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   A  new  herbicide,  alloxydim-sodium(ADS)[sodium  salt  of  2-(1-allyloxyamino)-
butylidene-5.5-dimethyl-4-methoxycarbonylcyclohexane-1,3-dione]  was  applied  to
the  leaves of  sugar  beet (Beta vu4garis).  The  total recevery  of  the  radioactivity  of

i`C-ADS,
 Iabeled at  C-1  position ef  the  butylidene group, gradually decreased  with

half-life of  11 days.  The  translocation  of  the  radioactivity  to  other  parts of  the

plant  was  little and  the  residues  calculated  as  apparent  ADS  in roots  were  O.16,
O.O096 and  O.O020ppm  at  1.5, 4 and  6 months  after  the treatment, respectively.

The  main  metabolite  in the  treated  leaves was  a  deallyloxylated compound  (CM-I)
and  minor  ones  were  two  oxo-tetrahydrobenzoxazole  derivatives (CM-II, CM-III).
The  amounts  of  these  metabolites  reached  the  maximum  around  10 days  with  18.00/.

{CM-I), 2.6% (CM-II> and  2.5%  (CM-III) of  the applied  radioactivity.  This type
of  transformation  of  ADS  also  occurred  under  non-biological  conditions.  and  the

mechanism  is discussed,

             INTRODUCTION

  AIIoxydim-sodium  (ADS) [sodium salt  of  2-
<1-allyloxyamino)-butylidene-5,5-dimethyl-
4-methoxycarbonylcyclohexane-1,3-dione]  is a
novel  selective  herbicidei) which  controls

graminaceous weeds  without  phytotoxicity
towards dicotyledonous plants such  as  sugar

beet and  soybean.2,S)  In sugar  beet, ADS  is
used  as  a  postemergellce herbicide to control

annual  grasses. Part of  the results  on  the plant
metabolism  of  this chemical  was  reported  at  the
Annual  Meeting of  this Society.`} The  present
study  deals with  the fate of  ADS  on  subar  beet
in connection  with  its chemical  transformation.

       MATERIALS  AND  METHODS

1. SPectroscopy
  Infrared spectra  (IR) were  recorded  en  a

Jasco IR  spectrophotometer  IR--G@, Samples
were  analyzed  as thin film on  a  NaCl  crysta]  for
liquid and  in a  KBr  disc for solid.  Ultraviolet
spectra  (UV) were  determined on  a Shimadzu
UV  spectrophotometer  MPS-50L@  as  methanol

or  O.1 N  alkaline  solution.  Nuclear  magnetic

resonance  spectra  (NMR) were  determined in
CDCIs, except  for ADS  (D20) and  CM-VII

(CDsOD), on  a  Jeol NMR  spectrometer  JNM-
MH-100@  at  60 MHz.  Mass  spectra  (MS) were
obtained  with  a  Hitachi rnass  spectrometer

RMU-7MGO  at  3.5 ×  1O-7 torr, 1200C and  20 eV.

2. Chemicals

  ADS  [7-i`C] labeled at  C-I position of  the
butylidene  group was  synthesized  by  the fol-

lowing reactions  starting  from sodium  butyrate

[1-i`C]. Sodium  butyrate [1-i`C] was  treated
with  thionyl chloride.  4-Methoxycarbonyl-
dimedone was  reacted  with  the 

!`C-acid
 chlo-

ride  in the presence of  a  ZnC12  catalyst  to

form  2-butyryl-4-methoxycarbonyldimedone

[butyryI-1-"C]. The  latter compound  was

transformed to 
'`C-alloxydim

 by  allyloxyami-
nation,  and  then  to i`C-ADS

 with  sodium  hy-
droxide. The  total radiochernical  yield was

12.9%  from sodium  butyrate  [1-'`C]. The  spe-

cific radioa ¢ tivity was  2.52 paCi/mg or  O.871

mCi!mmol,  The  radiochemical  purity of  the
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compound  was  99%  when  checked  by  thin layer
chromatography  (tlc) using  a  silica gel plate
(Eastman Chromagram  sheet  6060@) and  de-
ve}oping  solvent  of n-hexane:acetone  (7:3),
  Nonlabeled ADS  and  sodium-free  ADS,  al-

Ioxydim,  were  prepared by  the same  method  as

the labeling sythesis.

