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cyproconazole by reverse-phase high-performance
liquid chromatography

Mu Penggian, Xu Nana, Jia Qi, Yin Zhigiang, Qian Yongzhong,
Yang Shuming, Qiu Jing”
(Institute of Quality Standard & Testing Technology for Agro-Products, Chinese Academy of Agricultural Sciences;
Key Laboratory of Agri-food Quality and Safety, Ministry of Agriculture, Beijing 100081, China)

Abstract: The enantiomers of cyproconazole were separated by reverse-phase high-performance liquid
chromatography using a chiral column Lux Cellulose-1 ( cellulose-tris-( 3, 5-dimethylphenylcarba-
mate ) ,packed with 3 wm and 5 pm particles). The effects of different particle size, mobile phase
composition and column temperature on the retention and resolution were investigated. Furthermore,

the elution order of enantiomers was identified with an optical rotation detector. Moreover, the

W7 B #:2015-04-00; 3% FI H#1:2015-08-20.

1EER AN B, &, 5584, E-mail ; penggianmu@ 163. com; * i, i@ {514 ( Author for correspondence) , % , 18- A5 51, EEAF
Y07 1) R A B2 8% B A S % 2 METEMY, E-mail ;. qiujing@ caas. cn

EETE : BRARPAAEEIH (21177156 ,21477161) .



556

n

FoA
¥

Rk 2

mechanism of enantiomeric separation was analyzed by measuring the thermodynamical parameters.
The results showed that using acetonitrile-water as the mobile phase gave a better enantioseparation than
the methanol-water system , and lower column temperature was more helpful for the separation. The
ideal separation of cyproconazole on the 3 pm column at a flow rate of 0.3 mL/min and the 5 pm
column at a flow rate of 1.0 mL/min could be achieved with V(acetonitrile): V( water) =60: 40 at
20 C. When satisfactory enantioseparation was obtained, 3 wm column had the priority to be used and
the elution order based on the optical rotation were( +/ +/ —/ — ). However, when the mobile phase
changed from acetonitrile-water to methanol-water, the elution order would change to( +/ -/ +/ - ).
Thermodynamic results show that the linear relationship of van’t Hoff equation was good (R* > 0.92)
at the experimental temperature in the range of 5 - 40 C. The enantiomeric separation of
cyproconazole was driven by enthalpy when using acetonitrile-water as the mobile phase. However,

when using methanol-water as the mobile phase, the enantiomeric separation was driven by both
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enthalpy and entropy.
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Scheme 1 Chemical structure of cyproconazole isomers
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Tablel Effect of the mobile phase composition on the enantiomeric separation of cyproconazole

1\/10‘{212:j :Ease Com[j?):j:(EE VvV k' k! k' k! o 2 o Rsia Reas Rsss
I fi-7K® Methanol-water® 70: 30 2.85  3.42  3.92 840 1.2 .14 2.14 1.99 1.58 9.00
75:25 1.74 2,14 239 546 1.22  1.12 229 1.8  1.10 8.99
80:20 1.14 - .51 3.77 - - 2.49 - - 8.13
85:15 0.76 - .00 2.78 - - 2.77 - - 9.13
90: 10 0.54 - 0.71  2.22 - - 3.13 - - 10. 09
ZE-K* Acetonitrile-water® 50: 50 2,35 2.98 3.46 12.10 1.27 1.16 3.50 411  2.89  27.52
60: 40 1.09 .40  1.61 576  1.28 1.15  3.58  3.07 1.95 23.46
70: 30 0.66 0.87 0.99  3.69 1.31 .14 3.72  2.48 1.41 21.20
80:20 0.45 0.61 0.67 2.64 1.3¢ 1.10 3.93 202 0.98  22.55

90: 10 0.37  0.50 - 2.25 1.37 - - 0.36 - -
-7k ® Methanol-water” 70: 30 3.14  3.82 436 9.8  1.22 1.14 2,25 3.51  2.37 14. 83
75:25 1.86 2.30 258 6.13 1.23  1.12 238 3.4l 1.87 14.35
80:20 1.16 1.45 1.59 407 1.25 1.10 2.56 3.52 1.50  13.82
85:15 0.74  0.95 .ol 2.87 1.29 1.06 2.8  4.38  0.95 13.82

