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Abstract: Chirality is one of the most fundamental intrinsic properties of the natural world. Chiral
substances are not only inextricably linked to the origin of life and genetic information transmission,
but their stereochemical features also directly determine the functional performance and application
potential of related compounds. While researchers across diverse disciplines focus on distinct aspects
of chirality science, the efficient isolation of enantiomers from racemates remains an indispensable
prerequisite for all in-depth chiral studies. Enantiomers are a pair of chiral compounds with identical
molecular formula but non-superimposable mirror-image stereochemistries, which exhibit drastically
divergent physiological activities, metabolic pathways, pharmacokinetic profiles, and functional
properties when interacting with the stereospecific microenvironment of complex biological systems in
living organisms. Accordingly, the precise and scalable production of chiral compounds with ultra-
high optical purity, coupled with the development of reliable and highly sensitive analytical detection
methods, has become a critical unmet demand across a wide range of high-tech fields, including
modern pharmaceutical development, fine chemical manufacturing, advanced functional materials
science, and cutting-edge translational biomedicine. In this review, we systematically summarize
the mainstream technical approaches for obtaining enantiopure compounds, which mainly include
well-established separation strategies such as direct and indirect racemate resolution, kinetic resolu-
tion, and dynamic kinetic resolution, as well as state-of-the-art asymmetric catalytic synthetic meth-
odologies. We elaborate on the core working mechanism, latest research advances, distinct merits,
and inherent limitations of each technical route. Meanwhile, we highlight the cutting-edge applica-
tion progress of chiral functional materials in emerging fields, with a special focus on luminescence-
based chiral sensing and biomedicine. Finally, we provide an outlook on the future development di-
rections of this rapidly evolving field, aiming to provide a systematic and valuable reference for the

further innovation and practical translation of high-performance chiral separation and analytical tech-
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Fig. | Schematic representation and evolution of chiral structures at various scales in nature'”’
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Table I ~ Comprehensive comparative analysis of mainstream chiral chromatographic resolution methods™’
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tor and complementary chiral catalysts™
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PRBHIRLAL ) 5 b R B SR TR 5P, FEE 2 R E 280 R R ST T, Lu 25552 RARIR
A& RS %, TRE TRMEIA “SIE MR ak” Rk . 1250 ISR Y02 55 W R e
REREN T, BB T ST R S W DL S W R S R, AR IR T T R IR S5
22
3.2 AWM FAITRIEN

BN TR ERIRE . OV AR, (HEFEE R TR E S . A2 I B
REYSRE o Wu S 5@ B A MU A B & 5%, R S0 40 A il A LS RE AL 3R 2 5 10 3
BN SIEANFREAL ISR, BRCEBl T P(V)-THEs T O RS dEaEs , $058 T IR iS4 7
B SR . FETEPEIEY AR R - B, Guo 2RI H FrEREER (CPA)VE A HUBALHI, Ak
S TARK AR VER B-BUAR o, B-ANEFIEZL B A B N, 1% TC 4R R AL TE IR T 7
figZa, WLMERIRTGEEEE (K 96% ee) #iE T @M E T P, N-FCOE 4200 A 1 o Huber 55
TR T A BRI 252 i) o A AL (XB-ACDC) PR R, F T —RAMEE I BH 25 1 S (I ) S R
RS TR I4S, BEEUR T K EEAE Diels—Alder KW H B FE S SRU0, SEBL T 5898 & 2 er ik
EEL LN
3.3 EefES ANIEEEL

