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Abstract: Triazole fungicides are widely used fungicides in the world. The vast majority of triazole
fungicides are chiral pesticides with one or two chiral centers and two or four enantiomers. Based on the
research results of triazole fungicides in recent years, this article summarized the chromatographic
methods such as high performance liquid chromatography, supercritical fluid chromatography, capillary
electrophoresis, gas chromatography, and convergence chromatography for the chiral analysis of 11
triazole fungicides with two chiral centers including epoxiconazole, paclobutrazol, triadimenol,
bitertanol, propiconazole, difenoconazole, metconazole, diclobutrazol, cyproconazole, bromuconazole,
and etaconazole. The research progress in the separation and determination of triazoles with different
chiral centers can provide references for the separation, analysis, and in-depth study of triazole
compounds with multiple chiral centers.
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Scheme 1 Structural formula of 11 triazole fungicides with two chiral centers
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Table 1 Basic information of 11 triazole fungicides with two chiral centers

AT CASS X W -1 35 12 SR
Pesticide CAS number Biological activity of enantiomers Reference
FrEZN i 135319732 (R, )12 (S, R)-1111.3~7.251% p
epoxiconazole o (R, S)-epoxiconazole is 1.3-7.25 times of (S, R)-epoxiconazole (6]
e (R, R)-1 > (S, R)-1 > (R, S)-15=(S, S)-1K, (S, S)-MRHEM LK 1F i
o 76738-62-0 (R, R)-> (S, R)-> (R, S)- = (S, S)-paclobutrazol, the growth regulation of (S, S)- paclobutrazol 7
paclobutrazol
was the strongest)
= $5219.65.3 (S, B-1K2 (R, S)-H (R, -1+ (S, S)-141111 0002 i ¢
triadimenol e (S, R)-triadimenol is more than 1000 times of (R, S)-, (R, R) - and (S, S)- triadimenol. (8]
e (S, R)-1A LU A B A PR BT 32 B AR 5 1584, 3~314. 7%
bite 11;101 i 55179-31-2 The antifungal activity of (S, R)-bitertanol was 4.3-314.7 times stronger than that of other [9]
stereoisomers
BRI RS [F) BRGSO AH 2223 474, (QR-R IR AR A R 15 4 FH LL2.S-H4¢ i)
. 60207-90-1 The activity of different targets was 23.47 times higher than that of 2R-enantiomers (2R- [10]
propiconazole . . .
enantiomershas stronger plant growth regulation than 2S-enantiomers)
PSRN 119446.68.3 (R, $)-1k > (R, R)-1 > (S, R)-1h > (S, §)-1k "
difenoconazole e (R, S)- > (R, R)- > (S, R)- > (S, S)-difenoconazole (t
T (S, R)-tA s ik
metconazole 125116-23-6 (S, R)-metconazole are active bodies (2]
S R, B-EET (R, S)-+ (S, R (S, 9)-1&
SRR 75736-33-3 The activity of (R, R)-diclobutrazol was much higher than that of (R, S)-, (S, R)- and (S, S)- [13]
diclobutrazol .
diclobutrazol
N E 04361.06.5 (S, S)-1& > SRR EGH) > (S, R)-1K > (R, R)-1& > (R, S)-# 4
cyproconazole e (S, S)- > racemic > (S, R)- > (R, R)- > (R, S)-cyproconazol (14]
i 116255-48-2 R ILHRIE Not reported _
bromuconazole
7.5 (S, RA-IZHT (R, $)-+ (R, R)-+ (S, S)-1k
60207-93-4 The activity of (S, R)-etaconazole was much higher than that of (R, S)-, (R, R)- and (S, S)- [15]
etaconazole
etaconazole
R2 FHBEEEKXESR
Table 2 Basic information about chiral columns
[f] 5 AH et} [REZ A=A
Stationary phase Type Trade name Company
Chiralcel OD Daicel
‘ R Coating type . Guangzhou Yanchuang Biotechnology
LTYER-= (3, 5- LRI I T AR Enantiopak OD Development Co., Lid

