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A number of alkoxysulfenyl derivatives of insecticidal methylcarbamates were synthesized
by the reaction between alcohols and N-chlorosulfenyl-N-methylcarbamate, the latter being
prepared from the methylcarbamate and sulfur dichloride in the presence of base. Polysulfide
analogs of the alkoxysulfenyl derivatives were also formed in significant amounts as by-
products by this method. The alkoxysulfenyl derivatives of phenyl carbamates proved to
be stable, whereas the derivatives of oxime carbamates were unstable. All of the alkoxysulfenyl
derivatized carbamates, with a few exceptions, showed high insecticidal activity against
Some of the derivatives of carbofuran (2,3-dihydro-2,
2-dimethyl-7-benzofuranyl N-methylcarbamate) appeared more effective against houseflies
than the parent carbofuran.

houseflies and green rice leafhoppers.

Derivatization generally resulted in substantial improvement

in toxicity to mice. Toxicity of the derivatives of carbofuran to mice systematically de-
creased with increase in carbon atoms in the straight chain alkoxy moiety. All the polysulfide
analogs were insecticidal, and both the activity to houseflies and the toxicity to mice decreased

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

nificantly reduced toxicity to white mice and
often possessed improved insecticidal activity.

During the course of a study on the behavior
of carbosulfan (2,3-dihydro-2,2-dimethyl-7-
benzofuranyl N-dibutylaminothio-N-methyl-
carbamate), an aminosulfenyl derivative of
carbofuran, under different solvent conditions,
we discovered that carbosulfan was unstable in
a methanol-acetic acid (9: 1) or ethanol-acetic
acid (9: 1) mixture, being converted into the
N-methoxysulfenyl (1) or N-ethoxysulfenyl (2)
derivatives of carbofuran according to Eq. (a),
and to a variety of other alteration products.®

INTRODUCTION

Recent investigations'™® have demonstrated
that toxic methylcarbamate insecticides can be
converted into a derivative with less mam-
malian toxicity and with other more favorable
biological activities by appropriate substitu-
tion of the proton on the carbamyl nitrogen
atom. During the past decade, a wide
variety of derivatives of methylcarbamate in-
secticides with improved selectivity have been
discovered.  N-Acyl-, N-dialkoxyphosphino-
thioyl-, N-alkyl- and N-arylsulfenyl-, N-

aminosulfenyl-, N-sulfinyl- and N-phosphor-
amidothio-N-methylcarbamates, and N,N’-
thiobiscarbamates are among the derivatives
studied.® These derivatives showed sig-

These two new methylcarbamate derivatives
(1 and 2) also showed reduced mammalian
toxicity and still retained high insecticidal
activity.
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cH 0 CH
O—g—N/ 3 ,Bu-n + 0—8— 3 Bu-n
m Ns-N + ROH ————=>\ -0 S-OR + HN (a)
Bu-n Bu-n
Carbosulfan (L : R= -CH3

(2) : R = -CH,CH,

Because of the desired selectivity demonstrated by these N-alkoxysulfenyl-N-methylcarbamates,
it was of interest to examine other derivatives of this type for biological activity. In addition
to the reaction described by Eq. (a), several different attempts were made to synthesize alkoxy-
sulfenyl derivatives of methylcarbamate. We found that the alkoxysulfenyl derivative can be
prepared by simply adding an alcohol to an N-chlorosulfenyl-N-methylcarbamate prepared from
methylcarbamate and sulfur dichloride in the presence of base. Polysulfide analogs of the alkoxy-
sulfenyl derivatives were also formed in significant amounts as by-products by this method.
We report hereon the synthesis and toxicological properties of a series of N-alkoxysulfenyl-N-
methylcarbamate and their polysulfide analogs.

MATERIALS AND METHODS

1. Synthesis of Compounds
1.1 General procedure

The alkoxysulfenyl derivatives of methylcarbamates listed in Tables 1 and 2 were synthesized
according to Eq. (b). The insecticidal methylcarbamates, carbofuran, propoxur (2-isopropoxy-
phenyl N-methylcarbamate) and MIP (3-isopropylphenyl N-methylcarbamate), which are de-
signated as ArOC(O)N(CHs)H, were reacted with sulfur dichloride in the presence of such a base
as triethylamine to form the corresponding sulfenyl chlorides. The chlorosulfenyl intermediates

Table 1  Physical and toxicological properties of the alkoxysulfenyl derivatives of carbofuran,
propoxur and MIP.

