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Difluoroallylation of optically pure O-silylated (S)-2-methyl-3-hydroxypropanal 10a with bromodi-
fluoropropene mediated by indium provided the corresponding difluorohomoallyl alcohol 11a with low
diastereoselectivity, but without a decrease in optical purity. Defluorinative allylic alkylation of each
diastereomer of the difluorohomoallyl alcohol efficiently proceeded by the reaction with trialk-
ylaluminium and Cu(I) system or Grignard reagent and a catalytic amount of Cul system in THF to give
the fluorine-substituted allylic alcohol 12 in an high yield and in an excellent Z selective manner.
Subsequent imidate Claisen rearrangement of the allylic alcohol 12 proceeded with a complete 1,3-
chirality transfer to give the fluoroalkene dipeptide isostere structure 14 after the final conversion of the
primary alcohol 20 into the carboxylic acid form.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

It has been widely accepted that a fluoroalkene moiety (-
CF = CH-) would be an ideal mimic for an amide bond (-CO-NH-)
due to the similarity of both steric and electronic properties.
Contrary to such similarities, fluoroalkene moiety would be a
nonhydrolyzable bond both chemically and enzymatically, and the
lack of rotational freedom of this bond is also a different property
from that of an amide bond [1]. Due to these unique properties,
utilization of fluoroalkene dipeptide isosteres as nonhydrolyzable
and/or conformationally restricted replacements for the parent
amide bonds has attracted much attention in the field of medicinal
chemistry [2,3]. Not only such an application of fluoroalkene
compounds in medicinal chemistry [2-4], but also functionalized
fluoroalkene compounds are important in synthetic chemistry as a
building block for a variety type of organofluorine compounds [5].

For the synthesis of such fluoroalkene dipeptide isosteres,
stereo-control of the C-C double bond configuration (either Z or E)
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and the relative stereochemistry of the two chiral centers at C2 and
C5 (either syn or anti) is a major issue to be solved (see, Fig. 1). In
addition to these, final product should be prepared in optically
pure form. Although, so far, a number of reports dealing with the
preparative methods for such compounds have been appeared
[2,6-13], till now development of more convenient methods is a
current subject.

We have reported a highly regio- and stereoselective route
involving defluorinative allylic alkylation of 5-hydroxy-4,4-
difluoro-2-alken-1-ol 1 with a trialkylaluminium-Cu(I) system to
introduce an alkyl group into 2 position in an excellent 2,5-syn and
Z selective manner giving rise to the fluoro-olefin compound 2.
Subsequent conversion of the hydroxy group into the amino group
via SN2 azidation step of 3 with NaNs via unstable mesylate
followed by immediate LiAlH4 reduction of the azide 4 gave the N-
protected amino alcohol 5 (Scheme 1) [13a,b].

Although our method proceeds in a highly stereo-controlled
manner, it has some disadvantages to be solved. (1) Firstly,
availability of trialkylalminium is quite limited. (2) In this reaction,
due to relatively low reactivity, an excess amount of trialkyalu-
minium (5 molar equivalent under optimized conditions) and
copper salt (2.5 equivalent) as well as long reaction time are
required. In particular, compared to the E isomer, the Z isomer of
the starting material (Z) - 1 showed much lower reactivity to give
the desired product anti-2 in low yield. (3) Although in a laboratory
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Fig. 1. Natural dipeptide and its fluoroalkene isostere.

experimental work a variety of Grignard reagents can be available
or can be easily prepared, Grignard reagent did not work well with
this starting material 1 having a vicinally disubstituted olefin
structure, instead giving rise to a complex mixture. (4) Conversion
of the allylic hydroxy group in the alkylated product 2 into the
amino group via the azide intermediate 4 is somewhat problem-
atic, since [3,3]-sigmatropic rearrangement of the allylic azide 4
easily proceeds to give a mixture of the regio isomers (4 +4')
(Scheme 1) [13b,14]. (5) Syn selective conversion of (E) - 1 into 2
and SN2 type azidation provides a fluoroalkene dipeptide isostere
corresponding to the .-AA1-p-AA2 or p-AA1-.-AA2 dipeptide form
containing unnatural p form amino acid. (6) Improvement for the
preparation of the starting material 1 is also a remaining subject.
That is, multiple steps are required for the preparation of 1 [13].
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Furthermore, we need convenient procedures to obtain both
enantiomers of 1 in optically pure form.

Considering above mentioned issues, an alternative starting
material should be chosen mainly on the basis of its reactivity in
the reaction with readily available organometallics such as
Grignard reagent and its easy availability in optically pure form.
Furthermore, the use of problematic allylic azide intermediate
should be avoided.

In Allemendinger’s pioneering synthetic work for the prepara-
tion of fluoroalkene dipeptide isosteres such as Phe-v/[(Z)-
CF=CH]-Gly 9, Z configuration of the C-C double bond was
derived by the use of a Z isomer of a-fluoro-o,3-unsaturated
aldehyde 6 as a starting material and the stereo-control of the
configuration of the amino functionality was achieved by chirality
transfer through the imidate Claisen rearrangement (Overman
rearrangement) of the chiral fluorinated allylic alcohol 8 obtained
by enantioselective aldol reaction of the aldehyde 6 with chiral
titanium enolate (Scheme 2) [6]. Later similar strategies were also
reported by other groups [7]. Although the enatioselective or
diastereoselective aldol reaction is not always a facile route to
obtain the product such as 7 in completely optically pure form, an
excellent chirality transfer and operational simplicity of the latter
rearrangement attracted our interest.

In Scheme 3 is depicted our second route for the preparation of
AA1-v[(Z2)-CF = CH]-AA2 14, where the corresponding dipeptide
is consisting of two amino acids AA1 and AA2. In this scheme
difluoroallylation of the chiral aldehyde 10 (P = protective group)
with bromodifluoropropene provided a diastereomer mixture of
the alcohol 11 easily separated by column chromatography.
Subsequently, copper mediated defluorinative allylic alkylation
of diastereomerically pure 11 with organometallics (trialkylalu-
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