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ABSTRACT: We report here the synthesis and biological testing of 3’-(phenyl alkynyl) abscisic ABA analogs, a new class of
potent ABA antagonists. These ABA analogs incorporate a rigid framework of eight carbon atoms attached at the 3’-carbon
atom of ABA that prevents folding of the ABA analog-bound receptor required for ABA signalling. The two-step synthesis is
based upon the optimized conversion of natural (S)-ABA to 3’-iodo ABA which can be coupled to phenyl acetylenes
using Sonogashira conditions, or to styryl compounds through Suzuki chemistry. The parent 3’-(phenyl alkynyl) ABA analog 7
was obtained in 29% yield, 74% yield based on recovered starting material. In a lentil seed germination assay,
compound 7 was found to have more potent activity than other known 3’-substituted ABA antagonists to date. In a
structure activity study parasubstistuted phenyl alkynyl analogs had comparable activity to the analog 7 while the 3’-styryl
ABA 18 was only slightly less active. Analog 7 overcame ABA inhibition of germination and seedling growth in a wide range
of mono and dicot plant species, including canola, lentil, soybean, rice, wheat, barley, cannabis and canary seed. 3’-(Phenyl
alkynyl) ABA analogs have numerous potential practical agricultural applications including promoting ripening of crops,
dormancy breaking of seeds and woody perennials, as well as promoting seed germination, and growth under stress
conditions as demonstrated in this report.

Introduction
Abscisic acid (ABA) 1 (Fig. 1) is a sesquiterpenoid signalling
molecule that occurs at low levels in all plants and in many other
organisms.1–3 In plants, ABA regulates numerous fundamental
processes in growth and development as well as triggering responses
to both biotic and abiotic stresses.1,4 ABA regulates closure of
stomata and thus transpiration, enabling plants to conserve water
under drought stress conditions. Stress-induced endogenous ABA
inhibits seed germination under unfavourable conditions such as
suboptimal temperatures, nutrients, light, and water.5 ABA is also
involved in maintenance of dormancy in seeds and in buds of
perennial species.6 The hormone is rapidly metabolized through
oxidation of the 8’-methyl group by ABA 8’-hydroxylases once the
stress is relieved and conditions for growth are restored.
aDepartment of Chemistry, University of Saskatchewan, Saskatoon, SK, S7N 5C9,
Canada.
bDepartment of Cell & Systems Biology, University of Toronto, Toronto, ON, M5S
3B2, Canada.
cDepartment of Biology, University of Saskatchewan, Saskatoon, SK, S7N 5E2
Canada
dDepartment of Plant Sciences, University of Saskatchewan, Saskatoon, SK, S7N
5A8, Canada.
eZYUS Life Sciences Inc. Saskatoon, SK, S7N 4L8, Canada.
fAquatic and Crop Resource Development, National Research Council Canada,
Ottawa, ON, K1A 0R6, Canada.
gDepartment of Agricultural Biology, Colorado State University, Fort Collins, CO
80523, USA.
hAgriculture and Agri-Food Canada, 107 Science Place, Saskatoon, SK, S7N 0X2
Canada.

