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Toxicity of Carbamates to Insects
M. H. J. WEIDEN 1

The discovery of effective insecticidal materials among the carbamic-acid esters is
surveyed to provide insight into some of the factors leading to the development of new
control agents. Problems associated with attempts to correlate insecticidal activity with
acetylcholinesterase inhibition are outlined. The intoxication syndrome is described and
its toxicological significance discussed. Structure-activity profiles are presented for
selected compounds to illustrate the biological effects produced by structural variations.
Categories of carbamates in which no significant insecticidal activity has been discovered
are also listed.

Before reviewing the toxicity of carbamic-acid
esters, it seems appropriate to trace historically some
of the events that led to the discovery of significant
insecticidal activity in members of various subclasses
of this type of compound.
Although selective herbicidal activity was discov-

ered among the alkyl phenylcarbamates (also known
as alkyl carbanilates) by Templeman and Sexton
at ICI, Ltd. in the mid-1940s, no significant insecti-
cidal action was observed at that time (Davies &
Sexton, 1948).
The first break-through came shortly thereafter,

when Gysin and his co-workers at J. R. Geigy SA
synthesized the dimethylcarbamates of alicyclic and
heterocyclic enols in an attempt to increase the
insect repellency of N,N-dialkylbenzamides (Ireland
& Truan, 1954). (Carbamates can be regarded as
amide derivatives as well as ester derivatives.) Some
of these carbamates (e.g., Dimetan,t Pyrolan,
Dimetilan,t Pyramat,t and Isolan t were highly
toxic to aphids and houseflies, but their narrow
spectra have limited their practical use. It was
from this beginning, however, that a thiophosphate
ester of one of these heterocyclic enols became the
broad-spectrum insecticide diazinon (Gysin &
Margot, 1958).

Concurrent with the development of the Geigy
carbamates, Metcalf and his co-workers at the
University of California at Riverside were studying
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the properties of cholinesterases as related to the
mode of action of the insecticidal organophosphates
(Metcalf & March, 1950). Physostigmine, the clas-
sical diagnostic agent for distinguishing cholinester-
ases from other esterases, had been shown to be
active against roach cholinesterase and to be toxic
when injected into the roach (Chadwick & Hill, 1947).
Kolbezen, Metcalf & Fukuto (1954) found that,
although neostigmine and related carbamates having
high toxicity for mammals were potent inhibitors of
insect cholinesterase, they were not insecticidally
active. These investigators then argued that the
permanent charge on the quaternary ammonium
substituent found in these particular compounds
would be expected to hinder penetration to the site
of action in insects, but that uncharged analogues
should not be restricted in this manner. This predic-
tion was verified when the Riverside group synthe-
sized a series of substituted-phenyl methylcarba-
mates that not only inhibited fly-head cholinesterase
but actually possessed insecticidal activity. Thus
began the era of aryl methylcarbamates, the most
widely used of which is carbaryl, synthesized by
Lambrech (1959) at Union Carbide. This rela-
tively wide-spectrum, low-hazard, short-term residual
insecticide had its genesis in a project initially
stimulated by the Geigy discoveries but sub-
sequently oriented towards herbicides. It should
be noted that the Geigy group, when working with
the dimethylcarbamates of cyclic enols, rejected the
aryl analogues because they were only slightly active
(Ireland & Truan, 1954).
The third group of insecticidal carbamates grew

out of synthesis programmes engendered by the
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successes discussed above. The discovery of Kilshei-
mer & Manning (1962, 1963) at Union Carbide Cor-
poration that the carbamoyloximes of cyclic ketones
possess not only insecticidal but also miticidal and
nematicidal activity was of signal importance, be-
cause it broadened the spectrum of activity that could
be associated with carbamates. The open-chain
carbamoyloxime, aldicarb, an effective nematicide
and systemic insecticide/acaricide, was subsequently
discovered as the result of a programme for the
synthesis of carbamoyloximes isosteric with acetyl-
choline (Payne et al., 1966). In retrospect, it can be
seen that the utility of this carbamate is probably
influenced more by the hydrophilic nature of its
biological transformation products, aldicarb sulf-
oxide, than by its conformational similarity to
acetylcholine (Weiden, 1968).

