without increasing the hazard to man,
domestic animals, and the beneficial
fauna. Such knowledge may also be
used to modify certain toxicants so
that they will be activated by the very
detoxicative mechanisms responsible for
resistance to other insecticides, thus
utilizing the principle of ‘“negative
correlation.”
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The effect of sunlight and of laboratory ultraviolet light on six N-methylcarbamate in-
secticides has been determined by an improved method which combines thin-layer chroma-

tography and enzyme inhibition.

With the exception of Bayer 39007, each of the com-

pounds decomposed to give unidentified cholinesterase inhibitors as well as other sub-

stances.

DURING the past five years N-meth-

ylcarbamate esters have become
an important class of insecticides. Al-
though, like the organophosphorus in-
secticides, the carbamates are inhibitors
of the enzyme acetylcholinesterase, they
generally exhibit much lower mam-
malian toxicities than most of the phos-
phates. In 1955, Cook (7) developed a
methed for the detection of acetylcho-
linesterase inhibitors on paper chromat-
ograms. With it, he was able to demon-
strate that several phosphate insecticides
were decomposed in the presence of
ultraviolet light to unidentified products
which themselves inhibited the enzyme
to a significant degree.

Although several other investigators
(2, 4) have improved on Cook’s pro-
cedure, paper chromatographic methods
are not readily applied to the isolation of
most organic substances because of
limited adsorptive capacity and the in-
troduction of impurities during elution.
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We have developed a variation of Cook’s
method which employs thin-layer chro-
matography (TLC) and have demon-
strated that the carbamates, too, de-
compose under the influence of ultra-
violet light to series of inhibitors.

Experimental

Materials and Methods. Car-
BaMATES. 3,5-Dimethyl-4-(methylthio)-
phenyl A" - methylcarbamate (Bayer

37344), 3-methyl -4 - (N, N - dimethyl-
amino)phenyl A - methylcarbamate
(Bayer 44646), and 2-isopropoxyphenyl
N-methylcarbamate (Bayer 39007) were
analytical reference standards provided
by the Chemagro Corp., Kansas City,
Mo. 1-Naphthyl AN-methylcarbamate

(Sevin), 3-isopropylphenyl A-methyl-
carbamate (UC 10854), and 3,5-di-
methyl-4-(dimethvlamino)phenyl N-

methylcarbamate (Zectran) were sup-
plied as technical products by the Union
Carbide Corp. Chemicals Division and
the Dow Chemical Co., their respective

manufacturers; they were purified by
repeated recrystallization from ethanol
and from benzene until sharp melting
points were attained.

JCONHCH, OCONHCH , OCONHCH ,

yZ otrcn
l o,
He A oy cH,

SCH; NiCHy,
B37342 Bii6iL B320C7
OCONHCH OCONHCH OCONHCH,
H:c’i:‘Cm “OO ( ]\CHCH:
NiCH ;) CHs
ZECTRAN SEVIN UCIais
IrrADIATION. Solutions of the car-

bamates in absolute ethanol or redistilled
hexane were subjected to irradiation in
the laboratory for 1 to 3 hours. Two
types of ultraviolet source were used,
both of which produced peak radiation
at about 254 mg: (1) a Multiray short
wavelength laboratory lamp (G. W.
Gates and Co., Franklin Square. N. Y.)



consuming less than 15 watts of power;
and (2) a 360-watt Uviarc high-pressure
mercury arc lamp (420-watt power con-
sumption) (G. W. Gates and Co.).

The solutions, generally containing
about 1 mg. per ml. of the insecticide,
were irradiated in open 9-cm. Petri
dishes at a distance of about 2 cm.
from the weaker lamp. Although the
dishes could be coversd with Saran or
Mylar film without apparent effect on
the results, it was thought that full
exposure to air and atmospheric mois-
ture was desirable in the experiments
described here. Very little rise in tem-
perature or evaporation of solvent was
observed.

When the stronger source was used,
the dishes were held at a distance of
about 10 cm. and, because of the intense
heat, they were floated in an ice bath
during the irradiation. Sunlight irradia-
tion was conducted outdoors in open
Petri dishes for periods of 1 to 3 hours
about noon during the months of June,
July, and August. Although the solu-
tions remained relatively cool, rapid
evaporation necessitated frequent addi-
tions of fresh solvent.

