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   When  herbicidal 3-phenoxybenzamides were  applied  to radish  seeds,  the expanded

cotyledons  were  bieached  to different extents.  The  b]eached  states  of  cotyledons  were

classified  into threc  pattorns, A,  B  und  C  according  te  the  extent  of  bleaching.  Compounds

with  lower hydrophobicity  {log K..  2,57-3,89, K.., : octanoltwater  partition coefficient)  caused

total bleaching of  both cotyledons  (pattern iX),  "'hile  more  hydrophobi ¢  compounds  bleached
only  partially: one  cotyledon  was  bleached  completely  and  the other  only  at  the marginal

area  (pattern B, log K..  4,35, 4.43) or  both  cotyledons  were  bleached  partially {pattern C,
log  K..  4.78, 5,Ol). It was  suggcsted  that the  bleaching patterns varied  according  to the

difference in mobility  due  to hydrophobicity.

             INTRODUCTION

  Carotenoids, having poly-conjugated double
bonds in the molecuie,  are  one  of the major

constituents  of  photosynthetic pigments.i' One
of  the most  important roles  of  carotenoids  in
chloroplasts  is to protect photosynthetic ap-

paratus from destruction by singlet  oxygen

(!02), whieh  is produced  through  energy  trans-
fer from triplet state  chlorophyll  (3Chl),2'
Accumulation of  

iOe
 damages living celis  to

an  extremely  harmful extent,  such  as  destruc-
tion of  chlorophyll  and  breaks down  cellular

membranes.S)  Carotenoids with  poly-conju-
gated double bonds quench  both SChl

 and

t02.2)

  A  number  of  herbicides have  been developed
which  interfere with  carotenoid  biosynthesjs,

especially  at  the level of  phyteene desatura-
tion.`) Plant bodies are  bleachecl when  the

ch}orophyll  is destroy･ed, due to a  sharp  de-
crease  of  carotenoids.  3-Phenexybenzamides
are  a  series  of  such  herbicidal cQmpounds  which

inhibit phytoene desaturase.5,e)

  When  radish  seeds  were  treated with  3-

phenoxybenzamides, the  expanded  cotyledons

showed  three different bleaching patterns. We
report  in this paper the relationship  between
the bleaching patterns of  cotyledons  and  the
hydrophobicity ei  compounds.

       MATERIALS  AND  METHODS

1, Chemicals

  All melting  points (mp) are  uncorrected.

  3-Phenoxybenzamide derivatives were  syn-

thesized  by  the method  of  Noguchi  et al."  For

example,  compounds  1 and  9 were  synthesized

as  follows. 3-Phenoxybenzoic acid  10,71g

(5e.O mmol>  was  dissolved in thionyl chleride

29,74 g (250,O mmol),  dry pyridine O.40 g (5,O
mmol)  and  benzene  200.0ml. After this was

stirred  at  room  temperature  for 10 hr, eXcess

thionyi  chloride  was  removed.  Distillation of

the resulting  residue  in vacuo  yielded acid

chlo;ide.  3-Phenoxybenzoyl chloride  6.98g

(30.0mmol) was  dissolved in AcOEt  5,Oml,
and  this solution  was  added  dropwise  to a

stirred  mixture  of  methylamine  7.76g (100.0
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mmol,  4eCl,i,' aq.  solution)  and  AcOEt  3e.Oml
under  ice-water c.ooling,  which  was  stirred  at

roem  temperature  for another  1 hr. Then  the

reactien  mixture  was  washed  with  ].O N  HCI,

saturated  aq.  NaHC03  and  water,  suceessivelv,

and  dried over  anhyd.  MgS04.  Evaporation  of

the solvent  vielded  a  crude  brown  solid.  Re-
crystallization  frem AcOEt-hexane  gave 9.78

g of  N-methylamide 1 as  white  crystals  (86.] %,
yield from  3-phenoxybenzoic  acid),  mp  1010C,
iH

 NMR  6&D,Ci3 ppm:  2,97 (3H, d, 1=5,O Hz),
6.00 (IH, brs), 6.86-7,46 (9H, m).

  NaH  O.32 g (8.0 mmol,  60%  in oil)  was  added

te a  dry THF  10,O ml  solution  of  1 1.14 g (5.0
mmol),  and  stirred  at  room  temperature  under

an  N2 atmosphere  for2hr. 1-Iodopentane1.03

g (5.2 mmol)  was  added  to the mixture  and

stirted  for another  3 hr. The  reaction  mixture

was  then poured into water  and  the organic

]ayer was  extracted  with  AcOEt,  This result-
ing AcOEt']ayer  was  dried over  anhyd.  MgS04

and  concentrated  in vacuo.  Purification of  the

resulting  crude  material  by  silica  gel celumn

chromatography  (AcOEt-hexane as  eluent)

gave  O,54g (44.89,i, yield) of  N-methyl-N-

pentylamide 9 as  a  colorless  oil. n2D"5 1.5534,
'H

 NMR  S,C.D,Ciuppm: O.85 (3H, brt>, O.98-

1.74 (6H, m),  2.96 (3H, s), 3.00-3.60 (2H, m),

6.86-7.46 (9H, m),

  Purity of  each  compound  was  more  than

Table1  Structures and  physical
3-phenoxybenxamide  derivatives.