DEVELOPMENT OF STRUCTURE-ACTIVITY
CORRELATIONS

If insecticidal carbamates act through the inhibi-
tion of acetylcholinesterase, one would expect to
find a direct correlation between toxicity and anti-
cholinesterase activity. Fortunately the housefly
head is a rich source of acetylcholinesterase and is
relatively free from other esterases, thus allowing a
ready measurement of inhibitory potency with crude
fly-head preparations (Metcalf & March, 1950).
However, when one compares acetylcholinesterase
inhibition with toxicity to the housefly, the results
are very disappointing at first sight. Fukuto et al.
(1962) were the first workers to point out that a
reasonably good correlation could be obtained for
many substituted-phenyl methylcarbamates by co-
administration of the synergist piperonyl butoxide.
The role of the synergist is to counteract detoxifica-
tion by the microsomal enzyme system (Wilkinson,
1971).
Although the use of piperonyl butoxide has been

of great value in clarifying relationships between the
structure of carbamates and their activity against
the housefly, certain types of compound still remain
nontoxic despite their excellent anticholinesterase
activity. Included here are carbamates with quater-
nary ammonium groups (e.g., neostigmine), which
cannot readily penetrate insect tissues (Kolbezen
et al., 1954), and carbamates with substituents such
as the thiocyano group, which are detoxified extra-
microsomally (Ohkawa & Casida, 1971). Difficulties
also occur with alkylthio-substituted carbamates,
such as methiocarb and aldicarb, which can be

readily converted, even in the presence of the syner-
gist, to sulfoxides that differ from the parent com-
pound in physical properties, chemical stability,
and anticholinesterase activity. Another problem, not
as readily identified, occurs because piperonyl but-
oxide is not the most efficient material available for
synergizing carbamates against the housefly (Weiden
& Moorefield, 1965; Wilkinson, 1971). Thus, the
potential insecticidal activity of a highly effective
cholinesterase inhibitor that is also very readily
metabolized may be underestimated. This can occur
even when the synergist dose is kept at a constant
high level as has been suggested by Jones et al. (1969).

In making toxicity-structure correlations, one
assumes that the method of treatment does not
change the relative toxicity of a series of compounds.
Although this is true for many carbamates when
tested by either the topical-application or the sugar
water bait method (Weiden & Moorefield, 1965),
we have found that toxicity by the topical-application
method falls off for the more hydrophilic compounds.
Thus, the bait method appears to be preferable since
its results parallel those obtained by the injection
method, which by-passes the problem of cuticular
penetration (Weiden, 1968). Furthermore, solvent
effects or quasi-synergism (Sun, 1970) appear to be
avoided by the feeding method.

In an attempt to extract more information from
correlations between synergized toxicity and anti-
cholinesterase activity, the Riverside group has sub-
jected such data to multiple regression analysis
(Fukuto et al., 1969; Jones et al., 1969). It remains
to be seen whether this approach will materially aid
our understanding of the factors controlling such
correlations. The pharmacokinetic approach as ex-
emplified by Sun's (1968) microinfusion treatments
merits further consideration by those working with
carbamates.

SYMPTOMS OF CARBAMATE INTOXICATION
AND THEIR SIGNIFICANCE

The typical carbamate intoxication syndrome-
initial hyperactivity, followed by inco-ordination
and convulsive movements, and finally paralysis-is
well illustrated by the behaviour of the housefly
when treated with m-isopropylphenyl methylcarba-
mate near the LD50 level. Within 5-10 minutes
after topical application, the flies show increased
motor activity, with body jerks and wing fanning
being the most obvious symptoms. As loss of
co-ordination progresses, the insects begin to fall
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over on their backs. They may right themselves
temporarily and buzz around the holding container
or spin around on their backs. Paralysis with erratic
tremors occurs within half an hour. After several
hours of paralysis, some of the flies begin kicking
their legs in a more or less co-ordinated manner.
They may then buzz around for a short time before
righting themselves or may right themselves without
much visible distress. Maximum recovery is achieved
in about 10 hours.

