
Bull. Org. mond. Santg 1971, 44, 325-336
Bull. Wld Hlth Org.

Development of New Synthetic Pyrethroids
YOSHIHIKO NISHIZAWA I

The insecticidal activity of synthetic pyrethroids was compared with that of the natural
pyrethrins, which have been used on a world-wide scale as active ingredients for insecticidal
aerosols or mosquito coils.

All of the synthetic pyrethroids were found to be more stable than the pyrethrins.
Tetramethrin showed a very high knock-down effect and resmethrin showed a remarkable
kill effect in oil-based formulations. The efficacy of a suitable formulation of a mixture
oftetramethrin and resmethrin surpassed that ofnaturalpyrethrins synergized with piperonyl
butoxide. For mosquito coils, allethrin andprothrin were superior to the natural pyrethrins
in both kill and knock-down effects.

Optically active synthetic pyrethroids always showed superior knock-down activity and
higher killing activity than optically inactive compounds.

Natural pyrethrins have been widely used as active
ingredients in aerosols or in mosquito coils (Fig. 1)
because of their low toxicity to mammals and their
rapid knock-down effect. For these reasons natural
pyrethrins are still used widely in household insecti-
cides, even though there are many low-priced syn-
thetic compounds with superior insecticidal activity.

Since the chemical structures of the insecticidal
components of pyrethrum extract were elucidated by
LaForge et al. (1936), a number of workers have
studied analogous esters of chrysanthemic acid, the
so-called synthetic pyrethroids. The first successful
development of allethrin by LaForge et al. (1947)
stimulated studies on synthetic pyrethroids. How-
ever, the initial studies were undertaken primarily
to improve the chemical stability of natural pyre-
thrins and to reduce the cost of insecticides based on
them; improvement of their insecticidal activity was
only a secondary goal. Actually, in an oil-based
formulation or in an aerosol, the knock-down and
kill effects of allethrin, even when synergized with
piperonyl butoxide, were inferior to those of pyre-
thrins, although allethrin was more stable to heat
and light than were pyrethrins.

However, the stability of allethrin made it superior
to the natural pyrethrins in both kill and knock-

1 Research Associate, Research Department, Pesticide
Division, Sumitomo Chemical Co. Ltd., Kasugade-cho,
Konohana-ku, Osaka, Japan.

down effects for use in mosquito coils, and it has
been widely used in this way in Japan and South-
East Asia.
Some new synthetic pyrethroids are, however,

superior to the natural pyrethrins in both kill and
knock-down effects in aerosols and in mosquito
coils. Tetramethrin (Kato, 1965), resmethrin (Elliott,
1967), prothrin (Katsuda, 1967), and proparthrin
(Nakanishi, 1970) are typical new pyrethroids that
have made a great contribution to progress in this
field.

This paper gives the results of an evaluation of
the above-mentioned synthetic pyrethroids in com-
parison with natural pyrethrins, in terms of their
insecticidal activity, formulation performance, and
safety to mammals.

MATERIALS AND METHODS

The following insecticidal materials were used in
the evaluation. The chemical structures of their
active ingredients (a.i.) are shown in Fig. 2, and
those of some natural pyrethrins in Fig. 3.

allethrin, a.i. content 92.4%
tetramethrin, a.i. content 96.3 %
resmethrin, a.i. content 95.0%
prothrin, a.i. content 82.0%
pyrethrum extract, total pyrethrins content 20.23 %
piperonyl butoxide, purity 80%
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Fig. 1
Mosquito coil

Fig. 2
Structural formulae of synthetic pyrethroids
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Fig. 3
Structure of the natural pyrethrins

R
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Name R substituent R' substituent

pyrethrin CH2=CH-CH=CH-CH2- -CH

pyrethrin I1 CH2=CH-CH=CH-CH2- -COOCH3

jasmolin CH3-CH2-CH=CH-CH2- -CH3

jasmolin 11 CH3-CH2-CH=CH-CH2- -COOCH3

cinerin CH3-CH=CH-CH2- -CH3

cinerin 11 CH3-CH=CH-CH2- -COOCH3

In tests of aerosol efficacy, these materials were
used in the following formulation (% w/w):

active ingredient 1 0.1-0.3
1,1,1-trichloroethane 5 20
deodorized kerosine 14.7-14.9
propellant 2 80

