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   A  number  oi  alkoxysulfcllyl  deriva tives of  insccticidal methylcaTbamates  were  synthesized

by  the  reaction  between  alcohols  and  IV-chlorosu]fenyl-N-methylcarbamate,  the  latter being

prepared  from  the methylcarbamate  and  sulfur  dichloride in the presence  of  basc. Polysulfide

analegs  of  the  a]koxysulfenyl  derivatives were  also  lonned  in significant  amounts  as  by-

products  by  this method.  The  alkoxysulfenyl  derivatives of  phenyl carbamates  provcd  to

be  stable,  whereas  the  derivatives of  oxime  cuTbamates  were  unstablc.  Al1 oE  tho  alkoxysulfenyl

dctrivatized carbamates,  with  a  few  cxcept{ons,  showcd  high insecticidal activity  against

housefiies and  grecn  rice  leafhoppers. Somc  of  the  derivatives of  carbofuran  (2,3-dihydro-2,
2-diniethyl-7-benzofuranyl N-methylcarbamate)  appeared  more  cffcctive  against  houseflies

than  thc  parent  carbefuran.  I)erivatization gencrally resulted  in substantial  improNiemcnt

in toxicity to rnice,  Toxicity  of  the  derivativcs ef  carbofuran  to rnice  systematically  dc-

creased  with  increase in carbon  atoms  in the straig.  ht  chain  a[Lkoxy  moicty.  All the polysulfide

ana]ogs  were  insecticida], and  both  the activity  to houseflies and  the texicity to mice  decreased

with  increase in the  number  of  sulfur  atoms  in the  niolecule.

             INTRODUCTION

  Recent  investigationsi'3) 1iave demenstrated
that toxic methylcarbamate  insecticides can  be

converted  into a  derivative with  lesg mam-

malian  toxicity and  with  other  more  favorable

biological activities  by  appropriate  substitu-

tion of  the proten on  the carbamyl  nitrogen

atom,  During the past decade, a  wide

varictv  of  derivatives of  metbvlcarbamate  in-     J v
secticides  with  improved selectivity  have been

discovered. N-Acyl-, AI-dialkoxyphosphino-

thioyl-, AT-alkyl- and  N-aryisulfenyl-, IV-

aminosulfenyl-,  N-sulfinyl- and  N-phosphor-

amidothio-Ai-methylcarbamates,  and  N,A]'-

thiobiscaTbamates  are  arnong  the derivatives
studied.t'`)  These  derivatives showed  sig-

nificantly  reduced  toxicity to wl]ite  mice  and

often  possessed improved  insecticidal activit}J,

  During the course  of  a  study  on  the behavior

of carbosulfan  (2,3-dihydro-2,2-dimethyl-7-
benzofuranyl  N-dibutylaminothio-N-rnethyl-
carbamate),  an  aminosulfenyl  derivative of

carbofuran,  under  different solvent  conditions,

we  discovered that carbosulfan  was  unstable  in

a  methanol-acetic  acid  (9: l) or  ethanol･-acetic

acid  (9:1) mixture,  being convertcd  into the
ALmethoxysulfenyl (1) or  N-ethoxysulfenyl  (2)
derivatives of  carbofuran  according  to Eq. (a),
and  to a  variety  of  other  alteration  products.5}
These two  new  methvlcarbamate  derivatives

(1 and  2) also  showed  reduced  mammalian

toxicity and  still retained  hig]'i insecticidal

activity.
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  Because  of  the desired selectivity  demonstrated b>
it was  of  interest to examlne

to the reaction  described
sulfenyl  derivatives of  methylcarbamate

prepare(I by  simply  adding

methvlcarbamate  and  sulfur    Jsulfenvl

 derivatives were

XVe re'port  hereon  the synthesis

methylcarbamate  and  their polysulfid

<
o-i-N(C,i:(::Il.i.,,,i

 , ..･.

O-9-T<[EgR+HN(B,:Ill

 (a)

carbosulfen  CJP :R=  
-CH3

                        ua : R  
=
 
-CH2CH3

                      
r
 thesc ALalkexysulfenyl-N-methylcarbam ates,

 
'
 other  derivativcs of  this type  for biological activity.  In addition

by  Eq. (a), several  different attempts  were  made  to  synthesize  alkoxy-

             , "Je found that the alkoxysulfenyl  derivative can  be

 . an  alcehol  to an  Ar-chlerosulfenyl-Ai-methylcarbamate  prepared  from

   dichloricle in the presence  of  base, Polysulfide analogs  of  the alkoxy-

 also  formed  in significant  amounts  as  by-produc.ts by  this method.

       and  toxicelogical properties of  a  series  of  N-alkoxysulfenyl-N-

          e  analogs.

