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Discovery and Development of a Novel
Pyrethroid Insecticide
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Satoshi UwaGAwA

Metofluthrin (SumiOne®, Eminence®) is an exciting novel pyrethroid discovered by Sumitomo Chemical
Co., Ltd. It was registered in Japan in January 2005 and has now been under worldwide development for envi-
ronmental health use. Metofluthrin has extremely high knockdown activity against various insect pests espe-
cially mosquitoes, as well as relatively high volatility and low mammalian toxicity. This is applicable to not
only existing formulations and devices such as a mosquito coil and a liquid vaporizer, but also various new
type products such as a fan vaporizer, a paper emanator and a resin emanator. It is noted that knockdown
activity of Metofluthrin is more than 40 times higher than that of d-allethrin against southern house mosqui-
toes in a mosquito coil formulation. This paper describes the discovery story, insecticidal efficacies in various
formulations, synthetic methods and safety evaluations of Metofluthrin.
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11578 Knockdown efficacy of tetrafluorobenzyl
derivatives against Culex pipiens pallens
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Compound KT50 (min)® KD% »
2 55 60
4 Me 38 94
8 OMe 52 70
9 CH20Me 27 100

a) Large chamber cage method by a non-heating formulation
KTs0: time for 50% knockdown calculated by the probit method
b) Percentages of knockdown mosquitoes afer 60 min

goboogdaoo

1n0goobooon

0000000000000 U0UTable 300 0O
gbooboobobooboobooboobog
goboboooooobboboooooobobbooo
00000020000001.96x 103Pal 000
goboboooooobbbooooobobbooo
0193mm?/§1200 00 0000000000000
gobogooogon

20000
OO000o0ooooosooe0noooooon
00oo0ooooooopooooooooooos
000000000 00Db0000Table 40103
O00000Db0O000oDbOO0O0O0DdTable 500
goboboooooobboooooobobbooo
goboboooooobboooooobobboooo
goboboooooobboooooobobboooo
goboboooooobboooooobobboooo

oooo 2005-1

1515 Physical and chemical property of Metoflu-

thrin
Molecular formula CisH20F403
Molecular weight 360.34
Appearance Pale yellow transparent liquid
Odor Slightly characteristic odor

Specific gravity (d420) 1.21
Vapor pressure 1.96x10-3 Pa(25°C) (Gas saturation method)
Viscosity 19.3mm?2/s(20°C)
Flashing point 178°C(Cleveland open method)
Distribution coefficient ~ logP=5.64 (Ambient shake flask method)
Solubility Water : 0.73mg/L(20°C Saturated solution method)
Soluble in following solvents
Acetonitrile, Dimethyl sulfoxide, Methanol,
Ethanol, Acetone, Hexane
Thermal analysis thermogravimetry : Weight loss by vaporization was
observed from 91.8°C.
Differential thermal analysis : Fluctuation by vaporization with decompo-
sition was observed at 202.7°C.

LI Stability of Metofluthrin

Storage 25°C 40°C 25°C
conditions 60% RH? 75% RH? 60% RH?

In the dark In the dark In the dark
StoFage 12 months 6 months 36 months
period

Container Epoxy Plastic Epoxy Plastic Epoxy Plastic
resin-  (PPM) resin- (PPP) resin- (PPD)
lined  bottle lined  bottle lined  bottle
can can can

Content  Stable Stable Stable Stable Stable Stable

Storage 50°C 25°C

conditions 100% RH®
In the dark In the dark

Sto.rage 6 months 3 months

period

Container Brown glass bottle Brown glass bottle
with airtight stopper with airtight stopper

Content Stable Stable

a) Relative humidity
b) polypropylene

115 Stability of Metofluthrin in various solvents

1%w/v)
Solvent Recovery rate (%)*
Acetone 100.8
Methanol 99.2
Ethanol 100.6
2-Propanol 99.5
Kerosene (Isopar® M) 99.6
Isopropyl myristate 99.6
Alkyl benzene 99.7
Propylene glycol 97.3

* Recovery rate of the sample which was stored at -5°C expressed
as 100%
Storage condition : 60°C, 1 month
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LGN Stability of Metofluthrin in various carriers

(1%w/w)
Carrier Recovery rate* (%)
Radiolite® #200 100.0
Tokusil® GU-N 100.2
Kyokuho Talc 96.9
Escalon #100 90.5
Bentnite Fuji 90.9
Fubasami M Clay 22.9

* Recovery rate of the sample which was stored at -5°C expressed
as 100%
Storage condition : 60°C, 1 month

114 Stability of Metofluthrin in water* (25°C)

pH Recovery rate (%)
6 days 14 days 30 days
2 99.6 100.0 100.0
7 100.0 100.0 100.0
10 100.0 99.5 99.3