Manipulation of ABA levels and responses in plants by either genetic
or chemical means is therefore important for improving crop yields
and mitigating environmental impacts of climate change.
The discovery and characterization of ABA receptors in
Arabidopsis have greatly advanced studies on the mechanism of
action of ABA signaling.1,7,8 From the perspective of developing ABAbased plant growth regulators, this body of knowledge has enabled
the design of molecules that bind in active sites of individual
receptors and have selective or improved biological activity
compared to the natural hormone1 .
The development of ABA antagonists is a rapidly growing area of
ABA research, accelerating rapidly based on knowledge of the
mechanism of ABA interactions with ABA receptors. Binding of ABA
in the active site results in a conformational change wherein the
receptor protein folds over the active site, followed by binding of a
tryptophan of a PP2C protein to latch the gate. These changes of the
ligand-ABA receptor complexes are required for further ABA
signalling. Molecules designed to bind in the active site of abscisic
acid receptors and prevent the required conformational change have
potential to block ABA signalling.
Such ABA antagonists have numerous potential applications for
plant growth regulation, for example, as seed treatments to promote
earlier germination, emergence and seedling growth of crops in cool
climates, thus maximizing short growing seasons. Antagonists of ABA
could act to break seed dormancy and have potential applications to
reduce weed populations. They have utility in plant breeding
programs that promote germination of wild relatives of crop plants,
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Figure 1: Structures of ABA, selected ABA agonists and antagonists.
thereby making useful genes in wild species more accessible.
Antagonists could have utility for breaking bud dormancy in woody
perennial species, especially those grown in geographic regions
where environmental cues are missing. Additionally, antagonists
could be effective agents for promoting water loss and ripening of
crops late in the growing season, replacing currently used chemicals
with adverse side effects9,10
The natural hormone 1, now readily available commercially, is an
attractive starting material for ABA antagonist development (Fig. 1).
The (S) absolute configuration of the natural ABA is required for
binding in the active site of ABA receptor. Substitutions or
alterations on the ring of the ABA molecule at the 2’, 3’, 4’, 6’, and 7’
carbon atoms, can be made without compromising binding in the
active site. Several studies have contributed to defining the
structural requirements of molecules that can change the balance
between ABA agonism and antagonism. Derivatives of ABA with a
styryl group at the 7’ carbon atom 2, are reported to have agonist
activity.11 Substitution of the proton of the 3’ carbon atom by small
ligands (chains up to four or five non-hydrogen atoms) produces
analogs 3 that mimic ABA and can have increased agonist activity.
Yoshida et al. screened a series of 3’-linear chain ABA analogs of one
to four carbon atoms 3a and observed selective activation different
subsets of ABA receptors.12 The butyl derivative selectively induced
stomatal closure and had less effect on germination and seedling
growth, particularly potentially useful for a growth regulator
promoting drought tolerance in crops. Takeuchi et al. reported a
series of 3’- flexible chain analogs 3b, sulfur-linked linear alkane
chain of one to twelve carbon atoms.13 Similar to the later
observations by Yoshida et al, analogs with four or fewer carbon
atoms exhibited agonist effects while those with reported by
Takeuchi, with increasing carbon chain length altered activity with
the six-carbon chain analog having the most pronounced antagonist
effects overcoming ABA-induced inhibition of germination in
Arabidopsis and transpiration in radish seedlings. Related 3’-carbon
linked ABA analogs of similar chain length have been found to be
marginally more active antagonists than the 3’-thioanalogs.14

Propargylic alcohol derivatives of ABA 4 linked through the C-4’
carbon of ABA are also potent ABA antagonists.15
Modification of ABA with the 2’-methyl and 3’ carbon atoms
incorporated in an aromatic ring, with a rigid extension to the
cyclohexenone ring of the ABA molecule affords biologically active
tetralone ABA analogs 5. The tetralone ABA molecule 5a is an ABA
agonist and more potent than ABA itself,16,17 in part because the
oxidized metabolite of analog is biologically active whereas in the
case of ABA, the oxidized form cyclizes to phaseic acid which is
irreversibly reduced to an inactive catabolite dihydrophaseic acid.18
In contrast, altering the tetralone structure by addition of an 3hydroxypropoxy group as in 5b, or a butoxy group as in 5c or affords
effective antagonists that have superior potency compared to the
flexible alkyl chain compounds.19,20 Derivatives of 5b, with a long
tether terminating with a biotin group induce ABA responses in plant
model systems and have been successfully employed to isolate ABA
binding proteins.21,22 The tetralone analog 5b was found to overcome
high temperature induced germination in lettuce and reversed
stomatal closure. As well, the analog 5b promoted germination of
canola seeds at low temperature while 3c did not.14 Recently an
isomer of 5c, with the gem-dimethyl group transposed to the 5’carbon atom of the ABA ring was reported.23 Also, tetralones 5d
modified with an alkynyl or di-ynl linked chain to the aromatic ring
were recently reported to be strong antagonists (Takeuchi et al
2020).24 While the biological activity of tetralone analogs is high,
their syntheses require at least eleven steps to produce a racemic
compound wherein one enantiomer is inactive. These molecules are
useful research tools, tetralone ABA analogs are not practical as plant
growth regulators.
In this paper we describe the development of a class of readily
accessible novel ABA antagonists designed to incorporate rigid
structural features of the tetralone analogs that we predicted were
critical for antagonism. In addition, these new analogs could be
readily synthesized directly from natural ABA and 3’-iodo ABA 6
affording a wide range of related analogs in a convergent synthesis.
We report here a two-step synthesis of the parent compound, 3’-
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phenyl alkynyl ABA 7 (Scheme 1). We have focused in this report on
germination related applications of the new analogs and show that
the parent compound 7 is a stronger antagonist than 5b and the 3’thiohexyl ABA derivative 3c in overcoming ABA inhibition of seed
germination in lentil. We report a structure activity study of related
analogs and the activity of the parent compound overcoming ABA
effects in seed germination and seedling growth in several crop
plants.
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Figure 2: 3-Dimensional [WU1] structures illustrating the number of
rigid non-hydrogen atoms linked at the 3’-carbon atom of ABA; top
left, 3c; middle left, 7; bottom left, 5b; right hand side, overlay of 3c,
7, and 5b arranged with ABA-moieties aligned. Structures were
produced, aligned and rendered using the Molecular Operating
Environment software suite MOE (MOE, 2018).