       MATERIALS  AND  METHODS

1, S;y･nthesis of Co･mPo･"n･ds
1.1 GeneralProcedure

  The  alkexysulfenyl  derivatives of  methylcarbamates  listed in Tables l and  2 were  synthesized

according  to Eq.  (b). The  insecticidal methylcarbamates,  carbofuran,  propoxur  (2-isopropoxy-
phcnyl  N-methylearbamate)  and  MIP  (3-isopropuylphenyl ALmethylcarbamate),  which  are  de-
signated  as  ArOC(O)N(CH3)H,  were  reacted  with  sulfur  dichloridc in the presence of  such  a  base
as  trietti.vlamine  to form the corrcsponding  sulfenyl  chlorides.  The  chlorosulfenyl  intermediates

Tab]e  1 Physical  and  toxicological properties of  the  alkoxysullcnyl  derivatives of  carbofuran,

propoxur and  MIP.

Compound

No. R
nBS

 123

 456789101112131415

    oS"NICH3

co  
Xs-oR

(Carbofuran>
CH3CH,,CH3

CII(CH3)2

C(CH3),

(CH,),CH,
CH(CH2CII3>z

Cyclohexyl

CH,C,H,

(CH2)sCH3
(CH,),CH,
(CH,),CH,
(CH,),,CH,
<CI{2)iTCHa
CH!CfiHd-p-C(CH3)a

CH,C,H,-P-OCH3

Housefly
 LDso
 (pglg)Mouse

 oralR

¢ fcrence

 LDso(mgr'kg}Polysulfidca}
 derivative
   (9･6)

  1.5342
  l.5250

  1.5402

  1,5190
   .-ct)

  I.5152
  1.5112

mp  42--45eC

  1.5164
  1.5093

  1.4988
  1.5030
   .-e)

  1.5491
  1.5648

 11.0

 18.8

 15.8

 31,O20-30

 20.5

 21.0

 21.5
  7,5

 14.5

 13.0

  7.3
 21,O

 75.0
 15.5

 13.8

   11

   43

   4655-70

   75

   65

   63

   69

   59

   88

  100

  135

  340>1000

   98

  108

Traceh)

Traceb)
  13
  6

  20
  5
  5

 20

 20
  15

  18

  19

  l5

  15

 20

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  ofJapan

Jottrnal of Pesticide Scienae 13  (4}, November1988 597

Table  1 <continued)

1617

    ,-g-,/

to
N

(Propoxur)
(CH2)3CII3
CII2C6Hs

   o- eO-N

p

CH
 3S--OR

 CH13xS-OR

1.S1031.5552

             (MIP)
18  (CH2)3Clls 1.5128

19 CHzC6Hs  1.5572

")  Samples used  in determination  of  toxicological  propcrtics
   sulfide  analogs  in the  amounts  indicatccl.
i') Samplcs  prcpared  by  Eq.  (a) were  usecL

c)  Not  determinecl.

24.046.0so.o

41,O120,Ol75.0

   62>
 1000>1000

 16130210

1516

1423

containedthe  correspondinbff  poly-

Table  2 Comparison of

their polysulfidc analogsthc

 mcthoxy-  or  liexyloxysulfcnyl derivativcs

in physical and  toxicological  properties.

of  carbofuran  and

No,

R

e-8-NiCH3

   
Ns2-oR

･"I jt:s

Houseflv  LDso Mouse  LDso

scgtg

1lalb

99a9b

xmnel/g

CH,CH,CH3CHa(CH2),CH,

(CHz)sCH3
(CH2)sCHs
(CH2)sCII3
(Carbufuran)

  l

 L)Z31-n

  1
 2)31-n

1.53391.55001.5530

1.S2111.53001.58e9

mp  150-
   1520C

.0547,0650-fi)

mg/kg

15.520.5-")18.8

 9.313.022,O14.511.0

oo

ooo,0263,0337,0527b)

O,0497

mmolfkg

4348--a)40S77210588

 11

O.152O.l52

 --)

O.105O.l87O.251b)

O.050

E)b)Not  determined.
Calculation wasbasedon  n=3.

were  then reacted  with  different kinds of  alcohol  in thc presence of  the base to give the  alkoxy-

sulfenyl  derivatives of  the rneth.vlcarbamates  along  with  their  polysulfide analogs  IArOC(O)N(CH,])-
Sn-OR, n=2,3,  ... nl  as  by-products.  In most  cases,  the polysulfide analogs  were  removed

from  the crude  products  by preparative  thin-layer  chrematography  (TLC) to ebtain  pure alkoxy-

sulfenyl  derivatives. The polysulfide analogs  of  compounds  1 and  9 shown  in Table 2 were

isolated fer structure  ana]ysis  and  toxicolo.crical studies.  Fer  these purposes, sulfur  monochloride

was  used  instead of  sulfur  dichloride to prepare  a  chlorosulfenyl  intermediate in order  to obtain

the polysulfide analogs  of  1 and  9 in larger amounts.

