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   Fate  of  Fllloroimide,  NL{4-fluorophenyl)-2,3-dichloromaleimide,  onfin  Inu-apple  trees

{Malus Prunofblia BoRKHousEN)  was  investigated -using two  
i4C-labeled

 compounds  at

either  benzene ring  or  carbonyl  group. Half  lives of  Fluoroirnide applied  on  the  ]eaves and

fruits were  about  20  days  and  30  days, respective]y.  It remained  mainly  unchanged  on  the

applied  surface  and  was  slowly  absorbed  by  the  plant. Only  2%  of  applied  Fluoroimide  was

translocated'into the leaves 9 days  after  treatment,  and  9%  and  18%  of  applied  radioactivity

were  absorbed  and  translocated  into the leaves and  fruits, respectively,  after  93 days. A

rnain  metabolite  oi  Fluoroimide  was  sodium  4-fluorodichloromaleanilate, a  hydrolyzed  com-

pound  of  imide ring, that was  identified by MS,  IR,  NMR  and  FX.  Other  four  metabolites,

such  as  4-fluoroaniline, (E)-2,3klichlor(FN-(4-fluorophenyl)acrylamide, N-(4-fluorophenyl)

maleimide  and  N-(4-fluorophenyl) succinimide.  were  identified by  cochromatography  on  tle

and  MS,  but  residual  amounts  ef  these metabolites  were  quite low  both  in the leaves and

fruits. It is considered  that succinimide  moiety  of  a  reduced  metabolite  was  derived from
dichloromaleic  acid  portion of  Fluoroimide,  but  not  from  the plant  component.

            INTRODUCTION

  FIuoroimide,[SpartcideO,N-(4-fluorophenyl)
-2,S-dichloromaleimide],  is used  as  a  promis-
ing fungicide against  diseases of  apple  (alter-
naria  leaf spot:  Alternaria mali,  etc.), citrus

(scab: Elsinoe 
,fiiwcetti,

 etc.),  grape (downy
mildew:  Plasmopara viticola),  coffee  tree

(berry disease: Colletorichum cqffeanum)  and

rubber  plant (pink disease: Corticiptm salm-

onicolor).i,2)

  It has been reported  that the inhibitory

activity  of  Fluoroimide  against  spore  germina-
tion or  appressorial  formation on  RJ,ricttlaria
oryiae  is extremely  high and  this compound

reacts  with  sulthydryl  group of cellular  com-

ponent.8) As  to the fate of  Fluoroimide,
absorption,  distribution and  excretion  by  rats

*
 Fate  of Fluoroimide,  NL{4-Fluorophenyl)-2,3-

  dichloromaleimide  (Part 1)

  Presented  at  the Fourth  International Con-

  gress of  Pesticide  Chemistry  (IUPAC), July
  24-28, 1978, ZUrich, Switzerland.

have been studied.',5}

  This paper deals with  absorption,  translo-
cation  and  metabolism  of Fluoroimide  onfin

Inu-apple tree  which  is a  similar  species  ef

apples  to be protected.

       MATERIALS  AND  METHODS

1. Plant

  The  leaves and  fruits of  ten year-old Inu-

apple  trees (Malus Prunofblia BoRKHousEN)

at  falling time of  blossoms and  fructifing time

were  used  tor the  experiments.  Crossing  was

carried  out  at  the fiowering time  in a  growth
chamber  (Koito Ind. Ltd., Japan; about

20,OOO lx). The  illumination time  was  set  for

the day time (l1 hr) from  July to September.

2  Chemicals
  Two  kinds of  i'C-Fiuoroimide  were  ob-

tained from Daiichi Pure Chemicals Co. Ltd.,

Japan; one  was  labeled at  benzene ring  (BR-
Fluoroimide;  specific  activity  5.2mCilmmol,

radiochemical  purity>99%)  and  the other

was  labeled at  carbonyl  group (CO-Fluoro-
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   tillation spectrometer  (lsc; TRI-CARB  3385,

   Packard  Instrument  Co. Inc., U.S.A.) using

   15 ml  of  the scintillator  A  (4 g PPO  and  O.1 g
   POPOP  in l liter of  toluene) or  the scintillator

   B  (6g PPO,  O,27g POPOP,  112g  naphtha-

   lene, 20ml  ethylene  glycol, 60ml  methanol

   and  920 ml  of  dioxane). Unextractable  residues

   in the plant pulps were  treated by  an  auto-

   rnatic  sample  oxidizer  (TRI-CARB 306,

   Packard) and  determined by  lsc. Auto-

   radiograms  (arg) of  the plant and  the developed

   thin-layer chromatographic  (tlc) plates were

   taken  by exposing  to X-ray  film for 10 days

   at  4DC.