The formulation used to test the efficacy of mos-
quito coils was as follows:

active ingredient3 0.3-0.6
pyrethrum marc 4 49.1-49.4
tabu-powder 5 30 100
fine wood sawdust 6 20
malachite green 0.3

Test method for stability of insecticides in aerosol
solvents

One part of pyrethroid was dissolved in 99 parts
of each aerosol solvent. The mixture was sealed in
glass ampoules and kept at 60°C for 30 days.
At the end of this time the active ingredient content
of each solution was determined by gas chromato-
graphy (Kato & Ooi, 1965; Fujita & Murano, 1970;
Abe & Fujita, 1970) and was compared with the
initial values.

1 All concentrations of pyrethroids are expressed in terms
of the pure esters.

2 A 70: 30 mixture of Freon 12 and Freon 1 1, respectively.
8 All concentrations of pyrethroids are expressed in terms

of the pure esters.
'Finely ground dried pyrethrum residue (waste).
6Powdered leaves or bark of Machilus thunbergii.
6 The fineness was similar to that of the pyrethrum marc.

Test method for photodecomposition
A 5-ml quantity of acetone containing 500 mg of

pyrethroid was evaporated at 25°C to form a film
on the inner surface (38.5 cm2) of a Petri dish.
These films were irradiated at a distance of 70 cm

below a 500-watt incandescent lamp I for several
hours. The residues were sampled after 4 hours,
8 hours, and 24 hours and the levels of active ingre-
dient were determined by gas chromatography (Kato
& Ooi, 1965; Fujita & Murano, 1970; Abe &
Fujita, 1970). During the test period, the surface
temperature of the samples was 25-30°C and the
illumination intensity was 7 000-7 800 lux. This pro-
cedure was a modification of the method of Chen &
Casida (1969).

Test method for vapour pressure

Jensen's (1966) gas chromatographic method was
used.

Test method for insecticidal efficacy
The following insects were used in the tests.
(1) Adult susceptible houseflies (NAIDM strain

of Musca domestica L.) 3-5 days after emergence:
males and females in equal proportions.

(2) Adult cockroaches (Blattella germanica) of a
susceptible strain: males and females in equal
proportions.

(3) Adult mosquitos of a susceptible strain of
Culex pipiens pallens, 2-3 days after emergence:
males and females in equal proportions.
The test insects were bred at a temperature of 270C

± 2'C and at a relative humidity of 60% ± 5%.
In tests involving topical application the test

insects were narcotized by carbon dioxide and a fixed
volume of a solution of the active ingredient in
acetone was applied to a specified position on the
body of the insect by means of a microsyringe,
as follows:

Voluniie Vo. of Mortality
Area of applied

application per insect iects after 24 I
(tilitre) per test (0%)

Houseflies
thoracic tergum 0.5 20 24

Cockroaches
thoracic sternum 1.0 10 72

This test was repeated 3 times and then LD50 values
(pg/insect) were calculated graphically from the

I Xenolight UXL-500D, Ushio Electric Co., Japan.
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average mortality. The turn-table technique was
conducted according to the method of Campbell
(1938). Some tests were carried out by the Peet-
Grady method according to the aerosol test method
for flying insects (small group method) adopted by
the Chemical Specialties Manufacturers Association
(1965). The glass chamber method was conducted
as follows: about 20 adult flies or mosquitos (10 male
and 10 female) were confined in the glass chamber
(70 cm3) and the test aerosol was uniformly sprayed
into the chamber, or the test mosquito coil was
burned in the chamber and the number of knocked-
down insects was counted at appropriate intervals.
This test was repeated 5 times and then KT50 values
(in seconds or minutes) were calculated graphically
from the average knock-down ratios.

