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Utilizing our lateral metalation coupled with Jacobsen’s catalytic asymmetric amino nitrile synthesis, we have demonstrated the ability to
synthesize isoxazole-containing amino acid glutamate analogues in high yield and high enantiomeric excesses. Chiral centers o or g at the
C-5 position do not detract from diastereoselectivity of the Jacobsen—Strecker reaction.

The asymmetric Strecker reaction to produce optically pure neurological disorders including epilepsy, cerebral ischemia,

amino nitriles is of synthetic and medicinal value since it
provides a direct route to chiral amino acidéS)-Glutamic
acid is the primary excitatory neurotransmitter of the
mammalian CNS.Three classes of heterogeneous ionotropic
glutamate receptors (iGIUR) named for their respective
agonists, $-2-amino-3-(3-hydroxy-5-methyl-4-isoxazolyl)-
propionic acid (AMPA) N-methylb-aspartic acid (NMDA),
and kainic acid (KA), make up the bulk of excitatory
neurotransmission in the human CRS.

These proteins play a significant role in a wide variety of
neurological pathways, including cognition, learning, and
memory formation, and contain small but significant differ-
ences in their subunit compositidré Excitatory imbalance
of these receptors is thought to be a primary culprit in

Parkinson’s, Huntington’s, and Alzheimer's diseases. The
synthesis of subunit selective agonists and antagonists as
potential therapeutics is, therefore, of great importance.
Structure—activity relationship studies of AMPA analogues
show a distinct enantioselectivity of action. C-5 lipophilic
aryl and alkyl analogues of AMPA bearing th8){amino
acid configuration are agonists at AMPA receptors whereas
their enantiomers are antagonists or are inactive.

The C-5 substituents of analogues bearing Regmino
acid configuration likely disrupt the interdomain interactions
necessary for domain closure and activation of iGIuRs
resulting in antagonism. The X-ray structure 8fR-amino-
3-(5-tert-butyl-3-hydroxy-4-isoxazolyl)propionic acid ((S)-
ATPA) in complex with the GIuR2 subunit reveals this
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unigue interaction between the Qest-butyl group of ATPA The Br-BINOL-zirconium catalyst pioneered by Kobayashi,
and a group of amino acids which make up a partially and the 5-pivaloyl-substituted Schiff base developed by
lipophillic pocket, giving ATPA a 50-fold selectivity for the  Jacobsel¥ and co-workers, were the most successful with
GIuR5 subunit. The amino acids which describe the lipo- both aryl and alkyl aldehydes. Both catalyst systems were
phillic pocket vary between subunits which make up AMPA applied to the asymmetric synthesis of ACPA to determine
(GluR1—4) and kainate (GluR57 and KA1-2) receptors, the best method for production of optically active ACPA
and this makes an attractive target for the design of subunitanalogues bearing lipophilic and/or chiral hydroxyl groups
selective agonists and antagonists. Based on molecularat the C-5 position.

modeling using Gouaux's coordinatesye established a For the synthesis of C-5 lipophilic aryl ACPA analogues,
working hypothesis for the receptor's tolerance of C-5 lateral metalation of an isoxazolyl acetélfollowed by
lipophilic groups (Figure 1). electrophilic quenching producetla—d in good yields

(Scheme 1). To achieve the proper carbon framework of
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Figure 1. Molecular surface modeling of the ligand binding domain O—I;l o 0-N 4
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of the apo state of the AMPA receptor, bound with putative ligand,
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20, using the Insightll program. SGI Surface modeling reveals the H OEt u OEt
dimensions of the lipophilic pocket in the GIuUR2 subunit (see the < i>—N < i>7N
CN COM

