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A novel route to the neuroexcitatory amino acid, kainic acid, is developed. The key concept derives from a ruthenium-catalyzed cycloisomerization

of a tethered alkyne—propargyl alcohol to form a cylic 2-vinyl-1-acyl com
of a ketone sets the stage for all the other stereocenters. A novel 1,6-ad
termines.

pound. A single stereocenter introduced by an asymmetric reduction
dition of silyl cuprate serves to install a hydroxyl group at the diene

Kainic acid is a marine natural product isolated in 1953 that stimulated the development of the total syntheses of kainic
has been shown to have selective interaction with a class ofacid® The biological activity of kainic acid is linked to the

neuroexcitatory amino acid receptdr&ainic acid is the

transC2/C3tis-C3/C4 stereochemistry, and thus, any syn-

parent member of a large class of structurally related amino thesis should result in efficient control of this relative

acids, two of which are the C-4 epimer allokainic acid and
the more structurally complex domoic acid. The selective
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stereochemistry.

Recently, we described an unusual ruthenium-catalyzed
dimerization of propargyl alcohdlsand a related cyclo-
isomerization of alkynes and propargy! alcohtle believed
that extending this methodology to include primary propargy!
alcohols would allow a conceptually new entry into the
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recognition by the kainic acid receptors and neuroexcitatory 4149. Maloney, M. G hifimilismii@n2002 19, 597. Selected examples:

functions are a result of kainic acid’s ability to act as a (

conformationally restricted analogueiofjlutamate’ Kainic

acid has become especially important in the study of
Alzheimer's disease, epilepsy, and other neurological dis-

orders? Recently, a worldwide shortatjef kainic acid has
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kanoid family of amino acids wherein the diversity of alkyne rané®) gave the product in high yield and ee. The optimum
chemistry allows easy access to the required substrate. Waeduction method was then found to be the LARJA
report herein our successful realization of an asymmetric total BINOL'/MeOH system developed by Noy&trivhich gave
synthesis of kainic acid. the product in high yield (90%) and excellent ee (96%)

Scheme 1 depicts our retrosynthetic strategy. We planned(Scheme 2). The major enantiomer, which is in agreement
to introduce the isopropylidene fragment through an olefi-

nation of the ketone. This disconnection also enables eas_

Scheme 2. Synthesis of Cycloisomerization Substfate
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aKey: (a) TBSOCHC=CH( 2), "BuLi, —78 to —40 °C; (b)
TEMPO/NaOCI/DCM/KBr/NaHC@, (c) LAH, (R)-BINOL, MeOH,
access to domoic acid as well, through use of a different THF, =100°C; (d) TSNHCHC=CCH(5), PhsP, DIAD, THF, rt.
olefination reagent. We envisioned hydroxyl-directed hy-
drogenation would set the required relative stereochemistry . )
present in the natural product. Introduction of a hydroxyl With the model proposed by Noyori, leads ultimately to the
group or an oxygen equivalent would immediately follow unnatural enantiomer of kainic acid. Of course, the natural
the ruthenium-catalyzed cycloisomerization of the diyne €nantiomer is equally readily accessible simply by switching
substrateA. the chirality of the BINOL. This reduction is in fact simple

The most rapid entry into diyne precursagkswould be to carry out utilizing a filtered, standardized solution of
the addition of an alkyne fragment to an imine. While this LAH.** Itis important to conduct the reaction &atL00°C,
can be done to give racemic prodéail attempts to carry ~ @s raising the temperature to the more conveniers °C
out the reaction asymmetrically resulted in either no reaction resulted in lower ee (93%). Also, the reaction mixture must
or very low ee. The new copper-catalyzed methods developedPecome milky white following addition of LAH, BINOL,
by Li®° and Knocheft show promise but cannot be applied and MeOH. If a clear solution with fine particulates results,
directly to the desired system. A Mitsunobu reaction could the yield ¢-50%) and ee (83%) are dramatically affected.
also be used to produce the diyne from the corresponding The Mitsunobu reaction was then carried out using the easily
propargyl alcohol. However, the required propargyl alcohol available tosylamin®, triphenylphosphine, and diisoprop-
could not be accessed in a high level of enantioselectivity Ylazadicarboxylate in THF (Scheme 2) to give the dine
using established methods of direct additidn. in high yield (85%) with nearly perfect chirality transfer.

