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Analysis of matamifop and its metabolic products
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Abstract: Utilizing ultra-high performance liquid chromatography-quadrupole time-of-flight mass
spectrometry (UFLC-QTOF-MS/MS) technology, and employing the larvae of mealworm (7enebrio
molitor) as a model organism, this study developed a new approach to discover and accumulate
chromatographic-mass spectrometric characteristic data of metamifop metabolites in the absence of
comprehensive metabolite standards. The metabolic pathway of metamifop in 7. molitor was further
elucidated. The study identified 21 metabolites in the excreta of mealworms larvae that were fed a diet
containing 2 mg/g of metamifop over a period of 15 days. These included 14 phase I metabolites and 7
phase II metabolites. Among the phase I metabolites, beside the reported compounds such as Metamifop
monooxide, Fenoxaprop acid, 6-CBO, HPFMPA, HPPA, and HFMPA, eight were identified for the
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first time in any biological system. It was also observed that these phase I metabolites underwent

transformation into corresponding phase II metabolites through three primary pathways: Conjugation

with amino acids, glucose-sulfate esterification, and sulfation.
Key words: metamifop; Tenebrio molitor; metabolite; UFLC-QTOF-MS/MS
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B2 B R I (9 8 A6 AT R FE 22 B (MeCullough
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A, 2020) . 25FEAEH (MRS, 2019; Zhao et al.,
2019) DA M 24 B 1 2P (Deng et al., 2019; 2 F-&
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PR A o el AT & B0 0K L BB 20 A YE R} (51
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EAEVEF (L et al., 2014) %5, FRATTH0LLL 8K AR
JtERAE Y, FFH UFLC-QTOF-MS/MS 4% R #F 5%
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R e 2SRV €535 — DU AT H3 K v 43 KA T I [
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AB Sciex TripleTOF 5600+ ) ; %(#}i 5 T (PeakView
1.2, AB Sciex) ; W& M 5 i (BB A5 BE 2, 4l )%
w>98%); 6-54-2-AJFIEMEH (6-CBO, 6-chloro-2-
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WAl CNE(Akal) s HiRE (fakal); #alik
(Millipore Milli-QA) ; B #; HU AN (Z5K) T 7R
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FH 5 9=10% TR £ T 1) Y B A 24 E 1)
B, W —E A BRE 65 °CHEAE 2 h LI I
B, E R EIRGTESHINEFRE 1 2 000 mg
A2 HR e A2 FRI S B T R M — o ) 25 ) R
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PEFERS), WEOGCE A AL ) 58 2R I RT,
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YEUHE gy 20 ] B AR U A, 4R 10 mg/
mL (25 {5/ ) £ IO A R b HLAE i 3 A7 5T 3
M

I A i 75 i 1 6-CBO 437 i il 11 0.02 mg/mL
FH B Y1 S TG 3 ot IR, SO s Al 2 1Y
FH T R TR R PR 0.02 mig/mL 1 25 366 o %) B
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2.2 JRIEFH

Jo T P 25 B L (ESD FL R, 35 1R
JZ(TEM): 500 °C; Z5 4 (GS1): 55 psi(1 psix
6 894.757 29 Pa); Jii i {i[H (TOF Masses): 57
100~1 000, FE5750~1000; A7 (CUR): 40 psi;
HEFLHLE(DP): +80 V(IEE 7)), -80 V(&
TR ; B FmIZHE(ISVF): +5500 V(IEE T
B, -4 500 V(7RI #lEERE (CE) -
+40 VOEE TR),, 40 V(T 7)), i
HERAEE(CES): 20V,

DI BAKHEUR #2454 (IDA , information-depen-
dent acquisition) i 77 ZUREEIE . REAEIRERE
8 ™ 5 1 B 1+ [ B i & — %4948 (TOF MS-IDA-8
MS/MS) 5 SRAE S BRI . BEESF0.15 ms,
T EF0.1 ms; ZhAHFEHER(DBS): Fi-

2.3 WHEEH
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2.1 mmx150 mm; JFEEIFH: A B w=0.01% H fREE K
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FER 40 °C, #EFEE 8 uL.
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Table 1 Liquid phase gradient elution procedures

