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   The  biotTansformation of  orbencarb  (S-2-chlorobenzyl N,N-diethyltbiocarbamate}  in

soils  under  upland  conditions,  shoots  of  soybean  plant aud  rat  liver  microsomes.  was  studied

to obtain  a  novel  mctabolite  using  [ring-U-i4C]orbencarb, S-2-Chlorobcnzyl  
N-ethyl-N-

vinylthiocarbamate  in which  two  hydrogen  atoms  werc  Temoved  from  an  N-ethyl  moiety  
of

orbcncarb
 
was

 found  to be  a  novel  mctabolite  in all  cascs  and  it was  tentatively  identified by

two-dimcnsional  thin-layer co-chromatography  with  the  authentic  compound.  
A
 
similar

 
typc

oi
 
novel

 
metabolite

 was  isolated irom  the  soil  tTeated with  non-Tadioactive  benthiocarb  (4-
chloro  isomer  of  orbenearb)  under  up]and  conditLons,  and  its chemical  structure  was  confirmed

as S-4-chlorobenzyl  N-ethyl-N-vinylthtocarbamate  by  compaTing  it with  the  synthetic  
cem-

pound  in GC  retention  time  and  GC-mass  spectrum.

            INTRODUCTION

  Orbencarb (S-2-chlorobenzyl N,N-diethy}-

thiocarbamate)  is known  to be high!y effective

against  weeds  in upland  crops  such  as  wheat

and  soybean,  while  benthiocarb, 4-chloro

isomer of  orbencarb,  in paddy  fields.

  Biotransformation of  both thiocarbamate

herbicides has been  studied  extensively  in

mice,i)  plants,2'`) soils,5,6)  and  microorgan-

isms,7) and  a  large number  of  degradation

products  which  might  be formed  by similar

reaction  from  orbencarb  or  benthiocarb  were

identified,

  This paper  describes the synthesis  and  identi-

fication of  S-2-chlorobenzyl ALethyl-Ai-vinyl-

thiocarbamate  and  its 4-chloro isomer  which

were  found to be novel  metabolites  of  orben-

carb  and  benthiocarb.

       MATERIALS  AND  METHODS

1. Chemicals
1,1 Orbencarb ana  be･nthiocaib

  [Ring-U-i`C]orbencarb used  was  1.20mCil

rnmol  for the degradation study  of  soils6)  and

2,39 rnCifmmol  for the  metabolism  studies  of

soybean  plant`) and  rat  liver microsomes.  The

radiochemical  purity was  more  than  99%  as

determined by thin-layer chromatography

(TLC).
  Non-radioactive orben ¢ arb  and  benthiocarb

were  supplied  by  Ihara Chemical  Ind. Co.,

Ltd.1,2
 S.vnthesis of S-2-chlorobeng;vl N-eth;vl-N-

    v'in.vlthiocarbamate  (N-vinyl-orbencarb) a･nd

    its 4-chlero isomer (N-viayl-benthiocarb)
  N-Vinyl-orbencarb and  N-vinyl-benthiocarb

were  synthesized  according  to the following

        /
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 steps:

   StEvb 1 Synthes2;s ofS-2-chlorobenayl N-etdyl-AI-

 6-]aydroayetlaylth･iocarbamate (IV-CHECH201il'-or-
 bencarb) and  its 4-chloro isomer (N-CH2CH20H-
 benthiocarb): A  solution  of  2-(ethylamino)-

 ethanol  (8.9g, O,lmol) and  triethylamine

 (11,2g, O,11mol)  in benzene (10ml) was

 cooled  at  0-5eC, and  carbonyl  sulfide  (6,Og,
 O.1mol) was  slo"ily  bubbled  ±or  2.5---3.5hr.

 To  this solution,  2- or  4-chlorobenzyl  chloride

 (l6,2g, O.1 mol)  was  added  drop"Tise for 1.5

 hr, Tlie mixture  was  stirred  overnight  at

 room  temperature  and  then  water  was  added.

