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Abstract

A new chiral cyclicα,β-didehydroalanine derivative, (6S)-6-isopropyl-3-methylene-5-phenyl-3,6-dihydro-2H-
1,4-oxazin-2-one, has been prepared by in situ aminomethylation–elimination of a chiral glycine-derived pre-
cursor. This oxazin-2-one acts as a reactive dienophile in highly diastereoselective Diels–Alder reactions with
cyclopenta- and cyclohexadiene. The major cycloadducts have been isolated and hydrolyzed to afford enan-
tiomerically pure (−)-endo-2-aminobicyclo[2.2.1]heptane-2-carboxylic andexo-2-aminobicyclo[2.2.2]octane-2-
carboxylic acids. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

The synthesis of non-naturalα-amino acids in an enantiomerically pure form is an important synthetic
challenge nowadays due to their increasing role in chemistry and biology.1 Among them, bicyclic amino
acids have noticeable biological activities. For example, 2-aminobicyclo[2.2.1]heptane-2-carboxylic
acids1 inhibit the transport of nonpolar amino acids across cell membranes, act as an insulin-releasing
factor and also inhibit the flavoprotein amino acid oxidases.2 Furthermore, amino acids1 and their
homologues 2-aminobicyclo[2.2.2]octane-2-carboxylic acids2 selectively perturb the levels of neutral
amino acids in the cerebral cortex.3
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2. Results and discussion

Preparation of these types of amino acids has been carried out by Strecker or Bucherer synthesis
from the corresponding ketones4 or, more frequently, by cycloaddition ofα,β-didehydroamino acid
(DDAA) derivatives with appropriate dienes. Thus, racemic amino acids1 have been obtained via
Diels–Alder reaction between cyclopentadiene andN-acyl-α,β-didehydroalanine derivative3,5 N,N-
diphenylmethylene-α,β-didehydroalaninate4a,6a N-bis(methylthio)methylene-α,β-didehydroalaninate
4b6b or 2-isocyanatopropenoic acid4c.6c However, reports on the asymmetric version of these cyclo-
addition reactions are rather scarce. The reaction ofN-acetyl-α,β-didehydroalaninate methyl ester3a
with cyclopentadiene in the presence of a tartaric acid-derived titanium chiral Lewis acid mainly gave
exo-1 (exo:endoup to 79:21) in up to 70% ee.7a In addition, Lewis acid-catalyzed diastereoselective
Diels–Alder reaction of chiralN-acetyl-α,β-didehydroalaninates5 and cyclopentadiene, gaveendo:exo
ratios up to 18:82 when using a (−)-menthyl derivative (exo-1 up to 78% ee;endo-1 up to 76% ee), but
endo:exoratios up to 70:30 using a (−)-isobornyl derivative (exo-1 up to 98% ee;endo-1 up to 98% ee).7

Moreover, methyleneoxazolidin-5-ones68,9 have been used in diastereoselective cycloaddition reactions
with cyclopenta-8a and cyclohexadiene8b,9 allowing the isolation of the freeα-amino acids (+)-exo-18b

(45% ee starting from6a in 50% ee), (−)-exo-18b (92% ee) and (−)-exo-2.9

Most of the startingα,β-didehydroamino acid derivatives mentioned presented a rather low reactivity
towards Diels–Alder cycloadditions. For example, in the case of the chiral derivative6,8 reaction times
were in the order of days with the very reactive cyclopentadiene at room temperature, whereas derivative
5 proved unreactive under these conditions. Reaction rates may be increased by heating the reaction
mixture or by adding a Lewis acid catalyst. Furthermore, all the above cited derivatives showed a
tendency to give mainly carbonyl-exocycloadducts, except the mentioned (−)-isobornyl ester derivative
of 5.7a

We have previously reported on the synthesis of a series of chiral DDAA derivatives by condensation
of a new cyclic chiral glycine-derived oxazin-2-one11 with aldehydes under phase-transfer-catalysis
(PTC) conditions.10 These compounds suffer diastereoselective cyclopropanation using Corey’s ylide
affording, after hydrolysis, 1-aminocyclopropane-1-carboxylic acids such asallo-coronamic andallo-
norcoronamic acids.10 We now report the preparation of the parent (6S)-6-isopropyl-3-methylene-5-
phenyl-3,6-dihydro-2H-1,4-oxazin-2-one7 and its use as a reactive chiral dienophile in Diels–Alder
reactions for the synthesis of enantiomerically pure bicyclicα-amino acids1 and2.

