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Abstract

Z vinylic tellurides are prepared by hydrotelluration of alkynes under nonreducing conditions using #n-BuLi—Te—H,O as the
hydrotellurating system. The same system promotes the hydrotelluration of alkenes containing electron withdrawing groups.
Lithium and magnesium organotellurolates effect vinylic substitutions on vinylic halides, phosphates, sulphonates and acetates
leading to the Z vinylic telluride exclusively. Tellurides are transmetallated with easily available organometallic reagents to give
valuable synthetic building blocks (e.g. organolithiums and organocuprates). Reaction of vinylic tellurides with alkynes under Pd
catalysis or with organocuprates gives the coupling products with retention of the double bond geometry. © 2001 Elsevier Science

B.V. All rights reserved.
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1. Introduction

Organometallic compounds are used widely for car-
bon-carbon bond formation [1]. Transmetallation reac-
tions involving organoelemental compounds have been
a field of growing interest to generate such species. For
example, the tin/metal exchange has been used in a
number of processes to introduce fragments containing
E double bonds into carbon skeletons [2]. In the last
years, we and others have shown that vinylic tellurides
behave very similarly to vinyl tin compounds toward
transmetallation [3,4], with the remarkable difference
that the tellurium/metal exchange gives rise to frag-
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ments containing Z double bonds, in view of the unique
and highly stereoselective methods of synthesis of Z
vinylic tellurides. In addition, stereoselective coupling
processes of Z vinylic tellurides were developed, allow-
ing the substitution of the tellurium atom for alkyl or
alkynyl fragments. In this account, the more syntheti-
cally useful methods of synthesis of Z vinylic tellurides
and the uses of these intermediates as well as allylic and
ferrocenyl tellurides for carbon—carbon bond forma-
tion will be discussed.

2. Hydrotelluration of alkynes

The hydrotelluration of alkynes is the method of
choice to prepare vinylic tellurides [3,4]. Up to now, the
reaction has been performed by reduction of a dialkyl-
or diarylditelluride with sodium borohydride in ethanol
followed by addition of the appropriate alkyne (Scheme
D).

The limitation of this methodology is the commercial
unavailability of dialkylditellurides and the notorious
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bad smell of such compounds [4]. Recently we devel-
oped a convenient and practical alternative for this
reaction, that circumvents these drawbacks. The new
method consists of the reaction of commercial alkyl-
lithiums with elemental tellurium in THF, followed by
addition of equimolar amounts of ethanol or water to
the organotellurolate solution. A tellurol is presumed to
be formed. To the resulting clear solution is added the
appropriate alkyne. After some time of stirring and
heating, the alkyne is consumed and the vinylic telluride
of Z configuration is formed in yields similar to those
obtained by the sodium borohydride method (Scheme
2) [5].

This procedure allows to perform the hydrotellura-
tion starting from commercial reagents and avoids the
use of malodorous dialkylditellurides, as well as reduc-
ing agents, which sometimes are not compatible with
functional groups present in the alkyne substrate.

The mechanism of the hydrotelluration reaction has
been subject of speculation [6], however, no experimen-
tal evidence for an ionic mechanism has been presented.
Recently we obtained experimental evidence for a radi-
calar mechanism for this reaction. Reaction of the
presumed organotellurol, obtained as indicated in
Scheme 2, with ethylpropiolate in an EPR apparatus, in
the presence of radical trapps (e.g. N-t-butyl-a-phenyl-
nitrone and 3,5-dibromo-4-nitrosobenzeno-sulfonic
acid), gave a strong characteristic signal of a free

[3,4,6]. However alkynes presenting saturated alkyl
chains exhibit lower regioselectivity.

We found that the hydrotelluration reaction is highly
sensitive to steric factors. Protection of the OH group
with different protecting groups gave the 1,2-disubsti-
tuted vinylic tellurides with different regioselectivity,
depending on the steric demand of the protecting group
(Scheme 4) [8].

The above described hydrotelluration methodology
was applied to alkenes containing electron withdrawing
groups. The hydrotelluration of alkenes occurred in few
minutes at room temperature in good yields (Scheme 5)

[9].

3. Vinylic substitution by organotellurolate anions

The vinylic substitution using organotellurolate an-
ions has been little studied. Several years ago it was
reported the vinylic substitution in trans-B-bro-
mostyrene by tellurolate anions, leading to E vinylic
tellurides [10,11]. More recently, the vinylic substitution
in B-chloroenones and enals by organotellurolate an-
ions was reported [12]. The reaction is highly stereose-
lective giving the Z vinylic telluride exclusively.

