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ABSTRACT

An aldol reaction followed by elimination of the derived mesylate was used to construct the side chain that was designed to afford the
cyclohexene ring of coronafacic acid via intramolecular alkylation. Elimination of the mesylate proceeded with TBAF. The alkylation was
achieved with t-BuOK in THF, and then hydrolysis afforded coronafacic acid, which upon condensation with unprotected L-isoleucine using
ClCO2Bu

i furnished coronafacoyl-L-isoleucine, the L-Ile conjugate.

Coronatine 1a is a phytotoxin isolated from Pseudomo-
nas syrigae pv atropurpurea as a chlorosis-inducing factor
against Italian ryegrass leaves,1 and biosynthesis of 1a has
been elucidated2 (Figure 1). Structurally similar com-
pounds such as 1b�d have been found as well.3 Although
it is a phytotoxin, 1a shows biochemical activities similar to
those of some jasmonoids,4 which regulate plant physiol-
ogy and defense responses against environmental and

pathogenic stressors.5 Since 1a is highly potent and che-
mically more stable than the jasmonoids, 1a has been
utilized as a stable probe to find the coronatine insensitive
proteins 1 (COI1 proteins), which are the SCF proteins
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targeting the repressor JAZ proteins.6 Recently, 1a and
epi-jasmonoyl-L-isoleucine 4were found to highly activate
COI1 proteins binding to JAZ proteins,7 whereas jasmo-
noyl-L-isoleucine, the C7 stereoisomer, was less active.8

Quite recently, the crystal structure of the complex con-
sisting of 4, COI1, and JAZ was published.9 A similar
complexwith 1aoccupying the site for 4was alsodisclosed.
The phenyl group of Phe89 is definitely responsible for the
stereospecificity of the site to the stereogenic centers on the
cyclopentane ring of 4 and 1a and to the Et group of 1a as
well. To elucidate the mechanism, which translates the
binding signals by 1a and 4 in different ways, a method of
conveniently supplying these molecules and analogues
should be established. Recently, we succeeded in synthe-
sizing 4 and other amino acid conjugates of epi-jasmonic
acid 5.10 Herein, we report the synthesis of coronafacic
acid 2, the known precursor to 1a, and its conversion to
coronafacoyl-L-isoleucine 1c under protective group-free
conditions.

Since the previous asymmetric syntheses of 211,12 suffer
from low selectivity, we focused our attention mainly on

stereoselective construction of the C6 stereogenic center
possessing the Et group and total yield. In our preliminary
experiments (Figure 2), each pair of keto esters (3a and 3a0)
and hydroxyl esters (6a and 6a0) was nearly coeluted on
TLC (hexane/EtOAc) (synthesis not shown). In considera-
tion of the close mobility between the diastereomers we
envisaged a synthesis of 2 through aldol reaction of 8 with
aldehyde 9 followed by elimination of the derivedmesylate
7 and intramolecular alkylation (Scheme 1). As described
below, the elimination proceeded under unexpected con-
ditions and, besides, with the desired (E)-stereoselectivity.
The ester 8 for the aldol reaction was expected to be
obtained through palladium-catalyzed allylic substitution
of the corresponding acetate13 with malonate, while alde-
hyde 9 was prepared according to the literature method.14

As summarized in Scheme 2 the TBS-protected acetate
11, derived from monoacetate 10

13 with 99% ee, was
subjected to the palladium-catalyzed allylic substitution
with methyl malonate 12a according to the method pub-
lished by us15 to produce 13a, which upon decarboxylation
with KI at 140 �C afforded ester 8a in 81% yield from 11.

Figure 1. Coronatine, its derivatives, and (epi-jasmonoyl)-L-
isoleucine.

Figure 2. TLC mobility of the two sets of the diastereomeric
mixtures.

Scheme 1. Retrosynthesis of Coronafacic Acid
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The next stage was aldol reaction followed by elimination
of the hydroxyl group to afford the (E)-olefin, which was
expected to be derived from the syn aldol isomer on the
basis of well-accepted anti elimination. With the above
consideration in mind aldol reaction of 8a with alde-
hyde 9 (96% ee),16 prepared by the literature method,14

was attempted under the syn selective conditions using
Bu2BOTf and i-Pr2NEt.17,12a However, no reaction
took place, suggesting the cyclopentene ring of 8a being
a big obstacle. On the other hand, aldol reaction of
lithium enolate18 derived from 8a in THF/HMPA (4:1)
with 9 afforded 14a as a mixture of the syn/anti stereo-
isomers (four isomers).19 Note that boron-mediated

aldol reaction of model ester 19 with achiral aldehyde
20 afforded 21 stereoselectively (Scheme 3, eq 1), whereas
another set of aldol reactions (real ester 8a and 20) was
unsuccessful.

