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eventual synthesis, screening and exami-
nation of the patent literature led to the
discovery and world wide patenting of
tralkoxydim. In 1981 soon after the high
activity of the group was revealed in the
glasshouse over 300 analogues were syn-
thesized in a six month period during
which tralkoxydim was identified. The
number of analogues increased to 1000
over the years 1981 to 1983 with an even-
tual 1500 synthesized during the life of
the project. A much smaller number of
analogues were taken to the field, most of
the biological sorting was done in the
glasshouse.

Field trials commenced in 1982 (a se-
vere drought year) but the first full field
trial season with the preferred compound
was in 1983, the same year that process
development began. A global develop-
ment decision was made soon after in
1984. The first production of technical
tralkoxydim began in Australia in 1987
and its herbicidal properties were re-
leased in Brighton, UK that year. The
Australian launch was made in 1988. This
time scale can be considered as faster than
normal for an agricultural chemical.

Formulation development
Simple formulations such as technical
dissolved in solvents, suspensions in wa-
ter or emulsifiable concentrates are often
used for preparing compounds for bio-
logical screening. The choice is dependent
on the form and chemistry of the mol-
ecule. In the case of the CHD the majority
were able to be prepared as emulsifiable
concentrates for screening and for the
early field trials. It was not discovered
until later that the molecules were unsta-
ble in the simple EC used and were also
broken down in glass containers. Once
process development started it was also
found that the quality of the tralkoxydim
was dependent on the reaction route cho-
sen and this affected the formulation
quality and stability. In Australia an EC
was chosen as the commercial formula-
tion whereas in other countries a suspen-
sion concentrate was preferred. Agricul-
tural chemicals are expected to be stable
for two years in the commercial pack.
Obviously speedier methods are required
when developing formulations and “ac-
celerated storage” tests at higher tempera-
tures, for example three months at 50°C
are routinely used to predict stability over
two years at ambient temperature.

Field efficacy and crop safety
The agricultural chemical industry in
Australia is a closely regulated one akin
to the pharmaceutical industry. Most
products have to be registered under state
and federal regulations which will be dis-
cussed more fully in the following pres-
entation. Liability for the performance of
the product is the company’s responsibil-

point this method is still much used by
the chemical industry in the 1990s.

Both the first two methods use whole
plants, insects or fungi to detect activity.

Biorational design is an area of more
recent adoption aided by advances in
computers and an improved knowledge
of the biochemical processes in plants,
fungi and insects.

A target enzyme to inhibit in the pest or
plant is selected, the enzyme is isolated
and a method for its routine use in a
bioassay is then developed. Molecules are
either screened for their ability to inhibit
the enzyme or chemical structures can be
modelled on the computer as potential
inhibitors of the enzyme.

A major drawback of this method is
that whilst very potent inhibitors can be
found ‘in vitro’ translating this activity to
‘in vivo’ or whole plants is often defeated
by the processes of uptake and transloca-
tion required to transport the inhibitor to
the site of activity within the cell.

Tralkoxydim discovery
Tralkoxydim was discovered by ICI Aus-
tralia as part of a project dedicated to find-
ing a cereal selective herbicide by starting
with a known area of activity and then
introducing cereal selectivity by chemical
modification. A team consisting of one
biologist with two support staff and ini-
tially three but later up to 13 organic
chemists started in 1976 to synthesize and
screen for herbicidal activity in the
aryloxyphenoxy propionate (AOPP) area
of chemistry. In the period 1977 to 1981
seven separate areas of AOPP leads were
discovered and patented (Figure 1). Un-
fortunately in two cases the very active
molecules were patented approximately
five months previously by other compa-
nies. One of these is now successfully
commercialized throughout the world
which highlights the very competitive na-
ture of imitative chemistry.

Fortuitously another area of chemistry,
the cyclohexanediones (CHD) was
revealed in the scientific literature and

Introduction
‘Grasp’, a cereal selective herbicide based
on tralkoxydim which was discovered by
ICI Australia is used here to illustrate the
routes to discovery, and the development
of the preferred analogue through formu-
lation development, field efficacy, crop
safety and residue trials to registration.

Discovery
There are three main routes that are used
for the discovery of agricultural chemi-
cals namely:
• random screening,
• imitative chemistry,
• biorational design.

The first was historically the main
method that lead to the discovery of
many of the early agricultural chemicals
in the 1950–70s. The chance of success is
however low, perhaps one in 20 000–30 000
and is reliant on achieving a high
throughput of chemicals through the
various biological screens used to detect
activity. Diclofop methyl was originally
synthesized as a potential lipid inhibit-
ing pharmaceutical molecule whose
herbicidal properties were detected in
Hoechst’s herbicide screen. Paraquat was
an off-the-shelf chemical reagent whose
potent herbicide properties were discov-
ered through random screening.