Scheme 1: Synthesis of 3’-(phenyl alkynyl) abscisic acid 7 from 3’-iodo
ABA 6.

the more rigid structure of compound 7. We predicted the parent
compound 7 would fit into the ABA receptor and be able to exhibit
antagonist activity.
Importantly, we anticipated that 7 could be prepared in
enantiopure form in two steps from natural (S)-ABA, compared to
ten or more steps for the synthesis of racemic tetralones, affording a
practical synthesis of a potential plant growth regulator. In addition,
we anticipated that a range of related analogs could be prepared by
using diverse substituted phenyl acetylenes, many of which are
commercially available.

Results and Discussion

Synthesis of 3’-unsaturated Abscisic acid derivatives

Analog Design and Chemical Syntheses

We envisioned that the ABA antagonist 7 could be prepared by
coupling of phenyl acetylene with known 3’-iodo (S)-ABA25 using
Sonogashira conditions (Scheme 1). The reported synthesis of 3’-iodo
ABA, 6 involved six steps from (S)-ABA with an overall yield of 1.5%.25
The reported method involved stereoselective epoxidation on 2’,3’double bond of (S)-ABA, followed by bromination, and subsequent
dehydration affording 3’-Br ABA. The 3’-Br ABA was converted to the
ester before exchanging the bromide to iodide to afford 3’-I ABA
methyl ester in low yields. The resulting ester was hydrolysed
enzymatically with PLE to afford 3’-iodo (S)-ABA. Enzymatic
hydrolysis and isolation of the final product would be challenging on
large-scale. This synthetic route required significant improvement to
produce plant growth regulators on a practical scale.
α-Iodination of cycloalkenones and derivatives has been studied
extensively over the past few decades since the first synthesis of 3’-I
ABA.26–34 Among the reported methods, iodination of β-substituted
enones using I2 with either TMSN3 or hypervalent iodine (e.g.,
PhI(OAc)2 or PhI(OCOCF3)2) have been widely used to obtain βsubstituted α-iodoenones. We expected that iodination of ABA
would be more challenging than iodination of more simple enone
molecules due to steric and electronic effects from the β and γ-

