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Abstract: Enantiomers are ubiquitous in nature, and they are especially important in the field

of pharmaceutical chemistry. Although the enantiomers of chiral drugs have identical chemical
structures, they differ notably in their pharmacological, toxicological, pharmacokinetic, meta-
bolic, and other biological activities. The same is true for amphetamines, ketamine, and cathi-
nones, as the chiral separation of these three drugs is representative of drugs. Gas chromatog-
raphy (GC), high performance liquid chromatography ( HPLC), and capillary electrophoresis
(CE) are widely used for the chiral separation of these three kinds of drugs. There are some
similarities among the three methods for the chiral separation of amphetamines, ketamine, and
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cathinones: n-trifluoroacetyl-L-prolinyl chloride and ( +) R-a-methoxy-a-trifluoromethylpheny-
lacetic acid are the two typical chiral derivatization reagents used in GC. In HPLC, three kinds
of chiral stationary phases are used: proteins, polysaccharides, and macrocyclic antibiotics.
Cyclodextrin and its derivatives are most commonly used in CE. However, these three methods
have inherent shortcomings. In the case of GC, impurities produced during chiral derivatization
may interfere with the analysis, and high reaction temperatures affect the efficiency of chiral
separation. HPLC has limited application scope and is expensive. In CE, there has no estab-
lished process to determine the appropriate chiral selector. In recent years, research into appli-
cation of the chiral separation of the above-mentioned three kinds of drugs has its own charac-
teristics in forensic toxicology. The chiral separation of amphetamine drugs is mostly used to
infer the prototype and synthesis route of drugs on the market. The chiral separation of ket-
amine involves a variety of biological samples. For cathinones, chiral separation methods
emphasize their wide applicability. In this review, 66 reports published in professional local and
overseas magazines during the past decade are collated. The characteristics of the enantiomers
of amphetamines, ketamine, and cathinones as well as the mechanism of chiral recognition are
briefly introduced. The commonness of the research and the application of chiral separation in
forensic toxicology are reviewed. This paper proposes that the chiral separation of drugs can be
further investigated from the following three aspects: 1) the use of computer technology to
establish a molecular model for exploring the mechanism of chiral recognition; 2) developing
new technologies for chiral separation and carrying out commercial research on the supercritical
fluid method; 3) applying chiral separation to judicial practice, pharmaceutical research and
development, and other practical fields.

Key words: chiral separation; enantiomer; drugs; amphetamines; ketamine; cathinones;

forensic toxicology
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Fig. 1 Structural formulas of (a) amphetamine-type
stimulants, (b) ketamine, (c) cathinones
# the chiral carbon atom.
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Fig. 2 Diagram of “three-point chiral recognition model”
a. chiral agent; b. one enantiomer; c. the other enantiomer.
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Table 1 Common types of chiral columns, chiral selectors and matched mobile phases in the studies of
enantiomers of amphetamines, ketamine and cathinones

