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Formation of Alkoxysulfenyl Derivatives of Carbofuran by Acid-Catalyzed 
Alcoholysis of Carbosulfan 

Noriharu Umetsu,' Takaaki Nishioka, and T. R. Fukuto* 

The behavior of carbosulfan [2,3-dihydro-2,2-dimethylbenzofuran-7-yl N - [  (dibuty1amino)thiol-N- 
methylcarbamate] in alcohol-acid mixtures waa examined. In methanol- or ethanol-containing acetic 
acid, carbosulfan was converted into a number of products, the major product being the solvolysis product 
in which the dibutylamino group is substituted by the methoxy or ethoxy moiety to give the respective 
alkoxysulfenyl derivative of carbofuran. The methoxysulfenyl derivative was also the principal alteration 
product of carbosulfan in methanolic hydrogen chloride, but in this case a number of polysulfide analogues 
of this derivative were observed. The alkoxysulfenyl derivatives showed good insecticidal activity against 
the house fly and were less toxic to the white mouse than carbofuran, the parent methylcarbamate. 

Carbosulfan or 2,3-dihydro-2,2-dimethylbenzofuran-7-y1 
N-[ (dibuty1amino)thiol-N-methylcarbamate is a sulfeny- 
lated derivative of carbofuran (2,3-dihydro-2,2-dimethyl- 
benzofuran-7-yl methylcarbamate), which is being devel- 
oped as a broad-spectrum insecticide. Previous papers 
from th is  laboratory described the acid-catalyzed alteration 
of carbosulfan via N-S bond cleavage and formation of the 
polysulfide derivatives of carbosulfan and biscarbosulfan 
N,"-disulfide, along with carbofuran and several other 
alteration products (Umetsu et al., 1981a,b; Umetsu and 
Fukuto, 1982). In these studies aprotic, inert solvents such 
as acetonitrile and dichloromethane were used. 

A subsequent study of the behavior of carbosulfan in 
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HOAc CH3 

corbosulfan methoxywlfrny Icarbofuron 

protic solvents, e.g., methanol-acetic acid (9:1), revealed 
solvent participation in the alteration reaction with sig- 
nificant amounts of the methoxysulfenyl derivative of 
carbofuran being formed, along with other alteration 
products. Examination of the toxicological properties of 
(methoxysulfeny1)carbosulfan revealed this compound to 
have insecticidal activity comparable to that of either 
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carbosulfan or carbofuran. Because of our interest in new 
carbamate derivatives and the possible significance of 
acid-catalyzed solvolysis on the chemical and toxicological 
properties of carbosulfan, further probe into the nature 
of the alcoholysis reaction was made. This paper is con- 
cerned with the isolation, identification, and toxicological 
evaluation of the (alkoxysulfeny1)carbofuran derivatives 
formed from carbosulfan in alcohol-containing acid. 
MATERIALS AND METHODS 

Chemicals. [c~rbonyl-~~C]Carbosulfan (sp act. 25.20 
mCi/mmol) was available from previous studies (Umetsu 
et  al., 1979). The radiolabeled material was 99.5% pure 
and contained 0.2% carbofuran and 0.3% unknown com- 
ponents. Biscarbofuran N,"-disulfide (CFS,CF), bis- 
carbofuran N,"-polysulfide (CFS,CF, n 1 3), and poly- 
sulfide analogues of carbosulfan (CFS,NBu2, n 1 2) were 
also available from previous studies (Umetsu et al., 1980, 
1981a,b; Umetsu and Fukuto, 1982). Other chemicals were 
analytical reagent grade, and redistilled Solvents were used. 

Stability of Carbosulfan in Acidic Solvent Mix- 
tures. In a preliminary examination of the stability of 
carbosulfan in different acidic solvents, samples of [cur- 
b~nyl-'~C]carbosulfan (10.0 mg, 1.13 pCi) were dissolved 
in 0.2 mL of the following solvent mixtures and kept a t  
23 OC: acetonitrile-acetic acid (91), methanol-acetic acid 
(91), and ethanol-acetic acid (91). All solvent-acetic acid 
mixtures were prepared volume/volume. At different time 
intervals, duplicate 5-pL samples were removed and the 
contents were examined by thin-layer chromatography 
(TLC) . 

