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a b s t r a c t

A novel and readily available binaphthyl-based fluorescent probe (S)-1 was designed and synthesized.

(S)-1 can be used to not only chemoselectively discriminate 3 basic amino acids out of common amino

acids, but also enantioselectively recognize histidine. Encouragingly, enantioselective imaging of histidine

in cells was achieved for the first time by the probe (S)-1. These performances endowed it potential

application in the chiral analysis of basic amino acids in asymmetric synthesis and cell imaging for di-

agnosis of diseases caused by racemization of histidine. Nuclear magnetic resonance (NMR) and mass

spectrometry investigations suggested that different reaction extent of (S)-1 with l/d-histidine and dif-

ferent product structures generated the observed enantioselective fluorescent response. The molecular

structures and thermodynamic stability of the complexes, formed from (S)-1+Zn2+ and enantiomers of

histidine, were calculated by Gaussian 16 based on density functional theory (DFT) to validate the above

action mechanism.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Chiral amino acids as the basic units of enzymes, peptides, anti-

bodies, receptors, and signaling molecules in living organisms play

important roles in biological functions [1–3]. Among the 19 com-

mon chiral amino acids, there are 3 basic ones, including lysine

(Lys), arginine (Arg), and histidine (His), which have been found

to have diverse biological functions and physiological effects [4–

6]. For a long time, it had been believed that amino acids in na-

ture exist in their l-enantiomers. However, an increasing number

of studies had revealed that the pathogenesis of some diseases,

such as neurological disorders, chronic kidney disease, cataract and

so on, were related to the emergence of d-amino acids in vivo [7–

10]. Thus, recognition and detection of d-enantiomers of amino

acids in cells and organisms are of great significance for the de-

velopment of new diagnosis and treatment techniques for these

diseases. Meanwhile, single enantiomers of basic amino acids have

been extensively applied in chiral materials [11,12], pharmaceuti-

cals [13–15], and precursors or ligands for asymmetric synthesis

[16,17]. Therefore, it is significant to discriminate these three basic
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amino acids and recognize their enantiomers in both solutions and

cells.

Fluorescent probes as one of the molecular recognition meth-

ods, have the advantages of easily available equipment, high sensi-

tivity, and real-time imaging [18–21]. Meaningful researches have

been conducted on the development of fluorescent probes for

chemoselective or enantioselective recognition of amino acids in

recent years [22–25]. 1,1′-Bi-2-naphthol (BINOL) as an axially chiral

molecule has been widely used in chiral fluorescent probes for its

tunable structure and excellent fluorescence properties [26,27]. It

has been reported that the BINOL-based chiral aldehyde combining

with Zn2+ showed enantioselective fluorescent responses toward

certain amino acids [28]. We previously developed structurally di-

verse BINOL-based fluorescent probes, which possessed high enan-

tioselectivity toward various free amino acids in organic phase, flu-

orine phase and water [29–31]. However, the chemoselective dis-

crimination of all the 3 basic amino acids from 19 common chiral

amino acids is a challenging work and has been rarely reported.

Furthermore, to the best of our knowledge, there is no report about

the enantioselective recognition of basic amino acids in both solu-

tions and cells.

In this work, we designed a novel 2-tosyl-substituted BINOL-

based probe (S)−1 (Scheme 1), which was originally aimed at
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Scheme 1. Synthesis of (S)−1.

improving the specificity of molecular recognition to amino acids

through nucleophilic substitution of 2-tosyl with -NH2 from chi-

ral substrates. However, we found that 2-tosyl was not removed

through the results of 1H nuclear magnetic resonance (1H NMR)

and high resolution mass spectra (HR-MS) of the reaction mixtures

[(S)−1+Zn2+ + l-/d-amino acid]. To our surprise, the probe only

showed prominent fluorescent enhancement toward 3 basic amino

acids among 19 common chiral amino acids, and also displayed

high enantioselectivity to His in both solutions and cells. More en-

couragingly, enantioselective imaging of His in cells was achieved

for the first time by the probe (S)−1. These endowed its potential

application for diagnosis of diseases caused by racemization of His.

