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Evaluation of Compounds for Insecticidal Activity
on Adult Mosquitos*

2. Toxicity to Adult Mosquitos and the Physical Properties of Some
New Carbamates

A. B. HADAWAY, F. BARLOW, J. E. H. GROSE, C. R. TURNER & L. S. FLOWER

The N,N-dimethylcarbamates are much less toxic and much more volatile than the
corresponding N-methylcarbamates. N-acylation of N-methylcarbamates is also generally
accompanied by a loss in intrinsic toxicity to adult mosquitos by topical application, but
the reduction in toxicity may be relatively small and in some N-acetyl derivatives may
not occur at all. N-acylation is also accompanied by changes in physical properties such
as lipid solubility and partition coefficient, which influence contact toxicity, and volatility,
which affects residual activity. In the series of compounds examined, contact toxicity is
maximal in the N-acetyl derivatives but their volatility is often so high that they lack the
persistence required of residual insecticides. This does not apply, however, to the N-acetyl
derivatives of OMS-597 and OMS-708 because the volatility of the parent compound is
so low that some degree ofpersistence can be sacrificed to obtain some improvement in
contact activity.

OMS-1064 is the only N-chloroacetyl derivative tested so far that shows promise as a
residual insecticide.

The relative toxicities to adult mosquitos of
numerous substituted N-methylcarbamates and some
N-acyl derivatives were recorded previously (Hada-
way & Barlow, 1965, 1966b). Additional compounds
obtained through the World Health Organization
programme for the evaluation of insecticides or
synthesized by one of us (F. B.) have now been
examined and relationships between chemical struc-
ture, physical properties and insecticidal activity
have been studied further.

MATERIALS AND METHODS

N-acylcarbamates were usually prepared by the
method of Robertson, Fraser & Clinch (1963) using
the appropriate acid anhydride and trace amounts
of sulfuric acid as a catalyst. However, chloro-
acetates could not be made from chloroacetic anhy-
dride by this procedure. Instead, the carbamate
was dissolved in xylene containing 1.5 equivalents
of chloroacetyl chloride and the solution was refluxed

* From the Ministry of Overseas Development, Tropical
Pesticides Research Unit, Porton Down, England.

for 24 hours. Part of the xylene was usually distilled
before the liquid residue was diluted with petroleum
ether to precipitate the N-chloroacetyl derivative.
This method frequently produced a mixture of which
about 70% was the required compound. Solids there-
fore required several recrystallizations before the
melting-point was constant.

Elemental analyses were obtained for some of
the new compounds when it was essential to check
on identity (Table 1), although the method of
preparation and the physical properties left little
doubt that they were the expected compounds.
Gas-liquid chromatography gave single peaks with
the expected retention times.
The compounds investigated, together with some

of their physical properties, are listed in Table 2
which also includes, for comparison, compounds
previously examined and reported. All the solids,
whether synthesized or obtained from commercial
sources, were purified by recrystallization. Liquids
were prepared from pure reactants and were redis-
tilled except for the sample of OMS-1064 which
was provided by the makers and described as pure.
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TABLE 1
ELEMENTAL ANALYSES OF SOME NEW COMPOUNDS TESTED FOR INSECTICIDAL PROPERTIES

Calculated (%) Found (%)
Compound C H N Cl S

I -C H N Cl IS

N-chloroacetyl derivative of OMS-174 49.7 4.52 4.83 50.0 4.87 4.60

N-chloroacetyl derivative of OMS-29 5.02 12.8 4.70 12.7

N-acetyl derivative of OMS-708 57.8 5.62 12.9 57.8 5.44 12.8

N-propionyl derivative of OMS-708 59.3 4.98 5.32 59.1 5.15 4.91

N-butyryl derivative of OMS-708 60.6 5.45 5.05 11.6 60.9 5.74 4.88 11.1

N-acetyl derivative of OMS-1094 62.0 5.62 61.4 6.15

N-acetyl derivative of OMS-1029 69.5 | 5.40 69.0 5.49

OMS-1028 had a wide melting range despite repeated
crystallization; gas-liquid chromatography did not
show the presence of any isomers and the compound
had the correct amount of esterified phenol.

Solubility in n-hexane and partition between
n-hexane and water were determined by the methods
described previously (Hadaway & Barlow, 1966a)
and the rate of evaporation from glass-fibre filter-
papers by the method given by Hadaway & Barlow
(1966b).
Median lethal doses ot compounds were deter-

mined by the topical application of solutions in
di-isobutyl ketone to female Anopheles stephensi and
Aedes aegypti mosquitos, 1-2 days old. Contact
toxicity tests were carried out with blood-fed
female An. stephensi, 2-3 days old, and deposits
from water-dispersible-powder formulations on ply-
wood and plaster of Paris panels.

