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The reactions of benzyl 2-bromo-2,3,3,3-tetrafluoropropa-
noate with various types of chiral imines in the presence of zinc
in THF at room temperature were revealed to afford the threo-
and erythro-isomers of �-fluoro-�-(trifluoromethyl)-�-amino
esters with high diasteremeric excesses in fair to good chemical
yields.

Since the introduction of fluorine groups, such as monofluoro,
difluoromethylene, and trifluoromethyl, into bioactive compounds
frequently exerts significant effects on their physical properties,
physiological activities, and metabolic profiles,1 a number of ef-
forts have continuously been paid to synthesize many sorts of flu-
orine-containing biologically active compounds.2 Recently, �- or
�-fluorinated �-amino acids have attracted increasing attention
owing to their biochemical or synthetic applications in medicinal
and synthetic organic chemistry.3 The literature embodies a limit-
ed number of stereoselective approaches to fluorinated and non-
fluorinated �-amino acids using chiral imines.4–6 However, the
methods for synthesizing optically active �-fluorinated �-amino
acid derivatives do not necessarily suffice for versatile applica-
tions. Therefore, development of a practical method for the asym-
metric synthesis of such fluorinated �-amino carbonyl compounds
would be exceedingly valuable. This communication discloses a
simple and efficient access to the four diastereoisomers of �-flu-
oro-�-(trifluoromethyl)-�-amino esters 3 with high diastereomer-
ic excesses, through the zinc-mediated coupling reaction between
benzyl 2-bromo-2,3,3,3-tetrafluoropropanoate (1) and chiral
imines 2 at ambient temperature.

Initially, the reaction of the �-bromo ester 1 (1.5 equiv.), pre-
pared from commercially available 2-bromo-2,3,3,3-tetrafluoro-
propanoyl chloride, with (S)-N-(1-phenylethyl)imine 2a (1.0
equiv.) was conducted in the presence of activated zinc (1.8
equiv.) in THF at room temperature for 3 h to result in almost
no formation of the coupling product 3aa, only bromine-reduced
product, benzyl 2,3,3,3-tetrafluoropropanoate (6) being formed in
a quantitative yield (Entry 1). The treatment of 1 with imine 2b
derived from (S)-valine methyl ester gave the desired coupling
product 3ba7 in 13% yield, along with �-lactam derivative 4b7

(cis8 10%, trans8 10% yield) (Entry 2). On the other hand, treating
1 with imine 2c derived from (S)-phenylglycine methyl ester un-
der the similar conditions led to the corresponding �-fluoro-�-
(trifluoromethyl)-�-amino ester 3ca7 in good yield as a 55:45
mixture of the threo- and erythro-isomers,9 in which the
ð2R; 3R; 10SÞ-threo- and ð2S; 3R; 10SÞ-erythro-isomers10 were in
82 and 88% de, respectively (Entry 3). It is very interesting that
the reactions with 2c produced considerable amounts of pyrroli-
dine derivatives 5c11 as well as �-lactam 4c,7 in addition to 3c
(Entries 3 and 4). When the �-bromo ester 1 was allowed to react
with (S)-sulfinimine 2d under the same conditions, the corre-
sponding coupling product 3da7 was afforded in high yield as

an 83:17 mixture of the threo- and erythro-isomers. Of much syn-
thetic value is that the threo- and erythro-isomers were formed as
the ð2S; 3S; SSÞ-threo- and ð2R; 3S; SSÞ-erythro-isomers10 with 92
and 92% de, respectively (Entry 5). Even performing this reaction
at�15 �C for 6 h provided nearly comparable results with those of
the reaction at room temperature for 3 h (Entry 6).