.Type of N ame of Chiral selector Separz.lted Mobile phase Ref.
chiral column chiral column species
Protein chiral Chiralpak CBH cellobiohydrolase amphetamine 1 mmol/L ammonium acetate- [35]
column derivatives methanol (85:15, v/v)
Chiralpak AGP  «a;-acid glycoprotein ketamine 10 mmol/L ammonium acetate- [39]
2-propanol (94:6, v/v)
Polysaccharide  Chiralpak AS-3R amylose tris[ S-a-methyl- ketamine 1 mmol/L ammonium bicarbonate- [40]
derivative-based benzylcarbamate | acetonitrile (54:46, v/v)
chiral column Lux i-cellulose-5 cellulose tris-(3,5-dichloro- cathinones n-hexane-isopropanol-diethylamine [43]
phenylcarbamate ) (95:5:0.1, v/v/v)
ACQUITY UPC2 cellulose tris-(3,5-dimethyl- cathinones n-hexane-n-butanol-diethylamine [44]
Trefoil CEL1 phenylcarbamate ) (100:0.3:0.2, v/v/v) or n-hexane-
diethylamine (100:0.2, v/v)
Macrocyclic Chirobiotic V vancomycin ketamine methanol-acetic acid-triethylamine [42]
antibiotics chiral (100:0.02:0.02, v/v/v)
column Chirobiotic V2 vancomycin amphetamine , 20 mmol/L ammonium acetate (0.1% [37]
methamphetamine  v/v formic acid)-methanol (1:99, v/v)
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100:0. 2, /] LAFF 43 75 40 9 iR VOB A7 A= 90 1) 18 F
XoF AL S R AR 1 ALk e TR A £ A ) 2 Aok e S 4
12T IR REXT I 6 Fh-RVEEART A= 91 12 Bkt
W SEAR R TR 5 Wtk A T IRl 43
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Biti g AT FPE I LEE R R IR A DL K
WFER R A B & ' HPLC B 5 24 1 T 1254
S BRI B R R N B AR i 4R iT, HPLC
WAFAE— 7 BRI 451 G (1) 22 32k [R) A A7 8 TR iy 0 3
FTFPEAT AR AL R B VR 0T 2= 0 TR A T 2 3 )
FEAE T e A A B i ) ) L, B TPk 1 S
B HIE TS B AL S, BTN A R, B
)8 TR R PG IS EE A, 2 PR LA L A 1
S I3 S5 BT FHAS R AR 28 0 Tk T A AR
RO A o - [ S FH LA i R I R
A T 118 T [ 3 RN I LA B,
ST [ A R TR A R R T s A
TR %) T 6 AR B HLER, IR 4 T R A
TP 436 R X B AS 5 1 )

223 CE

CE J&2—K LA B Jyir B5iliE | L s B i
HL 3 A SR Bl 1 BAVAE 43 25 0 3k HURE R AR = RO
BT 2T —5 0% HPLC $AR A RAS, 46T
P E g R T E R, Hiifi A CE 4>
BTGRP H, BRI (CD) A H A A=
JE AN TR R B A R A — 2K SR A PR P e
S 1AL T | U S R R e = 0 M e R SRR N
P, 3X 3 25FE A E FH CE dE 4T FE 0 B 098 10 5 05
F2 A AR T TR TR 1 o S R X T A B 1Y
SO (o FH B TP e 0] 32 B R IR S AT A
SIS BRI VG R 2K B X B S
PR H] B-CD K H A A= Yy ik y-CD #4743 25
OB E S TEEN

H T B-CD My 75 5 5 KR4 25 W AH LT, H %)
T4, Kt B-CD K HATT A= W 02 H vt FORORG 12
HAT A P R R T 22— SR R
JHETR A Vi 28 25 X ke S ) AR X4 RE 4 FH B-CD K
HATA AT T8, Varesio 25 18 5256 Xt
T a-CD B-CD F1 y-CD 43 & IR AM MDA .
MDMA MDEA #MHBER A5, 25 5 87K y-CD %
AN A AR S I SRR 1A 11 43 B, B-CD 1 2-F5 14
JL-B-CD W53 B WCR BT, M3 T B-CD, 2-F2 TN %E-
B-CD EA F A A R« Rl d— S (R o A Y
SAHTEFE DL 200 nm T UV ISR A€ | R
IAPEBERE . R L T 2-F8 N SE-B-CD Wk
K FAEF B  , £E 10 ~ 40 mmol/L At ¥ 5 35 [
th 20 mmol/L f& ik E .

