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ty ofAgriculture,

    3-Chloroperbenzoic acid  oxidation  of  O.O-diethyl S-(4-chlorophenyl> phos-

phoredithioate (I) gave  the  oxon,  4-chlorophenyl diethoxyphosphinyl  disulfide (IV),
O.O-diethyl phosphorothioic acid  (VI), 4-chlorothiophenol (VII), bis(4-chlorophenyl)

disulfide and  elemental  sulfur.  Production  of  compounds  VI  and  VII, which  are

seemingly  the hydrolysis  products  of  compound  I as  judged from  their chemical

structures,  eccurred  actually  under  oxidative  condition,  accompanied  with  the

formation of  the  oxon.  Therefore,  an  intermediate which  links the starting  material

I with  products VI  and  VII  ean  be assumed.  The  disulfide compound  IV  which

was  found  among  the peracid oxidation  products of  compound  I was  also  produced
from  peracid oxidation  of  compounds  VI  and  VII.  This  must  be  one  way  of  the

disulfide production  from  peracid oxidation  of  compound  I, becausc 
'eO

 was  in-

corporated  into the molecule  of  compound  IV  when  peracid oxidation  was  carried

out  in the  presence  of  H2'80 (99.5 atom%).  Incorporation  of  
iSO

 was  100%  with  a

higher  level of  water,  while  it was  none  with  a  low  level of  water.  VLrith an  inter-

mediate  level, both  water-derived  and  peracid-derived oxygen  are  incorporated into

the  disulfide molecule  IV. This indicates the  presence of  another  pathway  for pro-
duction of  compound  IV. All these facbs as  well  as  production of  elemental  sul-

fur indicate the involvement  of  an  unstable  phosphorus  oxythionate  type inter-

mediate,  which  gives the  oxon  by  desulfuration and  the  phosphinyl disulfide IV

by  rearrangement  andXor  oxidation  of  compounds  VI  and  VII  which  produce  by

hydrolysis of  the  intermediate.

             INTRODUCTION

  Organophosphorus insectieides represent  a

mest  important group of  insecticides and  most

of them  are  in the form of  the thiono or  dithio

type, which  are  oxidized  either  chemically  and

bielogically to give the activated  form, the

oxons.  There are  evidences  that at  the same

time  of  the oxon  formation, the P-O(or S)-

aryl  bond  cleaves  to form the seemingly

hydrolyzed  products of  the starting  materi-

als.1-g)

  The  puzzle was  solved  by  assuming  the

formation of  a  common  intermediate, named

later as  
``phosphorus

 oxythionate'',V,iO"iS)  The

intermediate has not  been isolated yet for any

kind of  phosphorothioate or  phosphorodithioate

esters,  but in certain  cases  the corresponding

isomer  has been  isolated and  identified.i2ri{)
If the formation of  the isomer can  be shown

to occur  by  the rearrangement  of  the proposed
intermediate, the  structure  of  the isomer is a

good indicatien of  the structure  of  the  inter-

mediate.  Probably the  formation  of  IVrfli-

methoxyphosphinylthio  derivative from N-

(dimethoxyphosphinothioyl)carbamate by  per-
acid  oxidation  may  be explained  by  assuming

such  rearrangement.i2)  In the  case  of  the form-

ing phosphinyl disulfide derivatives from

phosphorodithioate  esters,  such  rearrangement

was  assumed,  but not  evidenced.i3)  Rather

they  are  produced  by  peracid oxidation  of  the

corresponding  phosphorothioic acids  and  thiol

compounds.iO  The  present study  concerns  the
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mechanism  of  formation of  the phosphinyl
disulfide from  O.O-diethyl S-(4-chlorophenyl)

phospherodithioate and  provides further evi-

dences for the structure  of  phosphorus oxythio-
nate  intermediate.

       MATERIALS  AND  METHODS

1. Chemicals
  The  chemical  structures  and  names  of  com-

pounds used  in the present study,  identified by
number,  and  the ii:f values  on  thin-Iayer
chromatography  (TLC) are  shown  in Fig. 1
and  Table  1, respectively.