B[] /min Wi BAH B/% Wit A%

0 4 96
3 4 96
15 87.8 12.2
16 99 1
20 99 1

20.1 4 96
23 4 96
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Ko i Kl TR 2 35 B LU0 5 0 A R AR
DL, S5 SCHRARIE , VA4 H I e o 5 fe o 2E
W E DA 21 AR (3R 2) , AR ™
Yr1ash, DL 7 ARIARARIE Y, Hoh 9 AR =
TEA B R R AR B T
3.1.1 DR = ER RS E PR Y
Ko 3] M, I B I [ M+H " m/z 441.100 77, HRT
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Fig. 1 Molecular structure and major cleavage pathways of Metamifop
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R A W IR G i B 43 T4 A, 4G A TR 25 R
RRAE R, XA AR S = P R IR AT T 0 #T
WAL B T WA O e A SRRy AR PN 2 B 14 T
FACH =

M,: [M+H]" m/z 198.092 48, H — %% & 4> ¥t
i1 5 HFMPA BUSHE B AR 0 F W) &, 49
[T 5 % AR (2020) MAAF, ARYERE R m/z 180,
152,103 #El A o7 1% 24 i A2 (g o b it : BT 2)
WIS [M+H " m/z 198.092 48 “5 HFMPA

M,: [M-H] = m/z 288.103 84, [M+H] "~ m/z
290.118 9 5 HPFMPA )85 iffi #H X 43 It it 3L
W4, MR E 9% B m/z 180.082 1. 152.087 1,
137.059 4 4= 11 J57 33 % fiff 3 42 (315 58 1H RR - BRI
3), 254 % EIA(2020) K% Moon et al.(2010), ¥
W74 HPFMPA .

M,: [M-H]" m/z 167.985 74 5 6-CBO % i #
X F Y A, IR E B i
WA 1ACL AR T ek E L 44>
ki, H %5 m/z 132.008 6. 76.018 7 4 [F]
(s b R : BN 4), SArantexs, R IBR IR
6] 10.5 min {9 (43814 5 6-CBO X IR S MR, HA (@
T UG 187 SR AR LB L DN B A T R B ]
10.5 min [ (2151044 6-CBO.

M, AR I T B e o3 A 4, ke T S ]
PIA L HFMPA, L4 7] fig 4= 1% 9 4- (6-chloroben-
zooxazol-2-yloxy)phenol (CBOP) (Moon etal., 2010),
PLUEAR B5 , MR AR s h $2 B [M-H] - m/z
260.011 99 1y &§ F 0, [ 07 %= F B2 I os & A
14~ Cl, K8 AHXT 73+ it it 5 CBOP(C,;H,CINO; )
W14, H &4 6-CBO M [E 1 i m/z 167.986 0.
151.990 3, 116.013 9(M,) (343t j - fiFIE1 5), 4
TRUH AR S S AT, P15 N CBOP, J1R
AR AH W] D8 B I IR] B E 25 1 [ M+H " m/z 262.026 12
INRABE, 1E B F 4% 7 5 Moon et al.(2010) 4%
TEARFT

M,: [M-H] m/z 425.071 3 () — % Ji 3% ( 14 5
R - BT 6) SRR B 1A CLAY RIS 2 =5 B He 9 4
1IE, AR W R 5[ CBOP-H ™ m/z 260.012 7,
K5 CBOP MRl B9 ¥ A m/z 167.986 3. 151.991 4.,
116.014 3, X HA IR A HATHEN , ¥IL %0 N
WL e G e N ARk B FR 3R R Y (R) -2- (4- ((6-
chlorobenzo [ d | oxazol-2-yl) oxy) phenoxy) -N- (2-
fluorophenyl)propanamide (CBPPPA ) .