RESULTS AND DISCUSSION

Formulation performance
For aerosol formulations, the stability of the active

ingredients is an important property. The stability
of pyrethroids in aerosol solvents and their rate of
photodecomposition are shown in Tables 1 and 2,
respectively. Degradation of the active ingredient
in solutions of resmethrin or tetramethrin was very

Table 1

Stability of pyrethroids in organic solvents

Active ingredient
content

Solvent Pyrethroidi~~ ~~~~1 After storage
Initial at 600C for

30 days

kerosine

2- propanol

1,1 ,1 -trichloroethane

pyrethri ns

allethri n

tetramethrin

resmethrin

pyrethrins

al lethri n

tetramethrin

resmethri n

pyrethrins

allethrin

tetramethrin

resmethrin

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.77

0.93

0.95

0.98

0.96

0.89

1 .00

1.00

0.71

0.82

0.96

1.00

Table 2
Photodegradation of pyrethroids

Pyrethroid

pyrethrins

allethrin

tetramethri n

resmethri n

prothri n

Residue of pyrethroids
Initial 4 h

100

100 94.1

100 95.6

100 97.9

100 94.6

8h 24 h

40.0 19.0

85.8 59.5

95.0 87.0

94.7 92.2

87.4 73.6

slight. Allethrin was significantly degraded in 1,1,1-
trichloroethane and in 2-propanol. The degradation
of pyrethrins in 1,1,1-trichloroethane or kerosine
was greater than that of tetramethrin.
A gas chromatogram of natural pyrethrins has

6 major peaks, corresponding to pyrethrins I and II,
jasmolins I and It, and cinerins I and It (Fig. 3).
In the gas chromatograms of the pyrethrin solutions
stored for 30 days at 60°C, the peaks corresponding

Table 3
Insecticidal activities of topically applied pyrethroids

Insect

Musca domestica
vicina

I LD50o Relative
Pyrethroid (,ug/insect) effective-

ness

pyrethrins 0.660 1.00

aliethrin 0.820 0.80

tetramethrin 0.570 1.1 6

resmethrin 0.023 28.70

prothrin

Culex pipiens
pallens

Blattella germanica

pyrethri ns

allethrin

tetramethrin

resmethri n

prothrin

pyrethri ns

allethrin

tetramethri n

resmethri n

prothrin

0.165 4.00

0.01 6

0.038

0.018

0.011

0.016

1.00

0.42

0.89

1 .45

1 .30

0.880 1.00

3.85 0.23

3.33

0.58

12.56

0.26

1.52

0.07
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to pyrethrins I and II were comparatively small.
This fact is in accord with the data of Webley (1968)
on the content of pyrethrins in mosquito coils and
their smoke. The results of photodecomposition
tests were similar to those of the stability in solution.
Resmethrin was found to be the most stable com-
pound but tetramethrin was almost as good. Alle-
thrin was slightly less stable than these two com-
pounds, while the pyrethrins were the most labile,
particularly pyrethrins I and II.

Insecticidal activity: topical application
The relative performance of the synthetic pyre-

throids and the natural pyrethrins when applied
topically is shown in Table 3. Resmethrin was
superior to the other synthetic pyrethroids and to
the natural pyrethrins against all insects tested, but
allethrin was less effective. Prothrin was better than
the natural pyrethrins against houseflies and mos-
quitos but was less satisfactory against cockroaches.

Tetramethrin was better than the pyrethrins only
against houseflies.

Insecticidal activity: aerosol formulations

Synthetic pyrethroids and natural pyrethrins with-
out synergist. The results of small-group Peet-Grady
tests for 24-hour mortality of houseflies and for
knock-down at 5, 10, and 15 min are shown in
Table 4 and Fig. 4.

In knock-down, tetramethrin was superior and
allethrin was inferior to the other pyrethroids at all
concentrations and all times. In order of knock-
down effectiveness, tetramethrin ranks first, pyre-
thrins second, resmethrin third, and allethrin last.
The knock-down activity of resmethrin at 5 min was
less than that of the other pyrethroids, but at 15 min
it was equal to that of the natural pyrethrins.
The 24-hour mortality produced by resmethrin

was found to be greater than that of the other
pyrethroids, which were similar to one another.

