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Abstract: b-Trifluoromethyl b-amino acids and a-trifluoromethyl
a-alkyl amines can be easily prepared under Barbier conditions
from trifluoromethyl aldimines in moderate to good yields. b-Tri-
fluoromethyl b-amino acids were obtained in good enantioselectiv-
ity from the chiral trifluoromethyl aldimine starting material.
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b-Amino acids have received great attention due to their
potential medicinal and synthetic applications.1 Consider-
ing the expected benefits of the fluorine substitution, b-
fluoroalkyl b-amino acid derivatives, when incorporated
into peptide sequences, are expected to modify properties
and enhance resistance toward proteolysis. In this context
they recently aroused great interest and numerous groups
have designed new synthetic methodologies, with the ob-
jective of obtaining pure stereomers.2 Among them, meth-
ods involving nucleophilic additions on trifluoromethyl
imines3 or related derivatives (oxazolidines,4a pyruvates,5

imidoyl chlorides,6 etc.) appeared to be powerful ap-
proaches. Most of the methods used to access the b-CF3 b-
amino acid derivatives involve addition of ester enolates,7

Mannich-type4 and Reformatsky4,8 reactions. This latter
reaction, performed on trifluoromethyl aldimine deriva-
tives,4,8a proceeds in moderate yield and provides, as main
products, corresponding azetidinones resulting from a cy-
clization of the intermediate metalloamine. Considering
that this is probably due to the reaction conditions (THF
reflux, reagent excess), we revisited the Reformatsky re-
action on trifluoromethyl aldimines under milder condi-
tions.

We have previously reported that allylation reactions on
trifluoromethyl aldimines proceeded smoothly in dimeth-
ylformamide at room temperature when performed under
Barbier conditions.9

Similar conditions were evaluated for the Reformatsky re-
action performed on the N-(p-methoxyphenyl) aldimine 1
and the N-benzyl aldimine 2. The reaction was conducted
in DMF at room temperature with three equivalents of
ethyl bromoacetate in the presence of 1.5 equivalents of
granular zinc activated by a small amount of TMSCl.9 Re-
action times were long and the conversion incomplete (ca.

65–70% conversion) (Table 1, entries 1 and 3). Large ex-
cess of ethyl bromoacetate (6 equiv) and of zinc (5 equiv)
were required to obtain a complete conversion in 4–5
hours. Only one product was obtained. Corresponding b-
amino esters 3 and 4 were isolated in high yields (Table 1,
entries 2 and 4).

Since the addition of alkyl organometallic reagents on CF3

imine derivatives has been less studied than that of unsat-
urated ones (phenyl, allyl, vinyl),10 these easy Barbier
conditions have also been applied to the addition of sim-
ple alkyl halides to aldimines 1 and 2. We first investigat-
ed the addition of isopropyl iodide on the aldimine 1 in
DMF. With 2.5 equivalents of the alkyl iodide and 1.5
equivalents of Zn, the corresponding trifluoromethyl
amine 5a (Table 1, entry 5) was obtained in an excellent
yield (95%). The reaction was then generalized to other
alkyl halides. Under the same conditions, the reaction was
less efficient with primary alkyl halides, C5H11I or EtI,
which required longer reaction time, and provided poor
yields of amines. As for reaction with ethyl bromoacetate,
by using larger excesses of halides (6 equiv) and zinc (5
equiv), 5b and 5c could be obtained in 70% and 97%
yields, respectively (Table 1, entries 6 and 7). It is worth
noting that competitive reduction products, which are
generally obtained by the addition of alkyl Grignard re-
agents to nonfluorinated aldimines,11 were not detected
from 2 under these conditions.12

When performed onto the N-benzyl trifluoromethyl aldi-
mine 2, the addition of various alkyl iodides afforded the
corresponding amines 6 in moderate to low yields after 24
hours (Table 1, entries 9–11) or no reaction occurred at all
even with excess of reagents (Table 1, entries 10–12).

These reactions were then investigated with the methyl
ether of the (R)-phenylglycinol trifluoromethyl aldimine
7, which provided excellent stereoselectivity in allylation
reactions under Barbier conditions.9

In DMF, the product 8 resulting from the addition of iso-
propyl iodide (3 equiv) in the presence of zinc (2.5 equiv)
was obtained in a 72% yield and a poor selectivity (de =
53%; Scheme 1). The configuration of 8 proved to be R,R
(see below).

Under the conditions presented in Table 1, the Refor-
matsky reaction performed between ethyl bromoacetate
(6 equiv) and 7 failed. Replacement of DMF by THF re-
sulted in a complete reaction and a good diastereoselectiv-
ity (de = 80%) but a longer reaction time (>20 h) was
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required. Surprisingly an increased reaction rate (3 h) was
obtained in refluxing THF without changing the course of
the reaction. The only products formed were b-amino es-
ters 9 obtained in 80% yield and with a good diastereose-
lectivity (de = 81%, determined by 19F NMR of the crude;
Scheme 1). Each diastereomer could be easily separated
by flash chromatography to afford 69% isolated yield of
the major isomer and 10% isolated yield of the minor
one.13 These results suggest that neither high temperature
nor excess of Zn are responsible of the conversion of b-
amino esters into azetidinones. The major isomer was ob-
tained in the free form after deprotection of the chiral aux-
iliary and the hydrolysis of the ester function. This was

achieved in 80% yield in a three-step procedure involving
the reaction with BBr3,

14 Pb(OAc)4 and HCl (6 N)
hydrolysis4a (Scheme 2). The R-configuration of the b-tri-
fluoromethyl-b-amino acid 10 obtained was assigned by
comparison of its data with the data and the optical rota-
tion reported in the literature {[a]D

21 +25 (c = 0.5, 6 N
HCl), [a]D

25 +26.6 (c = 0.5, 6 N HCl)4a}.

Scheme 2

In conclusion, we have described an easy method to intro-
duce an alkyl group directly on trifluoromethylated aldi-
mines under Barbier conditions and to perform an
efficient Reformatsky reaction with an improved
chemoselectivity and a good stereoselectivity. This pro-
vided a concise access to enantiopure b-trifluoromethyl b-
amino acids.
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12 2 Bn t-BuI (6) 5 24 6d trace
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