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ABSTRACT: Telluronium ylides are versatile reagents
for cyclopropanation reaction and Wittig-type olefi-
nation. This review outlines the recent development
in stereoselectivity of ylide cyclopropanation and cat-
alytic olefination in our group. C© 2002 Wiley Periodi-
cals, Inc. Heteroatom Chem 13:463–466, 2002; Published
online in Wiley Interscience (www.interscience.wiley.
com). DOI 10.1002/hc.10076

INTRODUCTION

The birth of Wittig reaction marked the entry of
ylides into the arsenal of important synthetic tools
[1]. Because of their effectiveness and generality,
ylides have not only become one of the most use-
ful reagents in constructing carbon–carbon double
bonds, but in some cases they have also been used
in constructing small ring compounds such as epox-
ides, cyclopropanes and aziridines [2].

In our continuing studies on the application of
ylides in organic synthesis, we have focused on tel-
luronium ylides. In this account, we have summa-
rized our recent results on cyclopropanation and cat-
alytic olefination of telluronium ylides.
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STEREOCONTROLLED SYNTHESIS
OF VINYLCYCLOPROPANES

It was found that a silylated telluronium al-
lylide, generated in situ from 3-trimethylsilylprop-
2-enyldiisobutyltelluronium bromide (1) in the
presence of lithium 2,2,6,6-tetramethylpiperidide
(LTMP), reacted with methyl cinnamate (trans) to
form trans-3-substituted-trans-2-trimethylsilylvinyl-
1-methoxycarbonylcyclopropane (2) with very high
selectivity [3]. Later on, we found that a one-pot
reaction of the same ylide with trans-benzalaceto-
phenone gave trans-3-substituted-cis-2-trimethyl-
silylvinyl-1-benzoylcyclopropane (3) with excellent
stereoselectivity under solid–liquid phase-transfer
catalysis (Scheme 1) [4].

Further studies showed that the Lewis acid (the
cation of the base) played a key role in determin-
ing the stereochemistry of this reaction. The allylic
telluronium ylides reacted with a,b-unsaturated es-
ters or amides in the presence of a lithium salt to af-
ford trans-2-vinyl-trans-3-substituted cyclopropyl es-
ters or amides 4, respectively, with high selectivity
and in excellent yields (Scheme 2). In the absence
of lithium salts, the stereoselectivity of these reac-
tions changed and cis-2-vinyl-trans-3-substituted cy-
clopropyl esters or amides 5 were obtained. It is
shown that the reaction temperature is also a gov-
erning factor in the stereoselectivity of this reaction,
a higher temperature being beneficial to the forma-
tion of cis compounds, but causing a lowering of
the yields of products greatly. The solvent can in-
fluence the stereoselectivity, but less effectively than
the lithium salts. In many cases, the ratio of the
two isomers 4 and 5 can be inverted from 99:1 to

463



464 Tang et al.

SCHEME 1 Ylide cyclopropanation of a,b-unsaturated
ester and ketone.

1:99 by a proper choice of base and solvent. More-
over, not only the trimethylsilylated allylide could be
used, but the unsubstituted allylide and correspond-
ing crotonylide could also give good results [5].

The different stereoselectivity of the reaction of
1 with a,b-unsaturated esters and amides under dif-
ferent reaction conditions can be explained as fol-
lows: When KN(SiMe3)3 is used as the base, this
cyclopropanation reaction is subject to thermody-
namic control and the cis-2-vinyl isomer is the major
product. In the presence of lithium salts, how-
ever, the reactions may proceed via a chelating six-
membered ring transition state, which is formed
by the coordination of lithium ion with the car-
bonyl oxygen and ylidic carbanion simultaneously
(Scheme 3) to give trans-2-vinyl isomer.

