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Abstract: Amino acids serve as essential functional materials in the biomedicine and food sectors, making the pre-
cise enantioselective differentiation of chiral amino acids critically important for research. Axially chiral 1, 1'-bi-2-
naphthol (BINOL) and HgBINOL derivatives serve as superior platforms for constructing chiral fluorescent probes,
owing to their C2-symmetric rigid skeletons, facile derivatization and outstanding fluorescence properties. This paper
reviews the research advances of axially chiral fluorescent probes based on BINOL and HgBINOL for enantioselective
recognition of amino acids from 2016 to 2026. It categorizes and sorls sensing systems fabricated via diverse modifica-
tion strategies targeting typical chiral amino acids including lysine, cysteine, phenylalanine and tryptophan. Empha-
sis is placed on molecular synthesis methods, along with optical recognition mechanisms covering PET, ICT, ESIPT
and AIE, as well as chiral discrimination modes involving hydrogen bonding, metal coordination and steric match-
ing. Existing probes can realize quantitative detection of amino acid enantiomers by means of fluorescence intensity
shifts, emission wavelength variations and circular dichroism spectroscopy, and some are applicable to in-situ imag-

ing in food matrices and living cells. Nevertheless, several limitations remain, such as poor water solubility, insuffi-

Wi B XXXX-XX-XX;5 81T B : XXXX-XX-XX

BESWE: EHRARPFIES(22561021) ; DIREA HLIY 7 LI 4 T 590 % (20248SY05141) e BB H
Supported by National Natural Science Foundation of China (22561021) ; Jiangxi Provincial Key Laboratory of Organic Func-
tional Molecules (2024SSY05141)



2 -

¥R

cient broad-spectrum recognition capacity and weak anti-interference performance. Finally, this work summarizes

the current bottlenecks in this field and prospects its future development from the perspectives of water-soluble molec-

ular design, signal amplification via nanoassembly, portable detection device fabrication and rational synthesis assist-

ed by theoretical calculations, providing theoretical guidance for the exploitation of high-performance chiral fluores-

cent probes for amino acids.

Keywords: axial chirality; fluorescent probe; enantioselective recognition; amino acid; H,BINOL
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Figure 1

Axially chiral fluorescent probes for specific recognition of Lysine
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Figure 2 Molecular structure and mechanism of specific recognition of cysteine based on axially chiral luminescent fluorescent

probes
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ally chiral luminescent fluorescent probes
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Figure 4  Specific recognition of tryptophan based on axially chiral luminescent fluorescent probes
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Figure 5 Molecular structure of axially chiral luminescent fluorescent probes for specific recognition of methionine
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Figure 7 Axially chiral fluorescent probes for specific recognition of Histidine
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Figure 8 Axially chiral fluorescent probes for specific recognition of Arginine

2024 4, Zeng %L T BINOL B 42 5 2-(&
HEME WE 28 55 R B8 A5 A i A Zn? i B AL T PR SO
BREF R-24 (11 ) , AT [a] 25 5% e 35 26 4 U331 i 4 D-
K2R 5 R P D-4 2 2 , /& 1 191 BE [A] B IX. 43 R
W28 Tk S 2 19 BINOL AL 0y 7o %Ak &
JANAN 2 24 4 Zn? 52 ) = JC B A, 7 4 h IR 3k 5]
B NS S D- B 2R A 1 B 70 nM  D-H5 2 iR
i HBR 100 nM, B2 54T R-24 5 S-24 2 i hij 2
BRI R, ADRG HE D 5 2 B TR ee {H o MLELBI 5T IE
SEHRER C=N T Jie S mT 306 7 284 A A, A D Y S L R
A5 ERE Y s [ VE LA e B AW, e Ak ok
JEHE TR 5 IR B A . TR IR A0 B EE A , T 5K
PLIG 20 B N D-KE &R\ D-4 &R UL A% F —
A 1] % 4R A% B A, AT AT HIR PR O A A B
DRI EIR . % TAR S — R A T AR

