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The Relative Toxicity to Adult Mosquitos of Derivatives
of Phenyl N-Methylcarbamate *

by A. B. HADAWAY, Officer-in-Charge, and F. BARLOW, Chemist, Tropical Pesticides Research Unit,
Porton Down, Salisbury, Wilts., England

A variety of carbamic acid esters have been
known for many years to be highly toxic to mammals.
Thus, physostigmine or eserine has a pronounced
cholinergic action, and prostigmine, was developed
as a cholinergic drug. In 1947, the Geigy Company
investigated the properties of the N, N-dimethyl-
carbamates of heterocyclic alcohols, and found
dimetan, Prolan and Isolan to have useful insecticidal
action against a number of insect species but poor
residual action.a The discovery of the insecticidal
properties of carbaryl (1-naphthyl-N-methylcar-
bamate; Sevin)b and the investigations of Metcalf
and his co-workers c-g have stimulated further
interest in the activity of carbamic acid esters.
A number of derivatives of phenyl N-methylcar-

bamate have now been evaluated for intrinsic
toxicity and residual contact toxicity to adult mos-
quitos. Some of the compounds have been investi-
gated as part of the World Health Organization's
collaborative scheme to evaluate potential mosquito
control agents, while others have been obtained
directly through the generosity of manufacturers
or have been synthesized. This paper is concerned
with the relationship between chemical structure
and intrinsic toxicity determined by topical applica-
tion of solutions, and residual contact action will
be dealt with subsequently.

* This investigation was supported by the World Health
Organization and by a United States Public Health Service
Research Grant (No. EF. 194) to the World Health Organiza-
tion.
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Materials and methods

Many of the compounds were synthesized from
the corresponding phenols by the method described
by Kolbezen, Metcalf & Fukuto; c 0.01 mole of a
phenol was dissolved in the minimum volume of
dry diethyl ether, or 1 ml if completely miscible,
and 0.012 mole of methyl isocyanate added, followed
by one drop of triethylamine. This solution was
stored in a glass-stoppered test-tube at room tem-
perature. If no crystallization had occurred after
several days, 2 ml of 40-60 petroleum ether were
added and the mixture cooled. The great majority-
of the compounds were solids and these, together
with samples of esters obtained from commercial
sources, were recrystallized from mixtures of 60-80
petroleum ether and benzene of varying ratios to
suit the solubility characteristics of particular
compounds. Halogenated derivatives were recry-
stallized from more powerful solvents such as chloro-
form or carbon tetrachloride. Uncorrected melting-
points are given in the tables. Liquids were distilled
at about 0.3 Torr pressure. The sulfinyl and sulfonyl
derivatives of 3-methyl-4-methylthiophenol were
relatively insoluble in diethyl ether and the reaction
with methyl isocyanate was carried out in chloro-
form. Elementary analyses of the N-methyl car-
bamates of these phenols were as follows:

Calculated Found

C H N C H N

3-methyl-4-methylsulfinylphe-
nyl N-methylcarbamate . . 52.8 5.8 6.2 53.2 5.9 6.7

3-methyl-4-methylsulfonylphe-
nyl N-methylcarbamate . . 49.4 5.4 5.8 49.1 5.5 6.0

3,5-dimethyl4-methylsulfinyl-
phenyl N-methylcarbamate 54.8 6.3 5.8 54.2 6.2 6.2

3,5-dimethyl-4-methylsulfonyl-
phenyl N-methylcarbamate 51.4 5.9 5.5 51.7 6.1 5.7

The 3-isopropyl-6-methylphenyl N-methylcarba-
mate had a melting-point of 61°C-63°C, much lower
than the 90°C-91°C given by Kolbezen et al.c
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However, its identity was checked by elementary
analysis and supported by ultraviolet absorption
properties.
Each compound was dissolved in di-isobutyl

ketone, and a measured volume of solution applied
to the dorsal surface of the thorax of individual
mosquitos from a microburette similar to that
described by Kerr.h Mosquitos used in the tests
were reared by standard methods at 25°C and
70%-80% relative humidity and consisted of adult
-female Anopheles stephensi List., two to three days
old and blood-fed, and adult female Aedes aegypti
L., one to two days old and unfed. Volumes applied
were in the range 0.01-0.025 microlitre per mosquito,
and two batches each of 20 mosquitos were treated
at each of four doses of insecticide. Each batch
was then placed in a paper-cup cage, provided with
sugar solution, and stored for 24 hours before
mortality counts were made.