As depicted in Scheme 1, (S)−1 was prepared from read-

ily available (S)-BINOL through four-step reactions. Firstly, (S)-

BINOL was protected by chloromethyl methyl ether (MOMCl) to

obtain intermediate (S)−2. (S)−2 underwent a formylation re-

action by sequential treatment with n-butyllithium and N,N-

dimethylformamide (DMF) to obtain the intermediate (S)−3, which

was subsequently deprotected in concentrated hydrochloric acid to

give intermediate (S)−4. Then, (S)−4 was esterified with p-tosyl

chloride in pyridine to obtain the probe (S)−1. The enantiomer

(R)−1 was synthesized in the same method from (R)-BINOL. De-

tailed synthetic procedures and characterizations were provided in

Supporting information.

The synthesized probe (S)−1 exhibited no fluorescence in com-

mon water-miscible organic solvents. Firstly, we studied the flu-

orescent responses of (S)−1 to 19 pairs of common chair amino

acids in DMSO/H2O (39/1, v/v) in the presence of Zn2+. As shown

in Fig. S1 (Supporting information), for the reaction between (S)−1

and Zn2+, inconspicuous fluorescent response occurred at 600nm.

Followed by treatment with different amino acids, fluorescence en-

hanced in different degrees at the range of 500–650nm, except to

Tyr, Pro and Cys. The intensity at 550nm for all of the 19 pairs chi-

ral amino acids were plotted as column charts in Fig. 1a. It is worth

noting that the fluorescence intensity of the three basic amino

acids, including His, Arg and Lys, was remarkably stronger than

that of the other 16 amino acids. Furthermore, (S)−1 displayed ex-

cellent enantioselective fluorescent enhancement toward His. The

fluorescent response to these three basic amino acids were shown

in Figs. 1b–d. Moreover, the ultraviolet–visible (UV–vis) absorption

spectra of (S)−1+Zn2+ treated by l- and d-His were also studied

to help us to understand the photophysics of the recognition pro-

cess. As shown in Fig. S2 (Supporting information), addition of l-

or d-His led a greatly increased absorption at 434nm, which could

be attributed to the π-π conjugation of the naphthyl ring and the

new formed imine group.

We also studied the fluorescent response of (R)−1, the enan-

tiomer of (S)−1, toward the above 19 pairs amino acids at the same

conditions. The fluorescent spectra and the column charts of the

intensity at 550nm were shown in Figs. S3 and S4 (Supporting in-

formation), respectively. The results were similar to that of (S)−1.

The outstanding fluorescent enhancement occurred on the three

basic amino acids, among which, the prominent enantioselective

Fig. 1. (a) Column charts of fluorescence intensity at 550nm of (S)−1 (25 μmol/L

in DMSO, 1 equiv.)+Zn2+ (in H2O, 3 equiv.) treated by 19 pairs amino acids (in pH

7.4 HEPES buffer, 25 equiv.); fluorescence response towards three basic amino acids

of (b) His, (c) Arg and (d) Lys (λexc =449nm, slits: 5/5 nm).

fluorescent enhancement happened for His. Meanwhile, the mirror

relationship was found for the fluorescent response of enantiomer

pairs of probe toward d-/l-His, which can be seen from Fig. 1b and

Fig. S3a. The results confirmed that the 2-tosyl-substituted BINOL-

based probe could be used not only for chemoselective discrimi-

nation basic amino acids out of common amino acids, but also for

enantioselective recognition of His.