B AL B R B S AR S0 e B, TR O A A% O & SR 7 ), (H R AR S
EHEAR . AR, Je/d A PR LIOCRES BEE M BREN 1, S ZEmi A 22 bR i 54 i I v i 5
AT, AR RRMEE R, Zhou S5 SE T JFA A Yy & I I gD AR R AR EIE IR, A
TAHANTLEE . ZRMEAREET T ARSIV R, e oh SE T AR EL Bk ) v %o i e 3 1 o
ERAE v b S AR . 7EDGREDREN I, Huang S50 FF & W P EDGEE ML AR . ST kst 4
PE =405 H A0 28 G, 23 s IR 7 B DL I 4 2 R B 3R R PR o 7E BB K B 5 T
Huang %" i@ 5| N AT RAH T-H688 . IS T o- L EEREN) A R AR BB N1 Ak ik Az
TR SEIL T ] S-A1 G S5 R TFPE LY ) S AR R FEAL , WA T Bl A A E TR R 25 5 e sl
NI
4 FHERNSRIERE
4.1 ZuEHEiR

R PR (NMR ) S 5 %o W 2l B 55 = St B RO R O T B . ARG RAR 235 5| N TFi Flb ek
AR, A A B S A IR DL SIS SR, HAZ O A E T I 75 Tl 50 5 B o] S A As )
FFRE ST WA G B AR 5 e S ekt sh 12t B . Inagaki F 2 AT AL L e RO T £ 5
'H NMR 2546, #5717 BBt iR o best 3 brids (B 8) o 1% 7 121 F IS I 7 () A4 15 7 o P i e
fiE, RIh%E T 2Rl X NS B R T . SR, 4R R INTRTE B B 5SSO
o) B0 P ot T 25 7 i B R0 P EE I TR T RN S, BOA R S AR B A T R SR AL O L B B
TR NMR FAE 1] £ 1] S 45 240 06 TEAR 5 1) S B, 3l o] ) FH TR P A I SR AR AR R 5 45 5 ik
JER R AR, AR R SEOIRS , TREERRAT T B 40 A SRE 42 . T RoHT 5T 1 A& 1 AL
PRI NMR G S, 38 IS 3715 5 45 - (0 e AR SRR = AR A, A RS B i
FEAE A b 3 A5 5 RS HE DX 4 P A o X — PRI B TP SRR 4 AR I WL, bRl 1k
A= N -d
4.2 FHENFRAE

FHENE2E NGRS R0 ™ IR RIS B & SAEC B IE A% O RAEH A . B A (ECD)
A AR R 2 A IR PR G A EE SRR 2R, WA I e e - BRGE i A Hp  AIE AR R
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XHF m- LU EERT K, ECD RS Y Cotton RUSAFAEA 5 70 WSE T4 (AN P/M 2R A AT A RF 157
KA, HWWwgE s B BT RE E B R AE TR 50 TS /E M o 2565 B iz ek B (TD-
DFT), ECD & A TIELR A R M TFBe . /M, B TR ECD 5 9K 5 i iR I 55 2 288
BRSO TH, 20 R B IR ST TR [E (0 (VCD) By S04 4 (ROA) FR
X LEPR BN G2 AL RENE KT R PNt 3 T HOWLH Hh SR BURBOE SCX G R, TR AL B A ™ A 254
EYE .

OH
2 HS
OH OH j<
& H
HO + 4
o CI'H,N COOCH,
Monosaccharide L-cysteine methyl ester, HCI
‘ L-glucose l
- : ,;
| I
OH y ¢ i S| N—
HOH,C j<H D-glucose I I
OHOH  OH ll\i 'COOCH, 1
= N Pr—
Thiazolidine derivatives D-and L-glucose(4:1)
)L ‘t ﬂ Ak -
M M .
¥, T T T
Reaction mixture in NMR tube e o e o 54
(Pyridine-D,, 60 °C, 1 h) "H NMR of thiazolidine derivatives of D- and L-glucose

Followed by room temperature overnight

8  D-ENEY LY Z % B EEER IR ER A NMR B N AT AL SO AR, i A R e A ek e 1A, A
T UBE IR B TH NMR % 51>

Fig. 8 In NMR tube derivatization of D-glucose with L-cysteine methyl ester hydrochloride, affording diastereomeric thiazolidine

derivatives for the enantiomeric discrimination of monosaccharides by 'H NMR spectroscopy