  ADS.  mp  185.50C (decomposed). IR,v1740

(CO), 3460 cm-'  (NH) ; UV,  AO.'i.". 
Nfie"

 287 nrn  ;

NMR,  Mrom  DSS  O.8 (3H, t), 1.0 (3H, s), 1.I

(3H, s), 1.3 (2H, m),  2.0 (IH, d), 2.3 (3H, m),

3.0 (IH, s), 3.5 (3H, s), 4,3 (2H, d), 5.e (2H, m),
5.7 ppm  (IH, m).
  Alloxydim. n2D"5 1.5063. IR,  v  1655  and  1735

cm-i  (CO); UV,  
".･1li.

 
Nae"

 287 nm;  MS,  mfe  323

Of'), 267, 266, 237; NMR,  6 from TMS  1,O (3H,
t), 1,1 (3H, s), l.6 (2H, m),  2,3 (IH, d), 2.9 (3H,
m),  3.3 (IH, s), 3,7 (3H, s), 4.3 (2H, d), 5.4 (2H,
m),  6.0 ppm  (IH, s),
  2 -  (1 -  Aminobutylidene)  -  4 -  methoxycar-

bonyl -  5, 5 -  dimethylcyclohexane -  1 , 3 
-

 dione

(CM-I) was  obtained  by  amination  of  2-buty-

ryl -  1 -  hydroxy  -  4 
-

 methoxycarbonyl  
-

 5, 5 
-

dimethyl-1-cyclohexen-3-one  (CM-VI) with

ammonia.  n:'S 1.5406. IR, v  1735  (CO), S280

cm-i  (NH); UV,  A:ZO." 253, 290 nm;  MS, mfe

267 <M+), 236, 220, 208; NMR,  61.00  (3H, t>,
1.l2 (6H, s), 1.64 (2H, m),  2,32 (IH, d), 2.72
(IH, d), 2.92 (2H, t), 3.32 (IH, s), 3.72 (3H, s),
7.28 ppm  (IH, m).
  6,6-Dimethyl-5-methoxycarbonyl-2-pro-

pyl-4-oxo-4,5,6,7-tetrahydrobenzoxazole(CM-
II) and  6,6-dimethyl-7-methoxycarbonyl-2-

propyl 
-

 4 
-

 oxo  
-

 4, 5, 6, 7 -  tetrahydrobenzoxa-

zole  (CM-III) were  prepared as  a  mixture  by
refluxing  alloxydim  (sodium-free ADS)  in
ethanol  tor 15hr, The  distilled mixture  (bp
165-1670CfO.4-O.5mmHg)  was  treated with
hydroxylamine in ethanol  to give selectively

the oxime  of  CM-III  because of  steric  hin-
drance. The  reaction  mixture  was  dissolved in

ether  and  then  cooled  at  -5eC.  The  resulting

precipitate was  Mtered off.  The  ethereal  solu-

tien was  washed  several  times with  an  alkaline

aqueous  solution  to extract  rnajor  parts of  the

remaining  oxime.  After evaporating  the ether,

the residual  oil was  charged  on  a  silica  gel col-
umn  and  CM-II  was  eluted  with  benzene:ethyl
acetate  (9:1). n:-1.5035.  IR, v1690  and  1735
cm-i  (CO); UV,  A:ZO." 253 nm;  MS, mle  265,
250, 234, 233, 218, 206, 205; NMR,  61,OO (3H,

ee2e  va"541F5n

t), 1.20 (3H, s), 1,24 (3H, s), 1,84 (2H, m),  2.80

(2H, t), 2.93 (2H, dd), 3,32 (IH, s), 3.72 ppm
(IH, s). On  the  other  hand, the CM-III  oxime

was  dissolved in ethanol  and  treated with  a

formaldehyde solution  and  IN  hydrochloric
acid  at  500C  for 3hr  to get CM-III. Mp  82-
830C. IR,v1690  and  I735  cm-i  (CO); UV,  A:e.O."

248 nm;  MS,  m/e  265 (M'), 250, 233, 218, 205;
NMR,  6 1.00 (3H, t), 1.20 (3H, s), 1.24 (3H, s),
I.84 (2H, m),  2.60 (2H, dd), 2.76 (2H, t), 3.72
(IH, s), 3.78 ppm  (3H, s), An  alternative  syn-

thesis of CM-II.  6,6-Dimethyl-4-ox(F-2-  pro-
pyl-4,5,6,7-tetrahydrobenzoxazole in benzene
was  refluxed  with  6 equivalents  of  sodium  hy-
dride and  dimethyl carbonate  for 18 hr. The
filtrate of  the  reaction  mixture  was  concen-

trated. The  produ ¢ t was  purified by  column

chromatography,  and  was  identical with  CM-II
obtained  by  the previous method,  on  IR, UV
and  NMR  spectra.