And also, we synthesized a contrast compound (S)−5 featuring

a 2-mesyl group according to the description in Supporting infor-

mation, and conducted the study on its fluorescent response to

19 amino acids under the same conditions in Fig. 1. As shown in

Fig. S5 (Supporting information), the results were similar to that

of (S)−1. The prominent fluorescent enhancement only occurred

on the three basic amino acids and also presented excellent enan-

tioselectivity toward His. However, the fluorescence intensity was

only about one-third of that for (S)−1 treated with the three basic

amino acids. It suggested that the chemoselective recognition abil-

ity of (S)−1 or (S)−5 toward basic amino acids might be related

with the sulfonate group, and the benzene ring of 2-tosyl group

in (S)−1 increased the molecular rigidity which brought stronger

fluorescence intensity.

In addition, we investigated the effect of metal ions on the flu-

orescent response of probe (S)−1 toward above three basic amino

acids. Under the same conditions, Zn2+, Mg2+, Li+, Ni2+, Cu2+,
Fe2+ and Fe3+ were respectively added into the mixtures of (S)−1

and amino acids, and their fluorescent responses were shown in

Figs. S6–S8 (Supporting information), corresponding to His, Arg

and Lys. For these three amino acids, the studied metal ions, ex-

cept for Zn2+ or Mg2+, cannot make (S)−1 exhibit obvious fluores-

cent enhancement toward their enantiomers. And for His, compar-

ing with Mg2+, Zn2+ induced much stronger fluorescent intensity

and more excellent enantioselectivity. For Arg and Lys, it is still the

Zn2+ that can make (S)−1 present stronger fluorescent response to

them. Therefore, among these studied metal ions, Zn2+ is the most

appropriate participant in chemoselecive recognition of these three

basic amino acids and enantioselective recognition of His. Subse-

quently, we carried out the further study on the enantioselectivity

of the probe to His in the presence of Zn2+.
The influence of the amount of Zn2+ on the enantioselec-

tivity of (S)−1 toward His was investigated. Fig. S9 (Supporting

information) showed that although the enantioselective fluores-

cent enhancement happened at the absence of Zn2+, the fluo-

rescent intensity was too weak for accurate detection. With the
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Fig. 2. Fluorescence intensity of (S)−1 (25 μmol/L in DMSO, 1 equiv.)+ l/d-His

(in pH 7.4 HEPES buffer, 25 equiv.) at 550nm versus the equivalent of Zn2+

(λexc =449nm, slits: 5/5 nm).

addition of Zn2+, the fluorescent response of (S)−1 toward two

enantiomers of His were both strengthened, and significantly

stronger fluorescence was exhibited in the mixture containing d-

His than that containing l-His. The column charts of fluorescence

intensity at 550nm under different equivalents of Zn2+ were plot-

ted in Fig. 2, and the enantioselective fluorescent enhancement ra-

tio [ef= (ID − I0)/(IL − I0)] versus Zn2+ amounts was also shown in

Fig. S10 (Supporting information). It could be seen that the ex-

cellent enantioselectivity with ef value over 10 was obtained in

the whole studied Zn2+ equivalent range of 0.1–8.0. And the flu-

orescent intensity to d-His increased obviously with the rising of

Zn2+ equivalent among 0.1–1.5, then kept negligible change in the

range of 1.5–8.0 equiv. Based on these results, when the fluorescent

probe (S)−1 being applied in the chiral recognition of His, addition

of Zn2+ with the equivalent of 1.5–8.0 was necessary.