Scheme 2. Synthesis of Coronafacic Acid (a series, R = Me; b series, R = Et)

Scheme 3. Model Study of Aldol Reaction (eq 1) and
Elimination (eqs 2, 3)
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Without determination of the syn/anti ratio, aldol 14a
was converted to diol 15a and then tomesylate 7a in a good
yield. Next, desilylation ofmesylate 7awas attemptedwith
TBAF (1.2 equiv) in THF at 0 �C to rt for 2 h. To our
surprise, no desilylation took place. Instead, elimination of
the mesyloxy group proceeded to furnish 16a in 61% yield
with 90% (E)-selectivity over the (Z)-isomer as a conse-
quence of deprotonation at the R-position of the ester
group.20 The reagents (Et3N, Al2O3,

15,21 andDBU22) used
for elimination of themesylates derived fromketone aldols
afforded the olefin marginally.
To understand the selective formation of (E)-olefin from

the syn/anti mixture of aldol 14a, the model mesylate 22

(syn/anti = 45:55), synthesized by aldol reaction of the
lithium enolate of 19 with 20 (Scheme 3, eq 1) followed by
mesylation, was treated with TBAF under similar condi-
tions (0 �C�rt, 2 h) to afford a mixture of (E)-23, (Z)-23,
and anti-22 in a 60:5:35 ratio by 1H NMR spectroscopy.
The productwas fractionalized by chromatography to give
a mixture of (E)- and (Z)-23 in 55% yield and anti-22 in
33% yield. The result indicates that anti elimination of
anti-22, which should afford (Z)-23, was retarded by the
steric repulsion between the Bu and CHEt2 groups in the
transition state, whereas anti elimination of syn-isomer 22
took place without difficulty. In accord with the result,
unusual syn elimination of the recovered anti-22 started at
rt slowly to afford, after 8 h, a mixture of (E)-23, (Z)-23,
and anti-22 in a ratio given in eq 3.
The TBS group in 16a was removed under acidic condi-

tions, and the resulting alcohol 17awas oxidized to ketone
18a, whichwas subjected to intramolecular alkylationwith
t-BuOK as a base. In THF at 0 �C, 3a was produced with
unidentified polar products and an isolated yield of 3awas
only 31% (Table 1, entry 1). The polar compounds were
produced even at lower temperature (entry 2). Sufficiently
protic conditions were examined next using t-BuOH as a
solvent at rt due to the mp of t-BuOH (entry 3). The
reaction was, however, capricious producing 29�57%
yields of 3a. Use of t-BuOH/THF (1:1) at 0 �C was un-
successful (entry 4).
Based on the assumption that attack to the ester carbonyl

group in 18a and/or 3awas responsible for the formation of
polar compounds, intramolecular alkylation of 18b with
the slightly bigger ethyl ester was examined next. Synthesis
was accomplished in a similar way to methyl ester 18a

startingwith acetate 10 and ethylmalonate 12b as summar-
ized in Scheme 2. Except for decarboxylation of 13b, which
was accomplished at 180 �C, the other steps of trans-
formation including stereoselective elimination of me-
sylate 7b to olefin 16b

20 proceeded without any event.

Intramolecular alkylation of 18b was carried out with
t-BuOK in THF at 0 �C to afford 3b in a higher yield
of 62% (Table 1, entry 5). Finally, hydrolysis of 3b

under the reported acidic conditions afforded coronafacic
acid 2 in 85% yield. The 1H and 13C NMR spectra and
mp were consistent with those reported (see Supporting
Information).23

Finally, coronafacic acid 2 was transformed successfully
to coronafacoyl-L-isoleucine 1cwith unprotected L-isoleucine
as shown in eq 4 by using themethod recently developed for
condensation of epi-jasmonic acid with amino acids.10 This
method would be applicable to condensation of 2 and its
analogues with other amino acids.

In summary, we achieved stereoselective synthesis of
coronafacic acid 2, the known key intermediate for
synthesis of coronatine 1a, through intramolecular
cyclization of 18b to 3b. The total yield from 10 to 2

was 23.9% in 12 steps. During the synthesis we found
TBAF-assisted elimination of the mesyloxy group in
mesylate 7b, which proceeded stereoselectively and
faster than desilylation of the TBS group in it, furnished
the desired (E)-olefin 16b. Furthermore, condensation of
2 and unprotected L-isoleucine were achieved successfully
to afford the isoleucine conjugate 1c.
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Table 1. Intramolecular Alkylation Using t-BuOK

entry ketone conditionsa yieldb

1 18a THF, 0 �C 31%

2 18a THF, �20 �C 23%

3 18a t-BuOH, rt 29%�57%

4 18a t-BuOH/THF,c 0 �C 27%

5 18b THF, 0 �C 62%

a t-BuOK (1.2�2.0 equiv). b Isolated yield. c 1:1.

(20) Chemical shifts (δ, ppm) of the diagnostic olefin proton ap-
peared as a doublet (J = ca. 10 Hz): 16a, 6.33; the (Z)-isomer of 16a,
5.59; 16b, 6.27; the (Z)-isomer of 16b, 5.51.
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(22) In the case of an aldol derived from ester and R,β-enal, elimina-
tion of the derived mesylate proceeds with DBU.11d A similar tendency
was observed by us.15

(23) The specific rotations ([R]D) in MeOH reported earlier are ca.
120, whereas those reported recently are 104�109. Our data are con-
sistent with the latter. See Supporting Information.