*0.2%(w/v) Acetonitrile/Water Solution

1 Photo stability of Metofluthrin

Compound Recovery rate* (%)
Metofluthrin 98.2
empenthrin 82.7
d-allethrin 6.9
prallethrin 11.2

* Initial recovery rate is expressed as 100%

Test condition

Test Sample : Filter paper (®5.5cm)with 20mg of compound was
put on a glass petri dish with quartz cover. Slit was sealed with
Teflon tape

Temperature : 15°C(ave.) [10°C (min.)-22°C (max.) ]
Accumulated illumination: 7.56x10% 1x - h(6h.x2days in the
sunlight)
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L Lethal efficacy of Metofluthrin against san-

itary pests*
Compound Culex Aedes Musca Blattella
pipiens albopictus ~ domestica  germanica

Metofluthrin 0.0015 0.00047 0.24 1.3
d-allethrin 0.038 0.023 0.21 2.9
prallethrin 0.0056 0.0050 0.13 0.59
d-tetramethrin ~ 0.0096 0.0036 0.28 7.8
permethrin 0.0028 0.0012 0.013 1.5

* LDso(ug/female adult) by topical application method
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1NN Knockdown efficacy of Metofluthrin coil
against Culex pipiens pallens

Al Conc. % w/w) KTs0 (min)»
Metofluthrin 0.013 49
0.02 35
0.04 22
d-allethrin 0.2 54

a) Laboratory susceptible strain
b) Large chamber (28m3) free flying method

1ERIENAN Knockdown efficacy of Metofluthrin coil
against Culex quinquefasciatus

Al Conc. (% w/w) KT50 (min)?
Metofluthrin 0.01 40
0.005 60
d-allethrin 0.2 75

a) Laboratory susceptible strain
b) Large chamber (30m3) free flying method
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1ELIEN P Field evaluation of Metofluthrin coil in Bo-
gor, Indonesia

AL Conc. Collected mosquitoes*  Reduction
(% w/w)  Pretreatment Treatment %)
Metofluthrin ~ 0.005 210 18 93
transfluthrin 0.03 187 26 88
d-allethrin 0.3 188 27 88
Control 256 303

* Predominant species was Culex quinquefasciatus

1IN RN Knockdown efficacy of Metofluthrin coil
against Culex quinquefasciatus (Bogor field

strain)
Al Conc. (% w/w) KTs0 (min)*
Metofluthrin 0.005 25
0.0075 16
d-allethrin 0.3 27

* Large chamber (28m3) free flying method. Releasing mosqui-
toes after 1hour pre-fumigation in a test chamber
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1L ENEY  Evaporation rate of Metofluthrin and pral-
lethrin liquid vaporizer

Concentration Evaporation rate (mg/2h)

%) Metofluthrin prallethrin
0.2 0.5 —
0.4 0.9 —
0.8 2.1 15
1.6 3.7 15
3.2 6.7 —
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1ERIENEN Knockdown efficacy of Metofluthrin liquid
vaporizer® against Culex pipiens pallens®

Al Al mg/45ml KT50 (min)©
Metofluthrin 120 >90
240 70
480 48
prallethrin 600 74

a) 60 day use formulation
b) Laboratory susceptible strain
¢) Large chamber (28m3) cage method

1ELEIERG  Knockdown efficacy of Metofluthrin liquid
vaporizer® against Culex quinquefasciatus®

AL Al mg/45ml  Evaporation  KT50 (min)©
rate (mg/h)
Metofluthrin 120 0.17 35
180 0.22 25
240 0.35 21
prallethrin 600 1.01 35

a) 60 day use formulation
b) Laboratory susceptible strain
¢) Large chamber (28m?3) free flying method

1L ERVA Knockdown efficacy of Metofluthrin liquid
vaporizer® against Culex quinquefasciatus

(Bogor field strain)
Al Al mg/45ml  Evaporation  KTs0 (min)»
rate (mg/h)
Metofluthrin 30 0.080 30
60 0.13 12
prallethrin 300 0.66 31

a) 30 day use formulation
b) Large chamber (28m3) free flying method. Releasing mosqui-
toes after 1hour pre-heating in the test chamber
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1ELEIENEN  Knockdown efficacy of Metofluthrin fan va-
porizer against Culex pipiens pallens®

Evaporation ~ KT50
rate (mg/h)  (min)»
0.09 34

Linear regression expression

Metofluthrin ~~ 0.18 TR A _
096 1 -0.89 x log (Evaporation rate) +0.61
0.2 38

transfluthrin 0.36 29 log (KT) - .
054 91 -0.59 x log (Evaporation rate) + 1.17

a) Laboratory susceptible strain
b) Large chamber (28m3) free flying method
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1NN Estimated knockdown efficacy of Metoflu-
thrin and transfluthrin fan vaporizer against