TEMCAR ST RS RE VA 7w, 18RI & 06 (CPL) G 55 58 AR BL 2SI ECD FRAE AT DX
CPLERBEF MR R L S B B2 P B W ROE T AT, LR IEAXIFRE T (g, A0 2T

AR (CP-OLEDs) B HUDGHAHAR B (5 BINERE IAHSE, B 1 HAEUT LD AN AR 3L ) 1 5 25 i
N7 AR RAENT . Ui IEHOSZE TR CD 5 CPLAE S AR ALEh A B, 38 BR T PR AE S
FRARUC T BB RIEAL . AN, RN e 5 ] 2R B e 25 1) SV SR AR R I, A it ) LR AR
Sy 5IN SR BN AR 6 5 Ltk — a3
4.3 FHFESEREFEET

TS HIEEFENE (CISS) ROV A —Fh & UM, YT Tra i, FhoF=EmN
AR S AT A L - B BN SE I 1 ) ARSI, FAEAP R AR 0o BR  A Tié-
PUERSE (SOC)BREIVE, NTFTEE 1 F-efmed A gk F . XERFIED 7 P A PL-Tey Ui
PORHRA ARG IETIRE, BIS B oS TRy, 4 BRI B B AR 2 e T A e
M SEBLTG T AN P ) 2 B R pdamis ™ . X R AMAE /> RO sy 1L 2 B &1
FREASH) BRSO BUR R P R R Sttt 7 Al BT X — A ez bLl], CIssk
FEAE LT g A O R B T R R I 0o 484 T CISS MOS0 A i I8 RE, TPk
) FUHT— IR F e S B RO AR BAE 1AL o TR RRAEAL R, CISS ORI nT i i e v
FHIEFATRS, hmai T2 5 100 B KRR A S FR G il fepris i

S CISS L CA R Z WO B R T, (HHGEEOLRUIATE2E, THARE R
S5 5 SEPR B g T HOALBEARRE . PRI S B IEARALHIZ . AN ELAE I 45 B RER SRAT A AR R R
AMAWREEY], ARFPEFIERR (07 GORBRL . SRS Y4 H7- B ekt s sl 42 J
XM RE R S AT AN AL
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4.4 FRESFUEBEFIBIL

TRLBRE (MS ) PR e S Al ik BT SE e AH E B B b (m/z) , Teik B3 SE M PR 550, E
AESR, B TAERS I (IM-MS) B & e, PRt 1 4 Fr i ARG I SR ms . IM-MS SEBLF1:
OB ORI , REAE SR R E BTSSR S N TR R CIneRmieg . ek . erali E IR
FE:SF) . MBS F 2R RMRAIEN, 5 HRINEIERAE IR S &, TR R
SME A XA T AHIERAE S M G SR RE L (CCS) L FE A 25, MHAEZMR
PRSI RS v BB R AR EA R, i ol AE A0 8] RO | SCo s F Ry . M
BT O AL S T, TS TR ISR HE AR BT E KM S E g, Baa
Prm s . PR AEEARAT . A R B T R SR A
4.5 FHEEMFARWELESHEK

EFTEFrisi i, FHE (o ikt ee (A E MO 88 Sxbnifl, (EELLI 2B 22k R AL . 3.
LTI R . BT TR R LR &, Bl . o, & 2. AR
s, BT IO EEL g . Ho, CD 5 CPLIYGREHR FHEIAR, vl e # 2 i
o B3 55 F BRI EAE R I F ORI s 256 TP MRG0 & 43 PE NMR 55 MS B
FHBAR, S BIE TP SO 4 Xt #2021 ARG A A O T B . W DA 40 B8 B (0 B il 307 R
BE LA | A IE A PRI TR TR &, B oS T & AR AR R & A 1] i
Uity e 1F 7 FH ) S