  6,6-Dimethyl-5-methoxycarbonyl-3-pro-

pyl-4-oxo-4,5,6,7-tetrahydrobenzoisoxazole
(CM-IV) and  6,6-dimethyl-7-methoxycar-

bonyl-3-propyl-4-oxo-4,5,6,7-tetrahydro-

benzoisoxazole (CM-V) were  also  obtained  as

a  mixture  after  the reaction  of  CM-VI  and

hydroxylamine in ethanol  at  room  tempera-

ture. From  a  ligroin solution  of  the  mixture,

CM-IV  was  obtained  by  recrystallization.  Mp

51-530C. IR, v 1680  and  1740cm"i  (CO);
UV,  A:ZO." 238nm;  MS,  m/e  265 (M'), 250,
224, 218, 206, l92; NMR,  6 O.96 (3H, t>, l.20
(3H, s), 1,26 (3H, s), l.72 (2H, m),  2.80 {2H, t),
2.88 (IH, d), 3.18 (IH, d), 3.36 (1H, s),  3.72 ppm

(3H, s), CM-V  was  separated  from the rnother

liquid following the same  method  as  CM-III.
n2.L" I.4931. IR, v1680  and  I730 cm-i  (CO>;
UV,  A:ZO." 225nm;  MS,  mle  265 (M'), 250,

224, 206, 192; NMR,  v  1.00 (3H, t), 1.20 (6H,
s), l.65 (2H, m),  2.14 (IH, d), 2.82 (IH, d),
2.84 <2H, t), 3,76 ppm  (4H, s),
  2-Butyryl-l-hydroxy-4-methoxycarbonyl-
5,5-dimethyl-1-cyclQhexen-3-one  (CM-VI)
was  prepared  by  the reaction  mentioned  in
the labeling synthesis,  n:'5  1,5048, IR, y1665

and  l735 cm-i  (CO>; UV,  A:e.O." 237  and  275
nm;  MS,  m/e  268  <M'), 253, 221, 193; NMR,  6

O,94 (3H, t), l.12 (6H, s), 1.65 (2H, m),  2.42

(IH, d), 2.92 (IH, d>, 2.96 (2H, t), 3,30 (IH, s),
3.72 (3H, s), 18.20 pprn (IH, s).
  2 

-
 (I -  Allyloxyamino)  butylidene  

-
 5, 5 - di-
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methylcyclohexane-1,3-dione  (CM-VII) was

obtained  by  allyloxyamination  of dernethoxy-
carbonylated  CM-VI.  n2Di'e 1.5089. IR, v1658

cm-i  {CO); UV,  A".e.?ii 283nm;  MS,  m/e  265

(M'), 208, 192, 179; NMR,  6ppm  O.92 <3H, t),
1.08 (6H, s), 1.48 (2H, m),  2.36 (4H, s), 2,84

(2H, t), 4.56 (2H, t), 5,3 (2H, m),  6.0 ppm  (IH,
m).

  4-Methoxycarbonyl-5,5-dimethyl-2-pro-

pionamidocyclohexane-1,3-dione  (CM-VIII)
was  obtained  by  catalytic  reduction  of the azo

compound,  in butyric anhydride,  which  was

formed from  4.methoxycarbenyldimedone  and

tosylsulfonylazide. n2D`'5 1,4290. IR,  v 3250

(NH), 1735 (CO), 1600crn-i  (CONH); UV,
A".e.?" 286nm;  MS, m/e  283 (M'), 224, 212,
181; NMR,  6 1.00 (3H, t), 1.12 (6H, s), 1.70
(2H, m),  2.40 (3H, m),  2.80 <IH, d), 3.28 (IH,
d), 3.80 (3H, d), 8.2 (IH, m),  13.5 ppm  (IH, rn).

