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Discovery and Development of a Novel
Herbicide, Epyrifenacil
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Epyrifenacil is a new protoporphyrinogen oxidase (PPO) inhibitor discovered and developed by

Sumitomo Chemical Co., Ltd. This compound has an industrially feasible, unique three-ring structure

and shows broad spectrum weed control, including grass weeds and some PPO inhibitor-resistant

broadleaf weeds. These attributes are partly contributed by its unique systemic action. Epyrifenacil

also has favorable profiles in mammalian toxicity, eco-toxicity and environmental fate. For the western

hemisphere’s preplant burndown no-till market, a formulated product, Empera EC, was launched in 2024

in Argentina. Further registration in additional countries, including USA, Canada, Brazil, and Australia,

will strengthen the value of epyrifenacil and contribute to global food production.
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Epyrifenacil / Rapidicil

Structure of epyrifenacil
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c. Epyrifenacil
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LI ENE  Structure-activity relationships around epyrifenacil (16 days after foliar treatment), 0 (no effect) to 10 (death)

dose
Compound Structure g ai/ha  Morningglory, ivyleaf  Velvetleaf = Barnyardgrass
Benzfendizone L 8 10 10 10
7Y NYO 2 10 10 9
“\[:]\ oiwr°\ 05 10 10 8
° 0 ° 013 3 8 5
Compound 2 o 8 10 10 10
?T?f SWIS 2 10 10 7
N (o] [e]
05 10 10 7
° :I::[ 013 3 10 6
Compound 3 SE @ 8 10 10 10
NP N 2 10 10 10
}Kﬁti°ym/ 05 10 10 9
O¢ a 0.13 2 10 8
Compound 4 CF N 8 10 10 10
;*\[:;770 [;;4\0/«j(°\~ 2 10 10 10
N © © 05 10 10 10
%Ij; 0.13 5 10 6
Epyrifenacil CF B 8 10 10 10
;*Ti;fp [;;kofquw/ 2 10 10 10
N (o] o)
05 10 10 9
%Ij; 013 5 10 6

e}

A OH N o
T =] \f °“ff

" ) B
Phenol 5 F X

At H, NH,, uracil Intermediate 6 Epyrifenacil
X :H, Cl

uracil

.m Manufacturing route for epyrifenacil
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Lk 53288 Physical and chemical properties of epyrifenacil

Color and physical state
Odor

Density

Melting point

Vapor pressure
Solubility in water

Solubility in organic solvents

Partition coefficient (n-octanol/water)

White powder

No discernible odor

145 g/cm® (20 °C)

970 to 1075 °C

70 x 10" Pa (25 °C), 1.3 x 10™ Pa (20 °C)
391 mg/L (20 °C)

Methanol 46 g/L (hereafter, 20 °C)
Acetone >250 g/L

Toluene >250 g/L
Dichloromethane >250 g/L

Ethyl acetate >250 g/L

n-Heptane 0.67 g/L

n-Octanol 4.9 g/L

Log Pow = 342 (20 °C)

L5 Stability of technical grade

Storage conditions  Storage period Remaining content (%)

25 °C / 50%RH 3 months 100.1
6 months 100.3
9 months 100.0
12 months 100.1

1KY Physicochemical properties of Empera EC

Appearance Pale yellow clear liquid
Density 1.01g/cm® 23°C)

Homogenous for 2 hours at 20°C
(1250x dilution)