This mechanistic insight suggested that it might
be possible to control the stereoselectivity of such
reactions by occupying the coordination site of
lithium by an additional ligand. Hexamethylphos-
phoramide (HMPA) was first chosen as the additive
because it is supposed to inhibit the formation of a
lithium-mediated transition state in situ because of
its strong coordinating ability with the lithium ion.
As expected, without HMPA, silylated telluronium
allyllide reacted with a,b-unsaturated esters and
amides to afford trans-2-vinyl-trans-3-substituted cy-
clopropanes (4) in high yield and with high selectiv-
ity. The same reaction provided cis-2-vinyl-trans-3-
substituted cyclopropanes (5) when carried out in
the presence of HMPA (Scheme 4) [6].

However, the stereochemical control of the re-
action failed when the substrates were changed to

SCHEME 2 Effect of base on the stereoselectivity.

SCHEME 3 Possible transition state involving lithium ion.

a,b-unsaturated ketones. It was found that the
stereochemistry of this reaction was almost inde-
pendent of the lithium salt. The major products are
7, but in which the trimethylsilylvinyl group and
carbonyl group are on the same side of the ring
and oriented trans with respect to the phenyl group.
Moreover, the presence of a lithium salt reduced the
yield significantly, and the product of the reaction
of the ylide with a chalcone was complex due to
the concomitant formation of some epoxides. Epox-
ide was the major product when toluene was se-
lected as the solvent in the presence of lithium
bromide.

Fortunately, the corresponding allylic arson-
ium ylide [7] can also react smoothly with a,b-
unsaturated ketones to furnish cyclopropanes in
high yields with stereochemistry opposite to that
which is obtained by the use of the corresponding
telluronium ylides. In this case, isomer 6 was ob-
tained with high stereoselectivity when an arsonium
ylides was used. Thus, it provided an alternative path
for the control of the stereoselectivity in the cyclo-
propanation reaction of ylides with Michael accep-
tors (Scheme 5).

(-)-8-Phenylmenthol is a powerful chiral auxil-
iary in asymmetric synthesis. It has also been proved
to work well in the cyclopropanation of a telluronium
allylide (Scheme 6) [8]. It was found that a variety of
a,b-unsaturated esters could react with a silylated
allylic telluronium ylide to provide silylvinylcyclo-
propane (8) with high diastereoselectivity and in
high yield.

The high diastereoselectivities may be the re-
sult of a p-stacking effect between the phenyl and
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SCHEME 4 Tunning of stereoselectivity by HMPA.

dienyl group in (-)-8-phenylmenthyl esters of a,b-
unsaturated acids. As shown in Scheme 7, the phenyl
group was proposed to block the si face of the
carbon–carbon double bond. The telluronium ylide
attacked at C-3 at the re face, and compound 8 was
formed as the major product.

CATALYTIC WITTIG-TYPE REACTION

The Wittig olefination reaction was reported in
1953 by Wittig and his coworker [9]. To date, vari-
ants of this reaction are among the most powerful
approaches in constructing carbon–carbon double
bonds [1]. However, from the point of view of atom
economy, it is not a perfect reaction [10]. A solution
to this problem is to develop catalytic Wittig olefi-
nation reactions. Till date, there are few successful
examples: the first example of a catalytic Wittig-type
of olefination reaction was reported in 1989, in which
Huang et al. found that tributylarsine could be used
as the catalyst in the presence of triphenyl phosphite
[11]. Later on, they described catalytic ylide olefina-
tion reactions mediated by dibutyl telluride or di-
isobutyl telluride [12]. Unfortunately, in both of the
reactions mentioned above, 20 mol% of the catalyst
must be used. Reduction of the amount of catalyst
causes low yield, even if the reaction time is pro-
longed [13]. Compared to other catalytic reactions,
obviously, low catalytic efficiency and use of triph-
enyl phosphite are the two serious drawbacks.

By analysis of the mechanism corresponding to
that reported (Scheme 8), probably the formation of

SCHEME 5 Different selectivity of telluronium and arsonium
ylide.

SCHEME 6 Asymmetrical synthesis of vinylcyclopropanes
mediated by (-)-8-phenylmenthol.

ylide is a rate-determining step in the catalytic ylide
olefination [14].