   5, Thin-lcagy,erChromatagrapdy

     Precoated tlc plates with  O.25mm  thick

   silica-gel  60 F2s4 (E. Merck, W.  Germany)  were

   used,  The  developing solvent  systems  used

   were;  A: benzene, B: ethanol/chloroform  (1/
   19), C: ethanol/chloroform  (1/3), D: acetic

   acidlethyl  acetate  (lf99>, E:  ether/n-hexane

and  its related  compounds.

ag 1e  vapt 55 li!

imide; specific  activity  3.9mCilmmol,  radio-

chemical  purity>9991.). The  name  and  struc-

ture of  Fluoroimide and  related  compounds

synthesized  and  their propertie$ are  shown  in

Table 1 and  2. f3-Glucosidase (Almonds;4.97
u/mg)  was  obtained  from VLTorthington Bio-
chem.,  U.S.A. Dain,  a  sticker,  was  obtained

from Takeda  Chemical Ind. Ltd., Japan.

3. PreParation of i`C-Flzaoroimide  Solution

  The  1,OOOppm  Fluoroimide aqueous  solu-

tion was  prepared  by  homogenizing 64mg
of  a  wettable  powder  containing  78%  of  

i`C-

Fluoroimide, 5%  of  surfactants  and  17%  of

carrier,  with  one  ml  of  water  by  a  glass ho-
mogenizer  and  by  diluting to 50ml  with

water.  For the absorption  and  translecation
experiments,  750ppm  Dain aqueous  solution

was  used  in the place of  water.

4. Radioanalysis and  Autoradiogrmpdy

  Radioactivity was  measured  by  liquid scin-

                       Tablel  Fluoroimide

Compound  No.  Chernical structure

  :IIgg)NeF
  xllgsg:
  gliE8gg:i
  glllfiooH
  EIIfioocH,
  HzNeF

 
F-O-:elEg)N-O-F

    coNHeF
  gli    COOH

    CONH-O-E
  gll    COO ¢ H3

  x[ggg: {;>-F

gll::N.H-eF. .,NOF

  gl ff F,ONHOF
  

Cfilg8)NQF

  hlgg)NOF
  :;[gg)NoF
  FONHCOCH3

Chemical  name

Fluoroimide

     I

    II

   JTI

    IV

    v

    VI

   VII

  VIII

   IX

    x

   XI

   XII

  XIII

  XIV

   xv

N-(4-F]uorophenyl)-2,3-{lichloromaleimide

Dichloromaleic  acid

Dimethyldichloroma]eate

{E)-2,3-Dichloroacrylicacid

Methyl  (E)-2,3-dichloroacrylate
4-Fluoroaniline

2-Chloro-3-(4-fiuorophenylamino)-N-(iFfiuorophenyl>
                              maleimide

4-Fluorodichloromaleanilic  acid

Methyl  4-fluorodichloromaleanilate

Sodium  4--fluorodichloromaleanilate

4-FIuoroaniline  salt  of  4-fiuorodichloromaleanilic acid

(E)-2,3-Dichloro-N-(4-fiuorophenyl}acrylamide

N-(4-Fluorophenyl)  monochloromaleimide

N-(4-Fluorophenyl) maleimide

N--(4-Fluorophenyl)  succinimide

4-Flueroacetenanilide

NII-Electronic  
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Table  2Physical  properties of  Fluoroimide  and  its related  compounds,

Compound
 No.*

mp  er  bp

 (oC)
IR{Crn-1) MS(m/e) NMR{ppm)