Responses shown by the mosquitos to the median
lethal dose of a compound were characterized by
total rapid knockdown, frequently in 15-30 minutes,
and a slower recovery, over a period of several
hours, of survivors. Probit-kill/log-dosage regression
lines were parallel, and relative toxicities were
determined by comparison of median lethal doses.

Results
Median lethal doses of the various compounds

and their melting-points (uncorrected) are given in
Tables 1 to 5. Some compounds appear in more
than one table as they are common to different
arrangements made to show the effect of a particular
form of structural change.

Discussion
The carbamic acid esters examined exhibit a

striking and wide range of intrinsic toxicity, as
determined by topical application in solution, to
adult mosquitos from a median lethal dose of
0.0019 ,ug per female for the most toxic (3-isopropyl-
phenyl N-methylcarbamate) to negligible toxicity
at a dosage of 0.3 ,ug per female for the least toxic
compounds. Female Anopheles stephensi were more
susceptible than Aedes aegypti to a given compound.
The ratio of the median lethal dose for Aedes
aegypti to that for Anopheles stephensi was generally
of the order of 2-3 :1, but was as low as 1.3 :1 and
as high as 7.5: 1. With few exceptions, however,
the order of toxicity of compounds in the various
series was the same for the two species.

h Kerr, R. W. (1954) Bull. ent. Res., 45, 317-321.

TABLE 1
TOXICITY OF METHYLPHENYL N-METHYLCARBAMATES

Median lethal dose
Substituent(s) on Melting- (sg x 10-a per female)
the phenyl ring point (°C)

s A. aegypfiA. stephensi A. aegypti

None 85-86 56 97

2-methyl 101-102 92 190

3-methyl 75-76 17 42

4-methyl 95 53 105

2,3-dimethyl 107-108 15 42

2,4-dimethyl 91 112 270

2,5-dimethyl 73-74 95 180

2,6-dimethyl 104-105 > 300 > 300

3,4-dimethyl 80-81 5.3 17

3,5-dimethyl 100 9.2 36

2,3,4-trimethyl 121 17 63

2,3,5-trimethyl 124-125 33 140

2,3,6-trimethyl 124 > 200 > 200

2,4,6-trimethyl 136-138 > 300 > 300

3,4,5-trimethyl 121 5.3 15

3,4,6-trimethyl 116-118 18 57

2,3,4,6-tetramethyl 172 > 150

Both the position and the size of the substituent
group of mono-substituted alkyl phenyl N-methyl-
carbamates exerted a considerable influence on
toxicity. A methyl group conferred greatest activity
in the meta-position and least activity in the ortho-
position, while the activity of the para-isomer was
intermediate and similar to that of the parent
unsubstituted compound. Toxicity increased as the
size of the substituent group in the meta-position
increased, until a maximum was reached with the
iso-propyl and sec-butyl compounds, and then
decreased as the size of the substituent group
increased still further. A similar trend was apparent
with the substituents in the ortho-position, but
toxicity decreased as the size of the substituent in
the para-position increased, with the exception that
the sec-butyl compound showed a fair degree of
activity. The effect of position was most striking,
therefore, with the meta- and para-isomers of iso-
propylphenyl N-methylcarbamate, the relative toxi-
city being >150.
With the mono-chloro-substituted phenyl N-me-

thylcarbamates the position of the substituent was
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TABLE 2
TOXICITY OF MONO-ALKYL-SUBSTITUTED