Acid-Catalyzed Alcoholysis of Carbosulfan. A 
mixture of 10.0 mg of purified carbosulfan (nonradioactive) 
and 18.6 pg of [c~rbonyZ-~~C]carbosulfan (1.28 pCi) dis- 
solved in 200 pL of methanol was added to 200 pL of a 4 1  
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methanol-acetic acid mixture. The same procedure was 
used for an ethanol-acetic acid mixture. For the exami- 
nation of the alteration of carbosulfan in methanolic hy- 
drogen chloride, [c~rbonyZ-~~C]carbosulfan (9.3 mg, 0.025 
m o l ,  1.26 pCi) was dissolved in 250 pL of dried methanol 
and then added to 250 pL of dried methanol containing 
0.05 mmol of hydrogen chloride. At predetermined time 
intervals, duplicate 5-pL samples were taken and examined 
by TLC. 

The structures of the different solvolysis products were 
determined with products obtained by using a larger 
quantity of nonradioactive carbosulfan, as exemplified 
below for reaction in methanol. Carbosulfan (500 mg) was 
dissolved in 20 mL of methanol-acetic acid (91) and al- 
lowed to stand for 24 h at  23 OC. The methanol was re- 
moved under reduced pressure, and the residue was diluted 
with 20 mL of dichloromethane. The resulting solution 
was washed with water and dried over anhydrous sodium 
sulfate, and the products were subjected to preparative 
TLC using a total of six silica gel plates (1.0" thickness) 
and hexane-ether (73) as the solvent. The band con- 
taining I [(methoxysulfenyl)carbofwan] (Rr 0.34-0.41) was 
scraped, and I was extracted with dichloromethane. Re- 
moval of the solvent gave 161 mg of I as a light yellow 
gummy substance. In a similar manner, (trideuterio- 
methoxysulfeny1)carbofuran was prepared from 50 mg of 
carbosulfan and 1.8 mL of CD,OD in the presence of 0.2 
mL of acetic acid. 

Analysis. Precoated silica gel GHLF plates (0.25 mm, 
Analtech, Inc.) were used for analytical TLC and silica gel 
60 PF-254 plates (1.0 mm, EM Laboratories) were used 
for preparative TLC. KC,p  reversed-phased TLC plates 
(0.2-mm thickness, Whatman, Inc.) were used for either 
analytical or preparative TLC. Location of spots on the 
plates was by iodine vapor or by ultraviolet detection. 
Location of radioactive spots on TLC plates and quanti- 
tation of radioactivity were by methods previously de- 
scribed (Umetsu et  al., 1981a). 

NMR spectra were recorded on a Varian EM 390 
spectrometer using Me,Si as the lock signal. Chemical 
ionization mass spectrometry (CIMS) was conducted with 
a Finnigan Model 3300 mass spectrometer, and electron 
impact mass spectrometry (EIMS) was conducted with a 
Finnigan Model 1015 mass spectrometer. 

Toxicological Evaluation. The toxicity of the indi- 
vidual compounds to house flies was determined with the 
susceptible NAIDM strain according to March and Metcalf 
(1949). Mammalian toxicity of the products was deter- 
mined by oral administration to Swiss white mice (Si- 
monsen Laboratories, Gilroy, CA) using corn oil as the 
carrier. Compounds that were not soluble were suspended 
in the carrier. 
RESULTS 

Carbosulfan Alteration in  Alcohol-Containing 
Acetic Acid. Preliminary experiments were carried out 
to determine the fate of ra rhul fan  in methanol or ethanol 
in the presence of acetic acid. As indicated earlier, car- 
bosulfan was converted into a variety of polysulfide 
products in acetonitrileacetic acid (Figure 1A). In either 
methanol- or ethanol-containing acetic acid (91), carbo- 
sulfan was also converted into a number of different 
products, but in this case the compound (I) isolated in 
greatest yield was one that was not formed in acetonitrile 
(see Figure 1B). TLC analysis showed that after 35 h, only 
19.7% of the radiolabeled material was returned as car- 
bosulfan, 33.1% as I, 27.1% as carbofuran, and 20.1% as 
a mixture of other products, i.e., CFS,NBu,, CFS,CF, and 
CFS.CF ( n  2 3). In the ethanol-acetic acid mixture, the 
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Figure 1. Silica gel (left) and KCIS reversed-phase (right) 
thin-layer chromatognuns of [curbonyl-"C]carhosulfan incubated 
in acetonitrile-acetic acid (91) (A), methanol-acetic acid (91) 
(B), and ethanol-acetic acid (91) (C and D) at 23 OC for 35 h; 
solvent = hexaneether (t3) (for silica gel TLC) and aceta- 
nitrilewater (91) (for KCIS reversed-phase TLC). St = standard. 

major alteration product was 11, a compound that was not 
separable from carbosulfan by silica gel TLC (Figure 1C) 
but separable by KCls reversed-phase TLC (Figure 1D). 