As well known, effect of solvent on fluorescence cannot be ig-

nored. Therefore, the fluorescent response of (S)−1 toward His

was studied in several water-miscible solvents including DMSO,

DMF, EtOH, MeOH, CH3CN and THF, and the results were shown

in Fig. S11 (Supporting information). Except for CH3CN and THF,

the probe displayed outstanding enantioselectivity toward His in

other four solvents, including protic solvents of EtOH, MeOH and

aprotic solvents of DMSO, DMF. It has been reported that in the

molecular recognition of chiral amines, the enantioselectivity of

BINOL-based fluorescent probes is dependent on the pH value of

the chiral amine solutions. Most of the probes only displayed good

enantioselectivity toward amines in alkaline conditions [28–31],

which limited its application in alkaline-repellent environment,

such as in cell or in vivo imaging. In order to explore the suitable

pH value range for the probe, we tried to dissolve d-/l-His in the

buffer solutions with pH values of 6, 7, 7.4, 8.2 and 8.8, respec-

tively. And then the probe solutions containing Zn2+ were treated

with each of the above His solutions. Fig. 3 showed the fluores-

cence intensity at 550nm and the ef values versus the pH values,

Fig. 3. Fluorescence intensity at 550nm when (S)−1 (25 μmol/L in DMSO, 1

equiv.)+Zn2+ (in H2O, 2 equiv.) reacting with l-/d-His (25 equiv.) dissolved in

buffer with different pH values (column charts); ef values versus the pH values (red

line) (λexc =449nm, slits: 5/5 nm).

Fig. 4. (a) Fluorescence spectra of (S)−1 (25 μmol/L in DMSO, 1 equiv.)+Zn2+

(in H2O, 2 equiv.)+ l/d-His (in pH 7.4 HEPES buffer, 25 equiv.) at different stand-

ing time (0–190min). (b) Fluorescence intensity at 550nm versus standing time

(λexc =449nm, slits: 5/5 nm).

fluorescent spectra were shown in Fig. S12 (Supporting informa-

tion). It was found that (S)−1 displayed good enantioselectivity to-

ward His under all the five pH values, and the ef value reached

12.1 at pH 7.4.

The above results indicated that the fluorescent probe (S)−1

possessed good performance on chiral recognition of His in diver-

sified solvents and wide pH range. Then the fluorescent response

time and stability of the probe to His were investigated under

the conditions of DMSO/H2O and pH 7.4. We recorded the fluo-

rescent response of the mixtures of (S)−1 (25 μmol/L), d-/l-His

and Zn2+, which were allowed to stand at 25±0.5 °C for different

time. The fluorescence spectra and the peak intensity versus stand-

ing time were plotted in Fig. 4. When (S)−1+Zn2+ being treated

with l-His, there was no obvious fluorescent enhancement in the

whole studied standing time. However, when treated with d-His,

the fluorescence intensity linearly increased with time in the first

25min, then the enhancement trend became mild in the follow-

ing time. The fluorescence intensity approached the maximum at

50min, and maintained stable for 50–190min. This indicated that

the chirality-sensitive fluorescent response of the probe for enan-

tioselective recognition of His was time-saving. In addition, good

fluorescence stability also endowed the probe a great advantage in

the chiral recognition of amino acids.

Subsequently, the dependence of His amount on fluorescence

intensity was studied. As shown in Fig. 5, the fluorescence inten-

sity at 550nm strengthened dramatically with the increasing of d-

His equivalent in the range of 2.5–15 equiv., and reached its maxi-

mum at 25 equiv. On the contrary, the increasing trend of fluores-

cence intensity with the rising of l-His amount was not obvious,

and the fluorescence remained weak in the range of 2.5–75 equiv.

When the amount of d-His was over 25 equiv., the fluorescence

decreased slightly, which could be attributed to the reaction equi-

librium and the self-quenching of fluorescence due to high concen-

tration. While the equivalent of l-His was over 25, the fluorescence

kept slowly increasing, which indicated that the reaction between

(S)−1+Zn2+ and l-His still did not reach its equilibrium at this

Fig. 5. Fluorescence intensity of (S)−1 (25 μmol/L in DMSO, 1 equiv.)+Zn2+ (in

H2O, 3 equiv.) at 550nm versus the equivalent of His (λexc =449nm, slits: 5/5 nm,

the error bars are from three independent experiments).
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Fig. 6. Fluorescence intensity of (S)−1 and (R)−1 (25 μmol/L in DMSO, 1

equiv.)+Zn2+ (H2O, 3 equiv.) at 550nm towards His with different ee values (in

pH 7.4 HEPES buffer, 25 equiv.) (λexc =449nm, slits: 5/5 nm, the error bars are from

three independent experiments).