Supporting Information).
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The additional effect of a heteroatom proximal to the
isoxazole ring at the C-5 position is also known to enhance a=Me, ¢=(CH,),-2-Naphthyl
activity and binding affinity!® We sought to combine these b=(CH;),Ph d=(CHy),-1-Naphthyl

effects in a survey of t_he role of Chir".i”ty atthe C_—5 positipn aKey: (i) BF; etherate, MeOH, lead(lV) acetate, benzene; (ii)
of AMPA analogues in search of highly subunit selective g o equiy of BH dimethyl sulfide, THF, rt, 30 h; (iii) DessMartin
compounds using steric bulk and chirality as selectivity periodinane, CkCly, rt; (iv) 2-amino-m-cresol, HCN, 10 mol %
filters. Zr—Br—BINOL, CH,Cl,, —45 °C, 60 h, then Mel, acetone; (v)
To date, the enantioselective syntheses of AMPA ana- MeOH, HCI, rt, 12 h.
logues have employed chiral pool techniques with limited
application or asymmetric Strecker reactions via chiral
auxiliaries, which resulted in poor optical purity*2
Using the highly potent AMPA agonis§)-2-amino-3-(3-
carboxy-5-methyl-4-isoxazolyl)propionic acid (ACPARps
a lead, we report here the first catalytic asymmetric synthesis
of ACPA and C-5 analogues. Numerous catalysts for the
asymmetric Strecker reaction producing highly enantio-
enriched amino nitriles, have appeared in recent ydats.

ACPA, these compounds were readily homologated to their
methyl ester via the modified WillgerodKindler conditions

of lla and Junjapp& Borane-THF selectively reduced the
methyl ester oRa—d to give alcohols3a—d in good yield,
followed by Dess-Martin?! oxidation to produce aldehydes
4a—d.
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reaction catalyzed by Jacobsen’s L,R,R-pepfigeovided

Scheme 2 allylamino nitriles in excellent yieldX90%) and in good to
excellent optical purity (Scheme 2). A higher catalyst loading
0-N d . : ) .
A _Gi) MO (i (20 mol %) was required to give consistent results with this
tog — R e method, but with the ease of the catalyst synthesis it did not
COMe present a problem. Pinner synthésgroduced amino esters
_\/NH T \NH 8a—d, followed by Pd(0)-deallylatioii of the amines to give
7a-d, 61-95% yield 8a-d 86-89% 9a—d. HCI (2 M) hydrolysis gave the final amino acids in
84-94% ee good yield with no detectable racemization (Scheme 2). The
o-N- w_ B absolute configuration was established on the basis of the
RN N ~CoH z;'(\f:eH LPh published rotation of$)-ACPA 13 Optical purity was deter-
OFt COzH c=(CH§)§-2-Naphthy] mined by chiral HPLC analysis of racemic mixtures and
N COMe d=(CHa)o-1-Naphthyl asymmetric reaction products for all compounds (see the
9a-d. 90-93% 10a- d, 89- 98% Supporting Information).

aKey: (i) allylamine, 10% Jacobsen's L.R.R peptide catalyst The aldehydes were converted to the amino acids in
: ’ 0 11Ny Il H . .
TMSCN, MeOH, toluene—78 °C; (iiy MeOH, HCI, rt, 8 h: (ii) synthetically useful yields with no chromatography. For the

10 mol % Pd(PP4), N,N'-dimethylbarbituric acid, CkCl,, 35°C: synthesis of ACPA analogues with chiral carbon atoms
(iv) 2 M HCI, 74 °C, 22 h. bearing heteroatoma. and 3 to the isoxazole ring, com-

pounds produced by lateral metalatidda,b were again

Since the imines of aldehydka were found to be unstable, employed (Scheme 3).
the Kobayashi method offered the advantage of a true three- Over 50 attempts at direct asymmetric induction during
component Strecker reaction and was app“ed first. The the lateral metalation step in the presence of chiral bis-
results of the three component asymmetric Strecker reactionoxazolines, binaphthols, spartaiene, and other chiral catalysts
for aldehydesta and4b, using 10 mol % of the Kobayashi ~ ©Or stoichiometric reagent based adjuvants gave disappointing
zirconium-Br-BINOL Cata|ys'[ and 2-aminm-cresol are results: 6-19% ee. Alternatively, DesaMartin oxidation
summarized in Scheme 1. A high degree of enantioselectivity Produced the ketond2ab in good yield although compound
was observed and extended reaction times improved thel2bwas found to be highly light sensitive.
yields somewhat, but repeated attempts at deprotection (ceric The asymmetric borane reduction using 10 mol % of
ammonium nitrate oxidative cleavage)f thea-amino ester Corey’s 2-methyl-CBS-oxazaboroliditfeproduceda- and
product at various temperatures resulted in decomposition,5-isoxazolyl alcoholsl3a,bin good yield and good optical
rendering the synthesis impractical in our hands. purity. The sense of asymmetric inductidR givesS) was