Bifk y-CD J& TP 5 7 RIS, — A R He

P ORI 1) T 2 5 i s, LR A AT DLE
T VR FH R R 1) 6 A A RE L R 3 I A T A 1
FH G Sl W R, st A B R O HL e ] DL 4
Sof e S g A 1 S 0 I . Miikuma 250 L5 B Ak
y-CD AF Pk £E57], @ 7 —Fpal KL 3 AM
MAMP R0 S 8 FhZR I IEAT A P01 16 Fhoxet
SHRIR AW ;. Theurillat 257 BF9E T 64k
y-CD 4385 58 TR K AR S5 42 XoF e S5 0 K 114 Ty 9
AT R T N S5, AR A S ] S0 L Y
I 5035 , B 0. 6% ~ 0. 8% ( 2% wh ik v i) 4 43
%, T [F) ik y-CD YE R FPEER A pH=3 1Y
100 mmol/L R 2% vyl 1, T 25 CHI &M T, 7
16 min P 4 20 F o A B, 2 BB /N F 1
ng/mL, SZH A 0. 66% HIHT 1L y-CD B 2 0] LIk
TTFMED B, ik y-CD R A BT w5 25 1 A
I8, AR5 A1 2 4 S R ek 1), AR B0 A1
ARES SEAGIA T/, kRS gs fog 4]
336 HPLC . Moini 255 BF5% T {#i ] CE-MS #;
AR}, mfnft y-CD AR 5350 (4 0. 08% ~ 0. 2%)
T HAE T A0 v 1 3 7 o o P R X e S A £
YIS, YRR ECR 0. 125% B, -1 5 B8
SR, BT AT Z AT, (+)-18-7E-6-11
TR IR — Fh e b 2 TR R, BE X FLe S IL iR
253 T 0 B A R R AT 4 K LS CD & A
IO R TR B RE R, AR S T Al AT
¥ 15 mmol/L 1) (+)-18-7-6- PR MR 7t 21 B AN 4
Hr, 5 0. 125% msR AL y-CD & L, I8 T 6 Fh
RVGERIZEAT AW 12 Rl e S A

2 3 R b S AL fASE 2 CE AR
o Sk H DL B B X, B AN A XA Uk
(CZE) , IbAh A B 4148 W i ( CEC) 11 =L i i
5%, CEC #x\/2 CE S5lAH il Ls & sy —Fh
o B R 38 A 7E 6 40 A8 A P 3 3 B T 1
SEAH, LARLIB T IR 3N 77, MR B A 7E T 1 52 A
I B AH 22 8] 53 e 72 505 FL VK T B 1) A () S5 30 43
B BRI W SRR 4y BT R —
Aturki %PV F| B CEC 857 T —Fal LA S 10 Fh
RGN A P10 20 FhoAT BSR4 73 %07 I 1)
R B AN R S BB TR - = (5-3-2-H 2R
QILHRER) VB FHEEEM, BIREE R 10 kV,
TREER 20 °C, AT LAFE 10 min N4 ES 10 Rl il Fe i)
&, 5 GC.LC #tt,CEC HATH H &= /b | F1k [
FEAA S DA DRI X e S A A ) 43 B A 5
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CE BRI AF AR AL TR0 M7 b 5 frp PR A 452
A, BB EE A AL AR 2 BN (i
R AE T A W B 75 05 W MR A T T Y T
PEREFE] , AU B AE I M SCIR B B, 2 AP PR 4%
FUB DI BOPR I HIL S e R R A 1 T ik — 2
WFFENRE . AR SRR R P RS TE dh
XS AR 73 BEOETE b, 2 T BT L 3 Rl L L
TP AR 59 A BE 2t JH 5 53 1 — b, i
RRIGTE 2> B AL G P I AR R AR 5 1 TR 4%
FO) e e g R R M A T A

3 3XEMMBRRUENSBEEIESY
SRR A

TEEE R A0 rh | % TR 3 S A BT 40 4
Xt B 6T ot o ke S P AR 0 8 )G 36 DA R A SR
JR AR ST T, ST R | R TR T
X BT RE AR TR DCE AR IR BEEE NGRS Ok AR
S 2 55 7 ARG HEEE 0

IEAESE  FETR BEFE Y2 o B s b R ek w
s X B S AR (R PR B 5 2 B v N S B T FH I
¥ BRk R MAMP Hil AM 45 5 I
s b3 5 00 R R R A 2k, Maas %60 3 i
LC-MS/MS HiA 5T T 106 173 Hi £l [ 7 4~ i [X %
FRPLALAY S M IR A AS | 25 0L W /R 7 3 99% (4
M ARG 3 S-MAMP | Wi 5 H 2538, 76 78 [ T
Y b RERE AR LR, 2S- R ik 1S, 2S-Fh ik
B A B S-MAMP, DL & SN e & MAMP, Binz
EA BN IDY i R P s e s
BRSO AM A9 A B, 28 28 2 IR — Fla T
VE R BRI RS 25 ) (5 PE 2 S S-AM) |, S0
KNG — 28 N BB K R Y R/S-AM X it
SR 0.9~ 1.3, F B 86 A 513 A Y &4k
THHER AM, MiBR— 2% B A, 55 — 28 A Bk & b
AR S-AM ., 3 1o X B S5 4 A B B 51 T LA 2R
W IR 25030 A AM #:4h . Wang 2545
TS BAGIN R W AM Il MAMP X e 7 49 445 1)
T, IR T 86 3 £E L MAMP i FH # 1) FRAE
Horr 72 A rp R 2] S-MAMP 1. S-AM, A 14
3 PREE R Rl 70 (1) MAMP F1 AM #F354046 1 {5 S-
MAMP 1 S-AM 7 L HT K, Fir A JRAE AR A S
Fzil i R-MAMP FH4: , PR e o] DL3fE B S-MAMP &
MR EE A5y, AT E) 5% ( TOF-

