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Abstract: The asymmetric synthesis of (+)-(1R,2S)-allocoronamic acid is reported. Diazomethane addition to
(Z)-N-(tert-butoxycarbonyl)ethyldehydroalanyl-L-prolin-anhydride, easily prepared from (Z)-2-phenyl-4-
propylidene-5(4H)-oxazolone and L-proline, gave in high diastercomeric excess the corresponding
spiropyrazoline, which was transformed, on photolysis and acid hydrolysis of the resulting spirocyclopropane,
into (+)-(1R,2S)-1-amino-2-ethyl-cyclopropanecarboxylic acid.

Since the first report on the isolation' and identification of 1-amino-1-cyclopropanecarboxylic acid
(ACC) as an intermediate in the biosynthesis of ethylene in higher plants,? the synthesis of this compound
and its derivatives have attracted special interest,? because of their biological activity>>* and potencial use
in conformationally restricted peptides.®

Although several approaches to the preparation of this class of amino acids have been described,’
only a few asymmetric synthesis have been published.® We have previously reported the preparation of
(+)-(18,28) and (-)-(1R,2R)-2-phenyl ACC by reaction of diazomethane with chirally derived 4-
benzylidene-oxazolones.% Very recently we have also described the synthesis of rag-allocoronamic acid
(2-ethyl ACC)7 starting from 2-phenyl-4-propylidene-5(4H)-oxazolone .2

The recent report about the first enantiomerically pure synthesis of (1S,2S)-2-alkyl-1-amino-
cyclopropanecarboxylic acids®® prompted us to describe here our current work in this area, which has
culminated in the synthesis of (1R,2S)-1-amino-2-ethyl-cyclopropanecarboxylic acid [(+)-allocoronamic
acid], the preferred of the four possible stereoisomers of 2-ethyl ACC which is processed to 1-butene by
plant tissues.?

