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Abstract—The enantiopure p-toluenesulfinimines were found to be efficient as chiral imine equivalents in the high temperature
Reformatsky-type additions with BrZnCF2COOEt affording an efficient approach to the enantiomerically pure �,�-difluoro-�-
amino acids. High chemical and stereochemical yields (drs>9:1, and as high as 99:1) render this method immediately useful for
preparing the target amino acids. © 2002 Elsevier Science Ltd. All rights reserved.

Taking into account the exciting benefits of fluorine
substitution for hydrogen established in the series of
�-amino acids and �-peptides, such as rational modifi-
cation of lipophilicity/hydrophobicity, reactivity and
stability of the peptides secondary structures,1 prepara-
tion and study of fluorinated �-amino acids and �-pep-
tides might be of particular interest. However, to the
best of our knowledge, fluorine substitution for hydro-
gen in �-peptides has not been studied thus far.2–4

Therefore, we set for ourselves a goal to design and
synthesize fluorine-containing �-peptides and study
their physicochemical and biological properties. In this
context we envisioned two different strategies for
fluorine substitution for hydrogen in �-peptides: the
fluorinated outer-space and fluorinated inner-space, a
peptide backbone. The former could be achieved using
�-amino acids of type 1 (Fig. 1), while the latter could

be realized with application of monomers 2. To take on
these targets, we needed convenient and reliable asym-
metric methods for preparing both enantiomers of
amino acids 1 and 2 on a relatively large scale. Recently
we5 and others6 have independently developed several
generalized approaches to enantiomerically pure �-
fluoroalkyl-�-amino acids of type 1. On the other hand,
despite the considerable interests in �,�-difluoro-�-
amino acids 2 as the precursors to a particular type of
fluorinated �-lactam antibiotics,7 only two,8 to the best
of our knowledge,9 reports in the literature deal with a
preparation of �-amino acids 2 in enantiomerically
pure/enriched form. In the recent paper8b the authors
reported Reformatsky addition reaction between in situ
generated XZnCF2COOR (X=halogen) and chiral 1,3-
oxazolidines. The reactions were shown to proceed with
high diastereoselectivity furnishing the corresponding
azetidin-2-ones with up to 99% de. However, the chem-
ical yields were much less satisfactory ranging from 32
to 69%. Furthermore, the additional two to three steps
required for transformation of the azetidin-2-ones to
the target �,�-difluoro-�-amino acids 2 led to low over-
all yields rendering this approach synthetically prob-
lematic. In this communication we report that
application of chiral N-sulfinimines in the addition
reaction with the in situ generated BrZnCF2COOEt (3)
offers a superior synthetic alternative to the previous
methods8,9 allowing an efficient large-scale preparation
of enantiopure amino acids 2.

Figure 1. Two different strategies for fluorine substitution for
hydrogen in �-peptides.

Keywords : asymmetric synthesis; amino acids and derivatives; fluorine
and compounds; sulfoxides; Reformatsky reactions/reagents.
* Corresponding author. E-mail: vadim@ou.edu

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )01103 -6

mailto:vadim@ou.edu


S
N

H

R

O

Me

Br COOEt/Zn

F F

O Me
H2N

H R
COOH

F F

S
N

HO

Me
H

R
COOEt

F F

(S)-5a-f

[3]

THF, reflux

(Ss,3S)-6a-f

a) 6 N HCl;
b)

(S)-2a-f

R = C6H5 (a), 4-MeO-C6H4 (b), 
4-F-C6H4 (c), 4-Cl-C6H4 (d), 
4-CF3-C6H4 (e), 2-furyl (f)

V. A. Soloshonok et al. / Tetrahedron Letters 43 (2002) 5445–54485446

Among a vast variety of synthetic approaches reported
for asymmetric preparation of �-amino acids,10 our
attention was attracted by the method developed by
Davis and co-workers.11 Key step of their protocol
consists in the highly diastereoselective Reformatsky
type addition of methyl bromoacetate to the enantio-
pure N-p-toluenesulfinimines at −78°C in the presence
of zinc. Hydrolysis of the corresponding addition prod-
ucts under mild conditions affords the target �-amino
acids in high overall chemical yields.