Improving the rate of ylide generation may be
essential to speed up this catalytic cycle. Thus, we
designed PEG-telluride as the catalyst for the fol-
lowing considerations. Firstly, the PEG may interact
with potassium ion, as in a crown ether [13], by self-
assembly to form a half-open crown ether as shown
in Fig. 1. PEG could be proposed not only to play a
role as a phase-transfer catalyst but also to increase
the basicity of the potassium carbonate in the reac-
tion system. Thus, it is expected to accelerate the re-
action of ylide formation and to enhance the catalytic
activity. Secondly, soluble PEG is being developed as
an alternative matrix for organic synthesis owing to
the advantages of homogeneous solution chemistry
as against those of solid phase methods [15]. The
soluble PEG-supported telluride catalyst can be re-
covered easily and reused.

When p-chlorobenzaldehyde was mixed with
ethyl bromoacetate in the presence of triphenyl phos-
phite and 1 mol% of PEG-supported telluride in
toluene at 80◦C, we found that the Wittig-type re-
action product was obtained in 88% yield with ex-
cellent stereoselectivity. This meant that the catalytic
efficiency of this reaction was improved greatly com-
pared with other catalytic ylide reactions reported to
date. By optimization of the reaction conditions, the
desired olefin could be obtained in quantitative yield
when 2 mol% of PEG-supported telluride was used.
To determine the generality of this reaction, a variety
of structurally different aldehydes were employed.

It was found that both aliphatic and aromatic
aldehydes worked well with high E-stereoselectivity
and in reasonable yields. Aromatic aldehydes with

SCHEME 7 Model for chiral induction.
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SCHEME 8 Proposed mechanism for catalytic Wittig-type
reaction.

an electron-withdrawing group or a weak electron-
donating group in the p-position as well as the
heteroaromatic aldehydes were the most suitable
substrates. All of these can afford the desired prod-
ucts in excellent yields with high stereoselectivity.
Although an aromatic aldehyde with a strong elec-
tron donor group, such as p-methoxybezaldehyde,
was less active, it still worked well when 5 mol%
of PEG-supported telluride was employed. Func-
tionalized and unfunctionalized aliphatic aldehy-
des with different structures were also utilized in
this reaction to give the corresponding olefins in
moderate yields with high stereoselectivity. Ethyl 2-
bromopropanoate could also react with an aldehyde
to afford a trisubstituted olefin with high stereose-
lectivity in moderate yield .

Finally, in order to make this reaction more
practical, we extended our efforts to use inorganic
reducing reagents instead of P(OPh)3. By optimiz-
ing the reaction conditions, we chose tert-butyl bro-
moacetate instead of the ethyl ester and obtained
a 99% yield of the corresponding olefin under the
same conditions. Even if 1 mol% of catalyst was
used, the yield was still 81%. A variety of struc-
turally different aldehydes, including some function-
alized aldehydes such as an epoxy aldehyde, could
react with tert-butyl bromoacetate in the presence
of 2 mol% of PEG-supported telluride when using
NaHSO3 as the cocatalyst. Thus, NaHSO3 turned out
to be another effective reducing reagent in this cat-
alytic Wittig-type reaction. It is interesting that the

FIGURE 1 Catalyst for ylide olefination.

use of NaHSO3 improved the stereoselectivity of this
reaction.

It is noteworthy that the product isolation pro-
cedure was very simple after this modification. Af-
ter the reaction was complete, almost pure product
could be obtained just by filtering off the inorganic
salts, followed by precipitation of the PEG-supported
telluride with ether.

Further studies showed that the catalyst could
be recovered quantitatively but partially lost its ac-
tivity through multiple cycles. We found that 2-
furaldehyde (10.85 mmol) reacted with t-butyl bro-
moacetate in the presence of sodium bisulfite to af-
ford the desired product in 90% yield when 2 mol%
of PEG-telluride was used. The catalyst could be re-
covered in 100% yield by filtering off the solid of the
reaction mixture, followed by addition of ether and
collection of the precipitate. The recovered catalyst
could be used in the second run, but only a 69% yield
was obtained, probably because of the decomposi-
tion of PEG-telluride during the catalytic olefination
[16].
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