 The  organic  layer was  separated,  washed  suc-

 cessively  with  dilute HCI  and  water,  dried

 over  Na2SO`  and  concentrated.  In the  case  of

IV-CHzCH20H-orbencarb,  the oily  residue  was

 distilled under  reduced  pressure (bp 175-

 1780C,iO.05mmHg).  The  distillate (N-CH2
CH20H-orbencarb  fraction) or  the concentrate

 (N-CH2CHzOH-benthiocarb fraction) was  fur-
ther  purified by column  chromatography  on

silica  gel with  a  solvent  mixture  ef  n-hexane-

ethyl  acetate  (3:1, v/v),  AJ-CH2CH20H-
orbencarb;  yield 40.0%;  colorless  liquid; niO,

 1.5738; 
iH

 NMR  6TCMDs"ia ppm:  1.I8 (3 H, t, 1=::
7 Hz, N-CH,-CU,), 2.90 (1 H, bs, OU), 3,42
(2 H, q, 1=7Hz,  N-CUrCH3),  3.50 (2 H, t,

1=7Hz,  N-CU,.-CH,OH), 3.71 (2H,bs,N-
CH,-CU,OH),  4.27 (2H,s,S-CH-,), 7.0T7,6

(4H, m,  Ar-H), N-CH2CH20H-benthiocarb;

yield 64,59/o; colorless  liquid; n'.' 1.5729.

  SteP 2 S}Jnthesis of S-2-chlorobenayl N-etdy.,l-
N-P-chloroethv71thiocaybamate (Ai-CH2CHzCl-or-
bencarb) and  its 4-chgoro isomer (ALCU2CH2Cl-
benthiocarb): A  solution  of  N-CH2CHzOH-
orbencarb  or  N-CH2CH20H-benthiocarb  (27.5
g, O.1mol)  in benzene (IOe ml)  was  cooled  in
an  ice bath  and  thionyl chloride  (13,1 g, O.Ii
mol)  was  added  dropwise. After stirring  for
2 hr at  room  temperature,  the mixture  was

poured into cold  water  and  extracted  with
ether.  Thc  ether  layer was  washed  successivelv

with  5 V'. Na2COa  and  water,  dried over  NazSd4
and  cencentrated.  The  vield  of  N-CH2CH2Ci-
orbencarb  was  87.09!. and"  that of AJ-CH2CH2CI-
benthiocarb 85.39,'l].

  SteP 3 S:,･nthesis of N-vinyl-orbencarb and

N-vt'io,l-benthiooaTb: The  N-CH2CH2Cl-orben-
carb  or  IV-CH2CH2Cl-benthiocarb  <14.7 g, O,05
mol)  and  1,8-diazabicyclo!/5.4.0]undec-7-ene

 eg 4e  vaJFP 61 tP 1I n

 (DBU, 38,I g, O.25 mol)  was  stirred  at  700C for
 8hr, and  then ether  and  water  were  added

 and  shaken.  The  ether  layer was  washed  suc-

 cessively  with  dilute HCI  and  water,  dried

 over  Na2S04  and  concentrated.  The  oily  residue

 was  purified by  column  chromatography  on

 silica  gel with  a  solvent  mixture  of  n-hexane-

 ethyl  acetate  (4:1,vlv) and  further purified

 by  high  performance Iiquid chromatography

 (HPLC), Preparative  HPLC  was  conducted

 on  a  System  500  (VLTaters Associates) using  a

 reBondapack  Citi column  with  methanol-

 water  (7:3, vlv>  as  a  mobilc  phase at  a  flow

 speed  of  200ml!min. N-Vinyl-orbencarb;

 yield 9,7%;  yellow  liquid; n2.' l.5852; iH

NMR  6,C･.Dsei3ppm: 1.18 (3H, t,J=7Hz,  N-
CH2-CU3), 3.66 (2 H,  q, 1=-7 Hz, N-CH2-CHs),
4,31 (2 H, s, S-CH.z), 4.37 (1 H, dd,1-9Hz,
N-CH=C-cis-ll), 4.47 (1 H, dd,1-16Hz,  N-
CH=C-trans-E), ca. 7.0 (1 H, bs, N-C!tL=CH2),
7.0-7.6 (4 H, m,  Ar-U>; MS  m/:･:  no  M',  130,

 125 (base peak), 102, 89, 70. N-Vinyl-ben-
thiocarb; yield 17.196; colorless  liquicl; nUi:

l.5860; `H
 NMR  6･F.PsCis ppm:  1.18 (3 H, t,J=:

7Hz,  N-CHrCU3),  3.65 C2 H, q,J-7Hz,  N-
CU,-CH,),  4.13 (2 H, s, S-C!!,), 4.37 (1 H, dd,
J-9Hz,  N-CH=C-cis-HD,  4.48 {1 H,  dd,J-
I6 Hz, N-CH=C-trans-U), oa.  7.0 (1 H, bs, N-
CU=CHI2), 7.25 (4H, s, Ar-U); MS  m/.7.: no

