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A number of new aminosulfenyl derivatives of carbofuran, linking different N-substituted
amino acid esters and its analogs to the carbamyl nitrogen atom of carbofuran (2,3-dihydro-2,
2-dimethyl-7-benzofuranyl N-methylcarbamate) through a sulfur bridge, were synthesized,
and their insecticidal activity and toxicity to mice were examined. Derivatization generally
resulted in substantial improvement in mouse toxicity. All of the derivatized carbamates,
with few exceptions, showed good insecticidal activity against houseflies, green rice leafhoppers
and aphids in laboratory tests, though they were inferior to the parent methylcarbamate,
carbofuran, on a weight basis. However, some derivatives were equally or more effective
against these pests on a molar basis. Pot tests in greenhouse or field trials demonstrated that
some of the derivatives were as effective as carbofuran even on a weight basis. Virtually all
the derivatives tested were less effective inhibitors of acetylcholinesterase than carbofuran.

INTRODUCTION

Among various classes of organic insecticides
in use today, methylcarbamates rank at or
near the top in acute mammalian toxicity.
Fukuto*® and Umetsu® have demonstrated
that a toxic methylcarbamate insecticide can
be converted into a derivative with less mam-
malian toxicity and other more favorable bio-
logical activities by appropriate substitution
of the proton on the carbamyl nitrogen atom.
During the past decade, a wide variety of
derivatives of methylcarbamate insecticides
with improved properties of selectivity have
been developed. Sulfenyl,® aminosulfenyl®:®
and sulfinyl” derivatives and thiodicarba-
mate®® are among the derivatives studied.
Of the aminosulfenyl derivatives, dialkyl-
aminosulfenyl derivatives of carbofuran are
reported to have reduced mammalian toxicity
and excellent insecticidal activity.®

In a continuing study on aminosulfenyl
derivatives of methylcarbamate insecticides, a
number of new aminosulfenyl derivatives of
carbofuran, linking different N-substituted
amino acid esters and its analogs to the
carbamyl nitrogen atom of carbofuran through
a sulfur bridge, were synthesized and their
toxicological properties were examined.

We report here the results on our investiga-
tions of new aminosulfenyl derivatives of
carbofuran, linking iminodicarboxylic acid
ester and its related compounds (type I deriva-
tive, whose structure being shown in Fig. 1),
alkylaminocarboxylic acid ester and its related
compounds (type II), phosphonomethylamino-
carboxylic acid ester and its related com-
pounds (type III), alkoxycarbonylaminocar-
boxylic acid ester (type 1V), or acylaminocar-
boxylic acid ester (type V) to the carbamyl
nitrogen atom of carbofuran through the
sulfur bridge.
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MATERIALS AND METHODS

1. Swynthesis of Compounds

1.1 General procedure

The aminosulfenyl derivatives of carbofuran
in Table 1 were obtained by the reaction be-
tween corresponding sulfenyl chlorides RR'N-
S-Cl of N-substituted amino acid esters or its
analogs (RR'NH) and carbofuran in the pres-
ence of base (Fig. 1). The aminosulfenyl
chlorides were prepared either by Method A or
Method B. In Method A, RR’N-S-Cl was ob-
tained by the reaction between sulfur dichloride
and RR'NH in the presence of base. In Method
B, RR'NH was reacted with sulfur monochlo-
ride in the presence of base to give disulfide
intermediates RR'N-S-S-NRR’, which was then
reacted with sulfuryl chloride to give RR'N-
S-CL

All derivatives were identified by their 'H
NMR spectra and elemental analyses. 'H
NMR spectra were obtained with a Hitachi R-
24B spectrometer.

As typical examples of the aminosulfenyl
derivatives of carbofuran belonging to type I
to V, the preparation of compound 2, 24, 36,
38 and 40 are given.

1.2 2,3-Dilydro-2, 2-dimethyl-7-benzofuranyl
N -[N, N - bis(ethoxycarbonylmethyl)amino-
sulfenyl]-N-methylcarbamate (2, type I)

Compound 2 was synthesized from carbo-
furan and [N,N-bis(ethoxycarbonylmethyl)]-
aminosulfenyl chloride which was prepared by
Method A. To a solution of 2.1 g (0.02 mol) of
sulfur dichloride and 35 ml of carbon tetra-

chloride at 0°C was added dropwise 1.6 g (0.02
mol) of pyridine with stirring, and successively
3.8 g (0.02 mol) of ethyl iminodiacetate with
stirring at 10-20°C. After stirring for 1 hr at
10-20°C, the solid substance formed was
filtered off and the filtrate was concentrated
under reduced pressure to give an oily product,
[N,N-bis(ethoxycarbonylmethyl)]Jaminosulfenyl
chloride.

