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                INTRODUCTION

  It has been known  thatjuvenile hormone (JH) infiuences a

wide  range  of physiological processes in both developing and
mature  insects.`) JH is secreted throughout immature deN,el-
opment  and  is critical fbr the regulation  ofmetamorphosis.  In

addition,  JH is required  in the adult  for several reproductive
functions such  as  pheromone  biosynthesis, ovarian  devetop-
ment,  maturation  of  eggs  in females, and  accessory  reproduc-

tive gLand development in males. Diapause in certain  insects
has also  been shown  to be regulated  by JH, Therefore, an
anti-JH  agent. which  suppresses  such  JH actions, could  be an
efTbctive teol for studies on  insect physiology as well  as  a

potential insect growth regulaton2)  Although  several  anti-

JH agcnts  have so  far been found such  as  precocenes, fluoro-
mevalonate  (FMev), dichloroally] hexanoate, 1.5-

disubstituted imidazoles, and  ethyl  4-[2-(tert-butyl-
carbonyloxy)butoxy]benzoate  (ETB), their activities  were

restricted  to some  insect species  and  were  not  suMcient]y

active for practical purpose.2)

  Precocious metamorphosis  is a  well-known  symptom  in-
duced by allatectomy  or  anti-JH  agents  in immature insects,

penultimate or  earlier  laryal instars. ETB  has been found to
show  JH-like activity  as well as  anti-JH  activity  for Manduca
sexta3) and  BomLpJx mori,4)  depending on  the dose applied;

low doses of  ETB  induced precocious metamorphosis,  but at
higher doses JH-iike activity was  observed.  No  other  anti-

JH  agents  with  such  action have been found to date, Edwards
et  at. have reported  that application  of  ETB  resulted in a true
reduction  ofendogenous  JH  titers in ML  sexta  larvae and  have

proposed the existence  of  negative-feedback  control  of  JH

biosynthesis.5) However, the exact mode  of  action  of  ETB  is

stM  unknown.

  We  have been interested in ETB  as  a  lead compound  for the
development of a new  anti-JH  agent  and  have reported  that
ethyl 3-[2-(tert-butylcarbonyloxy)butoxy]benzoate (meta-
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ETB  and  related  compounds,

ETB)  induced precocious metamorphosis  in the 3rd instar
larvae of B. mori  at  both Iow and  high doses,G) In our

continuing  studies  on  ETB  analogs,  we  have recently de-
scribed  that 2-(3-ethoxycarbonylphenoxy)ethyl 2-methyl-5-

pyridyl ether {1), having a partial skeleton  of  meta-ETB,

induced precocious metamorphosis  against  3rd-instar larvae,
although  its activity  was  very  low.'] We  then  synthesized

additionaE  pyridyl ether  analogs  and  found 2-(3-

chlorophenoxy)ethyl  2-methyl-5-pyridyl ether  (2) to be more
active than  compound  1. This report  describes the preco-
cious  metamorphosis-inducing  activity of compound  2 and

briefly discusses the structure-activity relationships.

           MATERIALS  AND  METHODS

i, Chemicals

  All pyridyl ethers  were  prepared by Williamson's ether

synthesis  method  and  the structures of the compounds  werc

confirmed  by ]H
 NMR  spectra which  were  recorded  on  JEOL

EX-400  spectrometer,  using  tetramethylsilane as  an  internal
standard.  The  fo11owing procedure for the preparation of
compound  2 is typical.

  A mixture  of  3-chlorophenol (2.oo g, 16mmol)  and  1,2-

dibrornoethane (3.51 g 19mmol)  was  refiuxed for 1 hr, and
then  to this reaction  mixture  was  added  ] N  NaOH  solution

(20ml, 16mmol),  After refiuxing for 5hr, the mixture  was

cooled  to Toom  temperature.  The  product was  extracted

with  ether, and  the organic  layer was  washed  with  brine, dried
over  Na2SO,, and  concentrated.  The residue  was  purified by
column  chromatography  on  silica  gel eluting with  hexane and
ethyt acetate  (8 : 1) to give 2-(3-chlorophenoxy)ethyl brornide

(2.20 g, 60%) as  an  oi].  To a suspension  of sodium  hydride

(O.48g, 12mmol)  in DMF  (20mL} was  added  portionwise
2-methyl-5-hydroxypyridine (1.08 g, 9,9 mmol),  and  the mix-
ture was  stirred for 30min at  room  temperature,  The  above

bromide (2,20g, 9.9mmol) in DMF  <20ml) was  added

dropwise to the mixture.  After stirring  for 5hr, to the

mixture  was  added  water  (30 ml),  and  the resulting product
was  extracted with  ether,  Then  the product was  extracted

with  1 N H,SO, (20ml) solution  from the organic  layer.

