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Racemic 9-hydroxy-10-oxo-12(Z),15(Z)-octadecadienoic
acid [(�)-KODA] was synthesized via a coupling reaction be-
tween a diyne and an epoxide derived from methyl oleate as
a key step. An optically active 9R-KODA was also synthesized
by enantioselective lipase-catalyzed esterification of an allyl al-
cohol. Both synthetic (�)-KODA and 9R-KODA showed re-
markable flower-inducing activity in Pharbitis nil.

�-Ketol derivative of linolenic acid [KODA, 1] was isolat-
ed as an essential component of factor C, which showed potent
flower-inducing activity in Lemna paucicostata upon incubation
with norepinephrine (NE).1 The absolute structure of KODA
was found to be predominantly 9R (70% 9R and 30% 9S),2 as
shown in Figure 1. As an extension of our studies on flower-
inducing activity of KODA, 9R-11-{(20S,80S,100S,110R)-
20,80-dihydroxy-70-oxo-110-[(Z)-2-pentenyl]-90-oxa-40-azatricy-
clo[6.3.1.01,5]dodec-50-en-100 -yl}-9-hydroxy-10-oxoundecano-
ic acid (FN1, 2) was isolated with FN2 (3), the C-9 epimer of
FN1, as two major components of the incubated mixture of KO-
DA with NE (Figure 1). Flower-inducing activity was observed
in only FN1, which was derived from 9R-KODA (1a), not in
FN2.2 More recent studies have suggested that KODA may be
involved in flower induction in Pharbitis nil (violet) with the
evident relation between KODA concentration and the flower-
inductive condition.3 In this communication, we report a total
synthesis of (�)-KODA (1) by using a coupling reaction be-
tween a diyne and an epoxide as a key step, and an enantiose-
lective synthesis of 9R-KODA (1a) via enantioselective lipase-
catalyzed esterification of an allyl alcohol 6.4 In addition, the
synthetic KODA remarkably promoted flower induction in
Pharbitis nil. This is the first result that showed flower-inducing
activity of KODA in other plants besides L. paucicostata.

Ozonolysis of methyl oleate (4) in MeOH–CH2Cl2 (1:1) at
�17 �C with Me2S as a reducing agent afforded 5,5 which was
submitted to a Grignard reaction with vinylmagnesium bromide
in THF at �25 �C to give an allyl alcohol 6, as shown in
Scheme 1. Treatment of 6 with MCPBA in CH2Cl2 containing
sat. aq NaHCO3 afforded an epoxide 7, and subsequent protec-

tion of 7 with tert-butyldimethylsilyl chloride in DMF in the
presence of imidazole yielded 8 which was subjected to a cou-
pling reaction.6 Namely, treatment of 8 with 1,4-heptadiyne (9)7

and n-BuLi in THF in the presence of BF3�Et2O at �50 �C af-
forded a coupling product 10 in 87.6% yield. Selective hydroge-
nation of 10 with Lindlar’s catalyst (10%) in toluene afforded
11 and subsequent Swern oxidation furnished a ketone 12.8 De-
protection of the TBDMS group in 12 with 46% aq HF–H2O
yielded 13. Finally, enzymatic removal of the methyl group in
13 with lipase PS in a solution of 0.1 M phosphate buffer (pH
7.0) and acetone (1:1) afforded (�)-KODA (1),9 in 2.35% over-
all yield10 from methyl oleate (4), which was identified with an
authentic sample by TLC, HPLC, MS, IR, and 1H NMR
(CD3OD).

To synthesize 9R-KODA (1a), an allyl alcohol 6 was sub-
jected to lipase-catalyzed enantioselective acetylation. Namely,
treatment of 6 with lipase PS (50 g/mol of 6) and vinyl acetate
(5 equiv.) in pentane at 30 �C yielded an acetylated product 14
with (�)-611 as the recovered substrate. The configuration of C-
9 in (�)-6 was found to be R with 99% ee by utilizing a modi-
fied Mosher method12 on the MTPA esters of (�)-6. According
to a similar procedure from 6 to (�)-KODA (1), 9R-KODA
(1a)13 was synthesized from (�)-6 in a total yield of 0.81%
from 4.

We examined the flower-inducing activity of (�)-KODA
(1) and 9R-KODA (1a) on P. nil (violet), which is a typical
short-day plant. Its flowering process is so sensitive that flower-
ing is induced by exposing a seedling cultivated under continu-
ous light in a single 16 h dark period.14 In a restricted condition
(14 h dark period) in which control (water spray) induced one
flower in average, (�)-KODA (1) and 9R-KODA (1a) at
100mM promoted the flower induction in 129% and 215%, re-
spectively.15 The activity of chemically synthesized KODA was
estimated to be equivalent to that of KODA which was prepared
in enzymatic process.2 Based on this evidence, the absolute con-
figuration at the 9-position has an important role for the activity
in addition to the diene and �-ketol moiety1 in 1. This result al-
so suggested that KODA might have flower-inducing activity in
various kinds of plants as a hormone.
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Figure 1. Structures of flower-inducing factor.
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Scheme 1. Synthesis of (�)-KODA and 9R-KODA Reagents and conditions: a) O3/MeOH, then Me2S; b) vinylmagnesium bro-
mide/THF; c) MCPBA/CH2Cl2-sat. aq NaHCO3; d) TBDMS-Cl/imidazole/DMF; e) BF3-Et2O/n-BuLi/THF; f) H2, Lindlar’s
cat. (10%)/toluene; g) Swern oxid.; h) 46% aq HF-CH3CN; i) lipase PS/0.1 M phosphate buffer (pH7)-acetone (1:1); j) lipase
PS/vinyl acetate/pentane.

Chemistry Letters Vol.32, No.9 (2003) 845

Published on the web (Advance View) August 11, 2003; DOI 10.1246/cl.2003.844


