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Abstract: Pyraquinil ( Pyr), with a new skeleton of pyrazolo[ 1,5-a ] quinazoline fused hetero-
cycle, is a new chiral insecticide independently developed by South China Agricultural Universi-
ty in 2017. In previous studies, we found that pyraquinil can effectively control the lepidopteran

pest population on cruciferous crops. Remarkably, the insecticidal activity of pyraquinil was 64-
fold better than that of fipronil against the fipronil-resistant Plutella xylostella field population.
Pesticides with new active mechanisms should be developed in the future to cope with the
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development of resistance to Plutella xylostella. Therefore, pyraquinil with new active sites has
the potential to be the main rotation variety for the control of Plutella xylostella. Thus, pyraqui-
nil has a broad prospect for application in the future. However, a chiral separation and analysis
method for pyraquinil and oxidation products using high performance liquid chromatography-
tandem mass spectrometry ( HPLC-MS/MS) has not been established yet.

Based on the physical and chemical properties of the new chiral pesticide pyraquinil, we
screened chiral chromatographic columns and optimized the mobile phase ratio in this study.
The separation and analysis methods for pyraquinil were developed based on the QUEChERS
(quick, easy, cheap, effective, rugged, safe) system. Simultaneously, we also established ox-
idation metabolites. These methods were used for the simultaneous determination of the chiral
isomers of pyraquinil and oxidation products in pakchoi ( Brassica rapa ssp. chinensis L.) and
water spinach (Ipomoea aquatica Forsk) via HPLC-MS/MS. The Chiral INC column (250 mmxX
4.6 mm, 5 pm) was used for separation. Ammonium formate aqueous solution (2 mmol/L)
and acetonitrile were used as the mobile phases. The column temperature was 28 C. The injec-
tion volume was 1 pL, and the flow rate was 0. 5 mL/min. MS analysis was performed using an
electrospray ionization source in the negative and multiple reaction monitoring modes. We
found that under the optimized conditions, the resolution of the four isomers of pyraquinil were
1.63, 2.83, and 1. 74, respectively, and the resolution of the isomers of the pyraquinil oxida-
tion product was 5. 82, which achieved baseline separation. Then, the absolute configuration
and peak order of pyraquinil and oxidation product isomers were determined by derivatization.
The order of the peaks was RS-Pyr, SS-Pyr, RR-Pyr, SR-Pyr, S-Pyr+O, and R-Pyr+0O. The pur-
ification conditions of sample pretreatment were optimized; 1 g (0. 835 g MgSO,+0. 150 g PSA+
0.015 g GCB) was determined to be the optimal purification agent; and the average recoveries
ranged from 80% to 110%. The chiral isomers of pyraquinil and oxidation products showed good
linearity in the concentration range of 1.25 to 1250 png/L and 2.5 to 2 500 png/L respectively.
The square of the regression coefficient of the linear equation (R*) was greater than 0. 99. The
matrix effects of the pyraquinil and oxidation product isomers in pakchoi ranged from 6.1 to
30. 6. In the water spinach, the matrix effect of the pyraquinil and oxidation product isomers
were in the range of 0. 7-26. 8. The average recoveries of pyraquinil isomer at three spiked lev-
els of 0.25, 5, 100 pg/kg in samples ( pakchoi and water spinach) ranged from 90.2% to
110. 6%. The oxidation product isomer average recoveries in samples ( pakchoi and water spin-
ach) spiked with 0.5, 10, 200 wg/kg ranged from 72.6% to 100. 1%. Further, the relative
standard deviations (RSDs) were 0. 5% —9. 4%. In water spinach, the intra-day and inter-day re-
peatability RSDs ranged from 0. 5% to 8. 7% and 1. 0% to 8. 6%, respectively. In pakchoi, the
intra-day and inter-day repeatability RSDs ranged from 0. 6% to 9.4% and 1.0% to 7.6%, re-
spectively. These results indicate that the proposed method has satisfactory sensitivity, accura-
cy, and precision. This study can provide analytic technology for a novel chiral pesticide for en-

vironmental behavior studies, quality control, and pharmacodynamics evaluation, as well as
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significant technical support for the development and application of new pesticides.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/

MS) ; pyraquinil; Brassica rapa ssp. chinensis L.; Ipomoea aquatica Forsk; chiral separation
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Table 1 Mass spectrometric parameters of Pyr and its metabolites

Compound  Parent ion (m/z) Product ion (m/z) Dwell time/ms Q1 voltage/V Collision energy/eV Q3 voltage/V

Pyr 543.00 349.00 " 30.0 24.0 39.0 23.0
363.00 30.0 24.0 36.0 24.0

Pyr+O 559.00 35290 30.0 22.0 25.0 17.0
366.90 30.0 26.0 35.0 22.0

* Quantitative ion.