After neutralizing  the acidic aqueous  solution  with  K2C03,

the product was  extracted  with  ether  again,  The  organic
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layer was  dried over  Na,SO,, and  concentrated  to give 2 (1,S7

g, 60%) as a  white  solid,  mp  64"C. iH
 NMR  (CDCI,) 6: 2,SO

(3H, s, -CH,), 4.31-4,35 (4H, m, -<CH,),-), 6.83-6,85 (IH, m,

phenyl), 6.9S-6.98 (2H, m,  phenyl), 7,08 (IH, d, J =:8,8
 Hz.

pyridyl), 7,16-7.24 (2H, rn, pyridyl and  phenyl), 8,25 C1H, d,

J =:  2,9 Hz, pyridyl).

2, Biological Evaluation

  B, mori  (Shunrei × Shougetsu strain) larvae were  reared  on

artificial  diet as previously reported.S) Test compounds  in

acetone  soLution  were  applied  topically to 3rd- or  4th-instar

larvae, Compound  2 was  mixed  with  the artificial  dict at a

concentration  of 10, 50 and  200 ppm  according  to the proce-
dure reported.9)  To  newly  molted  3rd- and  4th-instar larvae,

the diet containing  compound  2 was  administered  th roughout

3rd- and  4th-larval period, respectiveiy.  Twenty larvae were

used  fbr each  dose, The activity ofcompounds  was  evaluat-

ed  by the induction of precocious metamorphosis:  spinning  a

cocoon  and  subsequent  pupation or  formation of larval-

pupal intermediates from the 4th-instar (penultimate) larval

period. There was  no  induction ofprecocious  rnetamorpho-

sis in control  larvae treated only  with  the acetone  solvent.

           RESULTS  AND  DISCUSSION

  It has been previously reported  that ETB  induced preeo-
cious metamorphosis  when  applied  to 3rd-instar larvae ef B,

mori,  In this case, precocious pupation always  occurred  in

the 4th (penultirnate) larval stagc,  Treatment of 4th-instar

larvae with  ETB  never  induced precocious metamorphosis,`)

Therefore, we  first examined  the most  sensitiye time of the

silkworm  larvae used  in this experiment  fbr the treatment  of

ETB, meta-ETB  and  compound  2. The compounds  were

topically applied  to larvae every  24 hr from ecdysis to the

3rd-instar to 48 hr ofthe  4th-instar (Table 1). ETB  at  10 "g

effbctively induced precocious pupation when  apptied  to

nexvly molted  3rd instar larvae, but at a  high dose of 1OO lig
the actiyity  disappeared. This result was  in aocord  with  the

previous data that the activity  of ETB  to induce  precocious

metamorphosis  did not  correlate  with  thc applied  dose.`,6)

An application  of ETB  at  24 hr of  the 3rd-instar or  later ages

caused  no  precocious pupation, indicating that the critical

periods for ETB  in the present strain  was  very  narrow.

Meta-ETB, which  had induced precocious metamorphosis  in

the different strain (Gunpo x Shugyoku) of  B. mori,G}  did not

show  any  activity against  this strain.

  In contrast  to ETB, compound  2 was  the rnost effective

when  applied  to 72hr-old 3rd-instar larvae and  showed

activity at both ]O and  1oo"g. Treatment ofnewly  molted

3rd-instar larvae with  100 ptg of  compound  2 showed  in-

secticidal  activity but no  mortality  was  found later than  24 hr

ofthe  3rd-instan An application  ofcompound2  till 24 hr of

the  4th-instar caused  some  larN,ae to undergo  precoctous

pupation. Consequently, there was  a quite difference in

critical times  between ETB  and  compound  2 treatment for

induction ofprecocious  pupation. This result  strongly  indi-

cates  that the mode  of  action  ofcompound  2 is ditferent from

that of  ETB, although  compound  2 has been ]ed by modifying

the structure  of  ETB.

  In order  to elucidate  structure-acliN,ity relationship  of 2-

methyl-5-pyridyl  2-(substituted phenoxy}ethyi ethers,

modifications  were  made  in tbe substituent  on  the  benzene

ring  and  the pyridyl moiety.  Compounds 3-8 (Fig. 2) at  tOO

"g resulted  in less than 30% induction of  precocious metamor-

phosis when  applied  to 72 hr-old 3rd-instar larvae, being less

active  than  cornpound  2. Therefore,  the  2-{3-

chlorophenoxy)ethyt  group in compound  2 was  fixed as a

partial structure  necessary  for activity  and  the 2-methyl-5-

                     R2

woo-svoc-R, 
gV)otvovcl

3:Rt=2-C1 6:Rl=3-Br 9:R!=H  12:Ri=2-CL

4: Rl.4-cl 7, Rl.3.cFl 10: R2=2.CH3  13: Rl.s.Cl

5;Ri;3-F  8:Rt=3-CH3  11:R2=6-C2Hs 14:R2=6-Cl

Fig. 2 2-(Substituted phenoxy)ethyl pyTidyl ethers.

Table 1 Comparison of  critical  periods of  compound  2, ETB  and  meta-ETB

treatment for induction of  precocious metamorphosis  in the 4th-instar of  B, mori.