condition. The fluorescence spectra of all the mixtures of (S)−1,

Zn2+ and l-/d-His were shown in Fig. S13 (Supporting informa-

tion). Furthermore, the relationship of His equivalent and fluores-

cence intensity of (R)−1 was also studied under the same condi-

tions (Fig. S14 in Supporting information). The results were oppo-

site to that of (S)−1. The enhancement trend of fluorescence inten-

sity with the increasing of l-His equivalent was much greater than

that with d-His, and the fluorescence intensity to d-His remained

weak in the studied equivalent range. Significantly, the maximum

of fluorescence intensity for (R)−1 toward l-His also appeared at

25 equiv.

Then the relationship between the fluorescence intensity and

the enantiomeric composition was investigated under the condi-

tion of 25 equiv. His. The enantiomer pairs, (S)−1 and (R)−1, were

both used to react with His with different enantiomeric excess

[ee= ([D]− [L])/([D]+ [L])]. The fluorescent response of (S)−1 and

(R)−1 toward His with different ee values were shown in Fig. S15

(Supporting information), and the fluorescence intensity at 550nm

versus the ee values were plotted in Fig. 6. The linear relationships

between fluorescence intensity and ee values were found for both

of (S)−1 and (R)−1, and the fitted linear equations were as fol-

lows: yS =36,202x+4,270,172 (R2 =0.9950, yS is I550 of (S)−1, x is

ee value, Eq. I); yR =−37,961, x+4,446,647 (R2 =0.9962, yR is I550
of (R)−1, x is ee value, Eq. II). It also can be seen that these two

fitted lines showed excellent mirror relationship. Therefore, both

of (S)−1 and (R)−1 had the potential to determine the ee values of

His. Next, we prepared His solutions with designed ee values, then

added them to the mixtures of (S)−1+Zn2+ and (R)−1+Zn2+, re-
spectively. The fluorescence intensity at 550nm (Table S1 in Sup-

porting information), which was recorded under the same condi-

tions of Fig. 6, was substituted into Eqs. I and II to calculate the

ee values, respectively. The actual ee, calculated ee and absolute er-

rors were all listed in Table 1. All the absolute errors of the calcu-

lated ee to their corresponding actual values were less than 10.5%.

These results demonstrated the feasibility of determining the His

enantiomeric compositions via the probes (S)−1 or (R)−1.

Although the enantioselective fluorescent imaging of amino

acids in cells was significant for biological analysis and poten-

Fig. 7. Enantioselective fluorescence imaging of His in HeLa cells: (a) Incubated

with (S)−1 (40 μmol/L in 2% DMSO/pH 7.4 buffer); (b) incubated with (S)−1

(40 μmol/L in 2% DMSO/pH 7.4 buffer) and Zn2+ (40 μmol/L in pH 7.4 buffer); (c)

incubated with (S)−1 (40 μmol/L in 2% DMSO/buffer), Zn2+ (40 μmol/L in pH 7.4

buffer) and l-His (1mmol/L in pH 7.4 buffer); (d) incubated with (S)−1 (40 μmol/L

in 2% DMSO/buffer), Zn2+ (40 μmol/L in pH 7.4 buffer) and d-His (1mmol/L in pH

7.4 buffer). Scale bar: 100μm. (e) The IOD of green fluorescence signal being calcu-

lated by ImageJ.

tial disease diagnosis, scarcely any advance was achieved for basic

amino acids in the past decades. In our following work, we car-

ried on the enantioselective fluorescent imaging of His in cells. Cy-

totoxicity of (S)−1 was assessed by performing cell counting kit-

8 (CCK-8) assay with the HeLa cells (as described in Supporting

information). The results demonstrated that (S)−1 has low toxic-

ity in living cells and it serves as a safe probe for application in

biological systems (Fig. S16 in Supporting information). Enantios-

elective fluorescent imaging results were displayed in Figs. 7a–d.

