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Abstract: Chirality is one of the fundamental properties of nature, and most of the important molecules in
living organisms contain chiral structures. The efficacy and safety of drugs are often closely related to the chiral
structure of compounds, however, there are relatively more studies on synthetic characterization, pharmacology,
and toxicology of chiral small molecule chemical drugs, but relatively less studies on chiral compounds contained
in natural drugs such as traditional Chinese medicines. Chiral separation, as the basis of chiral research, has a
pivotal position in the study of chiral compounds. In this paper, we systematically describe the separation methods
of chiral compounds from the classification of chiral splitting methods based on chromatographic and non-chromato-
graphic methods, as well as chromatographic packing materials, chiral additives and chiral derivatization, and
review the chiral compounds in natural drugs such as traditional Chinese medicines reported in the past ten years,
in order to provide references for the splitting and evaluating the activity of chiral compounds, and the improve-

ment of quality standards of traditional Chinese medicines.
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Table 1 Chiral separation methods based on chromatography and application examples. HPLC: High-performance liquid chromatography;

GC: Gas chromatography; CE: Capillary electrophoresis; SFC: Supercritical fluid chromatography; CCC: Counter-current chromatography

Chromatography Compound Tool Ref.
HPLC Synephrine Chiralpak ZWIX(+) 6 column [7]
GC Dencichine L-Chirasil-Val column [9]
GC Amino acid in tea L-Chirasil-Val column [10]
CE Amlodipine besylate tablet; 2,3-diphenylpropionic acid; Homemade novel chiral open tube capillary column [15]
scopolic acid; pantoprazole
SFC Derivative of dihydropyridinone Lux cellulose-2 column [23]
CCC Viniferin Chiral high speed counter-current chromatograhpy [29]
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26 5 R PE 25 IR 43 . Shi 2500 B 8 A A [F] 2 28 )
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ER MBS, AZ RS T TGk s
FHARNBIE FE St 1 JL it
2212 KREFMHEIBERN KX T O
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Zhang S5 ik 3% o - B8 B & T 1% [ € AR (chiral-
AGP), % % T A[A] pH #) T VAL &9 1 D/L- T3 2R 55
21N R IR AE o- RN 85 B T VEAE B2 B CR, R
HAP 8 F AL A 3 AL S 6 NMRYENS
YIFN S A LR AT WA TS B F 0 B . i A TR
X H AL A R VA A P R 3R 2 R AL R TR Bk
PEAL G VRN SR 1) 43 B 1 AR AR, iz F A riE A
O R T 2%,
22,15 HFENEREYEILERN 7 THLEEY
(molecularly imprinted polymer, MIPs) #& LA H b5 7> F A
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T4, S ER SRR R IRER . HR4E
ANERIAGE Y, 7] U & A R 2 1 BN R -G, %07
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Li SEWH 73 F DR H AR ) £ 7 R 21 BV R
E et A ACEE GO BORL, A SR T T R
Mk D-t AN L- S R 7 5 . Xiao SR H S-
KT B 328 57 SR B JIE 6T 470 9 T s Wk R AE /K R kAT T 0
BRI FEE 70 B . 2 BE SR VE TR pH 3.5, WY I 8] 40 min
B, e Bk B AE B 37 VR R0 Bl Ak it A =R 78.8%, HL A
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Zhang “F" DU T B K -B- PR BIRS (SBE-B-CD) 1E
NI B AR TR N5, R H B YMC-Pack ODS-A C18
(250 mm x 4.6 mm, 5 pum) JEFPERAH A, LT
BT e L R K Pl A 1 4 B8, b T S A N 5 .
Zheng U DUFR TR B B-AOWRE A N T 1 S Bl AR AR I 771,
Kl YMC-Pack ODS-A C18 (150 mm X 4.6 mm, 5 pm)
Ak FPE S A B A, ST T 2-2K P R X AR 1) v U
AHEE IR 43 77, TE I BE 215
223 FHTEK
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David "R K5 HARL &) (& 22 R
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LI FH i = 2% ik o 20 R B A D A T AT AR AR
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MR PR R 2 BT 2 i A 8 R i A ) 2 —, BRI
ROy B RS EE ., DL 4R IR
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PERE (500 0732, R T B2 A5 AL R A, 6 R A
FEEARG P ] R, () B 41 g At T P B T P I 1 s T
EI RS T 2%,

Anselmo ZE"VTF & T Mosher fi7 25 A0 A8 I 22 3 Aih
B (AM) A1 E 3L 28 D i (MA) 5 it 4 ff LC-MS® ¥ .
%07 AE G S AR T R-H A - = R R R A
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FEAE R G T AA HEE .
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IR R — Fh T S A AR 4 SR AT R, 5 — R AL 1 1
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R AR . SR AR P A A& S ET DL AR A
i, 18 FH T4 R o A S bR,

Springuel %P B AT T 75 £ B P A 1) 1 AR T A
M&s d i or ik S L S-Jm Ak R A T PERC AR, #EAT BRIk
gf fn B AT [ AR A B B B — SR M 4K . Sakamoto
AR Y 45 df 0 N-(2- AUk - 1- 25 88 ) b Je AT T
7oy, I 5 R 45 AR B TSR, SEIL T AN e iz
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32 WERSE