)le 4
Insecticidal activity against houseflies of aerosols containing pyrethroids *

Dosage
(%)

0.2

0.3

0.4

Knock-down (%) at the following
after spraying

5 min

4

6

6

0.6 15
_1I -

0.2

0.3

0.4

0.6

0.2

0.3
tetramethrin

0.4

1

3

4

11

14

12162

1 6

10 min

21

27

42

46

2

14

19

31

35

37

43

0.6 26 60

0.2 0 6

0.3 3 18

0.4

0.6

5

4

31

29

ntervals Mortality (%)
24 hours

15 min after spraying

48

51

69

80

18

44

53

61

60

64

74

86

54

63

71

82

6

6

17

2121

7

9

1 0

14

6

8

11

16

53

60

70

80
I_

* By the Peet-Grady method.

Pyrethroid

pyrethrins

allethrin

resmethrin
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Fig. 4

Comparative effectiveness of aerosols containing natural pyrethrins and synthetic pyrethroids

KNOCK-DOWN AT 10 MIN.

I Ci 0.2 03 0.4 05 06 0
Concentration %

MORTALITY AT 24 HOURS

_ /0

- /0

I 0.1 002 0.3 0.4 0.5 0.6 0.7
Concentration %

Synthetic pyrethroids a,id natutral pyrethrins poten-
tiated with piperonyl butoxide. Typical data for the
knock-down and kill effects of mixtures containing
piperonyl butoxide and pyrethroids are shown in
Table 5 and Fig. 5. In these tests each pyrethroid
(0.3 %) was combined with 3 times, 5 times, or

8 times as much of the synergist. The degree of
synergism was obtained from the slope of the curves

in Fig. 5.
When piperonyl butoxide was added at 3 times

the concentration of pyrethroid both the kill and
the knock-down effects were improved, but when the
synergist was added at 5-8 times the concentration

of the pyrethroid the effectiveness was not increased
proportionately.
The kill effect of the pyrethrins was synergized to

a greater degree than that of the other pyrethroids.

Toxicity of different mixtures of tetramethrin anid

resmethrin
The joint toxicity of mixtures of tetramethrin and

resmethrin was determined using the turn-table
method. These mixtures were also studied by Hayashi
(1970) using topical application.

Fig. 6 indicates the relation between mortality and
the proportions of the two compounds in the mixture.
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Table 5

Insecticidal activity against houseflies of aerosols containing 0.3 % natural pyrethrins
or synthetic pyrethroids synergized with piperonyl butoxide

Pyrethroid

pyrethrins

allethrin

tetramethrin

resmethrin

Concentration Concentration
of activeI
ingredient of synergist

(% (%

0.3

0.3

0.3

0.3

0.0

0.9

1.5

2.4

0.0

0.9

1.5

2.4

0.0

0.9

1.5

2.4

0.0

0.9

1.5

2.4

The broken line shows the theoretical value of the
joint action calculated using the formula of Sun
(1950) and the solid line shows the experimental
values. The fact that the experimental LDea values
are lower than the calculated values is evidence for
the occurrence ofjoint toxic action in all the mixtures.
Therefore, mixtures of tetramethrin and resmethrin
show both a strong knock-down and a strong killing
effect.

Comparative evaluation of tetramethrin-resmethrin
mixtures and natural pyrethrins synergized with
piperonyl butoxide

The effectiveness of pyrethrins plus piperonyl
butoxide and of different mixtures of tetramethrin
and resmethrin is shown in Table 6. The knock-
down and kill effects of 0.30% pyrethrins plus pipe-
ronyl butoxide were found to be almost equal to
those of a mixture of tetramethrin and resmethrin

Knock-down (%)
at the following intervals Mortality (%)

after spraying 24 h after
spraying

5 min 10 min

6

10

11

II 1 2

3

9l l

2

4

12

15

9

8

3

2

27

40

50

58

14

10

1 9

20

37

46

43

48

18

22

28

25

15 minm
i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
51 6

85 40

89 57

91 91

44

40

49

60

64

80

91

89

63

73

80

78

9

1 9

29

48

8

50

52

58

60

64

78

78

having the same total amount of active ingredient
(0.3%). When the amount of active ingredient in
the latter mixture was increased to 0.36%, it was
more effective than 0.4% pyrethrins with piperonyl
butoxide. The addition of piperonyl butoxide to
tetramethrin-resmethrin mixtures further increased
their efficacy.
Thus it is clear that suitable mixtures of synthetic

pyrethroids are as effective and as economical as
natural pyrethroids synergized with piperonyl butox-
ide. It is now known that a mixture of tetramethrin
and resmethrin is also effective against other injuri-
ous insects, such as cockroaches and lepidopterous
insects.