90: 10 0. 67 - - 2.24 - - - - - -
ZNE-/K® Acetonitrile-water® 50:50 2.23 2.80 330 11.49  1.26 1.18 3.49 5.83 4.24 33.20
60: 40 1.09 1.40 1.63  5.89 .28 1.17 3.6l 5.18  3.52  31.32
70: 30 0.64 0.8 0.98 3.72 1.32 1.16 3.79 4.62 2.8  29.82
80:20 0.42 0.57 0.66 264 1.36 1.15 402 411 2,08 27.81
90: 10 0.33  0.47 0.53 234 1.39 1.13  4.44 225 1.10  20.96

TE: a Ml b SR ARAR D 3 wm Al S wm B EREHE - " FORMLBPIIERE 208, BRI 25,

Note: a and b represent columns with the particle size of 3 wm and 5 pm, respectively; "

calculate parameters.

mAU
2501

200
150
1004
501
01

4.848

560

540

520

500

480

T T T T T 1

6 8
B} 8] Time/min

5.6 7 8 9

f} 1] Time/min

10 11 12 13

mAU
2501

2001
150
1001

"

18.925

570
550
530
510
490

470

10 15 20

A 1R] Time/min

|
il

AV A
RTARURPR VYDV “ NN M I AR AN s AMA /«V\/f\"'v\ M
| \ v
{

|
b |

7 9 11 13 15

A 18] Time/min

17 19 21 23

A,C: 3 um it (column with particle size of 3 wm),20 C,V(EE): V(/K)[ V(methanol): V(water) ] =75:25, ik
(flow rate) 0.3 mL/min; B, D: 5 pm i ( column with particle size of 5 wm),20 C, V(L) : V(K)
[ V(acetonitrile) : V(water) =60: 40, i ( flow rate) 1.0 mL/min,
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Fig. 1

INAMEZXT B TE Lux Cellulose-1 RAFZ M THHEIR S LN A, B) FirEL&IEE (C,D)
The typical UV(A,B) and OR(C,D) chromatograms of enantioseparation of cyproconazole

on Lux Cellulose-1 by RP-HPLC

represent adjacent peaks not separated, unable to
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Table 2 Effect of column temperature on the enantiomeric separation of cyproconazole

M(;ﬁlzz]zgase Tempif;’ire/ T k! k! k' k! 2 s o Rsia R Rss

FE-7K® Methanol-water® 5 2.08 2.57 2.94 7.69 1.24 1. 14 2.62 2.08 1.42 8.65

10 2.04 2.51 2.85 7.10 1.23 1.13 2.49 2.09 1.38 8.97

20 1.74 2.14 2.39 5.46 1.22 1.12 2.29 1. 89 1. 10 8.99

30 1. 54 - 4.40 5.26 - - 1.20 - - 2.80

40 1.32 - 1. 67 3.42 - - 2.05 - - 7.13

ZJE-7K* Acetonitrile-water® 5 1.21 1.59 1.90 8.67 1.32 1.20 4.56 3.61 2.61 26. 82

10 1.18 1.54 1.82 7. 66 1.30 1.18 4.22 3.41 2.42 26.20

20 1. 09 1.40 1.61 5.76 1.28 1.15 3.58 3.07 1.95 23.46

30 1.03 1.29 1.46 4.53 1.25 1.13 3.11 2.60 1.59 20. 58

40 0.95 1.17 1.29 3.50 1.23 1. 10 2.72 2.25 1.21 17. 46

FEZ-7K® Methanol-water® 5 1.46 1. 86 2.09 6.32 1.28 1.12 3.02 3.11 1.47 10. 68

10 1.35 1.72 1.91 5.50 1.27 1. 11 2.87 3.24 1.45 11.75

20 1. 16 1.45 1.59 4.07 1.25 1. 10 2.56 3.52 1. 50 13.82

30 0.96 1.20 1.29 3.05 1.25 1. 08 2.35 3.36 1. 14 13.25

40 0.82 1.02 1.07 2.30 1.25 1.05 2.14 3.72 0.82 12.37

ZJIE-7K® Acetonitrile-water® 5 1.26 1. 66 2.02 9.44 1.32 1.21 4. 68 5.81 4.26 33.93

