
Tetrahedron Letters 47 (2006) 3857–3860
Reaction of 1,4-bis(trimethylsilyl)-2-butene with aromatic
aldehydes catalyzed by TiCl4: an approach to

(1-vinylallyl)benzene type derivatives

Qianqian Ding, Anne-Sophie Chapelon, Cyril Ollivier* and Maurice Santelli*
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Abstract—1,4-bis(Trimethylsilyl)-2-butene 1 can react with alkyl and aromatic aldehydes in the presence of titanium tetrachloride to
give a-(trimethylsilyl)methyl homoallylic alcohols and (1-vinylallyl)benzene type compounds in poor to good yield according to the
related position of each substituents present on the aromatic ring. In the last case, the reaction involves a SE02 type electrophilic sub-
stitution of 1,4-bis(trimethylsilyl)-2-butene by aromatic aldehydes activated by TiCl4, followed by a 1,2-migration of a vinyl group.
� 2006 Elsevier Ltd. All rights reserved.
During these last few decades, organosilicon chemistry
remained omnipresent in organic synthesis.1 Many areas
have witnessed a growth in the preparation of new
silicon-containing compounds and their successful use
in modern synthetic transformations. Indeed, they
usually served as key intermediates in the elaboration
of complex molecules.2 Among them, allylsilanes have
attracted considerable attention as versatile reagents
for carbon–carbon bond formation.3 In 1955, Calas first
showed that protolysis of allylsilanes by acetic acid
occurred with an allylic shift.4 Twenty years later,
Sakurai and Hosomi explored the condensation of
allyltrimethylsilane with aldehydes in the presence of
Lewis acid, to generate the corresponding homoallylic
alcohols.5 The reaction involves a SE02 mechanism where
the regioselective attack of the activated aldehyde at the
carbon–carbon double bond resulted in the intermediate
formation of a carbenium ion type A (Scheme 2), which
is stabilized by the carbon–silicon bond in b-position
through hyperconjugation.3,6 Soon after, Calas and
Dunoguès confirmed the previous results and also
showed that 1,4-bis(trimethylsilyl)-2-butene 17 could
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react with propanal and AlCl3 to furnish the a-(trimeth-
ylsilyl)methyl homoallylic alcohol in 40% yield.8

Recently, we performed the same experiment on pival-
dehyde in dichloromethane at �78 �C using TiCl4 as
Lewis acid. Compound 2 was liberated in high yield
(94%), whereas condensation with benzaldehyde
resulted in the formation of another compound identi-
fied as (1-vinylallyl)benzene 3 (75%) (Scheme 1).9–11

A plausible mechanism for this reaction is depicted in
Scheme 2 and suggests that the formation of (1-vinyl-
allyl)-benzene 3 first comes from a SE02 type electrophilic
substitution of 1,4-bis(trimethylsilyl)-2-butene 1 by benz-
aldehyde activated by titanium tetrachloride. The alkoxy
titanium formed evolves into an ion pair including a
benzylic carbenium ion B which undergoes a 1,2-vinyl
shift and generates the rearranged carbenium ion C
stabilized by the neighboring carbon–silicon bond.
b-Elimination of the second trimethylsilyl group liberates
the dienic adduct 3. Formation of the rearranged product
is highly dependent upon the relative stability of both
carbocation intermediates B and C. For success, the
transient b-silylated carbocation C has to be more
stable than its benzyl counterpart B. Indeed, ab initio
computational studies at the B3LYP/6-311 G(d,p) level
show an energy difference between both carbenium ion
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intermediates B and C of 1.12 kcal/mol in favor of the
formation of C, as suggested above.

The proposed mechanism is in accordance with precedent
studies reported in 1981 by Fleming and co-workers12

showing that c-silylated tertiary alcohols could rearrange
in the presence of protic acid through a similar sequence.
However, no allusion to vinyl migration or to similar
experiments with c-silylated secondary alcohols was
mentioned.

