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Abstract : A fluorinated analog of abscisic acid(ABA), which was prepared from 6-trifluoromethyl-2,6-
dimethyl-2-cyclohexen-1,4-dione, showed potent inhibitory activities such as amylase induction in barley
seeds and germination in cress seeds.

Abscisic acid (ABA, 1), a widely distributed plant hormone in higher plants, is involved in the regulation of
significant physiological processes such as abscission of leaves, stomatal closure and seed germination and
dormancy'. Moreover, it is noted as an anti-stress agent for cold and drought’. However, it has two major
drawbacks for application as a plant growth regulator; 1) its side chain (the 2-Z-4-E-3-methyl-2,4-pentadienoic
acid moiety) is readily isomerized to a biologically inactive 2-E isomer by light® and 2) it is easily converted
to phaseic acid (3)* via 8'-hydroxyabscisic acid (2) by enzymatic oxidation in plants with concomitant loss of
biological activity’. Intensive works® were done in an attempt to overcome the sensitivity of the side chain of
ABA 1o light by designing compounds possessing ABA-like activities, but few compounds were reported to
have ABA-like activity with level approaching that of ABA. As for the drawback of oxidative metabolism,
only 8'- or 9'-methoxyabscisic acids have been reported as antimetabolic anaiogs which had more potent
activities than ABA in some biological tests’. Thus, designing highly active ABA analogs which block the
metabolism of ABA is shown to be an attractive way of finding highly active ABA analogs.

Recently, fluorinated analogs of biologically active molecules have been important tools for studying
receptors and active sites of enzymes®. Replacing hydrogen with fluorine results in a slight change in the size
or shape, but greatly affects the electronic nature of the molecule due to the strong electronegativity of
fluorine. On the basis of the above reasons, fluorine trisubstituted ABA at C-8', 8',8',8'-trifluoroabscisic acid
(4), was selected as a target molecule. We hope this compound shows high ABA-like activities and might help
us to understand the function of ABA and its receptors.
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In this paper, we wish to describe the synthesis of the fluorinated ABA analog (4) as racemic form from

trifluoroacetone and its biological activities.

nthesis of trifluorinated abscisic acid (4

Fluorinated 4-oxoisophorone (5), a key intermediate in the synthesis of 4, can be synthesized from
fluorinated mestyl oxide (6). Reaction of trifluoroacetone with acetylmethylenetriphenylphosphorane afforded
a E and Z mixture (7 : 1 ratio) of unsaturated ketone (6) in high yield. Michael addition of 6 to ethyl
acetoacetate and subsequent cyclization with sodium ethoxide gave a mixture of 3,5-dimethyl-5-
trifluoromethyl-2-cyclohexen-1-one (7) and 4-ethoxycarbonyl-3,5-dimethyl-3-trifluoromethyl-2-cyclohexen-
1-one (8). Treatment of 7 with methylmagnesium bromide in the presence of ferric chloride resulted in the
formation of double bond migrated isomer 9°. Epoxidation of 9 with m-chloroperbenzoic acid and continuous
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a) Ph,P=CHCOCH,, CH,Cl,, b) ethyl acetoacetate, EtONa, EtOH, c¢) CH,MgBr, FeCl,, ether, d)
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treatment with sodium hydroxide provided 4-hydroxy-3,5-dimethyl-5-trifluoromethyl-2-cyclohexen-1-one
(10) as a diastereomeric mixture. Jones oxidation of 10 produced dione (5) in high yield. For introduction of
the side chain, our attention turned to the functionalization of 5 toward the fluorinated ABA analog 4. After
the protection of 5 with ethylene glycol, using a catalytic amount of TsOH, alkylation with dianionic (Z)-3-
methyl-2-penten-3-yn-1-ol which was generated by the addition of 2eq. of n-BuL.i at -78°C provided alcohol
(11)"" as a racemic mixture'’. Reduction of the alcohol (11) with Red-Al in THF afforded dienol (12)'2. The
sequential oxidation with manganese dioxide, then Corey oxidation of 12 produced ester (13) through the
corresponding aldehyde'’. Finally, deprotection with HCI in acetone, and hydrolysis with NaOH, converted
the ester (13) to a racemic mixture of 8',8',8'"-trifluoroabscisic acid (4).

Compound 4 was given as a solid; mp: 183°C, 'H-NMR (200MHz; CDClL,+CD,0D) 3 : 1.27(s, 3H),
1.97(s, 3H), 2.04(s, 3H), 2.55(d, 1H, J=17.6Hz), 2.81(d, 1H, J=17.8Hz), 5.80(s, 1H), 5.98(s, 1H), 6.07(d, 1H,
J=16.1Hz), 7.79(d, 1H, J=16.1Hz); YF-NMR (200MHz; CFC1,+CD,0D) & : -67.526ppm(s, 3F): MS m/z (rel.
int.): 318(M", 8), 301(80), 259(9), 221(100), 208(43), 190(85), 162(52), 134(76), 111(100); HR-MS m/z:
318.1065 (M*, caled. for C JH,,F,0,, 318.2098).

Biological Activities of trifluorinaied abscisic acid (4)
The fluorinated ABA analog (4) exhibited potent inhibitory activity equivalent to that of ABA in barley

(Hordeum vulgare L. var. Hexastichon) seeds amylase induction assay'* and in cress (Lepideum sativum) seed

germination test'. The p/,, values of these compounds obtained from two bioassays are shown in Table L

Table I. p/;, Values of Compound 4 and ABA for Inhibition Activities Toward
Barley Seeds Amylase Induction and Cress Seeds Germination.

Compd. Inhibitory Activities (p/,, Values?)
Amylase Induction? Germination©

4 7.00 5.96

ABA 6.30 6.01

a: ply, value indicates the negative logarithm of the concentration (M) of
compounds for 50% inhibition.

b: Amylase induction assay was conducted under the following condition: Ten
embryo-less barley half seeds were incubated in 4m] of buffer (2mM acetate
and 2uM CaCl,), with GA; (100nM) + ABA or compound 4 (10nM, 30nM,
100nM, 0.3uM, 1uM, 3uM, 10uM) for 48h at 25°C. The activity of
amylase secreted under these condition was measured by the procedure of
Yomo'™.

c: The bioassay was conducted under the following condition: Cress seeds
were purchased locally. The germination test following Taylor et al.’ was
carried out on duplicates of 25 seed for each concentration ot the sample.
The test seeds were placed on Toyo No. 2 filterpapers (Scm, Toyoroshi Co.)
in plastic petri dishes (5¢m i.d., Eizai Co., Japan) and kept 1n the dark at
25°C. The germination rate was counted 48 hr after sowing.



278

B. T. KM et al.

The replacement of the C'-6 methy! group by trifluoromethyl group did not affect the inhibitory activity of

the germination, but it improved the inhibitory activity of the amylase induction. At present, it is still unclear

that the effect of the trifluoromethyl group on this activity enhancement is due to antimetabolism or

improvement of the binding affinity to receptor etc, but we think that the activity and the design concept of

this compound will lead to new ABA analogs which will be a great use in studying the mechanism and
binding site of ABA.
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