Negligible degradation of active

Emulsion stability

Storage stability other physicochemical properties after

3-month accelerated storage at 40°C

ingredient and no significant changes in

SRH

IYY T2 F I NVEERTAHOEAE L TEmpera
A (Y 7+ 55 g/L) L. R TR
20247 V¥ v F  CTPPBDH# & L TES -
L7 (Fig. 4) o
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BN ERT . IS OEWRRE eI IE
57290, Emperafl A O#AL FHE Tl #1H
OEP, BIEMOMAGDE L ZORAROREAL
EHLICER-LZ, $4bb, (1) ¥ 7=+
N ORRERY R & e RAL S 2 BAREEN  (2) SEHIHA
BRIk & o ®AEIALEE,.  (3) w2 e
FAF - BB THILE R ERESRIFCTH D 2
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Empera herbicide bottle
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WAL 72 (Fig. 5) o =¥ 7 = F ¥ VIZPPO2
DOIEVEERIRE CTHE L, ZDIC,, (50%FHE G %
AR 13056 nM72 5720 S HIZEEAEDOPPORE
RBREHITHHS5 7 v 72> (IC, = 1.3 nM) 7V
IFFHTVY (IC, = 22 nM) LB LTHEWET
HolzZ b, T T2 F VN EOCEREEE
BT HLERNO—D & LT, HAi L L 2R kN ©
7 —%4y N THHPPO% L NIKBECHETEXLZ L
HEZOLN5,

150
® Epyrifenacil

100 @ Lactofen

® Flumioxazin

o

Relative PPO activity
ol
o

—

10 100 1000 10000 100000 1000000

-50
Inhibitor concentration (pM)

B 1 vitro inhibition of PPO enzyme by
epyrifenacil

Barnyardgrass Italian ryegrass

EMRIR

1. BRE®HAH
(1) A A Rbee

RO THRZEIIC, T 725 Vi, @
WA EE SN DIRFEHEITIMZ T, A ARSI
xF L CHBiBRRIR % BT %0 MO A A FL3E
FHAOMPE, LDFEHAMRBET, RKELETED
DIZEmperafL#] & 0H L CRraah % iz, 1Em
HHTHE 7N IFFY Y IFEFEMH T+ 758
BE2ELZVD, TEYT72FIIVIE20 g ai/haTIhd
A FFEE 2 IR LB WRIREZR L7 (Fig. 6) o

(2) HEPTPEHE O

— A IRPIEMERIE . — D O BREHNIEBIE T H
% &[] CVEFBSED B O BREFNC S EHE L 2> T
LT ENTFHENL, REITHEE Z>TWwWS, +F
RFEHTE7 A 22O THEEDOPPOREH HEHI
REEMRALNEL R A, Y 72 F VMR
PPOMHERTH B ICHEHL LT, ZNHDRKIC20 g
al /haCTEWsIZRL7: (Fig. 7)

Barnyardgrass Italian ryegrass

uTC Epyrifenacil uTC Epyrifenacil
20 g a.i./ha 20 ga.i./ha

B Epyrifenacil activity on grass weeds

uTC Flumioxazin uTC Flumioxazin

87 g a.i./ha 87 ga.i./ha

Empera EC applied with an adjuvant at 214L/ha, 21 days after treatment

A G210 R128G G399A

Epyrifenacil 20 g a.i./ha

A G210 R128G G399A

Fomesafen 420 g a.i./ ha

Epyrifenacil activity on Palmer amaranth resistant to fomesafen
Empera EC applied with an adjuvant at 214L/ha, 21 days after treatment

7 Copyright © 2026 Sumitomo Chemical Co., Ltd.
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(3) IR
KENZBUTBALEa— v~V FEFEa Y b N
MIBWT, 2018FEDHEFIC, MHFTHRIEAEL Tw
5B REMEEIZ 0 LTy Emperafl#l o E LIRS B %
110720 1B D% W5 TI7 - 72720 PPBD TORER
LR E, ZORE. TE) 72 F T IVITHAFT20
g ai/hal VI IEITB T, IRBEMER L A F R
AL iSO RY vy —FTHL7 )R — 1+
TV NREHNCILHCS 23R L. 20 Fh
SEDRHICEY EHIZEWRINERL7: (Fig. 8) o

2. fERYH

(1) BT

I T2 I NDI=— 7 A4 FREEAORR
BHDRA N = XL T L, "CTIN LV ERT
IE¥YT7x2F Y%, A ACZOE 1 BIBH L&

100
90 | —

80 E—
70 —

3

W

40 -

Weed control (%)

0 W
S o

Epyrifenacil RoundupXtend Epyrifenacil +
RoundupXtend

W average of 6 grass weeds
[J: average of 12 broadleaf weeds

Epyrifenacil field efficacy in USA on
broad spectrum weeds (PPBD condition)
Epyrifenacil: 20 g a.i. /ha, RoundupXtend:
glyphosate 1120 + dicamba 560 g a.e./ha
Applied with an adjuvant at 184 L/ha),
14 days after treatment