MS) AT LAFRAEAL A 0 00 o 1 5 1 B, DAL T R
ZHHT i R, Cui %5 gy T —F Al
FHE AN VK- R T B[] J0T 15 B AR O A 2R P9 e 25 3
s P35 320 AT AR o e T e A SR it 2
47 AM MAMP MDA 4§ 9 Rl P S 75 i (1 4]
WS4

SRR XoF AR S5 A ) 43 B AR 5 95 B ) AR G
Robr Ak £ 5 . Hasan 550 i) RO (0535 53
PR AR, ST T —Fh AT UMY | RV A HE
Yoy B SRR B AR A R T ik 0T IR AR
R T R R B FRIN (200 L) Y 9 0
(300 pL), o] DLZEK (3% 4 19 75 1y, I HLRE & il &
SREEER, A3 B () HL R U i ke ] LA
SIS 10 FREILAL I SR . Porpiglia %57
ST T B & Hh G e o e S A A A 8 i, A
AT 38 3 56 U S B A A 3] ) U 2 BH M B R
FE BTN T BT D7 ik AR, i BE Rl U
WE RS ESH FHEREER AL T 2% 5k,

FEIE 22 TUAR b, 5 PG T 2 BE i 7 ol 288 B Ok i
2 XTI R, 0 B2 R 2 S i it S ke AR At
ST TV RE 43 B T IS VU R AT AR 4 A X e S A
A, 3XFE %) 7 38 T DL R 3R A %, Alremeithi
583 1o S £ - B 1k 2 L - IS 2 ( GC-NCI-
MS) ,f#i ] L-TPC #47fis 44k, @S 7 —Fho] LR
0TS 36 Fh R PUERART A0 72 BT S (4 1) 5
Bio EITEERT LIXT—IRPEINA 14 Fh-R P8 ER AT A
Pty 28 Fhowt il S 4 (AR A5 400 1) PRIBCRIN It A i
f15E /53 HT ., Hagele %) FIH CZE B A #5717
RESY B 58 AR PUERATAE MY 106 Bt i S A {4
7L H B-CD | & Bt %:-B-CD | 2-72 N %£-B-CD
CM-B-CD 4 Fl CD fiT A= ¥ 1F TR £, fAh T+
PR X AN [R] A9 TAF HL U (B-CD : B 30 KV,
L TEHE-B-CD Fl 2-F2 N FE-B-CD : B 29 kV, CM-B-
CD: [t 22 kV) , B TAFEH AR Ah, HoAh 45 44—
(10 mmol/L FPEFEHEF], 10 mmol/L BEEREN , FH
WEERIR T Y pH=2. 5 IR 25 C) .

4 HitH5RE

SIMIEAR AN WT & J8 % 2 i A 20 5 S5 A
SE P T RURAE . FEIAE BFFE | B i X i 5
Fa A 14 43 85 07 2 =5 LA GC,HPLC Al CE £ R Ny
X, B, IR A T T 2 SFC HiAR
IZHASE—Fh LU G S AR TS A Y 35 B L
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A, HAR SR RE AT LM 5 & 25 B9 AR i i 2 L
HPLC B i 1Y 850C% , 43 Hr s 18] 58 0, B4 4% 1 2 28
o, TR L AR R, BAte A i
RN X 3 275 5 (10 % e S5 A8 A 08 A7 43 5 A 1F
Gy SEAT 4 SFC 5 HPLC 5 ARG & 4N ik
T BT %R TSRS EOT T
PRI B I SE R BIL T 1 A 58 40 o, 75 AR R R T
17, XA A AR R A, ISR Ak Al -3k
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