The product (5.1 g, 0.02 mol) thus obtained,
4.4 g (0.02 mol) of carbofuran and 4.7 g (0.06
mol) of pyridine were dissolved in 35 ml of
dichloromethane and stirred for 35 hr at 30-
35°C. The reaction mixture was successively
washed with water, 59, sulfuric acid and water.
The dichloromethane phase was dried over
anhydrous magnesium sulfate and concen-
trated to dryness under reduced pressure to
give 8.2 g of oily product, compound 2 (purity:
91.2%, yield: 85%). The product was purified
by silica gel column chromatography using #-
hexane-ethyl acetate (4:1) as an eluting
solvent to give a light yellow oily product.
'H NMR (in CDCls) 6 ppm: 6.6-7.2 (3 H, m,
aromatic protons), 4.28 (4 H, s, NCH:), 4.20
(4H, q, J=7Hz, OCH:CHs), 3.42 (3 H, s,
NCHs), 3.02 (2H, s, Ph-CH:), 1.48 (6 H, s,
gem-di-CHs), 1.24 (6 H, t, /=7 Hz, OCH.CHs).
Anal. Calcd. for C20H2sN:0-S: C, 54.53; H, 6.41.
Found: C, 54.49; H, 6.47.

1.3 2, 3-Dihydro-2, 2-dimethyl - 7 - benzofuranyl
N-[N -[2- (ethoxycarbonyl)ethyl] - N -isopro-
pylaminosulfenyl)-N-methylcarbamate (24,

type I1I)
Compound 24 was synthesized from carbo-

/R base R
Method A HN + 8C1, ~——— (C1-5-N7
N 2
R R'
Method B HN/R +sc1, base ~p oo 502¢% Cl1-s N/R
\Rl 2 2 _— 4 R' \Rl
CH CH
3 Q
O—g-N\/ R base o-C-n" 3 r
0 H + Cl-S-N —_— \0 Vs-N
\RI \Rl

Fig. 1

Scheme for the synthesis of aminosulfenyl derivatives of carbofuran.

TypeI: R, R’=—(CH;),COOR; (or —(CHy),CN), II: R=—(CHj;),COOR,; (or —(CH),CN), R'=
alkyl, aryl, III: R=-CH,P(OR;);, R’=-CH,COOR; (or -CH,CN), IV: R=—(CH,),COOR;
1]

o)
(or —(CHy),CN), R’=-COOR;, V: R=~(CH,),COOR;, R’=-COR,.
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furan and N-[2-(ethoxycarbonyl)ethyl]-N-iso-
propylaminosulfenyl chloride which was pre-
pared by Method B. To a solution of 3.2¢g
(0.02 mol) of ethyl N-isopropylaminopropio-
nate, 2.2 g (0.02 mol) of triethylamine and 50
ml of 1,2-dichloroethane at 0°C was added
dropwise 1.4 g (0.01 mol) of sulfur monochlo-
ride with stirring. After stirring for 2 hr at 0-
10°C, the mixture was washed with water. The
1,2-dichloroethane phase was dried over an-
hydrous magnesium sulfate and concentrated
under reduced pressure to give an oily product,
bis[N- [2- (ethoxycarbonyl) ethyl]- N -isopropy!l-
amino]disulfide. The product was dissolved in
30 ml of 1,2-dichloroethane and cooled to 0°C.
To the solution was added dropwise 1.4 g (0.01
mol) of sulfuryl chloride. After stirring for 1 hr
at 0-10°C, the solvent was removed under
reduced pressure to give an oil, N-[2-(eth-
oxycarbonyl) ethyl] - N - isopropylaminosulfenyl
chloride.