3. Plant Treatment

  The  sugar  beet plants (Beta vuigaris  L.,
PoLyRAvE  var.)  were  grown  in pot culture  in

a  greenhouse (15-28eC) after  the seeds  were

sowed  on  Dec.  27th, 1975. t`C-ADS
 C7,5mg)

and  a  succinate  type  surfactant  (2.5 mg)  were

dissolved in 10ml  of  water.*  This solution

(100paL 4.20xl05dpm)  was  dotted with  a

microsyringe  as  uniformly  as  possible on  the

upper  surface  of  the first and  second  true

leaves (ca. 10 cm2)  at  early  third  leaf stage  of

the plant. The  treated plants were  cultured

outdoors  in the  daytime (sunny and  cloudy;

38 days) and  indoors at  night  tirne and  on  5

rainy  days  during  the experiment  from  Jan.
26th to Mar. 8th, 1976. The  plants were

transplanted to a  larger pot (di, 18 cm)  and  kept
in the greenhouse (22-330C) for 6 months.  The

weight  of  the root  was  O.18, I.17, 6,5, 106 and

340g  at  7, 28, 42, 120 and  l80 days, respec-

tively.

leaves were  first washed  with  6ml  of  water,

then  with 6 ml  of  methanol,  and  then homog-
enized  with 50%  rnethanol  in a  glass mortar.
The  aqueous  methanol  extract  was  separated

from  fibrous residue  by  centrifugation  (4,OOO
rpm,  5 min),  The fibrous residue  was  extracted

with  10ml  of  methanol,  and  the extract  was

added  to the aqueous  methanol  extract.  The

untreated  leaves and  the roots  were  separately

homogenized with  50%  methanol,  and  the

extracts  were  obtained  in the same  rnanner.

All the leaf washings  and  the extracts  were

radioassayed  by  a  liquid scintillation  spectro-

meter  (Packard Tri-Carb  S320@) with  external

quenching correction,  The  radioactivity  in

fibrous residue  was  determined by  the same

method  after  conversion  to '`C02
 by  a  sample

oxidizer  (Packard Tri-Carb  306@).

  The  water  washing  of  the treated leaves was

extracted  twice with  8ml  of  n-hexane  and

then  twice with  8ml  of dichloromethane at

pH  1. The  aqueous  layer was  extracted  twice

with  8ml  of  dichloromethane at  pH  7, then

twice with  8 ml  ot  ethyl  acetate  at  pH  7 and

again  at  pH  1. These fractions and  the metha-
nol  washing  of  the treated leaves were  con-

densed under  a  reduced  pressure, respec-

tively, and  subjected  to tJc analysis.  Tlc

analysis  was  carried  out  in two  solvent  systems

using  silica gel plates. The  Merck Art. 5554@

plate was  developed with  benzene:ethyl

Table 1 Rfvalues of  alloxydim  and  authen-

       tic standards.

Name
Rf valuesa)

A B

4. Extraction and  Analyst's of i4C-comPounds

  The  plants were  harvested at  designated
intervals and  divided into the treated leaves,
other  leaves, and  roots,  and  then  the fresh
weight  of  each  part  was  recorded.  The  treated

Alloxydirn
CM-ICM-IICM-III

CM-IVCM-VCM-VICM-VII

CM-VIII

O,43O,11O,24O,16e,55O,55O.44O,54O,18O.50O.36O.49O.48O.66O.66O.28O.67O.10

'  The  formulation oi  ADS  in the  market  isa

   75%  soluble  pewder,  which  is sprayed  in

  the field as  a  1,OOO-fold aqueous  solution.

a)
 tlc systems

A: Merck  Art  5554  was  developed with

benzene-ethyl acetate  (4:1), B: Eastman
No.6060  was  developed with  n-hexane-

acetone  (7 : 3)



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

124 H zts sers\fta-ts ac 4 tsag2g  ngfl541F5n

acetate  (4:1) and  the Eastman  No.  6060@
sheet  was  developed with  n-hexane:  acetone

(7:3). The  RIC values  of  authentic  standards

are  shown  in Table  1. Tlc autoradiogram  was

prepared with  a  medical  X-ray  film (Fujj Film).
The  silica  gel in the radioactive  zones  was

scraped  off  and  counted  for radioactivity.

  The  extracts  from the homogenate  of  treated
Ieaves were  concentrated  to remove  methanol.

The  resulting  aqueous  solution  was  treated as
mentioned  above  for the water  washing  of  the
treated leaf.