  ComPound  l, O.O-diethyl S-(4-chlerophen-

yl) phosphorodithioate, was  prepared by the

    s::g>

 bi -s @ci
(I)

::8>ji}8@ci
    (!I)

    ogt:>V-s-s@ci

(IV)

:t:>P-s@
    (III)

o11

    o:t8>V-s-cH,-s@,,

(v)

      o

 g:g>bi-sH Hs@,!  ci@s"s@cL

   (VI) (VII) (VIII)

Fig. 1 Chemical  structures  and  numbering.  Et:

reaction  of  potassium 4-chlorothiophenoxide
with  diethyl phosphorochloridothioate, 3.0g
of  4-chlorothiophenol and  1.2g ef  powdered
potassium hydroxide were  mixed  together in
20ml  of  acetone  and  stirred  at  room  tem-

perature for1hr. To  this solution  was  added

dropwise with  stirring  4.0g  of  diethyl phos-
phorochloridothioate at  room  temperature  and

stirring  was  continued  for 3 hr. After removing
acetone,  chloroferm  and  5%  aqueous  pota$sium
hydroxide solution  were  added  to the reaction

mixture,  the organic  layer was  separated  and

the aqueous  layer was  extracted  with  chloro-

form. The  combined  extract  was  washed  with
water,  dried with  anhydrous  magnesium  sul-

       fate, and  concentrated.  It was

       purified by  gradiently eluting  through

  ci  
a  silica gel column  with  hexanefben-

       zene  (100!O, 95/5 and  then  90110).

       The  IR  spectrum  indicated the pres-
       ence  of  P=S  (800, 660cm-i), P-O-

S8

 (IX)ethyl.

alkyl  (1015, 965cm-i), P-O-C2Hs

<l160cm-i), and  the benzene ring

(1580, 1480, 810cm-'). The  PMR
spectrum  in CDCIs  showed  6=1.30

ppm  (2CH3CH,O 6H, t), a.=4.00-
4.40 ppm  (2CH3CHzO 4H,  m)  and  6==
7.30-7.60ppm  (aromatic 4H).  The
MS  fragments appeared  at  mle  298,
296 OI+).
  ComPound  III, O,O-diethyl S-(4-

Table  1TLC  Rf values  of  related  compounds.

Solvent  system")

Compound A B C D

Sb Uc) s U s s

IIIIIVvVIVIIVIIIIXO.47O.09O.14O.08oO.39O.57O.58O,80O,19O.26O,17oO.67O.86O.88O.03

O,22O,27O.47

O.05

O.39O.54O.79

O.32O.02O.02ooO.34O.48O.54O.72O.40O.47O.41oO.71O.74O.73

a)
 (A) hexane-ethyl acetate  (4:1vlv)

   (B) hexane

   (C) hexane-ethyl  acetate  (19 :1  vlv>

   (D) dichloromethane-ethyl acetate  (9:1 vfv>
b)

 Develeped  in a  vapor-sat-rated  tank  with  15 cm  development.
C)

 Developed  in a  vapor-unsaturated  tank  with  15 cm  development,
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chloropheny])  phesphorothiolate, was  prepared
by  oxidation  of  compound  I with  3-chloroper-
benzoic acid  (MCPBA) (see peracid oxidation

of  compound  I). The  reaction  mixture  was

washed  with 5%  aqueous  sodium  bicarbonate
solution,  dried with  anhydrous  magnesium

Sulfate, concentrated,  and  separated  prepar-
atively  on  TLC  using  hexane-ethyl  acetate

(4:1 v/v)  system  (lilf value:  O.19). The  IR

spectrum  showed  the presence of  P=O  (12tro
cm-i),  PLO-alkyl  (1025, 970  cm-i),  P-O-C,Hs
1160 cm-'),  and  the benzene ring  (1577, 1470

cm-i).  The  PMR  spectrum  in CDC13 gave a=
1.32 ppm  (2CHsCH!O 6H, t), S=4.0il-<L.40 ppm
(2CHsCH20 4H, m)  and  S=7.28-7.72ppm

(aromatic 4H). The  MS  fragments were  observ-

ed  at  mle  282, 280 (M"), 145, 143 ([SC6H+Cl]'),
137 ((E.tOg)P(O)), 109 (EH,8>P(O)) and  81

((HO),P<O)).
  Compo"na IV,  4-chlorophenyl  diethoxy-

phosphinyl disulfide, was  formed as  a  major

product of  peracid oxidation  oi  compound  I.