In larvae of the southern armyworm, regurgitation
and defaecation are obvious symptoms of carbamate
intoxication accompanying the stages of excitation
and inco-ordination. Flaccid paralysis follows but,
as in the housefly, extensive recovery may occur.
A study of the symptoms of poisoning provides

valuable toxicological information. Foremost is the
observation that the symptoms of carbamate intoxi-
cation are in accord with the postulated cholinergic
mode of action of the carbamates. The fact that
houseflies show symptoms within a few seconds
after being injected supports the generally held con-
cept that most carbamates do not have to be bio-
chemically activated before exerting their toxic
action.

In insects such as lepidopterous larvae, where tech-
nical difficulties preclude a ready or reliable assay
of anticholinesterase potency, the occurrence of at
least transient symptoms after injection at moderate
doses provides evidence of inherent toxicity.
Symptoms are also of value for the evaluation of

factors that affect penetration rates and detoxifica-
tion. Thus, the typical effect-rapid knock-down
with eventual recovery, as outlined above-changed
to a very slow onset of symptoms with no recovery
when we evaluated some carbamates with strongly
hydrophilic substituents (Weiden, 1968). Analogous
results have been obtained with mosquitos by
Hadaway et al. (1970a).
A consideration of the carbamate intoxication

syndrome provides an explanation of the fact that
synergistic ratios are usually much greater for insects
than for higher animals. In higher animals, respira-
tory paralysis associated with anticholinesterases
quickly leads to death. In contrast, insects have no
such physiological limitation because of their dif-
fusion-type respiratory system, and thus are able to
recover after long periods of paralysis. The synergist
inhibits detoxification, thereby preventing recovery.
Since recovery in insects is much more dramatic,
for the reason given above, one would also expect
a greater synergistic effect.

Finally, there is the question of the possible effects
of sublethal yet symptom-producing concentrations
of carbamates on field populations. Certainly com-
plex behaviour patterns-such as mating, the pene-
tration of host tissues by boring or tunnelling insects,
and the avoidance of predators-must also be
disrupted at early stages in the intoxication syndrome.
Can such effects be as important as acute toxicity
and residual properties in the ultimate control of a
pest species?

STRUCTURE-ACTIVITY PROFILES

Much of the previous discussion has centred on
the housefly-and rightly so, because most of the
available acetylcholinesterase '50 data have been
obtained with housefly-head preparations. We shall
now turn to the results of some studies of variations
in activity against different species. The compounds
tested were selected from commercial and experi-
mental carbamates and appropriate analogues in
order to obtain some insight into the highly variable
and often unpredictable nature of the structure-
activity profiles of insecticidal carbamate esters.

The following insects and tests were used:
(1) Aphisfabae Scopoli, the bean aphid (Aphidae)-

spray;
(2) Prodenia eridania (Cramer), the southern army-

worm (Noctuidae)-feeding on sprayed or dipped
leaves;

(3) Epilachna varivestis Mulsant, the Mexican bean
beetle (Coccinellidae)-feeding on sprayed or dipped
leaves;

(4) Musca domestica L., the housefly (Muscidae)-
feeding on 10% sugar-water bait with and without
500 or 1000 ppm of piperonyl butoxide, also topical
application of solutions in acetone to the thorax; and

(5) Tetranychus urticae Koch, the two-spotted spi-
der mite (Tetranychidae)-spray.

Housefly-head acetylcholinesterase I50 values were
determined manometrically at 37°C with 0.02 N
acetylcholine as substrate. For further details of the
methods, see Weiden (1968).