Cellulose-tris (3, 5-dimethyl phenyl carbamate), CDMPC

Chiralpak IB Daicel
47 Bond type
Lux-cellulose-1 Phenomenex
Chiralcel AD-H Daicel
BEEEER-= (3, 5- IR A R ER) W Coating type Enantiopak AD Guangzhou Yanchuang Biotechnology
Amylose-tris (3, 5-dimethyl phenyl carbamate), ADMPC P Development Co., Ltd
47 Bond type Chiralpark 1A-3 Daicel
A H Coating ¢ Chiralcel OJ Daicel
P S _ —hie ARG R oatin, c
EFAER-= (4- AR I R TR) i eop Sino-ChiralOJ Daicel
Cellulose-tris (4-methyl-phenyl formate), CTMB
47 Bond type Lux-cellulose-3 Phenomenex
HBETER - = [S-0- LA FE L H IR IR -
3 F1 : . B .
Amylose-tris [S-a- ethyl phenyl carbamate], ATEPC A Coating typ Chiralpak AS-H Daicel
BHEER- = (3-5(-5-F BL R B AL IR G ) N
B H i
Amylose-tris (3-chloro-5-methyl phenyl carbamate), ACMPC 777 Bond type Chiraleel IG Daicel
PYEZR-= (3-5-4- TP IR L TR TR) e
R B t - -
Cellulose-tris (3-chloro-4-methyl phenyl carbamate), CCMPC 852 Bond type Lux-cellulose-2 Phenomenex
B -= (5-5-2- IR SR R A R ) A
&7 Bond t -
Amylose-tris (5-chloro-2-methyl phenyl carbamate) 852 Bond type Lux Amylose-2 Phenomenex
20%=-] 5 — F B fe 3 -B- IR R e .
% J 7B EF{;I;EJ:IIEJ; ﬁ ﬂ—ﬁﬂ*ﬁ ’{:‘gﬂiﬁ Cap1llary BGB 172 BGB

20% tris-butyl dimethylsilyl -f-cyclodextrin
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WURSR I R, 2R IME S (UV) F
W FEHI R 28 (DAD). v T 1535 R AR
MES, SRR s 5 SR . = 20R
A0 - R B 1S (HPLC-MS/MS) B REE
Es RS HEIMEE S S, ERATRER
M3 Tz N B8R, 78RA HPLC
AR =BT AR AN, 2T M 2 A1 (chiral
stationary phase, CSP) M Az, HH,
Chiralcel OD F1 Chiralcel OF P F 1A% v FH #t 2 1
1.1 EREeIEE

KH HPLC-UV ¥EXT &/ WA F O =
MR B FRIREAT IR 2, K2 7E IEAH WA 3 2%
PERHAT, —RULE KNS Tk, H O
S A T BN AR AR P o R SR MR AE
K28 AR IR, BNAH PR R 5 k4, 3R
WG T AR AT fl .

K EAR LR o S B A F RO =
MR AT 308 3 Mt 5—, REf X
WA, PRI HU KB 2 AR AR 2 B, G
TRIRMEANZ A B, O 4 AR R AR 41
eI G, BUA B IEF G 5 S5 AR IE A fE
FEREFF A FE 875 4 DX Rk, HRE
K4 AT I3 B R RE B A, = e T TR A = e
s 3=, W4 DX FARAR, HARE )
Py, GOPIERME ZRPRE R MR s H AT,
i A ISR IEAH S VR IR o R A Rl . PR
BB T PR AN 2 BRI (R
111 AIRAn L %ok 1985 4F, EHi kA F )
fil 7w, HarroEE 2 AT, fRAE
4 AN SR A, R T AL R SR PR e e B
(2R, 38)-(+)-FIAMEFN (28, 3R)-(—)-FIA ML A Kot ke
. 2008—2010 4F, Hhi/NgESET BRI, LA
1E O e A S BE A B A 7E Chiralcel OD-H Al
Chiralcel OJ-H A F45 73 A MEREIA B JE 26 4 75 .
2008 4, ‘H ALY £E Chiralcel AD-H #: L3485
BT ORI, B BRI v (QESkT)
V(K EEE) =70 :30. B ARG 554 K o B B W
* 3.

P A I 2 20 (2R, 3R)-(+)-2 MR (28,
38)-(-)-Z RS K WKL A, 2008 4, B
FJFH Chiralcel OD-H 11 Chiralcel OJ-H T+ 47 42
T 2B, 5K, Chiralcel OJ-H A #7720
tt Chiralcel OD-H A4, 1% 5B 5% A J o &

W 3.
1.1.2 =W @EMmBK =i 2008 4, HI5R0
UKL, —MEERESME EfALE Chiralpak AS-H A%
FREKEH 4 DX R T, (B =i
REEEBIEL 7B . DLV (IECK) : V(LEE) =95 :
5oNBIAR, HAOREE B A0 7.172. 7.917,
8.729 1 9.330 min, —MEEE A HF AN (IR,
285)-(+)-+ (18, 2R)-(—)-+ (1R, 2R)-(+)- F1 (18, 25)-
(—5)-=MEE, BiJ5, Dong %™ /£ Chiralpak AS-
H A B PLIE e F A BE AT A, R I — M
(1) HH W 5 X AR R i A R, BT
FoN 53K = e 5K AR R Oy = - AL, R/
(1R, 28) F1 (1S, 2R), il =X = MR 55of B AA R Oy =
BZ-B, B (1R, 2R) Al (1S,25). 2012 4F, B0
S AR T VERE RO AR = R EE R 2 = M- A A
ZMEEE-B, B A TE TR L A R =
WeEE-B #H4T TR . LAV (IECKR) : V (RFEE) =
100 : 3 NiiahAH, =MEEE-A 7E Chiralcel OD-H £
FARFFEL N, H (IR, 25)-(+)-=MESLT (18,
2R)-(—)-=MfE ik, =MEE-B 7E Chiralcel OJ-
H A FIA R S AR, (1R, 2R)-(+)- =M
T (18, 28)-(-)-—MEEE 0 TEAH L 7 B =
A s P £ 1 S AR S Oy B P LR 3

