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Abstract—(Z)-Fluoroalkene dipeptide isosteres serve as potential dipeptide mimetics. The present paper reports a new access to
�-substituted (Z)-fluoroalkene isosteres utilizing an organocopper-mediated ‘reduction–oxidative alkylation (R–OA)’ reaction.
© 2001 Elsevier Science Ltd. All rights reserved.

Dipeptide isosteres possessing nonhydrolyzable scaf-
folds as replacements for scissile peptide bonds, repre-
sent important constituents in peptidomimetics for
medicinal and/or biological use.1 Among these, (E)-
alkene dipeptide isosteres,2 Xaa1-�[(E)-CH�CH]-Xaa2
(1), feature three dimensional structures closely approxi-
mating parent peptide bonds; however, certain intrinsic
properties of amide bonds such as dipole interaction
and hydrogen bonding are lacking. Therefore, (Z)-
fluoroalkene dipeptide isosteres,3 Xaa1-�[(Z)-CF�CH]-
Xaa2 (2), have gained significant attention as
potentially more suitable mimetics for (E)-alkene type
isosteres (Fig. 1). Allmendinger et al.4 employed aldol
reactions of �-fluoro-�,�-unsaturated aldehydes with
ester enolates, followed by introduction of nitrogen
functionality via an Overman rearrangement, for the
synthesis of fluoroalkene isosteres. They demonstrated
that a substance P analogue containing a Phe-�[(Z)-
CF�CH]-Gly unit, exhibited potency comparable to the
natural ligand, whereas the (E)-alkene counterpart did
not.4b Other synthetic methodologies using fluoroolefi-
nation reactions of aldehydes or ketones with �-
fluoroacetate derivatives have also been reported.5

During the course of our investigations on the synthesis
of nonhydrolyzable phosphothreonine mimetics,6 we
found that reaction of �-phosphono-�,�-difluoro-�,�-
enoates with organocopper reagents afforded reduction

products, �-phosphono-�-fluoro-�,�-enoates.7 Subse-
quently we applied the organocopper-mediated
reduction8 to the synthesis of Xaa-Gly type (Z)-
fluoroalkene dipeptide isosteres (Scheme 1).9 Although

Figure 1. Peptide bond and its alkene-type isosteres.

Scheme 1. Synthesis of Xaa-Gly-type isosteres.
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such copper-mediated methodologies provide new
access to the fluoroalkene isosteres, the resulting prod-
ucts were limited to Xaa-Gly types. In this communica-
tion, we examined the feasibility of copper-mediated
procedures for the synthesis of �-substituted (Z)-
fluoroalkene dipeptide isosteres.

First, organocopper reagents10 including Me2Cu(CN)-
Li2·2LiBr·2LiCl,11 which was used for quantitative con-
version of 3 to 4, were examined in terms of �-alkyla-
tion as well as reduction (Table 1). Except for
Me2Cu(CN)Li2, methyl copper reagents were not effec-
tive for both �-alkylation and reduction. Other RLi
(R=n-Bu, and sec-Bu) derived higher order cyano
cuprates (R2Cu(CN)Li2·2LiCl) showed reactivity simi-
lar to that of Me2Cu(CN)Li2. Modification of
Me2Cu(CN)Li2 with addition of AlCl3 in Et2O12

changed the reaction outcome so that trace amount of
�-alkylated product 5 was formed; however, these con-
ditions are of no use for �-alkylation. Successive treat-
ment of the Me2Cu(CN)Li2 reaction mixture with MeI
afforded 5 in 81% isolated yield without diastereofacial
selectivity at �-position.8a

Next, we explored methodology for �-alkylation based
on reaction mechanisms of the reduction. Recently,
Yamamoto et al. reported that single electron transfer
(SET) from MeCuLn (Ln=ligand) to a substrate, is
involved with highly electrophilic trimethoxycar-
bonylethylene in the formation of corresponding reduc-
tion products.13 In this process, single electron transfer

to the substrate give stable Cu(I) or Cu(II) intermediate
which are quenched with H+ to yield the reduction
product. Alternatively oxidation with O2 to unstable
Cu(III) species, affords the Me substituted product via
reductive elimination.14 This work prompted us to envi-
sion that the formation of reduction products from
highly electrophilic �,�-difluoro-�,�-enoates with
organocopper reagents, would be likely to proceed via
the SET mechanism (Table 2). Treatment of 3a with
Me2Cu(CN)Li2·2LiBr·2LiCl in Et2O-THF at −78°C
under an Ar atmosphere for 4 min, followed by reac-
tion under an O2 atmosphere at −78°C for 20 min,
proceeded nonstereoselectively to afford the corre-
sponding �-methylated product 5 in 64% isolated yield,
accompanied by corresponding carboxylic acid deriva-
tive resulting from deprotection of the ethyl ester.15 The
use of higher species (Me3Cu(CN)Li3) suppressed the
formation of the carboxylic acid, and improved the
yield (74%). Reaction with other alkyl copper reagents
derived from n-BuLi or sec-BuLi, followed by O2 oxi-
dation, gave the �-substituted products (6 or 7) in
moderate yields.

