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   Metabo]ic  experiments  ol  lenitrothion with  rric)use  livcr homogenate  and  micc  ",ere

conducted,  in order  to examinc  }vhether  an  enantiotopic  clemethylation  reaction  occurs  or

not  during  thc  metabolism.  Metabolic  dcsmethylt'enitrotl]ion extractcd  was  chemically

derivatizcd into the diastereomeric phosphoramidothioate  with  CS)-{-)-ec-phenylethylamine,
which  ".as  analvzed  by  HPLC  to deterrninc their  diastereomeric  composition.  The  results

showed  that a  larger  amount  of  (R)p-(+)-dcsmethylfenitrethien was  produced  with  a  lesser

amount  of  a  (S)p-(-> enantiomcr  in both  in vitFo  and  in vivo  metabolisin,  whose  
absolutc

stereochcmistry  ",as  determined by  comparative  analysis  ef  
il{-NMR

 spectra  ui  the  dia-

stereomers.

  Fenitrothion, O,O-dimeth>Jl O-(3-methyl-4-
nitrophenyl)phosphorothioate  (1), is a  pesticidc
practically used  for protection of  agricultural

crops  from  varieus  insect damage. Its metab-

olism  in mamlnals,i-ii)  fish,i2) plants,i,!,i5,i4)
and  soilsi5,t6]  "ras  extensively  investigated, and

its major  degradation  pathway  in the  environ-

ment  as  well  as  the biologieal activity  of

degradation  products have  been clarified.t7]

Desmethylfenitrothion  ((±)-2) was  identified

as  ene  ef  the major  degradation  products of

fenitrothion, when  the pesticide was  metab-

olized  by  mammals,ii"ii4-",it)  insectsiu3) and

soil  microorganisms,i5)  Desmethylfcnitrothion
was  non-toxic  to animals,  and  thc metabolism

of  fenitrothion to this compound  was  con-

sidered  to be one  of  the detoxication reac-

tions.'e) The  enzyme  mediating  this reaction

was  investigated in mammals,2,a,",i')  in-

sects,2,3,ii)  and  plants,E,ti) and  glutathione was
found to be required  as  a cofactor  of  this

reaction.ii,i9)  One  of  the interesting problems

which  still remains  unclear  in this reaction  is

that  achiral  fenitrothion is converted  into

chiral  desmethylfenitrothion, in which  an

asymmetric  phosphorus  atom  is newly  pro-
duced, but whether  tl)e metabolic  product is

either  racemic  or  optically  active  has  not  yet
been detcrmined. Since several  enantiotopic

biological reactions  which  transform  achiral

substrates  into chiral  products iiave been

reported,20,2i)  there is a  possibility that meta-

bolic desmethylfenitrethion may  be optically

active.  We  wish  now  to describe that an

enantiotopic  demethylation reaction  occurs

actually  in the metabolism  of  fenitrothion by

mouse  liver homogenate  and  mice,  producing

H3co't6
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     1 (ft),-(+)-2: R=H,  R'=CH3

                   {S)pL(-)-2: R]CH3,  Il'iH

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

 ]16 PI A' li"l-T, as')'-' 
'x".-

 i'ts

optically  active  (R),-(+)-desmethylfenitro-
thion, although  thc  product is not  optically

pure  but partially racemized,

        EXPERIMENTAL  SECTION

I. Chemicals

  A  pair of  diastereomers, 4 and  5, was  syn-

thesized as  reference  compounds  to be used

fer chromatographic  determination of  the

absolute  stereochemistry  of  metabolic  des-
niethylfenitrothiQn,  Namely,  recemic  O-methyl
O-(3-mcthyl-4-nitrophcnyl)phosphorochlorido-
thioate <(± )-3), prepared  frem O-methyl di-
chlerothiophosphate  and  3-methyl-4-nitrophe-
nol  (yield 2eO/6) (Scheme 1), was  reacted  with