Isolation and  Identification of t he  Alcoholysis 
Products. I and I1 were expected to be the solvolysis 
products obtained from the reaction between the alcohol 
and carbosulfan, and their identification was achieved as 
follows. 

The NMR spectrum of I (90 MH,, CDC1,) showed the 

I (CF-S-OCHj) CF-S-OCD3 
following signals: 6 6.7IF7.10 (m, 3 H, aromatic protons), 
3.95 (9.3 H.OCH4.3.55 (s.3 H.N-CHd.3.02 (s.2 H.CH,). 
and 1.50 (s;6 H, &m-di-CH,). This s&&&reveied ti,:. 
abaence of the N-dibutyl moiety and the presence of the 
0-methyl and the carbofuran moieties, indicating the 
structure of I to be the methoxysulfenyl derivative of 
carbofuran (CF-S-OCH,). The mass spectrum of I con- 
firmed this structure. Ions m/z 324 [(M + 41)+], 312 [(M 
+ 29)+], and 284 [(M + l)I] satisfied the requirement for 
the molecular ions in methane CIMS. The molecular 
weight of I was determined as 283. EIMS (70 eV) showed 
the following major peaks: m/z (re1 intensity) 284 (2.2), 
283 (M', 9.8) 252 (1.5). 226 (5.7). 208 (1.5). 195 (2.6). 167 
(5.9), 164 (13.2), 163 (loo), 145 (7.5), 135 (39.2), 120 ( 1 4 3 ,  
117 (10.3). 107 (26.3). 91 (21.6). 77 (13.2). 63 (33.1). The 
stru&ure'of I reasonably explained the EIMS'frabenta- 
tion of I. The base peak ion (m/z 163) and the next in- 
tensive ion (m/z 135) are typical fragment ions of 2.3- 
dihydro-2,2-dimethylbenzofwan-7-01 (carbofuran phenol). 
Ion m / z  226 [(M - 57)+] is a typical degradation fragment 
of an aromatic N-methylcarbamate, suggesting I is a de- 
rivative of carbofuran that is substituted at  the nitrogen 
atom. Ion m/z 252 [(M - OCH,)+] and 226 [(sum of 
carbofuran phenol, 163, and SOCH,, 631'1 indicated that 
this substituent group is -S-OCH, but not -S(O)-CH,. 
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Figure 2. Thin-layer chromatograms of I and 111. (A) Silica gel 
TLC using hexane-ether (7:3) as a solvent; (B) silica gel KCla 
reversed-phase TLC using acetonitrile as a solvent. St = standard. 

In order to confirm the tentative assignments for the 
0-CH3 (3.95 ppm) and N-CH3 (3.55 ppm) NMR signals 
of I, the trideuteriomethoxysulfenyl derivative of carbo- 
furan (CF-S-OCD, 30 mg) was prepared from carbosulfan 
and CD30D. The NMR spectrum of CF-S-OCD3 clearly 
indicated the presence of the N-CH3 signal a t  3.55 ppm. 
The EIMS spectrum of CF-S-OCD3 was identical with 
that of I except for the 3 mass unit increase in the mo- 
lecular ion and three major fragment ions [ m / z  286 (M+), 
229, 123, 661. 

Compound I1 (light yellow gum, 234 mg) was prepared 
from carbosulfan (740 mg) and ethanol (27 mL) in the 
presence of acetic acid (3 mL) following the procedure used 
to prepare I. The NMR spectrum of I1 showed the fol- 
lowing signals: 6 6.70-7.10 (m, 3 H, aromatic protons), 4.20 

1.50 (s, 6 H, gem-di-CH3), and 1.33 (t, 3 H, OCH2CH3). 
These data reveal that I1 is the ethoxysulfenyl derivative 
of carbofuran (CF-S-OC2H5). The mass spectrum of I1 
reaffirmed the structure assignment. 