Fluoroimide

 IIIIIIIV

 VVIVIIVIIIIXxXI

XIIXIII

XIVXI,r

m:  240.5-241.B

m:  83-84

b:m:188203-204

m:  217m:

 l48-149

m:  171-174
m:  82,5

1705, 1620, 1595 {KBr)

3200, 1755, 1715, 1605 (KBr)
2960, 1745, 1600  (liq. film)

3400-2100, 1720, 1580 (KBr)
2960, 1750, l600  (KBr)
3325, 1210, 825  (liq. film)

1780, l7IO, 1665, 1610  {KBr}

3600-2200,  1650, 1620  (KBr)

l795, 1715, 1640, 1595 (KBr}

3680-2800.  1640, l540 (KBr}

3300-2200, 1655, 1575 (KBr)
326e, l650, l610, 1595 (KBr)

3110. I790, 1730, 1605  {KBr)

3110. 1715, 1705, 1585 (KBr}

3080, 1765, 1710, 1515 (KBr)

32SO. 1555. I500, 1210  (KBr)

259

212, 181

140,105154,

 119

 111

 334

277. 111

291. 259

SS4, 123

259. 111

233, 123225

l91s 157

193, 1I1153

*  cf,Table  1.

7.I6 (2H, t), 7.32 (2H, m)
CDC13+DMSO-d,

3,83 (s) CC14

3.84 (s} CC14

7.12 (2H, t), 7.26 (2H, m)
CDCI3tDMSO-dG
7.00 (2H, m),  7.95 (2H. t)
CDCIs+MeOH-d4
3.86 (2H, s). 7.00 (2H, t),
7.50 (2H, q), 8.01 (IH, n])  CDCI3
6.97 (2H, t), 7.55 (2H, m)

MeOH-d4

7,o3 (2H, m),  7.52 (2H, rn},

7.75 (IH, s) CDC13
6.78 (IH, s), 7,05 (2H, t),
7.32 (2H, m)  CDC13

6.81 (2H, s}, 7.14 (2H, t),
7.32 (2H, rn)  CDC13
l.70 (4H, s),  6.80 {2H, t),
7.12 (2H, t) Benzene-d6
2.06 (3H, s), 6.92 (2H, t), 7,35
(2H, m),  7.40 (IH, s) CDC13

Table  3ill'  values  of  Flueroimide  and  its related  compounds  on  silica-gel  tlc.

Rl' values  in solvent  system'*

Compound  No.*

(A) (B) (C) (D) <E)
Fluoroimide

    I

   II

  III

   IV

   v

   VI

  VII

  VIII

   IX
   x

   XI

  XII

 XIII

  XIV

  xv

O.47o.ooO.33O.Ol

O.11O.23o.ooO.47o,ooo.ooO.33O.31e.I6O,03o.el

O.71o.oo

O,13

O.40O,68e,ooO,71o.ooo,ooO.68O.67O.63O.48O.l8

O.83O.07

O.71

O.19O.83O.19O.18O.79

O.79O.67

O.66

O.41

O.50O.67O.07O.66O.07

O.65O.63O,58O.41O.56

O.48

O.59

O,48

O.39

O.14

'
 cf.  Table  I.

"
 (A): benzene,  (B}: ethanolfchloroform  (1119), (C):

  ethyl  acetate  (lf99), (E): ether/n-hexane  (ltl).ethanollchloroform
 (1/3),(D}: acetic  acid/



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

32 H as ee es \k  a±.  ee s ts

(111). The  Rf values  fer Fluoroimide  and

related  compounds  in these solvent  systems

are  shown  in Table  3.

6. Abso21vbtion and  Translocdtion on  Leaves

  
i`C-Fluoroimide

 solution  was  applied  at  the

center  of  both sides  of  a  leaf at  flowering time
using  a  pair of  tweezers  with  urethane  foam

tip (1 cmx4cm).  After one,  2, 3, 9, 21 and

45 days, the leaf was  excised  to monitor  the
translocated radioactivity  by  arg  method.

