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Abstract—Synthesis of di- and trisubstituted ðEÞ-a,b-unsaturated esters is easily achieved by using chromium dichloride through an
elimination reaction of a diastereoisomeric mixture of a-halo-b-hydroxy esters. The starting materials were easily prepared by the
aldol reaction of lithium enolates of a-chloroesters with aldehydes. A mechanism to explain this elimination process is proposed.
� 2004 Elsevier Ltd. All rights reserved.
The continuing demand for ever more efficacious and
stereoselective synthetic methodology has stimulated
broad interest in the formation of carbon–carbon dou-
ble bonds.1 Consequently, the diastereoselective syn-
thesis of a,b-unsaturated esters has been extensively
developed due to the synthetic applications of these
compounds.2

Synthesis of a,b-unsaturated esters is generally achieved
by C@C bond formation by Wittig,3 Horner–Emmons,4

Heck5 or Peterson6 reactions. Other useful approaches
employ the Cope rearrangement,7 utilise acetylenic
compounds8 or using a-mercaptoester derivatives.9

However, most of these methodologies, give a mixture
of diastereoisomers and poor yields can be obtained.
In other cases, poor generality is a major limitation.
In addition, preparations of a,b-unsaturated esters in
which the C@C bond is trisubstituted are scarce.10

The aforementioned limitations have led to the use of
chromium dichloride to promote b-elimination reac-
tions. So, the synthesis of unsaturated compounds such
as alkenes,11 vinyl chlorides12 or iodides,13 1,1-bis(tri-
methylsilyl)alkenes,14 trialkylvinylstannanes or silanes,15

1-alkenyl sulfides,16 alkenylboronic esters17 and 2-halo-
alk-2-en-1-ols18 have been described by using CrCl2. To
the best of our knowledge, chromium dichloride has not
been applied to obtain a,b-unsaturated esters.19
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Recently, we described a diastereoselective synthesis of
ðEÞ-a,b-unsaturated esters by the reaction of a-halo-b-
hydroxy esters with samarium diiodide.20 In this case,
when attempts were carried out in order to obtain
c-amino-a,b-unsaturated esters (from c-amino-a-halo-b-
hydroxy esters), the methodology was unsuccessful. For
this reason, we continued our investigations into diaste-
reoselective b-elimination reactions as a means to find
alternatives to SmI2 to promote 1,2 elimination reactions.
Herein, we report preliminary results of a new method-
ology to obtain a,b-unsaturated esters 2 with total dia-
stereoselectivity by treatment of easily available a-halo-b-
hydroxy esters 1with chromiumdichloride. Amechanism
to explain this b-elimination process is also proposed.

Our first attempts were carried out using a-chloro-b-
hydroxy esters and a,b-epoxy esters in order to deter-
mine suitable starting materials. Thus, treatment of a
solution of ethyl 2-chloro-3-hydroxy-2-methyldecanoate
1d in THF with CrCl2 at reflux over 4 h afforded ethyl
2-methyldecan-2-enoate 2d, after hydrolysis, with total
diastereoselectivity (de >98%) and 64% yield. The same
treatment of 2,3-epoxy-2-methyldecanoate 3d, gave 2d
with slightly lower diastereoselection (de 95%) and yield
(51%). Based on these results, the preparation of a,b-
unsaturated esters was performed from compounds 1.
The treatment of different a-halo-b-hydroxy esters 1
with CrCl2 (3 equiv) at room temperature afforded ðEÞ-
a,b-unsaturated esters with total diastereoselectivity
(Scheme 1).21 Table 1 summarises the results obtained.

The starting materials 1 were easily prepared by reaction
of the corresponding lithium enolates of a-halo esters 4
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Scheme 1. Synthesis of ðEÞ-a,b-unsaturated esters 2.
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Scheme 2. Preparation of starting compound 1.
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Scheme 3. Proposed mechanism.
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(generated by treatment of a-halo esters with LDA at
)78 �C) with aldehydes at )78 �C (Scheme 2 and Table
1).22

It is noteworthy that although 1:1 mixtures of diaste-
reoisomers of 1 were used, the corresponding a,b-
unsaturated esters 2 were obtained with total diastereo-
selectivity.