Applying Schmidt’s procedure!'® we have synthesized diketopiperazine 2a [S0% yield from (Z)-2-
phenyl-4-propylidene-5(4H)-oxazolone (1)®] (Scheme 1). Problems arose in the photolytic reaction of the
corresponding N-benzoyl pyrazoline Sa, which led to complex mixtures of compounds, not further
investigated. As we had also observed extensive decomposition in the photolysis of N-benzoy! substituted
arylpyrazolines analogous to 5a,!! the change of the N-protecting group seemed advisable. The
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(a) Glycine-methylester hydrochloride, TEA, Et,0, rt. 12h (b) 1. 'BuOK, CH.,Cl, (argon), -70°C; 2. propionaldehyde,
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preparation of the N-acetyl derivative 2b was first attempted (Scheme 2), but this compound was unstable
and gave the pyrazoline 5b in low yield. Finally the N-(serr-butoxycarbonyl)-diketopiperazine 2¢ was
synthesized in 75% yield, by treatment of derivative 3 with di-terr-butyl dicarbonate, 4-
dimethylaminopyridine and triethylamine in 75% yield. Compound 3 was obtained, either reacting 2a
with glycine-methyl ester hydrochloride and triethylamine (85% yield),!? or by treatment of the
phosphonodiketopiperazine 4'2 with potassium rerr-butoxide and propionaldehyde (Z/E=9/1, 75% yield).
The N-Boc diketopiperazine 2c¢ was reacted with diazomethane to give an almost single
diastereoisomer (>95%) of the pyrazoline 5¢'* in 95% yield. This product, on photolysis in the usual
way, 5 produced the spirocyclopropane 6c in almost quantitative yield. Acid hydroiysis of 6¢c gave, after
removing the starting proline through an ion-exchange column'” and recrystallization from ethanol/diethyl
ether, (+)-(1R,2S)-1-amino-2-ethyl-cyclopropanecarboxylic acid 7 (66% yield) [ [a]p +64° (c 1.1,
CHCly), lit.'® [a]p, +65° (c 1.83, CHCly)]. Unalterated L-proline was recovered in 76% yield.
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All new compounds gave satisfactory spectroscopic and analytical data. Relevant 'H-NMR
parameters of selected derivatives were as follows: Compound 2a: 6(CDCl,): 7.74-7.37 (m, SH,
arom.); 6.24 (dd, 1H, olef., J=9.0, J=5.8 Hz); 4.22 (t, 1H, proline, J=7.9 Hz); 3.58 (m, 2H,
proline); 2.24-1.72 (m, 6H, CH, proline and ethyl); 0.88 (t, 3H, CH;, J=7.5 Hz). Compound 2¢:
8(CgDyg): 6.47 (dd, 1H, olef., J=8.7, J=6.3 Hz); 3.18 (dd, 1H, proline, J=7.3, J=8.5 Hz); 3.12-
2.95 (m, 2H, proline); 2.04 (m, 2H, proline); 1.8 (m, 1H, proline); 1.52 (m, 1H, proline), 1.40
(s, 9H, Boc); 1.04 (m, 2H, proline); 0.85 (t, 3H, CH;, J=7.5 Hz). Compound 3: 5(CDCl,): 8.91
(bs, 1H, NH); 6.05 (t, 1H, olef., J=7.75 Hz); 4.19 (dd, 1H, proline, J=9.7, J=6.5 Hz); 3.76
(m, 1H, proline); 3.57 (m, 1H, proline); 2.42 (m, 1H, proline); 2.15 (g, 2H, CH, ethyl, J=7.5
Hz); 2.09-1.87 (m, 3H, proline); 1.10 (t, 3H, CH;, J=7.5 Hz). Compound 5¢: 8(C¢Dg): 4.51 (dd,
1H, pyrazoline, J=17.9, J=8.4 Hz); 4.38 (dd, 1H, pyrazoline, J=17.9, J=5.3 Hz); 3.45 (dd, 1H,
proline, J=10.0, J=6.8 Hz); 3.00 (m, 2H, proline); 1.85 (m, 2H, proline, pyrazoline); 1.55 (m,
3H, proline, CH, ethyl); 1.36 (s, 9H, Boc); 1.00 (m, 2H, proline); 0.54 (t, 3H, CH;, J=7.4 Hz).
Compound 6¢: 8(CgDg): 3.77 (t, 1H, proline, J=7.8 Hz); 3.39-3.05 (m, 2H, proline); 2.28 (dd,
1H, cyclopropane, J=9.5, ]=6.6 Hz); 2.08 (m, 1H, proline); 1.76 (m, lH, proline); 1.34 (s, 9H,
Boc); 1.31-1.11 (m, 5H, cyclopropane, proline, CH, ethyl); 1.01 (m, 1H, cyclopropane); 0.80 (t,
3H, CH,;, J=7.4 Hz). Compound 7: &(D,0): 1.83 (m, 1H, cyclopropane); 1.69 (dd, 1H,
cyclopropane, J=9.9, J=6.1 Hz); 1.60 (m, 1H, CH, ethyl); 1.44 (m, 1H, CH, ethyl); 1.15 (dd,
1H, cyclopropane, J= 8.0, J= 6.1 Hz); 1.06 (t, 3H, CH;, J=7.3 Hz).

Diastereomeric excesses were determined by 'H-NMR analysis on the crude reaction mixtures.
Meltings points and [o]p, values of relevant compounds were as follows: Compound 2a: mp 94-
96°C; [a]p +71° (c 0.7, CHCl;). Compound 2¢: mp 93-94°C; [alp -6° (¢ 1.53, CHCl,).
Compound 3: mp 195-197°C; [a]p +17° (c 1.09, CHCl;). Compound Sc: mp 138°C; [a]p -7°
(c 0.76, CHCl;). Compound 6c: mp 71-73°C; [alp -9° (¢ 0.6, CHCl;). Compound 7: mp 212-
214°C (dec.); [o]p +64° (¢ 1.1, H,0).
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