Biological results obtained for a single species
should not be construed as being necessarily indica-
tive of the degree of activity to be expected against
other members of the same taxonomic category. For
example, carbaryl and many phenyl methylcarba-
mates are inactive against tetranychid mites, although
carbaryl is toxic for other members of the class Aca-
rina, such as ticks, parasitic mites, rust mites, and
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Table 1
Structure-activity relationships for cyclic enol dimethylcarbamates *

GENERAL FORMULA

0
II

R-OC-N-(CH3)2

LC50 (ppm) for
Compound Name R substituent |_ 1|50No.

aphid mite southern bean housefly (M)
armyworm beetle

H3C
DimetantHt3 <15 >1 000 >1 000 >1 000 80 5 x 107

0

H3C

11 Pyrolan t <20 300 >1 000 800 68 2 x 10-7

H3C

IlIl Isolan t N 1 590 1 000 150 22 3 x 10-8

H3C - C - CH3
H

H3C
IV Dimetilan t (CH3)2N CC 5 1 000 >1 000 620 4 1.3 x 10-6

0

V Pyramat t N .-:N <15 800 >1 000 >1 000 40 3 x 10-6

CH2CH2CH3

' See text for explanation of test methods.

predaceous mites (Weiden & Moorefield, 1965).
Further information on taxonomic variations in
susceptibility to carbaryl applied topically with and
without piperonyl butoxide is given by Brattsten
& Metcalf (1970).

DIMETHYLCARBAMATES OF ALICYCLIC
AND HETEROCYCLIC ENOLS

These early Geigy carbamates (see Table 1) are

inactive against the southern armyworm and weak

at best against mites and the Mexican bean beetle.
Isolan t (III) is one of the best carbamate aphicides
The superior feeding toxicity of Dimetilan t (IV)
for houseflies, in spite of its relatively low (compared
with other compounds in Table 1) anticholinesterase
potency, is probably associated with its hydrophilic
nature. Isolan t and Pyrolan t (II) were among the
first carbamates to be shown to be synergized by
m ethylenedioxyphenyl derivatives (Moorefield, 1958).
These compounds are much less toxic to the Mexican
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bean beetle than are the phenyl carbamates; how-
ever, Weiden & Moorefield (1965) showed that
Dimetilan t and Pyrolan t could be synergized
against this insect by phenyl dimethylcarbamate.
The monomethylcarbamates of these same enols
show some insecticidal activity, but they are too
unstable for practical use (Gubler et al., 1968).

ARYL METHYLCARBAMATES

The largest and most thoroughly studied group of
insecticidal carbamates is that formed by derivatives
of phenols. Of necessity, only a few subclasses are
discussed here.'

Alkylphenyl and alkoxyphenyl methylcarbamates
The alkyl-substituted compound m-isopropylphe-

nyl methylcarbamate (UC 10854; compound VII, Ta-
ble 2) shows a typical aryl methylcarbamate spec-
trum-it is active against the Mexican bean beetle
and the bean aphid, almost inactive against the
southern armyworm and the two-spotted spider
mite, and only moderately active, but readily syner-
gized, against the housefly. For the insects listed
here, the differences between UC 10854 and its
ortho-isomer (compound VI) are small, whereas the
meta-isomer of propoxur (X) is almost inactive.
Single ring substituents in the para position usually
yield compounds of little or no activity. Com-
pound XII (H8717) is unusual for an aryl methyl-
carbamate because it is highly active against the
housefly and it is not synergized by piperonyl but-
oxide. Since the propargyloxy group is an essential
feature of certain synergists (Wilkinson, 1971), it
appears that H8717 provides for its own synergism.
A similar explanation has been invoked for the high
activity of 3,4-methylenedioxyphenyl methylcarba-
mate (Fukuto et al., 1962). The bis(methylcarba-
mate) of resorcinol (XI) was included because it
shows a high selectivity towards the housefly when
fed with the bait. Its topical LD50 is a relatively
poor 350 ,ug/g and its injection LD50 is 18 ,ug/g.
Undoubtedly the hydrophilic properties of this com-
pound account for its unusual biological properties.
Carbofuran (XIII) can be regarded as a modification

I Further details can be found in the definitive series
published by Metcalf, Fukuto, and their co-workers (see
the list of references for key papers); in the Symposium on
Carbamate Insecticides published in J. agric. Food Chem.,
1965, vol. 13, No. 3; in the Symposium on Pesticidal Car-
bamates published in J. Sci. Food Agric., 1968, Suppl.;
and in the papers of Kazano et al. (1968) and Meltzer& Welle
(1969) for the variety of insect species and compounds tested.

of propoxur in which the isopropyl group is in a
fixed position. Can this be related to the fact that
carbofuran shows greater activity than propoxur?