SR, A FHERIE ARG F 2P0, IREFHE AN EHET HZE RN BERX
T A MET, EAREWET NSRS 2B R RE, Bz S 23 53 Pl A 3 AR
MFBe o X LePk iR AT REAP R BT 5 8 80 T 7 1] .
5 FHEEINREM AR A
5.1 /W EBIEEH P ryNFH

TENGHLEREAIE, CP-OLED #3261 . RAEETRIA PN REHE(RTP) AGE AL R 7
(TADP)AEHESR Tt g, 7 TR BE SR, (HE SR T IRCRIR AR W 2 5 5 R A% O, A, 5l
N2 AR (MR ) B 22 A Al L miniE v A Joy et o AT 42 09, JHL e A ST A IR o e Yok iy 26
BUE, AU TR IETE, 255 TSR A @AY MR-TADF 4 R IR REFR) HI WP 2 s S 1) &
() AR AR, A RANHNS TR K B, Zhong 5 & I TF-HE MR-TADF &Yk k), 7ES2Bl i (sl
B R PR FL B R OB [l i, B FRAS 1 SEBR CP-OLED 28 AE i 2w T /M T R0R B R . 10T WOBIX
1, Wang %@ BB [7 BRI 4> 1, R 2R 00 51N SUB0E T i B I 1 B0 -1 o
W OGRIEAURT TR EE, EARKBOR T 0T WK F G220 B . E AR 3k T F Ak
L) CP-OLED 18 FH K PERE 156 2 R 7R .

#2 T TR CP-OLEDs {RF R T Hens 15 23 P it

Table 2 Representative construction strategies and device performances of CP—~OLEDs based on chiral materials

The layer of . . . 5
CP-OLED Construction strategy Chiral material Emitter o EQEm&x/% Reference

oo FHREY ik FHERYFEIR  R/S-BN-MDPA 9.1x107? 0.18 [107]

KICE F N & R/S- XU AEY)  R/S-DC-TRZ +2.7x1072 4.36 [108]
-2.2x107? 4.58

KZ F B AR T e P/M-THH BCz-BN +0. 61 9.0 [109]
-0.6 8.9

KICZE SR ERUN PR N L/D-HP L/D-HP-NTi +2.2x1072 2.1 [110]
-2.3x107 2.3

K TS A MR R/S-TPPT PO-T2T +1.45%102 9.0 [111]
~1.49%107 8.9

27 ALK Z Fzs AL A AL R/S-NPACZ BN1 +2.0x 107 14.1 [112]

-2.3x107 30.7
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(8:32)

The 1 f

Cl:—?)};z]()) Construction strategy Chiral material Emitter s EQE, /% Reference

+1.4x1073 6.1
BulTo.BU, ) oe107; +L2x10% 5.7 5.5
IR A FrEH TR R R/S-TOx™ Ir(bt) acac ’ 0 7;10ﬂ: 6'1j 1'5 [113]
AC-CNP S A