R3

u
       o
o

R4l" '

properties of

 -RlNx

  R2

R, 
M.P.,giC)/

eg 1) E- -\fik 5 IE 5 J-1

99`l,6 as  measured  by HPLC  analysis,  Struc-
tures and  physical properties of  thc synthesized
con]pounds  are  listed in Table  1,

2. Bioassal,

  Each test compound  was  dissolved in O.59,6
aq.  I)MSO  at  a  concentration  of  1600/tM.
About  10e radish  sceds  (Ra75hamts sativtts  cv.

Shirokubi-natsudaikon) were  soaked  in the test
solution  for 24 hr, sown  in pots fi11ed with  soil

and  grown  at  300C under  continuous  light

(30,OOO lux). The  cotyledons  were  observed

after  5 days when  they  had fully cxpanded.

CompoundRL R2R3

12345678910   CH,

   CI{,iso-C3H7

tevt-CiHg

   CHs

   C2Hs

 n-C3H7

 n-C-Hg

 n-CsHn

 n-CaHis

HH

 HHCH3CHaCH,CII,CHsCHs

HCH,CH3CIIsHHHHHHHCHaCH3CHsHHH

 HHH

 101n)
 91
 111

 89l.553tt1,57391.56551.56051.55341,5485

a)
 mp  were  uncorrected,

3, Measurement of log K.,.
  Log  K,. values  were  mcasured  by  the fiask
shaking  methodS)  except  for 1]ighly hyclro-

phobic compound  le (see Table 3).

  The log K.. value  ef  compouncl  10 was

estimated  by  HPLC  method  (Sumipax ODS
A-217 eolumn,  4.6 mm  i.d, y. 150 inm,  709,1, aq.

MeOH  as  eluent,  flow rate  1,O ml,tmin),9)  The
iollowing equation  was  obtained:

       leg K..=2,59  1og h'+1.32  (1)

  k' ==  (tE-tn)lto, r=O.999

"Jhere  tR was  the retention  time  of  compounds

5-9 and  to was  the retention  time  of  KI,

  The  logK,.  value  of  10 was  estimated  by

Eq. (l).
        RESULTS  AND  DISCUSSION

  A  radish  seed  has two  cotyledons,  large and
small,  and  the  small  cotyledon  is covered  by

the large one.  As  shewn  in Fig. 1, the  two
cotyledons  grew  to almost  the  same  size  5 days

after  germination, There  are  four leaf surfaces
in a  young seedling,  two  adaxial  and  abaxial

surfaces  of  each  of  the large and  small  coty-

ledon$.

  When  3-phenoxybenzamide  derivatives (1-
10) were  applied  to radish  seeds,  bleaehing on
each  leaf surface  was  different. We  divided
the states  of  cotyledons  into three patterns,
A, B  and  C according  to whether  the whele  or

marginal  area  was  bleached for each  leaf sur-
face. Figure 1 shows  untreated  leaves and

typical bleaching patterns A, B  and  C. The
bleaching states  of  four leaf surfaces  by 3-

phenoxybenzamides are  summarized  in Table

2,
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Hg  1 1 vpic[Ll  bleachins. patteins  of  tieated and  untreated  radish  cot}ledeng

Pattein  
jL

 tieated  "ith  compeund  8 I'attLrn B  treated  iNith  compound  9 1'attern C

treated with  compound  10
Left ldige Lot}ledon,  Right  bruall  cotNlt(Lon

1ablt  2satttus
 cvBleaching

 patterns of  iddish  (ftaPhanits
 Shirokubi lldtsudaikoii)  cot"edons  

")

Pattern
Ldrge  LotyleclonSmdll  cotyledon

iXd  b) Nb r) Xd Xb

KBc XXTd)XSTIT "xvw sxIIe)II "M"t

e)  Radbh  seeds  that  imbibtd  a  test selution

  Bleaching  pdttern ef  cot>kdenb  "ds  obberved

  5 days  after  imbibition

b)
 Nddxial surface

c)  Abaxial surface
[i)  XVtiole surface  bleachLd
e)

 Only  margmdl  area  bledLhed

 Pattern  A  Cotyledons "ere  completel)

bleached

 Pattern B  The large cotsledon  was  bleached
cornpletel>,  but the small  cetlr  ledon rnarginall}

  I'attern C CotyLedon's adaxial  surfdces  were

botk  bleached  margtnalls,  but the  abaxial

Kurface  of  the large cot}ledon  was  bleached
completelx  and  the  small  cetyledon  on]}

marginal]y

 Tdble 3 sho",s  Lonipounds  in  order  of  in-

cieasmg  logK..  values  and  with  bleachmg

patterng of  cotyledons  The  log K,.  values  ef

these  amides  iTaries  from  2 57 to 5 01 Com-

pounds  with  pattern A  (1, 2, 5-8) had  lower

log K..  values  than  compounds  with  pdttern
B  (3 and  9) or  pattern C (4 and  10) There
were  two  turnmg  pomts for bleathmg  pat-
terns at  log K..  Nalues  of  389-4  35 (betsueen
patteins A  and  B) and  443  478  (bet"een
pdtterng B  and  C)

 .Xs shuwn  m  Table 1, four uf  the  3-phenoxy-

benzamides ubed  m  this studN  were  N-mono-
dlkylamideg  dnd  six  were  N,N-dialkylamides

Among  the feur ALmonoalksldmicles, three

amides  had  two  methyl  groups  on  the phen}1
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fuund that cornparatively  hydrophobic  pesti-
cides  were  hardly mobile.

