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Environmentally friendly agrichemicals

Like it or not, the economit
truth is that Australia could not
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— in particular, the choice of
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trol of their depredations, crop losses
would, according to some estimates, in
crease by as much as 50%

The concept ol organic farming is
attractive, but it cannot be applied on a
large enough scale to feed the world's
rapidly growing pniwu];ilull'_-_ Almost hall
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wheat, barley, rice and similar grains

On the other hand, our need lor
agrichemicals a $20 billion a vear

industry around the world
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Researchersinvolved indesigning and
testing new agrichemicals now have 1o
work within severe scientilic, environ

mental and social lHmits: their products
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agrichemicals: many hazardous, older-
style herbicides and pesticides are still in
use, primarily in the Third World, so
researchers are seeking to replace these
with effective yet environmentally friendly
agrichemicals that can be manufactured
and marketed at competitive prices.

‘Traditional ways of synthesising and
releasing agrichemicals involved either
producing analogues of chemicals with
known pest-killing activity, or conduct-
ing almost a parody of the heuristic
technique of trial-and-error. In the latter
case, using random screening methods,
scientists tested a range of chemicals for
potential pesticide application before they
found a specific use — rather like medi-
cal researchers developing a cure, then
looking for a disease it would fit, For
example. DDT — dichlero-diphenyl
trichloroethane — was identified during
random screening for insecticidal prop-
erties ina program to develop new dyes,

Approaches began to change in the
1960s and 1970s, with the synthesis of
isosteres (molecules of similar size and
shape) of DDT, which was being with-
drawn from widespreaduse partly because
many pests had become resistant to it,
but primarily because of its persistence
and harmful side-effects,

However, the way in which DDT
killed pests (the wedge shape of the
molecule interferes withan insect's nerve
function, exhausting and eventually de-
stroying nervesand, ultimately, the whole
nervous system) was of immense value.

Researchers developed hundreds of
DDT isosteres based on a similar-shaped
molecule, pyrethrin-1, the most potent
of the natural insecticidal esters isolated
from Chrysanthemum flowers. Pyrethroids,
as the synthetic compounds are called,
are among the most active insecticides
known: in the case of deltamethrin, for
example, synthetic modification of the
active parts of the pyrethrin-1 molecule
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has led to a thousandfold increase in
toxicity to houseflies.

Unfortunately, while pyrethroids are
immensely powerful insecticidesthey are
also highly toxic to fish and aquatic
invertebrates, soresearchersbegan looking
for ways to modify pyrethroids to reduce
their toxicity. Scientist Dr George Holan,
of what was then the CSIRO Division of
Applied Organic Chemistry, noticed that
an essential part of the pyrethroid struc-
ture—acyclopropane ring—wasduplicated
in some of the DDT isosteres with which
he had been working. He reasoned that
the similarity of structure implied a simi-
lar mode of action and, after several
years of research with colleagues David
O'Keefe, Reimund Walserand Chris Virgona,
he combined parts of the DDT isostere
and the pyrethroid to create an insecti-
cide with increased stability, greater
potency and enhanced biodegradability.

One of the results of those experi-
mentswas cycloprothrin, which does not
work inthe same way as DDT does inthe
laboratory, but which is no less effective
in the field. In some insect pests — for
example the sheep blowfly —inaddition
to its insecticidal activity cycloprothrin
also paralyses the female's ovipositor
and prevents egg-laying.

Even more significantly, cycloprothrin
exhibits zero toxicity in mammals and
fish. This is of particular importance in
Asia, where fish raised in rice paddies
forma major protein source —and where
organophos-phates and conventional
pyrethroid insecticides kill fish as well as
insect pests.