  To  determine the translocated amount  of

radioactivity,  
'`C-Fluoroirnide

 solution  was

applied  at  the rate  of  50 "g  (1 paCi) per leaf
to basal part of  either  side  of  a  leaf using

microsyringe.  The  leaf was  excised  after  9
days  and  divided into the applied  part and  the

translocated part which  was  cut  one  cm  apart

from the applied  part. These two  parts were

extracted  with  30 ml  of  di¢ hloromethane and

then with  30 ml  of  methanol.

  Radioactivities in these extracts  and  unex-

tractable residues  were  determined  by  lsc.

7. Metabolism on  Leaves and  Fruits

  At  fructifing time, 
itC-Fluoroimide

 solu-

tion was  applied  on  the leaves and  fruits by
spotting  50  ptg (1 paCi) per leaf or  fruit by

microsyringe.

7.1 Extraction

  After one,  3, 9, 21, 45 and  93 days, three
leaves and  two  fruits were  excised  and  washed

respectively  by  dipping  in 50 ml  ether  for one
min,  and  then  extracted  successively  with

50ml  dichloromethane, 45ml  methanol  and

40ml  water  for 5min  at  3,OOOrpm  in ho-
mogenizer  (Nihon Seiki Co. Ltd., Japan>.
Then, radioactivities  of  surface  washes,  di-
chloromethane  extracts,  methanol-water  ex-

tracts and  unextractable  residues  were  mea-

sured.7.2

 Hydrolysis .

  A  half of  methanol-water  extracts  was

evaporated  to dryness, and  hydrolyzed with

4.4mg  of  fi-glucosidase in 4ml  of  O.IM

phosphate  buffer (pH 4.7) at  380C for 3 hr and
extracted  three times  with 3ml  ether,  The
residual  solution  was  subjected  to hydrolysis
again  under  2 N  HCI  acidic  condition  at  80DC

for 3hr  and  extracted  in the same  manner.

In the case  of  BR-Fluoroimide, the residual

rg 1e  vaf" 55  IP 2n

aqueous  solution  was  re-extracted  with  ether

at  pH  10. '

7,3 Metabolites
  The  radioactive  metabolites  in those ex-

tracts were  detected  and  identified by  cochro-

matography  with  authentic  samples  on  tlc, and

analyzed  by  lsc.

  Main metabolite  (IX) was  obtained  from

methanol  extracts  of Inu-apple leaves on

which  a  large amount  of  unlabeled  Fluoroimide
was  applied  and  which  were  excised  9 days

after treatment, Since reduced  metabolite

(XIV) is formed more  on  bean plant leaves

(about 3%)  than  on  Inu-apple  leaves, it was

obtained  from ether  extracts  of  the bean leaves

on  which  unlabeled  Fluoroimide was  applied

and  which  were  excised  3 days after  treat-

ment.  These metabolite3  were  purified by

preparative tlc using  the following solvent

systems;  ethanolfchloroform  (112) [(IX) shows
the Rll' value  O.22] and  benzene followed  by

ethanol!chloroform  (119) [(XIV) shows  the  Rl'
value  O,30]. These metabolites  were  identi-

fied by  GC-MS  (Hitachi M-52,  Hitachi Ltd,,

Japan), IR  (Hitachi 295), NMR  (Hitachi R-
24, 60MHz>  and  fluorescence X-ray  (FX;
Philips PVV-I450-AHP,  Netherlands).

                RESULTS

1, Abso2:Ption and  Translocation en  Leattes

  Fluoroimide  remained  at  the applied  por-
tion of  the leaves one  day  after  treatment,  but

translocated upward  slowly  after  9 days and
uniformly  distributed in the upper  part of

the leaves after  21 days, as  shown  in Fig. 1.

  The  results  of  translocation of  
i`C-Fluero-

imide in the leaves were  shown  in Table 4.
More  radioactivity  was  observed  in the trans-
Iocated part when  treated on  the back of  the

leaves than on  the face. However, it was  at

most  2.3%  even  when  treated on  the back,
and  only  l.5%  was  translocated as  Fluoro-
imide. Fluoroimide  decomposed  into un-

extractable  residues  more  easily  on  the back
than  on  the face.