The diastereoisomeric excess was determined by 1H
NMR spectroscopy (300MHz) and GC–MS of the
crude mixtures of products 2, showing the presence of a
single diastereoisomer. The E stereochemistry in the
C@C double bond of a,b-unsaturated esters 2 was
assigned on the basis of the values of 1H NMR coupling
constants between the olefinic protons of compounds
2a–c (Table 1, entries 1–3),23 and by NOE experiments
in the case of the trisubstituted compounds 2g and 2i or
by comparison with the 1H and 13C NMR spectra of
authentic samples described in the literature (2d–e).20

This methodology for obtaining a,b-unsaturated esters
is general: R1, R2 and R3 can be widely varied. R1 can be
aliphatic (linear, branched or cyclic) or aromatic and
substitution at the C2 position could also be changed
using different esters to prepare the starting compounds
1 (Scheme 2). Interestingly, the diastereoselectivity was
unaffected by changing the carboxylic ester (compounds
2a, 2d and 2j) in contrast to the Wittig olefination
reaction.24 Although chloro and bromo hydroxy esters
(compounds 1h and 1i) can be used as the starting
material, the elimination reaction has mainly been car-
ried out with chloro esters rather than with bromo
derivatives because in this case, the starting compounds
1 were obtained in lower yields.25

The observed C@C double bond configuration of
products 2 may be explained by assuming a chelation-
Table 1. Synthesis of a-halo-b-hydroxy esters 1 and ðEÞ-a,b-unsaturated est

1 or 2 R1 R2 R3 Ha

a n-C7H15 H Me Cl

b p-Cl–C6H4 H Me Cl

c MeCH(Ph) H Me Cl

d n-C7H15 Me Et Cl

e Cyclohexyl Me Et Cl

f Ph Me Et Cl

g p-MeO–C6H4 Me Et Cl

h Ph n-C6H13 Et Br

i Ph n-C5H11 Et Br

j Cyclohexyl Me iPr Cl

a Isolated yields after column chromatography based on the starting aldehyd
b Isolated yield after column chromatography based on compound 1.
c Determined by 1H NMR spectroscopy and GC–MS of the crude reaction
control model (Scheme 3). Thus, metallation of the
C-Hal bond (via two consecutive single electron trans-
fers) generates the enolate intermediate 5.26 Chelation of
the CrIII center with the oxygen atom of the alcohol
group produces a six-membered ring.27 Indirect proof of
this fact is the lower yield (45%) and diastereoselection
(72%) obtained when elimination was performed on the
O-acetylated form of starting compound 1a. Tenta-
tively, we surmise that the chair-like transition state
model I might be involved, with the R1 group in the
equatorial orientation. Elimination from I affords ðEÞ-
a,b-unsaturated esters.

The synthesis of 2 with total diastereoselection from a
mixture of diastereoisomers of 1 can also be explained
by this mechanism. After reaction of 1 with CrCl2, the
two starting diastereoisomers 1 are transformed into
ers 2

l Yield 1 (%)a Yield 2 (%)b De (%)c

86 65 >98

85 68 >98

80 52 >98

78 64 >98

75 65 >98

85 60 >98

90 70 >98

55 65 >98

60 90 >98

76 70 >98

e.

products.
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two enolate enantiomers, which afford a single E-dia-
stereoisomer through a b-elimination reaction.

In conclusion, an easy and general methodology has
been developed to synthesise a,b-unsaturated esters with
total E-diastereoselectivity from easily available a-halo-
b-hydroxy esters, being promoted by chromium
dichloride. Attempts to carry out diastereoselective 1,2
elimination of c-amino-a-halo-b-hydroxy esters are
currently under investigation within our laboratory.
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