Alcoholysis of Carbosulfan in Methanolic Hydro- 
gen Chloride. Hydrogen chloride was used to investigate 
the effect of a stronger acid on the alcoholysis of carbo- 
sulfan. Carbosulfan (370 mg, 1.0 mmol) was dissolved in 
12 mL of anhydrous methanol containing 2.0 mmol of 
hydrogen chloride. The reaction was completed virtually 
instantaneously and no carbosulfan was detected after 2 
min, as determined by TLC analysis. The reaction mixture 
was worked up according to the procedure used to obtain 
I, yielding 61 mg of a light yellow gum (III), which showed 
an R value identical with that of CF-S-OCH3 (I) on silica 
gel ? ~ L c  plates. III appeared to be a singlecomponent spot 
on silica gel plates with several different solvent systems 
except for the presence of trace amounts of CFSzCF and 
CFSnCF (n  1 3), which probably were formed from I11 
during the purification procedure (see Figure 2A). How- 
ever, as shown in Figure 2B, I11 was separated into at least 
six components (a-f) by KC18 reversed-phase TLC using 
acetonitrile as the developing solvent. The Rr value of 111-a, 
the most abundant component in 111, was identical with 
that of I (CF-S-OCH3). 

The NMR spectrum of I11 (Figure 3) was similar to that 
of I except for the appearance of a pair of singlets each for 

(q,2 H, OCH&H3), 3.58 ( ~ , 3  H, N-CHd, 3.02 ( ~ , 2  H, CHJ, 

1, L' 
8 7 6 5 4 3 2 I O  

ppm ( d )  

Figure 3. NMR spectrum of 111. The impurity peak (Imp.) is 
due to the presence of trace amounts of CFS,CF (n 1 2). 

0-CH3 (3.95 and 3.80 ppm) and N-CH, (3.55 and 3.40 
ppm). The signals for 0-CH3 at  3.95 ppm and N-CH3 a t  
3.55 ppm corresponded to those of I. These results sug- 
gested that I11 was a mixture of I (CF-S-OCH3) and the 
polysulfide analogues of I, Le., CF-Sn-OCH3 (n = 2-6). 

f3 
O'C -ySn.0CH3 

CH3 

polysulfide analogs of I 

(CF-S,-OCHs, n.2-6) 

The ratio of I to CF-Sn-OCH3 was 65 to 35 based on peak 
heights of the singlets. CIMS (methane) of I11 measured 
at  40,100, and 120 "C confirmed the presence of CF-S- 
OCH3 and the individual components in CF-Sn-OCH, (n  
= 2-6). At 40 "C, only one set of ions satisfying the mo- 
lecular ion requirement for CF-5-OCH3 (I) appeared a t  
m/z 324 [(M + 41)+], 312 [(M + 29)+], and 284 [(M + 1)+]. 
At 100 OC four sets of ions assignable to CF-S-OCH3, 

and 348), and CF-S4-OCH3 [380 for (M + 1)+] appeared. 
At 120 "C five sets of ions assignable to CF-S2-0CH3, 
CF-S3-OCH3, CF-S4-OCH3, CF-S5-OCH3 [412 for (M + 
1)+], and CF-S6-OCH3 [444 for (M + 1)+] were observed 
along with ions corresponding to CFS2CF [505 for (M + 
1)+], CFS3CF (537 for (M + 1)+], and CFS4CF [565 for (M 
+ l)+]. The last three components were present as im- 
purities .in 111 or were formed from I11 by thermolysis. 

Time Course for the Alcoholysis of Carbosulfan. 
[~arbonyl-~~C]Carbosulfan was allowed to stand in 9:l 
methanol-acetic acid for 120 h, and the breakdown of 
carbosulfan and formation of different products were 
monitored by TLC. A typical autoradiograph of a TLC 
plate showing products formed from [carbonyl-14C]- 
carbosulfan is shown in Figure 1. Plots showing the rel- 
ative amounts of each product formed a t  different time 
intervals are presented in Figure 4. The gradual disap- 
pearance of carbosulfan and concomitant formation of 
CF-S-OCH3 and carbofuran are clearly indicated. The 
major product after 24 h was CF-S-OCH3 (34.8%) and 
carbofuran (25.1%). However, significant amounts of 
CFSnNBu2 (n  1 2,4.4%), CFSzCF (4.7%), and CFSnCF 
(n  1 3,4.2%) were formed at  the same time. The latter 
products are identical with those formed in acetonitrile- 
acetic acid. The amount of CF-S-OCH3 reached a max- 
imum at  24 h and then decreased. This observation sug- 

CF-S2-OCH3 (356,344, and 316), CF43-OCH3 (388,376, 
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Table I. Toxicity of Methoxy- and Ethoxysulfenyl 
Derivatives of Carbofuran against House Fly and Mice 

toxicity 
house fly mouse 

compound LD,, ccg/g LD50r mg/k  
CF-S-OCHS (I) 15.5 39” (27-58)‘ 
CF-S-OCZHS (111) 15.8 43” (29-55)‘ 
carbofuran 11.0 19” (16.2-24.3)‘ 

l l . O b  (9.8-12.4)‘ 

” Corn oil was used aa a carrier. Propylene glycol was used as a 
carrier. ’ 95% confidence limit. 

