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Chromafenozide is a  novel  dibenzoylhydrazine  insectieide that was  devetoped in the collaborative  research  proj-
ect  between Nippon Kayaku Co., Ltd., and  Sankyo  Co., Ltd., and  is categorized  to be an  insect hormone-

ecdysone  agonist.  IWo formulations of  chromafenozide  and  one  combination  formulation with  silafiuofen  are

availuble  in Japan  under  the trade  names  of  MMRIC"  FL, MATRICE'  DL  and  MMRICJOKERpt  DL, respec-

tivety. Chreinafenozide is found to  be significantly  potent against  various  lepidoptcrous insects, but at the same

time almest  non-toxic  to non-lepidopterous  species,  including pollinators. predators and  parasitoids. As  chro-

mafenozide  has a  low  toxicity  profile in mammals  and  non-target  organisms  described above,  and  has minimum

irnpact on  thc  environmcnt,  it would  be an  ideal agent  for integrated pest management  (IPM). OPesticide Sci-

ence  Society of  Japan

Kej,u,ords: chromafenozide,  20-hydroxyecdysone, ecdysone  agonist,  insect growth regulatot  integrated pest

          management,  ANS-118.

                  Introduction

A  novel  lepidopteran inseet control  agent,  chromafenozide,

whicb  is characterized  by a  rnethylchrornane  rnoiety  in its
d{benzoylhydrazine structure,  is effbctive  in controlling  vari-

ous  ]epidopterous pests (i.e. Tortricidac, Pyralidae, Noctuidae.

etc.)  on  various  crop  plants at  application  rate ranging  frorn S

to 200g  active  ingredient per hcctare. Tlvo formulations of

chromafenozide  and  onc  combination  formulation with

silafluofen  are  available  in Japan under  the trade names  of

MATRIC'"' FL, MP(I/RIC'it' DL  and  MATRICJOKER'E' DL, re-

spectively.  MtffRICsc FL  was  registered  in 1999  to be used

with  thc fo11owing crops:  rice,  tea, apple,  pear, cabbage,  iet-

tucc, strawberry,  eggplant,  tomato,  sweet  pepper, welsh  onion,

sugar  beet and  ornamental  plants (e.g., chrysanthcmum  and

cherry  tree). MAI]RIC'# DL  was  also registered  in 1999 to be

used  with  rice  and  soybean  crops.  MATRICJOKERS  DL  was

rcgistered  fbr soybean  and  rice  in 2004, which  controEs  lepi-
dopteran insects and  heteropteran bugs sirnultaneously.

  This paper describes the chernical, physical, biological. and

toxicological properties of  chrornafenezide  and  its environ-

mental  chemistry  as  well  as  its field performance and  safety

 ***See
 part II for full Japanese articlc.

Ib whom  correspondence  should  be addressed.
E-mail/mikio,yanagi@nipponkayaku.co.jp
,C'1･

 Pesticide Science Society efJapan

to non-target  beneficial arthropods.

             Discovery and  Synthesis

20-Hydroxyeedysone (20-HE), one  of  the rriost active  insect
hormone-ecdysones, acts  at  cvcry  stage  ofthe  insect's growth
to regulate  motting  and  mctamorphosis.  As  this hormone

plays a  crucial  role  in thc insect's development systems,  it is

considered  that its agonist  or  antagonist  would  be a new  type

of  insecticide, which  would  act  specifica]ly on  insects and

therefbre. exhibit  a  high Ievel ofmammalian  safety.  As  the in-

jection of  an  ecdysone  agonist  into ]epidoptgrous larvae is

thought  to cause  an  immediate interruption of  feeding, cessa-

tion of  feeding by the  larvae is also of  great importance for

plantprotection.

  We  paid attention  to Wing's scientific  literaturcs, which  re-

ported that some  dibenzoylhydrazines act  as  ecdysonc  ago-

nists on  a Drosophila  cell line and  intact insects and  as  a  re-

sult. may  cause  prernature rnolting  to be initiated in 1arvae
and  stop  their feeding. At the beginning of  the collaborative

research  prqject by Nippon  Kayaku  Co,. Ltd., and  Sankyo

Co., Ltd., a  series  ofdibenzoylhydrazinc  derivatives were  syn-

thesized to clarify  the essential  structural  feature ofthe  lead
compound  required  to exhibit  insecticidal activity. Based on

the  sirnple  hypothetical supcrimposition  modeling  of  the

dibenzoylhydrazincs and  20-HE, various  substituents  on  the

bridge part of  tert-butylhydrazinc  and  the  both side  benzene

rings  of  the dibenzoylhydrazinc were  introduced to its rnole-
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cule  and  each  part was  optimized.  The  resulting  product was

chromafenozide,Process

 Research and  Development

Synthesis of  chrornafenozide  consists  of  1) synthesis  of  5-

methyl-6-chrornanecarboxylic  acia  2) acylation  of  tert-butyl-

hydrazine with  5-methyl-6-chromanecarbonyl chloride,  and  3)

acylation  ofthe  resulting  hydrazide with  3,5-dimethylbcnzoyl

chloride.  Elaboration of  each  part was  performed to develop

an  economical  and  convenient  procedure for an  industrial pro-
ductionofchromafenozide.