WU 2% 1Y B TP 2B R B

[Fi) 25 A6 0 X, g 22 AT s T 1k R R TR B 4 A ) XL
Ty 5 A6 DM R L 8L B

3 BEL5EFZ

U4k, 56 F BINOL  HgBINOL It 258 4k 44
RN ERERIOAERAERC R ARG, oF
HOREMEB M Z5 3R 2,27 (3,3 5, 51 A BEHE Ik
W AU SE AT, 25 A A R LA L ALE H 4% 2 AL
w5 R B 45 S g DL PET (ICT \ESIPT Jy )t 47 38 5L
filt , 30 3 AT 3 SR A RS ST R L BELAS BT
PE 2B IRFC DO B L CPL X 4> D/L & SE 1R , ]
JE 0T B S R S0 RO A B o A T 5 A DR
LR, 7R A TV % AW 15 45 B Bt 0k S
B 2 A AR

IR B S50 3 AT A7 A ) 24 S A B A% 0 O A

"
g

N

7

=



EAEAE, & BT

IR X 4 F PR XoF ke 1o % M UL S AF 9 bk 13

— S 1 X BRI K 2 AR Zn> = e B A RN
AR S H K AR S 5 B A,
T4 m R AR PRI T i TR IR AR
KR 4liK R85 o T T T AR B 1 B R K,
A T AE AL 2R A kb 2 3R ALE By
K R R AL R R R e RARE R
55 45 ey v FEAEARL e Db 20 1R i 2 R 5 ) 7 HE AC
NAHAF 5, e — R M LA R A S R ik
Btk LM R TR F LA . [ i
ZRGET RS T T WG X UV EBIRE AR,
S3E FH 5 J2 40 O8I 5 43 35 31K K S il
B, 3T DFT B3 & 25 5 AR 9 B0 ) B¢ i A
7843, 1 0 I A A PR R R T R R
0%

BEX LA SR A0, P I R A R
JE %t BINOL/HgBINOL ‘i 2246 4 1 4 5 - . 2% e o
K SE A KSR TC Zn2 1) LG 3R AL ATE UK S5 3R 4

& % X #:

Bl U 38 5 L E AR R R R R T
£/ B WA B LR U L NP O RTI F Dk c PN S B & (-3 = 4 1A
m%#ﬂc{MﬂW‘%ﬂiﬁFﬁu,,n%%‘t & SR 5 L

WA IR AR ESE S, LM P T
ﬁ%@ﬁﬁﬁﬁoﬁﬁﬁﬁﬁaymmA%ﬂ%
TR BT, I & P 4TSNSO IRET IR FT T
LLAMIL A R R IZ BN 20 0] WG RS
TR TR )2 AR R R o TR B 28 TR R A fot
MOF . COF 7K % g 3 B8 &2 &, R FH AL 18 T4 R 4k
R CPLASKT R 5, B & il 5 — WMl 4K 5 7
TS A HE S S = IR B R
R I R I2 W, BRI JE T AR T B T R
W AT SRR S RS I Y S R DT D L T
AH B AR R, N7 KL 25 3 | R e 2 e A 2 I
T 1) 5 T A6 0 1 DO 48 33l A 2, 1 )

e HL R FEE KIS 00 S A A A Y
il T DAL T R

[ 1 ] MCVICKER R U, O'BOYLE N M. Chirality of new drug approvals (2013-2022) : trends and perspectives. Journal of

Medicinal Chemistry, 2024, 67(4): 2305-2320.

[ 2 ] BITCHAGNO G T M, NCHIOZEM-NGNITEDEM V A, MELCHERT D, et al. Demystifying racemic natural products in
the homochiral world. Nature Reviews Chemistry, 2022, 6(11): 806-822.
[ 3 ] STEINLANDT P S, ZHANG L, MEGGERS E. Metal stereogenicity in asymmetric transition metal catalysis. Chemical

Reviews, 2023, 123(8): 4764-4794.

[ 4 ] GONG W, GAO Y, DONG J, et al. Chiral reticular chemistry toward functional materials discovery and beyond. Ac-

counts of Materials Research, 2025, 6(5): 550-562.

[ 5] WANGY, ZHANG X, XIE D, et al. Chiral engineered biomaterials: new frontiers in cellular fate regulation for regenera-
tive medicine. Advanced Functional Materials, 2025, 35(20): 2419610.
[ 6 ] PU L. Regioselective substitution of BINOL. Chemical Reviews, 2024, 124(10) : 6643-6689.

—
~

] BRUNEL J M. BINOL: a versatile chiral reagent. Chemical Reviews, 2005, 105(3): 857-898.