  All of the aqueous  solutions  remaining  after

solvent  extractions  of  the treated leaves were

combined.  Part of  the sample  (20e ml,  6,58×
IO`dpm)  was  passed  through  an  Amberlite
XAD-4  column  (¢  3 × 50 cm),  and  the column

was  washed  with  800 ml  of  water.  The  bound
                             .
components  were  eluted  with  methanol  (1
liter) and  then  with  a  O.4%  amrnonia-acetone

mixture  (1:I, 500 ml).  The  methanol  eluate

containing  ca. 78%  of  the charged  radio-

activity  was  concentrated  to dryness under

a  reduced  pressure. Part of  the concentrate

(9.5 mg,  8820  dpm)  was  each  incubated with
cellulase  (8U, ex  Aspergillus niger,  Sigma),

pectinase (ex AsPergillus niger,  Sigma), vCL
glucosidase (37.6U, ex  Almond,  Sigma) and

hesperidinase (6U, Aspergillus niger.  Sigma)
in 15ml  of  O,1M  acetate  buffer (pH 4.8) at

380C  for 20hr. The  incubation mixture  was

extracted  twice  "rith  15 ml  of  dichloromethane
at  pH  4.8 and  then  pH  I. The  extracts  were

combined,  concentrated  and  subjected  to tlc
analysis.  In this case,  the tlc plate (Merck
5554e)  was  developed  with  n-hexane-acetone

(7 :3).

5. Thermal  7'ransformatien

  ADS  and  alloxydim  placed separately  ill a

capped  glass tube  were  heated at  30, 40 and

50aC  in a  dark incubator for 20 days. At
appropriate  intervals, 500･mg  of  the sample

was  taken  and  dissolved in 50 ml  of  chloroform.

The  solution  (2 pa1) was  subjected  to tlc analysis
to determine the degradation products. The
chloroform  solution  was  extracted  twice  with

25ml  of  O.5N  sodium  hydroxide to remove

the intact alloxydim.  The  chloroform  phase
was  dried over  anhydrous  sodium  sulfate  and

concentrated.  The  residue  was  weighed  to
know  the amount  of  degradation products
<Table 2). The  products  were  confirmed  as

CM-II  and  CM-III  by  tlc analysis.

  Table2  Thermal  transformation  (O,i.) of

         ADS  and  alloxydim  to the mixture

         of  CM-II  and  CM-III.

 Tem-perature

  (oC)

Incubation  time  (days)
ADS Alloxydim

20 7 13 20

304050 ooo oo1.4 O,1O.93.5O.11.96.2

Table  3 Photochemical  transformation of

       pound  detected).

  In another  experiment,  alloxydim  was

heated at  1200C  for 5hr  or  under  the same

condition  as  the preparation  of  CM-II  and

CM-III  to give quantitatively the mixture  of

CM-II  and  CM-III  at  the ratio  of  3 to 2.

6. Photochemical  Tranqformation

  The  methanol  solution  of  
i`C-alloxydim

(sodium-free ADS)  was  spotted  at  the origin

i4C-alloxvdim
 en       - silica  ge! plate (% of  com-

Exposure  time(min)

Compounds 253.7  nm 365 nm
  Control

(Unexposed}
1 5 20 1 5 20

Alloxydim
CM-ICM-IICM-III

Unknowns

94,5
 1.6
 O.3
 O.3
 3,3

84.0
 5.9
 O.7
 O.8
 8.6

67,418,2

 l.4
 l.311.7

95.8
 O,4
 O,3
 O.3
 3.2

93.7
 O.6
 O.4
 O,5

 4.8

90.8
 I,4
 O,4
 O,4
 7.0

98.7
 O.2
 O.2
 O.2
 O.7
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                                     .
on  tlc plate (Merck 5554@).  After evaporatmg

the solvent,  the plate was  pl,aced 8 cm  below

the UV  lamp  (100V, 12W,  Super-Light LS-

Bl@, Nikko Sekiei Works) and  irradiated with

253.7 or  365 nm  light for 1, 5 and  20 min.  Then

the plate was  developed with  the solvent  system

A  (Table 1), and  the distribution (%) of  each

compound  was  calculated  by  measuring  the

radioactivity  (Table g).