- 638 - @,

HA RSB & o ARG, HoA A 0 o0
RIS T B AT A Ak, SR R 1 T
PUBIRE S AT 58 2 5 6 Fh Z2H 8 Y 1k
FE 76 H A B LC-20A & 80 A (i AL b e T
AN ] T A X s el g S A AR P A3 B AR . 6 BTk
Ay BTG . AR VK- = (3, 5- 2 H i 8 L ik
F2ME) (Chiral ND(2)-RH) | FLBETEH- = (5-54-2-H
FEORILZ AL IR TR ) (Chiral NY (2)-RH) | B # 3¢
- = (4-5-3- W BLOR L SL R I ) ( Chiral NX
(2)-RH) £F4E K- = (4-F-3-H HAR L AL TP IRER )
(Chiral MX (2)-RH) £F4E%&-=(3,5- "~ F AR
SRR ) 4t f B 5 5 ( Chiral INC) FIZF 4 3%- =
(3,5- WL OR SL (5L W R TR ) L #4475 ( Chiral
INB) ; UL L FHAEH0 H M EES TR A R
INE]HAE A 250 mmx4. 6 mm, 5 pm,

EIRANE 2 BN, 78 BT ) TP 1 A
Chiral ND(2)-RH #F JG ¥ 43 B Mg 4t 5 5 4 1,
Chiral NY(2)-RH #:#1 Chiral NX(2)-RH #: Hfigs>
B 2 FhSEA4A Chiral MX (2)-RH Al 4385 3 i &
FfA , Chiral INB # K fig 58 42 53 &5 4 Fh S A9 {4, 1
Chiral INC FPEFE IS T W g 4 A AR
Sy B R AR Mg

AN ARG SCRRRGE | 27 48 R TS Bk
BT TR BB I AEEAR K225, H 274
RRFIAEM R EE T S A A4 R KT
[ R AT LA 3 7 Sl A 19 P A ofe S BRAR 22 78 LI
S PE LA B X R B HR Y L LR A IR AR
TAEEFR A B 2F 4 2 25 [8 %€ A 1) Chiral INC F-
PEFEAE Ay s o i S A A BB A4
2.1.2 B AE e ) 2 ek R B R b R A R M R
A Y

TSR BB T B AR SR o B i
BREEEM, A TAELL 2 mmol/L H R E: K%
WA LA, B8 6 MR, 2 i E A
[ 5 M0t 2% T e ol g R L AR 7 ) S A AR A 3
W 2 [ R 43 B B (L3R 2) , FE B[R] i sl AH L i
WA P R AR T R A RO

PN 2 TT T M e R A A ) S R Ry B
BT BILAE )y B B8] ) 8 1T A8 K, () o 2 i sy i
(SR H v B S, A B R K, TRV Y 1
~3 MR, M g A S A A 22 R] 43 B8 R R 0. 53 ~
2.10, F AL )5y B BE M 2. 93 ~3. 97 ; e ARFF 4~ 6
SAETT e U A S A AR Z R A B L. 62 ~

Tk %40 5
500
200 ] Chiral ND(2)-RH
2300
12
I3
E 200
100
07‘7—'—"1\‘r*ﬁ—ﬂ""|"“| """"""
1 Chiral NY(2)-RH
150 4
2]
£ ]
£ 100
E ]
50
07“'—'\"""\""|"“| """"""
60 Chiral INC
2401
5
=
20 4
0 s S, USSP . U S N
200 _ Chiral INB
Z 1504
7] 1
§ ]
g 100
50 4
0 e A e
200
] Chiral MX(2)-RH
150 ]
= ]
3 ]
g 100 ]
= 1
50 ]
rH————e—t——
{  Chiral NX(2)-RH
300 ]
S i
£ 200
E ]
100 {
oﬁAﬁﬁ..ﬁJ.ﬁﬁ : :
0 5 10 15 20 25 30 35
t/ min
B2 AREFHELSSRAESHENEILTE

