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ABSTRACT
EtO,C CHg
HO,C H
j\ f/\CHs 6 operations 2 Hc 8
o™y >20% yield HOLC™ H

COPh

A short and efficient asymmetric total synthesis of the title compound 1, which is an important neurotransmitter, has been achieved. The
synthesis features a metal-promoted, enantioselective ene reaction that provides entry into the kainic acid ring system from very simple
precursors. Moreover, the zirconium-mediated Strecker reaction, which represents an outgrowth of earlier amide-to-imine methodology developed
in our laboratory, demonstrates remarkable chemoselectivity and stereoselectivity.

The role of excitatory amino acids such iaglutamic acid ing agent to eliminate parasites from humans and anifnals.

and (—)-a-kainic acid (kainic acidl in Scheme 1) in Recent news reports described a worldwide shortage of kainic
acicP#that for over a year has handicapped the neuroscience
community and prompted a search for alternative sources

Scheme 1 of 1. A total of 53 laboratory syntheses &fhave been
reportec’® although none is practical on a preparative scale.
|-|ogcz_§tc+|3 ROZCHLCHS Here we describe a short, practical, and efficient enantio-

HOLC™ = S selective synthesis dfthat uses an asymmetric, magnesium
= N Z bis-oxazoline catalyzed ene cyclization to introduce the key

1 4 structural and stereochemical elementd of

RO,C CHa Scheme 1 depicts our retrosynthetic strategy. We planned

to introduce thea-amino acid moiety oflL by a Strecker

© reaction on imine, which might be prepared by the partial

3 reduction of pyrrolidone3 using CpZrHCI, a method
developed in our laboratory for amide-to-imine reductiéns.

L . We envisioned making lacta® by an intramolecular ene
mediating synaptic responses has made these naturally

occurring compounds important reagents for investigations 5y watase, H.; Tomiie, Y.: Niita, INature (London)1958, 181, 761—

into Alzheimer’s disease, epilepsy, and other neurological 762.
- ; _ (3) Tremblay, J.-FChem. Eng. New2000, January 3rd, +415.
disorders. Compoundl has also been used as an antiworm (4) Tremblay, J.-FChem. Eng. New2000. March 6th, 131.
(5) For a very recent synthesis, see: Chevliakov, M. V.; Montgomery, J.
(1) Hollmann, M.; Heinemann, $Annu.Rev.Neurosci.1994,17, 31— J. Am.Chem.S0c.1999,121, 11139—-11143.
108. (6) For a review, see: Parsons, A.Tetrahedrorl996 52, 4149-4174.
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reaction. Such a strategy was first used by Oppolzer et al.
to transform chiral dienes to trisubstituted pyrrolidines for
the synthesis of kainic and allokainic acfdslowever, the
possibility of developing metal-promoted, enantioselective
variants of the intramolecular ene reaction using achiral diene
precursors led us to pursue this new approach.

Dienesba,band6a,bwere prepared as shown in Scheme
2 from N-prenylamine4.? Reaction of 4 with maleic

Scheme 2
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(a) maleic anhydride, ether, 0°C, 15 min;
(b) 1.2 equiv SOCI,, E1OH, 0 °C, 4 h, 77%
(two steps); (c) PhCOCI, 4 A molecular
sieves, CICH,CH,Cl, 60 °C (1 d, 76% for
5b; 4 d, 70% for 6b) (d) ethyl
chlorofumarate, E3N, ether, O °C, 3 h, 78%.

anhydride followed by esterification afford&a. Similarly,
condensation of with ethyl fumaryl chloridé® afforded6a.
Both 5a and 6a were converted to the corresponding
N-benzoyl derivative®&b and6b in good yields.

The thermal and metal-catalyzed intramolecular ene reac-
tions of dieneda,band6a,b can form eithecis-substituted
or trans-substituted pyrrolidon&apb and8ab, respectively
(Scheme 3).

Scheme 3
5a,b; 6a,b
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9a R = (5)-t-Bu
9b R = (R)-CH,Ph
9¢ R=(R)-Ph

Cyclizations were studied under a variety of conditions
(Table 1). In the absence of catalyst, cyclization 5af

(7) (a) Schedler, D. J. A.; Godfrey, A. G.; Ganem,Tetrahedron Lett.
1993, 34, 5035—5038. (b) Schedler, D. J. A.; Li, J.; GanemJBOrg.
Chem.1996,61, 4115—4119.