[ 8 ] YUS, PU L. Recent progress on using BINOLs in enantioselective molecular recognition. Tetrahedron, 2015, 71(5) :

745-772.

[ 9 ] DUS, WEY M, ARMSTRONG D W. d-amino acids in biological systems. Chirality, 2023, 35: 508-534.
[ 10 ] GUNARATHNE R, GUAN X, FENG T, et al. I-lysine dietary supplementation for childhood and adolescent growth:
promises and precautions. Journal of Advanced Research, 2025, 70: 571-586.

[11] GUOY, WUJ, GUO W. The neuropathological mechanisms underlying the inborn errors of lysine metabolism. Neurobi-

ology of Disease, 2026, 220: 107315.

[ 12 ] BISHT D, MAURYA H, JOSHI T, et al. Amino acid: essential building blocks for human body[MJ//Antiaxidants Effects

in Health. Amsterdam: Elsevier, 2022: 237-250.

[13] YUY, HONG D, ZHU Z, et al. Preparation of MOF-based tryptophan probe and its application in detection of biological

products and food[ R]. Rochester: Social Science Research Network , 2025.
[ 14 ] CHOI H S, SEONG H, KIM S A, et al. Lysine-fortified rice germ yogurt fermented with lactiplantibacillus plantarum
JSA 22 and its beneficial health effects. Journal of Functional Foods, 2023, 109: 105787.

[ 15] LIY, PU L. Chemoselective and enantioselective fluorescent recognition of lysine by a BINOL-pyridine-based chiral dial-



14 koo 1l

3

dehyde. Tetrahedron Letters, 2026, 176: 155959.

[16 ] HEJ, LIUJ, GOU H, et al. Chiral potential sensing: interface-modulated discrimination of lysine enantiomers via trypto-
phan-Cu/RGO ligand-exchange platforms. Microchemical Journal, 2025, 217: 114957.

[ 17 ] PENG L, XUE R, REN H, et al. Multifunctional fluorescent sensors N/CDs@FEu-MOFs for rapid detection of childhood
obesity and acute myeloid leukemia biomarkers and identification of chiral enantiomers of lysine. Analytica Chimica Acta,
2025, 1376: 344617.

[ 18] GAO J, ZHAO Q, BU H, et al. Hydrogen-bonding network promoted fluorescence in chiral lysine-based carbon dots for
ultrasensitive detection of tannic acid. Food Chemistry, 2026, 510: 148728.

[19] MA Y, GUO H, HUL Y, et al. Construction of Eu’* modified covalent organic framework and fluorescence detection of L—
lysine. Colloids and Surfaces A : Physicochemical and Engineering Aspects, 2025, 718: 136969.

[20] BOBBIT J M, LI L, CARLTON D J, et al. Diastereoselective discrimination of lysine - alanine - alanine peptides by
zwitterionic cinchona alkaloid-based chiral selectors using electrospray ionization mass spectrometry. Journal of Chroma-
tography A, 2012, 1269: 308-315.

[21] L1J, WANG F, ZHANG H, et al. One—pot synthesis of fluorescent nanoprobes based on d—cys—based CDs and quantitative

[

detection of lysine enantiomers. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2025, 339:
126143.

[22] WANG W, WANG Y, JIA Y, et al. Fluorescence and colorimetric dual-mode sensor based on red—emitting chiral carbon
dots for discrimination of serine enantiomers. Sensors and Actuators B: Chemical, 2026, 453: 139559.

[23] WU Q, CHEN Y, WANG Y L, et al. Dual emission chiral carbon dots as fluorescent probe for fast chiral recognition of
tryptophan enantiomers. Analytica Chimica Acta, 2025, 1334: 343414.

[24] GAO P, XIE Z, ZHENG M. Chiral carbon dots—based nanosensors for Sn(Il) detection and lysine enantiomers recogni-
tion. Sensors and Actuators B: Chemical, 2020, 319: 128265.

[ 25 ] JIANG Y, FANG X, ZHANG Z, et al. Composite Eu-MOF@CQDs "off & on" ratiometric luminescent probe for highly
sensitive chiral detection of I-lysine. Chinese Chemical Letters, 2023, 34: 108426.

[ 26 ] KUMAR G G V. Highly selective fluorescent ON = OFF chemosensor for Cu®* detection. Microchemical Journal, 2025,
219: 116284.