In order to extend the scope of this transformation, we
were interested in studying the reactivity of methyl-substi-
tuted benzaldehydes. As shown in Table 1, the outcome of
the condensation of 1,4-bis(trimethylsilyl)-2-butene 1
with tolualdehydes proved to be quite dependent on the
relative position of the substituents on the aromatic ring.
By far, the best result was obtained with ortho-tolualde-
hyde under the previously described conditions. The
meta-oriented substrate provides the adduct 5 in a moder-
ate yield whereas reaction with its para-isomer appears to
be less favored. Although 1 was completely consumed in
each case, a small amount of starting aldehyde still
remained present together with more or less side products.
In an effort to optimize the procedure, the reaction
mixture was warmed up to room temperature. Unfortu-
nately, no significant improvement was observed.
Reasons for such a variation of reactivity between the
three tolualdehydes may be explained by considering
first the influence of the methyl substituent on the
formation and stabilization of the intermediate B.
Indeed, carbenium ions formed adjacent to the aromatic
ring are stabilized by hyperconjugation/resonance or
Baker–Nathan effect13 and this much better with ortho-
and para-substituted precursors than the corresponding
meta-isomer. By consequence, the presence of the
electrodonating methyl substituent at the para-position
can also limit the subsequent 1,2-migration process. By
opposition, the presence of the methyl substituent at
the ortho-position results in a steric hindrance, which
should partially prevent a charge stabilization favoring
at the same time the formation of the b-silylated carbo-
cation type C.

Encouraged by these results, we tested the condensation
procedure on 2- and 4-methoxybenzaldehydes. Table 2
shows that, when the reaction is conducted at �80 �C,
2-methoxybenzaldehyde can be converted into
1-methoxy-2-(1-vinylallyl)-benzene 8 in only 21% yield
together with the intermediate alcohol 9 (63%), whereas
4-methoxybenzaldehyde leads to the adduct 7 as results
of two successives SE02 reactions. This example mainly
shows the effect of electrodonating substituents on the
stabilization of the benzylic carbenium ions through



Table 1.

Entry Aldehyde Conditions Product Yield (%)

1

CHO

3.5 h, �80 �C

(4) 

96

2

CHO

4.5 h, �80 �C

(5)

64

3

CHO

3.5 h, �80 �C

(6)

40
�80 �C!rt, 4 h 41

Table 3.

Entry Aldehyde Conditions Product Yield (%)

1

CHO
CHO

3.5 h, �80 �C

(10) 

79

2

CHO

CHO

3.5 h, �80 �C

(11) 

62

3

CHO

CHO

3.5 h, �80 �C

 (12)

7
�80 �C!rt, 3 h 24
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mesomeric resonance. As discussed before, an ‘ortho
effect’ is proposed to explain the interesting difference of
reactivity with both 2- and 4-methoxybenzaldehydes.

Finally, to illustrate the synthetic potential of this
methodology, we undertook experiments with aromatic
dialdehydes. As can be seen in Table 3, treatment of
phthaldialdehyde and isophthalaldehyde with 2.2 equiv
of 1,4-bis(trimethylsilyl)-2-butene and 2.5 equiv of
titanium tetrachloride at �80 �C gave the desired 1,2-
and 1,3-bis-(1-vinylallyl)-benzene adducts 10 and 11 in
good to moderate yield, respectively. We next examined
the behavior of terephthalaldehyde. After optimization,
only a 24% yield of compound 12 was isolated when the
reaction was carried out at room temperature. At the
light of these results, we can draw a parallel between
the reactivity of tolualdehydes and phthalaldehydes
Table 2.

Entry Aldehyde Conditions

1

CHO

OMe
4 h, �80 �C

2

CHO
OMe 3 h, �80 �C (�80 �C!rt,
given that after allylation of each aldehyde function,
the influence of substituent electronic effects on the
1,2-vinyl shift is almost similar.

In summary, aromatic aldehydes placed in the presence
of 1,4-bis(trimethylsilyl)-2-butene and TiCl4 evolve to
(1-vinylallyl)benzene type compounds via a SE02 type
electrophilic substitution/1,2-vinyl shift reaction
sequence in poor to good yield, according to the substi-
tution on the aromatic ring. Influence of the electronic
nature of these substituents on the outcome of the reac-
tion process is still under study. Then, these compounds,
rarely encountered in the literature, represent interesting
precursors of highly functionalized 1,3-dienic systems.
Product Yield (%)

OMe

Me3Si SiMe3
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4 h)
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21 (40)

OHMe3Si
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63 1/6 dr



3860 Q. Ding et al. / Tetrahedron Letters 47 (2006) 3857–3860
Acknowledgements

We are grateful to the Centre National de la Recherche
Scientifique (CNRS) and the Ministère de l’Education
Nationale for the financial support. A.-S.C. thanks the
‘Région Provence-Alpes-Côte d’Azur’ and the CNRS
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