Substitution at the carbamate nitrogen
Although the first insecticidal carbamates were

derivatives of dimethylcarbamic acid, all subsequent
ones have been monomethyl derivatives. The reason
for this is two-fold-dimethylcarbamates are much
poorer inhibitors of acetylcholinesterase, and they
appear to be more rapidly detoxified, possibly
because of their greater lipophilicity. Only when a
monomethylcarbamate is unstable-e.g., methyl-
carbamates of heterocyclic enols (Gubler et al.,
1968) or of certain oximes (Weiden, 1968)-can a
dimethylcarbamate be a better inhibitor and possibly
a better insecticide also. The unsubstituted or pri-
mary carbamates are reputedly less insecticidal, al-
though UC 10854 (VII) and its demethyl derivative
(XIV) are approximately equitoxic to the bean
aphid and to the Mexican bean beetle.

In an attempt to reduce toxicity for mammals yet
maintain animal ectoparasite control, workers at the
Boots laboratories studied a series of N-acyl me-
thylcarbamates (Fraser et al., 1968). Such deriva-
tives are indeed less toxic to mammals than their
parent compounds (Fraser et al., 1968; Miskus
et al., 1968), but their insecticidal activity is highly
variable. N-acetyl UC 10854 (XVI) was practically
inactive against the insects listed in Table 2, yet
Miskus et al. (1968) found only a two-fold reduction
in toxicity of the N-acetyl derivative of Zectran t to
the western budworm, Choristoneura occidentalis
Freeman. Fahmy et al. (1970) reported that the
N-formyl derivative of carbaryl showed 3 times the
activity of the latter against Prodenia litura F.,
while the N-acetyl derivative showed only 1/15 of
the activity of the parent compound. The observa-
tions that the N-acyl carbamates are less active cholin-
esterase inhibitors than the parent compounds
(Lewis, 1967), and that significant quantities of free
Zectran t are found in the case of the western bud-
worm (Miskus et al., 1969), indicate that competing
metabolic pathways of activation and detoxification
are involved. An even more complex situation may
occur with the recently described N-(dialkylphos-
phoryl) methylcarbamates, because the dialkyl-
phosphoryl group may itself be an insecticidally
active moiety (Fahmy & Fukuto, 1970). Another
substituent that has a direct bearing on vector con-
trol is the phenylthio group. It has recently been
reported that m-sec-butylphenyl [methyl(phenylthio)]
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Table 2
Structure-activity relationships for alkylphenyl and alkoxyphenyl carbamates *

GENERAL FORMULA

OCNHCH3

R substituent

2-(CH3)2CH-

3-(CH3)2CH-

4-(CH3)2CH-

2-(CH3)2CH20-

3-(CH3)2CH20-
3-CH3NHC(O)0-

3-CH=CCH20-

COMPLETE FORMULA

0

OCNHCH3

0
CH3

CH3

LCso (ppm) for
7j~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

aphid

20

30

> 200

1 6

450

>100

50

2

mite southern
armyworm

320

500

> 1 000

1 000

>1 000

> 500

350

175

600

500

>1 000

500

>1 000

> 500

250

90

housefly Is0
Mexican AChE
bean with (M)
beetle alone piperonyl

butoxide

16 65 5 0.3 x 10-6

10 90 15 0.4 x 10-6

>250 >1 000 - 12.0 x 10-6

12 16 1 0.1 x 10-6

>1 000 320 - 4.0 x 10-6

300 27 - -

25 7 6 3.0 x 10-6

12 12

GENERAL FORMULA

R-

XCH

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

XIV demethyl 0 35 >500 >E0 26 1 000 15 250.0 x 10-6
UC 10854 OCNH2

0

XV - OCN(CH3)2 >5500 >500 500 350 >500 - 10.0 x 10 6

XVI N-acetyl O~CN 3
UC 10854 OCN >1 000 >1 000 1 000 >100 800 10J0 x 10 6"'CCH3

I~~~~~~~~~~~~~~~~~~I0

*See text for explanation of test methods.
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Compound
No.