Insecticidal activity in mosquito coils
The insecticidal activity of allethrin in mosquito

coils is superior to that of the natural pyrethrins
(Table 7) in terms of both knock-down and kill. The
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Fig. 5
Comparative effectiveness of aerosols containing piperonyl butoxide plus 0.3 % of

or of synthetic pyrethroids *
natural pyrethrins
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30 k 60
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Synergist dose

KNOCK-DOWN AT 10 MIN.
70

0

A/
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Synergist dose

KNOCK-DOWN AT 15 MIN.

A,A

0t
l 0

A

I
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Synergist dose

MORTALITY AT 24 HOURS

0 1 2 3 4 5 6 7 8 9 10
Synergist dose

0", O l0i21

A pyrethrins

tetramethrin

* allethrin

o resmethrin

* The amount of piperonyl butoxide (x axis) in the mixture is specified in terms of the number of parts of piperonyl butoxide to 1 part
of pyrethroid.

insecticidal activity of some other synthetic pyre-
throids in mosquito coils was compared with that
of allethrin: the results with prothrin are given in
Table 8. Prothrin was twice as effective as allethrin
against houseflies and mosquitos (Table 11). Tetra-
methrin and resmethrin were less effective in mos-

quito coils than allethrin, although they were better

than allethrin when applied topically and when used
in aerosol formulations. The vapour pressures of
allethrin and prothrin were found to be higher than
those of tetramethrin and resmethrin (Table 8), and
this property might be one of the main reasons for
their efficacy in mosquito coils. The stability of
prothrin in mosquito coils is now being tested and
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Fig. 6
Joint toxic action of mixtures of tetramethrin and resmethrin against houseflies *

130

120

110

100

90

E80
r70 -7

-60

J50 \
40

30 - N

20 -THEORETICAL VALUE

EXPERIMEFNTAL VALUE

tetramethrrn 10 9 8 7 6 5 4 3 2 1 0
resmethrin 0 1 2 3 4 5 6 7 8 9 101

Proportions of the components of the mixture

* The experimental values were determined by the oil-spray turn-table method; the theoretical values
were calculated by the method of Sun (1 950).

Table 6
Insecticidal activity against houseflies of aerosols containing natural pyrethrins

or synthetic pyrethroids synergized with piperonyl butoxide

Concentration Total Knock-down (%)
of each concentration at the following intervals Mortality (%)Mixture constituent of active after spraying after 24 h

M c ingredient(%)(%
5min 10minm 15min

pyrethri ns

p. butoxide

pyrethrins
p. butoxide

pyrethrins 0.4

p. butoxide 2.0

tetramethrin 0.225
resmethrin 0.075

tetramethrin 0.27

resmethrin 0.09
1-

tetramethrin 0.225
resmethrin 0.075
p. butoxide 0.9

OTA a

0.3
0.3

0.9

0.3
0.3

1.5

0.4

10

1 5

20

0.3 1 2

0

0.36 1 6

40

49

85

87

58 91

40

50

0.3 19 53

16 52

82

91

85

82

40

63

77

55

67

76

45

a OTA = official test aerosol of the Chemical Specialties Manufacturers Association (USA), which
contains pyrethrins, 0.4 %; DDT, 2 %.
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Table 7
Insecticidal activity against mosquitos and houseflies

of mosquito coils containing pyrethroids*

nsect Pyrethroid content
i of coil.I
0.6 % pyrethrins

mosquito 0.6 % allethrin

0.6 % prothrin

0.6 % pyrethrins

housefly 0.6 % allethrin

0.6 % prothrin

KT 50 Mortality
(mm) after 24 h(mi))

8.93

7.25

4.53

21.27

15.62

9.62

53.1

80.0

100.0

0

20.0

* Activity estimated by the glass-chamber method.

Table 8
Vapour pressure (mm Hg) of pyrethroids at 760 mm Hg

Pyrethroid - at 2000C

allethrin

tetramethri n

resmethrin

prothri n

at 2500C

8.0 54.9

2.2 20.6

2.6 22.9

14.2 809.7

if it is found to be stable enough prothrin will be
a better active ingredient than allethrin for mosquito
coils in the future.