(S)-(-)-ct-phenylethylamine and  pyridine

(route b) to give a  diasteromeric mixture  of

tlY 8 jts cri 1 Lv]'               J'l

phosphoramidothioate  derivatives (4 and  5),
which  were  separated  through  column  chro-

matography  on  silicic  acid  <solvent: 109/6 ethyl
acetate  in n-hexane)  into optically  pure dia-

stereomers,  i.e,, 4: mass  mfx  366 (M'); [ctI/D
+IS,9±O.30 (c I.00, CHCI,)j iH-NMR

 (CDCI,)
61,51 (d, J=-7,O, 3H), 2.45 (s, 3H), 3.78 (d,
J-14.3, 3H), 4,59 (tq, 1-10.0, 7,O, IH), 6.75-
8.00 (m, 8H),  and  5: mass  m/rr  366 <M'); Ict]D
769.8

± O.40 (c O.90, CHCI,); iH-NMR
 (CDCI,)

61,52 (d, J--7,O, 3H), 2.58 (s, 3H), 3,53 {d,
J-14,3, 3H), 4,59 (tq, J-10.0, 7,O, IH),
7,OO-8.10 (m, 8H).
  In order  to clarify  the ol)ticai  rotation  of

cliiral  thiophosphorus  moiety  in 4, and  also

to examine  the extent  of  racemization  during
chemical  derivatizatien of  (+)-2 to 4, optically

Htf F[I 5S IF 2

  ?/ CH3

ci'Fl;rccHL3 +  Ho6No2

J
  s

   

Ho'

   

     s

  HN-Il':ho:<{SIH:o2

    1       oCH3

   s,R>H  4

a  
cH,

Scheme  1

yl-

ic

      P,
  HN-{le,tOCH3

  skHO@CNHo32  s

o    cH3
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pure (+)-2 was  prepared as  follows, Racemic
2, prepared from (±)-3 by  alkaline  ltydrolysis

(K2COa in dioxane-H20) (routc a), was  treated

with  an  equimolar  amount  of  brucine in
methanol  to give a  precipitate of  brucine  salt,

which  was  recrystallized  rcpeatedly  (6 times)
from  benzcne-rnethanol  until  constant  values

of  both mp  2090C and  LctI.+2,2± O.30 (c 1.30,
CHC13) were  obtained  (yield 200,,6). The  pure
crystals  were  treated with  I N  IICI, liberating

(t)-2, [a],,+4.6± O.4U (o 1.00, CHC13), which

should  be optically  pure. (+)-2 was  then  con-

verted  by  successive  reactions  of  chlorination

(PCIs in CHC13) and  amidation  ((S)-(-)-ct-
phenylethylamine  and  pyridine) into 4, Since
both reactions  proceed via  stereochemical

inversion,2!) the stereochemistry  of  the thiu-

phosphorus  atom  in 4 should  retain  that  of

(-)-2, and  the extent  of  racemization  during
these reactions  was  determined by  chromato-

graphic  analysis  of  product  4 to contain  4,2e,6'
of  5, thus, 8.4%' racemization  eccurred  during

chemical  conversion  of  2 into 4. Two  racemates,

6 and  7 {Scheme 2), were  also  synthesized

from (±)3, by  reacting  it with  either  iso-

propylamine  or  diphenylmethylamine. These
were  used  as  reference  compounds  for deter-
mining  the abselute  stereochemistry  ef  4 and

5 by  
iH-NAIR

 analysis.

2. nfetabelism in witro

  Crude liver enzyme  of  JCL:ICR mice  was

             2.45

     s !