1 hour after treatment

Z A, A8EERIRICIZ, EENS VSV BB L,

)& EX P RE

2l
SO RIER»o KT LA WEREDS, 4
5

AR EEANORRIZHFG L TVE I EARBREINT
(Fig. 9) ©
(2) TP

TEORMIMIL L TS N2 BREANL, W HED
MR CTHINMPMR T T2 E0H b, 22T, TEY 72
FIUNVEMBL 7%, ALBICHZFES 550 TR
hEREZA, TR — NN ET S8 554
THEWINEHEFFT 52 AL 72 (Fig. 10)

Bt R - 2E

ZITRIEY 72 VMBI Y 72T
VA DR R 7

1. THFLEMOEM

(1) 2tkHE, RS X O B

IYY 72 F IVEARORED, BEB L OBRAR
BT X 2 2 HEI O THH L D B VW IFHHEIE
MROFEHIFED SN h ol TEY 725 T IVEH
DOEEHE D VT NORGREBRICB VT LD TH
Mol TEY 7 oF VIVEKIZIRB X OB E ISR L
TIRELRBMESD D . B EREREIERD Sk
Mole TEY T F I VAFNIRICH L THEED
T H D . PEIRBIRDFRD iz FFITH LT
FEEORTLEATFED S, HEREE RO S
(Table 5) o

(2) WA, BEHEEL LS AN
9, 4R, T AR WA, |

g

TS &

o

48 hours after treatment

BN Epyrifenacil systemic activity. Labelled epyrifenacil was spotted on the first leaf of barnyard grass

FRILF 2026
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No rain Rain

Epyrifenacil 20 g a.i. /ha

No rain Rain

Glyphosate 1120 g a.e. /ha

S Rainfastness of epyrifenacil (40 mm precipitation for 2 hours, 1 hour after treatment)

LN Acute toxicity summary of epyrifenacil

Test type Epyrifenacil Rapidicil 5.21%EC
Rat acute oral (LDs) > 2000 mg/kg > 2000 mg/kg
Rat acute dermal (LDs) > 2000 mg/kg > 2000 mg/kg

> 2190 mg/m”® of air

Rat acute inhalation (LCgy) (4 h. nose only exposure)

Eye irritation (Rabbit) Minimally irritating
Skin irritation (Rabbit) Minimally irritating
Skin sensitization (Guinea pig) Non-sensitizer

> 5680 mg/m”’ of air
(4 h, nose only exposure)

Moderately irritating
Severely irritating

Skin sensitizer

U%ﬁhﬁﬁﬁ@%%‘l8071+>wﬁ%%ﬁ@
B5956L, WwTFhoBPflickswCdapis
THE ﬁfM%mukLth«®%%%§m~%L
L72BFROONz WThoBEBL YY) 72
YNVOERTHHPPOMEFICHEL 72D THY . |
i TIZPPORHEIZHEKR L7227 bRV T 4 ) VX% H
DE LRV T 1) YEREICX 5 I =, &
MEZ BV TIFPPOREIZ L AN B TIZ L -
THIMA B &R EhzbnLEz shiz',
BHRAMREBRTIZ, T v MIBOWTREBPAMIZAD
SN o 7295, v@xrzwfﬁﬂw%@wwma
FEDFESREERINATRD S, FRHIEE KL e JRIE.
ML 7 E O Bl s iz, 7 A TR
B SN FIRIES 2B LTk, MRt atBic &
DARIVT 4 ) YEREAN LI ER o E R
CEBborEZONEY, vy A TORMAEIC
DWTHFE L7225, BUAREKTH 20 VRV BR

9 Copyright © 2026 Sumitomo Chemical Co., Ltd.
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DBOONT=Z LB P AOIHFEVEL A
IETHY,  bOEPAMEZRETLHOTIERVE
%z 57" (Table 6) o