In contrast, cycloprothrin is so safe
that it has been approved for use in the
rice fields of Japan (where the govern-
ment bans the use of any persistent or
fish-toxic insecticide) and is being mar-
keted throughout Asia by Nippon Kayaku,
following a licensing agreement with
CSIRO in 1978,

The rational approach to agrichemical
design pioneered by DrHolan has evolved
further; today, researchers tend to exam-
ine the biology of plant and insect pests
and, through knowledge of their anatomy
and physiology, gain a better apprecia-
tion of which kinds of chemicals are
most likely to be effective.

The ‘traditional’ technique of random
screening resulted in five to ten active
chemicals from every 10 000 compounds
tested. The rational method, which can
be applied to herbicides and fungicides
as well as pesticides, means far fewer
compounds need to be tested, since bio-
logical activity can be monitored resulting
in fewer false starts and less ‘wastage’ of
research facilities and funds. During the
19605 and 1970s, 20-25 new agrichemi-
cals were introduced onto the market
each year, but rising development costs
and a decline in the number of new
active compounds discovered by ran-
dom screen-ing have seen this number
drop to between five and ten new
agrichemicals a year.

The cost of development is an im-
portant consideration: the synthesis,
formulation and commercial production
of agrichemi-cals takes up o eight years,
costs at least 340 million per individual
product and involves close cooperation
between entomologists, toxicologists,
chemists, market analysts, economists,
engineers, field development teams, gov-
ernment regulatory authorities, lawyers
and marketing personnel.

In the late 1980s, the high costs and
equally high potential profits of agrichemi-
cal development led the former Division
of Applied Organic Chemistry, through
the initiative of then Chief, Dr Dave
Solomon, toestablish a joint-venture firm
called Dunlena Pty Lid. Du Pont Aus-
tralia, of the internarional chemical
conglomerate E 1 du Pont de Nemours &
Company, has a4 49% share in Dunlena,



Through the technology transfer company Sirotech Ltd,
CSIRO owns 35% of the shares, while the remaining 16
is held by Australian financial institutions including the
Australian Industry Development Corporation

Dunlena intends to stimulate an agrichemical manu-
facturing industry in Australia, working with Australian
firms to perform product-development work for low-
volume, high-quality biologically active compounds
destined for local use and for export 1o the world mar-
ket, The joint venture calls for CSIRO to conduct initial
studies, with Du Pont handling field and laboratory test-
ing in consultation with CSIRO's ‘fine chemicals’
program. Du Pont provides Dunlena with warld-wide
marketing and development expertise, and helps organ-
ise manufacturing in Australia and overseas.

The CSIRO contribution to Dunlena is based at the its

laboratories in Clayton, Melbourne, which also permit
scaling-up of experimental work well beyond the level
previously available in Australian research efforts. The
fine chemicals program, managed by Dr Greg Simpson,
also uses computer facilities to ‘model’ molecules on-
screen 1o test their size, structure and other properties,
ensuring that the only compounds to be synthesised are
those likely to be biologically active. Once a compound’s
biological activity has been identified, Dunlena chemists
establish its ‘process chemistry'—the manufacturing proc-
esses and development costs for patentable groups of
chemicals — and prepare samples for field trials. Second-
ary and tertiary screening trials confirm and quantify each
compound’s potential marker niche, then a provisional
patent application is filed. It's a painstaking process, but
Dunlena expects that its products—a number of selective
herbicides are currently undergoing field trials—will gen-

erate sales worth $150 million a year to Australia, providing
significant export earnings as well as making a range of

low-toxicity, environmentally friendly chemicals available

to Australian agriculture

More about the topic

Nature's chemicals and synthetic chemicals: comparative toxicology
B.N. Ames. M. Profet and L .5 Gold.  Proceedings of the National
Academy of Sciences, USA, 1990, 87, 7782-6

A quest for selective toxicity in the svnthesis of insecticides. G, Holan

Chemistry fn Australia, 1984, 51, 185-90

Further information on Dunlena Piy Lid is available from Dr Greg
S on, Fine Chemicals Program, CS1 RO Division of Ch als and
Polvmers, Private Bag 10, Clayton, Vic. 3168, phone (03) 342 2519
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