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ABSTRACT

The stereoselective preparation of ( E)- or (Z)-trisubstituted r,â-unsaturated esters in three steps from N-protected glycine is presented. The
key step in the synthesis is the highly selective enol tosylation of γ-amino â-keto esters. The enol tosylates are stable, crystalline compounds
that undergo smooth and effective Suzuki −Miyaura coupling reaction with a variety of aryl boronic acids.

γ-Aminobutyric acid (GABA) analogues have received
considerable attention as important target molecules in the
pharmaceutical industry due to their profound effects on the
various central nervous system functions. GABA analogues
have been used as antispastic agents, mood enhancement
agents, and tranquilizers. The common structural motif of
these biologically active molecules is theγ-amino carbonyl
group. In this context, the selective formation ofγ-amino
R,â-unsaturated esters is of significant interest.1,2 Similarly,
the trisubstitutedR,â-unsaturated ester core is also a useful
synthetic building block given the relatively straightforward
method to incorporate it in a given synthesis, as well as the
ability to perform asymmetric reductions of the double

bond.3,4 The reduction of the ester to afford a valuable
difunctionalized allylic fragment has also been reported.5

We recently required access to both geometric isomers of
a γ-amino R,â-unsaturated ester. There are no general
methods for accessing both the (Z)- and (E)-esters of this
type. Consequently, our interests centered on developing an
efficient and highly selective route for the formation of
compounds of the general structure5 and6. Intermediates
lacking the key amino functionality have been prepared by
utilizing Horner-Emmons chemistry6 or a Reformatsky
reaction/elimination protocol.7 These transformations usually
involve multiple steps and poor selectivity and result in low
overall yields. Other methods include the addition of
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organocuprates to alkynes,8 asymmetric addition of aryl
boronic acids to unsaturated esters,9 and Heck coupling of
aryl halides with acrylates.10 The alkyne substrates can be
difficult to prepare, and both other methods provide access
to only the (E)-isomer.

Although it was known that the selectivity ofâ-keto ester
enolization could be controlled by the choice of base and/or
solvent,11,12 to our knowledge there are no reports of the
selective enolization ofγ-amino â-keto esters.13 It was
uncertain what effect, if any, an adjacent NH group would
have on the selectivity of the enolization step. Herein, we
describe the stereoselective formation of both the (Z)- and
(E)-γ-amino R,â-unsaturated esters in three steps from
N-protected glycine derivatives. In this letter, we also
highlight the use of enol tosylates as a practical alternative
to enol triflates.

The requisiteâ-keto esters were prepared from N-protected
glycine derivatives via a Masamune homologation protocol
in good yield.2,14 Our initial focus was on the development
of an enolization process for the stereoselective preparation
of enol triflates and the subsequent cross-coupling of these
substrates to aryl boronic acids. The selective formation of
the (Z)-enol triflate15 from theâ-keto ester was achieved in
86% isolated yield with 1.1 equiv ofn-BuLi in MTBE at
-60 °C. Investigation of the subsequent Suzuki-Miyaura
coupling step indicated that the enol triflate was unstable to
the reaction conditions. Substrate decomposition was reduced
in the presence of LiBr and LiCl,16 but the yields were
typically less than 50% and difficult to reproduce. Other

research groups have circumvented stability issues of triflates
by preparing the nonaflate equivalents; however, these
compounds were used in cross-coupling reactions with
organozinc reagents17 or under Stille coupling conditions.13

We desired a process that did not require a separate
transmetalation step or involve the use of tin reagents.
Therefore, we turned our attention toward the stereoselective
preparation of enol tosylates and their potential use as cross-
coupling partners with readily available aryl boronic acids.
While cross-coupling reactions of enol tosylates are much
less developed and under-utilized relative to enol triflates,
there has been much recent interest in the transition metal-
catalyzed cross-coupling reactions of aryl and vinyl tosy-
lates.18

Although the (Z)-enol tosylate3 is selectively formed
under kinetic conditions and Ts2O is much less reactive than
Tf2O, treatment of1b with LHMDS followed by Ts2O
addition afforded∼20:1 ratio of the (Z)-:(E)-isomers and a
67% assay yield.19 An optimization study identified LDA
as the ideal base for deprotonation of1b, while n-BuLi is
optimal for 1a (20:1, 80% assay yield). Use of NaHMDS
degrades the selectivity for formation of (Z)-isomer, while
KHMDS reverses the selectivity, resulting in the formation
of the (E)-isomer as the major product (Table 1). If KHMDS

is used as the base in the presence of 1 equiv of LiBr, good
selectivity for the formation of the (Z)-isomer is maintained,
but the yield is diminished. These results are consistent with
a substantial counterion effect on the reaction. We were also
interested in preparing the (E)-enol tosylate isomer. Although
literature reports describe the use of a strong base in polar
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Scheme 1