Compound Reference
Housefly = Mouse oral ——«—
ny LDse LDs, Polysulfide®>
No. R (uglg) (mg/kg) derivative
(%)
o—g—N<CH3
5[0() S-OR
(Carbofuran) 11.0 11 —
1 CH; 1.5342 18.8 43 Trace®
2 CH,CH; 1.5250 15.8 46 Trace®
3 CH(CHysy), 1.5402 31.0 55-70 13
4 C(CHj;)s 1.5190 20-30 75 6
5 (CH;)sCH; — 20.5 65 20
6 CH(CH:CHj). 1.5152 21.0 63 5
7 Cyclohexyl 1.5112 21.5 69 5
8 CH,CgH; mp 42-45°C 7.5 59 20
9 (CH;)sCH, 1.5164 14.5 88 20
10 (CH,),CH; 1.5093 13.0 100 15
11 (CH;)o,CH,; 1.4988 7.3 135 18
12 (CH,)1,CH, 1.5030 21.0 340 19
13 (CH,)1:CHj —) 75.0 =1000 15
14 CH,CeH,4-p-C(CH), 1.5491 15.5 98 15
15 CH,C¢H,-p-OCH, 1.5648 13.8 108 20
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Table 1 (continued)

0 cH
O—&—N: 3
)tjiI:t] S-OR
(Propoxur) 24.0 62 —
16 (CH,)sCH, 1.5103 46.0 ~ 1000 15
17 CH,C¢Hj 1.5552 30.0 > 1000 16
0 CH
o0-&-x7 3
Ns-0R
(MIP) 41.0 16 —
18 (CH,)3CH 1.5128 120.0 130 14
19 CH,C¢H; 1.5572 175.0 210 23

2)  Samples used in determination of toxicological properties contained the corresponding poly-
sulfide analogs in the amounts indicated.

»>  Samples prepared by Eq. (a) were used.

©>  Not determined.

Table 2 Comparison of the methoxy- or hexyloxysulfenyl derivatives of carbofuran and
their polysulfide analogs in physical and toxicological properties.

0_8_N/CH3 Housefly LDy Mouse LDs,
N\
No. m S0 0%
. nelg pmol/g mg/kg mmol/kg
R n ng
1 CH; 1 1.5339 15.5 0.0547 43 0.152
la CHj 2 1.5500 20.5 0.0650 48 0.152
ib CH; =3 1.5530 —8) — —) —
CH; 1-n 18.8 40
9 (CH,)sCHj, 1 1.5211 9.3 0.0263 37 0.105
9a (CH,)sCHj, 2 1.5300 13.0 0.0337 72 0.187
9b (CH,)sCHj, =3 1.5809 22.0 0.0527"> 105 0.251"
(CH,)sCH, 1-n 14.5 88
(Carbofuran) mp 150— 11.0 0.0497 11 0.050
152°C

2>  Not determined.
b>  Calculation was based on #=3.

were then reacted with different kinds of alcohol in the presence of the base to give the alkoxy-
sulfenyl derivatives of the methylcarbamates along with their polysulfide analogs [ArOC(O)N(CHs)-
S#-OR, #=2,3, ... n] as by-products. In most cases, the polysulfide analogs were removed
from the crude products by preparative thin-layer chromatography (TLC) to obtain pure alkoxy-
sulfenyl derivatives. The polysulfide analogs of compounds 1 and 9 shown in Table 2 were
isolated for structure analysis and toxicological studies. For 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.

CH CH
Arog—N/ 34 sc1, ——>Ar0@—N< 3
‘u base SCl
ROH 0o CH o ,cH
= arot-N] 2+ Arot-N( 3w
base S-OR Sn—OR
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All derivatives were identified by ‘H NMR
and electron impact mass spectra. 'H NMR
spectra were recorded on a Varian EM 390
spectrometer using Me,Si as the lock signal.
Electron impact mass spectrometry was con-
ducted with a Finnigan Model 1015 mass
spectrometer.

As typical examples of the alkoxysulfenyl
derivatives of carbofuran, propoxur, MIP and
their polysulfide analogs, the preparation of
compounds 3, 9, polysulfide analogs of 9,
and 17 are given.