The product (2.4 g, 0.011 mol) thus obtained
and 2.2 g (0.01 mol) of carbofuran were dis-
solved in 30 ml of 1,2-dichloroethane and cooled
to 0°C. To the mixture was added dropwise
3.0 g (0.03 mol) of triethylamine with stirring.
After stirring for 3 hr at 0-10°C, the reaction
mixture was successively washed with water,
59, sulfuric acid and water. The 1,2-dichloro-
ethane phase was dried over anhydrous mag-
nesium sulfate and concentrated to dryness
under reduced pressure to give 4.0 g of oily
product, compound 24 (purity: 94.3%, yield:
92%). The product was purified by silica
gel column chromatography using #-hexane—
ethyl acetate (6:1) as an eluting solvent to
give a colorless oily product. *‘HNMR (in
CDCl;) éppm: 6.6-7.2 (3H, m, aromatic
protons), 4.12 (2H, q, J=7Hz, OCH:CHs),
3.4-39 (1 H, m, CH(CH,):), 3.45 (2H, t, J=
6 Hz, NCH:CH:), 3.42 (3H, s, NCHs), 3.04
(2H, s, Ph-CH:), 2.78 (2H, t, J=6Hz,
C(O)CH:CH:), 1.50 (6 H, s, gem-di-CHs), 1.23
(6 H, d, J=7 Hz, CH(CHs):), 1.21 3 H, t, J=
7Hz, 0CH2CE&). Anal. Calcd. for C20HzoN:20sS:
C, 58.52; H, 7.37. Found: C, 58.43; H, 7.29.
1.4 2, 3-Dikydro- 2, 2-dimethyl- 7-benzofuranyl

N - (N - diethylphosphonomethyl - N -cyano-
methylaminosulfenyl) - N - methylcarbamate
(36, type 111)

Compound 36, a light yellow oil, was pre-

pared by the method described in section 1.2

in 81%, yield. *H NMR (in CDCls) é ppm: 6.6

7.2 (3 H, m, aromatic protons), 4.42 (2H, s,

CH:CN), 3.6-4.5 (4 H, m, OCH:CH), 3.83 (2 H,

d, J=10Hz, CH:P), 3.48 (3 H, s, NCH,), 3.00

(2H, s, Ph-CH:), 1.45 (6 H, s, gem-di-CHs),

1.30 (6H, t, J=7Hz, OCH:CH:). Anal

Calcd. for CioH:sNsOePS: C, 49.88; H, 6.17.

Found: C, 50.03; H, 6.11.

1.5 2, 3-Dihydro-2, 2-dimethyl-7-benzofuranyl
N - (N - ethoxycarbonyl - N - ethoxycarbonyl -
methylaminosulfenyl) - N - methylcarbamate
(38, type IV)

Compound 38, a light yellow oil, was pre-
pared by the method described in section 1.2
in 85%, yield. 'H NMR (in CDCls) § ppm: 6.5-
7.0 (3 H, m, aromatic protons), 4.41 (2 H, s,
CH:.CO), 4.15 (2H, q, J=7Hz, OCH:CHs),
4.05 (2H, q, J=7Hz, OCH:CHs), 3.41 (3 H,
s, NCHs), 2.94 (2 H, s, Ph-CH:), 1.44 (6 H, s,
gem-di-CHs), 1.29 (3 H, t, J=7 Hz, OCH.CHs),
1.17 3H, t, J=7Hz, OCH.CHs). Anal
Calcd. for C1oH26N:0-S: C, 5351, H, 6.14.
Found: C, 53.46; H, 6.31.

1.6 2, 3-Dihydro-2, 2-dimethyl-7-benzofuranyl
N-(N-propionyl-N - ethoxycarbonylmethyl-
aminosulfenyl) - N - methylcarbamate (40,
type V)

Compound 40, light yellow crystals, was
prepared by the method described in section
1.2 in 709, yield. Melting point: 108-109°C.
'H NMR (in CDCl) é ppm: 6.6-7.1 (3 H, m,
aromatic protons), 4.50 (2 H, s, CH:C(0)), 4.15
(2H, q, J=7Hz, OCH.CHs), 348 (3H, s,
NCHs), 3.02 (2 H, s, Ph-CH:), 2.7-3.3 (2 H, m,
C(O)CH:CHs), 1.49 (6 H, s, gem-di-CHs), 1.23
(3H, t, J=7Hz, OCH:CHs), 1.14 3 H, t, J=
8 Hz, C(O)CH:CHs). Anal. Calcd. for CisHzeNo-
0sS: C, 55.59; H, 6.38. Found: C, 55.35; H,
6.41.