2. MetaboJism on  Leawes ana  Fruits

  Figure 2 shows  the distribution of  
t`C

 in
the case  of  leaves and  fruits treatments.
Eighty-five percent of  the residual  radio-

activity  was  in the both surface  washes  after

NII-Electronic  
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Photo,  arg

       After  one  day

   Fig. 1

     Table  4

 vat 
..e,"k-

 
L.?,
 
･Esii

 
1

   g" -.tf .. }t,e. ?f,$"-tr t,.  

                        Photo,
                                  After

Autoradiograms  of  Inu-apple  leaf treated with  
i4C-Fluoroimide

   Translocation  of 
i4C-Fluoreimide

 on  leaves after  9 days,

{g.

         arg

  21 days

Percent  of  "C

 Labeled
cempound*

Face  application Back  application

Applied
 part

Translocated
   part

Applied
 Part

Translocated

    part

BR

Extracts"  95,6

(Fluoroimide 60.9
Vnextractable residues  2,6

   Total  98.2

1.6I.0O,21,8 92.753.95,O97.721o215)23

co
Extracts**

( Fluoroimide
Unextractable  ;esidues

   Total

97.775.3

 1,899,5

O.4O.2O.1O.5 90.055.2

 8.398,3

1oo129>57

 
i
 BR:  benzeneringlabeledFluoroimide,

**  dichloromethane  and  methanol  extracts.

                    Leaf applicatien
             100

                  
---

                    
NNx

           y 
-Nx

           eIo  
Nx

           = N
           a

           g
           6
           E
           8]
           ts
           a

             o.1
                l9  2i 45

                       days

Fig.2 Distribution of  radiocarbons  after

O: total t4C,
 o: surface  washes,  a:

A:  unextractable  residues,  n:  Fluoroimide

co:

s-

 carbonyl  labeled Fluoroimide.

         Fruit applicatien
1oo

10

1

O.1

--.-sNssNNNN-

      93

     treatment

dichloromethane

19  21 45 93

       days

of  
i4C-Fluoroimide

 to  Inu-apple  trees,

extracts,  A:  methanol-water  extracts,
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45 days. Methanol-water extracts  and  un-

extractable  residues  increased gradually and

were  more  on  the fruits than  on  the leaves.
This  shows  that the fruits can  absorb  and

metabolize  FIuoroimide more  easilv  than  the                              v

leaves. When  rnethanol-water  extracts  from
leaves and  fruits were  hydrolyzed with  ff-
glucosidase and  then with  acid,  the respective

radioactivities  of  hydrolyzed extracts  from
i`C-(BR)-Fluoroimide

 were  13%  and  66%
and  those from 

i`C-(CO)-FIuoroimide
 were  89/6

and  33%.

  Figure 2 also  shows  the half life of  Fluoro-
imide, which  is about  20 days on  the leaves
and  30 days on  the  fruits. About  97%  of

radioactivity  in surface  washes  at  the half life
time  was  Fluoroimide.

  Sixteen kinds of  radioactive  spots  in all  the
extracts  were  detected  by  tlc-arg  method,  7

of  which  were  identified as  FIuoroimide,  (V),
(VI), (IX), (XI), (XIII) and  (XIV) by ce-

chromatography,  MS  and  GC-MS.

  Although  (VI) was  found  small  amount  in

surface  washes,  it can  not  be supported  as  a

metabolite  because it is formed about  one

percent from  Fluoroimide  after  one  hour  on

tlc plate6) and  the surface  washes  contain  large

amount  of  Fluoroimide.

  The  metabolite  CIX) was  found to have 4-

                   
･MS

        loo

                               Metaboiite

                                 <IX)

         o

H Xs ge es#k  :,h. za 5 tsee  1g  va" 55 tP 1H

100

12319S
11J 233

XIO

e3l37I63 308259334

fiuorophenyl  and  di¢ hloroethylene rnoieties  by

MS  spectrum  (mle lll: H2NQF,  m/e

233: CICH=CCI-CONHQF  ) and  NMR

spectrum  [68iM'sO"-d`; 6.97 (2H, triplet), 7.55

ppm  (2H, multiplet):  -NHOF],  and

carbonyl  ion by  IR  spectrum  Cy5.?l; 1620

cmH')  and  sodium  by  FX  (Na; calculated

8.2%, iound 6.80/,). IR  and  MS  spectra  of  the

metabolite  agreed  with  these  of  authentic

sample  (IX) as  shown  in Fig. 3. From  these

results,  it has become  apparent  that the
metabolite  uras  sodium  salt  of  (VII).
  The  metabolite  (XIV) was  found to have
imide  ring  by  IR  spectrum  (v::E: ]765, 1710,
1515, 1395, II80 cm-i)  and  did not  contain