CHROMATOGRAPHY AND DETECTION.
Aluminum oxide G (Brinkmann Instru-
ments, Inc., Great MNeck, N. Y.) (25
grams) was mixed with 100 ml. of 509
aqueous methanol to form an even slurry,
filtered through a 50-mesh screen to
remove any coarse particles, and applied
immediately to the surface of 200- X
200-mm. glass plates with a commercial
spreader. A layer thickness of 500
microns generally was found to be satis-
factory. The plates were allowed to
stand for about 15 minutes in a level
position and then were dried in an oven
at 110° C. for about 40 minutes, allowed
to cool, and stored in a desiccating
cabinet. Plates coated with Brink-
mann silica gel H were prepared in the
same way.

Aliquots (1 to 10 pl.) of the irradiated
or reference solutions were applied as
spots with a microliter syringe about
2 cm. from the lower edge of the plate
and at least 3 cm. apart. The chro-
matograms were developed in the ascend-
ing direction in the usual way. Acetone-
toluene-pentane (1:1:3) and acetone-
hexane (1:5) were found to be good all-
purpose mobile phases,

For the detection of acetylcholines-
terase inhibition, the developed plates
were placed flat on a horizontal surface
in a borosilicate glass baking dish, and
the solvent was permitted to evaporate.
The plates were sprayed with a mixture
of 1 part (by volume) of human plasma
and 3 parts of 0.1%, cresol red indicator
in 0.01X aqueous sodium hydroxide
solution. Saturation of the adsorbent
caused its surface to appear glossy, and
care was exercised to avoid spraying
past this point.

The baking dish was covered with a
glass plate or baking dish cover and held
at room temperature for 20 to 30 minutes.
During this period, spots may be formed
by either strongly acidic or strongly
alkaline substances, and the location of
such spots should be carefully noted.
After this incubation period, an 8- X 8-
inch sheet of Whatman No. 1 filter

A B330C7 -] B2i646 C B37344
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Figure 1. Photodecomposition of Bayer 39007, Bayer
37344, and Bayer 44646
C. Control

S. Sunlight irradiation
UV. Ultraviolet irradiation

paper, freshly dipped in an 0.2M
aqueous solution of acetylcholine bro-
mide, was laid on top of the developed
chromatoplate and immediately became
soaked with indicator solution. Within
15 minutes, the acetic acid liberated
during the enzyme-catalyzed hydrolysis
of the ester caused the filter paper to
take on a uniform yellow color, except
where cholinesterase inhibitors on the
plate gave rise to red spots of unchanged
indicator on the yellow background.
The spots were marked or photographed;
they disappeared within a few days.

Results and Discussion

The combination of TLC with an
assay for acetylcholinesterase provides a
very sensitive and specific means for the
detection of inhibitors of this enzyme.
Although the experiments described here
employed human plasma cholinesterase,
cholinesterase preparations from other
sources may be used effectively to ex-
amine differential inhibition. The sim-
ilar application of other enzymes is under
investigation.

Thin-layer chromatography affords
the means for isolation of the detected
inhibitors as well as for facile sample
purification in many cases. Sensitivities
generally are good—enzyme and sub-
strate levels may be kept high and suffi-
cient material may be chromatographed
to permit the detection of even small
amounts of inhibitors. However, be-
cause of the variation in inhibition con-
stants, insecticides may vary greatly in
their effect on the enzyme. In the
present case, for instance, 0.01 ug. of
Sevin could be detected while only about
0.5 pg. of Zectran was clearly evident.

Water-soluble inhibitors present a
problem because their diffusion after
application of the enzyme solution causes
excessively large spots. Likewise, the
high degree of sensitivity restricts the
amounts of inhibitor which will provide
optimum results. In general, 1 to 20
rg. of inhibitor appears to represent the
most satisfactory range. Care also must
be exercised to avoid prolonged contact
of certain compounds, at least, with the
TLC plate. A homogeneous spot of
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Sevin could readily be shown to contain
its hydrolysis product 1-naphthol after
remaining on a plate for a few hours,

A number of adsorbents, chromato-
graphic solvents, and indicators were
examined, and those described here pro-
vided very satisfactory results. Acidic
adsorbents, such as silicic acid, obviously
were found to be unsuited for sensitive
determinations.