It was  synthesized  as  follows: HSC6HdCl+
Cl,r.CISC,HiCl(X)+HCI;  (EtO),P(O)SK
+CISC,H,Cl --->  CEtO),P(O)SSC,H,Cl +  KCI.

Compound  X  was  prepared by chlorination  of

4-chlorothiophenol.  3.0g  of  4-chlorothio-

phenol and  O.5g  of  triethyl phosphate were

mixed  together in 2eml  of  chloroform  and

chlorine  was  added  under  ice-cooling until  the

weight  of  the reaction  rnixture  showed  an

increase of  5,5g. The  temperature  of  the

reaction  solution  was  maintained  below 250C.

To  this solution  was  added  with  stirring  4.6 g
of  potassium salt  of  O.O-diethyl phosphoro-
thioic acid  at  room  temperature  and  stirring

was  contintied  at  400C  for 3 hr. The  reaction

rnixture  was  washed  with  5%  aqueous  potas-
sium  hydroxide solution  and  water,  dried with

anhydrous  magnesium  sulfate,  and  con-

centrated.  It was  chromatographed  on  a silica

gel column  with dichloromethane as  the eluting

solvent.  The  IR  spectTum  showed  the presence
of  P=O  (1250cm'i), P-O-alkyl (1040, 1010,

970cm-i), P-O-CmHs  (1160cm-'), and  the

benzene  ring  (1560, 1470, 810cm-i), The
PMR  spectrum  in CDC13 indicated 6=  1.30 ppm

(2CH,CH,O 6H, t), 6=:3.90r4.troppm (2CHs.
CHsO  4H,  m),  6===7.40 ppm  (aromatic 2H, d)

and  6==7.70ppm  (aromatic 2H, d). The  MS

fragments appeared  at  mfe  314, 312 (M'), 177,
175 ([SSC,H,Cl]+), 145, 143 ([SC,H,Cl]+),
137 ((?tO)2P(O)), 109 (EHt8>P<O)) and  

81

((HO)2P(O)). Compound  IV  was  also

produced by peracid oxidation  ef <L-chloro-

thiophenol and  O.O-diethyl phosphorothioic
                                 peracid
acid:  <EtO),P(O)SH+HSC,HdCl -

(EtO)2P(O)SSCEH`CL 183.2 mg  of  O.O-diethyl

phosphorothioic acid  and  147.1 mg  of  4-chloro-
thiophenol  were  mixed  together in 4ml  of

dichloromethane and  207.4mg  of  MCPBA  in

4 ml  of  dichloromethane was  added  dropwise to
the  solution  with stirring  under  ice-cooling. After

keeping  for 24hr in a  freezer, the reaction  mix-

ture was  washed  with  5%  aqueeus  sodium  bicar-

bonate solution,  dried with  anhydrous  magne-

sium  sulfate,  andconcentrated.  Itwas  subjected

to a silica  gel column  chrornatographic  separa-

tion eluted  with  dichloromethane. The  spec-

troscopic data was  identical with  that of  com-

pound  IV  prepared  by  the above  method.

  Compouna  V, O.O-diethyl S-(tl-chlorophen-

ylthiomethyl) phosphorothiolate, was  a  prod-
uct  from reaction  of  compound  IV  with

diazomethane. It was  synthesized  as  follows:
HSC,H,Cl  +  CH,O  +  HCI  --+  CICH,SC,H,Cl

(XI); (EtO),P(O)SK+CICH,SC,H`Cl-.
(EtO)2P(O)SCH2SC6HiCl. Compound  XI  was

prepared  by  the reaction  of  4-chlorothiophenol
with  formalin and  hydrochloric  acid.  2.9g of