2. Mouse Toxicity

Mouse toxicity was determined orally on
ICR male mice using corn oil as a carrier ac-
cording to the usual procedure.'”® Animals
weighing between 25 and 28 g were given 1 ml
of the test compound suspensions per 100 g of
body weight. Based on the 14-day accumula-
tive mortality, the LDso values were calculated
using the Probit method.
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3. Insecticidal Activity

Housefly toxicity was determined on a sus-
ceptible (Takatsuki) strain of female houseflies
(4- to 5-day old), Musca domestica, according
to the usual procedure.'” One microliter of
acetone solution of each compound was topical-
ly applied by means of a Arnold Hand Micro-
applicator onto the thorax of ten houseflies.
The treated flies were held at 25°C and their
mortality was estimated after 24 hr. Data are
means of three replications.

The LDso value of the compounds against a
resistant (Nakagawara) strain of female green
rice leathoppers (3- to 4-day old), Nephotettix
cincticeps, was determined by the same method
as mentioned for housefly toxicity determina-
tion. In this case, a sample volume was 0.5 ul
per insect.

The insecticidal activity against female green
peach aphids (3- to 4-day old), Myzus persicae,
was evaluated as follows. Duplicated ten green
peach aphids were released onto 1-month-old
cabbage (4 to 5 leaf stage), followed by spray-
ing of 10 ppm emulsion of each compound.
Mortality was determined 24 hr after the re-
lease of the insects.

The insecticidal activity against susceptible
(Miyagi) and resistant (Nakagawara) strains of
female green rice leathoppers (3- to 4-day old)
in intact rice plants was determined as follows.
Ten milliliters of emulsions (300 ppm) of each
compound were sprayed on eight 12-day-old
rice seedlings (about 10 cm high, 2.5 leaf stage)
in 12 cm (¢) pots where ten insects had been
released. Entire plants and pots were covered
with a net in a greenhouse. Mortality was
determined 24 hr after the release of the insects.
Data are means of three replications.

Field trials against oriental corn borers,
Ostrinia furnacalis, and pink borers, Chilo
partellus, were conducted as follows. Five
percent granular formulations of each com-
pound were applied into seed furrows in Japan
in 1981 and the number of larvae of corn borers
and pink borers in a stem of corn plants were
counted 46 days after treatment.

4. Awntiacetylcholinesterase Activity

The 7 vitro inhibition of acetylcholinesterase
in housefly heads was determined at 37°C by
the reported procedure, using acetylthiocholine

as a substrate.!?

The heads of female flies (4- to 5-day old) of
an insecticide-susceptible (Takatsuki) strain,
were homogenized in 0.1 M phosphate buffer at
pH 7.5 (4.0 heads/ml). The homogenate was
centrifuged at 30,000 x g for 10 min to obtain
the supernatant as an enzyme source. The
enzyme solution (0.9 ml) and 0.1 ml of an in-
hibitor in various concentrations in acetone
were incubated at 37°C for 30 min, to which
were added 1.0 ml of acetylthiocholine (2.8 x
10~* M), 1.0 ml of 5,5’-dithiobis(2-nitrobenzoic
acid) (2.5x10™* M) and 4.0 ml of 0.1 M phos-
phate buffer of pH 7.5. The mixture was
incubated at 30°C for 10 min, to measure
enzyme activity from the absorbance at 412
nm with a Shimadzu model UV-240 spectro-
photometer.

RESULTS

1. Synthesis

Fukuto et al.***® described that the reaction
between methylcarbamate and N,N-dialkyl-
aminosulfenyl chloride, which was prepared
from dialkylamine and sulfur dichloride, gave
the corresponding N-(IV,N-dialkylaminosulfe-
nyl)-N-methylcarbamate in good yield. In the
present study, this reaction was applied to
prepare the four types of aminosulfenyl deriva-
tives of carbofuran (types I, III, IV and V).
The N-substituted amino acid ester or its
analog reacted readily with sulfur dichloride
to give aminosulfenyl chloride RR’N-S-Cl
(Method A), which, in turn, reacted smoothly
with carbofuran to give the corresponding final
products in good yield. The total yield based
on carbofuran was over 709, for all products.
All the products, except compound 40, were
obtained as oil.