+4.2x1073-2. 2x107 2.2

5.2 XYEZFHHNA

R 5T FA I B 22 F RN, Yesg 1T ANET A & P etk AR i (1) 25 R 8) J12% 5 2453805
MLEBEME . FEG, AWk R s AR B AT AL B G B A PR PR, Rk yME e 1 T 25tk
NERW G, 2R RitEEs e pHAE S Sk 5 & A R F R FEm e k2. ik, @R afRE
FHERFE AR RHER R B BT — R EG . K9 R, Mao % " T RN SMHENEH, ¥
TR AR RS TR G . % e AR BE N T SOy, E
A AL SRR E I TR SERTE . SCBIL T OGP S e A4 e M T P O B PR AR, BRE T IR
PETFHAEY A EAE eI . FER S, 5T CPL I UG H AR kL 206 22/ 4 e =]
PRI AE 22 S, BEfE N ERALE] EIERRE ST, SCBIAR S (BN A TE R A% . A Xt
L35 8 A AR S 45 & S AR B M S R, & HA & BRI 2R 00 2 ik il A O R
W% o Zhao 55" RGuA B H TN FEIT 204 BODIPY kb2, 1EMiE R 143 FFHEAE AR ] s i o 14
YEH . BF1E BODIPY St ity Xy Wi Bk M B S W4l i g 7 25 57, B SR T Ykt 28 th 4n i iy 4k ¢
B & QRS BE , HRRG = 4R G RENS 55 AN ) AE TR RS (B A T . 25 I DNA 55
R ) BT AREE AR DT ECRR A, TR £ 5 1 i B M B ) A N B ) o0 A . %4k
EMEN T e S 5 HE A R L ML, XRS5 ) 4 A0 22 500 e P R & BODIPY
S FHARMEFE, M ARSMNEEEERAE . XS RO B S R B AN R I S e 2 R, IR
DISEL T o RN A ANE RS, IR PEIRE ARG R ) 2T SR T e . A, BRI
KA BT /b (NIR) KA RS2 L 2050 43 HE i A5 s 2 R, AR, ARG ai AL AL Ju sl 2tk R
TEIE AR AR, 5 51 % s 0B AR S BRAE R K . EEXF e, Sabapathi 5°V 36T BF, & 5 F LM A&
WG, NG5 K R G AN 5 T R Ih B s FERIPER) 8 IR BRI G . fEBE PR S R
GESLPIFLERPR I, T IO B 1% 250 T2 A =T AT AMX % (692 nm) )5RZN CD {55 o X FPRI 4Ry B
N B S8 U - 5 o B2 % T w7 M S 9B VA I N o G R Ve A B WAl % i

L-phospholipid molecular layer on the surface of the cancer cell

PO Tl I Jea 4 Y 2 2 TP 4 A 1o ) i s

Fig. 9  Schematic representation for the fabrication of a multistage chiral transfer surface for tumour cell suppression™"’
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5.3 FiEERSRN RN A

T 5L B T o T A BAL SR e e B B R TS (i HPLC A NMR) 2
BT A X B Al B R PR3 P i, (L HTAL PR REINHG, LI S R R RIENL . BhASE AT
Ko I, K CD A CPLEE A & REUE R AR B INE 1, T 1o B B S . 9%
T, G PR AR RN ML PR K R S S 2 SE R BRI, AR 5532 0k 2 b T2 A AR R Nl 4 s 25
T APILE ME RS RVOETHL, SEFReE S mERERKEGUIRE . 1A, BIAEREZRRT
AU B )N, R e B2 43 FR i Zh A W

ECTARG Ny TAR IR G . BATRR AT 5 i BE K P 2R 0 7 1 R AR B S B L A 1 A
Po XERIAFFRESLHE R TS WIPE R Szs i, ASUAT 3 % B AR A AR ELAE PR SE 23 At
SEBUEEA I L, TERESEATNI PR RE 2 A SR/ B e B SR A R K T AR
B, BARBVRE LS S REVS SRR AR O SRS EHE, & TGS ERECR . Fl, Fu
SEUOEE T — R AR AL AL TR ILPE R IR A, SEBL TR TR B0 v SR A g B AR e R e P
PO, IR B R RGN . RSN RE VR TT T, Ning %1 IR & T HOLTFR 5T
RIRET —RH) m—FLPETFERINT o %R R SMTG RO 1 18 42 M2 R 15 o S i s 2
HE, fih’% CD M CPLAS S EIRIRCR , ATFA e R PUTHUA R B BE PR e E4R it T4
Huse AR, FARMEREARLE D TR0 5 0 SUREUS T E 2R . 2023 45, Chen 55" {iUH T
FT CH RSB EARUR " SR AL) S SR T SR b 2 U (SERSOMEICF G o L2 THEAFIER
o) BT UV E ) S B TR BRI D/L- R W= A 22 AU 2, AT SEBL 1 g I I 28 B IR X A 114
[ PR S A5 S 5E . 2024 4F, AT R 6Jm B s T BC ARG W SRS L 17 I TR 731
B, fEBhZERALR) AR SR FISRBN F1, SEBL T 31 R B IR AL S 0 v R BRSO E A 5
14, %A BAEE— R S5 S D REAL A ST AOR VR & AR e SR B, BT T T 55 it
TERE ROV S REOEMTFIEERCE R Bl sy AU ME R 555 SMUTHURE L RENS R 1A AR
B THBERRME TS S8R, AT E IR PR TP AR S e
SETAEH, IR R RS 15 BT AR I BR A TSR D REAL Y B- RN (B-CD) 4Kk
TEEHF6, AL TR I5 E R FE MR 8 5 RESERS &5, il 5IAMLER > (ML) ik
fiRh, SEBLT X E AU S A R AR S ) R R EE IR 25 43 28 B ARG T
6 SESRE