VI

VIl

VilI

IX

X

Xi

XII

XiII

Name

UC 10854

propoxur

H8717

carbofuran
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carbamate (RE 11775) is highly active against
not only the adults but also the larvae of organo-
phosphate-resistant mosquitos (Schaefer & Wilder,
1970). Most carbamates are not very active against
the larval form.

Carbaryl, several of its metabolites, and related
compounds
The first three compounds in Table 3 are so

remarkably similar in I, values and toxicity for the
first three insects that the much greater toxicity of
Mobam t for the housefly is unexpected. Demethyl
carbaryl (XXIV) is unstable even at neutral pH
values and thus would be expected to show little
or no activity. The sulfone of Mobam (not shown
in Table 3) is inactive against insects and its I50 is
only 1/100 of that of the parent compound (Kilshei-
mer et al., 1969). Possibly the lack of activity of this
sulfone also reflects a stability problem. Metabolic
hydroxylation of carbaryl is truly a detoxification
process, as is seen from the almost complete lack
of toxicity of compounds XXII, XXIII, and XXIV,
even though the 10 may not necessarily increase.
Hydroxylated metabolites of propoxur have also
been reported to be inactive against mosquito larvae
(Shrivastava et al., 1970). Miskus et al. (1968)
found 3,5-dimethyl-4-hydroxyphenyl methylcarba-
mate to be nontoxic to the western budworm
(Choristoneura occidentalis Freeman). From these
results with hydroxylated carbamates, one might
also expect that functional groups such as esters,
which could be readily hydrolysed in vivo to form
a free hydroxyl group, would also be inactive.

Substituted-aminophenyl methylcarbamates
p-Dimethylaminophenyl methylcarbamate is al-

most nontoxic (Metcalf et al., 1962; Meltzer &
Welle, 1969), yet introduction of the adjacent alkyl
group(s) produces highly active compounds (Table 4)
such as aminocarb (XXV) and Zectran t (XXVI)
(Kaeding et al., 1965). With the aryl methylcarba-
mates, only 3-alkyl-4-amino or 3,5-dialkyl-4-amino
(or substituted amino) substitution has resulted in
high activity against lepidopterous insects. Curit t
(XXXI) and formetanate (XXXII) are the most active
miticides among the aryl methylcarbamates. The
decrease in toxicity for aphids and in topical-
application toxicity for the housefly that occurs when
the dimethylamino group is changed to the methoxy-
carbonylamino group (XXVII to XXX) signals a
shift to more hydrophilic properties. The increase
in bait toxicity for these methyl carbanilates,

together with a concomitant decrease in synergism,
probably reflects an increased resistance to detoxifi-
cation associated with the more hydrophilic nature
of these compounds. The good systemic properties
of UC 30044 (XXIX) and UC 30045 (XXX) (Weiden
et al., 1967) are in accord with the suggestion made
for aldicarb sulfoxide (Weiden, 1968), that hydro-
philic characteristics tend to increase resistance to
detoxification in plants. Despite their chemical
relationship to swep t and chloropropham,t these
carbanilates are not herbicidal.

Sulfur-containing carbamoyloximes
These compounds (Table 5) show the marked

changes in spectrum that often occur with even a
relatively simple modification of structure. The only
carbamoyloximes that have outstanding activity
against lepidopterous larvae are those with an alkyl-
sulfide substituent attached directly to the oxime car-
bon-e.g., El 38906 (XXXIX), methomyl (XXXV),
and Talcord t (XXXVI). The failures of DuPont
1410 (XXXVII) against the southern armyworm and
of methomyl against mites are very surprising. Aldi-
carb (XXXIII), methomyl, and DuPont 1410 are
active against root-knot nematodes, whereas Tal-
cord is practically inactive. The rather serious
handicap presented by the introduction of the S-phe-
nyl group into aldicarb (XXXIV) is probably asso-
ciated with a high detoxification rate, as evidenced
by its synergized toxicity. High detoxification rates
are also probably responsible for the poor insecti-
cidal activity found in many carbamoyloximes of
benzaldehydes and acetophenones (Weiden, 1968;
Fukuto et al., 1969). It should be noted that
aldicarb and methomyl are neither synergized nor
significantly antagonized by piperonyl butoxide. For
structure-activities profiles for other carbamoyl-
oximes related to methomyl, see Felton (1968).