Wettable powders of newly synthesized com-
pounds were prepared with the following general
composition although small variations were some-
times made to suit the properties of individual
insecticides:

Composition ofpowder Pi

Active ingredient
Talc (BDH) or Speswhite china-clay
Hisil 233 or Neosyl LM
GA5590, a polyethyleneoxide
Empicol LZ (sodium lauryl sulfate)

ercentage by weight

50
38
6
4
2

Talc was the preferred filler for compounds such as

the N-chloroacetyl derivatives which decomposed
on the more acidic china-clay. After hand-mixing,
the powders were air-milled.

RESULTS

Physical properties
The newer NH-methylcarbamates such as OMS-

1094 and OMS-708, which are derived from fused-
ring phenols, were notable for their high melting
points, low volatilities, low hexane solubilities and
more favourable water-partitioning behaviour. In
structure and properties, they are therefore similar
to OMS-29 (carbaryl). As previously observed
(Hadaway & Barlow, 1966b), replacement of the
hydrogen atom on the carbamoyl portion of the
molecule by a methyl or alkanoyl group results in
marked reductions in melting points and increases
in volatilities and hexane-solubility. Further sub-
stitution within the alkanoyl group itself can reverse
these effects to a considerable extent. Thus the
N-chloroacetyl compounds all have higher melting
points and are less volatile and more soluble than
the corresponding acetates.

Chemical properties
The N,N-dimethylcarbamates are very resistant

to base-catalysed hydrolysis as compared with the
corresponding N-methylcarbamates. N-acyl groups,
however, do not stabilize the ester and are them-
selves relatively labile, the rate of de-acylation
depending upon the nature of the acyl group. If
this is acetyl, for example, base-catalysed de-acyla-
tion proceeds at a similar rate to ester hydrolysis
and the end-products are the phenol and methyl-
carbamic acid. If it is chloroacetyl, however, the
de-acylation is accelerated by a factor of about 10'
and occurs at pH levels as low as 7, yielding only
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the N-methylcarbamate, which is stable under these
conditions. De-chloroacetylation also occurs under
acid conditions on many solids such as soils and car-
riers used in wettable powders; OMS-1064, for
example, was converted to OMS-15 in a wettable
powder on storage and after sorption of spray
deposits on soils. It has previously been noticed
that even the acetates decompose to the N-methyl-
carbamates on some soils (Hadaway & Barlow,
1966b).

Toxicity by topical application
Median lethal doses of the compounds to adult

mosquitos determined by the topical application of
solutions are given in Table 2. There was consider-
able variation in the relative toxicity of compounds
to the two species, although most carbamates were
more toxic to An. stephensi than to Ae. aegypti.
Both N,N-dimethylcarbamates, OMS-476 and OMS-
1262, were much less toxic than the corresponding
N-methylcarbamates, OMS-15 and OMS-483.

Previous evaluations (Hadaway & Barlow, 1966b)
indicated that, in general, N-acylation of substituted
phenyl N-methylcarbamates is accompanied by a loss
of toxicity to adult mosquitos. The loss of toxicity
recorded for the technical grade of OMS-828, the
N-acetyl derivative of OMS-15, was much reduced
when the pure material was used in the present
investigations. There was also little or no loss of
toxicity in the N-acetyl derivatives of OMS-597,
OMS-708 and OMS-1094. Indeed, if it is assumed
that these compounds are de-acylated in the insect,
they are rather more effective than the correspond-
ing amount of parent carbamate. By contrast, there
is a marked reduction in activity of the derivatives
of OMS-33 and OMS-1029. Increase in the size of
the alkyl group involved in N-acylation beyond
propionyl resulted in a loss of toxicity in the few
series investigated.
The N-chloroacetyl derivatives investigated were

all less toxic than the corresponding parent
compounds.