EWG

radical [7]. According to these results a plausible mech- 1) B, THE. N, 0°C EWG = GN. COLEL CONRL RGO
anism for the hydrotelluration of alkynes is the one Te—————~ Ri R=H.CHy ’
shown in Scheme 3. 2) E1OH, “'-=\ TeBu

In connection with this methodology, other limita- oot 70 - 90%
tion of the hydrotelluration of alkynes was addressed. gf;;n
It is well known that alkynes conjugated to unsaturated
systems are hydrotellurated with high regioselectivity Scheme 5.
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We found that the easily prepared enolphosphates of
B-dicarbonyl compounds react in a similar way at 0°C.
Starting from E or Z enolphosphates, only Z vinylic
tellurides were formed [13]. In order to determine the
scope of this reaction we performed it using different
tellurolate anions. We observed that the aromatic tel-
lurolates react much slower than the aliphatic ones,
even when R' was the ¢-butyl group (Scheme 6). In the
following, several types of enols 3 were prepared from
the corresponding 1,3-dicarbonyl compounds and re-
acted with lithium n-butyltellurolate. The reaction
times were not dependent on the leaving group and the
yields were quite similar in all cases [14].

The reaction was stereoselective, and only the Z
isomer of 4 was formed, even starting from
diastereomeric E/Z mixtures of 3. This fact is probably
due to the interaction between the tellurium atom and
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Scheme 9.
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the carbonyl oxygen in the transition state [13]. X-ray
diffraction studies [15] showed that this interaction
exists in the products of the substitution reaction. This
fact supports the proposed mechanism responsible for
the high stereoselectivity of this vinylic substitution
reaction (Scheme 7) [13].

The interaction between tellurium and oxygen is pos-
sible in conformer 5, but it is not in conformer 6 what
shifts the equilibrium to favor the first, which leads to
the Z isomer.

4. Tellurium—metal exchange reaction

The rate of the Te—Li exchange is one of the fastest
among the metalloid—Li exchange reactions [16]. This
property of the organotellurium compounds was ex-
plored to generate reactive organometallic species [3,4].
Among these species we mention the Z vinylic
organometallics, which on reaction with carbon elec-
trophiles (E) allow the formation of carbon-carbon
bonds with retention of the alkene geometry. In Scheme
8 [17-29], the most important transformations per-
formed using Z vinylic tellurides are summarized. As it
can be observed, vinylic tellurides 7 are transformed
into vinyl lithium, sodium, magnesium, calcium, zinc
and copper species, which react in the usual way with
carbon electrophiles.

Mono- and 1,1'-di-lithioferrocenes are difficult to
obtain in pure form. Recently we prepared them by
means of a tellurium-lithium exchange reaction. Pure
n-butyltelluroferrocene (8) was obtained as shown in

R1
. R X
Te _MBULi_ 10 BuTell] __h.\/k/ R
THF, 1t 0°C, 30 min.

oTt
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Scheme 9. Treatment of 8 with n-BuLi followed by
capture of the monolithioferrocene with carbon elec-
trophiles led to monosubstituted ferrocenes (9) [32].

1,1’-Disubstituted ferrocenes (10) were obtained in a
similar way as shown in Scheme 10 [32].

A very convenient method to generate allylic higher
order cyanocuprates starting from allylic tellurides was
recently developed by us. Allylic tellurides are very
sensitive to air oxidation [30]. In this way, these com-
pounds were prepared in situ and immediately reacted
with lithium dimethyl cyanocuprates to generate the
corresponding allylic cyanocuprates, which react with
vinyl triflates to give highly unsaturated systems, as
shown in Scheme 11 [31].

5. Coupling reactions of vinylic tellurides

Some time ago we observed that the transmetallation
reaction of vinylic tellurides with higher order
cyanocuprates is dependent on the nature of the
cuprate counter ion. Magnesium cyanocuprates or
mixed lithium-magnesium cyanocuprates, instead of a
transmetallation reaction, promote a coupling reaction
of the Z vinylic telluride with the transferable ligand of
the cuprate, with retention of the alkene configuration
[33]. Lower order cyanocuprates behave similarly even
when the counter ion is lithium (Scheme 12) [34].

Recently we found that the system PdCL,—Cul in
methanol promotes the coupling of Z vinylic tellurides
with terminal alkynes leading to Z enynes and Z
enediynes [35]. Other Pd compounds such as Pd(PPh;),,
and Pd(OAc), in THF/DMF (1:1) are also effective as
coupling agents (Scheme 13) [36].

Similar coupling reactions involving organozinc com-
pounds were also described [37,38].

R1

[~ o]

A TeBu Me,Cu(CN)Li, (0.5 eq.)=
rt., 1h
R1
R
, rt., 5-20 min. 1
; R
Ph
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80-82%

Scheme 11.
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6. Conclusion

The results commented in this account show that
organotellurium  compounds constitute  valuable
reagents for stereoselective carbon-carbon bond for-
mation and have a promising future in the synthesis of
complex molecules.
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