  In another  experiment,  a  solution  of  alloxy-

dim  (l.1 g) dissolved in 200 ml  of  acetone  was

irradiated for 5 days at  room  temperature
using  a  low-pressure mercury  ultraviolet

lamp  in an  externally  cooled  tube. The  solvent

was  evaporated,  and  the residue  was  dissolved

in chloroform  and  treated with  cold  5%

sodium  hydroxide  solution.  The  chloroform

layer was  separated  and  the  solvent  was

removed  in vacuo  to give CM-I  (O.7g). Un-

reacted  alloxydim  (O.2g) was  recovered  from

the alkaline  layer.

Z  Reductive Tranofbrmation

  Alloxydim (sodium-free ADS,  3.2 g) in 100 ml

of ethanol  was  hydrogenated  over  10%  Pd!C

(5 g) at  ordinary  pressure to give CM-I  (2.5 g)
through  the reductive  N-O  bond  dissociatien

of  allyloxyamino  moiety.

        RESULTS  AND  DISCUSSION

  The  behavior of  the radioactivity  derived

from i`C-ADS,
 when  it was  applied  to the leaf

surface  of  sugar  beet plants, is shown  in Table
4. Total recovery  of  the radioactivity  gradual-
ly decreased with  a  half life of  ca.  11 days,
and  reached  ca. 31%  and  2%  of  the applied

radioactivity  after  6 weeks  and  6 rnonths,  re-

spectively.  Most  of  the recovered  radioactiv-

ity was  retained  in the treated leaves during 6

weeks.  After this period, the treated leaves

gradually  died and  fell due to natural  senes-

cence.  The  loss ef  radioactivity  frorn the  treated
leaves reached  60-70%  of  the applied  one  during
                                     .
28-42 days and  may  be due to evaporation,

because the radioactivity  translocated to other

part of  the plant was  less than  6%  of  the ap-

plied one.  The  calculation  of  the concentra-

tion (ppm) of  apparent  ADS  was  based on

the radioactivity  and  the fresh weight  of  each

plant part. Maximum  accumulation  (4.09
ppm)  in the root  was  observed  4 days after
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treatment  and  this concentration  diminished  to
O.O02 ppm  after  6 months,  whereas  the amount

in the leaves wa$  O,O032 ppm.
  The  radioactivity  in the  treated leaves was

fractionated into the washing,  the extract  from
homogenate  and  the fibrous residue  as  shown  in
Table 5. Until 17 days  after  the treatment, the

amounts  of  the radioactivity  in the washing

were  larger than  those in the extract,  As  the
total radioactivity  decreased, the radioactiv-

ity in the extract  from  homogenate  increased
in comparison  with  that in the washing,  and

reached  ca.  20%  of  applied  radioactivity  after

28 and  42 days. This may  indicate that the

Table  5Distribution  of  radioactivity  in sugar

sodium  (% of  radioactivity  applied).beetleaves

 treatedwithi`C-allexydim-

Washing Extract  from  homogenate

Days Water  washing

Solvent
fractionAqueeusfractionMeOHwashingSub-totalSolvent

fractionAqueousfraction
Sub-totalFibrousresidues

o
 1247IO17212842

98.284.972.045.439.937.418.6I2.2

 6.3

 2,6

O,1O,8O,41.81.61.92.61.71.4l.6o1.2O.92,62,O1.42,21.71.5O.898.86.73.49.43.40.23.15.

 9,

 5.

343857762o
 4.6
 7.612.0

 8,3
 9.8
 9.6
 9,511.8

 8.8

 O.1
 O.4
 2.2
 6.2
 3.44,3

 7.310.110.2

 4.7
 8.014.2l4.513.2l3.916,821,919,O

O.2O,2O.5O.9O.8l.61.7l.41.6

Table  6Balance  of  
i'C-compounds

 in solvent  extracts  ef

alloxydim-sodium  (% of  radioactivity  applied).