Fig. 2 Chiral separation chromatograms of Pyr
enantiomers by different chiral columns



57 Wi 48,45 OB R TR A% R e o e SR MR o0 B SR P A ATk - 639 -

K2 FRAKKREHETERRERESUTNSOENIBEE

Table 2 Resolutions (R,) of Pyr and Pyr+O enantiomers under different elution conditions

Elution condition number ¢ (Mobile phase B)/% Acquisition time/min R, R, Ry Ry,
1 20-95-95-20 5-35-40-45 0.53 1.37 0.96 2.93
2 40-95-95-40-40 5-50-65-70-80 1.03 2.05 1.31 3.88
3 40-70-95-95-40-40 5-35-40-45-48-50 1.12 2.10 1.34 3.97
4 42-55-95-95-42-42 4-55-58-62-65-70 1.62 2.64 1.62 5.47
5 42-48-42-42 2.5-66-67-70 1.63 2.81 1.78 6.03
6 43-46-43-43 2.5-57-58-60 1.63 2.83 1.74 5.82

Mobile phase B: acetonitrile; Ry, : resolution of peaks 1 and 2 in Fig. 3; R, : resolution of peaks 2 and 3 in Fig. 3; R;: resolution

of peaks 3 and 4 in Fig. 3; R, : resolution of peaks 5 and 6 in Fig. 3.
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Fig. 3 Chromatogram of the separation of Pyr and

its oxidation products under elution condi-
tion 6 in Table 2
The Chiral column; Chiral INC (250 mmx4.6 mm, 5 pm);
mobile phase A: 2 mmol/L ammonium formate aqueous solu-
tion; mobile phase B: acetonitrile; column temperature; 28
C ; injection volume; 1 pL; flow rate; 0.5 mL/min; elution
program: 0-2.5 min, 43%B; 2. 5-57 min, 43% B-46% B; 57—
58 min, 46% B-43% B; 58-60 min, 43% B.
Peak identifications: 1-4. four chiral isomers of pyraquinil;
5, 6. two chiral isomers of oxidation products.
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B 5 MARKRESLFYRBEE(a) &K (b)/MNEXHHEKE(n=3)
Fig. 5 Recoveries of Pyr and Pyr+O enantiomers in (a) water spinach (Ipomoea aquatica Forsk) and
(b) pakchoi (Brassica rapa ssp. chinensis L.) (n=3)
Combinations of purifiers: A. 0.85 g MgSO,+0. 150 g PSA; B. 0.985 g MgSO,+0.015 g GCB; C. 0. 835 g MgSO,+0. 150 g PSA+0. 015

g GCB.
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Table 3 Linear relationships and matrix effects of Pyr and Pyr+O enantiomers

Analyte Matrix Linear range/ ( pg/L) Standard curve R? Matrix effect/%

RS-Pyr acetonitrile 0.25-500 Y=8.7x10"X-1.6x10* 0.9999

water spinach 1.25-1250 Y=1.1x108X+4.3x10° 0.9998 26.8

pakchoi 1.25-1250 Y=9.3x10"X+1.3x10° 0.9999 6.1
SS-Pyr acetonitrile 0.25-500 Y=1.1x108X-2.6x10° 0.9999

water spinach 1.25-1250 Y=1.1x108X+5.1x10° 0.9998 1.9

pakchoi 1.25-1250 Y=1.2x10%X+1.6x10° 0.9987 10.2
RR-Pyr acetonitrile 0.25-500 Y=1.1x108X+3.4x10* 0.9999

water spinach 1.25-1250 Y=1.1x10%X+5.0x10° 0.9998 0.7

pakchoi 1.25-1250 Y=1.2x108X+1.6x10° 0.9987 9.0
SR-Pyr acetonitrile 0.25-500 Y=9.2x10"X+1.4x10* 0.9999

water spinach 1.25-1250 Y=1.1x10%X+4.4x10° 0.9998 20.7

pakchoi 1.25-1250 Y=1.2x108X+1.4x10° 0.9988 30.6
S-(Pyr+0) acetonitrile 0.5-100 Y=6.5x10"X+2.1x10* 0.9999

water spinach 2.5-2500 Y=6.9x10"X+8.3x10° 0.9996 7.3

pakchoi 2.5-2500 Y=7.6x10"X+2.2x10° 0.9981 17.1
R-(Pyr+0) acetonitrile 0.5-100 Y=6.6x10"X+2.7x10* 0.9999