F4E, B0 FI A Chiralcel OD-H Al
Chiralcel OJ-H FPEAER 7 7 BRI, 250 H
BE S T BBk 2% = WA B2 7 ) o A ) JE 2 R 4y, HL
Chiralcel OJ-H H:4F 73 R A o (i 50 85 561 1
SEERE 3.
1.1.3 TA3Red. KEEF IRk forb et HAT R
T 58 PP 4 A SXoF B S ) A2 1) e D' 12 5 46 o) ) 7Y
KT AT ITMEWT, FEA U R A e ]
T B AT it o R K T AR (1 i, K A A e
WA E SN A A, BLEE (2R, 45) FIT (28, 4R); %
O WA E SO B R, BLdE (2R, 4R) F1 (28, 45);
HR A EFRILN (H)-THIRMEE A, (-)-TIHME A,
B M FRIC A (H)-THHME B, (-)-FH¥M B, 2003—
2014 4F, LiZ%EPY, Bi Z5®), Zhou 25 FIFEAG w10
Gy ARTE T AE IEAH (S SR A N IR I ER R, HA
PRI 4 AN e 4R FE Chiralcel OD #:_E 3773 2%
R, Hrp, AU KILE Chiralcel OD-
H A E, TIERME 4 AN XF B S5 R A 1) HR e TP 0y -
(H)-NHME AL (—)-TNIFEE B, (H)-TNIFEE B, (—)-
FI¥RME A, {E Chiralpak AD-H % FARIK A (+)-H
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Table 3 Separation and detection of chiral triazole pesticides by normal phase chromatography
» iz i PR Sl —
Vi¥zi] FHEAE WA (EFLL) Column ) : 225 3R
= . . Flow rate/ Wavelength/ Resolution
Pesticide Chiral column Mobile phase (V/V) - temperature/ Reference
(mL/min) © nm Rs12, Rspz, Rszg
) 1E Ce/ 57 A Y (80 : 20) o
Chiralcel OD-H n-hexane/isopropanol (80 : 20) 0.5 = im Room 254 5.88 [16]
Rz 1E b/ 2 (60 : 40 ;
I \ Chiralcel OJ-H FUSEPIR ( ) 0.5 2 Room 254 1.98 [17]
epoxiconazole n-hexane/isopropanol (60 : 40)
. 1ECBE/ L (70 : 30) -
Chiralcel AD-H n-hexane/ethanol (70 : 30) 0.5 % {m Room 254 4.52 [18]
) IE T/ 5+ IR (100 : 2)
£ Chiralcel OD-H n-hexane/isopropanol (100 : 2) 0.8 20 225 1.84 [19]
aclobutrazol® IEC e/ HEE (10:1
P Chiralcel OJ-H SUSIEE (10: ) 0.8 20 225 4.05 [19]
n-hexane/isopropanol (10 : 1)
= ) 1E U/ LIF (95 2 5)
triadimenol Chiralpak AS-H n-hexane/ethanol (95 : 5) 1.0 25 225 2.28,<1.5,1.88 [20]
. 1E B/ A B (100 2 3)
WA Chiralcel OD-H n-hexane/isopropanol (100 ; 3) 1.0 30 225 3.25 [21]
atriadimenol-A ) 1E B/ AR (100 : 3)
Chiralcel OJ-H n-hexane/isopropanol (100 : 3) 1.0 30 225 3.79 [21]
. IE e/ R A EE (100 : 3)
B Chiralcel OD-H n-hexane/isopropanol (100 : 3) 1.0 30 225 0.79 [21]
btriadimenol-B ) 1E e/ I EE (100 : 3)
Chiralcel OJ-H n-hexane/isopropanol (100 : 3) 1.0 30 225 2.08 [21]
. 1E T/ A EE (100 : 3)
B2 = Chiralcel OD-H n-hexane/isopropanol (100 : 3) 0.8 20 254 1.52 [19]
bitertanol® IE e/ NEE (101
Chiralcel OJ-H 5 Ff‘ﬁ\jﬂl; ( ) 0.8 20 254 3.70 [19]
n-hexane/isopropanol (10 : 1)
. IECE/ 2 (95:5)
Chiralcel OD-H n-hexane/ethanol (95 : 5) 0.6 25 220 6.67,4.06, 2.05 [10]
PIERIE . 1E U/ LIF (95 2 5)
propiconazole Chiralcel AD-H n-hexane/ethanol (95 : 5) 0.6 25 220 4.97,2.94,2.24 [10]
) 1E /5 A BE (90 2 10)
Chiralcel OD n-hexane/isopropanol (90 : 10) 0.4 10 230 5.25,3.98, 2.40 [24]
Chiralcel OJ IECUAE/ LB (90:: 10) 0.5 10 230 1.32,0.88,4.30 24
Tk R e fralce n-hexane/ethanol (90 : 10) ’ T (24]
difenoconazole ) AN I S hidhs
Chiralpak IB-3 - thanol and n-hexane gradient o o 1.62,1.59,1.56 [4]
Tk R PRI 2 AR ) .
Zli:fiyflioiaz(i?:n?“ Chiralcel OJ-H IE S/ LBE (90 10) 0.8 20 220 2.01, 1.66, 2.21, "
. rraleel D n-hexane/ethanol (90 : 10) : 1.76,7.07 (1]
metabolin
. E B/ 4B (97 : 3)
I Enantiopak AD n-hexane/ethanol (97 : 3) 1.0 25 220 3.91,2.05,1.51 [12]
metconazole IECKE/ B (97 :3
Enantiopak OD CE/ 2.8 (97 : 3) 1.0 25 220 2.37,2.43,4.55 [12]

