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Two concise, high-yielding syntheses of enantioenriched ( —)-kainic acid are presented. Both routes feature a Pd-catalyzed Zn-ene cyclization
that proceeds with complete diastereoselectivity. The key step can be carried out on a multigram scale, and the overall yields are among the
highest to date for this marine alkaloid.

(—)-Kainic acid @) is a conformationally restricted glutamate led to a severe shortage of the natural product, hampering
analogue found iDigenea simpleand related marine algde.  neurobiological resear¢hThe immediate supply issue has
This alkaloid exhibits potent anthelmintiand insecticid&l since been resolvedbut the natural product remains the
properties but is used primarily as a neuroexcitatory dgent target of intense synthetic investigation due to looming
by the neuroscience community in modeling afflictions such depletion of natural sources and its high cost ($6000—
as epilepsy,Alzheimer’s diseaseand Huntington’s chorea.  $10 000/g). Kainic acid’s three contiguous stereocenters and
A halt in commercial production of (—)-kainic acid in 1995 high functional density pose a significant challenge, and
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ﬁfYM‘i'SSE’Tr Pharmacology and Chemistry, 1275 York Avenue, New Yok, 7inc_ene cyclizations have provided a reliable route to cis-
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acetates offers an attractive strategy for installing these cis|jjj | D EIIINENGQgGGEGEGEEEEEEE

substitutions through a mild, functionally compatible allyl
zinc intermediaté!2We recently extended this transformation
to allyl phenyl sulfones and have shown that the concept is
well-suited for the synthesis of cis-substituted pyrrolidifes
(Scheme 1).

Scheme 1. Cis-Substituted Pyrrolidines via Pd-Catalyzed
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We envisioned installing the cis €4 side chains of
kainic acid through this methodology with the trans-G23
relationship induced by a bulky TBS ether. The cyclization
substrate could be derived from readily prepared sulBhe
and commercially available-serine methyl ester hydro-
chloride 3 (Scheme 2).

Scheme 2. Retrosynthesis of (—)-Kainic Acid
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Addition of p-serine methyl ester t@ proved somewhat
problematic, and early attempts resulted in low conversion

Scheme 3. Formal Synthesis of<{)-Kainic Acid Using a
Pd-Catalyzed Zn-ene Cyclization of an Allyl Sulfone
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reaction go to completion to give addutin 70% yield as

a mixture of diastereomers (Scheme 3). Protection of the
secondary amiriéand primary alcohol with benzyl bromide
and TBSOTTf, respectively, gavein 78% yield over two
steps. The cyclization substra&evas then prepared in a two-
step reduction—olefination sequence converting estay

the desired terminal olefin in 56% yield. The stage was then
set for the key cyclization. Accordingly, a solution &fin
diethyl ether was heated at reflux in the presence of a
catalytic amount of Pd(PRh and 10 equiv of diethylzinc.
The palladium was added in three portions of 5 mol % each
over the 24 h reaction period because a single palladium
loading never resulted in complete consumptior6ofThe
reaction was quenched with iodine to provide pyrrolidihe

in 55% yieldas a single diastereomedemonstrating both

and polymerization of the diene. This was somewhat the high cis fidelity of the zinc-ene cyclization and the
surprising given that simple amines such as benzylamine addexquisite substrate control by the TBS ether in directing the

readily to2.114 Only when using 2 equiv of the neutralized
amino acid ester in refluxing dichloromethane did the

(10) For reviews, see: (a) Parsons, A.Tetrahedron1996,52, 4149.
(b) Moloney, M. G.Nat. Prod. Rep2002,19, 597. For recent syntheses,
see: (c) Thuong, M.; Sottocornola, S.; Prestat, G.; Broggini, G.; Madec,
D.; Poli, G. Synlett 2007, 1521. (d) Sakaguchi, H.; Tokuyama, H.;
Fukuyama, TOrg. Lett.2007, 9, 1635. (e) Pandy, S.; Orellana, A.; Greene,
A.; Poison, J.-FOrg. Lett.2006,8, 5665. (f) Scott, M.; Lautens, MDrg.
Lett. 2005, 7, 3045. (g) Hodgson, D.; Hachisu, S.; Andrews, M.Org.
Chem.2005, 70, 8866. (h) Anderson, J.; O’Loughlin, J.; TornosQlg.
Biomol. Chem2005, 3, 2741. (i) Martinez, M.; Hoppe, DEur. J. Org.
Chem 2005 1427. (j) Poisson, J.-F.; Orellana, A.; GreeneJAOrg. Chem
2005, 70, 10860. (k) Hodgson, D.; Hachisu, S.; Andrews, ®tg. Lett.
2005,7, 815. (I) Trost, B. M.; Rudd, MJ. Am. Chem. So&005, 127,
4763. (m) Morita, Y.; Tokuyama, H.; Fukuyama, Org. Lett. 2005, 7,
4337.