leavesappliedwith  14c-

Days

o 1 2 4 7 10 17 21 28 42

In washing

  Alloxydim

  CM-I

  CMmll
  CM-III
  Others
  Total

88.6
 O.6

 O.6
 1,3
 7,198,2

74.0
 3.6
 O.7
 O,7
 7.186,1

56.4
 6.0
 1.2
 O.9
 8,472.9

26.1
 9,1
 1.3

 Ll10,448.0

17.7
 9.B
 2,3
 1.810.841,9

 4,8l7,3

 l.2
 1.3I4,238,8

 O.110.6

 O.2
 O.7
 9.521,1

o7oo6l3
,6.1.1.o.9

o3.4oo4,67.8o1,loo2.33.4

In  extract  from

Alloxydim
CM-ICM-IICM-III

OthersTotal

homogenate

oooooo 3,3O,3O.2O.2O,64.64.3O.6O.2e.61.97.6 4.6
 l.8
 1,O
 1,O

 3,6l2,O

2.1O.7O,6O,64,38.3O.81.71,41.25.79.8O,3LlO.9O.86.59.6O.11.5O.4O.66.99,5O.4

 1.0O.3O.39.8ll.8
O.3O.9O.3O.37.08.8

Sum  of  washing  and  extract  from  homogenate
Alloxydim
CM-ICM-IICM-III

OthersTotal

88.6

 O.6
 O.6
 1.3
 7.198.2

77.3

 3.9
 O.9
 O,9
 7.790.7

60.7
 6.6
 1,4
 1,5IO,38e.5

30,710,9

 2.3
 2.114.060.0

19.810.0

 2.9
 2.4I5,150.2

 5.618.0

 2,6

 2,519.948,6

 O.411.7

 Ll

 1.516.030.7

o9oo1223,1.1.5.8.9.4 O.4
 4.4

 O.3
 O.314,2l9.6

 O.3
 2.0
 O.3
 o.s9.312.2
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radioactivity  remaining  on  the Ieaf (i.e. wash-

ing) dissipated easily  and  that once  permeated
inte the leaf (i.e, extracts  and  fibrous residue)

persisted till the treated leaf fell. In the  wash-

ing, most  of  the radioactivity  was  recovered

with  water  and  extractable  with organic  sol-

vent.  The  unextractable  radioactivity  in the

fibrous residue  was  less than  2%  of  the applied

radioactivity  during all sampling  times.

  Concerning the metabolites  in the plants,
organosoluble  

"C-compounds
 were  analyzed  by

rneans  of  tlc cochromatography.  The  balance
of i`C-compounds

 in the treated leaves is listed
in Table 6. Within a  week,  the main  

r'C-com-

pound  was  ADS  or  alloxydim  in the washings
and  in the extracts  from homogenate. After le
days, it was  replaced  by  CM-I, which  persisted
as  the main  metabolite  until  42 days. The
amount  ef  CM-I  for applied  ADS  reached

18.0% at  10 days and  decreased to 2.0%  at  42
days. Other identified metabolites  were  CM-II

and  CM-III  with  2.6% and  2.5%  of  applied

radioactivity  at  10 days and  O.3%  and  O.3%  at

42 days, respectively.  Other compounds  such

as  CM-IV,  V, VI  and  VII, VIII were  not  de-
tected in this  experiment.  A  few unknowns

including the substances  remaining  on  the ori-

gin of  tlc were  found, but in small  amounts.

They  also  decreased with  time,

  
i`C-Components

 in the water-soluble  frac-
tions remaining  after the solvent  extractions

increased with time  and  reached  11.8% ef  the
applied  radioactivity  at  42 days. The  purifi-
cation  of  

"C-components
 was  tried by an

Amberlite XAD-tl  column.  The  methanol

fraction of  the  XAD-4  purification accounted

for 77%  of  the  radioactivity  placed on  the
column.  The  water  and  ammonia-methanol

fractions contained  20 and  3%  of  the  charged

radioactivity,  respectively.  Direct tlc analysis
of  the methano!  eluate  gave poor sepaTation  of

i4C-spots.
 The  

i`C-components
 in the eluate

were  tested for hydrolysis with  several  enzymes

as  used  in published studies  on  plant metabo-

lism.5J7) In the case  of  6-glucosidase and  hes-

peridinase, the extraction  rate  with  ethyl  ace-

tate was  nearly  the same  (about 10%)  with or

without  enzyme  treatment. As  cempared  with
above  results,  cellulase  and  pectinase gave  a

better rate  of  the  solvent  extraction  (about
tro%>.