The reactions between 1 and various sulfinimines 2d were ex-
amined, as shown in Table 1. Sulfinimines 2d derived from aro-
matic and �,�-unsaturated aldehydes participated nicely in the
coupling reaction of 1 to afford the corresponding �-fluoro-�-(tri-
fluoromethyl)-�-amino esters 3d in good to excellent yields (73–
96%), without formation of �-lactams 4d. The ratios of the threo-
to erythro-isomer were in a range of 74:26 to 83:17 (Entries 7–
10). The reaction with 2d derived from aliphatic aldehydes, such
as n-butanal and 2-methylpropanal, also proceeded in a good dia-
stereoselective fashion to give the corresponding coupling prod-
ucts 3d (Entries 11 and 12), but the reaction with imine 2d from
a sterically hindered aldehyde, 2,2-dimethylpropanal, did not take
place at all to result in the formation of the reduced ester 6 and
recovery of 1 (Entry 13). It is significant that the diastereomeric
excesses in both threo- and erythro-isomers fall within 90–98%
(Entries 1 and 5–12).

The general procedure for the reaction is as follows. To a sus-
pension of zinc dust (1.8 equiv.) and imine 2 (1.0 equiv.) in THF
was dropwise added a solution of benzyl 2-bromo-2,3,3,3-tetra-
fluoropropanoate (1) (1.5 equiv.) in THF at 0 �C under argon.
The whole mixture was warmed to room temperature and stirred
for 3 h, and then was poured into a cold aqueous NH4Cl solution
containing a third volume of aqueous 10% HCl solution. The re-
sultant mixture was extracted three times with ethyl acetate. The
organic extracts were dried over Na2SO4, filtered, and concentrat-
ed under reduced pressure to leave a residual oil. After high res-
olution 19F NMR determination, the residue was subjected to pu-
rification by silica-gel column chromatography (hexane:ethyl
acetate = 4/1–2/1) to afford analytically pure product 3.7,12 It
should be noted that each major threo- and erythro-isomer of 3c
and 3d can be isolated separately as optically pure forms by col-
umn chromatography.

In summary, we have demonstrated that the zinc-promoted
coupling reaction of the �-bromo ester 1 with (S)-imines 2c pro-
vided the ð2R; 3RÞ-threo- and ð2S; 3RÞ-erythro-isomers of �-fluo-
ro-�-(trifluoromethyl)-�-amino esters 3c with >82% de, while
the similar reaction with (S)-sulfinimines 2d led to the ð2S; 3SÞ-
threo- and ð2R; 3SÞ-erythro-isomers of 3d with >90% de. The
present reactions will serve as an important protocol for synthesiz-
ing a number of regio- and stereoselectively fluorinated chiral
compounds of biological interest.
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Scheme 1. Zinc-mediated coupling reaction of �-bromo ester 1 with chiral imines 2.

Table 1. Coupling reaction of 1 with various imines 2

Isomer ratioc of 3
Imine 2 Yieldb/% threo:erythro Yieldb/% of

Entrya R of 3 (2S,3S:2R,3R) (2R,3S:2S,3R) 4 and/or 5

1 2a Ph tr - 0
2 2b Ph 13 (3ba) 43:57 20 0
3 2c Ph 71 (3ca) 55:45 10 9

(9:91) (6:94)
4 2c p-ClC6H4 42 (3cc) 52:48 33 25

(8:92) (3:97)
5 2d Ph (89) (3da) 83:17 0

(96:4) (96:4)
6d 2d Ph 91 (3da) 78:22 0

(95:5) (97:3)
7 2d p-MeOC6H4 (96) (3db) 82:18 0

(97:3) (95:5)
8 2d p-ClC6H4 (78) (3dc) 74:26 0

(98:2) (96:4)
9 2d p-FC6H4 (73) (3dd) 78:22 0

(99:1) (99:1)
10 2d MeCH–CH (75) (3de) 81:19 0

(98:2) (96:4)
11 2d n-Pr (89) (3df) 80:20 0

(97:3) (95:5)
12 2d i-Pr (88) (3dg) 89:11 0

(98:2) (95:5)
13 2d t-Bu 0 - 0

a Unless otherwise noted, the molar ratio of 1:2:Zn = 1.5:1.0:1.8. b Determined by 19F NMR. Values in parentheses are of isolated yield based on 2. c Measured by
19F NMR (470MHz). d Conducted at �15 �C for 6 h.
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