First we conducted the reaction between 3 and (S)-N-
benzylidene-p-toluenesulfinimine (5a) (Scheme 1). The
reaction of sulfinimine 5a with ethyl bromodifluoroac-
etate conducted in the presence of activated Zn powder
in boiling THF was completed in 15 min furnishing the
corresponding p-toluenesulfinamide 6a as a sole reac-
tion product. In a series of experiments designed to
optimize chemical yield of addition product 6a, we
found that a 1/2 ratio of sulfinimine 5a and
BrCF2COOEt was required for complete transforma-
tion of the former to sulfinamide 6a, isolated with over
80% yield. Diastereoselectivity of the addition, deter-
mined by 500 MHz NMR (19F, 1H) on crude reaction
mixture, was found to be surprisingly high. Considering
the high temperature of the addition, a 96/4 ratio of the
diastereomers (Table 1, entry 1) is remarkable. Crystal-
lization of the crude mixture afforded the major
diastereomer in optically pure form.12 To determine the
absolute configuration of the newly formed stereogenic
carbon in the major product 6a, it was hydrolyzed to
the target free amino acid 2a (Scheme 1).13 Enan-
tiomeric purity (>99% ee) of the obtained amino acid
2a was confirmed by HPLC analysis on chiral sor-
bents.14 Comparison of the sign and magnitude of an
optical rotation obtained for 2a with the literature data
revealed its (S) absolute configuration;13 therefore,
stereochemistry of the addition product 6a was assigned
to be (Ss,3S). Application of the (R)-configured starting
sulfinimine 5a in the reaction with 3, mirrored the
results obtained for (S)-5a giving rise to (Rs,3R)-6a in
92% de (entry 2). Next we studied generality of the
reaction using aromatic sulfinimines 5b–f bearing elec-
tron-releasing and electron-withdrawing substituents.15

The addition between p-methoxy-containing (S)-5b
afforded the product 6b with unexpectedly improved
diastereoselectivity (entry 3). Thus, only one

diastereomeric product (Ss,3S)-6b was detected in the
crude reaction mixture. On the other hand, the reac-
tions of p-fluoro- and p-chloro-substituted (S)-5c,d
gave rise to the diastereomeric products 6c,d with the
stereochemical outcome comparable with that of
observed in the addition of unsubstituted N-benzyli-
dene derivative 5a (entries 1, 2 vs 4, 5). In contrast, the
additions of p-trifluoromethyl- and 2-furyl-containing
sulfinimines 5e,f proceeded with lower stereochemical
outcome as compared with the diastereoselectivity
observed in the reactions of N-benzylidene derivative
5a (entries 1, 2 vs 6, 7). These data clearly demonstrate
that while the high-temperature Reformatsky addition
reactions under study could be regarded as generalized
and a practical approach to the target �-amino acids 2,
there is an unexpected and interesting issue of the
stereochemical outcome influenced by electronic nature
of a substituent on the starting sulfinimine 5.

Hydrolysis of diastereomerically pure (column chro-
matography or recrystallization) sulfinamides 6b–f was
readily accomplished by refluxing with 6N HCl to
afford, after treatment with propylene oxide, the target

Table 1. Addition reactions of Reformatsky reagent 3
with N-p-toluenesulfinimines (S)-5a–ea

Entry 5a–e Products 6a–e

Yieldb (%) dec (%) Configurationd

9282a1 (Ss,3S)
a2 (Rs,3R)e9284

3 (Ss,3S)�9882b
c 834 94 (Ss,3S)
d 855 93 (Ss,3S)
e 856 80 (Ss,3S)

867 (Ss,3S)f 76

a All reactions were conducted by slow addition of a solution of 2
equiv. of ethyl 2-bromo-2,2-difluoroacetate and 1 equiv. of imine
5a–f in THF to refluxing suspension of 2 equiv. of activated Zn
powder in THF.

b Isolated yield of after column chromatography.
c Determined by NMR (500 MHz) analysis of the crude reaction

mixtures.
d Determined by comparison of the sign and magnitude of the optical

rotation compared with the literature data; see also the text.
e (R)-Configured imine 5a was used.

Scheme 1.
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�,�-difluoro-�-amino acids 2b–f. The hydrolysis was
typically carried out for 4 h to ensure complete removal
of the sulfinamide as well as ester moieties. Enan-
tiomeric purity of all amino acids 2a–f obtained was
controlled by the chiral HPLC analysis.14

Taking into consideration that the stereochemical out-
come of the addition reactions under study, regarding
the absolute configuration of the newly formed carbon
stereogenic center, is similar16 to the stereochemical
preferences generally observed for the nucleophilic
additions to sulfinimines of type 5,17 we can construct
transition state 7 (Fig. 2) to account for the observed
diastereoselectivity.

In summary, the results reported in this communication
clearly demonstrate that the enantiopure p-toluenesulfi-
nimines can be successfully used as chiral imine equiva-
lents in the high temperature Reformatsky-type
additions with BrZnCF2COOEt (3) affording an
efficient approach to the enantiomerically pure �,�-
difluoro-�-amino acids 2. High chemical and stereo-
chemical yields (drs>9:1, and as high as 99:1) render
this method synthetically superior over previously
reported approaches,8,9 and immediately useful for
preparing the target amino acids 2. Extension of this
method to the aliphatic series and �,�-difluoro-�-amino
acids containing �-quaternary stereogenic carbon, as
well as application of enantiopure tert-butanesulfin-
ylimines as more powerful stereocontroling auxil-
iary,17d,18 is currently under study.
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