The aminosulfenyl derivatives of carbofuran
linking alkylaminocarboxylic acid ester (type
II) were also prepared from carbofuran and
sulfenyl chloride of alkylaminocarboxylic acid
ester (RR’N-S-Cl). In this case, however, the
aminosulfenyl chloride was synthesized by a
two-step reaction (Method B) through a
disulfide intermediate, RR’N-S-S-NRR’, which
had been prepared by the reaction between
sulfur monochloride and alkylaminocarboxylic
acid ester. The preparation of RR’N-S-Cl from
disulfide, RR'N-S-S-NRR’ was achieved by
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using sulfuryl chloride in good yield. The use of
chlorine gas instead of sulfuryl chloride was
also effective to obtain RR’N-S-Cl. In general,
the final products were obtained in good yield
of over 75%. All the products except com-
pounds 15 and 16, were obtained as oil. Melt-
ing points of 15 and 16 were 92-93 and 54-55
°C, respectively. The sulfenyl chloride of alkyl-
aminocarboxylic acid ester could also be pre-
pared by the reaction between sulfur dichloride
and alkylaminocarboxylic acid ester. The re-
sults, however, indicated that the aminosulfenyl
chloride was obtained in higher purity and
yield by the two-step reaction using sulfur
monochloride than sulfur dichloride.

All the aminosulfenyl derivatives of carbo-
furan (type I-V) could be prepared by the
reaction (see the equation below) between N-
substituted amino acid esters (or its analogs)
and sulfenyl chloride which had been prepared
from sulfur dichloride and carbofuran. The
final products obtained by this method, how-
ever, contained a number of impurities such as
biscarbofuran sulfide and its polysulfide ana-
logs.'*’ Therefore, overall yield via this route

Table 1

was relatively poor.

0-C-N R

0 “s-c1 + uN’
\R'
cH
/CHy
- o-g-n\ R
0 S-N

The formation of an aminosulfenyl derivative
of carbofuran was easily confirmed by com-
parison of its 'H NMR spectrum with that of
carbofuran. The N-methyl protons of the
derivative showed a singlet and downfield
shift (8 3.20-3.50) as compared to a doublet
and upfield absorption (6 2.87) of the N-methyl
protons of carbofuran.

0 /CHB

2. Imsecticidal Activity

Data on the insecticidal activity of five
different types of new aminosulfenyl deriva-
tives of carbofuran (type I-V) to the houseflies,
green rice leafhoppers and green peach aphids
are given in Table 1.

Toxicological properties of aminosulfenyl derivatives (type I-V) linking different

N-substituted amino acid esters and its analogs through a sulfur bridge.

0 CH .
OéNi 3 /R Topical LD (g/e) 24 hr mortality Mouse oral
_3[0_\© S-N_ Green rice of aphid LDs,
R' Housefly leafhopper (%) (mg/kg)
No. R R’ (R)
Type 1
1 —CH;COOCH, —CH,COOCH, 40 43 90 46
2 _CH,COOC,H; ~CH,COOC,;H; 58 56 85 118
3 —CH,COOCH(CH,); —CH,COOCH (CHj), 33 243 10 —
4 _CH,COOC,H; —(CH,)3COOC,H; 31 90 100 ~100
C.H;
5 —CH;COOC,H; —CHCOOC,Hj 93 74 95 >100
6 —CH,COOC,H; —(CH3)sCOOC,H; 46 66 95 —
7 —CH,COOC,Hj —(CH,);CN 24 60 ) —
8 —(CH,),COOC,H; —(CHj);COOC,H; 50 225 45 —
- Type I1
10 —CH,COOC,H; —CH, 15 20 100 50
11 —CH,COOC,H; ~CH(CHy); 33 41 100 110
12 -CH,COOC,H; ~(CHy)sCH, 16 37 100 100
13 —CH,COOC,H; —<H\ — 76 85 ~100
14 —CH,COOC,H; -CH2—<:> 22 141 75 ~100
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Table 1 (continued)