  H7xVoijcoHS

HN3o2

o"s℃n, ;,,
4

            2.59

     s l

  H"-X
'

 )2,S
H,3,,

H3c- ℃HH3 5.76
6

Scheme  2

  HN.Sit .ocH3J3533ss

asstsn,

OGr:g;

5

            2.43

     s l

  H7tts,o,ISIISi  
3o,

dCrs 5,,
7

prepared  by  the method  of  Fukami  and

Shishido.]9) Mouse  liver was  homogenized  in

ice-celd O.25 M  sucrose-O.05  M  }]otassium phos-
phate buffer (pH 7.4), The  homogenatc  "Tas

centrifuged  at  105,OOOxg  for 60min  te

separate  the supernatant  fraction, which  was

used  as  the crude  enzyme  solution.  The  incuba-

tion mixture  contained  the  crude  enzyme

solution  (10ml), reduced  glutathione  (GSH)
(45 mg),  and  fcnitrothion (O.6 and  4.0 mg)  in
the above  buffer solution  (2 ml),  and  incuba-

tion took  place at  370C for 3 hr. After incuba-

tion, the  reaction  mixture  was  heated  at  1000C

for 2 min  and  washed  with  CHC13  to remove

neutral  and  basic substances.  The  rcsidual

enz}Jme  solution  was  then  acidified  with  1 N

HCI  (pH 1.0) and  extractcd  with  benzene,

The  benzene solution  was  evaporated  to dry-
ness,  and  the residue  which  centained  acidic

rnetabolites  of  fenitrothion was  dissolved in

CHC13  and  was  subjected  to successiiJe  chlorina-

tion and  amidation  reactions  as  described
above.  Thus, the phosphoramido  derivatives
ef  metabolic  desmethylfenitrethion were  pre-
pared,
  The  experimental  conditions  of  high per-
formance liquid chromatography  (HPLC) em-

ployed  for analysis  of  diastereomeric com-

position of  phosphoramido derivatives are

described in thc footnotes of  Fig, 1.

3. Metabolism in vi"vo

  Two  groups of  mice  each  containing  five

JCL : ICR  males,  whose  summed  weight  was

ca.  150  g, were  injected intraperitoneally with

2.5 and  5.0mg  (16.7 and  33.3rnglkg) of

fenitrothion dissolved in H20  containing  Triton
XIOO.  After administration,  diet and  water

were  given ad  lib･ittem to the mice.  The  urine

excreted  for 7 days was  collected  and  washed

at  pH  10.0 with  ethyl  acetate  to remove

neutral  and  basic substances.  Subsequent

experimental  procedures  for converting  the

metabolic  products into the phosphoramido
derivatives were  the same  as  those described in
the in vitTo  metabolism.

        RESULTS  AND  DISCUSSION

  The  absolute  stereochemistry  of  desmethyl-
fenitrothion was  determined by  comparative

analysis  of  
'H-NMR

 spectra  of  4 and  5, com-
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bined  with  thc conclusion  on  their most  stable

conformation.  Namely, the proton  signals

whose  chemical  sl]ifts  were  significantly  diffcr-

cnt  between 4 and  5 were  those of  the  O-

methyls,  appearing  at  6 3.78 in 4 and  S 3.53 in
5. This differcnce of  chemical  shift  (O.25 ppm)
should  bc attributed  te an  anisotropic  effect  of

thc benzene ring  of  (S)-(-)-ct-phenylethyl-
amido  moiety  which  shifted  neighboring  pro-
tons to the higher field; thus, the  O-methvl

group  in 5 should  be orientcd  te the same  siae

as  the benzene ring  and  hence  the  O-methyi  in

4 to thc opposite  side.

  A  stable  conformation  of  the phosphor-
amidothioate  bond  in both 4 and  5 could  be
assigned  as  a  transoid form  (a), rather  than  its
cisoid  form Cb), because of  the less steric

      ?1
 
HssNe,,P"',,

    l

   ve,9"vH

transoid  form

on8ts 
'ti'Y1-t'･HR7F-N

 58 IF 2 M

 HS
  I ll
"f)PxNdiFlrrt

    A
                  Ca) cisoid  [orin (b)

hindrance between PiS  and  N-H  bonds in thc

formcr form. A  severe  stcric  interaction be-

tween  the P=S  bond  and  phenylethyl  group m

the latter, hewever, niade  it impossible  to take

the cisoid  conformation.  Next, thc (S)-ec-
phenylethyl  moiety  might  bc favored in such

conformation  where  the methin  proton at-

tached  to tlie asymmetric  carbon  as  the small-

est  group  fianked  between the O-metliyl and
O-phenyl  groups of  the thiop]]c}sphorus inoiety.