PHENYL N-METHYLCARBAMATES

Median lethal dose
Substituent Melting-point (°C) (Ag x 10-3 per female)

A. stephensil A. aegypti

2-methyl 101-102 92 190

3-methyl 75-76 17 42

4-methyl 95 53 105

2-ethyl 76 42 105

3-ethyl 74 13 26

4-ethyl 84 112 295

3-n-propyl 61-62 5.2 12

2-isopropyl 96-96.5 3.6 13

3-isopropyl 74-75 1.9 3.5

4-isopropyl 96-98 > 300 > 300

2-sec-butyl b.p. 110 at 0.25 Torr 7.3 25

3-sec-butyl 60-61 2.0 3.8

4-sec-butyl b.p. 127 at 0.3 Torr 40 42

3-tert-butyl 143-144 2.4 5.6

3-sec-amyl 65-70 3.7 9.2

again important, but here the ortho-isomer was the
most toxic and the meta- and para-isomers were less
toxic than the parent compound.
When two or more groups were substituted on

the benzene ring toxicity was clearly dependent
upon their interaction. With the di- and tri-methyl-
phenyl N-methylcarbamates one methyl group in
the meta-position was necessary for high activity,
and the most toxic compounds were the 3,4-dime-
thyl, 3,5 dimethyl and 3,4,5-trimethyl (Table 1). The
effect of addition of other groups to alkyl-substituted
phenyl esters varied greatly according to the nature of
the group and its position. Thus, a chlorine atom
generally decreased toxicity, the adverse effect
increasing in the order 6, 4 and 2 as regards position
relative to an active 3-alkyl group. An exception
was 3,4-dimethyl-6-chloro-phenyl N-methylcar-
bamate, which was slightly more toxic than the
dimethyl compound although the 2-chloro isomer
was much less toxic. Other substituents in the
4-position could have a beneficial effect. For
example, in the two series of Table 3 involving 3-
methyl and 3,5-dimethyl-phenyl N-methylcarba-
mates, the order of toxicity was methylthio > me-

TABLE 3
TOXICITY OF SUBSTITUTED PHENYL

N-METHYLCARBAMATES

Median lethal dose
Metn- (Mg X 10-3

Substituent(s) Meltin- per female)
on the phenyl ring (OCA

A.e A.stelphensli aegypti

2-chloro
3-chloro
4-chloro
2,4-dichloro
2,4,5-trichloro

2-methyl
2-methyl-4-chloro
2-methyl-6-chloro
2-methyl-4-tert-butyl
3-methyl-4-tert-octyl

3,4-dimethyl
3,4-dimethyl-2-chloro
3,4-dimethyl-6-chloro

3-isopropyl
3-isopropyl-2-chloro
3-isopropyl-4-chloro
3-isopropyl-6-chloro
3-isopropyl-5-methyl
3-isopropyl-6-methyl
3,5-di-isopropyl

2-isopropyl
2-isopropyl-4-methyl
2-isopropyl-5-methyl
2-isopropyl-5-methyl-6-chloro

3-sec-butyl
3-sec-butyl-6-chloro

3-methyl
3,4-dimethyl
3-methyl-4-methylthio
3-methyl-4-chloro
3-methyl-4-dimethylamino

3,5-dimethyl
3,4,5-trimethyl
3,5-dimethyl-4-methylthio
3,5-dimethyl-4-chloro
3,5-dimethyl-4-dimethylami no
3,5-dimethyl-2,4-dichloro