Ichlorothiophenol was  dissolved in 2.1 g of

37%  formalin and  10.0 g of  35%  hydrochloric

acid  and  the reaction  solution  was  warmed  at

60-70aC  for 4hr.  The  reaction  mixture  was

extracted  with  ether,  dried with  anhydrous

magnesium  sulfate,  and  distilled to obtain

transparent  oil (1.3g, 36.2%  yield), bp 125-
l33eCf16-17mmHg.  To  O.6g of  sodium  salt

of  O.O-diethyl phosphorothioic acid  in di-

chloromethane  was  added  dropwise O.6g of

compeund  XI  in dichloromethane with  stirring

at  roorn  temperature  for 90min. After

washing  with  water  the reaction  mixture  was

extracted  with  dichloromethane, dried with

anhydrous  magnesium  sulfate,  and  con-

centrated,  It was  purified by gradiently
eluting  through  a  silica  gel column  with

hexanelethyl acetate  <90/10 and  then  80/20).
The  IR  spectrum  indicated the presence of

NII-Electronic  MbraryService
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P=O  (1265 cm-i),  P-O-alkyl  (1025, 985  cm-i),

P-O-C2Hs  (1175 crnri),  and  the benzene  ring

(l580, 1480cm-i). The  PMR  spectrum  in
CDC13  showed  a==133ppm  (2CH3CHsO 6H,
t), 6=3.87-4.23 ppm  (2CH3CH20 4H,  m),  8==

4,26ppm  (SCH2S 2H, d) and  S;7.30ppm

(aromatic 4H, s). The  MS  fragments gave mte

328, 326 (M+), 183 ([(EtO),P(O)SCH,]+), 159,
                              +
157 ([CH,SC,H,Cl]+), 137 ((EtO),P(O)), 109

(E",8>P(o)) and  sl <(Ho):P(o)).

  ComPoand  VI, O.O-diethyl  phosphorothioic
acid,  was  prepared  by  alkaline  hydrolysis of

diethyl phosphorochloridothioate.  9.4g of

diethyl phosphorochloridothioate  was  dissolved
in 50 ml  ot  ethanol-water  mixed  solution  (1 : 1)
centaining  5.6g of  pota$sium hydroxide and

heated at  80-900C  for 90 min.  After removing
ethanol  and  acidifying  with  10%  hydrochloric

acid  the reaction  mixture  was  extracted  with

dichloromethane with  salting  out,  dried with

anhydrous  magnesium  sulfate,  and  cen-

centrated,  The  IR  spectrum  shewed  the

presence of  P=S  (805, 660cm-'),  P-O-alkyl

(IOIO, 965  cm-'),  P-O-C2Hs  (l155 cm']),  and

OH  C3360cm-i). This compound  was  also

identified as  cempound  VI  because compound
IV  was  prepared from  MCPBA  exidation  of

this cempound  with  
tl-chlorothiophenol.

  ComPound  VU,  4-chlorothiophenol, was

purchased.

  ComPouna  VIII,  bis(4-chlorophenyl) disul-
fide, was  purchased.
  ComPound  IX, elemental  sulfur,  identified
by  the I<f value  and  solubility  in carbon  disul-
fide,

  HziSO (99,5atom 9/.) was  obtained  from
Prochem, The  British Oxygen  Company  Ltd..

2. ChromategraP]ty and  Analytical Procedures

  TLC  was  carried  out  for analytical  purpose
on  O.25 mm  precoated silica  gel 60F!s{ plastic
sheets  (Merck) and  for preparative isolations on

O.50 mm  hand  coated  silica  gel GF2sd Type  60

CMerck) glass plates, Chromogenic  reagent  used

for detection was  O.5%  palladium chloride  in

diluted hydrochloric acid.

  Column  chromatography  on  100 mesh  ana-

lytical grade silica  gel was  used.  The  solvent

systems  are  described in individual experi-

ment.

ee 3 
-"ff

 vafi 52 tF 8 A

  Infrared (IR) $pectra  were  determined as

liquid or  as  mix  with  nujol  using  JASCO
IRA-1  Grating Infrared Spectrophotometer.

  Proten nuclear  magnetic  resonance  (PMR)
spectra  were  obtained  in deuterochloroform
solution  on  JEOL  JNM-PMX60  NMR  Spec-
trometer,

  Electron impact mass  (MS) spectra  were

obtained  on  JEOL JMS-DIOO Mass Spectrom-
eter.