(11) For previous examples of zinc-ene cyclizations, see: (a) Oppolzer,
W.; Schroder, FTetrahedron Lett1994 35, 7939. (b) Millot, N.; Knochel,
P. Tetrahedron Lett1999,40, 7779. (c) Unger, R.; Cohen, T.; Marek, I.
Org. Lett.2005,7, 5313. (d) Deng, K.; Chalker, J.; Yang, A.; Cohen, T.
Org. Lett.2005,7, 3637.

(12) Béckvall, J.-E.; Ericsson, Al. Org. Chem1994,59, 5850.
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formation of the desired trans C2—C3 isomer.

Although iodide7 is a known precursor to kainic acid, its
conversion td suffers a low-yielding acylation, wherein after
lithium—halogen exchange and quenching with ethylchlo-
roformate, a 1:1 mixture of desired es8and reduced com-
pound9 is obtained* This problem arises from quenching
of the alkyllithium by the acidico. proton of the product
ester® Despite this drawback, the synthesis of known ester
8 verified the stereochemical outcome of the cyclization by
comparison to previously published spectroscopic Hatim-
fortunately, after removal of the TBS ether 8f(TBAF,
THF), chiral HPLC revealed low optical purity of the cy-

(13) Protection of the amine was probably necessary because attempted
cyclization of the N-unprotected version of the cyclization substrate shown
in Scheme 1 was unsucessful.

(14) Campbell, A.; Raynham, T.; Taylor, R.Chem. Soc., Perkin Trans.

1. 2000, 3194.
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Scheme 4. Total Synthesis of{)-Kainic Acid Using a

Pd-Catalyzed Zn-ene Cyclization of an Allyl Chloride
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clized material (e.r= 2:1)* This is likely due to epimer-
ization of the configurationally labilex-amino aldehyde
intermediate obtained after DIBAL-H reduction of estéf
While the synthesis of was accomplished in the formal
sense and the suitability of the key cyclization established,
there are several limitations to this first generation route.
First, while unhindered amines are known to add smoothly
to diene2,?° p-serine methyl ester does not and an equivalent
of chiral starting material is wasted because it is needed in
excess. Second, the reductieslefination route t® and the
acylation route t@® are relatively low yielding. Third, while
the cyclization gives the correct relative stereochemidry,
was not optically pure. A different strategy was therefore

apparent that an allyl chloride would be suitable in the
cyclization}* provided it could survive conversion of the
methyl ester ofl2 to the terminal olefin. Gratifyingly, the
chloride survived such a manipulation and chemoselective
reduction with LiBH, provided alcoholl3 in high yield.
Subsequent Swern oxidation and Wittig olefination provided
dienel4in 85% yield. Unfortunately, while it was possible
to carry out the oxidation and olefination on a large scale
(up to 30 g), significant racemization was again obsefed.
This result was disappointing in light of instances where
Swern oxidations of very similar substrates were carried out
with little or no epimerization reported.?324

Although 14 was not optically pure, the ease in accessing

necessary if the route was to be amenable to a scalablejarge amounts of the material facilitated investigation of the
enantiopure synthesis. Addressing these limitations, andyey step as well as a revised end game. Thus, with cycliza-

motivated by the high diastereoselectivity of the zinc-ene
cyclization, we revised our approach.

Returning to3, protection was carried out by reductive
benzylation and TBS protection to givi) quantitatively
(Scheme 437 Chemoselective allylation with chloro bromide
112 generated in two steps from isoprene, proceeded
smoothly to provide allyl chloridd2. While we originally
set out to usd.2 as a substrate for sulfonylation by sodium
benzenesulfinate to obtain the allylic isomer ®fit was

(15) Other mechanisms of quenching, such as 1,5 proton transfer to give

an allyllithium, were ruled out by BD quenching after lithiation. For an
example of such a proton transfer, see: Cheng, D.; Zhu, S.; Liu, X.; Norton,
S.H.; Cohen, TJ. Am. Chem. S04999,121, 10241. Standard precautions
to prevent the formation d (e.g., reverse quench) were ineffective. Excess
‘BuLi (>5 equiv) improved the yield oB slightly, but this measure is
impractical for a scalable process.

(16) Our original plan, designed to both facilitate the cyclization and

tion substratel4 in hand, we subjected the allyl chloride to
Pd(PPh), and ZnEt in a mixture of diethyl ether and hexane.
After the mixture had been stirred at room temperature for
42 h and quenched with iodine, pyrrolidifevas obtained

in 91% yield as a single diastereontér.

While both the allylic sulfone and allylic chloride14
undergo cyclization with complete diastereoselectivity, the
yield and mild conditions of the chloride approach provide
a distinct advantage over the sulfone strat€édgyurthermore,
the cyclization of14 could be carried out on a 10 g scale
without significant deterioration in stereoselectivity and yield.