Table 1. Examination of Various Bases on the Formation of
Enol Tosylates fromâ-Keto Ester1b

base solvent 3b:4b % assay yielda

LHMDSb THF 24:1 63
LHMDSb THF/30 mol % DMF 7:1 23
n-BuLib THF 30:1 65
LDAb THF 12:1 93
NaHMDSb THF 2:1 52
KHMDSb THF 1:7 72
KHMDSb,c THF 16:1 46
Et3Nd CH2Cl2 1:25 83

a Assay yield determined by HPLC analysis of the reaction mixture with
comparison to a purified standard.b Reaction conditions: keto ester1b (200
mg, 0.85 mmol) was dissolved in 5 mL of THF cooled to-50 °C; the
reaction was aged for 3 h after base (1.1 equiv) addition, and then Ts2O
(1.1 equiv) was added and the reaction allowed to warm to room
temperature.c LiBr (1 equiv) was added.d Reaction conditions: keto ester
1b (7.88 g, 32.1 mmol) and Ts2O (1.02 equiv) in 100 mL CH2Cl2 at 0 °C
were added followed by Et3N, and the reaction was allowed to warm to
room temperature.
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aprotic solvents (KHMDS in DMF)20 to afford the (E)-
isomer,12 a much simpler procedure was developed using
Et3N in CH2Cl2.21 This protocol affords both4a and4b in
good yield and purity. An important property of these enol
tosylates is that they are stable crystalline solids that may
be readily purified by crystallization. Also, unlike Tf2O, a
liquid that is readily hydrolyzed to triflic acid, Ts2O is a
stable solid that can be easily weighed on the benchtop.

With access to both stereodefined enol tosylates, we began
to investigate the coupling of these intermediates with a
variety of aryl boronic acids. Results from optimization
studies show catalytic PdCl2(PPh3)2 with aqueous Na2CO3
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Table 2. Suzuki-Miyaura Cross-Coupling of (Z)-Enol
Tosylates with Aryl Boronic Acids

Table 3. Suzuki-Miyaura Cross-Coupling of (E)-Enol
Tosylates with Aryl Boronic Acids

Scheme 2
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in THF to be the best reaction conditions for cross-coupling
of both enol tosylate isomers. Cross-coupling works ef-
ficiently for aryl boronic acids containing electron-withdraw-
ing groups (Table 2, entries 1-3, 5, and 6) and electron-
neutral groups (entry 8). Aryl boronic acids containing an
electron-donating group are also tolerated (entries 4 and 7),
as is an ortho-substituted aryl boronic acid. Control experi-
ments performed in the absence of Pd catalyst show no
starting material conversion, thereby ruling out an addition/
elimination pathway. In addition, the fact that the reactions
provide pure geometrical isomers also argues against an
addition/elimination pathway.22 The (E)-enol tosylates also
undergo cross-coupling reactions with a range of aryl boronic
acids. As shown in Table 3, electron-withdrawing groups
are still tolerated in the reaction, although lower yields are

observed with some of the N-CBz derivatives (entry 2). The
reaction works effectively with a variety of electron-donating
substituents (entries 4-6), and once again, an ortho sub-
stituent on the aryl boronic acid is tolerated. In general, lower
yields are obtained with the (E)-enol tosylate than with the
(Z)-isomer in these cross-coupling reactions.23

In conclusion, a rapid and highly selective approach for
the preparation of aromatic trisubstitutedR,â-unsaturated
esters from readily available glycine derivatives has been
achieved. This approach is highlighted by the selective
enolization of keto esters1a,b and formation of the corre-
sponding enol tosylates. Both geometric enol tosylate deriva-
tives undergo efficient cross-coupling reactions with elec-
tronically diverse aryl boronic acids to afford a wide variety
of aromatic trisubstitutedR,â-unsaturated esters. We antici-
pate that these esters will be useful synthetic derivatives and
that enol tosylates will continue to emerge as viable synthetic
alternatives to enol triflates.
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