FHRL ORISR L R A (R BRI B, AR RS ST RS APRERE S AR BE AR
L PHE XY . ARLER R T TR N MR 0] 6/ D R AR PR AL R T SBRIT, e
TR L SR R T 2 f UM RHE 2 AR R B R R IR S 2 MR R P RO B
XPRIEHE S B AR R P BRI A, 25 E R PHER AL . HENMR . IM-MS 5 CPLYGIERIbRifELL
ZHERAEF B, D HE S A GOWU L) B AL B W B R AT ) RSO R o [, ARSI
TP R TEIE S O APEL | AR e RV R RO R T

VE PR SRS RIEEAR CHUS R, (HAEAEBESCRR A R AR N, A5 fE e
BENRRVE S KRS F—, EARR R EMELGRIUEREE 57 sl G2 R AR
el sy . 5, IRESTHOCEE SRS ZE =IO, RERKEZH BT, SRR
THAEAL , S A ST AR BRI . 25 =, SO RN 5 RO FVEAL s U 5 AR P i) L) 24552
TEARGI , FHERAL 1L B Bl A8 G AL X AR AT 3R

TR FR 7 B B SV AL BRSO, SR> Bl ZSER I G/ I B AR AR 5 5 DL
R REH B i A TN SRR RO, RSB BT A A S . ARRTFIERHAH) R i AR
T LU T SR AT IR

(DEARENZE R BEALE  BEN 2S36 88 R PO R RS BT, s i S5 AR
SRR, BUA BFRSSRAE T BALAE I 2 PR R AL . AR R B A& RAPIL 6] 73 R 54
K23 6] 3 B M) A B 4R BOR . DUMARZAS B8 73 TR0 | G5 A0 G B0 E LA R I 25 S R v
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) A AL B SO E 2= B

(2) 5 REFVEALE 53T B ISR AEW RIS . 7Eet P72k, oo
PEAARTSEBL ML (i IR A AR TR T8I S8 32T, HAMEY BR IS ATI AR b se BBl B . ARSI BIESE
REESREEIR ST (N B N S)BS 512 B WIS 280 5 731 1) 22 S s A B B B R] . g 4545
REEER IS THE, RN B BB RS (SOC) Bz R )8 B (ISC) AR AL AR, mifER 12
T _b SEBUR IR T4 B A T ARG T A S B 2 A

(3) F1E5 T HREEFE (CISS) M. 5 & 1AW MWﬁﬂézﬁﬁaﬁﬁﬁﬁ%A%%,iﬁ%
THY A E N RS R SRR T A R IR BT A IEE . 2RI IR TR RO R 5 A
YR 53 ST AL B E AR A TR, AVLRE A R TC T AL 37 80 2 B G L T2 A B E )
JER], S BAE R PR d 3 T RS IR W it Ao i T B R
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