2-isopropoxy
2-allyloxy

88-89
80-81
116-117
126-127
158-159

101 -1 02
103
104

121 -123
96

80-81
141-144
131-132

74-75
115-116
88-92
88-90
90-92
61-63
80-80.5

96-96.5
103-104
96-97
94-95

60-61
61-63

75-76
80-81

73
112

94-95

100
121

121-123
114-116
88-88.5
134

88-90
55-56

32
126
140
130

> 150

92
300

> 300
> 300
> 300

5.3
21
4.1

1.9
22
5.3
2.5
3.5

21
13

3.6
18
42

245

2.0
3.7

17
5.3
2.5

27
18

9.2
5.3
2.5
13
8.4
10

2.0
4.8

42
160

190

17
67
9.5

3.5
55
12
7.3

12
70
81

13
87

295
> 300

3.8
12

42
17
4.8
66
23

36
15
4.8
63
12
45

7.4
13

thyl > dimethylamino > hydrogen > chloro. Sub-
stitutions in both 2- and 6-positions always resulted
in compounds of very low activity.

In addition to the substituted phenyl N-methyl-
carbamates, three other derivatives given in Table 4
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TABLE 4
TOXICITY OF VARIOUS OTHER CARBAMATES

Median lethal dose
Compound Melting-point (isgx 10-3 per female)

_
OC

A. stephensi A. aegypti

1-naphthyl N-methylcarbamate 141-142 4.6 19

2-naphthyl N-methylcarbamate 120 290 -

3-isopropylphenyl N-methylcarbamate 74-75 1.9 3.5

3-isopropylphenyl N,N-dimethylcarbamate liquid 91 245

TABLE 5
TOXICITY TO ANOPHELES STEPHENSI OF TWO 4-METHYLTHIO DERIVATIVES

AND THEIR OXYGENATED PRODUCTS

Median
Melting-point lethal doseCompound (OC) (gx 10-3

_

per female)

3-methyl-4-methylthiophenyl N-methylcarbamate 73 2.5

3-methyl-4-methylsulfinylphenyl N-methylcarbamate 136-137 5.3

3-methyl-4-methylsulfonylphenyl N-methylcarbamate 106-108 18

3,5-dimethyl-4-methylthiophenyl N-methylcarbamate 121-123 2.5

3,5-dimethyl-4-methylsulfinylphenyl N-methylcarbamate 134-135 5.5

3,5-dimethyl-4-methylsulfonylphenyl N-methylcarbamate 157-160 15

were examined. Carbaryl (l-naphthyl N-methyl-
carbamate) was highly toxic to both mosquito
species but its isomer (2-naphthyl N-methylcarba-
mate) was considerably less active. 3-Isopropyl-
phenyl N,N-dimethylcarbamate was very much less
effective than the corresponding N-methylcarba-
mate.
The sulfur in the methylthio group is capable of

oxidation to the corresponding sulfoxide and sul-
fone, and it is known that such reactions can occur
in residues exposed to air and light. Table 5 shows
that these oxidation products of two esters con-
taining the 4-methylthio group are less toxic than
the parent compounds.
Where comparisons are possible, the order of

toxicity of compounds to adult mosquitos generally
agrees with that obtained by Metcalf and his co-
workers with houseflies and mosquito larvae.e, f. i

i Metcalf, R. L., Fuertes-Polo, C., & Fukuto, T. R. (1953)
J. econ. Ent., 56, 862-864.

The similarity in the responses of quick knock-
down and slower recovery shown by the mosquitos
to the various carbamates and the parallelism of the
probit-kill/log-dosage regression lines indicate a
similar mode of action. Some of the carbamates
referred to in this paper have been shown to inhibit
cholinesterase in the mosquitos Anopheles stephensi
and Aedes aegypti (unpublished). Metcalf, Fukuto
& Winton e have shown that with houseflies there
is a substantial measure of agreement between the
relative toxicity of the various substituents and
isomers and the relative anticholinesterase activity.
They conclude that a logical explanation of the
ability of the substituted phenyl N-methylcarbamate
cholinesterase inhibitors must take into account the
structural features of the enzyme surface and simi-
larity in size and shape between the acetylcholine
molecule and the carbamate molecule. The relative
toxicity of carbamic acid esters to insects will
therefore clearly be influenced by the size, shape,
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position and interaction of the substituent groups,
and the rates of breakdown or detoxification and
penetration to the site of action.