Starting oxazin-2-one11was obtained as reported:10 esterification of Boc-protected glycine9with chi-
ral hydroxyketone8, acid-mediated deprotection and final organic base-induced cyclization (Scheme 1).
Attempted condensation of isolated11with aqueous or organic solutions of formaldehyde under different
basic reaction conditions proved sluggish. However, when the hydrochloride precursor10 was treated
with diisopropylethylamine for 1 h followed by addition ofN,N-dimethylmethyleneammonium iodide
(Eschenmoser’s salt), the chiralα,β-didehydroalanine derivative7 was obtained in 50% isolated yield
after a one-pot cyclization–aminomethylation–elimination process. Purity of the crude7 was high enough
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for further synthetic uses (>90% by GLC and 300 MHz1H NMR), although analytical samples could be
obtained after flash chromatography.11,12

Scheme 1.

When DDAA derivative7 reacted with cyclopentadiene (20 equiv.) in toluene at room temperature,
total consumption of the starting material was observed within 3 h (TLC). Analysis of the reaction crude
(1H NMR, 300 MHz) showed the presence of a major diastereomer12 (85% 12+15% other diastereo-
mers) which was isolated in 55% yield after flash chromatography (Scheme 2). The stereochemistry of
12 was determined by X-ray diffraction analysis of a single crystal of racemic (±)-1213 (Fig. 1), and
obtained by a similar Diels–Alder reaction although using (±)-7.14 It is remarkable that the reaction
of this new DDAA derivative7 with cyclopentadiene showed a ‘normal’ kineticendo-selectivity with
approximation of the diene by the less hindered, whereas it is reported that this reaction using other
comparable DDAA derivatives such as4aor 6 showed oppositeexo-selectivity. A lower steric hindrance
close to the nitrogen atom in system7 could account for the observed difference in stereoselectivity. In
addition, the high reactivity of system7 towards cyclopentadiene could be justified in terms of the rather
low energy of its LUMO.15

Scheme 2.

Figure 1. X-Ray crystal structure of (±)-12
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The cycloaddition reaction was also carried out using cyclohexa-1,3-diene (20 equiv.), but then heating
at 90°C during 8 h was necessary to get complete reaction (TLC). Analysis of the crude (1H NMR, 300
MHz) showed again a major diastereomer13 (88%13+12% other diastereomers) which was isolated by
flash chromatography in 49% yield (Scheme 2). The stereochemistry of this major compound13 was
determined from the final amino acid (see below) as a thermodynamicexocycloadduct derived from the
diene following again the less hindered face of the double bond in derivative7.

Cycloadducts12 and 1316 were subjected to the same hydrolytic protocol in order to achieve
the desired final bicyclic amino acids (Scheme 2). Thus, acid hydrolysis of the imine moiety with
2 N HCl in THF, followed by catalytic hydrogenation at normal pressure of the double bond and
subsequent hydrolysis of the ester function with 6 N HCl at 150°C (pressure tube) yielded amino acid
hydrochlorides. Final treatment with propylene oxide in refluxing ethanol allowed the isolation of the
free enantiomerically pure (−)-(1R,2R,4S)-2-aminobicyclo[2.2.1]heptane-2-carboxylic acid17 (−)-endo-
1 and (−)-(1R,2R,4S)-2-aminobicyclo[2.2.2]octane-2-carboxylic acid17 (−)-2 in 85% and 75% overall
yields, respectively. The NMR and specific rotation data of amino acid (−)-2 confirmed the proposed
stereochemistry for adduct13.

3. Conclusion

In conclusion, we have found that chiral cyclic DDAA derivative7 is an appropriate reactive dien-
ophile for achieving highly diastereoselective Diels–Alder cycloaddition reactions for the synthesis of
enantiomerically pure bicyclicα-amino acids (−)-endo-1 and2. Further studies on the synthetic uses of
these new DDAA derivatives in other cycloaddition reactions are now underway.
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