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Abstract—The reaction of chiral 2-trifluoromethyl-1,3-oxazolidines with various silylated nucleophiles under Lewis acid activation
provides a stereoselective route to functionalized �-trifluoromethylamines. This methodology was successfully applied to the
diastereoselective synthesis of trifluoromethylated homoallylic and propargylic amines, trifluoromethylated �-amino nitrile,
�-aminoketone and �-aminoester. The �-amino nitrile and the �-amino ester were converted into (+)-3,3,3-trifluoroalanine and
(+)-4,4,4-trifluoro-3-aminobutanoic acid in a one-step procedure. © 2002 Elsevier Science Ltd. All rights reserved.

Trifluoromethylated amines are important building
blocks for the synthesis of bioactive compounds
because of the unique electron withdrawing properties
of the trifluoromethyl group.1 The development of
stereoselective methods for the synthesis of �-trifl-
uoromethylated amines is then a current challenge in
organofluorine chemistry.2 Most of the existing
stereoselective methods for their synthesis use reduction
or organometallics addition to fluorinated imino- or
enamino-compounds3 or direct trifluoromethylation of
a chiral sulfinylimine.4 A stereoselective approach
developed by Mikami et al. consists of lithium alu-
minum hydride reduction or organometallics reactions
with (R)-phenylglycinol and fluoral derived oxazolidi-
nes and hemiacetals.5 To achieve good yields and high
stereoselectivity this method requires the separation of
both oxazolidines diastereomer or the use of a large
excess of organometallic reagent for the reaction on the
hemiacetals. As a limitation, this reaction was only
described for phenyl, benzyl and methyl group intro-
duction. In order to investigate new potentialities of the
use of 2-trifluoromethyl-1,3-oxazolidines toward the
synthesis of enantiopure trifluoromethylamino com-
pounds, we undertook the study of their Lewis acid-
mediated reactions with silylated nucleophiles. This
methodology will provide a stereoselective strategy for

the introduction of various functionalized side chains.
Although several examples of nucleophilic addition to
trifluoromethyl-iminium ions and related reactions are
described in the literature,6 to our knowledge, no exam-
ple is reported with silylated nucleophiles in the asym-
metric series.

Chiral 2-trifluoromethyl-oxazolidines 1a,b were readily
prepared in high yield following the literature
procedure5a starting from (R)-(−)-phenylglycinol
(Scheme 1).

The use of (R)-(−)-phenylglycinol as a chiral auxiliary
in the Strecker synthesis constitutes a highly stereoselec-
tive access to �-amino acids.7 Because of the great
interest of fluorine-containing amino acids,8 we carried
out the reaction of 1a,b with trimethylsilyl cyanide
promoted by Lewis acids (Table 1). The aminonitriles
2a,b were obtained in high yield with BF3·OEt2 (1.5
equiv.) or with a catalytic amount of TMSOTf as a
diastereomeric mixture. The major diastereomer 2a9

Scheme 1. Synthesis of 2-trifluoromethyl-1,3-oxazolidines. (a)
Trifluoroacetaldehyde ethylhemiacetal, PPTS 0.1 equiv., tolu-
ene, Dean Stark distillation.
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Table 1. Strecker reactions

(a) TMSCN (1.5 equiv.), Lewis acid, −78°C to rt, 12 h.

Lewis acidEntry Yield (%)a1a:1b 2a:2bb

BF3·OEt2 (1.5 equiv.)1 9162:38 83:17
2 87:13 TMSOTf (0.1 equiv.) 87 81:19

TMSOTf (0.1 equiv.) 84 83:173 20:80

a Isolated yields.
b Determined by 19F NMR integration of the CF3 signals of each

diastereomer in the crude mixture. Both isomers can be separate by
silica gel chromatography.

and ion-exchange resin purification (Scheme 2). (R)-(+)-
3,3,3-Trifluoroalanine 3 was obtained in 70% overall
yield from 2a and 65% ee ([� ]D20 +10.0 (c 0.76, MeOH)
lit. data10a +15.4 (c 0.76, MeOH)). Although partial
racemization occurred during the purification process
on H+ resin with 7% NH3 elution,11 we can assume that
the configuration of 2a is (R,R).

