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ABSTRACT

A stereocontrolled total synthesis of ( −)-kainic acid is described. A fully functionalized trisubstituted pyrrolidine ring was constructed by
ring-closing metathesis of an acrylate derivative followed by an intramolecular Michael addition of the resultant r,â-unsaturated lactone with
high diastereoselectivity. Two alternative protocols for the construction of the r,â-unsaturated lactone were also developed.

(-)-Kainic acid (1), first isolated in 1953 from the Japanese
marine algaDigenea simplex1 and later found in a related
algae as well,2 is the parent member of the kainoid family.3

Kainoids display potent anthelmintic properties4 and neuro-
transmitting activities5 in the mammalian central nervous
system, and kainic acid in particular has been widely used
as a tool in neuropharmacology6 for stimulation of nerve cells
and the mimicry of disease states such as epilepsy,7 Alz-
heimer’s disease, and Huntington’s chorea.8 A recent short-
age in the supply of1 had become a serious problem for

researchers, but even after a recent recovery in the supply
of 1, it continues to be a costly compound.9

From a synthetic point of view, the structural features of
1, namely, a highly functionalized trisubstituted pyrrolidine
ring with three contiguous chiral centers, has attracted
considerable attention from synthetic chemists. A number
of total syntheses and synthetic approaches have been
reported,10,11 including one from this laboratory featuring a
regio- and stereoselective lithiation of a pyrrolidine ring.12

However, there have been few synthetic routes amenable to
large-scale preparation with comparable efficiency to the
current method of isolation from algae. Herein, we describe
an efficient synthetic route to1, featuring a ring-closing
metathesis (RCM) reaction13 of an acrylate derivative and
an intramolecular Michael addition for the stereoselective
construction of the functionalized pyrrolidine ring.

Our synthetic strategy is outlined in Scheme 1. For the
stereoselective construction of the 3,4-cis-pyrrolidine ring,
we planned to perform an intramolecular Michael addition
of the glycine moiety to theR,â-unsaturated lactone.14 The
R,â-unsaturated lactone2 could be formed by RCM of an
acrylate derivative3. Installation of the acrylate and glycine
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functionalities could be carried out on monoprotected diol
4. Enantioselective synthesis of4 would be possible by
reduction of the Evans aldol reaction15 product5, available
from crotonic acid derivative6 and acetaldehyde.

Preparation of the substrate for RCM reaction started with
the acylation of oxazolidinone7 with crotonic anhydride16

(Scheme 2). A diastereoselective Evans aldol reaction
between crotonamide detivative8 and acetaldehyde pro-
ceeded in the presence of 1.05 equiv of TiCl4 and 2.5 equiv
of i-Pr2NEt to give the aldol product9 as a single isomer.17 After protection of the hydroxyl group as the TES ether, the

chiral auxiliary was reductively cleaved to provide homo-
allylic alcohol 10. Introduction of the glycine moiety was
then carried out by Mitsunobu reaction18 of 10 with Nosyl
(Ns)-activated glycine methyl ester11.19 Exchanging the Ns
with the Boc group by the standard conditions was followed
by desilylation and acylation with acryloyl chloride to afford
the desired precursor13 for RCM reaction.

Due to the impracticality of the Mitsunobu reaction for
large-scale preparation, we examined a reductive amination
approach to incorporate the glycine moiety (Scheme 3).

Treatment of the TBS-protected aldol product14 with
DIBAL-H at -78 °C gave the corresponding hemiaminal
15as a mixture of diastereomers in modest yield. Reductive
amination of15 with glycine methyl ester hydrochloride
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Scheme 1. Synthetic Strategy for (-)-Kainic Acid (1) Scheme 2. Synthesis of RCM Precursor12

Scheme 3. Reductive Amination Approach To Introduce the
Glycine Moiety
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proceeded with sodium cyanoborohydride in MeOH at 80
°C (in a sealed tube) to furnish the desired secondary amine
16 in 60% yield.

The low-yielding reductive amination sequence was
improved by simply switching the chiral auxiliary to17
(Scheme 4).20,21 DIBAL-H reduction of the TBS-protected

aldol product18, which was synthesized from17 in an
analogous manner to the aforementioned route, provided
hemiaminal 19 as a single diastereomer in 84% yield.
Reductive amination with glycine methyl ester hydrochloride
provided the desired secondary amine16 in 94% yield along
with an 85% recovery of chiral auxiliary17. Finally, the
RCM substrate13 was obtained by Boc protection, desilyl-
ation, and acylation with acryloyl chloride.

With the desired acrylate derivative13 in hand, we then
extensively studied the key RCM reaction (Table 1). After
surveying several catalysts, we chose the Hoveyda-Grubbs’
second-generation catalyst22 to find the optimum conditions.
Use of 5 mol % of the catalyst in dichloromethane at 80°C
in a sealed tube (entry 5) afforded the desired product in
98% yield. While the yield dropped slightly using 2 mol %
or less of the catalyst, a substantial improvement was made
by switching the solvent to 1,2-dichloroethane. Under
refluxing conditions, sufficient yields were obtained with as
low as 0.8 or 0.5 mol % of the catalyst (entries 10 and 11).