Imitative or “me too” chemistry offers a
higher chance of detecting biological ac-
tivity because known active chemical ar-
eas are used as the starting point to syn-
thesize around. However, it is often a
very competitive field as demonstrated by
the large number of companies each with
a post-emergence graminicide herbicide
in the Australian market today. There is
also a higher risk that someone else may
have patented your idea before you
which may not be revealed in the patent
literature until up to a year later. Similarly
natural products often have very potent
activity but the molecules are often too
complicated to commercialize. However,
they can serve as a starting area to
synthesize around. Whatever the starting
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ity and hence trials to support the label
claims and to define conditions which can
lead to under performance are essential to
satisfy both parties.

In the evaluation stage of a new mol-
ecule like tralkoxydim, the spectrum of
activity is determined as its performance
relative to related analogues with a view
to selecting the preferred one. Tral-
koxydim was also found to be very re-
sponsive to adjuvants and a wide range
were tested. This evaluation stage also
defined the likely rate range which was
then coupled with its indicated cost of
manufacture to decide if the project was
viable.

Once the project moved formally into
development the process route was se-
lected and test batches were produced to
provide representative product for for-
mulation, toxicology and field trial work.

Field trials were conducted in all main-
land states to cover the range of agro-
nomic cropping practices and environ-
ments likely to be encountered in practice.
The design of the weed control trials
followed the “Guidelines for Field Evalua-
tion of Herbicides” prepared on behalf

of the Australian Weeds Committee by
the Australian Department of Primary
Industry. Multi rate trials were done to
define the rate response curve from which
the label rates were determined. Specific
trials to examine the compatibility of
tralkoxydim with herbicides used for
broadleaf weed control were also
conducted. In every trial an untreated
control and a standard herbicide treat-
ment were included to validate the
responses seen.

The demonstration of the crop safety of
herbicides especially requires a large
amount of dedicated trial work because
of the effect of environment, and soil type
in the case of pre-emergent herbicides, on
the wide range of cultivars grown
throughout Australia.

In the commercialization period further
detailed work of a similar nature is re-
quired to add further weeds to the label,
to demonstrate safety to the newer culti-
vars, and to demonstrate compatibility
with newer herbicides. Similarly if the
formulation is changed there is a similar
requirement to present data in support of
its efficacy and crop safety.

Over 230 trials were conducted on
tralkoxydim in the period 1982 to 1987 to
investigate all these aspects.

Residues
It is a requirement of the registration
process that the edible crops in which the
agricultural chemical is to be used are
analysed to determine the maximum
likely residues which will result from use
of the chemical when applied according
to the label. Whilst part of the overall bio-
logical development of the agricultural
chemical, residue trials are usually spe-
cific trials which are conducted under
several different environmental condi-
tions to generate crop samples suitable for
analysis. These trials are carried out to
protocols suggested in the “Guidelines on
Residue Trials” prepared by the Depart-
ment of Primary Industry. Parameters in-
clude conduct under commercial condi-
tions, application at the normal time of
application on the label, rates of maxi-
mum and twice maximum label rate and
collection of all parts of the crop plant
likely to be consumed by humans or live-
stock. Consideration of where the prod-
uct will be used helps determine where to
do the trials since growing seasons may
be much shorter in Queensland than in
Victoria for instance.

Analysis of the crop samples is an ex-
acting specialized science. Advances in
analytical technology have increased the
precision of detection. For tralkoxydim a
method of detection had to be developed
which maximized the recovery of the
compound from cereal grains, straw and
green material. Samples must be frozen as
soon as practicable after collection and
kept frozen until analysis.

Product registration
The procedure in Australia is undergoing
change at the present time and will be dis-
cussed more fully in the following pres-
entation.

On the biological efficacy and crop
safety side the submitting company in its
submission proposes a draft label detail-
ing the directions for use and critical com-
ments for the suggested use of the new
product. Trial data generated as already
outlined are provided to substantiate the
control claims in the label. Data are also
presented to show that when the product
is used according to the label it is safe to
the crop (or any rotational crop).

Once received in Canberra the efficacy
side of the submission is then usually sent
out for review by experts within the vari-
ous State Departments of Agriculture or
CSIRO to comment on the sufficiency of
the data and whether they support the
claims made. Requests are often made for
more supporting information or modifi-
cation of the label based on the reviewers
experience with the product.
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Figure 1. Aryloxyphenoxy propionate herbicides synthesized by ICI
Australia 1977 to 1981
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