6 I2 24  36 48 60 72 84 96 
Iwubation period ( h r )  

Figure 4. Graph showing the disappearance of [~arbonyl-’~C]- 
carbosulfan and formation of CF-S-OCH3 and other products 
in methanol-acetic acid (91). (0) Carbosulfan; (0) CFS-OCH,; 
(m) carbofuran; (A) CFS,CF (n 1 2); (A) CFS,NBu2 (n 1 2). 

gests that CF-S-OCH3 formed initially from carbosulfan 
was being converted into carbofuran and other products. 

Toxicological Properties of the Alcoholysis Prod- 
ucts. Data for the toxicity of the methoxy- and ethoxy- 
sulfenyl derivatives of carbofuran to the house fly and 
white mouse are given in Table I. Both compounds 
showed good insecticidal activity against the house fly, 
comparable in activity to that of carbofuran, and both 
compounds were less toxic to the white mouse than the 
parent methylcarbamate, carbofuran. 
DISCUSSION 

Previous studies showed that in dichloromethane- or 
acetonitrile-acetic acid solvent, carbosulfan was trans- 
formed into a number of products, including carbofuran, 
di-n-butylamine, and a mixture of biscarbofuran N,”- 
polysulfides and the polysulfide analogues of carbosulfan 
(Umetsu et al., 1981a,b; Umetsu and Fukuto, 1982). In 
methanol- or ethanol-acetic acid, carbosulfan also was 
transformed into the same alteration products, but in this 
case solvolysis products were observed in greater abun- 
dance. These were the methoxysulfenyl (I, CF-S-OCH3) 
and ethoxysulfenyl derivatives of carbofuran (11, CF-S- 
OC,H,), which were doubtlessly formed by the acid-cata- 
lyzed solvolysis of carbosulfan by the alcohols. The re- 
action probably takes place by attack of the alcohol oxygen 
on the sulfur atom of the protonated carbosulfan, resulting 
in displacement of the dibutylamine moiety: 

H . O A  

f 7 l  
,C.”S. +.(&l-n), P 

N(Bu-n)p H+ I ?  
~ SI 

kH3 - )o CH3 H 

I 
&c-Eks.OR F1 + &&r-n)p 

Needless to say, other alcohols may participate in this 
reaction, and in fact, a number of other derivatives have 
also been prepared and their toxicological properties have 
been determined. 

Substitution of the hydrogen atom on the carbamyl 
nitrogen of insecticidal methylcarbamate esters by dif- 

ferent functional groups generally results in compounds 
of lower mammalian toxicity compared to the parent 
methylcarbamate and equal or improved insecticidal ac- 
tivity (Fukuto and Fahmy, 1981). The alkoxysulfenyl 
derivatives were no exception, and the methoxy- and 
ethoxysulfenyl derivatives of carbofuran showed insecti- 
cidal activity comparable to that of the parent methyl- 
carbamate, carbofuran, along with slightly improved 
mammalian toxicity. These derivatives, along with those 
prepared from a wide variety of different alcohols, repre- 
sent another series of sulfur-containing derivatives of in- 
secticidal methylcarbamates that show promise as new 
insecticides with favorable toxicological properties (Kawata 
et al., 1983). 

The formation of the polysulfide analogues of the me- 
thoxysulfenyl derivative of carbofuran (CF-S,-OCH3, n 
= 2-6) from carbosulfan in methanolic hydrogen chloride 
is of interest. The polysulfide analogues of carbosulfan 
(CFS,NBu2, n 1 2) were previously observed to be formed 
from carbosulfan in a dichloromethane- or an aceto- 
nitrile-acetic acid (91) mixture (Umetsu et al., 1981a,b). 
As in the case of CFS,NBu2 it was not possible to deter- 
mine the exact structure of the polysulfide chain in CF- 
S,-OCH3, although the composition of each component 
was established by NMR and mass spectral analysis. The 
mass spectra of these components provided information 
relating to the number of sulfur atoms but did not indicate 
the nature of the sulfur linkages, i.e., straight chain, 
branched, or part of a ring system. 

I, 86627-62-5; 11, 86627-63-6; carbosulfan, Registry No. 
55285-14-8. 
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