(8) (@) Oppolzer, W.; Andres, Hdely. Chim. Acta 1979, 62, 2282—
2284. (b) Oppolzer, WPure Appl. Chem.1981, 53, 1181—1201. (c)
Oppolzer, W.; Thirring, KJ. Am.Chem.Soc.1982,104, 4978—4979.
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required prolonged heating at 19C, forming 7a and 8a
(3.3:1 ratio) in good yields. The desirets-isomer7a was
obtained as a pure racemate by crystallization from ethyl
acetate:hexanes, mp 16207 °C. Isomer6afailed to cyclize

at 190°C (entry 2) but at higher temperatures (entry 3)
afforded predominantly theansisomer8a. Control experi-
ments at 210C indicated that dien&a slowly isomerized

to 6a and that pur&a epimerized only slowly €10% after

4 d). Thus, the stereochemistry of the cyclized product was
strongly influenced by the stereochemistry of the enophile
in the diene precursor.

Attempted cyclization of5a with various metal salts
[ZnCly, Zn(OTf),, Cu(OTf)] led instead to the formation of
N-prenylmaleimide. However, in the presence of zZn@il
Mg(CIQO,),, diene6a generated predominantly the desired
cis-isomer7a (entries 4 and 5).

The N-benzoylated dienéb and6b underwent faster and
higher-yielding uncatalyzed cyclizations (entries 6 and 7)
than did the parent dienesa and 6a, with 6b strongly
favoring the desiredis-product7b. Stoichiometric amounts
of Mg(ClQO,), further accelerated cyclizations b and6b
(entries 8 and 9), but with less favorable stereoselectivities.

Asymmetric intramolecular ene cyclizations have been
developed using covalently linked chiral auxiliarié$iow-
ever, metal-promoted asymmetric versions of such reactions
using chiral ligands are rare. Intramolecular ene/conjugated
alkene cyclizations have been achieved using chiral titanium
alkoxided? or bis-oxazoline—magnesium perchloraten
each case, stoichiometric quantities of both metal and ligand
were required, and moderate to good enantioselectivity was
observed. The cyclization @b was conducted with a variety
of metal—ligand combinations, and the best results were
achieved using the bis-oxazoline—magnesium system re-
ported by Desimoni et al. (entries £@2) 13 Three different
commercially available bis-oxazolin@s—c were screened.
Optimal results were obtained using 2 equiv of both metal
and ligand, indicating that sequestration of the meligand
complex by the product was significant. Ligar@is—c were
readily recoverable by chromatography of the product
mixture and could be reused.

All three bis-oxazolines promoted Mg(ll)-catalysis, and
in each case, cyclization strongly favored the destisd
diastereomer. The rate enhancement was most pronounced
with diphenyl-bis-oxazolin®c and weakest wittPa!* as
was the enantioselectivity (presented as the ratio of dextro-
and levorotatory enantiomers in the final column in Table

(9) Semenow, D.; Shih, C.-H.; Young, W. G.Am.Chem.Soc.1958,
80, 5472—-5475.

(10) (a) Eisner, V.; Elvidge, J. A.; Linstead, R. 2.Chem.Soc.1951,
1501—1512. (b) Schoenecker, J. W.; Takemori, A. E.; PortogheseP.
Med. Chem.1986,29, 1868—1871.

(11) For reviews, see: (a) Mikami, K.; Shimizu, Mhem.Re».1992,
92, 1021—-1050. (b) Jones, G. B.; Chapman, BSyhnthesisl995, 475—
497.

(12) Narasaka, K.; Hayashi, Y.; Shimada,Chem.Lett. 1988, 1609—
1612.

(13) Desimoni, G.; Faita, G.; Righetti, P.; SardoneTitrahedrornl996
52, 12019—12030.

(14) The weaker catalytic activity of complexes3d with Mg(ll) has
been noted: Evans, D. A,; Miller, S. J.; Lectka, T.; von MattJPAmM.
Chem.Soc.1999,121, 7559—7573.
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Table 1. Uncatalyzed and Catalyzed Ene Reactions of Dighasd 6