Toxicity to mammals
All synthetic pyrethroids showed low acute toxi-

city when administered orally, subcutaneously, or
dermally to mice or rats (Table 9). As pyrethroids
are used in aerosols or in mosquito coils in rooms
their inhalation toxicity is also important. Allethrin,
tetramethrin, and resmethrin were tested for toxicity
at concentrations 50-70 times those employed in the
efficacy tests. However, no significant difference
from the controls was observed in any of the follow-
ing features: intoxication; body-weight; erythro-
cyte count; leucocyte count; haematocrit; serum
levels of total protein, albumin, albumin/globulin
ratio, alkaline phosphatase, and alanine aminotrans-
ferase (2.6.1.2); organ weight (liver, kidney, and
spleen); and gross and histological appearance of
liver, kidney, spleen, lung, trachea, and eye-ball.

Future developments
These studies have shown that some of the new

synthetic pyrethroids are superior to the natural
pyrethrins for use in both aerosols and in mosquito
coils. The natural pyrethrins are optically active
compounds, whereas the synthetic pyrethroids used
in these studies are optically inactive. The insecti-
cidal activity of optically active synthetic pyrethroids
prepared from (+)-trans chrysanthemic acid was
compared with that of the optically inactive (±)-

Table 9
Toxicity of synthetic pyrethroids to mammals

Test animal, route Tetramethrina

mice, oral

mice, subcutaneous

mice, dermal

rats, oral

rats, subcutaneous

rats, dermal

5 200 O

2 100 c,

-15000

Resmethrin b

5 000 d

2 000 c

5 000 O

2 0006 S e

_ _

1u Sumitomo Chemical Co., Ltd., unpublished data, 1970.
b1 Okuno et al. (1 969).
c Katsuda et al. (1 967).
d Nakanishi et al. (1970).
e No mortality and no symptoms of intoxication during the test period.

e

e

r-e

Prothrin c

5 900 ,, S 000

6 200 6, 5 500

> 5 000 o +

c-'.10 000 6

2>10 000 06t

5 000 6 $

Proparthrin d

8 200 , 8 400 +

> 2 000 S

> 5 000 6

14 000 c

20000 j +

> 5 000 I
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cis, trans compounds at present used in aerosol and
mosquito coil formulations (Tables 10 and 11). All
the optically active compounds were superior to the
optically inactive ones.

Table 10
Insecticidal activities of natural pyrethrins, synthetic
pyrethroids, and optically active synthetic pyrethroids

against houseflies

Houseflies

Topicaappliation Glassa
Pyrethroid Tpclaliton chambera

LDP yrehrdRelativesLgDlfl) |effective- (seKcT5onds)(A/l) ness (scn)

allethrin 0.42 0.8 180

(+)-trans allethrin 0.225 1.5 95

pyrethrins 0.34 1.0 100

tetramethrin 0.44 1.2 65

(+)-trans tetramethrin 0.19 2.7 58

pyrethrins 0.51 1.0 123

resmethrin 0.0225 30.6 395

(+)-trans resmethrin 0.0135 51.1 275

pyrethrins 0.69 1.0 123

prothrin 0.34 1.7 210

(+)-trans prothrin 0.17 3.4 136

pyrethrins 0.58 1.0 123

a Using 0.1 % active ingredient.

Since, in the future, the amount of active ingredient
in aerosols or mosquito coils is to be kept to a
minimum for safety reasons, the development of
synthetic pyrethroids that are optically active must
be the next goal. Present technical chrysanthemic
acid contains 8000 of the trans isomer and 20% of
the cis isomer and each geometric isomer has
racemic forms. If only (+)-trans chrysanthemic acid
is to be used for preparing optically active synthetic
pyrethroids in the future, methods for converting