(3) it - Ferk A
5y b B UYL AR ERRTI. 1
AL AR S0 > 720 59 FETH

V722 R BT AT I BB £ O LS

B SN o720 BEALEOMO BB ORI

BoCi, BB T HHASRAE L, PSR e 57

DoENT, SISO TIIEMARD SN TV

Z&, BIUEHMICE Y EFHOORBIEDZEDONEZ

k#%m'@&%&LiLBU7lfvwE%@E%

W37 <. PPOBLE A L 7= X % — kA3

BwrEz 5N/ (Table7) o
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LN Subacute and chronic toxicity/carcinogenicity summary of epyrifenacil

Species Administration route and duration Dose NOAEL (mg/kg/d)
Rat Oral (in diet), 13 weeks 0, 50, 300, 800 ppm B o
Rat Oral (in diet), 12 months %‘/Iegﬁfzzll%: %)51%03%02%(())0 G%%Irll)pm Ilz“/learlnez:ilz.:ll(()z.go(Zp()%r?))pm)
Rt Oral i dieo 21 months e 015,900,500 00m el 85 @1 oy
o carcinogenicity
Rat Dermal, 4 weeks 0, 40, 200, 1000 mg/kg/d e 200
Rat Inhalation (nose only exposure), 13 weeks 0, 504, 139, 281 ng/L Ilz“/leifa:ﬂlezg%%gﬁé L
Dog Oral (in capsule), 13 weeks 0, 100, 300, 1000 mg/kg/d %‘Aeif;lle(:)%oo
Mouse  Oral (in diet). 13 weeks 0.5, 25, 100 ppm gg;&q%gﬁim
Mouse Oral (in diet), 12 months %/[;f;&: %) 51 %”)521(1)0 ég)g;m %’/Iearlne;l%:log ?lpggm)
Mouse Oral (in diet), 18 months Male: 0, 1, 5, 15, 40 ppm Male: 0.1 (1 ppm)

Female: 0, 1, 5, 20, 60 ppm

Female: 0.1 (1 ppm)

1WA Developmental and reproductive toxicity summary of epyrifenacil

. Administration
Study Species route and duration Dose NOAEL (mg/kg/d)
Oral (gavage) Maternal 20
Developmental Rat Days 6-20 of gestation 0. 20, 60, 200 mg/kg/d Fetal 200
toxicity . Oral (gavage) Maternal 250
Rabbit Days 6-28 of gestation 0. 80, 250, 750 mg/kg/d Fetal 750
Male: 5.57 (100 ppm)
Parental Female: 10.31 (100 ppm)
Two-generation
. . . Male: 6.62 (100 ppm)
rep.rqductlve Rat Oral (in diet) 0, 10, 30, 100, 300 ppm  Reproductive Female: 2263 (300 ppm)
toxicity
Offspring Male: 6.61 (100 ppm)

Female: 7.70 (100 ppm)

(4) FhEaE
Sy MR HWAND X OELA%MREERBR T
3, fREEEIERO SNk o7z (Table 8) o

(5) HEfEEHM

AAIF T AWB LK % 71505 28R4
RER, F v A =— AN A 2% —lidskCHLANL % H v
Te Pt AR R B X OVTOMIIL 2 w72 d 5 122 0%
BRRE, <7 AR M LR R. Wi
e TH-72" (Table 9) o

2. B9 - EHAH

(1) Wiz BiT AR
IEYT72F IV %ETy MIROKG LT A,

RPN ENTEFIIHA L, TICHEB L ORD

FRILF 2026

SRS N7, 2548 F TIZ90% L. EASHEE S
. HEEANOFREYE - EREEREO SN ah oz, £
BB T A T VS OBZUC L 2 A VK Vg
RBWER, 7V VEBROL Fux v WbB L H
MaoEit, ¥V Y rEfion—5 Vg o,
75 YIVEROBMZIZ X B A FVRERBY O L
Tho72"7,

(2) W2 BT BACH

MCHER AR Z W TSR 25 (FyEoa
V. FAXBIRL Ty T TS F) CTRFRBEE
fiL7zEZAh, WThOIERIZBE TSI ) 7 =
TVORMBERRILIZIZFBE T, EEAH ORI,
IATIVEEAORAL ZNICHL =T VG DY)
Wiv 7=/ —VHKEBIED X F VL, 7T Y IVERD&E
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L ERN  Neurotoxicity summary of epyrifenacil