Thus,  the most  stable  conformation  of  4 and  5
was  postulated as  drawn  in Scheme  2. This

conclusion  was  further cenfirmed  by  the facts

that the O-methvls  in the reierence  compounds

6 and  7 appear5d  at  S 3.76 and  3.63, respec-

tively, whose  chemical  shifts  were  close  to

those of  4 and  5, respectively,  the methyl

signals  of  the methy･1-nitrophenyl  group in 6

and  7 whicli  appeared  at  S 2.59 and  2,43,

rcspectively,  were  also  wcll  in agreement  with

S2.58  in 5 and  a 2.45 in 4, respectively,23'  Since

4 was  synthesized  from  the (S)-<-) amine  and

(f)-2 and  the stereochemibrtry  of  the latter

conip()und  was  retained  in 4, the absolute

stereochemistry  of  (-L)-2 was  concluded  to

be (R),, hence its antipodal  (S),-(-)-2 was

contained  in 5.

  Metabolic  experiments  of  fenitrothion with

mouse  liver homogenate  as  well  as  mice  were

coilducted  in order  to examine  whether  or  not

an  enantiotopic  demethylation  reaction  oc-

curs  during  the metabolism.  Metaboiic  des-
methylfenitrothion  "'as  extracted  from the

incubated enzyme  solution  or  the urine  of

treated mice  and  was  chemically  derivatized

into the phesphoramiclothioate  derivative,
which  was  tlien subjected  to  HPLC  analysis  to

deterTnine the diastereomeric composition.  A
chromatographic  result  obtained  on  the  sample

prepared from  the incubated  enzyme  solution

is shown  in Fig, l. Peak  A  was  identified as  4,

on  the basis of  the complete  coincidence  of

their retention  time  (6.1 min)  and  tlie mass

spectra,  and  peak B  was  assigned  to 5 through
similar  evidence.  Since peaks  A  and  B  are

rccognized  in the  figure, both  enantiomers  of

desmethylfenitrothion were  produced enzymat-
ically from fenitrothion, and  from thcir peak
area  an  enantiomeric  compositien  of  the metab-

olic  product  was  calculated.  Thus, the

results  obtained  from  in vitro  and  in vivo

experiments  are  summarized  in Table 1. This
table sl)ows  that an  enantiotopic  demethylation
reacti(m  cleaily  occurs  in both  in 'vitTo and  iin

A

B

       1 - b l

       O  5 10  15 min

Fig,1  High  perfermance  liquid chromatogram

      of  (S)-(-)-ct-phenylethylamido duriva-

      tives  ef  metabolic  desmethy]fenitrethion
      extractcd  frem  incubated  enzyme  solu-

      tion (in vitro>,
I'eak  A : compound  4, B:  coTnpound  5 in Scheme

LColumn/
 Zorbax  SIL,  25cmx4,6mm  o.d.,

)･iobile phase:  ethyl  acetate-n-hexane  (5:95),
Flois. rate:  1.0 mlirnin,  Detector/  UV  254  nm,
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Table1  Yields ai]d  enant.iomeric  ratios  of  desn}ethylfenitrothion  inctabolizcd  in vitro

  liver homogenate)  and  in vi'vo  {rnice) experiments.

Cmouse

 Adniinistered
lcnitrethion (rrig)

  Yieldsa) <"g) of

desmethylfcnitrothion

(+)- (-)-

Enantiemeric
  ratio  of

  {--)/(-)

.ln vitro

In  t'tvo

O.64.02.5b)5.0b) 39,565.4

 4,5412.3

14.042.0

 2.73

 6,OO

ratios  wele  corrected  by''considerinbrr thc

 derivatization.

        and  1.0 mg,ifmouse.  respectively.