                  Arog-N(CHH3+sci2-gltg;--.s  
･e

 Arog-N(Cs:3i

                                    k91. Arog-N(Csll:R+Arog-NiH
.3-oR

 (b)
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  All derivatives were  identified by  
iH

 NMR

and  electron  impact mass  spectra.  
iH

 NMR
spectra  "tere  recorded  on  a  I/'arian EM  390
spectrometer  using  Me4Si  as  the  lock signal.

Electron impact rnass  spectrometry  was  con-

ducted with  a  Finnigaii Model  10I5 mass

spectrometer.

  As  typical examples  ef  the  alkoxysulfenyl

derivativas of  carbofuran,  propoxur, MIP  and

their  polysulfide analogs,  the preparation  of

compounds  3, 9, polysulfide analogs  ol 9,
and  17  are  given.
1.2 SLvntltesis ctf 2,3-dtth),dro-2.2-dimeth-yl-7-

     benxqfatranTlil N-iso)brePoxLl,stt4fen.vl-A'-

     metdy'lcarbamate  (3)
  Suifur dichloride (5.2g, O.051 mol)  in

dichlorornethane (20ml) was  added  to a

stirred  solution  of  carbofuran  (11,Og, O,050
mol)  in dichloromethane  (100ml) at  

-50C.

The  resulting  mixture  was  maintained  at  O to

5"C while  a  solution  of  triethylamine  (6.0g,
O.059mol)  in dichloromethane  (20ml) was

aclded  dropwise with  stirring  over  30 min.  The
reaction  mixture  was  allowed  to come  to room

temperature  and  then  stirred  for3hr.  To  the

resulting  rnixture  was  added  dropwise a  solu-

tion of  2-propanol (3.0g, O.050mol) and  tri-
ethylamine  (6.0g, O.059mol)  in dichloro-

methane  at  O"C, After stirred  ior another  3 hr
at  OUC, the mixture  was  again  allowed  to come

to room  temperature  and  washed  thrce times
with  "Tater.  After  dried  over  anhvdrous

sodium  sulfate  and  concentrated,  the residue

was  dissolved in n-hexane  and  allowed  to stand

until  carbofuran  (2.5g) and  N,N'-thiobis-

carbofuran  <2.9 g) had  precipitated. Evapora-
tion  of  the  filtrate yielded a  xriscous  oily  sub-

stance  (8.lg). The  crudc  substance  (2.0g)
was  purified by  silica  gel preparative  TLC

(60 F2s, plate, 1.0 mm  thickness, EM  Labora-
tories) using  n-hexane-ether  (7: 3) as  a  develop-
ing solvent  to give 1.4g of  oily  product. To
remove  trace amounts  of  impurities, the oil

was  further subjected  to preparative TLC  using

a  reversed-phase  silica  gel plate (KCiB, O.2 mm

thickness, Whatman  Inc.) developed with

acetonitrile-water  (9: 1), yielding the purified
product, n2b3 1.5402 (light y, ellow  oil). Yield:
369,r6; NMR  (CDC13-TMS): fi ppm  1,25 (6H, d,
,J ..6.1  Hz,  OCH(CH. ,,),),  I.42 (6H, s,  C(CH. ,",),

3.02 (2H, br. s, Ph-C-H.2), 3.53 (3H, s, NC-H.3),

ee 4 i;･ ag1-U 63 ITi 11 fi

4.40 (IH, sep,  1-6.1 Hz,  OCU<CH3)L), 6,7-
7.l (3H, m,  aromatic  protons) ; mass  spectrum

(70cV) m/:  (relative intensity) 311 (4.1), 269

(16.3), l95 <8.0), 191 (2.3), 164 <100).
1.3 ,S;y,"･thesis of 2,3-dihfJdro-2,2-dimetdy,l-7-

     beitxqflet.ra･n)･'l N-hexvyloAl:y,suijbn.vl-N-meth.vl-

     carbamate  (9)
  To  a  solution  of  2,3-dihydro-2,2-dimethyl-7-
benzofuranyl AT - chlorosulfenyl  

-
 IV - meth.vl-

carbamate  prepared from  l1.0 g (O.05e mel)  of

carbofuran  and  5.2g (O.050mol) of  sulfur

dichloride in dicliloromethane as  describecl in

scctien  J.2, was  added  dropwise a solution  of

1-hcxanol  (5.1 g, O.050 mol)  and  triethylamines

(6,Og, O.059mo]) in dichloromethane at  OOC.