Contact toxicity
Results of tests with An. stephensi exposed to

fresh spray deposits of wettable powders on plaster
and plywood are shown in Table 3.
OMS-15 and derivatives. The compound OMS-15

(m-isopropylphenyl methylcarbamate) has high in-
trinsic and contact toxicity to adult mosquitos and
it is moderately persistent, being effective (i.e., effect-
ing kills of at least 70% after an exposure of 1 hour)

on plywood at a rate of application of 1 g/m2 for
16-20 weeks against An. stephensi. Its high toxicity
to mammals (the acute oral LD,0 to rats is about
30 mg/kg) does not permit its safe use, however,
as a residual spray in houses. The N-acetyl deriva-
tive, OMS-828, was much more volatile and at a
dosage rate of 1 g/m2 on plywood was effective
against An. stephensi for only 2-4 weeks. On the
other hand, the N-chloroacetyl derivative, OMS-1064,
which has an acute oral LD.0 to rats of 280 mg/kg-
300 mg/kg (Barnes, unpublished data), was less
volatile than the parent compound. The contact
toxicity of deposits on plywood from a commercial
50% water-dispersible-powder formulation was high;
initially, all mosquitos died after a contact of only
2 minutes while after storage at 25°C and at a
relative humidity of 50%-55% for 24 weeks per-
centage mortalities of An. stephensi were 30 and
100 after exposures of 30 and 60 minutes, respec-
tively.
OMS-33 and OMS-1094. OMS-33 has shown pro-

mise as a residual insecticide against adult mosquitos
in several countries, and in the laboratory it is
effective on plywood at a dosage rate of 1 g/m2 for
12-16 weeks against An. stephensi. Although OMS-
1094 was as toxic to An. stephensi as OMS-33 by
topical application in solution, the contact toxicity
of deposits from a commercial 50% water-dispers-
ible-powder formulation was lower. The deposits
on plywood, however, were very persistent and no
change in contact toxicity occurred after storage for
24 weeks.
The N-acetyl derivatives of OMS-33 and 1094 are

too volatile to be considered as residual insecticides.
OMS-174 and derivatives. The N-acetyl derivative

of OMS-174 has a higher contact toxicity to An. ste-
phensi than the parent compound, but it is also
more volatile and deposits on plywood were effective
for only 8-12 weeks.
The contact toxicity of deposits from a laboratory

50% water-dispersible-powder formulation of the
N-chloroacetyl derivative was less than that of the
N-acetyl and parent compounds.
OMS-1028 and OMS-1029. OMS-1028 (o-cyclo-

pentyl methylcarbamate) and OMS-1029 (o-cyclo-
pentenyl methylcarbamate) were both highly toxic to
An. stephensi by topical application, but the contact
toxicity of deposits from commercial 75% water-
dispersible powders on plywood was only moderate.
The deposits were very persistent, however, and no
significant change in contact toxicity occurred after
storage for 24 weeks.
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TABLE 3
INITIAL CONTACT TOXICITY TO FEMALE AN. STEPHENSI OF WATER-DISPERSIBLE POWDER

DEPOSITS ON PLASTER AND PLYWOOD a

Compound

OMS-15

N-acetyl derivative of OMS-15

N-chloroacetyl derivative of OMS-15

OMS-33

OMS-1094

OMS-174

N-acetyl derivative of OMS-174

N-chloroacetyl derivative of OMS-174

OMS-1028

OMS-1029

OMS-29

N-acetyl derivative of OMS-29

N-chloroacetyl derivative of OMS-29

OMS-708

N-acetyl derivative of OMS-708

N-propionyl derivative of OMS-708

N-butyryl derivative of OMS-708

OMS-597

N-acetyl derivative of OMS-597

N-propionyl derivative of OMS-597

N-butyryl derivative of OMS-597

OMS-1202

Mean percentage kill of An. stephensi Mean percentage kill of An. stephensi
after exposure to deposits on plaster after exposure to deposits on plywood
for following numbers of minutes: for following numbers of minutes:

2 5 15

100

100

100

100

84

10

100

39

100

55

3

86

21

52

0

0

88

100

86

90

--77

100

100

100

100

95

100

49

0I
0

67

100

2

22

100

30 60 2

nuu

100

100

93

12

100

0

0 _

10

0

5

0

0

83

3

0

100

100

71

76

0

2 43

0

5

40

7

100

0

56

26

0

0

0

0

0

21

100

9

0

3

30 60

98

78

0 31

100

100

0

15

0

0

41

0

0

0

92

0

69

100

31

38

98

75

40 100

64 100

a At a rate of application of 1 g of active ingredients per m2.

OMS-29 and derivatives. The contact toxicity of
OMS-29 (carbaryl) to An. stephensi is very low and,
although N-acetylation increased activity, the con-
tact toxicity of N-acetyl carbaryl was relatively low.
The contact toxicity of the N-chloroacetyl deriva-

tive was also low, and no mosquitos died after
exposure for 1 hour on deposits from a laboratory
50% water-dispersible-powder formulation on ply-
wood and plaster at a dosage rate of 1 g/m2.

