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Abstract

The control of ripening of grape berries has not yet been clearly defined and a better
understanding of the role of carotenoids and the plant hormone abscisic acid (ABA) may
offer a useful means of manipulating berry composition and flavour profiles and the timing
and synchronicity of ripening itself. ABA is an important hormone in a range of higher
plant processes such as stress response, seed maturation and dormancy and fruit ripening.
This thesis details the development and early biological evaluation of a library of potential
ABA-like substrates as potential inhibitors of ABA biosynthesis / catabolism that are
similar structurally to the backbone of ABA itself.

This thesis begins with an overview of grape berry ripening and details the reasons why it
may be of importance to develop substrates that can be utilised to manipulate the ripening
period of grapes grown in Australia and elsewhere in the world. As ABA is a key substrate
that has been extensively linked to plant development and maturation, details into
numerous previous studies including the current understanding of the biosynthesis of ABA
within plants are also summarised. In particular, previous studies have reported on the
synthesis of ABA-like analogues and their evaluation as ABA biosynthesis inhibitors or
suicide substrates to prevent catabolism which is the term given to the natural breakdown
of ABA within a plant. Consequently, these studies are summarised and aided in the

selection of a new library of substrates to be synthesised herein and biologically evaluated.

Chapter two details the successful synthesis of eleven target ABA-like compounds with
two of them existing as mixtures of related compounds. Confirmation of their structures
required extensive 2D NMR evaluation, in particular for elucidating the (E/Z)
stereochemistry of the polyene backbones of the majority of these substrates. In addition,
3C NMR analysis was paramount and the most decisive tool for confirmation of the
carbon-carbon double bond stereochemistries. Whilst the proposed biological tests only
required small quantities of pure chemical material for evaluation, it was important to
consider that if any of the target compounds displayed excellent biological activity, then
the chemical processes for their synthesis should also be able to be scaled up to ensure
ample quantities for biological / field evaluation. Pleasingly, all chemical transformations
carried out herein were almost exclusively performed within the 0.5 grams to multi-gram

scale.



Whilst there were a few proposed substrates that were not able to be synthesised, the
reasons for which are discussed, there was one particular newly synthesised analogue
(novel substituted 2,2-dimethyl-6-methylidenecyclohexylidenes (60 and 61)) that showed
reasonable biological activity. There are no published reports on the use of these type of
substrates being evaluated for ABA-like activity and consequently they represented a new

class of substrates to be further explored along with those originally proposed.

Chapter three details the use of the Lactuca (Lettuce) seed germination assay to explore the
ABA-like activity of these new bioactive chemicals along with a discussion of the current
understanding of the modes of ABA inhibitors and where they are likely to act in the
biosynthetic pathway. ABA acts as a dormancy inhibitory hormone and in simple terms
prevents germination until levels are reduced. Investigating dormancy of seeds by
supplying them with ABA or ABA-like substrates (our synthesised targets) allows for the
opportunity to study certain physiological relevant phenomenon that may provide
information not only on the regulation of seed dormancy but also on the molecular
mechanism of ABA action in plants. It was found that five of the test compounds displayed
no ABA-like activity and included the simple polyene ethyl esters (30) and (31), the
mixture of related esters (52)/(53) and the endoperoxides (37) and (67), Figure 3.10. Three
substrates displayed good to excellent ABA-like activity ((33), (68) and (60)/(61)) at the
highest level tested of 1 mM but quickly become ineffective at the lower concentrations
evaluated. Finally, three substrates displayed excellent ABA-like activity ((28), (29) and
(34)) both at 1 mM and also at 100 &M, Figure 3.10. Given that many of these new
bioactive molecules are structurally similar to each other and also to the structure of ABA

it was possible to elucidate some early structure-activity relationships (SAR’s).

Given that the seed germination assays provided some insight into whether these
compounds behave in an ABA-like manner, and indeed some appeared to, we next turned
our attention to screening the compounds in a bean dehydration assay, which is the subject
of this Chapter four. ABA is known to close leaf stomates and therefore reduce water loss
resulting upon dehydration. Such effects were able to be seen visually and quantified based
on the assay developed. Unfortunately, evaluation of all eleven new substrates revealed
that none of them appeared to prevent dehydration thus it can be concluded that they do not

appear to be able to act like ABA itself. However, the delay they caused in lettuce seed

iv



germination and the lack of protection of bean shoots response to an imposed dehydration
event suggested that these molecules delayed the breakdown of ABA i.e. they act to
decrease the rate of ABA catabolism by cither blocking the 8’-hydroxylase enzyme or by
acting as suicide substrates that are also catabolised / oxidised and deactivated in a similar
manner to ABA itself by the 8’-hydroxylase enzyme. Importantly, a range of new ABA-
like substrates have been synthesised and biologically evaluated with some of them clearly
displaying reasonable activity on the ABA biosynthetic pathway in plant tissues and as

such provide new lead analogues to be further studied in the future.
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was used to compare the means over the six time points (T1 =0, T2 =15, T3 = 30,
T4 = 45, T5 = 60 minutes). In each column data denoted by a different letter differs
significantly (p < 0.05). By convention the group with the largest mean is assigned
the first letter of the alphabet. n/s indicates not statistically significant as dehydration
phase just begun at this time POINT............ccooiiiiiii e

Table 4.2. Statistical analysis of the data presented in Figure 4.6. One-way ANOVA
was used to compare the means over the six time points (T1 =0, T2 = 15, T3 = 30,
T4 =45, T5 = 60 minutes). In each column data denoted by a different letter differs
significantly (p < 0.05). By convention the group with the largest mean is assigned
the first letter of the alphabet. n/s indicates not statistically significant as dehydration

phase just begun at this time POINt...........cccoveiiiii i

Table 4.3. Statistical analysis of the data presented in Figure 4.7. One-way ANOVA
was used to compare the means over the six time points (T1 =0, T2 =15, T3 = 30,
T4 =45, T5 = 60 minutes). In each column data denoted by a different letter differs
significantly (p < 0.05). By convention the group with the largest mean is assigned
the first letter of the alphabet. n/s indicates not statistically significant as dehydration

phase just begun at this time POINT...........cooiiiiiii s
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Table 4.4. Statistical analysis of the data presented in Figure 4.8. One-way ANOVA
was used to compare the means over the six time points (T1 =0, T2 =15, T3 = 30,
T4 =45, T5 = 60 minutes). In each column data denoted by a different letter differs
significantly (p < 0.05). By convention the group with the largest mean is assigned
the first letter of the alphabet. n/s indicates not statistically significant as dehydration

phase just begun at this time POINL...........ccoviiiiieie e

Table 4.5. Statistical analysis of the data presented in Figure 4.9. One-way ANOVA
was used to compare the means over the six time points (T1 =0, T2 = 15, T3 = 30,
T4 =45, T5 = 60 minutes). In each column data denoted by a different letter differs
significantly (p < 0.05). By convention the group with the largest mean is assigned
the first letter of the alphabet. n/s indicates not statistically significant as dehydration

phase just begun at this time POINT...........cooiiiiiii s
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AR, JBAE GG FL7 (3T 551-7 479, #%%)
Learning without thinking leads to confusion, thinking without learning ends
in danger.

Confucius (551B.C-479 B.C, Chinese Philosopher)

Genius only means hard-working all one's life.

Mendeleyer (1834-1907, Russian Chemist)
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