Photos from left to right are imaging in blue channel, green chan-

nel, bright field and merged field. And the blue signal was from

the dye of 4′,6-diamidino-2-phenylindole dihydrochloride (DAPI),

which was used to facilitate cell localization under the microscope.

The HeLa cells showed almost no green fluorescence when only in-

cubated with probe (S)−1 or with (S)−1 and Zn2+, and when in-

cubated with l-His, Zn2+ and (S)−1, only very week green fluo-

rescence could be found. Conversely, upon incubating with d-His,

Zn2+ and (S)−1, much stronger green fluorescence was observed

obviously. The relative intensity of green fluorescence signal was

Table 1

Determination of the ee values of His samples by using the fluorescent probes (S)−1 and (R)−1.

No. Actual ee (%) Determined ee by (S)−1 (%)a Absolute error (%) Determined ee by (R)−1 (%)b Absolute error (%)

1 −76 −84.21 8.21 −77.79 1.79

2 −52 −62.21 10.21 −50.85 1.15

3 −28 −38.37 10.37 −27.67 0.33

4 28 33.40 5.40 36.54 8.54

5 52 55.14 3.14 62.28 10.28

6 76 76.91 0.91 86.22 10.22

a Calculated through Eq. I, yS =36,202x+4,270,172.
b Calculated through Eq. II, yR =−37,961x+4,446,647.

4



C.-Z. Ni, R.-M. Li, F.-Q. Zhang et al. Chinese Chemical Letters 35 (2024) 109862

Fig. 8. 1H NMR spectra of the (S)−1 (in d6-DMSO) (line 1), (S)−1 (in d6-DMSO,

1 equiv.)+Zn2+ (in D2O, 3 equiv) (line 2), (S)−1 (in d6-DMSO, 1 equiv.)+Zn2+ (in

D2O, 3 equiv.)+ l-His (in pH 7.4 HEPES buffer prepared by D2O, 25 equiv.) (line 3),

(S)−1 (in d6-DMSO, 1 equiv)+Zn2+ (D2O, 3 equiv.)+d-His (in pH 7.4 HEPES buffer

prepared by D2O, 25 equiv.) (line 4).

calculated by imageJ software and shown in Fig. 7e. The integrated

optical density (IOD) of HeLa cells incubated with d-His was 33

times stronger than that of cells incubated with l-His. This result

indicated that the probe (S)−1 performed outstanding enantiose-

lective fluorescence imaging of His in cells.

In order to get better understanding on the enantioselective flu-

orescent response of (S)−1 toward His, we conducted investiga-

tions on the 1H NMR, HR-MS and the thermodynamic stability cal-

culations by Gaussian 16 program.

Fig. 8 showed the 1H NMR results of (S)−1, (S)−1+Zn2+,
(S)−1+Zn2+ + l-His and (S)−1+Zn2+ +d-His. (S)−1 gave six sin-

glets at δ 10.40, 10.20 for its two aldehyde protons, δ 10.18 for its

hydroxy proton, δ 8.77, 8.49 for the two naphthyl proton ortho to

the two aldehyde groups, and δ 2.28 for methyl proton of 2-tosyl

group, respectively (line 1). When Zn2+ was added, the hydroxyl

proton signal at δ 10.18 disappeared due to deuteration, and also

the signal for one of the aldehyde protons at δ 10.20 and one of

the naphthyl proton ortho to aldehyde groups at δ 8.49 became

weak (line 2). It indicated the strong interaction between (S)−1

and Zn2+. After adding l- or d-His, the aldehyde proton signal at

δ 10.40 weakened and a new peak at δ 10.36 appeared adjacently

(lines 3 and 4). It could be inferred that the probe (S)−1 and the

product of (S)−1+Zn2+ + l-/d-His both existed in the mixture, and

only one of the two aldehyde groups of the probe molecule partic-

ipated in the reaction with amino acids. The singlets at δ 10.40 and

10.36 were for the unreacted aldehyde protons coming from (S)−1

and the product, respectively. It also could be seen that intensity

ratio of δ 10.40 to 10.36 for the mixture containing d-His (line 4)