The applicability of the method to the
examination of photochemical decom-
position products of common carbamate
insecticides is indicated in Figure 1.
The analytical standards of Bayer 39007
and Bayer 44646 appeared to be homo-
geneous in  acetone-toluene-pentane,
while the Bayer 37344 sample was a
mixture (perhaps due to the formation of
the sulfoxide and sulfone during storage).
Bayer 39007 was not converted to other
inhibitors by exposure to sunlight for 3
hours, and 37344 formed few inhibitory
decomposition products. Bayer 44646,
however, was extensively decomposed.

The atmosphere is very effective in
preventing light of wavelengths less than
about 290 my from reaching the earth’s
surface. To observe the effect of these
shorter wavelengths as well as the effect
of more intense irradiation, solutions of
the carbamates also were exposed to the
15-watt short-wavelength lamp for 3
hours. The stable Bayer 39007 was
only slightly affected, and Bayer 37344
produced additional inhibitory spots
identical in R; values to those observed
after exposure to sunlight. Bayer 44646
produced at least two more inhibitory
spots.

The purity of standard samples may
influence strongly the interpretation of
photodecomposition data. For example,
an analytical sample of UC10854 which
had been recrystallized several times
from different solvents still contained so
many cholinesterase-inhibiting impurities
that unambiguous determination of the
effects of irradiation was impossible
(Figure 24). The standard sample was
purified by thin-layer chromatography,
the major inhibitor was eluted. and a
definite ultraviolet breakdown pattern
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was established with the pure 3-iso-
propylphenyl N-methylcarbamate (Fig-
ure 2B). The ability to study in-
dependently the behavior of the several
components of such a mixture demon-
strates an important advantage of our
detection procedure.

The insecticide Zectran is very similar
in structure to Bayer 44646. As shown
in Figure 34, an analytical sample of
Zectran contained two major and one
minor cholinesterase inhibitors. An
ethanol solution was exposed to sunlight
and sampled at three hourly intervals
(81, 83, and §5).  The third sample con-
tained so many cholinesterase inhibitors
that an exact count could not be made,
but nine distinct spots were present.
Likewise, exposure to ultraviolet light
resulted in a smear of activity on the
chromatogram.

To clarify the breakdown pattern,
Zectran was purified by thin-layer chro-
matography to produce only a single
spot in acetone-toluene-pentane (Figure
3B). Irradiation of an ethanol solution
of the pure compound for 3 hours re-
sulted in five distinct inhibitory spots.

From a photochemical viewpoint,
there is no question of the importance of
pure starting materials if the mechanism
of breakdown is to be elucidated. How-
ever, from the practical aspects of agricul-
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ture and public health, the total spec-
trum of biologically active compounds
assumes considerable significance.

The present experiments were re-
stricted to a convenient maximum of 3
hours and so may not present an accurate
picture of the appearance and disap-
pearance of decomposition products
under field conditions. Under condi-
tions comparable to those employed with
the other carbamates, Sevin produced
only one minor cholinesterase-inhibiting
decomposition product (Figure 44) in
sunlight or weak ultraviolet light. Ex-
posure to intense ultraviolet light, how-
ever, gave rise to five inhibitory sub-
stances and suggests that extended
periods of irradiation in the field may
produce more rather than fewer decom-
position products.

Again for convenience, most of these
irradiations were conducted in homo-
geneous ethanol solution. Identical re-
sults were obtained with solutions in
methanol or acetone, In practice, how-
ever, the use of hydrocarbon solvents is
much more common. We found that
formulation may have a significant effect
on photodecomposition. For example,
control samples of Sevin generally were
homogeneous, although they occasionally
gave rise to an inhibitory spot at the
origin of thin-layer chromatograms

L4 PPy

(Figure 4 4). Both sunlight and weak
ultraviolet light caused the formation of
an additional inhibitor, while strong
ultraviolet light caused extensive forma-
tion of inhibitors. Irradiation in hexane
solution-suspension  (Figure 4B) pro-
duced very different results. Irradiation
of either solid Sevin or a 509, wettable
powder did not result in additional in-
hibitors even with prolonged exposure to
intense ultraviolet light (Figure 4C).

Our detection of cholinesterase-in-
hibiting photodecomposition products
of carbamate insecticides should not be
construed to mean that these are the
only substances formed during irradia-
tion. Most of the inhibitors un-
doubtedly have undergone substitution
or displacement on the aromatic ring but
retain the carbamate ester moiety intact.
Probably the majority of breakdown
products which are not carbamate esters
would not be detected by cholinesterase
inhibition.