1.2 Svynthesis of 2,3-dihydro-2,2-dimethyl-7-
benzofuranyl N-isopropoxysulfenyl-N-
methylcarbamate (3)

Sulfur dichloride (5.2 g, 0.051 mol) in
dichloromethane (20 ml) was added to a
stirred solution of carbofuran (11.0g, 0.050
mol) in dichloromethane (100 ml) at —5°C.
The resulting mixture was maintained at 0 to
5°C while a solution of triethylamine (6.0 g,
0.059 mol) in dichloromethane (20 ml) was
added dropwise with stirring over 30 min. The
reaction mixture was allowed to come to room
temperature and then stirred for 3 hr. To the
resulting mixture was added dropwise a solu-
tion of 2-propanol (3.0 g, 0.050 mol) and tri-
ethylamine (6.0g, 0.059 mol) in dichloro-
methane at 0°C.  After stirred for another 3 hr
at 0°C, the mixture was again allowed to come
to room temperature and washed three times
with water. After dried over anhydrous
sodium sulfate and concentrated, the residue
was dissolved in #-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 viscous oily sub-
stance (8.1 g). The crude substance (2.0 g)
was purified by silica gel preparative TLC
(60 F2s4 plate, 1.0 mm thickness, EM Labora-
tories) using n-hexane—ether (7: 3) as a develop-
ing solvent to give 1.4 g of oily product. To
remove trace amounts of impurities, the oil
was further subjected to preparative TLC using
a reversed-phase silica gel plate (KCis, 0.2 mm
thickness, Whatman Inc.) developed with
acetonitrile-water (9:1), yielding the purified
product, n¥ 1.5402 (light yellow oil). Yield:
36%,; NMR (CDCIs-TMS): § ppm 1.25 (6H, d,
J=6.1 Hz, OCH(CH.:):), 1.42 (6H, s, C(CHs)),
3.02 (2H, br. s, Ph-CH:), 3.53 (3H, s, NCHa,),

440 (IH, sep, J=6.1 Hz, OCH(CHs):), 6.7—
7.1 (3H, m, aromatic protons); mass spectrum
(70 V) m/z (relative intensity) 311 (4.1), 269
(16.3), 195 (8.0), 191 (2.3), 164 (100).

1.3 Synthests of 2, 3-dihydro-2,2-dimethyl-7-
benzofuranyl N-hexyloxysulfenyl-N-methyl-
carbamate (9)

To a solution of 2,3-dihydro-2,2-dimethyl-7-
benzofuranyl N -chlorosulfenyl - N - methyl-
carbamate prepared from 11.0 g (0.050 mol) of
carbofuran and 5.2 g (0.050 mol) of sulfur
dichloride in dichloromethane as described in
section 1.2, was added dropwise a solution of
1-hexanol (5.1 g, 0.050 mol) and triethylamine
(6.0 g, 0.059 mol) in dichloromethane at 0°C.
The mixture was stirred for 3 hr at 0°C and
worked up as previously described in section
1.2.

A sample purified by silica gel and reversed-
phase TLC was obtained as a light yellow oil,
nh 1.5211. Yield: 389%,; NMR (CDCls-TMS):
¢ ppm 0.90 (3H, br. t, O(CH:)sCHs), 1.0-1.8
(8H, m, OCH:(CH:).CH3s), 1.48 (6H, s, C(CHs)),
3.03 (2H, s, Ph-CH:), 3.57 (3H, s, N-CHs), 4.10
(2H, br. t, OCH:(CH-:):), 6.7-7.1 (3H, m,
aromatic protons); mass spectrum (70 eV) m/z
(relative intensity) 353 (M* 5.6), 269 (11.3), 195
(6.9), 191 (3.1), 164 (100).

1.4 Swynthests of the polysulfide analogs of 2,3-
dihydro-2, 2-dimethyl- 7 - benzofuranyl ~ N-
hexyloxysulfenyl-N-methylcarbamate  (9a,
9b)