15 —CH,COOC,H; -<:> 12 68 100 =50
16 —CH;COOC;H; —<_>—OCH3 45 133 90 >100
17 —CH.CN ~CH(CHj); 16 19 100 55
18 —CH,CN —(CHy)sCHj 9 21 100 62
19 —(CH,);CN —CH(CHy), — 35 95 50
20 —(CH,),CN —(CH,)sCH; 17 28 95 82
21 —(CH,),CN —CH,CH(CH,), 37 70 100 50-100
22 —(CH,),CN —(CH,)sCH, — 90 95 50-100
23 —(CH,),COOC,H; —(CH,)sCH, 18 40 100 96
24 —(CH,),COOC;Hj ~CH(CHy); 9 22 95 106
25 —(CH,),COO(CH,)sCH;s —CH(CHa), 11 89 100 50-100
26 —(CH,),COOCH, —(CH,)sCH, 17 42 90 =100
27 —(CH,);COOC,Hj ~(CH,)sCH 13 34 100 118
28 —(CH,),COO(CHy)sCH; —(CHz)sCH, 17 38 75 =100
29 —(CH,),COOC,;Hj —CH,CH(CHy); 32 64 100 186
30 —(CH,),COOC;H; —CH(CH,)C;H; 22 52 - 100 >100
31 —(CH,),COOC;H; ~C(CHy)s 15 27 100 —
32 —(CH,),COOC,Hj ~(CHy),CH(CHy), 16 41 100 100
33 —(CH,);COOC,Hj —(CH,)sCH, 33 38 100 50-100
34 —(CH,),COOC,H; _<H> 32 71 100 >100
Type II1
O oc.H;
35 _CH,COOC;Hj —CH,P” — 609 10 —
OC,H;
9 oc,H;
36 -CH.,CN —CH2P< — 835 0 —
OC;H;
Type IV
37 -CH,COOC,Hj —COOCH, 15 56 70 =50
38 —CH,COOC;H; —COOC,Hj 16 43 40 ~50
39 —(CH,),COOC,H; ~COOC,H; 18 67 60 50-100
Type V
40 —CH,COOC,H; ~COC,H 14 22 50 —
41 -CH,;COOC,H; —COCHSC1 29 99 50 =50
42 _CH,COOC,H; -co—<:> 33 219 50 —
43 —CH,COOC;H; —co-<:\//\—c1 — 696 40 > 100
Carbofuran 6.7 11.5 100 5.6

In general, the aminosulfenyl derivatives of
carbofuran, except type III, showed good
insecticidal activity by topical application
against houseflies, green rice leafhoppers and
green peach aphids with a few exceptions, al-
though all of the derivatives were inferior to the
parent methylcarbamate, carbofuran, on a
weight basis. On a molar basis, compounds
15, 18, 24 and 25 appeared more effective
against houseflies than carbofuran. Com-

pounds 10, 18, 24 (all belong to type II) and 40
(type V) were almost equally effective against
green rice leafhoppers on a molar basis. Most
of the derivatives showed good insecticidal ac-
tivity against green peach aphids. Compounds
of type III did not show insecticidal activity
against green rice leafhoppers and green peach
aphids.

Because of excellent insecticidal activity of
24 (type II) against green rice leafhoppers by
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topical application, the effectiveness of 24 and
its analogs, NN -[2-(ethoxycarbonyl)ethyl]-V-
alkylaminosulfenyl derivatives against sus-
ceptible and resistant strains of green rice
leafhoppers were also examined when they were
treated to the foliage of intact rice plants in
pots. As shown in Table 2, compounds 23, 24,
27 and 29 among the six derivatives tested
were highly effective against both susceptible
and resistant strains of this pest. It should be
noted that compounds 23 and 29, which ex-
hibited relatively poor insecticidal activity by
topical application, appeared more effective
against this pest when applied to intact plants
where insects had been released. The results
indicate that these derivatives are systemic
insecticides with contact and/or stomach ac-

Table 2 Mortality of green rice leafhopper 24 hr
after release of aminosulfenyl derivatives of
carbofuran onto rice plants in pots.

/ .
OCN _ /<CH2)ZCOOCZH5 24 hr ?g/(t:)rtahty

No R S-strain R-strain

23 —(CH;):CH; 90 83

24 —CH(CHj), 87 90

27 —(CH;)sCH; 83 87

29 —CH,CH(CHjy), 93 83

33 —(CH,)sCH3 67 27

. 7N

3 \_I—E J 40 27
Carbofuran 93 90

tion.

In order to know more about the insecticidal
properties of the aminosulfenyl derivatives, 5%
granules of four N-[2-(ethoxycarbonyl)ethyl]-
N-alkylaminosulfenyl derivatives (type II)
were prepared and subjected to a field trial.
The field trial was conducted in Japan in 1981
against oriental corn borers and pink borers on
corn plants. As shown in Table 3, 59, granules
of the four derivatives (24, 27, 29, 31) applied
into seed furrows exhibited outstanding activi-
ty against these pests, indicating its excellent
systemic activity following the soil application.
Efficacy data 46 days after application indicate
the excellent residual effectiveness of the
derivatives, compound 24 in particular.