Administration

Study Species  route and Dose gnoéf L/ d)
duration 8/Kg
Acute Oral (gavage) Male: 2000
neurotoxicity Rat single 0. 500, 1000, 2000 mg/kg/d Female: 2000
.. Male: 289 (500 ppm)
Neurotoxicity .
Subchronic Rat Oral (in diet), Male: 0, 60, 300, 500 ppm Female: 54.0 (800 ppm)
neurotoxicity 13 weeks Female: 0, 60, 300, 800 ppm Male: 3.33 (60 ppm)

General toxicity

Female: 20.0 (300 ppm)

LR Mutagenicity summary of epyrifenacil

Study Study design Results

Reverse mutation S. typhimurium: TA98, TA100, TA1535 and TA1537

(Ames test) E. coli: WP2uvrA Negative
-/+S9 mix: 156 - 5000 ug/plate
Chinese hamster V79

In vitro gene mutation -S9 mix: 1.9 - 60 ug/mL Negative
+S9 mix: 3.8 - 120 pg/mL
Chinese hamster CHL/IU

. . -S9 mix (6 h): 156 - 625 ng/mL .

In vitro chromosomal aberration +S9 mix (6 h): 31.3 - 125 pg/mL Negative
-S9 mix (24 h): 156 - 625 ug/mL

Bone marrow micronucleus CD-1 mice Negative

500, 1000, 2000 mg/kg

TEET T UNBRORERTH Y., ER L Ho—E8
BRI AT NG EE 2 5N,

3. REEHHLURY
(1) KB 25 1#

MCHLERAR & 22Kk S R RER T, T 7 2 F
YVIEpHADE P TLRETH D ZOFiE 1
ELE (25T) TH oo pHTB X UpHID R i h
2B 525C ToFRIEEhEh38-45H B & UF045-
058HTHY . TATVIEAEDHRE ZNITHL VT
VIVERAMI O FR XY IUMER LN T Y IVEROM
BUCE DR LTe T2, pHODBRBHICBIT ALY
)7 = F VOSSR (L#E40C O Z o KBt
Hsifil) 136.1-95H TH o720 A ERE T ToOTE
NG EREIENE 7 = = VR OB T v # kB & OKEE
fbEZhichid 7z 2 VvEMMOBEFILB L U7 =
SNWVERLECY I VROBLIGTH ). SR OMES
SH D A 1 % % TR LR 1 F Tl L X
nNsEEZ N7,

(2) Bz BT 2 HH

UCHERIRE 2T T =) Y OV ORFRI T
BN T OM KB (20T) 12, 011-040H T
bHole T TIEFME ETORIIEIEN X 012

11 Copyright © 2026 Sumitomo Chemical Co., Ltd.

EENF, 20 N (20C) 1366-359H Th - 72,
FEPTOERPRREEL, TAFVESOBL L
FH T =T VEEDOHE, 7T VIVEROEILE
Mroe FaF i bz s iy 7 Y VEROBA TS
D, RIS RALR R IE S TUD b, R AR
BT 2L EZ N,

(3) LuEpk

KEOM# I & A F 5 OIEBIC ) 7 )
WHA %40 g ai/ha®EETI4H Bk T3mIHU L7z
EZAh, mEEREIEREIZ0.026 mg/kgTHD., wih
DEETHRD THR I L LR i3 %121
R BRF AR % 5 720

(4) TEERATHE

Ju4 v b) v eEERAE D LIk EY
7 = F VORI FEEA R CHIE L7 RIS R
Koo & OB K o132 215123335 & OF
215-426TH - 72,

(5) TEpFR

I¥Y 72 F I NVAHKAE20%F 721340 g ai/hadE4
TIaA¥, byEQaY, ¥4 X, 43977 5F
DR O L AL L 72 & 25, WFho
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| FRBERTE ) 7 17 2L OFE RS |

FECTH YY) 7 2 F TV OEEEE I EERART
(<0005 mg/kg) THo72,

(6) BVEmIREA

I 72 F Y IVEA %40 g ai/haDE & THEEIC
LA LEE L — I 1c 2 A%, KR, LY 2% 3%
HMLABTLSEZLEZA, WFhoEW T Y 7=
F ¥V ORI E BN (<0005 mg/kg) T
HY. BIEWICRIZTTHEIRNEEZ SN,