n-hexane/ethanol (97 : 3)

Ve R AR 2 A — X SR A 1

I IR A

*4 xR A PR A e

Y PIRT ES A R . ZPREE-A 5 RN PR A, = PEEE-B g — X iR

Note : * Commercial pesticides contained only one pair of enantiomers. " The four enantiomers could only be separated into two pairs. Triadimenol-A is a

pair of trans-enantiomers, and triadimenol-B is a pair of cis-enantiomers.

ML B, (—)-INHAME B, (5)-AIAME AL (+H)-T PR
A, HAE 2 P PEAE BRI 4 S50 il S 4R 45 S
BT H2R 5y BS . AMAMESE Chiralcel OD. Chiralcel
OD-H Al Chiralcel AD-H A _F $LAY 53 85 5% 4 Je 43
BN 3,

LAk, Zhou &R, Z= U AT Dong &5 5T

R, IEMZAMHT, Kk HIAMELE Chiralcel OD

FE_EVREYRSy, TIAE Chiralcel OJ-H £ DLIE &kt
N 2 BE R AR B8R 73 R L HAE Chiralcel OD
B, BeBOBE N (2R, 4R). (2R, 4S). (28,
4R). (28, 4S)-ZK Tk F PRIERST BR g i) FH e e R0
A B I S (UPLC-MS/MS) PAIE e Al
B R FEVEL, 7E Chiralpak IB-3 #: b S2Hl 7 2k H
IRME 4 AT R PRI R 28 40 55 R DI 9 )
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N (2R, 4R). (2S,4S). (2S,4R). (2R, 4S)-Z< [k H 2R
M, (R B E] 2 500N 5.96. 6.38. 6.82. 7.37 min.
TEENGR 3. 2018 4F, He %" XA Enantiopak
OD #1 Enantiopak AD B I #5473 1 B M 4 AN Xk
WA, DEERT 1.5,
1.2 REGIEE

AR BT 2 S0 1R B A DLK O 4K, DL
B, SR R . ARIEIRIE, A
AR S A TP O R = MRORTE A 2 2
FH B Eforii 2%, 8% 18 HPLC-MS/MS B} UPLC-
MS/MS HAR M. AT HREREES, WaiE$
ZEMNDERR. LMK BERRESF AT pH {E.