Several additional tests were applied to
the irradiated carbamates after thin-
layer chromatography. Typical results
are shown in Figure 54 for an ethanol
solution of Sevin, irradiated with weak
ultraviolet light and chromatographed on
alumina with acetone-toluene-pentane,
Unlike the control Sevin, the irradiated
sample contained two major cholines-



terase inhibitors, and weak inhibition
could be detected at the origin (Test 1).
Treatment with an alkaline solution of
4-nitrobenzenediazonium fluoborate
(Test 2), however, indicated six
“phenolic” compounds to be present.
One of these had the same chromato-
graphic and color characteristics as
I-naphthol, and others may well
be  polyhydroxylated  naphthalenes.
Strongly oxidizing conditions (potassium
permanganate solution, Test 5) revealed
the same six substances.
Trinitrofluorenone (TNF) (Test 3) has
been found effective in locating certain
types of substituted aromatic compounds
on paper chromatograms (3). In this
case, only a single spot, corresponding to
Sevin in color and R, could be detected.

CARBAMATE INSECTICIDES

Several fluorescent spots and much
streaking could be detected under ultra-
violet light (Test 4).

Chromatography on silica plates with
acetone-hexane solvent (Figure 5B)
provided somewhat different results
upon application of the color reagents.
Although the cholinesterase inhibition
test could not be successfully applied,
both Sevin and 1-naphthol were shown
to be present. Another substance also
was present in significant amounts, and
its isolation from the plate as the TNF
complex will be described in another
communication.
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The methylcarbamate of 2-oximino-1,3-dithiolane (I) is a novel, broad-spectrum in-

secticide.

Its preparation involved a study of the reaction of ethanedithiol with cyanogen

chloride to give 2-imino-1,3-dithiolane hydrochloride. Conversion of the imino hydro-

chloride to the oxime was accomplished in good yield using one equivalent of hydroxyl-

amine.

equivalent of hydroxylamine hydrochloride.
to the desired methylcarbamate,

The oxime could also be prepared from a 2-alkylimino-1,3-dithiolane and one
Methyl isocyanate converted the oxime
Analogous compounds in which a ring sulfur atom is

replaced by an oxygen atom or in which the ring is expanded by another methylene

group were also prepared.

THE insecticidally active carbamates
reported until very recenty were
derived from either phenols (1-naphthyl
methylcarbamate) or enols (1-isopropyl-
3-methyl-5-pyrazolyl dimethylcarba-
mate). They all contain ring systems—
the phenol derivatives by definition, the
enolic ones possibly because the ring
systems used lend stability to the O-car-
bamylated form.

Some N-alkylcarbamates of dicyclo-
propyl ketoneoxime were reported in
1959 to be toxic to animals (4). Aryl
carbamates of some simple ketoximes—
e.g., acetone—have been described as
herbicides (9), and alkyl and aryl car-
bamates of a series of hydroxamic acid
chlorides have been reported to be fungi-
cides (3). These compounds were not
claimed to be insecticidal.

Recently, workers at Union Carbide
reported a series of methylcarbamates of
oximes derived from cycloaliphatic and
bicyclic ketones (7). The limited data
given show these to be active against a
number of insect species.

Dithiolane Oxime Carbamates

Work with heterocyclic oximes in
these laboratories has led to a new group
of carbamate insecticides. An example
is  2-methylcarbamoyloxyimino-1,3-di-
thiolane (I) (Figure 1). Carbamate (I)
and analogs in which a ring-sulfur atom
is replaced by an oxygen atom-—e.g.,
compound V (Figure 1)—have been
shown in the laboratory to be broad-
spectrum insecticides (7, 74). Toxicity
to mice and rats has also proved to be
high, however. Examples of other ac-
tive compounds (7)—i.e., II, III, and
I[V—are also shown in Figure 1.

Discussion

The method of preparation of carbam-
ate (I) and its analogs is outlined in
Equations 1 to 3 (Figure 2). Details of
the reaction shown to obtain 2-imino-
1,3-dithiolane hydrochloride (VI) have
been described (2). Although oxime
(VII) was known prior to this work (72),
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Figure 1. Oxime carbamates

the oxathiolane and dithiane analogs
had not been reported. Conversion of
VI to VII goes in high yield if one equiv-
alent of hydroxylamine hydrochloride
and one equivalent of a base such as
sodium acetate are used. Under these
conditions, the free imine (pKp=8.2)
(2) of VI should remain at least partially
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