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ABSTRACT

We report a new enantioselective synthesis of ( −)-r-kainic acid from D-serine methyl ester hydrochloride, based on a ( −)-sparteine-mediated
asymmetric deprotonation of an intermediate carbamate that, by stereospecific anti SN′SE′ intramolecular cycloalkylation, leads to the pyrrolidine
ring precursor of ( −)-r-kainic acid, in high yield and diastereoselectivity. The intermediate pyrrolidine was further transformed to ( −)-r-kainic
acid in three steps.

The natural marine product (-)-R-kainic acid (1), a potent
neurotransmitting activity inhibitor for the central nervous
system,1 is the parent member of kainoids, an important class
of compounds with interesting biological properties.

Synthesis of kainoids needs to address the formation of a
pyrrolidine-2-carboxylic acid with defined stereochemistry
at the three continuous chiral centers of the ring, where is
essential to achieve acis stereochemistry for the 3- and
4-positions. Subsequent to the first synthesis of (-)-R-kainic

acid carried out by Oppolzer,2 several total syntheses of this
compound were published,3 although only a few lead to the
enantiopure product. Here, we report a new diastereoselective
(-)-sparteine-mediated total synthesis of (-)-R-kainic acid.

Recently, we have reported that sparteine-mediated car-
bocyclizations of allyllithium compounds lead to cyclopen-
tanes with the favoredcis stereochemistry at the newly
formed bond.4 Later, this method was extended to the
synthesis of acis-3,4-divinylpyrrolidine with high enantio-
and diastereoselectivity.5 We now report the use of this
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methodology to synthesize (-)-R-kainic acid following the
strategy described in Scheme 1.

In our synthesis, the desired configuration of (-)-R-kainic
acid, is achieved via asymmetricanti SN′SE′ cycloalkylation
reaction of key precursorC, synthesized from building blocks
A andB.6

Synthesis of key precursorC (12 in Scheme 2) has been
carried out starting fromN-benzyl-protectedD-serine methyl
ester hydrochloride,7 first transformed into silyl ether3 ([R]D

+3.9, c 0.94, CHCl3) in 89% yield. Reduction of ester3
with LiBH4 led to alcohol4 ([R]D -8.2 (c1.10, CHCl3)) in
47%.8 Further, the synthesis required the elaboration of
intermediate6 from 4 containing two stereogenic double
bonds, both achieved with anE/Z ratio >99% (determined
by 1H NMR). N-Alkylation of alcohol4 was carried out by
refluxing (E)-configured isoprenoid219 using NaHCO3 in
acetonitrile, yielding alcohol5 ([R]D -3.6 (c0.91, CHCl3))
in 82%. 5 was converted to6 with 75% overall yield by
Swern oxidation followed in situ olefination using (carb-
ethoxymethylene)triphenylphosphorane, in a single operation
to avoid racemization. The next step of the synthesis
consisted of the selective removal of TES group in6 with
TBAF, which was achieved in 81% yield. Allylic alcohol7
([R]D +14.7 (c 0.61, CHCl3)) was then submitted to chlorine-
substitution, giving (E,E)-allylic chloride8 ([R]D +22.0 (c
0.78, CHCl3)) in 71%. An optical purity ofg95% enantio-
meric excess was determined for8 by 1H NMR analysis of
the corresponding (-)-MPTA ester10.10

Desired carbamate12 was prepared from8 via 1,2-
reduction of its ester moiety by treatment with DIBAL-H
(70% yield), followed by standard carbamoylation of11,
yielding 12 ([R]D +9.7 (c0.71, CHCl3)) in 53%.

Intramolecularanti SN′SE′ cycloalkylation of (E,E)-car-
bamate12 (Scheme 3), the key step for the synthesis of (-)-
R-kainic acid, commenced withR-deprotonation by means
of n-BuLi/(-)-sparteine at-78°C in toluene.11 This reaction
took place under kinetic control, providing after 1 h the
cyclization products13a ([R]D -22.6 (c0.57, CHCl3)) and
13b ([R]D -6.4 (c 0.75, CHCl3)) in 83% yield12 (13a:13b,
dr 80:20, as determined by1H NMR). As expected, a high
C3-C4cisselectivity was achieved giving the two separable
diastereomers13a and 13b, without formation oftrans
products with respect to the C3-C4 bond, as evidenced by
1H NMR.

Since the relative configuration of pyrrolidines13a and
13b could not be determined by NOE studies, the stereo-
chemical assignment of structures to13a and13b is based
on the fact that the two olefinic protons of the isopropenyl
chain appear as two singlets in the1H NMR spectra, as is
typical for similar kainoids.13 In addition, experimental
vicinal coupling constants (3J2,3 and3J3,4) observed for13a
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Scheme 1. Retrosynthesis of (-)-R-Kainic Acid by Using an
IntramolecularAnti SN′SE′ Reaction