M', 180 (base peak), 125, 102, 89, 70.
  The  

iH
 NMR  spectra  of  N-vinyl-orbencarb

and  IV-vinyl-benthiocarb showed  the presence
of  ALethyl-N-villyl group, Such signals  were

identical to those of  lysergic acid  ethylvinyl-

amide  which  was  a  metabelite  of  lysergic acid
diethylamide  (LSI)) by･ soil  microorganisms.S'

  The  mass  spectra  of  the vinyl  thiocarbamates
showed  no  parent  ion at  m!z  255 (S5Cl base) in
which  two  hydrogen atoms  were  removed  from
orbenqarb  or  benthiocarb.
1.3 S},nthesi-s of S-4-chlorobenx.v.IP.vrrolidine-1-
    carbothioate  (AT-tetramet]i3,lene-benthtlocarb>
  This compound  was  synthesized  in the  same

procedure  as  described at  Step  I in section  1,2,
using  pyrrolidine instead of  2-(ethylamino)-
ethanol.  It had:  rnp  570C; iH

 NMR  61'sP,Ci3

ppm  : 1.7-2.0 (4H, bs, N-CH,-C!l,-CLH,-CH,-N),
3.1-3.6 (4H, bs-rn, NCU,-CH,-CH,-CH,-N),
4.05 (2 H, s, S-CH2), 7,16 (4 H, s, Ar-H);  MS
m/2:  255  (M', 35Clbase),

 125, 98  (base peak),
89, 55.
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1 TLC  Rf values  and  GC  retention  times  for authentic  compounds.
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TLC  IV' valuesa)     GC  rctention  times  (niin

i'hermoii- pEGA  

'
 sE-30

  3000

)b)

Compounds A B c D

1.61.62.01.9822.7273.02.97,1

ov-1

N-Vinvl-orbcncaTb    .Orbencarb

N-Vinvl-benthiocarb

Berithiocarb

N-Tetramethylene-
  benthiocarb

O.65O.55O.64O.53O,53

a)

b)

O.48O.44O.48O.43o.o.o.o.o.6866686364

TLC  solvcnt  systems;  itsL: ethyl

1:99,  C:acetone-dichloioniethane=-1

GC  eonditions  ; column  ]ength:

3000  on  Chromosorh  W  ANV-DMCS  (Shimadzu)
50,,.' SE-30  on  Chromosorb  NXr AW  and

mllmin,  air  40 niltmin  and  hydrogen  
tlO

 mll'min.

O.47O.36O.46O.362.03.02.54.511.1 2.02.22.22,38.9

'
 ncetatel'ben'zene-  i: gl v/'v  g.b' , B: Ecetonc[clichloromethanc==
      /19,  J): ethyl  acetate-n-hexane=1:3.

1OO cin  × 3 rnin  i.d., column  even  temp.  : 1SO'C  for 2g.'.' Thermon-

            ,
 140"C for 19,.' PEGAon  Gaschrom9,  150CCfor

      1600C  for 1[l,･6 OV-1  on  Gaschrom  9, carrier  gas: N2  45

1,4 Afass sPectra  of s.vnthetic  co･ntPounds

  Mass  fragmentation of  the molecules  was

quite different among  benthiocarb, N-tetra-

methylene-bcnthiocarb  and  N-vinyl-benthio-

carb.  The  basc  peak appearcd  at  m/x  100 cor-

responding  to CONCEt)2  for benthiocarb, mfx

98 corresponding  to CON<CH2)4  for ALtetra-

methylene-benthiocarb  and  m/x  13e corre-

sponding  to SCONEtCH=CHz  for N-vinyl-

benthiocarb.

              '
2, Instru7Ttefttatto･n･

  I;or TLC,  precoated silica  gel chrornato-
                                     .
plates 60F2s4 (Merck, tliickness: 0.25 mm,  size:

20 × 20 cm)  were  used  with  several  solvent  sys-

tems,  Compounds  on  a  chromatoplate  aiter

developing were  detected under  UV-ray  (254
nm).  GC  was  conducted  on  a  Shimadzu  GC-

5A  with  a  flame photon)etric detector in sulfur

mode  using  4 different columns.  TLC  J{Yr

values  and  GC  retention  times for authentic

corllpounds  are  shown  in Table 1. The  N-

vinyl  cempounds  gave higher Rf values  than

the  parent  compound.  TLC  could  not  dis-

tinguish N-tetramethylene-benthiocarb from

benthiocarb,  but GC  could.