K FH SO T v 4 4 P S T 1 v 1R =
KRR 4 MfELL : B—, REH XXt
Wk, WIRIAMERIZ A B, TR A 4
XTSRRI AN TR AARTR S, RO B o B
REERT H Y50 T X Wefk, an-e G = melE; 26
=, BEWESLIL 4 DATELR MR IR L B, =
MR, IDCOR MR P ER MR AR T R R R
S0, WHSEAT ST 4 AN IS R IR 1) 2 2R oy
B, KR IR, IR o AR A B
AR B EEWR 4. R, fERAMH RS T RE
B Th 5 3 TE A €03 325 T 25 52 ik 4 AN o e S ¥ 4
Sy 3 RN A (ZMREE . TBE IR = e i R R
), AER AR WK A ROAE v D i 7 3w
AR T WA PR iR I
1.2.1 #®3Fwfo g ERMAEZET, W
AW 22 235 e B E 22 Fof ] o AH o SR 42 40 B
WEh/NEEEN, Zhang S5, ZELRE, BRI
Chen 251, Kaziem £ F1 Qi &% 5 H CDMPC
] 72 AH BT 3 20 7 SRR RN 22 A, S5 RN
(28, 3R)-(—)-FEIAMESE T (2R, 38)-(+)- SR A ML H U
(2R, 3R)-(+)-Z RS T (28, 38)-(—)-2 WMk Hi
Ik, Zhang? IBE CCMPC [ 52 M R h ¥4 1
TR AN £ 50, Zhao Z5P!-32 Fll Matias 250°% 7
ACMPC [H & -t B T 45 73 1 90 R 22 280
K FH s HE €3 V23R 0 SR W A 22 A 1 8 A
K ESFENE 4,
122 FA=wf Hl, KHRMEEEEMER
SIS R G PR 4 A5 B S A A ) S8 A AR A
H 2 BEKs F R 2 B P 6 S 44 . 2012 4E, Zhang
2606 Z ] )M HPLC-MS/MS VERF U KB, R =
MR EE 4 AN X B AR TE Lux cellulose-1 A1 Lux

amylose-2 #£ 135 H GEAR 73 OB XX WA, 23 B A%
PF R oy B FE LR 4

1.2.3 =g, BAORKZ Wz, FI. FAedE fo
FEE e IAMEEE. PIEAME. SRR, BEOK S MRER
AR B M 7E SO €015 25 8 T S RERE SILB 4 A X ik
SRR LIRS . 2006 5, Buerge 50 7E 4l
% FLAE R T ER 1) B Y Zorbax Rx-C g #E [25 cm X
4.6 mm (i.d)] L5 7 HMEREE, DLV OK): V(ZHE) :
V(HE) =55:35:10 ~NW3NHHE, 7E11.25~
12.00 min ALUCEEIRER A 419y, 7F 12.75~13.75 min
WAL B 4173 . 2012 4E, Zhang %509 7£ 4 fp
PEHE (Lux cellulose-1+ Lux cellulose-2. Lux cellulose-
3. Lux amylose-2) bHIFFT [ AWERE . AIAME,
B I = MR G 2K = R AR . 45 ORI,
PLE 5 MBI 4 AT i S5 04 44 22 R S R 2%
IE, DR RAERENK 4. 25, FmpE
I R v R AR % - A I DY MR ORT B B
X (Acquity UPLC-TQD) £ ChiralpakOD-RH # |
PLV (ZHE) : V(2 mmol/L ZER%/KIETR) = 55 ¢
45 NPT 7 =z, S5 ER, MR
4 AN R R AR B S NI AR A (1S, 2R)-(—)-—
MR (1R, 28)-(+)-=MEEE, (1S, 29)-(—)- =Mz
(1R, 2R)-(+)-=MfE . 2020 4, Li %5 %] UPLC-
MS/MS #%A, 7E Chiralcel OD-3R F-PEA: LS8l 1
B — I T S A AR R R 2R 00 9

1.2.4  REBEF I SR ) € 5 G0 0 R SE
X 2R FER e 4 AN o] B S AL AR IR 4% 73 85 . Zhang
Z:0200 SZH Lux cellulose-3 TP % 2K ik B 2R M4 3
T @, HosEN1.48, 1.18 fil 1.25,
Matias %50% 7£ Chiralpak 1G-3 #£ _E #7435 ik B 2R
Me, RN —FIEE R R B, (HEE
= DYUEERAS T IR RS, BN <1.00.
2.95 f13.95.