An alternative approach starts with the alkyheéerived To carry out the [CpRu(CkCN)s]PFs-catalyzed cycliza-
in two steps and 98% from the commercially available tion, a free propargyl alcohol is preferred; however, the
aldehydel. The key to the high yield in the addition of the catalyst can deprotect unhindered TBS groups in aqueous
alkynyllithium was raising the temperature 640 °C. The acetone. This observation allowso be used directly in the
most convenient oxidation method involves the two-phase cycloisomerization (eq 1). The formation Bfs rationalized
TEMPO/bleach oxidatiorf which only requires 1% of the
commercially available TEMPO reagent.

Although the asymmetric reduction of alkynyl ketones ?s P 10%[CPRUCH;CN)5JPFs,
a well-developed reaction, none of the standard reduction TSN, 2% water/acetons. 40°C

methods (Noyori ruthenium catalystCBS® Alpine-Bo- Bno 6:

(1)

OTBS 1 eqiv. malonic acid, 3 hr
80% yld
96% ee
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1.1995 34, 259.
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The reaction between ||th|ated protected progargyl alcohol and the imine throth the mechanism dep|Cted in Scheme 3, CyCIe A.To
derived from benzyloxyacetaldehyde and 1-amino-2-butyne in the presencemaximize yields, the reaction is carried out in aqueous
of BF3;-OE®%L gave the expected product ia60% vyield, which could be
subsequently protected.

(10) Wei, C.; Li, C. J jusinnSismmmmiid 2002 124 5638. (14) Matsumura, K.; Hashiguchi, S.; Ikariya, T.; Noyori, jiitmian-

(11) Koradin, C.; Polborn, K.; Knochel, _I. S0c.1997, 119, 8738. The ee was good (90%), but the conversion was low
2002 41, 2535. for 4 and related substrates.

(12) The method developed by Carreira only gave a moderate level of  (15) (a) Helal, C. J.; Magriotis, P. A.; Corey, E. i C.
enatioselectivity £60%) in the applicable case. (a) Frantz, D. E.; Fassler, 1996 118 10938. (b) Parker K. A Ledeboer M. \iimiieimaain 1996
R.; Carreira, E. MJ. Am. Chem. So2002 122, 1806. (b) Anand, N. K.; 61, 3214. The ee here was 67%.
Carreira, E. M il ©001, 123 9687. Other methods also (16) Midland, M. M.; McDowell, D. C.; Hatch, R. L.; Tramontano, A.
resulted in low yields or poor ee. 3980 102 7. The ee here was 86%.
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Scheme 3. Mechanistic Rationale for Cycloisomerization and Formation of Side Product
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acetone; however, if a larger percentage of water is utilized
side producs, resulting from addition of a molecule of water

to give the desired produ&in 87% vyield over two steps
(Scheme 4).

to the substrate (Scheme 3, cycle B), becomes a larger

component of the reaction mixtufeé.This mechanistic
proposal differs from the one proposed in the tertiary and
secondary propargyl alcohol example3he isolation of
products similar t@, along with other data, led us to propose
that a different mechanism operates with primary propargyl
alcohol substrates. While the addition of malonic acid is not
required, an increase in yield from 75% to 80% occurred
upon its addition.

Attempts to introduce a hydroxyl group at theposition
of 7 with hydroboration-oxidation led to either decompo-
sition or various products resulting from 1,6 or 1,2 reduc-
tion depending on conditions. Protecting the ketone as a
cyclic acetal alleviated this problem but was less desirable

as added steps were required. If a hydroxyl group cannot beppH,

introduced directly, an oxygen equivalent could be used in

Scheme 4. Setting the Relative Stereochemistry
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aKey: (a) Li[Si(Me)Ph], CuCN, THF,—78 to 0°C; (b) DBU,
reflux; (c) Pd/C, rt, 1:1 formic acid/MeOH; (b) 20%
[Ir(cod)Py(PCy)]PFs, 2000 psi H, 1 equiv of B(OWPr); 24 h.