As shown in Scheme 2, formation of the alkylated
products may be attributable to generation of Cu(II) 10
or Cu(I) 11 intermediates respectively, resulting from
combination of radical 8 or anion 9 species with
organocopper reagents, followed by O2-induced reduc-
tive elimination. Therefore, the initial reduction step
would proceed via a SET mechanism.7b In this report
stereoselective alkylation at the �-position has not been

Table 1. Examination of various organocopper reagents for the preparation of fluoroalkene isosteresa

Entry Reagentb,c (solvent) Conditions Productsd (isolated yield %)

Me2Cu(CN)Li2·2LiBr·2LiCl (THF:Et2O=4:1)1 −78°C, 10 min 4a (95)
MeCu(CN)Li·LiBr·LiCl (THF:Et2O=7:1)2 −78°C, 1 h then −15°C, 20 min 3a (94)

3 3a (55)Me2Zn·2LiBr·2LiCl, 20 mol% CuCN (THF:Et2O=1:1) −78°C, 1 h then −15°C, 30 min
4 3a (83)0°C, 1 hMeZnCl·Mg(Br)Cl·2LiCl, 10 mol% Cu(acac)2 (THF:Et2O=6:1)

−78°C, 20 min then −40°C, 1 h 3a (40), 4a (45)Me2Cu(CN)(MgCl)2·2LiCl (THF)5
Me2CuLi·LiI (THF:Et2O=4:1)6 −78°C, 20 min 3a (11), 4a (65)

7 n-Bu2Cu(CN)Li2·2LiCl (THF:hexane=4:1) −78°C, 20 min 4a (95)
8 sec-Bu2Cu(CN)Li2·2LiCl (THF:hexane=5:2) −78°C, 30 min 4a (93)

tert-Bu2Cu(CN)Li2·2LiCl (THF:pentane=4:1)9 −78°C, 30 min 4a (71), 4a� (16)f

Me2Cu(CN)Li2·2LiBr·2LiCl·AlCl3 (THF:Et2O=5:4) −78°C, 1 h then −15°C, 30 min10 3a (53), 4a (41), 5 (trace)
11 5 (81)−78°C, 10 min then −40°C, 30Me2Cu(CN)Li2·2LiBr·2LiCl then MeI (THF:Et2O=4:1)

mine

a Precursor 3a is racemic.
b Four equiv. were used.
c Me2Cu(CN)Li2 and MeCu(CN)Li were prepared as LiBr complexes from CuCN·2LiCl in THF and MeLi·LiBr in Et2O. Me2Zn was prepared

as the LiBr complex from ZnCl2 and MeLi·LiBr in Et2O (Ref. 2f,h). MeZnCl·Mg(Br)Cl·2LiCl was prepared from LiCl in THF, ZnCl2 in Et2O
and MeMgBr in THF (Ref. 2c). Me2Cu(CN)(MgCl)2 was prepared from CuCN·2LiCl and MeMgCl in THF. R2Cu(CN)Li2 (R=n-Bu, sec-Bu,
tert-Bu) were prepared from CuCN·2LiCl in THF and RLi in hexane (or pentane).

d All new compounds were characterized by 1H NMR and elemental compositions were determined by high-resolution mass spectrometry.
e After addition of MeI.
f (E)-Isomer of 4a, the ratio of 4a and 4a� was determined by 1H NMR.
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Table 2. Examination of �-alkylation utilizing reduction–oxidative alkylation reactions

Conditions (reduction then oxidation)Entry Productsc (isolated yield %)Reagenta,b

Cmpdd 4a 3a

−78°C, 4 min then −78°C, 20 min 5 (64) Trace –e1 Me2Cu(CN)Li2·2LiBr·2LiCl
−78°C, 5 min then −78°C, 30 min 6 (54)n-Bu2Cu(CN)Li2·2LiCl 112 –e

sec-Bu2Cu(CN)Li2·2LiCl3 −78°C, 7 min then −78°C, 30 min 7 (45) 28 –e

−78°C, 4 min then −78°C, 20 min –e4 81ftert-Bu2Cu(CN)Li2·2LiCl 9
−78°C, 5 min then −78°C, 20 min 5 (32)Me2CuLi·LiI 145 6

Me2Cu(CN)(MgCl)2·2LiCl6 −40°C, 1 h then −40°C, 20 min 5 (6) 16 37
7 Me3Cu(CN)Li3·2LiCl·3LiBr −78°C, 8 min then −78°C, 20 min 5 (74) 3 –e

−78°C, 8 min then −78°C, 20 min 6 (30)n-Bu3Cu(CN)Li3·2LiCl 278 –e

sec-Bu3Cu(CN)Li3·2LiCl9 −78°C, 8 min then −78°C, 20 min 7 (14) 30 –e

a Four equiv. were used.
b See footnotes in Table 1. R3Cu(CN)Li3·2LiCl (R=Me, n-Bu, sec-Bu) were prepared from CuCN·2LiCl in THF and RLi (MeLi·LiBr in Et2O,

n-BuLi in hexane or sec-BuLi in hexane).
c All new compounds were characterized by 1H-NMR, and elemental compositions were determined by high-resolution mass spectrometry.
d Substituted products.
e Not detected.
f (Z)-Isomer 69%, (E)-isomer 12%.

Scheme 2. Plausible mechanism for �-alkylation via reduc-
tion–oxidative alkylation.

In summary, we have developed a new route to �-sub-
stituted fluoroalkene dipeptide isosteres using reduc-
tion–oxidative alkylation (R–OA) reactions with
organocopper reagents. Present results are the first
example of the synthesis of alkene-type dipeptide
isosteres utilizing R–OA reactions. Further studies to
optimize reaction conditions, as well as investigation of
stereoselective introduction of �-substituents, are now
in progress.
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