4. FEENEYICHT IHE
IKFEBNREY, HiREIW B X O BHICBT RS
%Table 10ICEH L 72,

(1) AKEBYREY N3 5 Fo2E

IYY 7 2 F IVEAROM, BHEEB L EHOS
PE#HMEAE (LCs0/ECs/ErCyy) (& ZNEN27, >328
X 0%0.0022 mg/LTHo7ze TEY 7 2F Y IVOHEHHIC
x5 % AR L LRI W 72 O DS U ETH B,

(2) HiEEWIIATS 2B

IEY 72 FIVEROE AL I IV NFRERICE
RO B X O S coatkmiki (LD 132
NEN>20B L O>100 ug/BHCTHo720 TE¥Y 725
TIVHKI O FAME (Aphidius rhopalosiphi) 3 & Ul
B = (Typhlodromus pyri) (2B 55T
OEMHEEME (LRy) 13W3Fhd>120 g ai/haTh-
2o INHOZERNS, EiITOIEY) 72 F Y
DOFREEIWI KT T BIIE N E 2 bz,

(3) BHFIKT 258

LY 7 2 YVEARO < TEICET B 2R
§9< . RO E- TOLD,HI3>2250 mg/kgTH Y. %
HHTOIEY) 7 2+ 3 Vo BEIC KT R K

&%‘2_ b7z,

Plkkh, €Y7z F I VIIMABWIIHT 258
PEREVEIZES < B L RO SN L h oz T2,
RO 72o THIL72E LTH e MW L THEPA
PRI L O BI Wb DLEEZOND, F72,
EH B RSP TORE), IFEEREWIET 5 BT
I IEONTRELMHP TR TH L EEZHN 5,

BHYIC

PDricvEa—L7zk9ic, ¥ 727 VMg,
FWERBEAET20A% 5T, FAL A 2 T ¥
PORFMICHMECXLERATNG, MA T, #H
P AR BRI O RS RERT T I NEED
FHEEIZBWTEHELZAETHEEZOLNS, TDOX
I LR 2 Bifli 2 fLA A D, BIZEE T2 5 FEIC
PO O A 28T, 20244E 12T VEYF LI
WS - ETlid iz, % REL A+, 75T
V. F—=A b)Y T TOLEEDREN D, APHEZES
L 25D LEEFMTED H05, S, A—KR>
Za— b INOBEIPOERBEINTEY, T¥Y 7
F Y VIIABHREEENC BT 2PPBDTOME KA A
NLEDOALLT, T T2 F Il n)y— a2
THEICARPHEERESE R LT hb 2 e bifrsh
%o BB, TEY T F YVICTHEDEY D B
EhooH 0, ZOEMNIFTHOOTTRE A K 3 h
3 LRIV TREROERE AN, Z .
HHROMERICETAZ LD FHENSE, Y
7 F VIVICHT AP O B A ER BT
5500, HOEREEORERtOU—F— g >
RPREZHL DS, €Y 7 F DS, FHEThE
B CTEEAEICEML TV ZEEREL TV,

LK ENIN  Ecotoxicological summary of epyrifenacil on non-target organisms

Test substance Test species

Test type Results

Epyrifenacil TGAI Aquatic organisms  Bluegill sunfish

Daphnia magna

Acute (96 hours) LCs = 27 mg/L
Acute (48 hours) EC; > 32 mg/L

Green alga’ Acute (72 hours) ErCs, = 0.0022 mg/L
Arthropods Honeybee? Acute oral (48 hours) LDy, > 20 ug/bee
Honeybee? Acute contact (48 hours) LD, > 100 ug/bee
Bird Bobwhite quail Acute oral (14 days) LDj, > 2250 mg/kg
Epyrifenacil EC Arthropods Aphidius rhopalosiphi  Acute contact (2 days) LRy, > 120 g ai/ha

Typhlodromus pyri

Acute contact (7 days) LRs > 120 g ai/ha

*1 Raphidocelis subcapitata

*2 Apis mellifera

TGAL technical grade active ingredient
EC, emulsifiable concentrate

FRILF 2026
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