The BF3·OEt2-promoted reaction of the diastereomeric
mixture of oxazolidines 1a,b was then extended to
various silylated nucleophiles (Scheme 3).12 The reac-
tions with allyltrimethylsilane, bis-trimethylsilyl-
acetylene, an enoxysilane and a ketene silyl acetal
proceeded in good yields. Bis-trimethylsilylacetylene
proved to be the less reactive and 4 days reflux in
CH2Cl2 were necessary to ensure a good transformation
of 1a,b. The control of the stereoselectivity increases
from bis-trimethylsilyl-acetylene (54:46), allyltrimethyl-
silane (70:30), ketene silyl acetal (84:16) to become
almost complete for the enoxysilane.13 This high
stereoselectivity may be attributed to a Lewis acid
coordination of the oxygen atom of the enoxysilane. It
should be noticed that in contrast to related reactions6d

no elimination of the amino group occurred. As for the
Strecker-type reaction, the configurations of the major
4a, 6a and 7a diastereomers are assumed to be (R,R)
resulting from the addition on the less hindered re face
of the iminium. This was confirmed for 7a giving
(R)-(+)-3-amino-4,4,4-trifluorobutanoic acid 814 in 90%
yield after removal of the chiral auxiliary and hydroly-
sis of the ester function in a one-pot procedure.

Further studies on the stereoselective synthesis of bioac-
tive �-trifluoromethyl amino compounds are now in
progress.
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Scheme 2. Synthesis of (R)-(+)-3,3,3-trifluoroalanine. (a)
Pb(OAc)4, CH2Cl2:MeOH (2:1). (b) HCl conc., reflux, 4 h, H+

resin. (c) Overall yield from 2a.

was separated by flash column chromatography. An
interesting feature of this reaction is that the same
diastereomeric ratio (2a:2b 83:17) was achieved irre-
spective of the starting oxazolidines 1a:1b mixture
(Table 1, entries 2 and 3). The major outcome of this
observation is that the reaction can be performed from
the diastereomeric mixture of oxazolidines avoiding a
separation step.

These results strongly suggest the formation of an
iminium as a key intermediate; the nucleophilic attack
taking place at the less hindered re face. The (R,R)
configuration of the major diastereomer 2a was first
assigned by comparison with literature NMR data7c in
the non-fluorinated series relating a strong shielding
effect of H-2 by the phenyl moiety in the major 2a
(R,R) isomer (Fig. 1).

Additional evidence of the (R,R) configuration of the
major diastereomer was obtained by converting 2a into
an enantioenriched sample of (R)-(+)-3,3,3-trifluoroala-
nine and comparison of its optical rotation with litera-
ture data.10 The removal of the chiral auxiliary and
hydrolysis of the nitrile function of pure 2a was effected
using lead tetraacetate followed by HCl conc. treatment

Figure 1.
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Scheme 3. Reactions of 1a,b with various silylated nucleophiles. (a) AllylTMS, CH2Cl2, BF3·OEt2. (b) Bis-trimethylsilyl-acetylene,
CH2Cl2, BF3·OEt2, reflux 4 days. (c) H2C�C(OTMS)Ph, CH2Cl2, BF3·OEt2. (d) H2C�C(OTMS)OEt, CH3CH2CN, BF3·OEt2, 1 h
30 min reflux. (e) Pb(OAc)4, CH2Cl2:MeOH (2:1) then HCl conc., reflux, 4 h, H+ resin. (f) Determined by 19F NMR integration
of the CF3 signals of each diastereomer in the crude mixture. (g) A pure fraction of both isomers was obtained after silica gel
chromatography separation. (h) Overall yield from a pure sample of 7a.
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