entry substrate catalyst ligand conditions products ratio (% yield) (+)-7a:(—)-7a
1 5a 190 °C, toluene, 4 d 7a:8a 3.3:1(84)
2 6a 190 °C, toluene, 4 d SMe
3 6a 200—10 °C, toluene, 4 d 7a:8a 1:5 (78)
4 6a ZnCl? 110°C,1d 7a:8a 5:1 (60)
5 6a Mg(ClO4)22 110 °C, toluene, 42 h 7a:8a 10:1 (50)
6 5b 110 °C, toluene, 5 h 7b:8b 2:1(99)
7 6b 110 °C, toluene, 22 h 7b:8b 10:1 (98)
8 5b Mg(ClOg4),? rt, CH.Cly, 2d 7b:8b 1:2 (94)
9 6b Mg(ClO4),? rt, CHCl, 2 d 7b:8b 2.2:1 (81)
10 6b Mg(ClO4),° 9aP rt, CHxCI, 18 h 7b:8b 20:1 (66) 1.0
11 6b Mg(ClO4),° 9bP rt, CHxCl, 12 h 7b:8b 20:1 (64) 0.59
12 6b Mg(ClO4),° 9cb rt, CHxCl> 3 h 7b:8b >20:1(72) 4.8

a1 equiv.” 2 equiv.c SM = starting material.

1). Interestingly9b and9c gave opposite enantioselectivities,
which were ascertained as follows. Mild acid hydrolysis of
the 7b:8b mixture (4 N HCI, EtOH, rt, 2 h, 89%), followed
by chromatography, afforded a dextrorotatory sampl@aof
(entry 12; p]p +3.7° in CHCI;), which was analyzed by
NMR using the chiral shift reagefitEu(tfc).

Lactam (+)-7awas transformed into (—)-a-kainic acid

Schwartz’s reagent, no hydrozirconation of the isopropenyl
group in7awas detected.

The unexpectedyn-addition of cyanide leading id was
established by hydrolysis of both the nitrile and ester groups
in 11 using aqueous acid to affofttkainic acid12, whose
NMR spectrum matched published valdé8ase-promoted
epimerization of diesters df2 to the corresponding diesters

as depicted in Scheme 4. Reaction with Schwartz's reagentof 1 has been reported under a variety of conditibhs.

10,C

Scheme 4
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()1
) 1.5 equiv CpoZrHGI, THF, -30 to 15°C, 4 h;
) 2 equiv TMSCN, CHoClg, 1 h, 75% from 7a;
)6 NHCI, 3 d; (d) 4 NHCI, CHgOH, 1t, 24 h;

[€)
{b;
{c
{e) 1 NKOH, rt, 20 h, 97% from 11.

(CpZrHCI, 1.5 equiv in THF) generated imink), which
was subjected without purification to cyanotrimethylsilane
(TMSCN) in CH,CI, to afford the all-cis nitrilel1 in 70%
overall yield from7a. Although alkenes readily react with

(15) Belleney, J.; Bui, C.; Carriere, F.Magn. Reson. Chem990,28,
606—611.

(16) Hashimoto, K.; Konno, K.; Shirahama, 8.0rg. Chem.1996,61,
4685—4692.

(17) (a) Takano, S.; lwabuchi, Y.; Ogasawara JKChem.Soc.,Chem.
Commun.1988, 1204—1206. (b) Rubio, A.; Ezquerra, J.; Escribano, A,;
Remuinan, M. J.; Vaquero, J. Jetrahedron Lett1998,39, 2171—-2174.
(c) Campbell, A. D.; Raynham, T. M.; Taylor, R. J. K.Chem Soc, Chem
Commun.1999, 245—246.
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Therefore, nitrilell was reacted with 4 N HCtmethanol
and then directly basified with KOH to affordin 97% yield.
This procedure presumably involves alcoholysis of the nitrile
in 11 to a diester, which undergoes epimerization and
saponification tol.

Synthetic a-kainic acid prepared in this fashion was
converted to the (+)-ephedrine salt and recrystallized fol-
lowing a literature proceduf&to afford optically pure (—)-
o-kainic acid, whose spectroscopic and physical data [mp
245—248°C, [a]p —15° (c 0.52, HO)] matched published
values. Overall, enantiomerically pure)-1 can be prepared
in six laboratory operations on a2 g scale from readily
available starting materials in an overall yield exceeding
20%.

Acknowledgment. This research was supported in part
by the U.S. National Institutes of Health (GM 04842 to
Professor George P. Hess of the Department of Molecular
Biology and Genetics at Cornell). We are grateful to
Professor Hess for bringing this problem to our attention and
for his helpful advice and support as a colleague and
collaborator. Support of the Cornell NMR Facility has been
provided by NSF (CHE 7904825; PGM 8018643) and NIH
(RR02002).

Supporting Information Available: H and'3C NMR
data for all synthetic intermediates leading to (—)-1. This
material is available free of charge via the Internet at
http://pubs.acs.org.

OL007009Q

487