Scheme 2. Synthesis of Cyclization Precursor12a

a Conditions: (a) TBSCl, NEt3, DMAP, CH2Cl2, rt, 12 h. (b)
LiBH4, THF/toluene, reflux, 20 min. (c) CH3CN, NaHCO3, rt, 30
min, 21, reflux, 3 h. (d) (COCl)2, DMSO, CH2Cl2, -78 °C, NEt3,
-15 °C, 1 h. (e) (Carbethoxymethylene)triphenylphosphorane,-15
°C to room temperature, 3 h. (f) TBAF, THF, 0°C, 5 min. (g)
NEt3, CH2Cl2, -40 °C, MsCl, 1 h, LiCl, THF, rt, 3 h. (h) DIBAL-
H, CH2Cl2, -78 °C, 2 h. (i) NaH,CbCl,THF, reflux, 12 h.
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were within the range of calculated ones from computational
studies based on the Karplus-Conroy equation.14

The (Z)-geometry of the enol carbamate moiety is based
on the small olefinic coupling constant (5.6 Hz) observed,
in agreement with previous studies in our group.4,5

Further support to this assignment is provided by the
conversion of13a to (-)-R-kainic acid (1).

The stereochemical outcome of the asymmetric cycloalky-
lation reaction is supported by the following mechanistic
considerations: (1) The chiral basen-BuLi/(-)-sparteine
enantioselectively removes theR-pro-S-proton15 of carbamate
12, generating the configurationally labile intermediate
E‚sp. Intramolecular cycloalkylation ofE occurs under

regioselective C-C bond formation between bothγ,γ′-
positions and simultaneous elimination of lithium chloride.5

Although these (-)-sparteine-lithium ion pairs of primary
allyl carbamates have been recognized to have limited
configurational stability, the cycloalkylation is more rapid
than epimerization. (2) Anendoconformation of the allylic
moiety in an anti mode is required for the SN′SE′ cycloalky-
lation.16 The chairlike transition stateE allows theπ-π*
overlap of the electron-rich and electron-deficient allyl
moieties, presumably being the origin of the highcis
diastereoselectivity. Compound13b is most probably formed
by intramolecular cycloalkylation of the (R)-configured
lithium derivativeF‚sp.

To complete the synthesis of (-)-R-kainic acid, oxidative
removal of the carbamate group in13a is necessary (Scheme
4).

The usual oxidative methods17 are not applicable to vinyl
carbamates13a and 13b due to the reactive additional
trisubstituted double bond. Moreover, attempts to convert
the vinyl carbamate13a into aldehyde 14a by using
methyllithium18 or TMSOTf19 failed. In light of these results,
we used an indirect oxidation method consisting in a vinylic
deprotonation witht-BuLi followed by quench with MeSS-
Me.20 The obtained ketene monothioacetal15awas submitted
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Scheme 3. Cyclization to the Pyrrolidines13a and13ba

a Conditions: (a)n-BuLi/sp (2.2 equiv), toluene,-78 °C, 1 h.
(b) MeOH.

Scheme 4. Completion of the Synthesis to (-)-R-Kainic Acid
and Synthesis of Lactone18ba

a Conditions: (a) MeLi or TMSOTf. (b)t-BuLi, TMEDA, THF,
-78 °C, 1 h, MeSSMe, 1 h, rt. (c) MeOC(dO)Cl, ClCH2CH2Cl,
reflux, 3 h. (d) MeSO3H, MeOH, H2O, reflux, 16 h. (e) Jones
reagent. (f) 40% NaOH aq, reflux, 18 h. (g) Dowex 50WX-200
(elution with NH4OH (1 N)), Amberlite CG- 50 (elution with H2O).
(h) Recrystallization, EtOH aq.
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without further purification toN-debenzylation by treatment
with methyl chloroformate,21 providing16a ([R]D -19.0 (c
0.5, CHCl3)) in 84% overall yield. Similar results were
obtained when the minor diastereomer13bwas treated under
the same conditions to provide16b.

Treatment of monothioketene acetal16a with an excess
of methanesulfonic acid resulted in the deprotection of the
hydroxyl group and simultaneous hydrolysis of the ketene
monothioacetal moiety, giving alcohol17a in 55% overall
yield. In a similar fashion, lactone18b resulted from
deprotection of silyl ether in16b followed by cyclization of
both C-2 and C-3 chains in 48% yield.

Elucidation of the structure of17a and18b was carried
out by 1H NMR spectra and NOE studies.22 The absolute
configuration was confirmed by comparing their respective
[R]D values with published ones: for17a ([R]D -41.2 (c
0.52, CH2Cl2)) versus ([R]D3i -43.0 (c1.25, CH2Cl2)) and
for 18b ([R]D -28.1 (c0.30, CHCl3)) versusent-18b([R]D

3j

+32.1 (c1.20, CHCl3)).

The final steps to the natural product were carried out
following literature precedents:4i Jones oxidation of the
primary alcohol 17a, followed by hydrolysis with 40%
aqueous sodium hydroxide, and purification by using ion-
exchange chromatography afforded enantiopure (-)-R-kainic
acid as colorless needles after recrystallization from aqueous
ethanol (38% overall yield). Our final product possessed
physical properties identical to those of the authentic
material: mp 243-245 °C (decomp) versus lit.3i mp 241-
244°C (decomp); [R]D -14.3 (c 0.40, H2O) versus lit.4i [R]D

-14.6 (c0.25, H2O).
In conclusion, we have reported a new method to prepare

(-)-R-kainic acid via (-)-sparteine-mediated asymmetric
lithiation and cycloalkylation synthesis.
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