(21) Lee, J.; Jeong, Y.; Ji, M.; Baik, W.; Lee, S.; Koo,Snlett2004,
1937. Apparently, a higk/Z ratio is critical in the synthesis df2. When
batches oflL1 with low E/Z were used, yields diminished to 800%. We
suspect that intramolecular ammonium formation of thdsomer is

save steps, was to use the conjugated unsaturated methyl ester as theesponsible for the reduced yield in these cases.

enophile, readily prepared by using the suitable Wittig reagent, instead of
the alkene in6. However, the result was a surprise. The cyclization was

(22) Direct determination of the optical purity 4# was complicated
by a minor amount o olefin. An e.r. of 1.6:1.0 was inferred by chiral

considerably more sluggish, requiring an elevated temperature, and the majoHPLC after the cyclization (see Supporting Information). Interestingly, the

product had a trans C3C4 relationship. The sluggish cyclization suggests

specific rotation of known compoundl, when synthesized through the

that this Zn-ene reaction should be considered an ambiphilic rather than achloride route, was nearly identical to the literature value where a Swern

nucleophilic addition. The origin of the trans selectivity is not yet fully
understood, but optimizing this transformation provides a route to other
kainoid stereoisomers.
(17) Barco, A.; Benetti, S.; Spalluto, G. Org. Chem1992,57, 6279.
(18) See Supporting Information for details.
(19) For a review discussing the inherent configurational lability of
o-amino aldehydes, see: Gryko, D.; Chalko, J.; JurczaRhirality 2003,
15, 514.
(20) (a) Backvall, J.-E.; Juntunen, &.Am. Chem. S0d987 109, 6396.
(b) Ref 11d.
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oxidation on a similar amino alcohol substrate was usedp F —29.1°
(c=1.16) vs p]p = —27.2°(c = 0.99) in ref 17. We consider the optical
purity of this material suspect.

(23) Martinez, M. M.; Hoppe, DOrg. Lett.2004,6, 3743.

(24) It is conceivable that silyl transfer B contributes to racemization.
However, such a transfer in TBS-protected serinols was not observed in
several similar substrates. See: (a) Novachek, K. A.; Meyers, A. I
Tetrahedron Lett1996,37, 1743. (b) Laib, T.; Chastanet, J.; ZhuJJ.
Org. Chem.1998, 63, 1709. (c) Jurczak, J.; Gryko, D.; Kobrzycka, E.;
Grunza, H.; Prokopowicz, Pletrahedron1998,54, 6051.
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Revising the conversion afto 1, we turned to cyanation  Unfortunately, all oxidation/olefination sequences screened
as an alternative to direct acylatiéhTreatment of7 with for alcohol13resulted in low yields and e.r. Therefore, while
NaCN in DMSO provided the corresponding nitrile in 77% the allyl chloride route can only be considered an enantioen-
yield.?® Conversion of the benzyl amine to carbamate riched synthesis of kainic acid, this should not detract from
proceeded in high yield in the presence of methylchlorofor- the exquisite diastereoselectivity of the key zinc-ene cycliza-
mate. One-pot deprotection and Jones oxidation of the TBStion and the scale, brevity, and overall yield of the synthesis
ether provided the corresponding carboxylic &€ith the (11% and 48% overall yield for the sulfone and chloride
final step, basic hydrolysis removed the carbamate androutes, respectively’f. Finally, the troublesome conversion
revealed the carboxylate from the nitrile. The final product, of 12 to 14 has prompted us to explore new strategies for
after treatment with ion-exchange resin, was spectroscopi-the conversion of amino acid esters to olefins in such a way
cally identical to an authentic sample (89% frdfato 1). that the configurationally labile aldehyde is avoided entirely.

With a high-yielding end game realized, we returned to Progress to this end will be reported in due course.

the synthesis ofl4 in an effort to improve optical purity. Acknowledgment. We thank the U.S. National Science

(25) It is interesting that n@-elimination of the intermediate allyl zinc Foun.datior.] (Grant 01022.8.9).’ The Dreyfus Four?da.ltion
is observed. A minor amount (typically-5%) of uncyclized, dechlorinated ~ (S€Nior Scientist Mentor Initiative SI-03-007), and Eli Lilly

material is also isolated after quenching. This material is likely the result (Undergraduate Research Fellowship, J.M.C.) for support.

of protonation of the allyl zinc intermediate where a Pd-H species is the

proton source. Without excess diethylzinc as a proton scavenger, the amount ; : ; . ; ;

of this byproduct increases significantly. Supporting Information Available: Experimental detalls_
(26) In general, however, allylic sulfones are much more easily prepared and*H and**C NMR spectra for all new compounds. This

than allylic chlorides. See ref 11d. o material is available free of charge via the Internet at
(27) The direct cyanation of the dialkylzinc cyclization product was .

explored with limited success despite some precedence. See: (a) ref 11ahttp://pubs.acs.org.

(b) Klement, I.; Lennick, K.; Tucker, C.; Knochel, Fetrahedron Lett.

1993,34, 4623. OL701733U

(28) The reduced yield is the result of a competitive E2 elimination.

(29) Evans, P. A.; Roseman, J.; Garber,Qynth. Commuril996, 26, (30) The overall yield for the sulfone route was calculated using the
4685. revised conversion of iodidé to kainic acid shown in Scheme 4.
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