2w o3k R 4R K 45 20 B8 10 3 ) A 5 T )
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WA R BT 1) 22 S FL AR 20 i TR AR 4K
TR RE BRI TR A 58 P 38 436 2 A 22 R 432 1 A T O
B SN R 5 | SR ARV R AR R AL S i
5 0T WA (JRA) B FE LG R 2 B i 44 27 3 40 10 2%
o MEEYR R B RO ER 5 AR AR, 5
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$E LA TR AE D94k 20 7, DK A7 Jie 2- 2 T I 4
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A BRBEE I BE 251 T, AT AR T MR IR R 2R AL A 1,
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— 1, FEXHL A VD REAT 5 2 B, 75 R R R S )
ity 5y SR, DRI GAE JEAT 43 B I, 75 B AR RHR AN A 5 5%
o A I AR E RBCCE AR W ) 7 02

Dong 2 LM 78 K3 TR U HR 43 25 SR ¥ D/
L-1 2 AR B B AN R A BN (2)-1- LR BRI 3h 1
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Table 2 Chiral separation methods based on non-chromatography and application examples

Non-chromatography Compound Tool Ref.
Crystallization resolution Levetiracetam Co-crystallization [51]
Chemical resolution 2-Aminobutanol Tartaric acid as resolution reagent, n-butanol as a resolution solvent [54]
Biological resolution Phenyl ethyl 1-acetate Biological enzyme [56]

Membrane resolution Ofloxacin

D-/L-Dibenzoyl tartaric acid was used as chiral selector [58]
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Table 3  Chiral compounds in traditional Chinese medicine examples. MCEKC: Micellar capillary electrokinetic chromatography; MEKC:

Micellar electrokinetic chromatography; HPCE: High-performance capillary electrophoresis; LC-HRMS: Liquid chromatography-high reso-

lution mass spectrometry; TLC: Thin-layer chromatography; LC: Liquid chromatography; IAC: Immunoaffinity chromatography

Type Compound

Chinese medicine

Method Result Ref.

Flavonoid Naringin

Citri Reticulatae Pericar- MCEKC

Complete separation [59]

pium, Citri Reticulatae

Pericarpium Viride

Aurantiamarin

Citri Reticulatae Pericar- MCEKC, HPCE

Complete separation [59,60]

pium, Citri Reticulatae

Pericarpium Viride




BAREEE: TR0 B 70 KA o 25T o3 F 56 o 1R 1573
Continued
Type Compound Chinese medicine Method Result Ref.
Dracocephins A Dracocephalum rupestre HPLC Baseline separation [61]
Hance
Eriodictyol Taxillus chinensis HPLC Baseline separation [61]
Dihydromyricetin Vine tea SFC Complete separation [63]
Alkaloid  Tetrahydropalmatine Corydalis Yanhusuo MEKC Complete separation [59]
Tuberostemoamide Radix Stemonae Chemical resolution  Chiral synthesis [64]
Sessilifoliamide A Radix Stemonae Chemical resolution  Chiral synthesis [64]
Lobechinenoids Radix Stemonae Chemical resolution  Chiral synthesis [64]
Camptothecin Camptotheca acuminata Chemical resolution  Chiral synthesis [66]
Tetrahydropalmatine Corydalis Yanhusuo MEKC Complete separation [67]
Rhynchophylline, isorhynchophylline Uncaria rhynchophylla  HPCE Complete separation [68]
Corynoxeine, isodehydrouncarine Uncaria rhynchophylla  HPCE Complete separation [68]
Hirsutine Uncaria rhynchophylla ~ Chemical resolution  Chiral synthesis [69]
Racemic tetrahydroberberine Corydalis Yanhusuo HPLC Separation and [70]
preparation
Enantiomers of ephedrine and pseudoephedrine  Ephedra LC-HRMS Complete separation [71]
Synephrine Aurantii Fructus Pre-column Complete separation [72]
Immaturus derivatization, HPLC
Organic Tanshinol Salvia miltiorrhiza SFC Complete separation [74]
acid
Terpenoid Camphol Borneol GC Incomplete separation [75]
Camphor Cinnamomum camphora GC Complete separation [76]
Camphol Borneol GC Complete separation [77]
Ligulolide Ligularia TLC, LC Incomplete separation [78,79]
Steroidal ~ (25R/S)-26-O-f-D-Glucopyranosyl- Asparagus HPLC Separation and [80]
saponin 5p-furostanol-34,22a,26-triol-3-O-f-D- cochinchinensis preparation
xylopyranyl-(1—4)-4-D-glucopyranoside
(25R/S)-26-0-p-D-Glucopyranosyl-45(6)- Asparagus HPLC Separation and [80]
ene-furostanol-34,22a,26-triol-3-0-a-L- cochinchinensis preparation
rhamnopyranosyl-(1—2)-[$-D-xylopyranyl-
(1—4)]-p-D-glucopyranoside
Ginsenoside Rg2 Ginseng IAC Complete separation [81]
Ginsenoside Rh1 Ginseng IAC Complete separation [81]
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