We hypothesized that the 3’-substituted phenyl alkynyl ABA analog
7 would have antagonist activity as did the 3’-alkyl and thioalkyl chain
and the tetralone ABA analogs that have been previously
reported.19,20 As shown in Figure 2 Panel A, the structures of 7, 5b
and 3c, share common features in that they are all altered at the 3’carbon atom of the ABA molecule with appendages of six or more
non-hydrogen atoms. 3c has a single sulfur atom in the plane of the
enone of the ABA ring, followed by a flexible chain of six carbon
atoms. The tetralone analog 5b has a rigid aromatic ring fused to the
ring of the parent ABA, with three planar non-hydrogen atoms
attached to the 3’-carbon of the ABA ring, followed by five flexible
non-hydrogen atoms in a chain. We attributed the increased activity
of the tetralone analogs such as 5b to the presence of the rigid
aromatic ring with its short ether chain preventing conformational
change of the receptor complex. We reasoned that 7 would be
similarly rigid, in having six linear atoms extending the plane of the
ring double bond, with a phenyl group that could rotate about the
single bond attached to the acetylene, providing further rigid
extension of the original three non-hydrogen atoms in 5b. Fig 2 Panel
B showed the three structures superimposed with two
conformations of the more flexible termini of 3c and 5b compared to
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substituents of the enone system, as well as the presence of the free
hydroxy and dienoic carboxylic acid functional groups.35
Preliminary investigation on optimization of iodination reaction
conditions of (S)-ABA and (S)-ABA methyl ester using I2 with either
TMSN3 or with hypervalent iodine (e.g., PhI(OAc)2 or PhI(OCOCF3)2)
surprisingly revealed that presence of the carboxylic acid was
required to obtain higher yields. Less than 2% iodination occurred
with (S)-ABA methyl ester under various conditions.26–34 Thus, (S)ABA was selected as a suitable substrate for further optimization
studies.
After extensive experimentation (see SI), 3’-iodo (S)-ABA 6 was
obtained on a 10 mmol scale in a single step from a reaction of (S)ABA with azidotrimethylsilane, I2 and pyridine, in dichloromethane
with 40% isolated yield, or 80% yield based on recovered starting
material (brSM). The resulting 3’-iodo (S)-ABA was converted to 7 via
Sonogashira coupling with phenylacetylene in 80% yield.36
In order to demonstrate the efficiency of the process, we have
developed a telescope synthesis of 7 starting from ABA, without
isolation of 3’-I ABA. Thus, 7 was obtained from ABA in two steps with
33% yield (56% brSM) and 29% yield (74% brSM) on one and five
mmol scale reactions, respectively.
Using the optimized Sonogashira conditions we synthesized a set
of six related analogs from commercially available para-substituted
phenyl acetylenes (Figure 3): methoxy- 8, fluoro- 9,
trifluoromethoxy- 10, phenoxy- 11, ethyl- 12, ranging from 48-61%
yield, and 14% yield for hydroxy- 13. We were interested to see if
extending the length of the appendage at the 3’-carbon of ABA, as
well as the nature of the substituent, would have effects on the
activity of the analog.

cyclohexyl acetylene. In addition, to compare the alkynyl
analog
with
View
Article Online
DOI:3’-iodo
10.1039/D1OB00166C
the related phenyl and trans alkenyl analogs,
(S)-ABA was
coupled with phenyl boronic acid and trans-2-phenylvinylboronic
acid via Suzuki coupling to afford 3’-phenyl ABA (17)11 and 3’-styryl
ABA (18), respectively.37

Biological Testing
Screening of 3’-unsaturated ABA analogs in a lentil seed
germination assay
We first compared the effects of known ABA antagonists racemic
tetralone analog 5b and 3c with that of 7, all at 100 μM, in
overcoming ABA inhibition in a lentil seed germination study (Fig. 5).
This experiment mimics thermodormancy as observed in lettuce in
which seeds produce ABA in response to high temperature stress.38
100
80
60
40
20
0
Control 5b

3c

7

100 µM analog

5b

3c

7

100 µM analog
10 µM ABA

Figure 3: 3’-para-substituted phenyl alkynyl-ABA analogs.
For further exploration of structure/activity relationships we also
prepared three additional aliphatic alkynyl linked ABA analogs
(Figure 4): using commercially available alkynes: 14 from 3-ethyl-3hydroxypentyne, 15 from cis-3-methyl-4-yn-2-en-1-ol, and 16 from

Figure 4: Additional 3’-unsaturated ABA analogs.

