO, H,0,, TBHP (tert-butyl hydroperoxide), GSH
(glutathione), 1-Cys (r-cysteine), *OH and ClO~ was assessed
(Fig. 2a). PTZ-D exhibited highly specific selectivity towards
ClO™ compared with other ROS/RNS. To investigate the sensing
mechanism, titration experiments of PTZ-D (10 uM) were con-
ducted in a CH3;CN/CHCI; (3/1, vol/vol) mixed solvent. Upon
addition of CIO™ from 0 to 80 uM, the two absorption bands at
313 nm and 428 nm decreased gradually with an emerging peak
at 375 nm (Fig. 2b). The fluorescence band intensity at 625 nm
decreased and that at 498 nm increased gradually with the
increase in concentration of ClO™ (Fig. 2c). Then, we studied
the changes in the time-dependent fluorescence intensity of
PTZ-D (10 pM) in the presence of 10 equivalents of ClIO™. As
shown in Fig. 2d, PTZ-D showed a fast response to ClO™ in
CH;CN/CHCI; (3/1, vol/vol) of about 210 s. The reaction mechanism
of phenothiazine-based probes towards hypochlorite was inves-
tigated clearly by our group in previous reports.’*'* According
to the mechanism, the sulfur atom on the phenothiazine moiety
was oxidized to sulfoxide first, and then to sulphone with more
hypochlorite.

Since the probe has a chiral center, the chirality was first
characterized by circular dichroism (CD) spectroscopy (Fig. 2e).
PTZ-D showed a negative Cotton effect at 438 nm, and a
positive Cotton effect at 313 nm, which was in accordance with
the regions of its UV/vis absorption peaks. PTZ-L showed a
mirror-imaged CD signal with PTZ-D. The probe PTZ-D was
further found to change the CD intensity with addition of CIO™
from 0 to 90 pM (Fig. 2f). The negative Cotton effect at 438 nm
in PTZ-D decreased gradually at first, and then turned into a
positive Cotton effect with continuous addition of ClIO ™. This is
an interesting reversing phenomenon in agreement with that
reported by our group previously.>® The formation of sulfur-
oxygen bonds led to a change in the dihedral angle in the
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Fig. 2 (a) Relative fluorescence intensities of PTZ-D (10 uM) treated with
various ROS and RNS in 0.05 M PBS/DMF (7/3, vol/vol) at pH 7.4 for 60 min.
ONOO™: 50 uM NaONOO; NO: 50 uM; H,0,: 50 puM; TBHP: 50 uM; GSH:
50 puM; L-Cys: 50 pM; *OH: 50 uM + 50 puM ferrous ammonium sulfate;
ClO™: 50 uM NaClO. (b) UV/vis absorption spectral changes of PTZ-D
(10 uM) after reaction with different concentrations of ClO™ (0-80 uM) in
CH3CN/CHCl3 (3/1, vol/vol) for 30 min. (c) Fluorescence spectral changes
of PTZ-D (10 uM) responding to absorption under the same conditions.
(d) Time-dependent fluorescence intensity changes of PTZ-D (10 uM) in
the presence of 10 equiv. ClO™ in CH3CN/CHCls (3/1, vol/vol) for 30 min.
The fluorescence intensity point was recorded every 5 s (lex = 410 nm,
Jem = 498 nm). (e) CD (top) and UV/vis spectra (bottom) of PTZ-L (10 uM)
and PTZ-D (10 uM) in CHsCN/CHClz (3/1, vol/vol). (f) CD spectral change
of PTZ-D after reaction with different concentrations of CIO™. All optical
measurements were taken in quartz cuvettes (1 cm x 1 cm, 3 mL).

phenothiazine moiety, which was responsible for the CD signal
reversal.>>"®

Due to the presence of a donor chromophore, ethyl-substituted
phenothiazine, conjugated with a universal gelator moiety
N,N'-bis(octadecyl)-p(1)-glutamic diamide, PTZ-D and PTZ-L
displayed excellent gel ability in the CHCl3/CH3CN (3/1, vol/vol)
mixed solvent when its concentration increased to 8 mM.

To verify the gel structure, we determined the morphology of
the PTZ-D gel by scanning electron microscopy (SEM). As shown
in Fig. 3a, PTZ-D gel formed a visible left-handed helicoid
structure. The SEM observation indicated that the molecular

Fig. 3 SEM images of xerogel made from (a) PTZ-D and (b) PTZ-D + ClO™.
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chirality was transferred to the self-assembled structure during
the formation of the gel. After interaction with ClO™, it could be
observed from Fig. 3b that the renewed structure of PTZ-D gel
did not show a left-handed nanohelix but displayed a weak
right-handed one. This reversing phenomenon was consistent
with the result observed in the CD spectra mentioned above.

Subsequently, we investigated the CPL of PTZ-D gel and PTZ-L
gel (Fig. 4a). CPL signals with different chiralities and emissions
at 610 nm could be observed. The gj,,, value was about 1.68 x
1072 and —1.78 x 107 at 610 nm for PTZ-L and PTZD gel,
respectively (Fig. 4b), comparable to other organic self-assembly
systems.”°

Then we studied the feasibility of PTZ-D gel to monitor
ClO™. At first, with addition of ClIO~, the negative CPL signal of
PTZ-D gel decreased gradually. Then the signal reversed to
positive and increased gradually with addition of an increasing
volume of NaClO (Fig. 4c). Additionally, the reversed signals
obtained in the CD and CPL spectra both showed a red-shift
phenomenon, which was also observed in other phenothiazine-
based systems.’ It has been proved that the supramolecular
chirality mainly depends on self-assembly rather than the
individual molecular chirality, and hydrogen bonds and steric
hindrance are crucial factors for the CPL inversion."” It was not
hard to conclude that the CPL reversion of PTZ-D resulted from
the incorporation of oxygen atoms and the change of stereoscopic
configuration of the phenothiazine moiety. The introduction of
oxygen atoms might affect the molecular n-n stacking and
provide new intermolecular interaction such as hydrogen bonds
between PTZ-D and PTZ-D, which changed the stack mode and
the orientation of amide groups during the gelation process.
Thus, the combination of the stereoscopic configuration change
and new intermolecular interaction generation transformed the
supramolecular chirality from left-handed to right-handed.
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Fig. 4 (a) CPL spectra of PTZ-L and PTZ-D gel. The DC value in the
bottom spectrum stands for fluorescence intensity. (b) gium of PTZ-L and
PTZ-D gel versus wavelength curves. (c) CPL spectral change and (d) gium
change of PTZ-D gel in the presence of different amounts of ClIO™
(Aex = 410 nm).
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In conclusion, we have demonstrated a useful strategy to
construct a reaction-based probe to monitor CIO™ with switchable
CPL signals for the first time. Through covalently linking a chiral
amphiphilic lipid to a hypochlorite-triggerable phenothiazine
moiety, the chirality of amino acid was transferred to the self-
assembly organogel with distinct CPL emission. The self-
assembled organogel showed switchable CPL sensing towards
ClO™. The strategy presented in this work is anticipated to
broaden the insights to develop more efficient reaction-based
chiroptical probes with highly specific and sensitive CPL signals
towards various achiral and chiral targets in living bodies, foods
and environments.
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