OMS-708 and derivatives. Although OMS-708
(Mobam) was highly toxic to An. stephensi by topical
application, the contact toxicity of deposits from
commercial 50% and 850% water-dispersible-powder
formulations was low. Deposits on plywood were
very persistent, however, and no loss in contact
toxicity occurred after storage for 24 weeks.

In comparative tests with laboratory 500% water-
dispersible-powder formulations of OMS-708 and
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its N-acetyl, N-propionyl and N-butyryl derivatives,
the N-acetyl derivative showed the highest contact
activity.
OMS-597 and derivatives. Deposits of OMS-597

on plywood from a commercial 50% water-dispers-
ible powder at a rate of application of 1 g/m2 were
only moderately toxic to An. stephensi, but they
were persistent and effective for more than 24 weeks.
In comparative tests with laboratory 50% water-
dispersible-powder formulations of OMS-597 and its
N-acetyl, N-propionyl and N-butyryl derivatives, con-
tact toxicity was highest with the N-acetyl compound.

DISCUSSION

Considerable interest has been shown in the com-
pounds obtained by N-acylation of the carbamoyl
portion of insecticidal aryl N-methylcarbamates fol-
lowing the discovery of their reduced toxicity to
mammals (Fraser et al., 1965). Recently, Miskus
et al. (1968) found that N-acylation of the 3 N-methyl-
carbamates most toxic to spruce budworm did not
greatly change their insecticidal activity but decreased
the acute oral toxicity to mice by a large factor.
Hadaway & Barlow (1966b) showed previously

that, in general, N-acylation of N-methylcarbamates
reduced toxicity to adult mosquitos by topical appli-
cation in solution. In the present investigations, there
was considerable variation in the effects of N-acetyla-
tion, from a marked reduction in toxicity in the
derivatives of OMS-33 and OMS-1029 to no loss
in activity in the derivatives of OMS-29, OMS-597,
OMS-708, OMS-1202 and OMS-1094. In the few
series investigated, intrinsic toxicity decreased as the
size of the alkyl group involved in N-acylation
increased beyond propionyl.
The measure of intrinsic toxicity determined by

topical application of a compound in solution,
however, is not necessarily a reliable guide to the
contact toxicity of dry deposits, and its physical
properties such as lipid solubility and partition coef-
ficient between lipid and water may be critical
factors in the uptake of the compound from deposits
and its penetration through the insect cuticle (Hada-
way & Barlow, 1966a). Variations in structure are
accompanied by changes in the intermolecular forces
which control both these properties and others such
as melting point and volatility. The two main sources
of interactions between these molecules are hydrogen-
bonding between the hydrogen and oxygen atoms
of the N-methylcarbamoyl groups and the Van der
Waal's forces of the rest of the molecule whose

strength depends upon the stereochemistry of sub-
stituents and thus on the closeness of fit. These two
vary in relative importance in different compounds
and an indication of this variation is given by the
effect of N-acetylation, which prevents hydrogen-
bonding, on a property such as melting point. This
is always reduced, but by as little as 10°C or as
much as 120°C in the compounds examined in this,
and other, reports. The largest depressions occur
when the aromatic moiety is a single ring having
1 alkyl substituent, and the smallestwhen fused rings,
or multiple substituents symmetrically arranged,
or groups such as methylthio are present in the
phenol. Thus N-acetylation of OMS-15, OMS-33
and OMS-31 (m-tert-butylphenyl N-methylcarba-
mate) gives liquid products with correspondingly
increased volatilities and solubilities. The same
derivatives of OMS-29, OMS-708 and OMS-597,
which have either fused aromatic rings or multiple
substituents, have melting points only about 40°C
less than the original compounds. A good example
is provided by the pair of compounds OMS-29 and
OMS-1202; the latter, being the 5,7,8,9-tetrahydro
derivative of OMS-29, has lost the planar character-
istics of the second aromatic ring. In consequence,
OMS-1202 has a melting point 30°C lower than that
of OMS-29 while the N-acetyl derivative of OMS-
1202 is a liquid at room temperature compared with
the solid N-acetyl derivative of OMS-29 with a
melting point of 102°C-103°C.