In addition to examining structure-activity rela-
tionships of series of compounds that include active
members, it is also instructive to note the types of
carbamate ester that are, so far as is known, devoid
of insecticidal activity. These are listed below,
together with examples of the types of biological
activity they do possess.

(1) Carbamates of aliphatic and alicyclic alcohols:
tranquillizers (meprobamate); hypnotics (ethinamate
and Hedonal t); parasympathomimetic agents in
higher animals (carbachol).

(2) Carbamates of benzyl alcohols: pre-emergent
herbicides (dichlormate t).
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Table 3
Structure-activity relationships for carbaryl, several of its metabolites, and related compounds *

GENERAL FORMULA

0
11

ROCN HCH3

Name

carbaryl

5,6,7,8-tetra-
hydrocarbaryl

Mobam t

4-hydroxycarbaryl b

5-hydroxycarbaryl b

mel

R substituent

N

OH

OH

COMPLETE FORM ULAE

thylol of 0
,arbaryl b 1I

OCNHCH20

0
11

OCNH2
nethyl carbaryl

' See text for explanation of text methods.
a Dosage-mortality curve plateau.

.~~~~~~~~~~~~ahdsuhr

aphid southernI
armyworm

20 125

27

12

17

>100

->100

-, 1 00

-100

310

200

185

--'1 000

-1 000

--500

500

LC50 (ppm) for

Mexican
bean
beetle

10

22

25

50

>100

>100

>100

150

housefly

alone

250 a

-400a

12

85

600

>1 000

> 500

with
piperonyl
butoxide

24

20

4

50

190

>1 000 >1 000 >10-3 C

b Animal and plant metabolite of carbaryl.
c Unstable under conditions of determination.

Compound
No.

XVII

XVIII

XIX

XX

XXI

XXII

XXIII

150
AChE
(M)

0.3 x 10-6

0.3 x 10-6

0.3 x 10-6

0.6 x 10-6

1.2 x 10-6

0.3 x 10-6

XXIV den

I I~~~~~~~~~~~~~
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Compound Name
No. i

XXXIII aldicarb

Table 5

Structure-activity relationships for sulfur-containing carbamoyloximes *

GENERAL FORMULA

0

C = NOCNHCH3

Su bstituents

R

CH3

CHS-C-
c3 s-c

CH3

LC5o (ppm) for

souher Mexican ho
R aphid mite southern; bean --

i ,~~rywr beetle alone

4 15 5EO 70 5

isefly

with
p.b.u

6 118.0 x 10-6

CH3

CH3

XXXV methomyl CH3S-

XXXVI Talcord '

XXXVII DuPcnt 1

XXXIX El 38906

H-

CH3-

NCCH2CH2S- CH3-

410I CH3S

-S-CH2CH2-S-

100 1 000

4 500

10 8

*1 000

11

5

(CH3)2NC(O)- 15 35 500

.100 -1 000 .1 000

~1 10 15

* See text for explanation of test methods.
"I Piperoniyl butoxide.

(3) Thiolo-, thiotio-, and dithiocarbaniates: herbi-
cides (vernolate,t tri-allate); miticides (e.g., benzyl
thiocarbamates and dithiocarbamates-see Werres
et al., 1961). Hadaway et al. (1970b) have suggested
that the carbamates of thiophenols are too unstable
to be active acetylcholinesterase inhibitors.

(4) Esters of carbanilic acids: herbicides (barban,
chloropropham,t swep t); miticides (2-butynyl p-

chlorocarbanilate [Stauffer R-17335]).

(5) Oxime esters of carbanilic acid: herbicides
(proximpham t).
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AChE
(M)

XXXIV

XXXVI

-100

70
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30i
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2
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