water spinach 2.5-2500 Y=7.2x10"X+6.9x10° 0.9997 9.0

pakchoi 2.5-2500 Y=7.8x10"X+2.0x10° 0.9999 18.2

Y. peak area; X: mass concentration, wg/L; R*: correlation coefficient.

R4 WHEERSATYFAEEES PRMREEE

Table 4 Spiked recoveries of Pyr and Pyr+O enantiomers in water spinach

. Intra-day (n=3) Inter-day
Spiked level/
Analyte (ng/ke) Day 1 Day 2 Day 3 RSD/%
neke Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% (n=9)
RS-Pyr 0.25 101.1 1.6 105.7 5.0 96.3 5.1 4.6
5 98.8 1.2 104.9 2.2 102.8 7.2 3.0
100 107.8 1.8 108.5 2.0 105.5 3.6 1.5
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Table 4 (Continued)
Spiked level/ Intra-day (n=3) Inter-day

Analyte (ng/ke) Day 1 Day 2 Day 3 RSD/%

Recovery/%  RSD/% Recovery/%  RSD/% Recovery/%  RSD/% (n=9)
SS-Pyr 0.25 100.0 9.4 96.5 1.9 90.2 1.4 5.2
5 99.9 4.5 94.5 3.0 94.2 8.0 3.3
100 103.6 0.7 99.5 2.0 95.3 2.7 4.2
RR-Pyr 0.25 104.1 6.0 105.8 8.7 101.1 3.2 2.3
5 98.2 4.4 95.4 3.2 97.1 7.6 1.5
100 109.5 1.4 97.6 1.2 98.1 1.2 6.6
SR-Pyr 0.25 108.8 8.3 100.9 6.6 108.2 8.0 4.1
5 103.4 1.9 105.0 1.7 109.9 6.1 3.2
100 108.3 0.7 106.6 2.5 106.3 1.8 1.0
S-(Pyr+0) 0.5 72.6 5.2 83.3 2.0 76.4 2.7 7.0
10 84.3 3.2 88.1 4.5 89.2 2.9 3.0
200 83.1 2.4 91.2 0.6 90.6 0.8 1.8
R-(Pyr+0) 0.5 91.7 8.4 83.9 3.5 77.1 2.7 8.6
10 84.9 4.3 80.9 3.4 83.6 2.2 2.4
200 83.7 2.0 83.3 0.5 92.8 1.6 5.4

x5 MHERSAFHIEEEN B3RP EMRE KR
Table 5 Spiked recoveries of Pyr and Pyr+0O enantiomers in pakchoi
. Intra-day (n=3) Inter-day
Spiked level/

Analyte Day 1 Day 2 Day 3 RSD/%

(he/ke) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/% (n=9)
RS-Pyr 0.25 108.1 8.3 99.4 4.7 109.8 2.1 5.3
5 108.8 33 106.4 1.1 109.6 0.9 1.5
100 108.6 2.8 102.5 2.0 97.3 3.9 5.5
SS-Pyr 0.25 106.4 5.0 103.2 7.8 98.7 2.4 3.8
5 101.5 3.4 106.1 0.7 99.6 2.6 3.3
100 103.5 2.6 98.6 1.9 93.1 7.7 5.3
RR-Pyr 0.25 97.0 7.1 97.2 6.1 102.7 3.6 33
5 105.0 7.4 110.3 2.0 110.6 1.3 2.9
100 105.0 2.1 100.4 1.2 96.6 7.8 4.2
SR-Pyr 0.25 97.1 7.7 106.8 2.2 104.7 3.1 4.9
5 105.8 7.1 109.6 1.4 107.1 0.6 1.8
100 106.9 1.9 107.0 4.5 103.6 6.2 1.8
S-(Pyr+0) 0.5 94.9 4.4 82.5 7.9 85.0 3.4 7.5
10 88.0 5.1 86.9 2.5 88.8 1.9 1.1
200 88.7 0.8 81.2 1.9 87.9 5.1 4.8
R-(Pyr+0) 0.5 100.1 2.6 88.5 33 87.5 3.1 7.6
10 90.1 5.4 85.7 1.4 88.0 1.1 2.5
200 90.9 1.0 87.0 2.0 92.0 5.7 2.9
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