  GC-MS  was  conducted  on  a  Sbimadztt LKB-

9000B  mass  spectrometer  using  1%  PEGA

on  Gaschrom  2 column  (100 cmx3  mm  i.d.)

with  electron  impact  (EI) on  an  ionization

energy  70 eV,  
iH-NMR

 spectra  were  obtained

by  a  JEOL  FX-90  Feurier Transform NMR

spectrometer,  in CDCIs and  TMS  as  an  internal

standard.

3, nletabolism Studies

3,1 Soil metabolism  stt{aies

  The soil  degradation  studies  of  
i`C-orbencarb

and  non-radioactive  benthiocarb  followed  the

othcial  procedure  provided  by  the Environ-

ment  Agency, Japan (1978), Nagano  and

Tsukuba  volcanic  ash  soils  viiere  used  for the
                                 '
tests. Their physico-chemical properties 

were

reported  previously.6)

  Fifty grams of  each  soil  on  a  dry weight  basis

was  placed  in a  100 ml  Erlenmeyer fiask. The

soil under  upland  meisture  condition  was

prepared by adding  distilled water  to make

55V'o of  the maximum  water  holding capacity

and  kept in a  dark chamber  at  280C for pre-
incubation. Seven days after,  

'`C-orbencarb

(240 pt,g, 1.12 psCi) in 1 ml  acetone  solution  was

added  to each  fiask to prepare 4,8 ppm  orben-

carb  and  well  mixed.  In order  to  identify a

novel  metabolite  of  benthiocarb in soil  under

upland  conditien,  nen-radioactive  benthiocarb

(3,2 mg)  in 2 ml  acetone  solution  was  added

to 300  g of  Nagano  soil  in a  500 ml  Erlenmeyer

fiask to prepare 10.7ppm  benthiocarb.  Soil

samples  treated with  
'`C-orbencarb

 or  non-

radioactive  benthiocarb were  covered  with

aluminum  foil ancl  kept in a  dark  chamber  at

280C.3.2
 Plant  metabolism

  Radioactive orbencarb  (172 pag, 1.6 paCi> was
disselved in 20 ml  of  distilled water  to make

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

530 H  lst ee pt ee ft Er#L ee 11 ts

8.6ppm  orbencarb  solution.  The  stems  oi

soybean  seedlings  at  second-true-leaf  stage

without  the roots  (5.3 g) were  dipped in the
solution  and  kept at  23-･25eC for 90 hr.
3.3 In  vitro  stud.v  elyF rat  liver microsomes  ze,ith

    NADPU

  Rat  liver microsomes  fraction was  prepared
from  a  male  Wistar rat,  The  mixture  con-

taining the microsemes  equivalent  to 3,3g
fresh liver, 5.0 pamol NADPH  and  52  ptg (O.48
pt,Ci) 

i`C-orbencarb
 in 2ml  phosphate  buffer

(O,Ol M,  pH  7,4) was  incubated at  370C for
20 min.

 4. Ana4yrsis

 4.1 AnagLvsis of radioactiz,e  m.etabolites

  The  soils  treated with  i`C-orbencarb  were

 analyzed  after  5, 15, 30, 6e, 90  and  150  days of
incubation. Analvsis  for the radioactive  me-

tabolites follo"red 
'thc

 same  method  previously
described,4,6)
4.2 Anal.vs-is ofALvi7t.vl-bentht'ocarb
  The  soil  treated with  non-radioactive  ben-
thiocarb was  analyzed  15 days after  trcatment,

The  soil  (300 g) was  extracted  with  aqueous

75%  methanol  solution  and  the  concentrate

of  the aqueous  methanol  extract  was  parti-
tioned with  dichloromethane in the same  pro-
cedures  previously  described.6) The  concen-

trate of  the  dichloromethane  extract  was  spotted

on  three silica  gel chromatoplates  as  a band
and  developed with  a  solvent  system  A  (Table
1). The  regions  corresponding  to the N-viny. 1-
benthiocarb  on  the chromatoplates  were  ex-

tracted with  acetone  and  further purified
twice by  TLC  with  solvent  systems  B  and  D
(Table 1). Four microliteTs  out  of  O.2ml
acetone  extract  from  the  final purification was
subjected  to GC  under  the conditions  shown

in Table  1. N-Vinvl-benthiocarb was  also

identified by GC-MS  

"as

 mentioned  above  and

unchanged  benthiocarb in the soil  extract  by
GC  under  the conditions  shown  in Table 1,