For the construction of the lactone ring, we also established
two alternative methods which avoid the use of relatively
expensive RCM catalysts (Scheme 5). Ozonolysis of the
terminal alkene in20 afforded aldehyde22, which after the

Z-selective Horner-Wadsworth-Emmons reaction23 gave
the correspondingR,â-unsaturated ester23 (Z/E ratio based
on 1H NMR was 83:17). After removal of the TBS group,
lactonization was effected with a catalytic amount of Ti(O-
i-Pr)4 to provide the desired lactone21. Alternatively, the
E-R,â-unsaturated ester24, after deprotection of the TBS
group, was treated with dodecanethiol24 in the presence of a
catalytic amount of DBU at 80°C to afford lactone25.
Oxidation of the thioether to the sulfoxide with ozone
followed by heating in situ in refluxing toluene gave the
desired21.
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Scheme 4. Synthesis of Substrate for RCM

Scheme 5. Construction ofR,â-Unsaturated Lactone21 by
Horner-Wadsworth-Emmons Reaction

Table 1. Optimization of Ring-Closing Metathesis

conditions

entry catalyst (mol %) solvent T (°C) time yield (%)

1 5a toluene 80 3 h 62
2 5 toluene 80 5 h 71
3 5 heptane 80 1 d 66
4 5 PhCl 80 1 d 74
5 5 CH2Cl2 80b 1 d 98
6 2 CH2Cl2 80b 2 d 92
7 1 CH2Cl2 80b 3 d 87
8 1 Cl(CH2)2Cl reflux 3 d 97

10 0.8 Cl(CH2)2Cl reflux 3 d 99
11 0.5 Cl(CH2)2Cl reflux 3 d 92
12 0.2 Cl(CH2)2Cl reflux 3 d 61
a Grubbs’ second-generation catalyst was used.b Reaction was conducted

in a sealed tube.
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Attention was then focused on the crucial intramolecular
Michael addition of the glycine moiety to theR,â-unsaturated
lactone ring. The expected reaction took place smoothly upon
treatment of21 with KHMDS in toluene at-78 °C to
provide a mixture of the desired pyrrolidine derivative26a
and its C-2 epimer26b in a 71:29 ratio (Table 2, entry 1).

The more polar solvent DMF afforded26a with greater
selectivity (89:11) (entry 3), but the choice of base had a
significant effect on both the diastereoselectivity and yield.
When LiHMDS was used in DMF at-60 °C, a 91/9 mixture
(26a/26b) was obtained in 95% combined yield (entry 5).
In order to further improve the diastereoselectivity, substitu-
ent effects on the ester moiety were also studied. Although
the diastereoselectivity was slightly improved by changing
the methyl ester to sterically more bulky ethyl ortert-butyl
esters (entry 6 and 7),25 there was a drawback associated
with the preparation of these substrates, in that the reductive
aminations with the corresponding glycine esters (cf.19 to
16 in Scheme 4) were not as high yielding as the corre-
sponding methyl ester (85% for the ethyl ester and 32% for
the tert-butyl ester).

Having successfully constructed the fully functionalized
pyrrolidine ring, we proceeded to construct the propenyl

group. Methanolysis of the diastereomeric mixture of26
provided the corresponding diester27 with 33% recovery
of 26 (Scheme 6). TPAP oxidation26 of secondary alcohol

27 gave ketone28, which was subjected to an olefination
reaction under nonbasic conditions27 to construct the propenyl
group without epimerization at the C-4 position of the
pyrrolidine ring. Finally, hydrolysis of both methyl esters,
nitrogen deprotection, and recrystallization furnished pure
(-)-kainic acid (1), which was spectroscopically identical
with the natural product.10a,k

In conclusion, we have accomplished a stereoselective total
synthesis of (-)-kainic acid (1). The synthesis features (1)
a ring-closing metathesis of an optical active acrylate
derivative and (2) a highly diastereoselective intramolecular
Michael addition of glycine moiety to anR,â-unsaturated
lactone to construct the fully functionalized pyrrolidine ring.
The efficiency of the synthetic route, namely 13% overall
yield in 13 steps from17 via the RCM protocol, enabled us
to conduct a gram-scale synthesis of (-)-kainic acid (1).28
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Table 2. Synthesis of the Pyrrolidine Ring by Intramolecular
Michael Addition

conditions

entry R base solvent T (°C) 26a/26ba yield (%)

1 Me KHMDS toluene -78 71:29 89
2 Me KHMDS THF -78 73:24 73
3 Me KHMDS DMF -60 89:11 60
4 Me NaHMDS DMF -60 92:8 79
5 Me LiHMDS DMF -60 91:9 95
6 Et LiHMDS DMF -60 94:6 89
7 t-Bu LiHMDS DMF -60 94:6 96

a Inseparable mixture. The ratio of diastereomers was calculated on the
basis of1H NMR after conversion of26 to 28.

Scheme 6. Completion of the Total Synthesis of (-)-Kainic
Acid
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