The  mixture  was  stirred  for 3 hr at  OOC  and

worked  up  as  previeusly described in section

1.2,

  A  sample  purified by  silica  gel and  reversed-

phase TLC  was  obtained  as  a  light yellow  oil,

n2i l.5211. Yield: 38L]7.; NMR  (CDCIs-TMS):
6 ppm  O.90 (3H, br. t, O(CH2)sCH.3), 1.0-1.8

(8H, m,  OCH,(CH.,),CH,), 1.48 <6H, s, C(C!!,),),
3,03 (2H, s, Ph-CU,), 3.57 (3H, s, N-C-H,), 4.10
(2H, br. t, OCH2(CH2)4), 6.7-7.1 (3H, m,

aromatic  protens); mass  spectrum  (70 eV)  m/x

(relative intensity) 353  (M' 5.6), 269 (11,3), 195

(6.9), l91 (3.1), I64 (100).
1.4 S.x.,ntheszls of the Po43'suipde analogs  of 2,3-
    dih",clro-2, 2-dimetbyl- 7- be･nx･ opt-ra,n.vl A'-

    hexrl'loio'suijbn.vl-AJ'-metnj,lcarbamate (9a,
     9b)

  Sulfur monoc:hloride  (6.8g, 0.050mol) in

dichloromethane (20ml) was  adcled  to a

stirred  solution  of  carbofuran  <11.0g, O.050
mo])  in dichloromethane (80 rn1) at  -5CC.  The
resulting  mixture  was  maintainecl  at  O to 5:C,
and  a  solution  of  triethylamine  (5.5g, O,054
mol)  in dichloromethane (25ml) was  added

dropwise to the  mixture  with  stirring  for more
than 30min.  The  reaction  mixture  was

allowed  to come  to room  temperature  and

stirred  for 3hr. The  mixture  was  chillcd  tu

OOC and  a  solution  of  1-hexanol  (5,2 g, O,051
mol)  and  triethylamine  (5.5g, O.054mol)  in

dichloromethane (20ml) was  added  dropwise,
After stirrcd  for another  3hr  at  OOC, the
mixture  was  allowed  to come  to room  tem-

perature and  worked  up  as  previously described
to obtain  a  mixture  of  compound  (9) and  its

polysulfide analogs,
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  The  mixture  thus  obtaincd  (2.6g) was

purified by  silica  gel preparative TLC  using  77-

hexane-ether (7:3) as  a  developing  solvent  to

give 1.60 g of  oil. Thjs oil (1.57 g) "ras  further

subjected  to preparative  TLC  using  benzene-
acetonitrile  (49:I) as  a  solvent,  Fraction  1

(filf: O,69-O.77) and  iraction 2 (Rf: O.47-O.69)
weTe  both  extracted  into dichloromethane, and

the removal  of  the solvent  gave 208 mg  of

fraction 1 and  1.05 g of  fraction 2.

  Fraction  1 was  a  mixture  of  the  polysulfide
derivatives oi  2,3-dihydro-2,2-dimethyl-7-ben-
zofuranyl  Ar-hexyloxysulfenyl-N-methyl-

carbamate  (designated as  CF-Sn-OC6Hi3 where

nl)3,  9b}, whose  structure  is shown  below:

                 O-Z CH

              o  
fi..

 
NNI

 3

n"1? l.5809, NMR

(3H, br. t, O<CH,),
OCH,(CIE[2)4CHe),

(2H, s, Ph-CU,),

3.92 {2H, br. t, OCH
aromatic  protons);
tl,8I,  449, 4,l7, 385

  Fraction 2 (606mg)
to preparative  TLC

phase  plate and  acetonitrile

acetonitrile-water

solvents,  Fraction2-a

(I<f: O.56-O.66) were

the removal  of  tlie

2-a and  204 mg  of

NMR  and  MS  data
2,3-dihydro-2,2-dimethyl

hexyloxysulfenyl-IV-methylcarbarnate
OC6Hi3,  9) described
  Fraction  2-b was

2,3-dihydro-2,2-dimethyl-7-benzofuranvl
hexyloxysulfenyl-N-methylcarbamate

OC6H!u, 9a). n2.'

6 ppm  0.90 (3H,
(8H, m,  OCII,(CH
C(C-H.,),), 3.05 (2H
NC.H-,), 3.90 (2H,
<3H, Tn,  aromatic

(70 eV)  m/ri" {relative
353 (0.3}, 328  (1,
(4,l), 164- (19,7), 163

l,.  
1 

Xs.-oc6H13

(CDCI,-TMS): S ppm  O,90

   CH3), 1.0-1.8 (8H, m,

1.48 (61I, s, C(CH,),), 3.05
3,37-3,47 (3H, m,  NCll3),

 . 2(CH2)4),  6.7-7.1 (3H, m,

 mass  spectrum  (70 eV')  m12

(molecular ion peaks).
     was  further subjected

 using  a  silica  gel reversed-

        (lst migration>  and

 (9:1, 2nd migration)  as

    (Ilf: O.67-O,75) and  2-b

  extracted  into ether,  and

   solvent  gave 282 mg  of
                     '
 2-b. The  TLC  properties,
 of  2-a agreed  v"Tith those of