  Gas chromatography  was  done with  YANA-
CO  G1800-FPD  Gas Chromatograph  equipped

with  a  column  (1.0mx2 mm  i.d,) containing

1%  XE-60  on  AW  DMCS  Chromosorb-W

(60BO mesh)  and  a  Model  Gl800-fiame phote-
metric  detector (S or  P  channel)  under  operat-

ing conditiens  of  nitrogen  pressure, O,50 kgXcma
and  column  temperatures,  80, 17e or  185"C.

3, I'eracid Oxidation of ComPound l
  To  a  magnetically  stirred  solution  of  com-

pound  I (O.4 mmol)  in 2 ml  of  dichloromethane
under  ice-cooling was  added  in portions an

equivalent  mole  of  3-chloroperbenzoic acid

(MCPBA) in 2ml  of  dichloromethane. The
reaction  mixture  was  kept for 24hr  in a

freezer. For  qualitative determination  the

reaction  mixture  was  washed  with  5%  aqueous

sodium  bicarbonate solution  to remove  the

acids  and  the remaining  dicl)loromethane
solution  was  analyzed  by  TLC.  For quantita-
tive analysis  the reaction  mixture  was  treated

with  an  excess  amount  of  diazomethane in
ether  for 2 days at  room  temperature,  then

analyzed  gas chromatographically.  O,O-
diethyl phosphorothioic  acid  (VI) was  con-

verted  almost  quantitatively te O.O-diethyl
S-methyl phosphorothiolate  (formation of  O.O-
diethyl O-methyl  phosphorothioate was

scanty),  4-chloTothiophenol (VII) to the methyl

thioether,  while  compound  IV  to compound  V
in a  50%  yield. Retention  times (given in

parentheses) at  170eC of  column  temperature

were  as  follows: compound  I (3.6 min),  com-

pound  III (4.2min), compound  V  (20.7min;
10,8min  at  1850C  of  column  temperature).

Also retention  times of  the methyl  thioether

of  compound  VII and  the methyl  ester  ef

compound  VI  at  800C of  column  temperature
were  2,7 min  and  lI.O min,  respectively.  Per-

acid  oxidation  was  also done  with  more  ratio

NII-Electronic  
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of  MCPBA  in the presence of  aqueous  solution

of  different acidity.

4, Peracid Oxidation in the Presence of HSSO
  To  a stirred  suspension  of  cornpound  I

(110mg) in 4ml  of  dichloromethane and

HsiSO {99.5atom%, 1, 10 or  140mg)  was

added  an  equivalent  mole  of  MCPBA  dissolved
in 4ml  of  dichloromethane  under  ice-cooling
and  the reactien  mixture  was  kept overnight
in a  ireezer. After washing  with  5%  aqueous

sodium  bicarbonate  solution,  the dichloro-
methane  solution  was  concentrated  under  a

reduced  pressure at  350C  and  separated  prepar-
atively  on  TLC.  The  region  corresponding  to

compound  IV  was  scraped  and  extracted  with

dichloromethane and  compound  IV  was  sub-

mitted  te MS.  The  ratio  of  
i80-containing

peak  and  the corresponding  
i60-containing

peak directly represents  the ratio  of  
iSO

 and

i60
 incorporated in the case.

5. Reaction of Compound  IV  with  Diaxo-

   methane

  A  dichloromethane solution  (10 ml)  of  com-

pound  IV  (O.2 g) was  reacted  with  an  excess  of

diazomethane at  room  temperature  for over-
night,  then  concentrated  and  submitted  to

preparative TLC  using  dichloromethane-ethyl
acetate  (9:l vlv)  system  (1lf value:  O.42).