[M-H]" m/z 471.074 4, — G HARXS 73 1

5 R A VE A PR B AR AT, (A i e £ B B[]
16.09 min 5 CBPPPA M [F], H 2% R & 1/ fi
AHTA], PRt ) 4 [ CBPPPA-H+HCOOH |-, i Jf:
A CBPPPA.,

M,. M,: CBPPPA I N % ] R i#F — 25 i b 5k
A& Az 1 (R) -2- (4- ( (6-chlorobenzo [ d | oxazol-2-yl)
oxy ) phenoxy) propenamide (CBPP) , i Jiii i %8 1k
A R TR S R BE iR (FA |, fenoxaprop acid ) (Moon et
al., 2010) , M R & H G 42 B E [M+H] " m/z
333.636 6 (M) 5 CBPP [ BRI A X 73+ it & 20 AH
£, M,IM-H] m/z332.033 1. [M+H]" 334.047 68
5 FA WS AR 3 F BT i BOMAT , P& A AR 53
F 5 ARG IR B P R A om/z 288.043 2,
167.985 1, H 5 AR 52 I AR X 43 o7 £ 4k 55 1 43
FRWA, HPh FA ST T (2020) AT, 456
TG AR I A SR A 1 (R R R 7)), S
) CBPP 5 FA

M : FA 04 F 45 4 32 75 Tk 5 0By 24 7] 4 1
6-CBO, 5 (R)-(p)-2-(4-hydroxyphenoxy) propionic
acid (HPPA) , M ECdls i 42 B3 M. [M-H]~ m/z
181.050 815 HPPA Pt A XT 4 F i s BUAH AT, H
FEAE m/z 108.022 0. 109.029 6 AUARE T 5 7 ( 8%
FE T 5% 5L ) (34 5 W : BfF BT 8), 454 Dong et al.
(2017) 738, W15 1% 4H 57 4 HPPA

M,: [M-H]" m/z 142.005 9 [l 4y £ 3 JF Ho )
INEA AN CLOE 58 0 i< B 1L 9), KR AR XS 435
575 2-8 H-5-F K (ACP, 2-amino-5-chlorophenol )
WG, BARKRER HITRE, (3555 X IR
B, W04 R ACP, I Sy 28 - W BRI BR A=
Moo M IM-H]~ m/z 221.963 33 () KW A m/z
142.006 6 [713H , FXEIE T ACP fF7E. ACP L
S Ak 2= A B E W T B 7 o ] 4R (Moon et al.,
2010), KB IRATTRE: 22 - W Fk 5 g S5 2 4 i I 245
THER O SEATAF A 2R, KRR 2] ACP, HEBR
ACP FEAE R AT Btk

M, ~M,, IR AR T IR B = ) 8 A

M,,: [M-H] m/z455.081 2, MIXI2rF i I
JR2 216, HI %08 IR 25 A0 AR R B AR AR E
W B B M, MR R BE A m/z 260.011 9. 151.990 7,
116.013 7 HEBR 1 484k & A 70 FOR VEE R Tk A 1 1Y
AREME, HED AR A R A TR AR SOR B R b (g A
Wi B 10), 3k 545 25 XS A 45 AN R (B 5 B
Z5,2020)

M, : [M-H] m/z 348.027 85 M Xt 5r 7 i &t kb
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FAZ 16, $#ERHATEEN FA WS ALY), —9UFi%
YRR m/z 276.007 7, 183.984 1, AHXF 431 it
55 FA XF % B 8 F- m/z 260.012 0, 167.986 0 £ 16,
e b K A e S E R IR b B TR R
T om/z 167.985 2 5 FAAHAF, AR 4 — 2ot 43 4
[FA+O | % fam A2 (o it WL - BRI 1), [R]E A IE
B R ACRAE TR B [M+H ] 350.042 73, {8
B5F 1] [F] 24 10.5 min, AHXT 53+ 5 3ES{E VL AL,
WIS AL FA

M,,: [M-H] m/z 183.980 59 X 4 7 i & [t
6-CBO £ 16, -4 0 X} 73 F ot & A6 3 19 658 o m/z
151.987 2, 4 it 5 AL FA A # B 5,
148.002 2 i 5 iiE FR A8 AL 1 A7 AE LS 1l S AR
BRI, AR A SRR A (3 5
Ji: BT 12), %EaE Ty 4-555£-6-CBO.,

M,: [M+H]" 306.113 61 4 X 7> 1 J& 4= b
HPFMPA £ 16, £ 28 73 41 m/z 137.058 4,
109.064 9 5 HPFMPA T 45, H:H m/z 197.087 6 [t
HPFMPA [¥] m/z 181.089 5 # X%} 7> F & £ 14~ 0
(35 R - BN 13), i B R m/z 177.077 1248t
S EEP SN RN VA WA o oS P N 7 N
A IM-H] m/z 304.099 35 (IR E AR EIE, %58 K
A AL HPFMPA .