2 BleFREeIEE

s ARt (supercritical fluid chromato-
graphy, SFC) {EN—Fh&t il sk, WM
B TSP FHE OB = SRR R 75 5
A I 5 — A BRI AR I R 4 TR, B R
TR, WAL B /N, AR R, A
B, RIERFRE A, HEBIRA COo, MRS,
TE 5 7 3 75 0N — a2 5 A AR 1 I 55 LA v
it 5 R A PR
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Table 4 Separation and detection of triazole chiral pesticides by reversed-phase chromatography
b =) AN i
K2 FHEH SR ik i DB ey
Pesticid Chiral col Mobile phase/(// Flow rate/ Column Resolution .
esticide iral column obile phase/(V/V) (mL/min) temperature/'C  Rgpa, Ry, Rezy  RETCTENCE
) /7K (80 : 20) .
Chiralcel OD-H Methanol/water (80 : 20) 0.5 =i (Room) 6.50 [16]
ZME10.1% F R /K (60 : 40)
Lux Cellulose-1 s o onitrile/0.1% formic acid aq. (60 : 40) 02 25 9.05 [26]
FATE/0.1% F R /K TR (70 - 30)
Lux Cellulose-2 Methanol/0.1% formic acid aq. (70 : 30) 0.2 25 14.00 (26]
ZE10.1% R K L (60 : 40)
Lux Cellulose-2 Acetonitrile/0.1% formic acid aq. (60 : 40) 02 25 17.6 (26]
. ZJ510.05% F BRI (60 : 40)
Chiraleel OD-3R 4 <o nitrile/0.05% formic acid aq. (60 : 40) 025 30 10.96 (29]
ZJEI7K (70 1 30)
ﬁﬂ:%b b Lux-Cellulose-1 Acetonitrile/water (70 : 30) 0.3 20 10.45 [28]
epoxiconazole ZE710.05% H /K VWA S mmol/LESFR%E (53
. 47)
Chiralpak IG Acetonitrile/0.05% formic acid aq. and 5 mmol/L 025 30 3.21 (31]
ammonium acetate (53 : 47)
ZNE0.1%— A1 1% = LB K IR (80 :
) 20)
Chiralpak 1G-3 Acetonitrile/0.1% diethylamine and 1.1% 1.0 20 3.25 [33]
trifluoroacetic acid aq. (80 : 20)
ZIEIK (55 - 45)
Lux Cellulose-1 Acetonitrile/water (55 : 45) 0.6 30 12.03 [35]
. ZEI7K (50 : 50)
Chiralcel OD Acetonitrile/water (50 : 50) 08 25 923 136]
FREE/0.1% FR IR 7K 5 (70 - 30)
Lux Cellulose-1 Methanol/0.1% formic acid aq. (70 : 30) 02 25 177 (26]
ZME0.1% F ER /K (50 - 50)
Lux Cellulose-2 » oionitrile/0.1% formic acid aq. (50 : 50) 02 25 1.80 (26]
EZ L ZRE10.1% FF R K L (60 : 40)
paclobutrazol® Lux Amylose-2 Acetonitrile/0.1% formic acid aq. (60 : 40) 02 2 1.54 26]
. FEE/7K (70 : 30)
Chiralpak AD-RH Methanol/water (70 : 30) 0.45 25 2.48 [27]
ZIEIK (55 : 45)
Lux Amylose-2 Acetonitrile/water (55 : 45) 0.25 25 2.23 (271
F/0.1% F BR /KR (50 - 50)
Lux Cellulose-1 Methanol/0.1% formic acid aq. (50 : 50) 0.2 35 1.52,3.02, 1.51 [26]
= FAEE/7K (75 : 25) o
triadimenol Lux Cellulose-1 Methanol/water (75 : 25) 05 &im Room 126,144,241  [29]
FEE/IK (60 : 40) -
Lux Cellulose-1 Methanol/water (60 : 40) 0.5 % Jin Room 1.45,2.73,2.16 [29]
IR = e ZJE10.1% R (45 - 55)
bitertanol Lux Cellulose-1  cetonitrile/0.1% formic acid ag. (60 : 40) 02 % 1.54,4.33,9.08  [26]
BN FHEE/0.1% FH R 7K (60 - 40)
propiconazole Lux Cellulose-2 Methanol/0.1% formic acid aq. (60 : 40) 02 40 2:00,2.20, 1.55 26]
= 1¢ 57l V5% .
Lux Cellulose-3 iﬂi/o. ﬁEfOHT;Kf’@(SO .(710) 3070 0.2 25 1.48,1.18,1.25 [26]
ST cel ogt/nAe 1% ormic aci water (30 : 70)
difenoconazole R =34 LB/ — L (100: 0.1 : 0.3) <1.00, 2.95
Chiralpak 1G-3 Methanol/trifluoroacetic acid /diethylamine (100 : 1 20 ' 3 ’95' ’ [33]
0.1:0.3) :
F/0.1% F IR /K VR (70 : 30)
Lux Cellulose-T- nrothanol/0.1% formic acid ag. (70 : 30) 02 25 2.02 (26]
W = e ZJ10.1% FPER KSR (50 : 50)
diclobutrazol® Lux Cellulose-1 Acetonitrile/0.1% formic acid aq. (50 : 50) 02 25 1.93 [26]
ZNE10.1% PR KL (70 - 30)
Lux Amylose-2 Acetonitrile/0.1% formic acid aq. (70 : 30) 02 25 2.69 (26]
ZNE10.1% R K L (45 - 55)
I Lux Cellulose-1 Acetonitrile/0.1% formic acid aq. (45 : 55) 02 25 3.10,1.97, 174 (26]
cyproconazole FREE/0.1% R R 7K 5 (60 : 40)
Lux Cellulose-2 Methanol/0.1% formic acid aq. (60 : 40) 0.2 25 3.54,1.77, 6.61 [26]
ZJE10.1% R KA (60 - 40)
ST Lux Cellulose-2 Acetonitrile/0.1% formic acid ag. (60 : 40) 0.2 25 5.24,2.12,1.82 [26]
b 1 EX 19 [l AR 40 :
romuconazole Lux Amylose-2 LHiE10.1% K (40 - 60) 0.2 25 1.69,3.28,5.15  [26]