       -7-benzofuranyl  Ai-

                   <CF-S.-
  in section  1.3.
  the disulfide derivative of

                      N-

                  (CF-S,-
1.5300, NMR  <CDCI,-TMS):
br. t, O(CH,),CU,),  1.0-1.8

   !)4CH3),  1,48 (6H, s,

 ,
 s, Ph-CU,), 3.38 (3H, s,

br. t, OC!!,(CH,),>, 6.7-7.1

  protons)i mass  spectrum

    intensity) 385  (M' 1.2)

l), 269  (O.6), 195 (1,4), 167

  (100).
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J.5 Synthesis cV'  2-isoX)rof5oxvv'vbhevt",l ALben-

    cylox",su(lbn.x,l-N-mcthvvlcarbamute (17)
  To  a  chilled  solution  of  2-isopropoxyphenyl

AJ'-chlorosulfenyl-N-methylcarbamate prepared
from I.9g (O.O091 mol>  of  2-isopropoxyphenyl
ALmethylcarbamate  (propoxur) and  1.0g

(O.O097mol) of  sulfur  dichloride in dichloro-

methane  at  OOC was  added  dropwise a  solution

of  benzyl alcohol  (1.1 g, O.OIOmol) and  tri-

ethylamine  (1.2g, O.Ollmol)'in  dichloro-

niethane.  The  mixture  was  stirred  for 3hr

at  O"C  and  worked  up  in the similar  manner  to

the  previous examples.

  A  sample  was  purified by  TLC  as  previously
described to  give pure 17, n2.S 1.5552, Yield:

429,･b' ; NMR  (CDCI3-TMS): 6 ppm  1,26 (6H, d,
1-6  Hz,  OCH(CH,),), 3.56 (3H, s, NCH,),  4.51

<IH, sep,  1=6Hz,  OCuH..<CHs)2), 5.10 <2H, s,

OCU?C6Hs), 6.8- 7.5 (9H, m,  arematic  protons) ;

mass  spectrum  (70 eV)  mlz  347  (M').

2. Mo"seToxicit･v

  Toxicity to miEe  was  deturmined  oral]y  on

Swiss white  mice  (Simonsen Laboratories,

Gilroy, 
,
 CA) using  corn  oil as  a  carrier  according

to the previously  described procedure.")
Animals weighing  between  25 and  28 g received

1-ml suspension  of  each  test compound  per
100g  ot  body  weight.  Based  on  7-day-

accumulative  mortalitv,  LDjo values  were

calculated
 bv  the l'robi"t method.          v

3. InsecticiaalActiwit･y

  Toxicity to houseflies was  determined on  a

susceptible  NAIDM  strain  ef  4-day-old female

housefiies, Musca  doniestica, according  to tlie

usual  procedure,7) One  microliter  of  acctone

so]ution  of  each  compound  was  topically

applied  "Tith  an  Arnold Hand  Microapplicator

onto  the thorax of  ten houseflies. The  treated

flies were  held at  250C, and  their mortality

was  estimated  aftcr  24 hr, Data  are  means  of

three replications.

  LDso values  of  the coml)ounds  against

susceptible  (IYIiyagi> and  resistant  (Naka-
gawara) strains  of  5- to 7-day-old female green
rice  leafhopper, NePhotettix cincticops,  were

dcterrnined by  the  same  method  used  for the

houseflv toxicitv determination.  In this case,      " J

the volume  of  acetone  solution  was  O.5 /el per
'lnsect.
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        RESULTS  AND  DISCUSSION

1. Sxrnthesis

  Three different methods  were  initially ex-

amined  to synthesize  a  series  of  alkoxysulfenyl

derivatives of  carbofuran:  the reaction  of

carbesulfan  with  alcohol  in the presence  of

acetic  acid  (Eq. (a)), the reaction  bet"Teen N-
chlorosulfeny]carbofuran  and  alcohol  in the

presence  of  base (Eq, (b)), and  the  reaction

between  AJ-clilorosulfenylcarbofuran and  so-

dium  alkoxide  (Eq, (c)).

   o :I
o-12'KN(cs:i;

 .RONa  o z
o-11NN(:lgo3

R

 (,)