M,: [M-H]  m/z 441.065 36 5 [M+H]" m/z
443.080 69 FH X 43F i i k. CBPPPA £ 16, A4
X i 5 P4 Ak CBPPPA LD, S Tl Y
T R/WE R m/z 260.010 7. 151.991 1 5 CBPPPA H
&, IEE T 965 A m/z 154.066 0 L CBPPPA Ay i
i m/z 138.070 8 XT3 F i £ 16, HEWH m/z
288.042 1. 260.047 8. 119.049 1 5 CBPPPA H &
(I 1 b - B 14), BN AR B R AR AR SR R
FEER L, PRI S5 72 S H 4 ik CBPPPA .

3.1.2 1AM =S oA R 2h K LA ™
PR B BREE . R SE A AR i = i o &
b 3 Fhag AR AR O R B TR 7= 9

1) SEERES

M,;: [M-H] m/z 389.054 47, [M+H]" m/z
391.069 41 AHX} 73+ it f L FA £ 57.021 47, HHL
T FAFREE I R 58 1Y H 28 R 5% 5 i RH X6 43— Joa o
SEARWIE s — R B B A CLY R 3R 4
fE, W34 m/z 260.012 9, 167.986 0. 151.991 1
(Hasm I IR 15) S FAWI &, Fr LU Z B +

= FA 5 H &AM (Gly, glycine) 45 & 5 09185 9
FA-Gly.

M,;: [M-H]™ m/z 403.069 6, [M+H]  m/z
405.084 71 lb E R F M FAMEXT 4 F i 2 £
87.031 94, SHUR T FA I I (R I TN & R 5%
FLRY AN R S WG — G B R
W B CLIY R A R 0, B 93 A m/z 260.017 8,
167.983 9. 151.990 5 5 FA W &, Fr LA #fE W7 i%
B T & FA 57N %M (Ala, alanine) 45 & J5 15 3
1) 1G5 4 FA-Ala .

M,,: [M-H] m/z 419.064 48 [t FA-Ala #H %} 43
TRiEZ 16, HEN N RAMNFA-Ala, /68
M — P B A R HE T Ay 7 0 o R AL R
(C,H,N,O,Cl), M TET#HF> M S5FAYE, HE
T A A R A T EORNE M R TiE [ () AT B, HETIZ
B2 FA-Ala A2 85 76 9 2 R % 35 1 3 & A 4R
FCE R, T F m/z 389.056 4 g A T HEHE (1558
R B 16) o

M,¢ [M-H]'m/z238.0719, [M+H] m/2240.086 8
b BB HPPA MY 3 i £ 73.016 73, 5
BUR T HPPA F2 3t [ 2 1 H 2R % ik i A X 43
i e e A, H R A mz 137.061 2,
122.035 8 5 HPPA AH{EL, #2045 i HPPA 5 H &
R 45 5 B4 HPPA-Gly (R4 8 R« FfFE 17) .

2) WRERERK (Sul, sulfate)

M,,: [M-H] m/z 221.963 33 %20 7 i & 1
ACP £ 79.956 73, b i IR Mg 5% %5 AH X 43+ ot &,
TR m/z 142.006 6 5 N ACP WA (355 1
Fi: B PR 18), 9125 55 8 14 B T8 ACP 5 B R i 45
A4 ) ACP-Sul,

M,,: [M-H]" m/z 263.938 4 X} 43 7 [ ik L B
A4k 6-CBO £ 79.956 73, H. &4 m/z 183.981 3 Y
TG R (R R B 19 ), I A PR AR K 6-
CBO-Sul (CHNOSCI) , H H i g i — ¢ H &5 Bif
KAEPEESR