Acetonitrile/0.1% formic acid aq. (40 : 60)

VE: R R R AR MR R AR 2 S — R R aq AR

Note : “Diclobutrazol could be separated into two pairs of enantiomers. "Commercial drugs contained only one pair of enantiomers. aq. is an aqueous

solution.
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MR B AT 53 4 Bl oL«

e, MR RS XUk, A
MR 22 R o BIE ST A IETT, SRR RN 22 R AE
Chiralcel OD-H #F_F BESLHLIR AL 40 55 -

B TR ZEON 4 AN X S R AR 1 A0 e A
RGN, AR B FLHR o O A, = e
¥, {E SFC %M+, =M:EE{E Chiralpak AD #f I
Pr o3 AR B B0

B=, MWMATEH 4 KR, B
RESCELRC IR 4, WP PAME . R =M. &R
MR L T M RRE TR M. Toribio 1Y SR H
Chiralpak AD F:SEHL [ WA 73 B . b4k, &

- FE S50 B B 73 ) Chiralcel OD-H.
Chiralpak IB 1 Sino-Chiral OJ ¥: 523 7 B IK = M
BE . REPRRE L T PR R R 4

VU, BT 4 A SR PR B S5
LAY B, WK R PR AN 2 IR
{H 2L Tk IR e A 2 3R PE Chiralcel OD-H 4 b 52
T L4y B . Toribio £ K F Chiralpak AD F£
SCHL T IAPRERERI A Ay By BLAh, FRMEEE 4 X
Wt S5 FJ4RTE Enantiopak OD FHAE LB v (ZHH)
V (7K) =60 : 40 WL LT A (2R, 3R)-(+)-+ (2R,
39)-(H)-+ (28, 38)-(—)-+ (28, 3R)-(—)-FRMEEELS), iR
I SRR E VAR 43 11 FloqR 24 () € 40 B 2 1 I
SEERE S,

x5 BlaFRECEESBENEENF O =MIERE

Table 5 Separation and detection of ten triazole fungicides with two chiral centers by supercritical fluid chromatography

e . REEIE = &
. N Ny = A = ] N o
A F A Lk FEIR Syster back AL PEE s
Fungicide Chiral column Flow rqte/ Column temperature/ pressure/ (B ED . Resolution References
(mL/min) C MPa Modifier(Volume fraction) Rg12, R23, Rz
SR epoxiconazole® Chiralcel OD-H 2 34 15 15% F: B 15% isopropanol 23.37 [39]
N Chiralcel OD-H 2 34 15 5% HE¥ 5% methanol 1.87 [37]
% %M paclobutrazol® N
Chiralcel OD-H 2 34 15 9% £ 9% ethanol 1.85 [39]
B Chiralpak AD 2 35 20 3% FEE 3% methanol 8.53 [40]
= MFE® triadimenol®
Chiralpak AD 2 35 20 3% L[ 3% ethanol 7.25 [40]
I = MERE bitertanol Sino-Chiral OJ 2 34 15 13% Z.1% 13% ethanol 2.08,7.41,13.55 [38-39]
P propiconazole Chiralpak AD 2 35 20 5% 5N 5% isopropanol 4.26,2.59,3.24 [41]
2Kk FFERM: difenoconazole  Chiralcel OD-H 2 34 15 5% LB 5% ethanol 4.19,1.52,1.33  [38-39]
I B M metconazole Chiralpak IB 2 34 15 6% H % 6% methanol 2.74,5.83,5.50  [38-39]
S =MRE diclobutrazol  Chiralcel OD-H 2 34 15 3% L 3% ethanol 1.55,3.97,3.88  [38-39]
FRWEEE cyproconazole Chiralpak AD 2 35 20 5% F I 5% methanol 1.49,1.01,2.83 [41]
FE ™ bromuconazole Sino-Chiral OJ 2 34 15 7% L 7% ethanol 5.24,1.80,1.71  [38-39]
£ I M: etaconazole Chiralcel OD-H 2 35 15 7% L. 7% ethanol 1.11,1.55,—  [38-39]

et PR Z S XX R A A IR L BEAR A3 R R A A

Note: *Commercial pesticides contained only one pair of enantiomers. ° Triadimenol could only be split into two pairs of enantiomers.