Sulfur monochloride (6.8 g, 0.050 mol) in
dichloromethane (20 ml) was added to a
stirred solution of carbofuran (11.0g, 0.050
mol) in dichloromethane (80 ml) at —5°C. The
resulting mixture was maintained at 0 to 5°C,
and a solution of triethylamine (5.5 g, 0.054
mol) in dichloromethane (25 ml) was added
dropwise to the mixture with stirring for more
than 30 min. The reaction mixture was
allowed to come to room temperature and
stirred for 3 hr. The mixture was chilled to
0°C and a solution of 1-hexanol (5.2 g, 0.051
mol) and triethylamine (5.5 g, 0.054 mol) in
dichloromethane (20 ml) was added dropwise.
After stirred for another 3 hr at 0°C, 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 obtained (2.6g) was
purified by silica gel preparative TLC using #-
hexane—ether (7: 3) as a developing solvent to
give 1.60 g of oil. This oil (1.57 g) was further
subjected to preparative TLC using benzene—
acetonitrile (49:1) as a solvent. Fraction 1
(Rf: 0.69-0.77) and fraction 2 (Rf: 0.47-0.69)
were 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 of 2,3-dihydro-2,2-dimethyl-7-ben-
zofuranyl N-hexyloxysulfenyl-N-methyl-
carbamate (designated as CF-S»-OCsH.is where
n=3, 9b), whose structure is shown below:

1
0-C_ ,CH 3

AY
0 N
Ns —oC.H
n 76 13

7% 1.5809. NMR (CDCl:-TMS): 6 ppm 0.90
(3H, br. t, O(CH:);:CHs), 1.0-1.8 (8H, m,
OCH:(CH:):CHs), 1.48 (6H, s, C(CHs):), 3.05
(2H, s, Ph-CH:), 3.37-3.47 (3H, m, NCHs),
3.92 (2H, br. t, OCH:(CH:),), 6.7-7.1 (3H, m,
aromatic protons); mass spectrum (70 eV) m/z
481, 449, 417, 385 (molecular ion peaks).

Fraction 2 (606 mg) was further subjected
to preparative TLC using a silica gel reversed-
phase plate and acetonitrile (1st migration) and
acetonitrile—water (9:1, 2nd migration) as
solvents. Fraction 2-a (Rf: 0.67-0.75) and 2-b
(Rf: 0.56-0.66) were extracted into ether, and
the removal of the solvent gave 282 mg of
2-a and 204 mg of 2-b. The TLC properties,
NMR and MS data of 2-a agreed with those of
2,3-dihydro-2,2-dimethyl-7-benzofuranyl N-
hexyloxysulfenyl-N-methylcarbamate (CF-5S-
OCeHis, 9) described in section 1.3.

Fraction 2-b was the disulfide derivative of
2,3-dihydro-2,2-dimethyl-7-benzofuranyl N-
hexyloxysulfenyl-N-methylcarbamate (CF-S.-
OCeH1s, 92). 73 1.5300. NMR (CDCILs-TMS):
é ppm 0.90 (3H, br. t, O(CH:);CHs), 1.0-1.8
(8H, m, OCH.(CH:):CHs), 148 (6H, s,
C(CHas):), 3.05 (2H, s, Ph-CH:), 3.38 (3H, s,
NCHs), 3.90 (2H, br. t, OCH:(CHz)s), 6.7-7.1
(3H, m, aromatic protons); mass spectrum
(70 V) m/z (relative intensity) 385 (M* 1.2)
353 (0.3), 328 (1.1), 269 (0.6), 195 (1.4), 167
(4.1), 164 (19.7), 163 (100).

1.5 Synthesis of 2-isopropoxyphenyl N-ben-
zyloxysulfenyl-N-methylcarbamate (17)

To a chilled solution of 2-isopropoxyphenyl
N-chlorosulfenyl-N-methylcarbamate prepared
from 1.9 g (0.0091 mol) of 2-isopropoxyphenyl
N-methylcarbamate (propoxur) and 1.0g
(0.0097 mol) of sulfur dichloride in dichloro-
methane at 0°C was added dropwise a solution
of benzyl alcohol (1.1 g, 0.010mol) and tri-
ethylamine (1.2g, 0.011 mol) in dichloro-
methane. The mixture was stirred for 3 hr
at 0°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, n3 1.5552. Yield:
429, ; NMR (CDCl:-TMS): ¢ ppm 1.26 (6H, d,
J =6 Hz, OCH(CHs):), 3.56 (3H, s, NCHs), 4.51
(1H, sep, /=6 Hz, OCH(CHs):), 5.10 (2H, s,
OCH:CsHs), 6.8-7.5 (9H, m, aromatic protons);
mass spectrum (70 eV) m/z 347 (M*).