3) SEHERHRREESLES

M, : [M-H] m/z 409.995 2 # % 43 F i & I
6-CBO £ 242.010 29, 5H{L6-CBO I #5114
R 1% TG 5% 25 P AR X 0 T — B — S o R
o P B CLIR R e, R R o B BT
6-CBO . i % ¥ i B2 i 5% & 5 Wi W2 IR 25 ¥ 0%
m/z 241.001 8. 167.986 8. 96.959 6 ( 14 4% i i .
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BRI 20) , #5018 F /& 6-CBO-Glu-Sul, [F] AT,
F R0 1 R e T R, PR B iR v T
Sy FRIAMIL,  FR DL 6-CBO S5 HE3E SRS, A& ¢
3.2 EMBERESEHHRPORESEE

R T W A R i N A 7 ) ) 3 e A
FAT A A s Ve R A B Ry U B AR R AR
(Pl 2) o 3k SR 8 4% AT LA i AR e o 5 e 7 |2
RN AL AN HE M L AR, Ak — 2B i o e
AR T EEL R,

YT FA IR ™ Y 7E e AR vh

() o5 Bl R, AT 0 R 5 e 3 o 7K figf ot PR i
J5 JE 1 CBPPA, 5 # % AL I 20 ¥ 1 FA 5 CBPP,
Ifif CBPP i — L S AL i 2 1 7= )t J2 FA, X & IE
A O 75 i 7E By R AR Y 2 e i R e Al
Al LA i O- i ke AL [A] B 7= 4= HPFMPA F1 6-CBO,
Pl K HFMPA F1 CBOP., W& il B iz i ] D3 3 4
A7 A AR AL TR R PR B Y . FA AT LLSE 2 O- 3 e
fk TRl 7= 42 6-CBO HTHPPA . 4B Ak 7= Ak 48 AL FA,
X% FA HEAGI B9 F 23545 . 6-CBO Ml i) 48 1k ™
A M5 4L 6-CBO.

Fe2 WM P R Bk Bl A PR A AR T )
Table 2 Metabolites of metamifop in mealworm Tenebrio molitor
iRk €7 SIHTEs R
ﬁ%‘% LR N v
. B4 fa]/ R ‘ X R R
— i ) R LR 7 B2 73 o o
min i 107 2
288. 0410, 180.081 1,
M, 441.10077  15.90 [M+H]* metamifop C,,H,CIFN,0, 440.09391 -1.0 J§z}
123. 059 6
180. 080 5, 152. 085 3,
M, 198.092 64 9.03 [M+H ] HFMPA  C, H,FNO, 197.08521 0.8 IM
103. 053 5
180.082 1, 152. 087 1,
290. 11892  11.02 [M+H]" HPFMPA  C H,FNO, 289.11142 0.8
M 137.059 4, 123.059 9 I
2
288.103 84  11.01 108.217 [M-H]- -1.1
M, 167.98574  10.50 132.008 6, 76.018 7 [M-H] 6-CBO C,H,CINO,  168.99306 =-0.2 Il
167.985 3,151. 990 3,
260.011 67  13.49 [M-H]- CBOP C,H,CINO,  261.01927 -1.2
116.013 9
M, I
167. 987 8, 139.986 2,
262.026 12  13.50 [M+H]* -1.6
93.0373
260.0127, 167.986 3,
425.07119  16.08 [M-H] CBPPPA  C,,H CIFN,0, 426.07826 0.5
151.991 4 e
M, I
425.071 1, 260.012 7,
471.076 44 16.09 [M+HCOOH-H ] -0.1
167.9857, 151.991 1
288.0425,167.9799,
M, 333.06355  12.95 [M+H]* CBPP  C,H,CINJO, 332.05638 -0.3 Il
165. 060 2 ’
260.0120,167.986 0,
M, 332.03308  11.93 [M-H] FA C,H,CINO, 333.04040 -0.1  T#f
151.990 8
137.060 7, 108. 021 5,
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Fig. 2 Presumed metabolic pathway of metamifop in Tenebrio molitor
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