   74I26

   61IS9

   62J38

   67JS3
. 

/..

a)  Yields  an({"hencc  enantiomeric

  (8.49t',} occurrins  during  chemical

b)  Administercd dese  of  fenitruthion was  O,5

partial racemization

vivo  mctabolism  of  fenitroth{en, producing  a

larger ainount  of  <R),-(-F)-desmetl]ylfenitro-
thion contaminated  by a  lesscr amount  of a

(S>,-(-) enantiomer.  Thc  enantiomeric  com-

positien of  desmethylfenitrothion  obtained

from  in witro  and  in vivo  experimcnts  is rather

similar,  and  a  dose of  administered  fenitrothion

does not  seem  to affect  the enantiomeric  ratio

of  the  product signifieantly.

  Donninger2`) studied  the metabolism  of  O,O-

dimethyl O-1-naphthylphosphorothioate  using

pig liver enzyme  and  found  that a  reaction  of

about  90%  enantiotopic  deniethylation oc-

curred  in tl]at case,  howevcr, the absolute

stereochemistry  of  the chiral  dcmethylated

product  could  not  bc determined. Our  present
study  resulted  in a  lower stcreoselectivity  in an

enantiotopic  deiTiethylation reactioll  of  fe-

nitrothion  compared  with  Donninger's. The

reason  might  be  due tu the metabolism  of

different chemicals  by  differcnt animal  enzymes.

However,  the present study  first clarified  the

absolute  stereochemistry  of  desmcthylfenitro-

thion produced as  a  biodegradation product of

fenitrothion, although  the enantioselectivity  ef

the demethylating enzyme  was  rather  low.

Further metabolic  study  on  chiral  and/er

achiral  pesticides froin a  stereochemical  ap-

proach is now  being clone.
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要 約

フ ェ
ニ トロ チ オ ン の マ ウス 肝 臓 ホモ ジ ネー トお

よび マ ウス に よる （R ）p
−
（十）

一一デ ス メ チ ル フ ェ
ニ

トロ チオ ン へ の エ ナ ン チ オ トピ ッ ク脱 メ チ ル 化

反応

　　　 宮山剞1召雄 ， 瓦 谷光 男 ， 丸茂当吾，富澤長次郎

フ ェ
＝ ト P チ オ ン が 動物体内 で エ ナ ン チ オ トピ ッ ク脱

メ チ ル 化反応 を起 こ す際 ， 光学活性 デス メ チ ル フ L
二 卜

V チ オ ン が 生 成 す る か ど うか を知 る た め マ ウ ス 肝 臓 ホ モ

ゲ ネ
ー

トお よ び マ ウ ス に フ J．ニ ト ロ チ オ ン を 投与 し ， 代

謝され た デ ス メ チ ル フ ー．二 トロ チ オ ソ を （5 ）
一
（
一

）
一

α
一
フ

ェ
ニ ル エ チ ル ア ミ ン と の ジ ア ス テ レ オ マ ー

に 誘導 し ， 液

体 ク 卩 マ ト グ ラ フ で
一 に よ っ て 分離定量 した ．そ の 結

果 ，   p 体 が 優先的 に 生 成 した が ，（S）i，体 もあ る程度

代謝 さ れ る こ と が 明 ら か と な っ た．ま た ， デ ス メ チ ル フ

ェ
ニ ト巨 チ オ ン の 不斉 リ ン の 絶対立体化学 は 合成 に よ っ

て 得 ら れ た 上 記 ジ ア ス テ レ オ マ
ー

の プ v・ト ン NMR を 比

較検討す る こ と に よ り，絶対構造 と 旋．光性 を   ド （＋ ），

（S）p
−
（一）と決 定 し た ．
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