* *
*

We are grateful to Coalite and Chemical Products
Ltd, Midland Tar Distillers Ltd, William Pearson Ltd,

Imperial Chemical Industries Ltd, and Cocker Chemical
Co. Ltd for their generosity in supplying samples of
phenols and to California Chemical Co., Farbenfabriken
Bayer A.-G., Hercules Powder Co., Hooker Chemical
Co., Schering A.G., Shell Development Co., Upjohn
Chemical Co., and Union Carbide Co. for samples of
carbamates.

Assessment of Two Possible Pretreatment Methods of Preventing
Sorption of Insecticide Residues by Dried Mud

by A. B. HADAWAY, Officer-in-Charge, and F. BARLOW, Chemist, Tropical Pesticides Research Unit,
Porton Down, Salisbury, Wilts., England

Sorption of particulate insecticides from the
surface of dried muds used in house construction
in many tropical countries is accompanied by a
reduction in their effectiveness against adult mos-
quitos resting on the surface, and the biological
activity of the sorbed insecticide is influenced
considerably by atmospheric humidity.a Many alkyl
phenyl N-methylcarbamates that have a potential
use as residual contact insecticides for adult mosquito
control are sorbed more readily on a given soil than
the chlorinated hydrocarbons DDT and dieldrin,
and the influence of humidity on the availability
of the sorbed carbamates is also greater.b

Several attempts have been made to inhibit
sorption of chlorinated hydrocarbons and increase
the persistence of surface deposits by altering the
insecticide formulation. For instance, Gerolt c

prepared new wettable powders based on ground,
solidified melts of dieldrin and an adjuvant such as
coumarone resin, a synthetic resin (Aroclor), or
gilsonite, and laboratory tests showed that the
persistence of dieldrin on a sorptive mud surface
was greatly extended. The superiority of the
dieldrin/resin formulations over the standard diel-
drin wettable powder disappeared, however, in field
trials at Arusha, Tanzania, when contact periods
were unrestricted and the average relative humidity
was comparatively high.d

a Barlow, F. & Hadaway, A. B. (1958) Bull. ent. Res.,
49, 315, 333.

b Hadaway, A. B. & Barlow, F. (1963) Bull. ent. Res.,
54, 329.

c Gerolt, P. (1961) Bull. Wld Hith Org., 24, 577.
d Tiel, N. van (1961) Bull. Wld Hlth Org., 24, 593.

It would appear that with an insecticide such as
dieldrin, with a high intrinsic toxicity to adult
mosquitos and no irritant action, sorption is of
little or no significance in practice provided that
atmospheric humidity is high. However, there are
situations where sorption of insecticides applied to
dried mud walls may be an important factor in the
failure to obtain adequate control of adult mosquitos
and where the authorities are prepared to consider
pretreatment of walls in preference to the expensive
alternatives of larviciding and mass drug adminis-
tration. It is appreciated that pretreatment of walls
is a laborious procedure to be avoided if possible,
but it was considered worth while to re-examine
possible methods of preventing or delaying sorption.

Materials and methods

Plywood panels or dried mud bricks made from
our standard sorptive red Babati soil, or similar
test surfaces pretreated as described later, were
sprayed in a modified Potter tower with aqueous
suspensions of wettable powder formulations at a
dosage of 1 g active ingredient per M2. They were
stored and tested at 25°C and 50%-55Y% relative
humidity.

Mosquitos (Anopheles stephensi List.) were reared
by standard methods at 25°C and 70 %-80% relative
humidity. Batches of 12-15 females, 2-3 days old
and blood-fed, were exposed on treated panels or
dried mud bricks for known times by the method
described previously b and were then transferred to
paper-cup cages and stored for 24 hours before
mortality counts were made.
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