N-methylcarbamates showing high toxicity to
An. stephensi by topical application in solution but
only moderate or low contact toxicity include
OMS-29, OMS-93 (methiocarb: 4-(methylthio) 3,5-
xylyl methylcarbamate), OMS-174 (chlorxylam)
OMS-597, OMS-708, and OMS-1094, which are
poorly soluble in n-hexane, and OMS-1028 and
OMS-1029 which are more soluble in n-hexane but
have less favourable partitioning properties. N-ace-
tylation of N-methylcarbamates increases solubility
and was shown to produce a corresponding increase
in the contact toxicity of OMS-93 and OMS-174
(Hadaway & Barlow, 1966b), and of OMS-29
(Hadaway & Barlow, 1966a).
The same changes in forces between molecules

which increase solubility in lipids, however, also
increase volatility, and variation in the increase in
volatility accompanying N-acetylation was shown
for a number of N-methylcarbamates (Hadaway &
Barlow, 1966b). A large increase in volatility reduced
the effective residual life of the N-acetyl derivative
of OMS-15 (i.e., OMS-1 62) on plywood to 2-4 weeks
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compared with the 16-20 weeks' life of the parent
compound, and reduced the effective residual life of
the N-acetyl derivative of OMS-174 to 8-12 weeks
compared with more than 32 weeks for the parent
compound. N-acetylation increased the volatility
of OMS-33, OMS-1029 and OMS-1094 by a large
factor (see Table 2) and the derivatives are too vola-
tile for consideration as residual insecticides.

Exploitation of the increased contact toxicity
accompanying N-acetylation demands, therefore, the
property of low volatility in the parent compound
so that sufficient residual activity is retained despite
the sacrifice of some degree of persistence. OMS-597
and OMS-708 are two N-methylcarbamates with this
property, and in the present investigations it was
found that N-acetylation did not reduce toxicity to
An. stephensi by topical application, that the process
increased the contact toxicity of dry deposits and,
although it increased volatility, the derivatives were
quite persistent. The contact toxicity of the N-pro-
pionyl and N-butyryl derivatives of OMS-597 and

OMS-708 was inferior to that of the corresponding
N-acetyl compound, and the increase in lipid solu-
bility appears to be more than counterbalanced by
the increase in partition coefficient between lipid
and water.
The four N-chloroacetyl compounds investigated

were all less toxic than the corresponding parent
compound by topical application, and the N-chloro-
acetyl derivatives of OMS-29 and OMS-174 showed
low contact activity. On the other hand, the initial
contact toxicity of OMS-1064, the N-chloroacetyl
derivative of OMS-15, was high and all mosquitos
died after a contact of 2 minutes with deposits on
plywood and plaster; deposits on plywood were
effective for more than 24 weeks. It should be
noted, however, that conversion to the parent carba-
mate is a facile reaction of these derivatives and,
while it may be advantageous when it occurs in soils
or on a mud wall, it increases the hazard to operators
if it occurs in formulations during storage before
application.

RESUMt

EVALUATION DE L'ACTIVITE INSECTICIDE DE DIVERS COMPOSES SUR DES MOUSTIQUES ADULTES:
2. TOXICITE POUR DES MOUSTIQUES ADULTES ET PROPRIETES PHYSIQUES

DE QUELQUES NOUVEAUX CARBAMATES

Les N,N-dimethylcarbamates sont beaucoup moins
toxiques pour les moustiques adultes (Anopheles stephensi)
et beaucoup plus volatils que les N-methylcarbamates
correspondants. La N-acylation des N-m6thylcarbamates
a generalement pour resultat une perte de toxicit6 intrin-
seque lors des applications topiques, mais cette diminution
d'activite est parfois relativement moder6e et meme nulle
dans le cas de certains deriv6s N-acetyles. La N-acylation
a egalement pour effet de modifier certaines proprietes
physiques comme la solubilite dans les graisses et le coeffi-
cient de r6partition, qui ont une influence sur la toxicite
de contact, et la volatilite, dont d6pend la remanence.
De tous les composes etudies, ce sont les derives

N-acetyles qui font preuve de la toxicite de contact
maximale, mais en raison de leur volatilite souvent tres
e1ev6e ils ne possedent pas les caract6ristiques de persis-
tance exig6es des insecticides A effet remanent. Cela ne
s'applique cependant pas aux derives N-acetyl6s de
I'OMS-597 et de 1'OMS-708, car la volatilite des deux
substances meres est si faible que l'on peut accepter une
legere diminution de la persistance si l'on obtient, en
contrepartie, une augmentation de la toxicit6 de contact.
De tous les d6rives N-chloroacetyl6s 6tudies a ce jour,

seul l'OMS-1064 se revele suffisamment actif pour qu'on
puisse envisager de l'utiliser comme insecticide a effet
remanent.
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