Using in situ Schiff base formation to circumvent the in agreement with that reported by Corey and co-workers.
instability of aliphatic imines, the asymmetric Strecker Thetert-butyldiphenylsilyl protecting group was thought to

Scheme 3
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(Vi) 24% (vii) 94% 90%Yield, >90% d.e. ? ? [o]p® =-31.5°

aKey: Dess—Martin periodinane, GBI, rt; (i) 10 mol % (R)-2-methyl-CBS-oxazoborolidine, GAl,, 1 equiv of BH—DMS, —45
°C, 18 h; (iii) 2 equiv of imidazole, 10 mol % DMAP, 1.2 equiv of TPS-CI, £Hb; (iv) 1 equiv of TSOH, acetone; (v) BFE,O, MeOH,
lead(lV) acetate, benzene; (vi) 5.0 equiv of boraBbS, THF, rt 30 h; (vii) Dess—Martin periodinane, GEl,, rt; (viii) allylamine, 10
mol % Jacobsen L,R,R catalyst, TMSCN, MeOH, toluen&8 °C; (ix) MeOH, HCI, rt, 8 h; (x) 10 mol % Pd(PRBh, NMDBA,CH.CI,
35°C; (xi) 2 M HCI, 74°C, 22 h.
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be robust enough to permit the alcohols to be taken throughj NG

the homologation sequence and the silyl ethers were formed
quantitatively.

The p-toluenesulfonic acid hydrolysis gave the methyl
ketones15a,b in good yield and these compounds were
carried through to the aldehydekra,b as before. The
chemical yields for thet TPS-ether were dramatically lower,
presumably due to the steric bulk proximal to the C-4
position. The modified Jacobsen Strecker conditions used
previously were again successful in producing the amino
nitriles 18a,bin excellent yield & 90%) and diastereomeric
excess (>90%).

A significant degree of double asymmetric induction was
observed for the alpha TPS-ethers as tB65] isomer was

formed in 99% de versus 90% for thR,S) diastereomer. T e B S
The Pinner reaction produced the amino esters and cleaved 5662 3706 2063 1030 573 0

the TPS protecting group in a single step in 53% yield. It is
noteworthy that the 2 M HCI hydrolysis in the final step did Figure 2. ACPA inhibition of BHJAMPA binding in mouse brain.
not result in any detectable loss of the C-5 alcohol moiety. (A, B) Pseudocolored computer images of representative auto-

This synthetic strategy enables the production of ACPA radiograms of HJAMPA binding (50 nM in incubation solution)
derivatives containing lipophilic aryl groups at the C-5 In the absence (A) and presence (B) ofidd (S)-ACPA, 10a, in

A - ! horizontal sections of mouse brain. (C) Legend indicates densities
position in addition to chiral hydroxyl groups or f to the (fmol/mg protein) of binding for different pseudocolor levéls.
isoxazole to take advantage of the proximal heteroatom effect
at AMPA receptors. (S)-ACPA, 10a, completely displaces JH]-AMPA from

This modification of the Jacobsen asymmetric Strecker mouse brain W|th|n experimenta| error. The Comp|ete bio_
reaction permits the facile asymmetric synthesis of optically |ogical evaluation of our ACPA analogues will be described
active ACPA analogues eliminating isomeric ballast and the jn due course. Using this synthetic route, structure based de-
need for tedious resolution. sign will permit further lead optimization in pursuit of subunit

The overall yield for our catalytic ACPA synthesis is 32%, selective therapeutic agents for neurological disorders.
compared to the previously reported resolution route of
0.2%?*® We have examined competitive binding ¢HJ-
AMPA with (S)-ACPA, 10a, prepared by our independent
route described herein. Figure 2 dramatically illustrates tha
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