2. Mouse Toxicity

Toxicity to mice was determined orally 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 of body weight. Based on 7-day-
accumulative mortality, LDs, values were
calculated by the Probit method.

3. Insecticidal Activity

Toxicity to houseflies was determined on a
susceptible NAIDM strain of 4-day-old female
houseflies, Musca domestica, according to the
usual procedure.” One microliter of acetone
solution of each compound was topically
applied with an Arnold Hand Microapplicator
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.

LDso values of the compounds against
susceptible (Miyagi) and resistant (Naka-
gawara) strains of 5- to 7-day-old female green
rice leafthopper, Nephotettix cincticeps, were
determined by the same method used for the
housefly toxicity determination. In this case,
the volume of acetone solution was 0.5 ul per
insect.
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RESULTS AND DISCUSSION

1. Svnthesis

Three different methods were initially ex-
amined to synthesize a series of alkoxysulfenyl
derivatives of carbofuran: the reaction of
carbosulfan with alcohol in the presence of
acetic acid (Eq. (a)), the reaction between N-
chlorosulfenylcarbofuran and alcohol in the
presence of base (Eq. (b)), and the reaction
between [N-chlorosulfenylcarbofuran and so-
dium alkoxide (Eq. (c)).

N-Methoxy- (1), N-ethoxy- (2), N-isopro-
poxy- (3), N-hexyloxy- (9) and N-cyclo-
hexyloxysulfenyl-N-methylcarbamate (7) were
prepared according to Eq. (a), but the reaction
was not studied in detail because of the
difficulty in removing the alcohols (especially
longer chain alcohols) added as part of the
reaction mixture and the difficulty in separat-
ing the products from carbosulfan whose TLC
properties were similar. Subsequently, N-
ethoxysulfenylcarbofuran (2) was prepared
from N-chlorosulfenylcarbofuran, prepared
from carbofuran and sulfur dichloride, and
sodium ethoxide (Eq. (c)). The product was
confirmed to be identical with the one prepared
according to Eq. (a). Another discovery was
that the alkoxysulfenyl derivatives could be
prepared by simply adding an alcohol to N-
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 42-45°C). Total yield (based on the
starting methylcarbamates) was 35-509%, for
all products. The relatively poor yield was
attributed to the formation of the polysulfide
analogs of alkoxysulfenyl derivatives as im-
purities and necessary chromatographic puri-
fication procedures to remove these polysulfide
analogs.

Whereas the alkoxysulfenyl derivatives of
carbofuran prepared according to Eq. (a) were
free from their polysulfide analogs, all the

derivatives prepared from carbofuran, propoxur
or MIP according to Eq. (b) were a mixture of
the alkoxysulfenyl derivative (77-959,) and
its polysulfide analogs (5-239%,). 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 systems. However, as
exemplified with the hexyloxysulfenyl deriva-
tive of carbofuran (9) and its polysulfide
derivatives, the mixture was separated into at
least 7-8 components by KCis reversed-phase
TLC wusing acetonitrile as the developing
solvent (see Fig. 1). Polysulfide analogs of 9
(CF-S»-OCe¢Hi1s, n=2-5) were identified in the
same manner as the polysulfide analogs of

: CF-5-0CgH; 3
CF-S5-0CgH; 3

CF-S4-0CgH 3

CF-S5-0CcH, 5

tf_‘;OO ®® . . . <

origin

Fig. 1 Reversed-phase KCg silica gel thin-layer
chromatograms of the crude hexyloxysulfenyl
derivative of carbofuran (A, CF-S5,-OC¢H;s, n—=
1-»), and fraction 1 (B) and fraction 2 (C) ob-
tained by normal-phase silica gel preparative TLC
purification.

Solvent: acetonitrile.
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the methoxysulfenyl derivative (CF-S»-OCHs,
n=2-6)," 7.e., by '"H NMR and mass spectro-
scopy.

In the preparation of the N-chlorosulfenyl-
carbamate intermediate from the carbamate
ester, sulfur dichloride was wusually used.
However, sulfur monochloride can be used
instead of sulfur dichloride, but this results in
a final product which contains polysulfide
derivatives in larger amounts.