       RESULTS  AND  DISCUSSION

1. The Reaction of 4-ChloroPhe,agy,l Diethoay-

   Phosphiayl Dis"ijEde (IV) va'ith Diagomethane
  The  reaction  mixture  from peracid exidation

of  starting  material  I gave the same  TLC

pattern  before and  after  diazomethane treat-

rnent  except  the spot  corresponding  to com-

pound  IV  which  changed  to O.O-diethyl  S-

(tl-chlorophenylthiomethyl) phosphorothiolate

(V) and  an  unknown.  Treatment of  the isolated

compound  IV  with  diazomethane gave two

major  products, compound  V  (fi:f value:  O.07)

and  the unknown  (Rf value:  O.46) when

developed with  the solvent  system  of  hexane-

ethyl  acetate  (4:1 v/v)  mixture,  The  chemical

structures  ef  compounds  IV  and  V  were

established  by  unequivocal  synthesis  as  well  as

IR, PMR,  MS  spectroscopies,  Proposed reac-

tion mechanism  for formation of  compound  V  is

shown  in Fig. 2 by  analogy  with  the reaction

(Eto)2p(o)s-t'sC6H4Cl -

           
-+

           CH2-NEN

             +

-
 (EtO)2P(O)SCH2 ,

         SC61I4Cl

(Ete)2P(O)Sx i+
         CHi-Nl-N
            

lt

SC6}IJ+C/L + N2

-(EtO)2P(O)SCH2SC6H4C].

 Fig. 2 Proposed  mechanism  for reaction  of

       
il-chlorophenyl

 diethoxyphosphinyl
       disulfide with  diazomethanc  to form

       O.O-diethyl S-<4-chlorophenylthio-

       methyl)  phosphorothiolate,

of  polysulfide with  the nucleephiles.  The  same

type of  reaction  was  found for the  organo-

phospherus compound,  Amiphos@,  O,O-di-
methyl  S-(2-acetylaminoethyl) phosphorodi-
thioate (unreported). The  yield of  compound

V  was  50± 4%  when  3.2mg  to 34.1mg  of

compound  IV  in 5ml  of  dichloromethane
reacted  with  excess  amounts  oi  diazomethane

at  150C  for 2 days, As  compound  IV  was

unable  to  be detected  under  the gas chromato-

graphic conditions  used,  this conversion  was

useful  for semiquantification  of the phosphinyl
disulfide IV.

2. Peracid Oxidation of
   thioate Ester I

  The  findings which  in

presence  of  an  unstable

Table

the Phosphorus  Di-

dicate or  imply  the

intermediate, 
"phos-

2 Products  formed  on  MCPBA  oxi-

  dation of  O.O-diethyl S-(4-chloro-

  phenyl) phosphorodithioate in

  dichloromethane.

Compound %  ef  SMa)

 I (EtO>,P(S)SC,H,Cl
III (EtO)2P(O)SC,H,Cl
IV  (EtO),P(O)SSC,H,Cl
VI  (EtO),P(O)SH
VII  HSC,H,Cl
VIII  (SC,H`Cl)!
Other  compounds

     23
     22
     39
   trace

    trace

    <8

not  analyzed

a)
 SM:  starting  material.
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phorus  oxythionate''  will  be discussed.

  Gas chromatographic  analysis  of  the products
obtained  by peracid oxidation  of  compound  I

under  an  anhydrous  condition  (Table 2) indi-
cates  the production  of  compound  IV  followed
by  the oxon  III as  major  products. Compounds
VI, VII  and  VIII and  at  Ieast 2 other  unknowns

were  found in smaller  amounts.  Elemental

sulfur  was  detected on  TLC.  Compounds  VI
and  VII (and its further oxidation  product
VIII) are  seemingly  the hydrolyzed products  of

starting  material  I, but  actually  they  produced
only  under  oxidative  conditions,  To  know
whether  or  not  hydrolysis occurs,  dichloro-
methane  solution  of  compound  I or  III was

stirred  with  water,  5%  aqueous  sodium  bi-

carbonate  solution  or  5%  aqueous  3-chloro-
benzoic acid  solution  for 5 hr, but the starting

material  was  recovered  quantitatively. There-

fore, an  oxidized  intermediate which  links the

starting  material  I with  products  VI  and  VII

(or VIII) must  be considered.