Figure 5: Graph displaying the percent lentil seed germination
observed two days after sowing in solutions of the treatments
indicated. The bar height indicates the mean percent seed
germination and the error bars display the standard error of the
mean determined from four replicate estimations each containing
40 seeds.
By day 2, 10% of seeds treated with 10 μM ABA germinated,
compared to the control at 100%. As found in an earlier study,14 5b
restored germination to a greater extent than 3c, even though the
racemate of the tetralone was employed, and the effective
concentration of the active isomer was 50%. The phenyl alkynyl
analog 7 at 100 μM fully restored the capacity of the seeds to
germinate. Both 5b and 7 were shown to be strong antagonists in
this assay.
Next the six 3’-(phenyl acetylene) ABA analogs 7-12 and known
antagonist 5b were screened in the same assay, using a lower
concentration to discriminate between strong antagonists (Fig. 6).
The analogs tested individually at 10 μM were found to have no
adverse effect on germination on their own. Clear and dramatic
antagonist effects of the analogs were observed at day two. The
percentage germination of seeds treated with ABA alone was 5% and
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Figure 6: Graph displaying the percent lentil seed germination observed two days after sowing in solutions of the treatments indicated. The
bar height indicates the mean percent seed germination and the error bars display the standard error of the mean determined from four
replicate estimations each containing 40 seeds.
the percentage of germination of those treated with 10 μM analog
combined with 10 μM ABA was greater than 80%. Germination of
seeds treated with 7-10 and 12 was each greater than 90%, in the
same range as seeds treated only with the control solution. The
known antagonist 5b and 11, the bulkier p-phenoxy- substituted
phenyl alkyne, only partially restored ABA inhibition of germination.
Thus, this screen shows that in this assay system the 3’-phenyl
acetylene ABA analogs are superior antagonists compared to the
tetralone antagonist 5b.
The 3-styryl analog 18 and the 3’-phenyl analog 17 were
compared with 7 in the lentil assay. The styryl analog at 100 μM fully
restored ABA-induced germination inhibition in lentil (Fig. 7). The
analog 18, with free rotation about the single bonds adjacent to the
double bond, has reduced rigidity compared to the phenyl acetylene
7. Both analog 7 and 18 have strong antagonist activity in this assay
and are candidates for further investigation. The phenyl analog 17
which had previously been tested as an ABA agonist alone, at 100 μM
had little effect on germination of lentil seeds but at 100 μM was a
relatively poor antagonist in this assay8.
An additional two 3’-unsaturated ABA derivatives (SI Fig. 3) were
screened in the lentil seed assay and compared to the parent
compound 7. Neither 13 nor 16 inhibited germination of lentil seeds
alone at 100 μM (data not shown). Comparing activities of 13 and 7
versus ABA at 10 μM (SI Fig. 3), the phenolic derivative 13 displayed
strong activity, slightly weaker than 7. The analog 13 displayed
comparable activity to the other para substituted phenyl acetylenes
shown in Figure 6. The cyclohexyl acetylene analog 16 partially
restored germination inhibited by 10 μM ABA with 40% but not to
the same extent as the phenyl acetylene analog 7 at 70%. Aside from

any differences in stability of 16 and 7, the space occupied by the sixmembered rings two molecules differs. The planarity of the 2’,3’double bond of the ABA ring extends through the triple bond to
100

Germination (%)
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Figure 7: Graph displaying the percent lentil seed red cotyledon
cultivar CDC Maxim (Seed Lot# Bt16 Lot A) germination observed two
days after sowing in solutions of the treatments indicated. The bar
height indicates the mean percent seed germination and the error
bars display the standard error of the mean determined from four
replicate estimations each containing 40 seeds.
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We first undertook a germination study in Arabidopsis to compare
results from earlier studies in which tetralones 5b, 5c and 5d and
other 3’-altered ABA analogs 3a and 3b had shown antagonism
activity.15,16 Surprisingly, analog 7 at three concentrations each
tested against ten-fold higher concentration of ABA did not
overcome ABA inhibition but rather acted like a weak ABA agonist in
both slowing germination and radicle growth, while the 3’-thiohexyl
ABA analog 3b and tetralone 5b partially overcame ABA inhibition of
germination under the same conditions. (SI Fig. 1a,b).
Next a gene expression experiment using Arabidopsis seedlings
comparing the effects of 7 the thiohexyl analog 3 and the tetralone
5b was conducted using an ABA reporter. (SI Fig. 2) Analog 7 had a
weak agonist activity when applied alone, while it showed an
antagonist effect when co-applied with 2.5 µM ABA. Thus, it appears
that analog 7 has antagonist activity in some but not all ABA-related
physiological processes in the model system Arabidopsis.
We next turned our attention to screening a variety of crop plant
species to assess the generality of the parent compound 7 in
overcoming ABA inhibition of seed germination. Time course testing
was conducted on species in which germination or seedling root or
shoot growth was inhibited by exogenously supplied 10 μM ABA and
tested as before with 10 and 100 μM 7.
As had been observed for lentil, analog 7 at 10 μM or 100 μM had
no effect on germination of canola seed compared to the control.
The analog 7 clearly overcame the ABA inhibition of germination of
canola seeds at both concentrations (Fig. 8). Analog 7 had similar
effects on germination of soybean seed in the presence of ABA (SI
Fig. 4)
Experiments conducted on the effect of 7 on germination of rice
seeds showed no effect on overcoming ABA inhibition but did
overcome inhibition of root growth as shown in Figure 9. The