  N-Methoxy-  (1), Ai-ethoxy-  {2), A'-isopro-

poxy-  (3), N-hexyloxy- (9) and  N-cyclo-
hexyloxysulfenyl-ALmethylcarbamate (7) were

preparcd  according  te Eq,  (a), but the  reaction

was  not  studied  in detail because  of  the

dienculty in removing  the alcohols  (especially
lenger chain  alcohols)  added  as  part of  the
reaction  niixture  and  the difliculty in separat-
ing the products from  carbosulfan  whose  TLC

properties were  similar.  Subsequent]y, AJ'-
ethoxysulfenylcarbofuran  (2) was  prepared
from IV-chlorosu]fenylcarbefuran, prepared
from  carbofuran  and  sulfur  dichloride, and

sodium  ethoxide  (Ecl. (c)). The  product  was

confirmed  to be identical with  the one  prepared
according  to Eq.  (a), Another discover.v was

that the a]koxvsulfenvl  clerivatives could  be

prepared  by  simply  adding  an  alcohol  to AJ'-

chlorosulfenylcarbofuran,  in the presence  of

triethylamine according  to Eq.  (b>, The
alkoxysulfenyl  derivatives of  propoxur and

MIP  could  also  be prepared  according  to Eq.

(b). All of  the  products were  obtained  as  oil,

except  for compound  8, which  was  a  crystalline

solid  (mp 42-450C). Total yield (based on  the
starting  methylcarbamates)  was  35-50e/.' for
all products. The  relatively  poor yield was

attributed  to the formation of  the  polysulfide
analogs  of  alkoxysulfenyl  derivatives as  im-

purities and  necessar}r  chromatographic  puri-
fication proccdures to  remove  these  polysulfide
analogs,

  Whereas  the alkoxysulfenyl  derivatives of

carbofuran  prepared according  to Eq.  (a) were

free from  their  polysulfide analogs,  all the

n4?  va iFn 63 (ii 11 A

derivatives prepared  from carbofuran,  prepoxur
or  MIP  according  to Eq. (b) were  a  mixture  of

tlie alkoxysulfenyl  derivative (77-95%) and

its polysulfide analogs  (5-23%). These two

components  were  not  separable  by  normal-

phase silica  gel TLC  and  appeared  to compose  a

single  spot  (two spots  in some  cases)  with

several  different solvent  s)"'stems.  However,  as

exemplified  with  the hexyloxysullenyl dcriva-
tive  of  carbofuran  (9) and  its polysulfide
derivatives, the mixture  was  separated  into at

least 7-8 components  by  KCis  reversed-phase

TLC  using  acetonitrile  as  the developing
solvent  (see Fig, 1). Polysulfide analegs  of  9

(CF-Sn-OC6Hi3, n=:2--5)  were  identificd in the
same  manner  as  the  polysulfide analogs  of

front

CF-S-OC6H13

CF-S2-OCfiH13
CF-S3-OC6H13

CF-S4-eC6H13

CF-Ss-OC6H13

origin

Fig. 1 Reversed-phase  KCis  silica  gel thin-]ayer

chromatograms  ef  the  crude  hexyloxysulfenyl

derivative oi  caTboiuran  {A, CF-Sn-OC6Hi3,  7z-

1-n), and  fTaction 1 (B) and  fraction 2 (C) ob-

tained by  normal-phase  silica  gel preparative  

'VLC

purification.

Solvent: acetonitri]e.
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the methoxysulfenyl  derivative (CF-Sn-OCH3,
n==2-6),5)  i.e., by  

iH
 NMR  and  mass  spectro-

scoPY･

  In the preparation of  the  A;-chlorosulfenyl-
carbamate  intermGdiate from the earbamate

ester,  su]fur  dichloride was  usua]ly  used.

However, suliur  monechleride  can  be used

instead of  sulfur  dichloride, but this results  in

a  final product  which  contains  polysulfide
derivativcs in larger amounts.

  Although aminosulfenic  acid  esters  are

generally considered  unstab]e,  the  alkoxy-

sulfenyl  derivatives of  phenyl carbamates  listed
in Table  1 proved to be stable.  However,  the

N-alkoxysulfenyl derivatives of  oxime  car-

bamates were  not  stable,  Attempts  to

synthesize  N-ethoxy-  and  N-methoxysulfenyl

derivatives of  methomyl  (S-methyl AL

L(methylcarbamoyl)oxy]thioacetimidate) were

made  by  use  of  the same  method  described by
Eq.  (b). Methomyl  was  reacted  with  sulfur

dichloride, ±ollowed  by  ethanol  in the presence
of  triethylamine (Eq. (b>). Small  amounts

(yield: 5-10%)  of  product 20 was  obtained,

The  NMR  (in CDCIs) spectrum  ot  TLC-

purified material  showed  LS ppm:  1.23 (8H, t,
Y=7Hz,  OCH,CH,),  2.30 (3H, s, =C-Clj,),

2.40 (3H, s, =C-S-CH,),  3.51 (3H, s, NCU,),
4,09 (2H, q, J=7Hz,  OCH2CHs)], thus  con-

firming the structure  of  20. However,  the 20
was  not  stable  and  complete]y  decomposed  in

3 days at  230C. The  same  reaction  aimed  at

obtaining  21 was  unsuccessful.