chlorine  atom  and  was  presumed  to have  suc-

cinimide  ring  and  4-fluorophenyl  moieties

from  its MS  fragment  peaks  (mXe 193, 165, 137,
111), The  spectra  of  the metabolite  agreed

with  those of  authentic  sample  (XIV).
  Table 5 shows  the amount  of  extractable

Fluoroimide  and  its metabolites  in the leaves

and  fruits after  21 days. A  main  metabolite

was  (IX) in surface  washes.  (V) was  obtained

by  acid  hydrolysis of  methanol-water  extracts

and  (XIV) was  detected mainly  in dichloro-
methane  extracts.  U-8  (an unknown  meta-

             IR

 o100

123

× leAuthentic
  (LX)

o

Ir)

xro

Authentic

 (Vlt)

o ioo 2oo

   mle

      Fig.

 3oo 4000 3000 2ooo

3 MS  and  IR  spectra  of  main  metabolite

   isoo

Cm-1

(IX).

1000
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Table  5 Extractable+  i4C-Fluoreimide  and  itsmetabolitesonlin  Inu-apple  trees aiter  21 days,

Percent  ol  applied  
t4C

     Fluoroimide
      and  its
     metabolites  SW*

   Fiu'ol6iim-ide 
"'Il+

       v\  l
       IX                  ++
       XI                  "

     XIII

      XIV

      U-8  -

   Others                  +
'
 

'''
 io'C5i' 

--

Detection*i
Leaf  application E{uit 

applicatig.p

DM*

 +

 +

 +
 +

 +

MW- BR co BR

+t

+

+++

66.

 o.

 o,16,

 o.
 o.

 o.

 o.

 o.

2611o142738.2

 O.123.6

 O.1
 O.1

 O.4

 O.1

 l.7

4S.5
 O,3

 o,o14.2

 O.1
 o.o
 1.0

 1.0
 2.e

co73.3

O.3

 2,So.o

 O.3

 O.4

 O.6

 O.9

84.4 64.3 62.1

 ***Surface
 washes  (SW), dichlorornethane  extracts  (DM)

-:  not  detected  and  less than  O.1O/., +:  O.1-2 0,'6,

results  obtained  after  9, 21 and  45  days.

 and  rnethanol-water  cxtracts

+  +:  rnore  than  2%,  as  avcrage

 78.6(MW)

   of  the

bolite), Rf values  of  which  by solvent  A  and

C were  O.OO and  O. 1 1, respectively,  was  detected
rnainly  in hydrolyzed  extracts  of  methanel-

water  extracts.

              DISCUSSION

  FIuoroimide  decreased  te 50%  in 20 and  30
days on  the leaves and  fruits of  Inu-apple
trees  respectively  under  our  experimental  con-

dition.

  Eighty-five percent  of  residual  radioactivity

was  derived from Fluoroimide and  a  rnain

metabolite  (IX). The  amount  of  (IX) is con-

sidered  to vary  by  extent  of  adherence  on  the

plants. When  in the field conditions,  dis-

sipation  of  these compounds  from the plants
should  be more  accelerated  by  such  physico-
chemical  factors as  wind, sunlight  and  rain-

fall, because (1) Fluoroimide adheres  loosely,
and  is absorbed  and  translocated  yery  little,

(2) (IX) is very  soluble  in water.  Consequently,
fate of  Fluoroimide and  (IX) in the soils  must

be studied.