Culex pipiens pallensd
KTs0P
20min 30min
Metofluthrin (mg/h) 0.17 0.11
transfluthrin (mg/h) 0.61 0.31

a) Laboratory susceptible strain
b) Large chamber (28m3) free flying method
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1P Knockdown efficacy of Metofluthrin fan va-
porizer against Aedes albopictus®

Al Evaporation rate (mg/h) KT50 (min)®)
Metofluthrin 0.090 40
0.28 >60
transfluthrin 0.39 55
0.50 55

a) Laboratory susceptible strain
b) Large chamber (28m?3) free flying method
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KTs50 (min)

—e— Metofluthrin fan

10 —m— Commercial liquid
vaporizer for 60 days

0 I I I
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Time (h)

Knockdown efficacy of Metofluthrin fan va-
porizer against Culex pipiens pallens (sus-
ceptible strain)
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Metofluthrin Residual
Amount(mg)

0 20 40 60
Aging Time (h)

BGEEEM  Residual amount of Metofluthrin in Den-
guri paper strip
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§« 350 F W After treatment
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Z, 0 L L
Metofluthrin d-allethrin Control

100mg/strip 0.25%, coil

Field efficacy of Metofluthrin Denguri pa-
per strip against night biting indoor mos-
quitoes (Culex quinquefasciatus) in Malay-
sia
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(Test Conditions)

Ambient Temperature : About 30°C

Relative Humidity : About 60%

Wind Velocity : About 0.5m/s at the test sample

IEEEEN Test method of Metofluthrin resin formu-
lation
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Species Administration route Dose

Approximate Lethal Dose

Rat Oral

1000, 1500, 2000 mg/kg

Male : >2000 mg/kg
Female : 2000 mg/kg

Rat Dermal 2000 mg/kg Male & Female : > 2000 mg/kg
Rat Inhalation 507, 1080, 1960 mg/m3 Male : 1960 mg/m?3

Female : 1080 mg/m3
Dog Oral 200, 600, 2000 mg/kg Male & Female : > 2000 mg/kg

1) EP28 Subacute and Chronic Toxicity of Metofluthrin

Species Administration route and duration Dose

NOAEL

Rat Oral (in diet), 1 month

300, 1000, 3000 ppm

Male : 300ppm (28.6 mg/kg/day)
Female : 300ppm (29.0 mg/kg/day)

Rat Inhalation, 4 weeks 9.84, 50.6, 98.7, 196 mg/m?3 Male & Female : 98.7 mg/m3
Dog Oral (capsule), 90 days 10, 30, 100 mg/kg/day Male : 10 mg/kg/day

Female : 30 mg/kg/day
Rat Oral (in diet), 6 months 100, 300, 1000, 3000 ppm Male : 300ppm (16.0 mg/kg/day)

Female : 300ppm (19.0 mg/kg/day)
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11 EPE]  Developmental and Reproductive Toxicity of Metofluthrin

Administration route

Study Species Dose (mg/kg/day) NOAEL (mg/kg/day)
and duration
Systemic NOAEL

Oral (gavage) Male & Female : 20
Effects on fertility and early Male : 2 weeks before mating Male : 5, 10, 20 Parental Reproductive NOAEL
embryonic development to Rat to termination (sacrifice) Female : 10, 20, 40 Male : 20
implantation Female : 2 weeks before Female : 40

mating to day 7 of gestation Developmental ~ Male : 20
Female : 40
Maternal Systemic NOAEL : 15
Oral
Rat ral gavage) 5,15, 30 Reproductive NOAEL : 30

Days 6-19 of gestation
Effects on embryo-fetal Developmental 30
development Maternal Systemic NOAEL : 25

. Oral (gavage) .
Rabbit . 25, 125, 250 Reproductive NOAEL : 250
Days 6-27 of gestation
Developmental 250

Effects on pre- and postnatal Oral (gavage) Maternal Systemic NOAEL: 15
development, including Rat Day 6 of gestation to day 20 5, 15, 30 Reproductive NOAEL : 30
maternal function of lactation Developmental 30
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LI EPZY Mutagenicity of Metofluthrin

Study Study design Results
R S. typhimurium : TA100, TA98, TA1535 and TA1537

evt:;se E. coli : WP2uvrA Negati

egative
MULON g9 mix : 156 - 5000 ug/plate g
(Ames test) .
+59 mix : 156 - 5000 pg/plate

In vitro Chinese hamster lung cells (CHL/IU)
chromosomal  -S9 mix : 50 - 110 ug/mL Negative

aberration +59 mix : 150 - 250 ug/mL

. Mouse (CD-1, 8-week old) .
Micronucleus X L Negative
12.5, 25, 50 mg/kg (single oral administration)

o7ooog
OO000o00ooOooodoooooooooon
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