Physical and  Chemical Properties

Chemical name  (IUIIAC): 2'-tert-butyl-5-methyl-2'-(3,5-xy-

loyl)chromane-6-carbohydrazide

CAS  registry  number:  143807-66-3

ISO name:  Chromafenozide

Trade narne:  Matric

Code  number:  ANS-118,  CM-OO1

Motecular weight:  394.51

Molecular formula: C24H3oN203
Physical state:  Colorless crystals

Melting point: 186.40C

Vapor pressure: S4 × 10-9Pa  (250C)
Partition coeMcient:  aog P.,=2.7 (22eC)
Solubility in water:  1. 12 mglL  (20eC)

Formulation

TWo formulations of  chromafenozide  and  one  cornbination

formulation with  silafiuofen  are available in Japan under  the

trade names  of  MMRICG'  FL  (5% chromafenozide  flowable

formulation), MMRICX  DL  (O.3% chromafenozide  dust for-

mulation)  and  MPllrRICJOKERa  DL  (dust formulation with

O.2%  chromafenozide  and  O.5%  silafluofen ), respectively.

Safety Evaluation  and  Metabolism

Tbxicity studies  using  laboratory animals  revealed  relatively

low acute  toxicity via  any  exposure  route. Safety assessrnent
with  chronic  toxicity, mutagenicity/carcinogenicity  and  devel-
opmental  toxicity was  carried  out.  No  evidence  of  carcino-

genicity or  teratogenicity was  observed  in the  experimental

animals.  Chromafenozide has large margins  of  safety  to mam-

rnalian,  avian  and  aquatic  organisms  and  has no  adverse  eg

fects toward  non-target  arthropods.  These properties as  well

as  the high specificity  to target insect pests make  chromafeno-

zide  a suitable tool for the integrated pest management  (IPM).
  The metabolism  and  degradation ofchromafenozide  in rats,

plants, and  aerobic  and  aquatic  soils  are  studied  along  with  its
leaching properties in soils  and  photodegradation products.
There were  not  found any  environmenta11y  toxic metabolites

or  degradation products.Biological

 Properties

Chromafenozide shows  toxic effects against  larvae of  various
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lepidopteran pests mainly  via  digestion and  thus, has excel-

lent eMcacy  on  the crop  protection from serious  lepidopteran

pest damages  on  vegetables,  fruit trees, tea, rice,  ornarnental

plants and  other  crops.  Another remarkable  biological prop-

erty ofthis agent  is that it shows  almost  same  insecticidal ac-

tivity on  the every  growth stage  of  lepidopteran larvae. Chro-

mafenozide  is non-toxic  to a  wide  range  of  coleopteran,  ho-

mopteran,  orthopteran,  hemipteran, dipteran and  mite  pests,

The agent  is relatively fast-acting, stopping  the feeding ofthe

treated insect within  1O-12 hr after  exposure  to toxic doses of
the  agent  and  inducing the molting  process. The ceasing  of

feeding by larvae stops  the  continuation  of  the damage  before

the death ofthe  insect. A  treated larva slips its head out  ofthe

old  head capsule  prematurely to atternpt  to rnolt.  However, the

tarva does not  complete  the rnolting  and  survives,  leaving the

newly  developed mouth  part trapped  inside the old  head cap-

sule. These  symptoms  exhibited  in the chrornafenozide-

treated larvae are  sirnilar  to those in larvae of  abnormally

high level ofecdysone.ModeofActien

ln order  to evaluate  the transcriptional activity  and  mode  of

action  of  chromafenozide,  1) a  reporter  gene assay  and  2) an

RTLPCR  method  fbr the dctcction of  ecdysone-inducible

rnRNA  were  deveioped and  the hormonal activity  of  chro-

mafenozide  was  estimated.  Similarly to one  of  potent ecdy-

sone,  ponasterone A, chromafenozide  induced luciferasc activ-

ity in a  dose-dependent manner.  These results  showed  that

chromafenozide  is capable  of  acting  similarly  to ponasterone
A  and  inducing the  transcription of  the  luciferase gene. Based
on  the results  ofthe  bioiogical response  in the intact insect and

at the ceLlular  level, as  well  as  at the molecular  level, chro-

rnafenozide  can  be duly characterized  as  an  ecdysone  agonist.

Field Efficacy

At a  fbliar application  under  field conditions,  chromafenozide

at  25-50ppm  has provided good  eMcacy  against  the cornrnon

cutworm  (opodoptetzt litu,u), the beet armyworrn  (SPodoptern
exigua),  the cabbage  armyworm  (Mamestra brassicae), Helio-

this armigera,  the oriental tea tortrix (Homona magnanima),

the smaller  tea tortrix (AdoxqpADJes honmai), the tea leafroller

(CZilqptilia theivora), the mugwort  looper (Ascotis selenaria),

the apple  tortrix (A rchipsjuscoeupreanus)  and  the summer  fruit

tortrix (Adaxopltyes oranafaseiata).  Likewise, at  an  application

rate  ofnine  grams per hectare, the agent  has shown  good  een-

cacy  against  the common  cutworm  S. Iitura in soybean  crops,

and  against  the rice  leafroller (thaphaiocrocis medinatis)  and

the rice  stem  borer (enilo stcplpressalis)  in rice  fields.

Conclusion

Chromafenezide is a  promising insecticide with  high eracacy

and  high level of  safety  against  non-target  organisrns,  The

agent  is suitable  for IPM programs directed against lepi-

dopteran pests.


