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ABSTRACT

Syntheses of optically active trifluoronorcoronamic acid 6 and its diastereomer 9 are described. Highly stereospecific and diastereoselective
SN2 cyclization of γ-cyanohydrins 3a and 3b gave cyclopropyl nitriles 4a and 4b. Hydrolysis of the cyano group and deprotection of the amino
group of 4a provide trifluoronorcoronamic acid 6. Hofmann rearrangement of the amide which was generated by hydrolysis of the cyano
group and oxidative cleavage of the aryl ring of 4b to provide trifluoro-allo-norcoronamic acid 9.

The cyclopropyl amino acids, 1-aminocyclopropane-1-car-
boxylic acid, and its derivatives have been of interest to
scientists for their roles and reactions in vivo,1 which include
roles as intermediates in the biosynthesis of the fruit ripening
hormone ethylene,2 as components of bacterial phytotoxins,3

and as intermediates in the biosynthesis of cyclic amino acid
azetidine-2-carboxylic acid.4 Norcoronamic acid1 is such a
naturally occurring cyclopropyl amino acid which was
isolated after hydrolysis of bacterial toxin norcoronatine from
Pseudomonas syringae.5

The conformationally constrained nature of the cyclopropyl
amino acids is of interest and may affect the conformation

of peptides containing the amino acid, controlling interactions
with enzymes and receptors.1a Fluorination of the compound
could result in a further change of properties, via electronic
effects and by modifying chemical stability.6 Although there
are many published examples of the synthesis of cyclopropyl
amino acids, there have been few reports on the fluorinated
analogues of cyclopropyl amino acids.7 To date there has
been no report on the fluorinated analogue of norcoronamic
acid, 2-trifluoromethyl-1-aminocyclopropane-1-carboxylic
acid.

Herein, we wish to report stereoselective syntheses of
trifluorinated norcoronamic acid6 and its diastereomer9,
2-trifluoromethyl-1-aminocyclopropane-1-carboxylic acid,
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from an optically active epoxide. Our approach is based on
a cyclization of optically active 4-hydroxy-5,5,5-trifluoronor-
valine cyanide derivatives3, which were derived from the
reaction between optically active 2,3-epoxy-1,1,1-trifluoro-
propane28 with substituted acetonitriles.9 The key cyclization
step to cyclopropane4 involved an SN2 reaction (inversion
of configuration at the electrophilic center) with high
diastereoselectivity and created the amino acidR-carbon as
a new stereogenic center.10 Thus, the configuration of the
epoxide controls the stereochemistry of the final product in
our strategy.

Preparation of the cyanohydrin3a as a diastereomeric
mixture was conducted in a manner similar to that described
in our previous reports.9 The yield of 3a was 73%, while
the diastereomeric excess of3a was ca. 30% de. The
diastereomeric mixture of cyanohydrin3awas then cyclized
to cyclopropyl cyanide4a without further purification. In
the course of this intramolecular nucleophilic substitution,
one of the chiral centers was epimerized via a planar cyano-
stabilized carbanion. Then, highly diastereoselective cycliza-
tion occurred to yield cyclopropyl cyanide4a, controlled by
the steric effect exerted by the trifluoromethyl group attached
to the chiral carbon. The yield of4a was 82%, and the
diastereomeric excess of4a was found to be>99%.
Recrystallization of4agave optically pure4a in 70% yield.8

Oxidative degradation of the pyrrole ring of4a gave amino
nitrile 5 (71%); then hydrolysis of the cyano group afforded

the optically pure trifluoronorcoronamic acid6 in 67% yield
(Scheme 1).11

Configuration of cyclopropylcyanide4a was confirmed
by X-ray crystallographic analysis; the ORTEP diagram of
4a is shown in Figure 1.12

A similar preparation of the diastereomeric mixture of
cyanohydrins3b followed by cyclization gave cyclopropyl
cyanide4b in 67% yield and 90% diastereomeric excess.
Recrystallization of4b gave enantiomerically pure cyclo-
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Scheme 1

Figure 1. X-ray structure of4a.
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propyl cyanide4b in 33% yield. Hydrolysis of the cyano
group gave amide7 (79%); then Hofmann rearrangement
followed by oxidative degradation of aromatic ring of amine
8 gave Boc-protected trifluoro-allo-norcoronamic acid9 in
30% yield (two steps) (Scheme 2).13

Configuration of the cyclopropyl nitrile compound4b was
also confirmed by X-ray crystallographic analysis; the
ORTEP diagram of compound4b is shown in Figure 2.14,15

The present strategies for the preparation of cyclopropyl
amino acids are characterized by utilization of the chiral
center from epoxide, which controls the stereochemistry of
the amino acidR-carbon in the course of the cyclization.
The R-carbon of the amino acid was epimerized upon
becoming a cyano-stabilized carbanion and did not therefore
influence the stereochemistry of the final cyclopropane at
all. Also, the cyano group is convenient for the preparation
of amino acids, because it can be converted both to an amino
group via Hofmann-type rearrangement and to a carboxyl
group via simple hydrolysis. Because of recent advances in

chiral epoxidation,16 the optically active epoxide has become
a reliable class of chiral building blocks. Our present strategy
would therefore be a highly reliable method for stereocon-
trolled preparation of cyclopropyl amino acids. Studies on
the scope of the present strategies for the preparation of other
cyclopropyl amino acids are now in progress.
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Scheme 2

Figure 2. X-ray structure of4b.
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