Precocious metamorphosis(%)
Time  of  treatment
(hr after  ecdysis)Compound

 2 ETB tneta-ETB

loloe 10100IO]OO  {"g,!larva)

3rd-instar

4th-instar

o244872o2448oNTNT10NTNTNT-s}102540

 b)205o

35ooooooooooooo oooNToNTNToooNToNTNT

e) 100%  mortality,  
b)
 At a separate

produced us  well.  NT:  not  tested,experiment

 40%  precocious pupae were
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Tab且e　2　Precocious　metamorphosis −inducing
activity 　of　compound 　2　by　dietary　administration

against 　3rd− and 　4th−instar　larbae　of 　B．　mori ，

Precocious　metamorphosis （％）

REFERENCES

Treated　larvue
　 　 　 　 　 　 　 　 1050 　　　 200 （ppm ）

3rd−instar
4th−instar

05 00 5056

pyridy且moiety 　was 　rcplaced　w 正th　3・pyridyl　 or　various 　sub −

stituted 　pyridyl　groups、　 None 　of 　the　compounds 　9−14　in
Fig．2induced　precocious　pupation　when 　applied 　to　72　hr・old
3rd−instar　larvae　at　lOOμg，　indicating　that　the　2・methyl −5−

pyridyl　moiety 　was 　apParently 　essential　f（）r　activity ．

　Since　compound 　2　did　not　show 　enough 　activity 　by　topical
application ，　its　activity　was 　examined 　by　dietary　administra −

tion（Table　2）．　 When 　the　d童et　containing 　comp   und 　2　was

administered 　throughout　the　3rd　Iarval　period，　precocious
pupation　occurred 　in　the　4山 larval　stage，　Compound 　2
showed 　the　a［most 　same 　activity　when 　administered 　to　4th−
instar【a「vae ．

　We 　h剴ve 　previously　reported　that　5−（substituted　phenoxy ）
penty13−pyridyl　ethers　induced　precocious　metamorphosis 　in
larvae　ofthe 　silkworm ，10｝ In　this　series　orcompounds ，5−（4−

propylphenoxy）pentyl　3・pyridyl　ether　was 　the　most 　effective ，
whereas 　the　introduction　ofamethyl 　group　at　the　6−position
of　 the　pyridine　ring ，　 th飢　is，2・methyl ・5・pyridyl　 5−（4−

propylphenoxy ）pentyl　ether，　completely 　eliminated 　the　activ −

ity・Interestingly・So且1i　et　α1．　have　f6und　that　6，7−epoxy ・3，
7−dimethyloc【−2−enyl 　2−methyl −5−pyridyl　eIher　and 　the　2−ethyl
analog 　had　outstanding 　JH　activity　against 　Tenebrio
molitor ．i1） However、　there　is　no　report 　in　the　ljterature　of

2−methyl −5−pyridyl　ethers　jnducing　pr  ocious 　metamorpho ・

sis．　Although　compound 　2　did　not 　exhibit　strong　precocious
metamorphosis −inducing　activity，　this　series 　of 　2−methyl −5−

pyridines　is　worthy 　of 　further　investigation　for　development
of 　new 　ins  t　growth　regulators ．
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　　　　　　　　　　 要　　　 約

　早熟変態誘起活性を示す 2一メ チ ル ー5一ピ リジ ル 2−（置換

　 フ ェ ノキ シ）エ チ ル エ ーテ ル

　　　　　　　　　　　　　 金 仁恵， 石 黒 英恵， 桑野栄
一

　幼若ホル モ ン （JH ）様活性 と と もに 抗 亅H 活性 を示 すこ と が

知られ て い る エ チ ル 4 ．［2−（tert一ブ チ ル カル ボ ニ ル オ キシ）ブ ト

キシ］ベ ン ゾエ
ー一

ト （ETB ）の 構造を改 変 して，カ イコ 幼 虫 に

対 して早熟変態を誘導す る 2−（3．ク ロ ロ フ ェ ノ キシ ｝ エ チ ル 2一

メチ ル
ー5一ピ リジ ル エ ーテ ル （2）を見い だ した．ベ ン ゼ ン 環 上

の 3位の 塩素 をフ ッ 素，臭素，トリフ ル オ ロ メ チル ，メ チ ル 基

等に換 える と活 性 は低 下した．2一メチル
ー5一ピ リジル 部位 を3一ピ

リジ ル 基や種 々 の 置換 ピ リジ ル 基に変換す る と活性は消失した

こ とか ら，2一メ チル
ー5一ピ リジル 部 位 は 活性発現に 必須 で あっ

た．ETB が 3齢起蚕に 投与した場合の み 早熟変態を誘導 したの

に 対 して，化合物 2 は 3齢 72時間目や 4 齢初期 に施用 L て も活

性を示 した こ とか ら，ETB と は 作川 機構が 異 な るこ とが示 唆さ

れ た．また ， 化 合物 2 は 摂食法で も早 熟変態を誘 導した．
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