Although aminosulfenic acid esters are
generally considered unstable, 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 mnot stable. Attempts to
synthesize N-ethoxy- and N-methoxysulfenyl
derivatives of methomyl (S-methyl N-
[(methylcarbamoyl)oxy]thioacetimidate) were
made by use of the same method described by
Eq. (b). Methomyl was reacted with sulfur
dichloride, followed by ethanol in the presence
of triethylamine (Eq. (b)). Small amounts
(yield: 5-109%,) of product 20 was obtained.
The NMR (in CDCls) spectrum of TLC-
purified material showed [d ppm: 1.23 (3H, t,
J=7Hz, OCH.CHs), 2.30 (3H, s, =C-CHs),
2.40 (3H, s, =C-S-CHs), 3.51 (3H, s, NCHs),
4.09 (2H, q, /=7 Hz, OCH:CHs)], thus con-
firming the structure of 20. However, the 20
was not stable and completely decomposed in
3 days at 23°C. The same reaction aimed at
obtaining 21 was unsuccessful.

CH.S ) R: CH. (20)
> ceN-0-E-N-5-0-R 25
R CH, cH, (2D

The formation of the alkoxysulfenyl deriva-
tive of methylcarbamate was easily confirmed
by comparison of 'H NMR spectrum of 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 (§ 3.36-3.59) as
compared to a doublet and upfield absorption
(6 2.87) of the N-methyl protons of carbofuran.

2. Toxicological Properties

Data on the toxicity of the alkoxysulfenyl
derivatives of carbofuran, propoxur and MIP
to houseflies and mice are given in Table 1.
Because of the difficulty in obtaining large

amounts of each compound free from its
polysulfide derivatives, samples containing the
corresponding polysulfide analogs in the
amounts indicated (5-209%,) were used in
toxicity determination.

In general, the alkoxysulfenyl derivatives of
carbofuran and propoxur showed high in-
secticidal activity against the houseflies by
topical application, whereas the derivatives of
MIP were relatively poor 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 molar basis are not
shown in Table 1.

The data presented in Table 1 show that
compared to the original methylcarbamates,
carbofuran (oral LDso 11 mg/kg), propoxur (62
mg/kg) and MIP (16 mg/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
340 mg/kg) and 13 (>1000 mg/kg) were less
toxic to the mice than any other sulfenylated
derivatives of carbofuran previously examined
in our laboratories.*® The toxicity of the
propoxur derivatives 16 and 17 were also
remarkably reduced, LD, being over 1000
mg/kg. There was some correlation between
the structure of substituent and mouse toxicity.
For example, toxicity of the derivatives 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 derivatives of
carbofuran and their polysulfide analogs was
made with two representative derivatives, the
methoxysulfenyl derivative (1, CF-S-OCHs) and
the hexyloxysulfenyl derivative (9, CF-S-
OCe¢His). Because of the difficulty in obtaining
purified samples, data are limited only to the
monosulfide derivative (CF-S-OCHs, CF-S-
OCeHis), disulfide analogs (CF-S:-OCHs and
CF-S:-OCsH.s), trisulfide plus polysulfide ana-
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Table 3 1Insecticidal activity of alkoxysulfenyl derivatives of carbofuran to susceptible and
resistant green rice leafhoppers.
0 CH LD
O—E-N\/ 3 s0 (18[8)
No. 5-0rR Green rice leafhopper
R S-strain R-strain
3 CH(CHs), 6.6 12.3
4 C(CH,;), 5.7 12.1
6 CH(CH,CHs). 5.4 12.2
7 Cyclohexyl 15.7 56.9
8 CH,CgH; 8.9 28.5
10 (CH,),CH; 6.0 15.0
11 (CH;)oCH3 16.2 35.7
12 (CHz)11CHs 14.0 35.4
13 (CH3)17:CH3 57.0 183.8
14 CH,CeH-p-C(CHs)s 5.4 12.2
15 CH,C¢H,-p-OCHs 11.8 24.3
(Carbofuran) 3.9 11.5
logs (n=3), and crude mixture (rn=1-n). planthoppers (Nilaparvata lugens).>

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-Sa-
OCe¢H1s, n=3) 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 of the alkoxysulfenyl derivatives of
carbofuran, we 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 leafthoppers.
Most of the derivatives, with a few exceptions,
showed high insecticidal activity to both
strains. Although all of the derivatives were
less active against the S-strain than the parent
carbofuran on a weight 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 (Myzus persicae) and brown rice

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 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 @ or @ in the structural formula shown
below would result in nontoxic products.
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