Table 11
Relative effectiveness of pyrethroids and optically

active pyrethroids against mosquitos,
cockroaches, and houseflies

Houseflies Mosquitos German
Pyrethroid (mosquito (mosquito cockroachesY coil, glass coil, glass (topical

chamber) chamber) application)

allethrin 1.0 1.0 1.0

(+)-trans allethrin 4.2 3.4 2.0

tetramethrin 0.6 0.1 0.5

(+)-trans tetramethrin 0.7 0.7 1.5

resmethrin 0.6 0.2 6.5

(+)-trans resmethrin 0.9 0.7 18.5

prothrin 2.0 2.0 0.3

(+)-trans prothrin 4.0 2.5 1.5

the 40% of the (-)-trans isomer and the 20% of
the (+)-cis isomer into the required (+)-trans form
by means of racemization and isomerization (Fig. 7)
must be developed. Moreover, an optically active
amine is used for the resolution of (+)-trans chry-
santhemic acid and quinine is the most common
amine used for this purpose. As quinine is too expen-
sive for use in mass production, a cheaper optically
active amine must be found.

Fig. 7
Isomers of chrysanthemic acid

asymmetric synthesis---- (+)- trans (40 %)

(+)-trans (80%)

trans (40%)

(+) cis, trans racemization

lisomerization

c()cis (20 %)
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DISCUSSION

DAUTERMANN: When mosquito coils are burned is the
biological activity solely the result of the pyrethroids
or does some of it result from the pyrolysis products?
What is the temperature of the burning coil?
NISHIZAWA: Of the pyrethroid in the coil, approximately
50% evaporates before burning owing to the high tem-
perature (700-800°C) in the part of the coil that is
burning. This fact was confirmed by gas chromato-
graphy. I have not yet found that the pyrolysis pro-
ducts show any activity. The most important point to
be considered in the use of pyrethrins for vector control
is stability to light.
WEIDEN: What is the performance of these coils against
mosquitos in African huts? If the performance is satis-
factory, would the cost be prohibitive?
WRIGHT: Two of these compounds (bioresmethrin and
NRDC 106) have been examined to determine their
potential for vector control. They showed considerable
promise in aerosols, particularly for use in aircraft, and
at present trials are under way to compare them with
insecticides and formulations currently in use. These
compounds appear to be acceptable to passengers; they
are pleasant in odour and are not irritating. We have
attempted to use them as residual sprays for the control
of anopholine mosquitos, with interesting results. The
compounds are so irritant to the mosquito that it will
not enter a house where they have been sprayed at
normal dosage rates. The compounds have also been
evaluated as larvicides. They are irritant to many orga-
nisms, particularly fish. In certain situations where long
ditches were treated, the fish were so irritated that they
jumped out of the water on to the bank. We are also
testing pyrethroids for Simulium control, but their lack
of specificity will be a disadvantage. The only hope is
the use of a floating formulation in very low dosages
that would attack Simulium larvae in rapids.

BRUCE-CHWATT: There is little doubt that the new pyre-
throids with enhanced action will be valuable for the
protection of individual houses, but their practicability
for use in large-scale control is doubtful because of the
frequency with which they would have to be used. When
pyrethrum-kerosine solutions are used in malaria sur-
veys, the repellent or deterrent effect lasts only a few
days. Reliable measurement of the duration of such
an effect with the new pyrethroids might be useful.
On the other hand, a compound that irritates mosquitos
and drives them out of dwellings may not be able to
decrease the mean longevity of the anopheline population
sufficiently to have much effect on malaria control,
especially if the outdoor biting of malaria vectors should
increase. In 1934-35 de Meillon and Park-Ross obtained
satisfactory control of malaria in South Africa, even in
rural areas, by the use of pyrethrum spraying, but this
was an expensive project because once-weekly indoor
spraying was used. Perhaps some of the new pyrethroids
may show activity of longer duration. It would also
be worth while to study the larvicidal effect of slow-
release formulations for use in water.

WRIGHT: In the light of the comments that have been
made, there is no question of the potential importance
of weekly treatment of huts or houses with pyrethroids
in aerosols for the protection of local populations. This
seems to be particularly true for Africa, where no insecti-
cide has been found to be economically acceptable on
a large scale and where it has not yet been possible to
undertake a national malaria eradication programme. If
we were to proceed on the basis of malaria control-
which might lead in the future to eradication-one of
the most attractive procedures would be to undertake
the routine treatment of houses; the fact that more
effective compounds are now available would be a
great advantage.