  Formation of  compound  IV  in peracid oxida-

tion of  starting  material  I may  be from the

oxidative  combination  of  compounds  VI  and

VII. Indeed,  peracid oxidation  of compounds

VI  and  VII gave reughly  equal  production of
compounds  IV  (41%) and  VIII (37%). How-
ever,  as  shown  in Table 2, far more  compound

IV  preduced than  cornpound  VIII from peracid
oxidation  of  the starting  material  I, Therefore,
the  results  imply  the  presence of  another

pathway  of  ±orming  compound  IV.

  More  direct evidence  was  obtained  by

peracid oxidation  of  starting  material  I in the

presence of  HsiSO  (99.5 atom%).

  Authentic sample  IV  and  the product IV  ob-

tained in the presence of  1 mg  of  H2iSO gave

lb9

Fig.

61
157

]12J14

          100  ISO  300

3 Mass  spectrum  of  (EtO)2P(O)SSC6H4Cl obtained  on  MCPBA  oxidation  of

   (EtO)2P(S)SC6H4Cl in 4ml  of  CH2C12 with  or  without  1 mg  of  H2teO

   (99.5 atom%).
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          100  ISO

4 Mass  spectrum  of  (EtO)2P(O)SSC6H,Cl obtained

of  (EtO),P(S)SC,H,Cl
atom%).
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Fig, 5 Mass  spectrum  of  (EtO>2P(O)SSC6H,Cl obtained  on  MCPBA  oxidation

      of  (EtO)2PCS)SC6H4Cl in 4 ml  of  CH2C12 and  140 mg  of  H2'SO (99.5 atom%).

Table 3 The  oxon  iormation on  MCPBA  oxidation  of  O,O-diethyl S-(tl-chloro-

       phenyl) phosphorodithioate under  various  conditions.

Solvent system
   Molar  ratio

of  MCPBA  to  SMA)The
 oxon SM

CH,Cl,CH,Cl,CH,Cl,-H,O

 (1 : 1)
CH,Cl,-5%NaHCO,  (1 : l)
CH,Cl,-5%HCI  CI : 1)

l.O3.53.53,53,5 22%l8418121 23%oooo

")  Starting material,  100 mg  of  SM  in 4ml  of  a  solvent  system  shown  in the  table added

   with  2 ml  of  dichloromethane  solution  of  MCPBA.  kept  at  room  temperature  for one  day.

(EtO)2P(S)SC6H4Cl -(O)

      (I)
EEte)2V
   (II)

oSC6H4C

+H20

(EtO)2P(e)SH

      (VI)

a{
(EtO)2P(O)SC6H4Cl 

+
 Ss

       (III) (IX)

(EtO)2P(O)SSC6HtfCl

       (]iJ)

HSC6HLfCl.(SC6HLIql)2

 (VII) +(O)  (VIII)

Fig,

                              +[o]

6 Proposed  pathway  leading to fermation of  various  products  on  MCPBA

  oxidation  of  O.O-diethyl S-(4-chlorophenyl) phosphorodithioate.

                                +

key peaks  of 314, 312  (M'), 137 <(EtO)2P(O)),
109 (EHt8>P(O)) and  81 c(HO)iPcO)) (Fig. 3),

while  the product  IV  obtained  in the  pres-
ence  of  140mg  of H2iSO gave 316, 314,
139, 11I and  83, indicating complete  in-

corporation  of one  
iSO

 into the molecule

(Fig. 5). In the presence of  10 mg  oi  Ha'SO an

intermediate mass  fragmentation pattern was

obtained  (Fig. 4). The  fact clearly  indicates

that two  mechanisms  function for preduction
of  compound  IV:  one  which  involves oxygen

from peracid, and  another  which  requires

water  oxygen  as  a  source  of  P(O)  oxygen.
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　　The　simplest 　structure 　for　the　intermediate
which 　matches 　the　first　mecllanism 　 and 　links
starting 　material 　I　and 　comPound 　IV 　is　struc −

ture　II・　 One 　of 　the　hydrolysis　products　of
structure 　 II

，
　 that　 is　 comPound 　 VI ，　 includes

oxygen 　derived　from 　water ．　 Therefore ，　com −

pound　IV 　as 　the 　oxidized 　product 　of 　compounds

VI　and 　VII　should 　have 　water 　originated

oxygen ．　 The 　oxon （III）fo  ation 　is　govemed
by　solvent 　factors．　 Table　3　shows 　the　yieId　of
the　oxon 　 III　under 　different　conditions ．
Presence　of 　water 　increased　the　oxon 　formation
tllan　anhydrous 　conditions 　and 　far　more 　oxon

formation 　was 　obtained 　 in　 a 　basic　coDdition ．
On 　the　contrary 　an 　acidic 　condition 　decreascd
oxon 　formation，