      
CH3SNc.N-o-2,,-N-s-o-R

 
R:

 
C2Hs

 
(kO)

       cH3!  bH3 CH3  {an

  The  formation of  the alkoxysulfenyl  deriva-
tive of  methylcarbamate  was  easily  confirmed

by  comparison  of  
iH

 NMR  spectrum  ef  the

derivative with  that of the parent  methyl-

carbamate.  For example,  the  N-methyl  pro-
tons  of  the derivatives of  carbofuran  showed  a

singlet  and  a  downfield shift  (6 3,36-3.59) as

compared  to a  doublet and  upfield  absorption

(62,87) of  the AJ-methy･1 protons of  carbofuran.

2. ToxicologicalProPertiles

  Data  on  the  toxicity  of  the  alkoxysulfen.vl

derivatives of  carbofuran,  propoxur  and  MIP

to  houseflies and  iiiice  are  given in Table 1.

Because  of  the diff)cult.v in obtaining  large

amounts  of each  compound  free from its

polysulficle derivatives, samples  containing  the

corresponding  polysulfide analogs  in the

amounts  indicated (5--209,k) were  used  in
toxicity determination.

  In general, the alkoxysulfenyl  derivatives of

carbofuran  and  propuxur  sho"ied  high in-
secticidal  aetivity  against  the houseflies by
topical application,  whereas  the derivatives of

MIP  were  relatively  pc)c)r in insecticidal ac-

tivity. Two  of  the derivatives of  carbofuran,

compounds  8 and  11 appeared  more  effective

against  the houseflies than  the parent methyl-
carbamate,  carbofuran,  on  a  weight  basis, Six
additional  derivatives, compounds  9, 10, 12,

14, 15 and  17 were  superior  to the parent
methylcarbamate  on  a  molar  basis, although

LDso  values  based on  a  melar  basis are  not

shown  in Table  l.

  The  data  presented in Tablc I show  that

compared  to the original  methylcarbamates,

carbofuran  (oral LDse  11 mgi`kg),  propoxur C62
mg/kg)  and  MIP  (I6 mgi'kg),  all  of  the  alkoxy-

sulfenyl  derivatives were  less toxic to  the  mice

than  their respective  parent methylcarbamates.

In fact, the  carbofuran  derivatives 12 (LDso
340mglkg)  and  13 (>1000mg!kg) were  less

toxic to the mice  than any  other  sulfenylated

derivatives of  caTbefuran  previously  examined

in our  laboratories.'J`) The  toxicitv of  the

propoxur  derivatives 16 and  17 Qere also

remarkably  reduced,  LDse being over  IOOO
mglkg.  There was  some  correlation  between
the structure  of substituent  and  mouse  toxicity.

For  example,  toxicity of  the  derivatjves of

carbofuran  to the mice  systematically  de-
creased  with  increase in the number  of  carbon

atoms  in the straight  chain  alkoxy  moiety.  No

obvious  correlation  was  apparent  with  the

other  substituents,

  Comparison  of  the toxicological properties
between the alkoxysulfenyl  derlvatives of

carbefuran  and  their polysulfide analogs  was

made  with  two  representative  derivatives, the

methoxysulfenyl  derivative (1, CF-S-OCH3)  and

the hexyloxysulfenyl  derivative (9, CF-S-
OC6HL3).  Because  of  the diencultyin obtaining

purified samples,  data are  limited only  to  the

monosulfide  derivative (CF-SOCH3, CF-S-

OC6Hi3), disulfide analogs  <CF-S2-OCHs and

CF-S2-OCeHi3), trisulfide plus polysulfide ana-
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Table  3 Insecticiclal activity  of  alkoxysulfenyl

resistant  green rice  leafhoppers.

derivativcs  ofcarbofuran  to susceptible  and

 o-eO-NICH3

    
Xs.OR

ts. 
I

   R

LDse  (pagi'S')

No. o
 Green  rice  leafhopper

S-strain R-strain

34678101112131415CH(CH3)L,

CCCH,),

cH(CH.,CH3)  ,,

Cyclohexyl

CH,C,H,

(CH,),CH,
(CH,)gCHs
(CH,),,CH,
(CH,),,CH,
CH,C,H,-p-C(CH,),

CH2CeH4-p-OCH3

(Carbofuran)

 6.6

 5.7

 5.4IS.7

 8.9
 6,O16.214.057,O

 5.4ll.8

 3.9

 12.3

 l2,1

 12.2

 56.928.5

 15.0

 35.7

 35.418S.8

 12.224.3

 11.5

Iogs <n)3), and  crude  mixture  (n:=I-n).
As shown  in Table 2, all of  the  polysulfide
analogs  used  in the determination were  in-
secticidal,  and  both the activity  to the house-
flies and  the toxicity to the mice  decreased
with  increase in the number  of  sulfur  atoms  in
the molecule.  For  example,  9b (CF-Sn-
OC6Hia, nl3)  was  twofold  less toxic than  the
monosulfide  derivative (9) to the houseflies
and  9b was  2.5-fold less toxic to the mice  than
9 on  a  molar  basis.