                RESULTS

1. Formation of Ai-VinLvl-derivatives faom Or-
   be7zcarb or  Benthiocarb in Soils

  Degradation products detected from Nagano
or  Tsukuba  soil  treated with  i`C-orbencarb

numbercd  thirteen in the dichloromethane-
soluble  fraction and  one  in the water-soluble

ee 4 Il}- ca tw 61 IIi 11 H

fraction, of  which  our  previous  paper have al-

ready  reported.6)  A  novel  metabolite  dis-
cussed  in this study  was  detected in the dichloro-
methane-soluble  fraction at  a  very  lew level,
The  metabolite  in the  Nagane  soil  accounted

for O.1O/. of  the applied  raclioactivity  15 days
after  treatment and  remained  at  the same  Ievel
throughout  the experiment  for 150 days, while
that in thc Tsukuba  soil  only  less than  O.1O/o.
The  Rf values  of  the metabolite  separated  by
TLC  with  solvent  systems  A, B, C  or  D  were

higher  than  orbencarb's  (Table 1). The  me-

tabolite was  tentatively identified as  N-vinyl-
orbencarb  by  two-dimensional  co-TLC  using

solvent  systems  A  and  B  with  the synthetic

compound.

  A  similar  metabolite  detected from the
Nagano  soil  treated with  non-radioactive  ben-
thiocarb was  purified by  preparative TLC  and

submitted  to both GC  and  GC-MS  analysis.

GC  retention  timcs of the metabolite  using  4
different columns  well  agrced  with  those of  the
synthetic  N-vinyl-benthiocarb (Table 1), As
shown  in Fig. I, the mass  spectrum  of  the
metal)olite  derived  from  benthiocarb revealed

no  molecular  ion peak  but showed  major  frag-

too

so

SDD

SD

A 110

B

:ea

10Z

 7o Bg

,L
 t,

1]o

lzs

 1

i

g,LF

20o

eT-
 ,,,ii,  i,1  ,i,'l  ,

          IDa  2oa

Fig.1  Electron-impact  mass  spectra

vinyl-benthiocarb.

A: Synthetic  compound,  B:  metabolitc

from  benthiocarb-treated  soil.

m/z

2

    m/z

of  N-

obtainecl
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<{Ii)>-cH,-sei'-x:;::

 Orbencarb  C2-Cl)
 Benth ±ocarb  (4-Cl)

   lol
-

Fig.2  from urbencarb

N-desethyl  derivatives in soil,  planz and  rat  liver

     Cl

   as-cu2`srcOILN(CcuHllcl23 . H2o

N-Vinyl-orbencatb  C2-Cl)
N-Vinyl-benthiocarb  (4-Cl)

Cl

[as

N

       on

-ai,-s-cO''-N('iI:.Il)

  Intermedtate

 (Carbino!amine)

  cl

 as-cH2-S-CO/t-N(ll{2ca3 '

  1N-Desethyl--orbenearb

N-Desethyl-benthiocarb

      and  benthiocarb

 rmcrosomes,

cu1[m

C2-cl)C4-cl)to

 N-Vinyl  and

ment  ions at  mlg  130 (SCONEtCH=CH2), 1271

125 (CH2C6H4Cl, 
37Cl

 and  
35Cl

 base) and  102

(SCONHCH=CH2). Since this was  the fragment

pattern ot  the synthetic  N-vinyl-benthiocarb,

it was  concluded  that  the metabolite  was  N-

vinyl-benthiocarb,  N-Viny}-bcnthiocarb ac-

counted  for only  O,02%  of  the applied  bentlJio-

carb  at  the time  of  659/C, dissipation.