3. Mouse Toxicity

Toxicological data presented in Table 1 show
that, compared to the original methylcarba-
mate, carbofuran (oral LDso: 5.6 mg/kg), the
aminosulfenyl derivatives (type I-V) were at
least 8-fold less toxic against white mice. Al-
though a large number of aminosulfenyl deriva-
tives were prepared, no obvious correlation was
observed between substituent and mouse
toxicity.

4. Antiacetylcholinesterase Activity

The 509% inhibition-concentration (Iso) for
acetylcholinesterase in a housefly head prep-
aration was determined with several N-[2-
(ethoxycarbonyl) ethyl] - NV - alkylaminosulfenyl
derivative. As shown in Table 4, all of the
derivative tested were a less effective anti-

Table 3 Control of oriental corn borer and pink borer on corn plants by formulated amino-
sulfenyl derivatives of carbofuran in Japan in 1981.

OgN/ s (CH,).CO0C H % control
0 \ S—N< 272 25 Dose
m R (kg a.i./ha) Oriegtal corn Pink borer

No. R orer
24 —-CH(CH,). 1.5 67 84
27 —(CH,)sCHj 1.5 28 84
29 —CH,CH(CH,), 1.5 49 82
31 —C(CHs)s 1.5 45 80

Diazinon 3.0 58 65

Carbofuran 1.5 60 84
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Table 4 Antiacetylcholinesterase activity of
aminosulfenyl derivatives of carbofuran.

0 /CH
OCN /(CHZ)ZCOOC H

3
\ 25
R

No. R Is0 (M)
23 —(CH,).CH;, 1.1x10¢
24 —CH(CHj,), 5.8x10-5
27 —(CH,)3CH;, 7.8x 10—
29 —CH,CH(CHj), >1.0x 10—
33 —(CH,)sCHj, >1.0x 10—
Carbofuran 1.7x 107

@) Maximum solubility in the reaction mixture.

acetylcholinesterase than the parent N-methyl-
carbamate, carbofuran, the difference in ac-
tivity being at least 341-fold (compound 24).

DISCUSSION

By analogy with the rational proposed for
the selective toxicity of various derivatives of
methylcarbamate esters,"® it seems likely
that aminosulfenylation of carbofuran linking
N-substituted amino acid esters and its analogs
to the carbamyl nitrogen atom of carbofuran
can provide additional opportunities to obtain
new promising carbamate insecticides with
improved mammalian safety. Of the com-
pounds synthesized, the derivative linking N-
isopropyl g-alanine ethyl ester (24, benfura-
carb) has been commercialized in many coun-
tries both as soil and foliar insecticides.!®>!®
Compound 24 has outstanding insecticidal ac-
tivity against a number of economically im-
portant insects and improved mammalian
safety.

Earlier studies on the metabolism and the
mode of action of derivatized methylcarbamate
esters have shown that their lower mammalian
toxicity is attributable to preferential metabolic
detoxication of the derivative to nontoxic
phenols.” It is reasonable that this also ex-
plains the mammalian safety of new amino-
sulfenyl derivatives of carbofuran linking N-
substituted amino acid esters and its analogs.
This was actually confirmed by the rat metab-
olism study of 24.'®

The poor correlation between #n vitro anti-
acetylcholinesterase activity and toxicity to

insects suggests that metabolic processes in
vivo are responsible for the observed insecticidal
activity. The housefly metabolism study of
24'” demonstrates that the appreciable amount
of carbofuran is accumulated internally in
houseflies, indicating its role as a toxic agent.

Progress of the research has provided us
with new findings concerning insecticidal prop-
erties of the derivatized carbamate. The
indoor test indicates that several of the amino-
sulfenyl derivatives of carbofuran are more
active to some insects such as houseflies than
carbofuran on a molar basis. It is likely that
the increase in activity is due to factors such
as penetration, transportation and protection
from premature detoxication. Pot tests in
greenhouse and field trials demonstrate that
the aminosulfenyl derivatives are particularly
effective when their granular or liquid formula-
tions are applied to soil. The field trial of 5%
granules of 24 indicate that 24 is, in some
cases, more effective than carbofuran even on
a weight basis.'® Detailed work on the proper-
ties of action of the aminosulfenyl derivative is
now in progress.
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