its place. Silicon can be used as a stable oxygen surrogate

that can be oxidized at the appropriate time. Owing to the
conjugated nature df, it is feasible to introduce the silicon
moiety through a 1,6 addition of silicon. While much work
has been done on the 1,4-addition of silyl cuprétebe
1,6-addition is unknown. When the standard phenyldimeth-
ylsilyl cuprate was added t6, no reaction occurred at78

°C; however, when the temperature was raised 16 01,6-
addition took place smoothly to yiel8 as a mixture of
a-diastereomers (in a 2.8:1 ratio). The olefin could be easily
isomerized into conjugation with DBU in refluxing benzene

(18) (a) Noyori, R.; Tomino, I.; Yamada, M.; Nishizawa, [attaisaas
S0c.1984 106, 6717. (b) Noyori, R.; Tomino, I ; Tanimoto, Y.; Nishizawa,
M. d.984 106, 6700.

(19) Refer to the Experimental Section (Supporting Information) for
details.

(20) The catalyst is readily available through an improved procedure:
Trost, B. M.; Older, C. M 2002 21, 2544.

The relative stereochemistry was then set by a directed
hydrogenation of thet,5-unsaturated alkene. Various func-
tional groups are known to direct reduction including methyl
ethers; however, with the benzyl ether moietySinntact,
no reaction occurred with Crabtree’s catad§$tr(cod)Py-
(PCy)]PFs. Removal of the benzyl group to reveal the more
powerfully directing free hydroxyl group was then carried
out with 1:1 formic acid/methanol and Pd/C. Use of other
Pd sources or direct hydrogen pressure led to either no
reaction or over-reduction of the double bond as well. Even
with the strong directing effects of the free hydroxyl group,
high pressure and extended reaction times were required to
maximize the yield ofL1 (Scheme 4). We found that addition
of triisopropyl borate increased turnover to give an isolated
yield of 11 of 65%, 95% based on recoveré&@.

(21) Changes in the temperature, concentration, and substrate (ring size  After the initial step of the Peterson olefinatiéhit was

formed or alkyl group on the alkyne) can also alter the ratio of these type
of products.

(22) (a) Fleming, I.;
1998 2687. (b) Flemlng 1.
essesisanen’1998 1209.
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envisioned that the elimination and the oxidation of the

(23) (a) Crabtree, R. H.; Davis, M. |s1983 2, 681.
(b) Crabtree, R. H.; Davis, M. \\gauimiifanimia@in 1986 51, 2655.
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phenyldimethylsilyl group could be carried out simulta-
neously. This in fact was possible using the Woerpel Scheme 5. Adjusting the Oxidation Level
modification of the TamaeFleming oxidatior?®> The stan-
dard Tamae-Fleming conditions require strong acids to
oxidize phenyldimethylsilyl groups, which were expected to TsN
be incompatible with the olefin present in the molecule. The 3
addition of (trimethylsilylmethyl)lithium proceeded smoothy
to give 12, which could be directly converted B3 using
the Woerpel KHBuOOH/TBAF conditions.

. __de
However, some amount of a protodesilyated product was 80% Ny
also isolated under these conditions, and modifications to HO,C COH
minimize this undesired product resulted in lower yields of Kainic acid

13. Higher yields were obtained if the elimination was carried aKey: (a) (trimethylsilylmethyDithium, THE—78°C; (b) HF/
) _ . ey: (a) (trime ) . ;

out with HF/acetonitrile first, followed by the Woerpel o, ~0" () KH, BUOOH, TBAF, DMF, 65°C; (d) 8 N Jones

oxidation to diol13 without any prior purification (Scheme  eagent, acetone, rt, 1.5 h: (e) LilNHTHF, —78 °C.

5). Both primary alcohols were then oxidized simultaneously

with the Jones reagéfitto give a quantitative yield of the ) ¢prate. The relative stereochemistry was set by directed

diacid. The tosyl group was then removed in a known®tep v qrogenation, and the endgame was carried out expedi-

with Li/NH 3 to give kainic acid in 80% yield over two steps. tiously through the use of two different types of silicen
Inconclusion, we have successfully carried out the carhon reactivity.

stereoselective synthesis of the unnatural enantiomer of kainic
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