10 1.22 1.58 1.90 8.20 1.30 1.20 4.32 5.48 4.05 33.64

20 1.09 1.40 1.63 5.89 1.28 1.17 3.61 5.18 3.52 31.32

30 1.02 1.27 1.45 4.42 1.25 1. 14 3.06 4.51 2.77 27.71

40 0.91 1.12 1.25 3.27 1.23 1.11 2.63 3.99 2.17 23.46

TE: a Ml b S HIRARAR R 3 pm RIS pm @ @G, - " FORAMABPIER 42008, TS5,

Note: a and b represent columns with particle size of 3 um and 5 pm, respectively,” — " represent adjacent peaks not separated, unable to

calculate parameters.
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TR B b B oA L 1 BT 2 S8, TR T 43

B AR IR AR T, e AR E T 75
K k' FFE BN F o, BLIn & F Ing 43505 1/T
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Table 3 Thermodynamic parameters of enantiomeric separation of cyproconazole
B , ) AH°/ AS°/ . AAH°/  AAS°/
Mobile phase Ink B (k/mol)  (1/mol) Ina R (/mol) (3/mol)
HI -7k ® methanol-water® 1n k'; =1 159.5/T-3.4073 0.985 7 -9.64 -0.028 Inal2=56.73/T+0.008 0.984 -0.47 0.07

Ink', =1056.3/T-2.8359 0.9515 -8.78 -0.024 1na23 =123.0/7-0.308 0.999 -1.02 -2.56
Ink'y =1179.4/T-3.1442 0.960 0 -9.81 -0.026 1Ina34=601.7/T-1.210 0.990 -5.00 -10.06

Ink'y =1856.2/T-4.6047 0.9241 -15.43 -0.038
ZE-7K? acetonitrile-water® In &'} =594.25/T -1.9409 0.989 9 -4.94 -0.016 Inal2=169.4/T-0.332 0.991 -1.41 -2.76
In k', =763.69/T-2.2731 0.9950 -6.35 -0.019 Ina23 =201.5/T-0.545 0.998 -1.68 -4.53
In k'y =965.24/T-2.8185 0.996 3 -8.03 -0.023  Ina34 =1293/T-3.130 0.999 -10.75 -26.02

Ink'y =2258.3/T-5.9490 0.9993 -18.78 —-0.049

HI -7k methanol-water® In k', =1437.4/T-4.7775 0.9974 -11.95 -0.040 Inal2=64.92/T+0.009 0.976 -0.54 0. 07

Ink', =1502.3/T-4.7682 0.9984 -12.49 -0.040 Ina23=164.6/T-0.473 0.930 -1.37 -3.93
Ink'y =1666.9/T-5.2414 0.9977 -13.86 -0.044 Ina34=859.6/T-1.984 0.998 -7.15 -16.49

Ink'y =2526.6/T-7.2257 0.9993 -21.01 -0. 060
ZJE-7K® acetonitrile-water® In 'y =793.18/T7-2.6120 0.9924 -6.59  -0.022 Inal2=179.5/T-0.369 0.998 -1.49 -3.07
In k', =972.72/T-2.9813 0.996 2 -8.09 -0.025 1na23=222.3/T-0.605 0.990 -1.85 -5.03
Ink'y=1195.1/T-3.5865 0.997 4 -9.94 -0.030 Ina34=1452./T-3.672 0.999 -12.07 -30.53

Ink'y =2647.5/T-7.2586 0.9992 -22.01 —-0. 060

e a Fl b A HIFARRAE R 3 wm A5 pum B9 R,

Note: a and b represent columns with particle size of 3 wm and 5 wm, respectively.
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