100
80
60
40
20
0
Control 10 μM 100 μM
Analog 7

10 μM 100 μM
Analog 7
10 µM ABA

Figure 8: Graph displaying the percent canola (Brassica napus cv
Excel) seed germination observed twelve days after sowing in
solutions of the treatments indicated. The bar height indicates the
mean percent seed germination and the error bars display the
standard error of the mean determined from four replicate
estimations each containing 40 seeds.
inhibition of root growth was partially reversed by 7 treatment. The
effect of 7 on shoot growth was slight but significant. Similarly,
treatment with 7 overcame inhibition of root growth by ABA in
assays conducted on barley and wheat (SI Fig. 5-6).
Similar experiments were conducted on canary seed and
cannabis with 7 alone and in combination with 10 μM ABA (SI Fig. 78). Treatment with 7 alone had no adverse effects on the rate of
germination of seeds of any of the plant species.
30
25
20
15
10
5
0
Control

10 μM 7

10 μM ABA 20 μM 7 +
10 μM ABA

Figure 9: Graph displaying the length of rice (Oryza sativa ssp
japonica cv. Kitaake) root measured four days after sowing in
solutions of the treatments indicated. The bar height indicates the
mean root length and the error bars display the standard error of
the mean determined from forty-five replicate measurements.

6 | J. Name., 2012, 00, 1-3

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Organic & Biomolecular Chemistry Accepted Manuscript

Activity of ABA analog 7 in overcoming ABA inhibition of
germination assays of diverse plant species

View Article Online

DOI: 10.1039/D1OB00166C

Germination (%)

include the linking aromatic carbon of the phenyl ring whereas in 16
the carbon of the cyclohexane ring bound to the triple bond is
tetrahedral and the molecule is more bulky. The reduced activity is
of 16 likely due to some extent to the greater steric bulk of the
cyclohexyl ring. Neither acyclic substituted analogs 14 nor 15
displayed any antagonism against ABA. (data not shown).
Taken together the results of this screen show that the parent 3’phenyl acetylene ABA 7 was a strong ABA antagonist and that para
substitution of the phenyl ring with small alkyl, fluoro, hydroxyl and
methyl ether groups afforded analogs with similar potency. Deletion
of the triple bond altogether eliminates the antagonism effect, likely
due at least in part, to the orientation of the phenyl ring which would
not be coplanar with the enone system. Replacement of the triple
bond with a trans double bond to give the 3’-styryl analog maintains
moderate activity. Thus, a wide range of bioactive antagonist ABA
analogs are accessible using either Sonogashira or Suzuki coupling
methodologies. It is likely that there will be structural diversity in ABA
receptors and binding proteins and that some ABA antagonists will
have greater potency in different species and applications. For
further studies on the biological activity of the alkynyl phenyl ABA
analogs, we chose to focus on analog 7 which had high activity and
was the lowest cost to produce as phenyl acetylene is inexpensive.

Length (mm)
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Antagonism of ABA was observed with 7 treatment of canary
seed germination assay (SI Fig. 7). The analog 7 had a slight
promoting effect in antagonizing ABA at 10 μM and stronger
response at 100 μM. Similarly, in cannabis seed, ABA germination
inhibition was overcome by treatment with both 10 and 100 μM 7 (SI
Fig. 8).
Overall, the wide screen of 7 showed that the antagonist
response is observed in both monocot and dicot crop species of
importance. The antagonist could potentially be applied as a seed
treatment to promote optimum germination and seedling growth
under adverse as well as permissive environmental conditions.

4
5
6
7
8

Conclusions
We have developed a practical two-step synthesis of bioactive 3’phenyl alkynyl and styryl ABA analogs. This class of molecules
incorporates a rigid carbon framework appended to the ring of ABA,
improving on bicyclic ABA analogs whose synthesis requires more
than ten steps. ABA can readily be converted to 3’-I ABA which, in
turn, using Sonogashira or Suzuki coupling reactions afford libraries
of novel ABA analogs. The parent compound, 3’-(phenyl acetylene)
ABA, can be synthesized from ABA through a telescope reaction. In
this work, we have demonstrated that 7, 3’-phenyl alkynyl ABA, acts
as an ABA antagonist in a variety of crop plant species, overcoming
exogenous ABA, accelerating seed germination and seedling growth.
The mode of action and molecular function of (phenyl alkynyl
ABA) analogs would likely best be characterized employing on a
collection of ABA receptors from different plant species. In
Arabidopsis, the selectivity observed with analog 7 may be useful for
relating gene expression to physiological functions. Further research
on applications of (phenyl alkynyl) ABA analogs as antagonists of ABA
is in progress and will be reported in future.
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