was obvious lower than that of the mixture containing l-His (line

3), which indicated that the reaction extent of (S)−1 and d-His was

larger than that of (S)−1 and l-His. Furthermore, the singlet at δ
2.28 for methyl proton of 2-tosyl group remained unchanged after

reaction with l- or d-His (the new singlet at δ 2.23 adjacent to δ
2.28 was from the piperazine ring of HEPES).

As shown in Fig. S17a (Supporting information), in the HR-

MS result for the reaction of (S)−1 + Zn2+ with d-His, a sig-

nal at m/z=696.0772 was observed, which could be attributed to

the complex 6 (Fig. 9a, calcd. for [6+H]+ is 696.0705). And for

another reaction with l-His in the same conditions, a signal at

m/z=1329.3392 was found (Fig. S17b in Supporting information),

which could be ascribed to complex 7 (Fig. 9b, calcd. for [7+H]+

is 1329.2274). The molecular modeling structures and thermody-

namic stability of 6 formed from d-His, its analogue 6′ formed

Fig. 9. Deduced modeling structures and thermodynamic stability of the products

from mixtures of (S)−1 with (a) d-His and (b) l-His in the presence of Zn2+ . The
results are based on DFT calculations by Gaussian 16 program, the computational

details were shown in Supporting information.

from l-His, 7 formed from l-His and its analogue 7′ formed from

d-His were investigated based on density functional theory (DFT)

calculations by Gaussian 16 program (Fig. 9). The total energy of

6 is 13.7 kcal/mol lower than 6′, and the total energy of 7 is

9.1 kcal/mol lower than 7′. Furthermore, the molecular structure of

the complex 6 also showed that the sulfonyl oxygen atom of the

probe was close to the proton of -NH- in the imidazole ring of

d-His with the distance of 6.41303 Å, and there might be a weak

interaction between them. While in the molecular structure of an-

other complex 6′, the distance between the two was 8.80166 Å,

which was longer than in the complex 6. The interaction between

the sulfonate group of the probe and the residual amino group of

His was also likely to participate in the chiral recognition process.

It could be inferred that the chemoselective recognition of basic

amino acids out of other common amino acids by the probe might

be ascribed to the sulfonate group in the probe providing the inter-

action site with the residual amino group of basic amino acids. In

addition, His with an imidazole ring has a larger steric hindrance

than Arg and Lys when approaching the chiral recognition pocket

of the probe, thus only its chiral matching enantiomer could in-

teract with probe to form a stable molecular structure such as 6,

which brought the enantioselective fluorescence response.

Combining the above results of 1H NMR, HR-MS and DFT cal-

culation, the different reaction extent of the probe molecule with

the amino acid enantiomers, and the different product structures

induced the enantioselective fluorescent response.

In conclusion, a novel fluorescent probe (S)−1 showed obvious

fluorescent enhancement toward three basic amino acids includ-

ing Arg, Lys and His. (S)−1 could chemoselectively recognize them

out of 19 common chiral amino acids. Furthermore, it also exhib-

ited outstanding enantioselective fluorescent response toward His

in diverse solvents and a wide pH value range. These advantages

endowed it great application potentials in enantioselective recog-

nition of His in both solutions and cells. And the enantioselec-

tive fluorescent imaging of His was firstly achieved in the HeLa

cells through the probe (S)−1. Results of 1H NMR, HR-MS and DFT
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calculation indicated that the different reaction extent of probe

molecule with the amino acid enantiomers, and the different prod-

uct structures induced the enantioselective fluorescent response.

The probe (S)−1 could promote the chiral analysis of basic amino

acids in asymmetric synthesis and cell imaging.
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