[ 27 ] JIANG P, LI L, ZUO Y, et al. Thiol-functional MOF-integrated SPR nanosensor for ultrasensitive and selective Hg?* de-
tection. Microchemical Journal, 2025, 216: 114768.

[ 28 ] DING Q, LI Y, ZHANG N, et al. Advancements and future perspectives of triphenylamine-based fluorescent probes in
biomedical applications. Acta Biomaterialia, 2025, 202: 104-126.

[29] FAN J, TANG S, HAN Y. Cysteine fluorescent probes in 2024: molecular design, mechanistic innovations. Microchemi-
cal Journal, 2026, 220: 116348.

[30] WANG T, DING Y, WEIT, et al. A dual-platform phenothiazine-based fluorescent probe for hydrazine bioimaging.
Journal of Hazardous Materials, 2026, 501: 140905.

[31] AHMED I, IQBAL S, KHAN A, et al. Advances in fluorescent probes for hydrogen sulfide detection. Microchemical
Journal, 2025, 215: 114188.

[32 ] ERDEMIR S, MALKONDU S, OGUZ M. Constructing A - @ - D - 7 — A type long wavelength fluorescent probe for bio-
genic amine detection. Microchemical Journal, 2026, 220: 116598.

[33] WEIL'Y, DUAN X, XU P, et al. Cell-penetrating peptide-delivered fluorescent probes for quantifying drug-microtubule af-
finity. Microchemical Journal, 2025, 218: 115702.

[ 34 ] SONG Y, ZENG J, LONG J, et al. Rapid multichannel fluorescent probe assay for CYP450 inhibition screening. Micro-
chemical Journal, 2024, 198: 110185.

[35] LIX L, HAN Y, HUANG Y, et al. Highly sensitive chiral probe for chiral amino compounds by UPLC-fluorescence.
Journal of Chromatography A, 2022, 1661: 462672.

[36 ] YANG L X, SONG K, WANG R, et al. Novel self-assembled spirochiral nanofluorescent probe via PET mechanism. Spec-
trochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2025, 327: 125407.

[37 ] MAO Y, PU L. Development of BINOL-based probes for enantioselective recognition. Tetrahedron, 2026, 195: 135238.



EAEAE, S BT RS IRE  UHE R X W o 5 P U AT A A SR 15

[ 38 ] LAKSHMIPRIYA M, KOLANGHIAPPAN D. BINOL derived probe for electrochemical discrimination of tryptophan en-
antiomers. Journal of Electroanalytical Chemistry, 2023, 950: 117866.

[39] YU X Z, ZHANG B J, FAN C L, et al. Rapid, enantioselective and colorimetric detection of D-arginine. iScience,
2022, 25(11): 104964.

[ 40 ] ZHANG B, ZHOU F, YU X, et al. An enantioselective fluorescent probe for detecting arginine and glutamic acids. Food
Chemistry, 2024, 455: 139976.

[41 ] L1Y, ZHOU Y, SUN X, et al. Chiral A-D-A H8-BINOL supramolecular probe for d-penicillamine detection. Microchem-
ical Journal, 2025, 218: 115547.

[42] ZHAO H H, LI L, CAO Y, et al. Spectroscopic studies of a BINAM-based sensor: Highly selective fluorescent recogni-
tion of lysine in water solution through a nucleophilic substitution reaction. Tetrahedron Letters, 2019, 60(14) : 1238-
1242.

[43] WEIZ Q, TANG S, SUN X X, et al. Enantioselective recognition of lysine and phenylalanine using an imidazole salt-
type fluorescent probe based on H8-BINOL. Molecules, 2022, 27(24) : 8470.

[44 ] TANG S, WEIZ Q, GUO J N, et al. Enantioselective recognition of L-lysine by ICT effect with a novel binaphthyl-based
complex. Micromachines, 2023, 14(3): 500.

[45] WANG P, WANG R, SUN Y, et al. Novel chiral self-assembled nano-fluorescence materials with AIE characteristics for
specific enantioselective recognition of L-Lysine. International Journal of Molecular Sciences, 2024, 25(21) : 10666.

[46 ] WANG R, SONG K Y, YANG L X, et al. Multiple applications of chiral self-assembled H8§ = BINOL nanoprobes with
AIE-ESIPT characteristics: Chiral switching and pH visualization detection. ACS Applied Materials & Interfaces, 2024,
16(48): 70783-70794.