　　The　overall 　picture　of　the　peracid　oxidation

is　 shown 　 in　 Fig．6．　 The　 starting 　material 　 I
receives 　 oxygen 正rom 　 peracid　 to　 fom ユ the

phosphorus　 oxythionate 　 intermediate　 II，
which

，
　 under 　 anhvdrous 　 condition 　 or 　 in　 the　　　　　　　　　　　　　　　ゾ

presence　of 　s皿 all　amount 　of　water ，　rearranges

to　give　the　phosphinyl　disulfide　IV
，
　and 　loses

　　　　　　　　　　　　　　　　　　　and 　the　hydrolyzates，
　　　　　　　　　　　　　　　　　　　　　are 　further　oxidized

to　form　compound 　IV 　and 　compound 　VIII，

sulfur 　to　 form　 the　 oxon 　 III．　Hydrolysis　of

I）hosphorus 　 oxythionate 　 intermediate 　 occurs

in　the　presence　of　water ．　In　the　presence　of

rnuch 　 water 　 both　the　oxon 　formation　and

hydrolysis　are 　prefered　ways ，　particularly
under 　basic　condition ，
compounds 　VI　 and 　VII，

要 約

　ジ チ オ 型 有機 リン 化脊物 O ，O −diethyl　S −（4−chloro −

phenyl ＞phQsphorodit止】ioate （1＞を 3−cbloroper −

benzoic 　 acid で 酸化 し た と こ ろ ，
オ キ ソ ン 体 皿 ，4−

chlorophenyl 　diethoxyphosphinyl　disulfide　（IV＞，

O ，0 −dicthyl　phosphorothioic　acid （VI），　4−−chloro −

thioPllenol （皿 ），　bis （4−chlorQphenyl ）disulfide（弸 ），

元 素 イ オ ウ 似 ）を得 た．VI と W は 化学構 造上
，

一
見

出発物質 1 の 単な る 加水分解物 の よ うで あるが ， 実際は

酸化条件下 で の み 皿 と と も に 生成す る こ と か ら， こ れ

らの 物質 VI， 靼 と 出発物質をつ な ぐ反応中闇体 phos −

phorus　Qxythionate 　 ll の 存在が推定され る．　 IV は

刷 と 田 を 過酸 で 酸化す れ ば得 られ た．出発物 質 1 を

tBO
で 標識 し た 水 （99，5　Atom ％）存在下 で 過酸酸化 し

た と こ ろ，IV の 分子 内 に
1SO が 取 り込まれ W と S肛 か

らの IV の 生．成が 少 な く と も 出発物質の 過酸酸化 の 際 に

も 起こ っ て い る こ とが わか る． し か し ， 取 り 込 ま れ る

150
の 割 合 は 水 の 量 に よ り異 な り ， 多量 の

ISO
水 の 存在

下 で は W の P ・0 酸 素は 工00 ％
ISO

に由来す る が．無水

条件 か 少量 の 水 の 存在下 で は
t60

の み で あ る．し た が っ

て IV に つ い て もう
一

つ 別 の 生成経路 の 存在 が 示唆され

る．こ れ ら の 事実か ら出発物 質 1を 過酸 で 酸 化す る と ，

ま ず不安定 な反応中間体 phosphorus 　oxythionate 　H

が形成 され ，
こ の もの の 分子 内転位 に よ り，ま た 水 が 存

在 すれ ば こ の もの の 加水分解物VIとW の 再酸化 に よ っ て

もIVが 生 成 ， 他力
’
に お い て 脱 イ オ ウ に よ りオ キ ソ ソ 体 が

生成 す る と 結 論 し ， phosphorus 　oxythionate 　 r｛1間体

の 存在を い っ そ う明確に した ．
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