  As  reported,  some  IV-phenylimides  were

easily  hydrolyzed to form anilamic  acids  as

a  main  metabolite  in Ohric7) and  Sumilex,8,")
the latter of  which  was  unstable  on  silica-gel

tlc plate where  reversible  reaction  of  ring-

cleavage  and  
-closure

 of  the imide was  ob-

served.  Half life of  Flueroimide on  silica-gel

tlc plate was  4  hr6) and  the resulting  maleanilic

                 fluorojrnide
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  Fig.4  Tentativc  metabolic  pathways  ontin

       Inu-apple  trees.

acid  (VII) showed  the same  I<lr values  with

those of  (IX) on  tlc. Therefore, (IX) must  be
separated  quickly  and  analyzed  from Fluoro-
imide which  decomposes to (VII) on  silica-gel

tlc plate, (IX) was  formed from sodium  and

dissociated (VII) on  the plants by wat6r  and

sunlight.  Sodium  of  (IX) was  presumably
derived from  the plant surface,  because the

plants generally contain  several  hundred ppm
of  sodium  ion as  a  usual  component.

  Since (XIII) and  (XIV) were  not  detected
in the surface  washes  but were  found in the
dichloromethane extracts,  it is apparent  that
they  were  the resulting  metabolites  within  the

plants. Succinimide moiety  of  <XIV) is sup-

posed  to be derived not  from the component

in the plants but from the dichloroethylene
moiety  oi  Fluoroimide which  might  undergo
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enzymatic 　reduction 　as 　was 　observed 　in　DDT
metabolites ．

10 ） This　was 　suggested 　by　the　fact
that　the　amount 　of （XIV ）produced　from　BR −

Fluoroimide　was 　relatively 　eqUivalent 　to　that
from　CO − Fluoroimide、

　Although　Fluoroimide　reacts 　with 士hiol　com −

pounds3
） and 　some 　of　 the　metabolites 　 of

organochlorine 　pesticides　are 　glutathione　con −

jugates　in　plants，
” ）

such 　conjugates 　of 　Fluoro−

imide　were 　not 　detected．

　 From 　these　results ，　tentative　metabolic 　path −

ways 　 of 　 Fluoroimide　on ！in　Inu −apPle 　trees
are 　proposed 　as 　shown 　in　Fig．4．
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要 約

イ ヌ リ ン ゴに お け る フ ル オル イ ミ ドの 吸収 ， 移

行 および 代謝

　　　　　　　　　　　　　小川 邦彦 ， 相沢 宏保 ， 山内文雄

　 殺菌剤 ，
フ ル オ ル イ ミ ド ［N −

（4−Fluorophenyl ）
−2，3−

dichloromaleimide，ス パ
ッ トサ イ ド  ］の イ ス リ ン ゴ に

お け る挙動 を芳香環 ま た は カ ル ボ ニ ル 基 を
UC

で 標識 し

た 化合物 を 用 い て 検討 した ．

　 フ ル オ ル イ ミ ドは ，葉 や 果実 に 塗布 した と き ， そ れ ぞ

れ 約 20 日 と約 3e 日の 半滅期 を 示 し ， 処 理葉 内へ の 吸

収 ， 移行性 は 非常 に 小さ く ，
9 日 後で もわ ず か 2％ 以 下

で あ っ た．吸収 ・移行 した放射能は ，
93 日 後 の 葉 に お

い て 約 9％ ， 果実 に お い て 約 18％ に 達 し，取込 み や代

謝性 が後者 で よ い 傾向が 見 られ た．

　 フ ル オ ル イ ミ ドの 主代謝物 は イ ミ ド環 の 加 水分解物

で ，MS ．　 IR ．　 NMR お よ び 螢光 x 線法 に よ り sodiu 皿

4．fluorophenyldichloromaleanilate で 存在 す る こ とを

1司定 ， 確認 し た ．他 に 少量 の 4 種の 代謝物，4−fiuoroan −

iline．（E ）
−2，3−dichloro−N −

（4−fiuoropheny1 ） acrylam −

ide．　 N −
（4−fluorophenyl＞ maleimide お よ び N −（4−

fluorophenyl ）succinimide ［A ］， が 確認 で き ， ［A ］ の

コ ハク 酸部分 は 植物由来 で は な く， ジ フ ロ ル マ レ イ ミ ド

の 還元 的 変換生成物で あ る こ とが 明 らか と な っ た，

N 工工
一Eleotronio 　Library 　