3 EWEBRIKE

FB4H% UK (capillary electrophoresis, CE) DA
LB 73 PRE JIAE AN 70 B U Ry & —Fi s 2%
3 BRI G AESR, (R R 25 AR LR 5 4
B, B VKA TR BE AR T A 4 g AR 2 T
JZ R FE =R R B, B
Y UK R T RIFIIRIrEE T

Hl, CARHEME LIk =mk
B, GEAME. PRMEEE. NIAME. M, BOR =
W | R R R TRK PR (R TE . T W S5
PATE R AL - - IR WA (S-p-CD) A 08 T 1k 1 3771 i

Doy 7 = PEBREFP T B i s 2 J5, Otsuka 5514
PAATAEA-p- 2R 1KS (HP-y-CD) N Tk 5, 7
JRE R L 2 B 4 F UK FOR (CD-MEKC) #i3 K&
pH7.0 HIZAE R, WSTHL 1 = WRREE 4 Fofusxof i S 44 44
HI5E 4R 5. ANA, Wu 25049 82l 83— 2D il
Yooy 7 2 8me . =Ml . BROR MR Y IR M
IR TE F A S PRERE . E 4N, Buerge S5P4 R A% A
H il (¥) HP-B-CD 435l F Y145 73 1 F A 1 0 2A 1
B, f£20 min N, XFBRARESREFS BIARLF B85 50
Ibrahim &5 #1 Garrison &7 X FH MG 1B 11 11
CD-MEKC, DL HP-y-CD NFMEik#5, 7€ pH H
Gy T A3 EOLT . SEEL T I ERME 4 F R Ay



No. 4 JESF SRR S P T PO ) = SR T R (3 4 B T S e 625

IR B AR, SR B Ik
SR TFMER AT R, EH R A
4 SHE\BIEE

SIS (gas chromatography, GC) #&—F i
MBI EHEA, BARESHREE, HAMHRES
HRikdhi G, XEREEE GC BN /AR 25 5% B
AG R AE T R, /M, BRIEHTSH
Bk R E B ERE T GC A .
2010 4, Kenneke 55 FJH GC-MS 4 & Fii +
BGB 172 (20% =-T % — Ik 5L -p- T8 k) T
PEEAE S USSR T MR 4 AR
EHIFELE 3. 2011 4F, Garrison 25147 )38 1
BGB 172 A 681 S I P 1 Bk — o o B A 1 i 42 23
B9, AR 5 AR A B AR R E 13%

5 AtHfE]

A= A M (ultra performance convergence
chromatography, UPC?) F| Il FUIR A F AL
A B 3 B2 22 St AT B o 5, e TR AR B 1R
A R ade AN SORE a5 (1) B A R B A (9 T VA T
KRIYGE. 2014 F, FHAHI KM UPC*-MS/
MS #I Chiralpak 1A-3 £, LAE 1.0% FER 1) FH
NRENA, {EIE 2.2 mL/min. 30 'C 44 F AR
M 4 AN SR A A IR 3 B EE 4 N 1,77 1.61
2.80, H.Ja HIEREIZ) 5 min, HIEHFA (+)-
W B, (-)-INHEE B, (-)-INHEE A R (+)-TH
R A

6 SDLERRE

= MR R AT K AR B AT SR FTHHE
ANk, & ATk D B = MR B
B RO MR IE . AT N E S O iz
FEo AR PIAS T O B =R B R B
4 XM AIR, LT BT A R, A
AR 245 3 B RCR I AN AR, 4l i (1 3R 15 A A
WMITEL) 2 2] R IR, T B Bk
YE BT A Z R IER FUEARIRTE 2, Frblid
ARt — BRI . WA SCERIR AR W] A
11 A& AT O () = SRR B A R T 23
MR RESE L 4 X R A AR I SR 2 O B AL, oA
10 Al LA H R R SCBL R R B T k. N
Ui iRE,  HATYY A DA R RO (s oy

Horb O v 45 A TS R Y HPLC-MS/MS 4%
REFHXERFE RS B ). mEHE. &
RPEE A, TETF AR 250 B A A 1 20 A
D77 THD 2 0 1 B A B B A S PR A R4
FEAETE VEAR ARG A, IF H LRI AR AT
FAEZESR . B, ST O =R
R FRLE O AR K SF B R s P L AR SR AR R 1
BEMENLH AV, A E L. SRR
EMEEN B L= . B REF TS S
SRR R, ¥R LR wetksK-F B
KM TP R AT BB ARIERE, S AR I b I
—REk. HICHR. maEE. AR R
T =R B A B R E .
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