 The  autoradiogram  of  the developed

tlc plate showed  that about  60%  of  the radioac-

tivity in the extract  corresponded  to CM-I
and  other  

i'C-spots
 were  mainly  found at  the

tlc origin,  Therefore  it can  be concluded  that

CM-I  is one  of  the main  aglycones  present in the

water  soluble  fraction. Still and  Mansager5)
said  in their report  on  alfalfa metabolism  of

propham  that, arnongst  enzyrnes  tested for
hydrolysis of  polar metabolites,  cellulase  was

shown  to yield the highest conversion  to the

aglycone,  which  was  proved as  
tl-hydroxy-

propham.  Zurqiyah et al.6) used  an  enzyme  mix-

ture including cellulase, /9-glucosidase and  hes-

peridinase to get the highest cleavage  of  conju-

gates derived from propham. Thus  cellulase

seems  to be an  important enzyme  to hydrolyse
conjugates  obtained  from plant. But  the action

of  this enzyme  is nonspecific,  and  therefore, the

enzyme  provides  little inforrnation on  the na-

ture of  the conj  ugates.

  The  radioactivity  in other  parts of  the  plant
except  the treated leaves was  so  little (Table
4) that this was  not  analyzed  for metabolites.

  According to the above  tracer experiment

and  tlc cechrornatography,  ADS  decreased with
time  to  give CM-I,  CM-II  and  CM-III  in the
leaves. Concerning the mechariism  of  trans-

formation of  ADS,  a  reductive  dissociation may

be invo]ved  to give CM-I  and  a  Beckmann
rearrangernent  reaction  cejnciding  with  an

intramolecular  cyclization  may  be required  to

give CM-II  and  CM-III. ADS  is a  sodium  salt

of  an  acid,  alloxydim,  having pK.' of  3.7,

which  is present as the monoanion  andlor  the

acid  in aqueous  solution,  and  the pessibility of

many  tautorneric forms should  be considered  to

understand  the transformations. CM-I  was

produced by  catalytic  reduction  as  described
in the METHOD  and  seems  to occur  by  photo-
reduction  on  plant or  silica gel plate (Table 3).
The  mechanism  ef  the formarion of  CM-II  and

CM-III can  be explained  as  follows. In  certain

tautomeric isomers, the cyclohexane  ring  of

alloxydim  is coplaner  with  the six  membered

ring  which  is formed by  hydrogen  bonding
and  the allyloxy  group should  be in the anti

position against  the cyclohexane  group on  the

C=N  bond.e) Therefore, the Beckmann  rear-

rangement  reaction  occurs,  which  coincides

with  the intramolecular cyclization  to form the

exazoles  as  the reactions  of  the quinolone
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oxime8 ） and 　 a 　pyridone 　or 　dehydroacetic 　acid

oxime ．9） This　type 　of 　reaction 　occurs 　llnder

various 　thermal 　conditions ，　even 　at 　lower　tem −

perature（Table 　2）．

　The 　schematic 　pathway 　for　the　transforma −

tion　of　ADS 　in　plant　and 　under 　other 　condi −

tions　is　summarized 　in　Fig．1．　The　participa−

tion　of　any 　plant　enzyme 　in　these　reactions 　was

not 　clear 　in　this　experiment 　and 　should 　be　stud −

ied　by　furtller　investigations．
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除草剤ア ロ キ シ ジ ン の サ トウダ イ コ ン におけ る

運 命

　　　　　　　　添 田 吉 則 ，石 原 莞爾，岩滝　功，上 村英雄

　新除草剤 ア ロ キ シ ジ ン　（alloxydim
−sodium ，　 ADS ）

の 植物に お け る代謝分解 を，そ の ｛匕学的変換 と と も に 研

究 した．MC
標識 ADS を サ ト ウ ダ イ コ ン の 葉 に 処 理 し ，

野外条件下に お く と初 期 の 半減期 11 口 で 放射能が揮散

し た ．処 理 葉 以外 へ の 浸透 ， 移行は 少 な く，6 カ 月後 の

根に お け る ADS 換算濃度 は ，　 O．002　ppm で あ っ た．

処 理 葉 に お け る 代謝分解物 は お もに ア ミ ノ 体 〔CM −1）

で
， そ の 他は 少量 の オ キ サ ゾ ール 体（CM

−II お よ び CM −

III＞で あ っ た ．10 日後に お け る代謝分解物 の 生成量 は ，

処 理 量に 対 し そ れ ぞ れ CM −I　I8．0％，　 CM −II　2．6％ ，

CM −III　2．5％ で あ っ た．こ れ らの 化合 物 が 生成す る 要：

因 を検討 し た と こ ろ，CM −1 は 光 に よ り還元 的分解 で ，

ま た オ キ サ ゾ ール 体は 熱に よ りペ
ッ ク マ ン 転移 し て 生 成

す る もの と考
．
え られ た ．
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