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A practical synthesis of 2,2-difluoro-3-amino-propanoic acid
(�,�-difluoro-�-alanine)
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Abstract—Reformatsky reaction of ethyl bromodifluoroacetate with N,N-(dibenzyl)-1H-benzotriazolyl-1-methylamine gave fully
protected �,�-difluoro-�-alanine. Hydrogenolysis and hydrolysis furnished �,�-difluoro-�-alanine. Further transformation into
N-phthalimido-�,�-difluoro-�-alanine was described. © 2003 Elsevier Science Ltd. All rights reserved.

In the course of a medicinal chemistry program dedi-
cated to the synthesis and validation of [18F]-labeled
radiopharmaceuticals, we needed 2,2-difluoro-3-amino-
propanoic acid (4). Indeed, the N-phthalimidodithio-
ester derivative of this acid (Scheme 1; X=F) was
considered as the starting material towards [18F] radio-
labeled 2,2,3,3,3-pentafluoropropylamine, the building
block for the preparation of [18F]-EF5 (nitroimidazolyl
marker for PET detection of hypoxia).1,2 [18F]-Trifluori-
nation by an oxidative fluorodesulfurization reaction
has already been successfully exploited in the radiosyn-
thesis of [18F]-EF3 (Scheme 1; X=H).3

Fluorine-containing aminoacids are useful molecules
for the construction of various biologically active com-
pounds, and, for this reason, a lot of methods have
been developed for their preparation.4–6 Amongst them,
Reformatsky-type reactions5 with halodifluoroacetates
are usually applied for the synthesis of �-substituted
�,�-difluoro-�-aminoacids.7–10 Surprisingly, this method
has not been reported yet from the preparation of the
simplest term, namely �,�-difluoro-�-alanine (4). To
our knowledge, this particular compound was previ-

ously described in a single publication11 it was obtained
in four steps from 2,2-difluorosuccinic acid with an
overall yield of 13%. We thus decided to investigate an
alternative route, potentially more efficient, based on
the Reformatsky-type strategy.

N,N-(Bis-phenylmethyl)-benzotriazolyl-1-methylamine
(1), easily prepared from benzotriazole, formaldehyde
and dibenzylamine,12 is known to react with
organometallic reagents13 as an iminium salt,14,15 and
therefore has been considered as a choice reagent for
the introduction of a CH2–N(Bn)2 motif onto zinc–eno-
late derived from ethyl bromo-difluoroacetate (2).
Thus, we investigated the reaction of 1 with 2 (Scheme
2) in the presence of zinc dust activated with chloro-
trimethylsilane. In refluxing THF (usual conditions of
Reformatsky-type coupling reactions13), we recovered
ethyl N,N-(dibenzyl)-2,2-difluoro-3,3-aminopropanoate
(3) in about 70% yield, together with side products
resulting from reduction of 2 (ethyl difluoroacetate) and
debenzylation of 1. The critical role of temperature on
the occurrence of side-products in zinc–enolate alkyla-
tion has been pointed out.16 We screened reaction

Scheme 1.
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Scheme 2.

Scheme 3.

temperatures from 0 to 70°C and found that maintain-
ing the reaction mixture at room temperature was
simply the best condition: product 3 was formed in
nearly quantitative yield within 3 h (94% isolated yield,
after purification).17 The next step was the deprotection
of the N-dibenzyl moiety by catalytic hydrogenation.
Performing the reaction in aqueous EtOH–HCl led to
the simultaneous hydrolysis of the ester function; �,�-
difluoro-�-alanine (4) recovered as the hydrochloride
salt was neutralized by chromatography on a cation-
exchange resin (65% yield).18 Thus, by our process,
2,2-difluoro-3-amino-propanoic acid (4) could be easily
obtained in two steps with an overall yield of 61%
(Scheme 2).

We also examined the possibility to selectively prepare
either carboxyl-protected or amino-protected deriva-
tives of 4 (Scheme 3). Palladium-catalyzed hydrogenoly-
sis of precursor 3 in dry ethanol containing tri-
fluoroacetic acid gave free-amino �-aminoester 5 as
the trifluoroacetate salt in 81% yield.19 For the pre-
paration of phthalimide 6, we used 2-(methoxycar-
bonyl)benzoic acid activated by PyBOP (benzotriazol-
1-yl-oxy-tris-pyrrolidinophosphonium hexafluorophos-
phate), as previously described.3,20 Ethyl N-(phthal-
imido)-2,2-difluoro-3-amino-propanoate (6) was iso-
lated in 48% yield after chromatography.21 Lastly,
saponification of 6 furnished N-(phthalimido)-2,2-
difluoro-3-amino-propanoic acid (7) in 74% yield.22 The
corresponding dithioester (see Scheme 1), required as
radiolabeling precursor, could be obtained following
known procedures.23,24
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