  Our  conclusion  is that the bleaching pat-
terns of  cotyledons  vary  according  to the dif-

ference in translocation of  herbicidal 3-phe-
noxybenzamides  and  that mobility  of  the
compounds  are  correlated  with  their hydro-

phobicity described by logK..,  Details of

this investigatien will  be presented in our  next

paper.
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Table  3 Log  K,.  values  and  bleaching patterns
of  3-phenoxybenzamide  derivatives,

Compound log Kow Bleaching
 pattern

516728394102.57± O.ola)
2.86± O.OO
2.98 ± O.el
3." ± o.oe

3.76 ± O.Ol
3.89± e,03

4.35 ± O.e3

4.43± O,06
4.78 ± O.03

5.01b)

AAAAAABBcc

a)

 Measured  by the flask shaking  method.

  Mean ± S.D, of  six  replicates.

b)
 Estimated  bv HPLC  method.

ring  and  one  had  no  substituent  on  the  phenyl
ring. Clarke et at.5) and  Sandmanne' made

structure-activity  investigations with  3-phe-
noxybenzamides  against  phytoene desaturase
from blue-green alga  APhanocaPsa.  In their

studies  all the compounds  listed in Table 1
inhibited phytoene desaturase and  the  order

of inhibiting activity  was  almost  same.  Even-
tually, the bleaching patterns of  cotyledons

were  not  dependent on  the difference in chemi-
cai  structure,  nor  on  the degree of  inhibiting
activity  against  phytoene  desaturase, but on

the physical properties such  as  the  hydro-

phobicity described by  log K...

  There have  been  many  reported  cases  in
which  the  hydrophobicity  of  eompounds  is

correlated  with  their permeation and  trans-

location in plant systems.'ONi2)  In general,
translocation  of  highly hydrophobic  com-

pounds in plants is Iimited. Uchidai3) exam-

ined the  translocation  of  dialkyl dithiolanyl-

idenemalonate derivatives in rice  plants follow-
ing uptake  by  the  roots.  In his study  hydro-

philic compounds  meved  through  the whole

plant body, while  hydrophobic  compounds

remained  in the roots  and  basal fractions.
Briggs et al.'`) examined  the distribution of

two  series  ef  chemicals,  O-methylcarbamoyl-

oximes  and  substituted  phenylureas, in barley
shoots  and  observed  the same  as  above.  Barak

et al.'5) studied  the translocation of  pesticides
in the stems  of pepper, cotton  and  bean, and
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要 約

　除草活性化合物 3一フ ェ ノ キ シ ベ ン ズ ア ミ ド類

の 疎水性とダイ コ ン子葉の 白化 パ ターン

　　　　　　　　　　高橋政弘，宮門 正 和，LU巾 鎮 也

　3一フ ェ ノ キ シ ベ ン ズ ァ ミ ド類 縁体 を ダ イ コ ン の 種子

に 浸 漬処 理 す る と，展 開 し た 子 葉 は 化合物 に よ り異 な る

白化状 態 を 示 し た．子葉の 白化状態は 2 枚の 子菓 の 裏

表 ， 計 4 面 で の 白化 の 程 度 に 基 づ い て 三つ の バ ターン

（A 、B ，　C＞に 分類 す る こ とが で きた ．化 合物 の 疎水性 と

臼化 ペ タ
ー

ン との 関係 を調 べ る と，疎水性 の 比較的小さ

い 化 合物 （bg 凡 w 　2．57〜3．89♪ で は 2 枚 の 子 葉 と も全

面か 臼化 した 〔パ ターン A ）．
一

方，よ り疎 水 性 の 大 き

い 化合物で は 部分的に 口化 し た だ け で あ り， 1枚 の 子葉

が 完 全に 日化 し ， も う 1枚 は 周 辺 だ け が 自化 した もの

（バ ターン B ，log　K 。w 　4．35，4．43」 と，2 枚 の 子葉 と

も周辺 の み 白化 し た もの 〔パ ターン C，bgK ，，．．4 ．78，

5，01｝に 分か れ た ．子 葉 の 臼 化 パ タ
ー

ン の 変化 は 化含物

の 疎 水性の 差 に 基 づ い た 移行性 の 違 い に よ っ て 起 こ っ て

い る こ とカ
’i示唆 され ｝ヒニ．

N 工工
一Eleotronio 　Library 　