2. FormationofIV-Vi"Lx,l-orbencarbfa'omOrbe･n-
   carb  in the Soybean l'lant ana  Rat Liver                J

   Microsomes

  The  possible biotransformation of  orbencarb

to N-vinyl-orbencarb  was  investigated using

i`C-orbencarb-treated  soybean  seedlings  and

an  incubation mixture  of  
'`C-orbencarb

 and  rat

liver microsomes  fraction, N-Vinyl-orbencarb

was  detected and  identified by two-dimensional

co-TLC  with  thc authentic  compound  using

solvent  systems  A  and  B. The  results  clearly

indicated the formation of  Ai-vinyl-orbencarb

irom orbencarb  both in the soybean  plant and

rat  liver microsomes,  The  metabolite  in the

soybean  plant rcpresented  only  O.7%  of the

applied  radioactivity  90 hr after  treatment and

that in the rat  liver microsomes  2.80i/o during

20 min  incubation,

               DISCUSSION

  As  shown  in Fig, 2, carbinolamine  which  is

oxygenated  to at-carbon  atom  against  nitrogen

may  be a  precursor for N-vinyl  and  ALdesethyl

analogs  of  orbencarb  or  benthiocarb, Loss

of  water  from the carbinolamine  intermediate

should  yield the AI-vinyl compound,  while  loss

of acetaldehyde  the N-desethyl  compound,

The  former reaction  was  previously observed

in the metabolism  study  of  lysergic acid  di-

ethylamide  (LSD) in microorganismsS,g)  or  rat

Iiver microsomes.tO)  The  latter is a  well-known

biotransformation mechanism  of  pesticides
having  a  N,AI-diethylamide moiety  such  as

orbencarb,a'`,6)  benthiocarbi,2]5,7) and  R-7465ii)

(2-ct-naphthoxy-N,N-diethyl-propionamide).
In case  of  '`C-orbencarb,  the N-desethyl-

orbencarb  accounted  for 1.4 and  8,5%  of  the

applied  radioactivity  in the soybean  plant and

rat  liver microsomes,i2)  respectively,  and  these

values  were  relatively  high compared  to these

of  N-vinvl-erbencarb as  described before.

  In 198"O, Golovleva et al.7' in USSR  reported

on  the basis of  mass  spectrographic  analysis

that IV-tetramethylene-benthiocarb  was  a  me-

tabolite derived from benthiocarb by  micro-

organisms.  The  mass  spectrum  of  IV-tetra-

methylene-benthiocarb  shown  in their paper

was  quite similar  to that of  the synthesized

N-vinyl-benthiocarb  (Fig. 1), It is highly pos-
sible,  therefore, that  they  concluded  erroneous-

ly that the metabolite  was  N-tetramethylene-

benthiocarb only  based  on  that mass  spectrum.

  In the  field of  pesticide metabolism,  there

have been many  reports  on  N-dealkylation of

N,N-dialkylamide  derivatives, As  a  novel

biochemical reaction,  we  suggest  a  metabolic

pathway  through  whicli  the alkyl  side  chain  oi

N,N-diethylamide  group is transfomied  to N-

ethyl-N-vinylamide  group  via  carbinolamine

intermediate.
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要 約

　 除草剤 orbencarb と benthiocarbの 土壌 ， 植 物

　 お よび ラ ッ ト肝 ミ ク ロ ゾー
ム か ら検 出 され る新

　代謝物 ： S −2−chlorobenzyl 　N −　ethyl −N −vinyl −

　 thiocarbamate とそ の 4一ク ロ ロ 異性体

　　　　　 右 内忠昭 ， 池田光政 ， 土井 正 純，富澤長 次郎

　［Ring ・U ・i4C ］オ ル ペ ソ カ ル ブ を用 い ， 畑条件土壌，ダ

．イ ズ 茎葉部 お よ び ラ ッ ト肝 ミ ク 卩 ゾー
ム 画 分 に お け る オ

ル ベ ン カ ル ブ の 生 物変換 を 調べ た，オ ル ベ ン カ ル ブ の

N −ethy1 基 か ら 2 水素原子 が 除か れた新代謝物が すべ て

の 試 験 に お い て 検出さ れ ， 合成標品 と の 2 次元 Co・TLC

に よ り S ・2・chl … b・n ・yl皿 ethyl ・N ・ inylthi・ ・a ，b。、n 。t， と

同定 さ れ た ．ま た ，非放射 性 ベ ン チ オ カ ーブ （オ ル ベ ソ

カ ル ブの 4一ク PP 異性体 ）を 処 理 した 畑条件土壌 か ら も

S・4−chlorobenzyl 丼 ctllyl ・N −vinylthiocarbamate 　が 単離

され ， そ の 化学構造 は 合成標品 の GC 保持時闇 お よ び

GC 一
マ ス ス ペ ク トル との 比 較 照 合 に よ っ て 確認 され た．
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