[47 ] ZHANG Y X, ZHANG F Q, PENG A P, et al. Enantioselective recognition of amino acids in water using emission-tun-
able chiral fluorescent probes. Chinese Chemical Letters, 2026, 37: 111500.

[48 ] TAOJS, WANG HZ, SUNY, et al. Self-assembled nanovesicles based on chiral bis H8-BINOL for Fe** recognition and
secondary recognition of L-cysteine by 1 + 1 complex. RSC Advances, 2024, 14(5) : 2422-2428.

[49 ] PENG A P, LIANG Y L, WU G W, et al. Efficient synergistic recognition of D/L—cysteine and zinc ions using a chiral che-
mosensor. Sensors and Actuators B: Chemical, 2025, 442: 138062.

[50 ] YANGJQ, QIAN C, SUHY, et al. Fluorous-phase-and chiral-axis-enhanced fluorescent sensitivity and chemoselectivi-
ty for cysteine recognition. Organic Letters, 2025, 27(2) : 571-576.

[51] YUXZ, ZENG C W, CHEN S J, et al. Rational design of a fluorescent probe for the enantioselective and chemoselective
recognition of chiral cysteine in wheat. Food Chemistry: X, 2026, 36: 103971.

[52] ZHANG Y F, WANG H Z, HU Y, et al. Chiral fluorescent sensor based on H8-BINOL for the high enantioselective rec-
ognition of D- and L-phenylalanine. RSC Advances, 2022, 12(19): 11967-11973.

[53] LIF X, SUNY, SUN X X, et al. Self-assembled amphiphilic nanovesicles based on H8-BINOL for enantioselective rec-
ognition of D- and L-phenylalanine. Dyes and Pigments, 2024, 222: 111859.

[54] FUS W, HUANG Z X, NI C Z, et al. A fluorescent probe for enantioselective recognition of amino acids in solutions,
cells and zebrafishes. Dyes and Pigments, 2025, 239: 112739.

[55] DUGY, MAO Y F, ABED M A, et al. Fluorescent recognition of L- and D-tryptophan in water by micelle probes. Mate-
rials Chemistry Frontiers, 2020, 4(15): 3982-3989.

[56 ] SUNM X, NICZ, ZHANG F Q, et al. Chiral amino acid recognition in water: A BINOL-based fluorescent probe. Chi-
nese Chemical Letters, 2023, 34(12): 108345.

[57]LIY, YUK, XU ZY, et al. Rapid enantioselective fluorescence recognition and chiral separation of free amino acids.
Nature Communications, 2026, 17(1): 96.

[58] HANZ X, CHEN S J, WU Y W, et al. Development of fluorescent probe for specific recognition of chiral alanine. Spectro-
chimica Acta Part A : Molecular and Biomolecular Spectroscopy, 2025, 338: 126155.

[59 ] TIAN J, LU K, WANG Y L, et al. A metal-free fluorescent probe for selective detection of histidine. Tetrahedron,
2021, 95: 132366.

[60] NICZ, LIR M, ZHANG F Q, et al. A chiral fluorescent probe for molecular recognition of basic amino acids. Chinese



16 A 4

Chemical Letters, 2024, 35: 109862.
[61 ] HUANG J R, LICT, ZHANG P, et al. A chemoselective and enantioselective fluorescent probe for D—Histidine in aqueous
solution and living cells. Sensors and Actuators B: Chemical, 2025, 423: 136861.

T FEAE(2002-) , B VL PE HE NN, A
=+, 2024 4 F R I T 2 BE 3K A B 2
& =LA

Email: 19827552383@163. com

PIBERE (1977 —) o INARHr M A T
&2, B4R, 2005 4 T o [ R 2 B AT
A BLAL 7 BF 55 B 3R A5 18 1 22 £, 2015
AEEEAIR T T A BE Vs ) 2 . &
BN AR XS FR A R T PO R R
I i $ 4 6 A4 B B T 5
Email: xxsun@jxstnu. edu. ¢n; sunxia-
WIEL(1979—) 5 VTP BN B oxia77@126. com.
A%, 2006 4F T [ B2 e AR A HL
AT AR A 2 o, RN

’ T 5T, LR HLTRE 4 T

{ BT A B BT
««» Email: huyu@ncu. edu. cn.