  Encouraged  by  the excellent  insecticidal
activity  ef  the alkoxysulfenyl  derivatives of

carbofuran,  wc  examined  the  effectiveness  of

some  of  the derivatives against  agricultural

pests. Table 3 summarizes  data on  the insecti-

cidal  activity  of  the  alkoxysulfenyl  derivatives

of  carbofuran  to both susceptible  (S) and  re-

sistant  (R) strains  of  green rice  leafhoppers.

Most of the derivatives, with  a few  exceptions,

showed  high  insecticidal activity  to both

strains.  Although all oi  the derivatives were

less active  against  the  S-strain than  the parent
carbofuran  on  a  s4Teight  basis, some  compounds

(6, 10, 14) appeared  more  effective  on  a  molar

basis. In a  case  of  the  R-strain, compounds

3, 4, 6 and  14 were  as  effective  as  carbofuran

even  on  a  weight  basis. Although  data  are

not  shown  in the table, the alkoxysulfenyl

derivatives were  also  effective  against  green

peach aphids  (AfLvn"us Persicae) and  brown  rice

planthoppers  (NilaParz,ata lugens>.8)
  Earlier studies  on  the metabolism  and  the
mode  of  action  of  derivatized methylcarbamate
esters  have  shown  that their lower mammalian
texicity is attributable  to preferential meta-

bolic detoxication of  the derivative to non-

toxic phenols.']`) The  same  explanation  can

be possible for the  mammalian  safety  of  the
alkoxysulfenyl  derivatives. As  exemplified

with  the derivative of  carbofuran,  cleavage  at

point (I) or  () in the structural  formula  sliown

below would  result  in nontoxic  products.

                 
Os,.s!9),.,

               Of  N
                      Xs.o-R

                 k,.
 1
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要 約

　 メ チ ル カーバ メー ト系殺虫 剤 の ア ル コ キシ ス ル

　 7 エ ＝ ル 誘導体の 合成 と生 物活 性

　　 　 川田充康，梅津憲治，後藤武司，T ．　Roy 　FukuLo

　 カ
ーバ メ

ー
ト系殺虫剤 の ア ル L「キ シ ス ル フ ーニ ル 誘導

体 を多数合成 し，誘導体 の 諸性質お よ び生 物活性 に つ い

て 検討 した ．誘導体 は メ チ ル カ ーバ メ ー ト剤と二 塩化 イ

オ ウ と の 反応 に よ り得られ る ク 卩 V ス ル フ ー1’．ニ ル 中間体

に 塩基存在下 ア ル コ ール を 反 応 さ せ る こ と に よ り得た ．

本反応 に お い て は ， 副生物 と し て ア ル コ キ シ ス ル フ 、二

ル 誘導体 の ポ リ ス ル フ ィ ド類縁体が 生成 し た ．こ の よ う

に し て 得 られ た フ ェニ ル カ
ーパ メ

ー
ト剤 の 誘導体 は 安 定

で あ っ た が ， オ キ シ ム カ
ーバ メ ート剤 の 誘導体 は 不 安定

で あ っ た ．一
部の 例外を 除き， 合成 した す べ て の 誘導体

が イ エ ベ エ と ツ マ グ ロ ヨ コ バ イ に 対 し高 い 活性 を 示 し ，

カ ・レ ボ フ ラ ソ （2，3
一
ジ ヒ ドロ

ー2，2一ジ メ チ ル
ー7一ベ ン ゾ フ

ラ ニ ル N 一
メ チ ル カ ル バ マ

ー
ト）誘導体 の 中に は イ エ パ

エ に 対 し親化合物 で あ る カ ル ボ
r7

ラ ン よ りも高 い 活性 を

示す化合物も認 め ら れ た ．一方，す べ て の 誘導体 に お い

て 親化合物 よ りも著 し く毒性 が 軽減 され て い た ．カ ル ボ

フ ラ ン の 直鎖 ア ル コ キ シ ス ル フ 匚ニ ル 誘導体 で は ，炭素

数 の 増加 に 従 っ て 毒性の 低下 す る傾向が 認 め られ た ．ポ

リ ス ル フ ィ ド類縁体 は い ずれ も殺虫活性 を 示 し ， イ オ ウ

の 数 の 増加 に 従 っ て 活性 ， 毒性と も に滅少す る傾向 が 認

め られた．
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