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Abstract—The interaction of Me3SiOTf and (C6F5)3SiOTf with enamines generating a-silyl-substituted iminium ions is investigated.
A trimethylsilyl iminium cation is formed as a long-lived species observable by NMR spectroscopy, whilst the tris(pentafluorophen-
yl)silyl analogue is very labile and prone to the loss of a proton. On the basis of the latter phenomenon, a method for the synthesis of
b-silyl enamines is proposed.
� 2005 Published by Elsevier Ltd.
Silyl triflates have found wide application in synthetic
chemistry as silylating reagents.1 Silylation of functional
groups usually affords O-silyl derivatives, while direct
silylation at carbon is quite rarely encountered.2 The
general scheme of C-silylation requires transfer of a silyl
group from the triflate to the substrate followed by
deprotonation of the positively charged complex 1 by
a nitrogen base (Eq. 1).
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To compensate for the energy loss upon exchange of
Si–O to Si–C, the positive charge in complex 1 is highly
stabilized.3 On the other hand, if cation 1 is too stable, its
deprotonation by the amine base may become difficult.

The examples of direct C-silylation described in the liter-
ature involve the interaction of silyl triflates with 1,1-
dialkoxyalkenes1b,4 and electron rich aromatics1b,5

(e.g., pyrroles, indoles). In these cases, the silylation is
reversible and the use of triethylamine as co-solvent
may be required to shift the equilibrium to the products.
When extremely electron rich alkenes such as 1-alkoxy-
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1-dialkylaminoalkenes and 1,1-bis(dialkylamino)alkenes
are silylated, the strongly basic sodium hydride is neces-
sary to effect deprotonation.4b

Enamines are known to be the strongest, neutral, syn-
thetically useful, p-nucleophiles6 and it would be ex-
pected that their interaction with silyl triflates would
afford very stable silyl iminium cations reluctant to un-
dergo further transformations. Herein, we report that
by varying the electron releasing ability of the silyl
group, the reactivity of silyl iminium ions may be altered
significantly. Two reagents exhibiting different electronic
effects, namely trimethylsilyl triflate (Me3SiOTf) and the
recently introduced tris(pentafluorophenyl)silyl triflate7

((C6F5)3SiOTf), were selected for the present study.

The interaction of Me3SiOTf with enamine 2a in CDCl3
gave rise to the silyl iminium ion 3a, which was identified
by 1H, 13C, and 29Si NMR spectroscopy8 (Scheme 1). As
expected, subsequent addition of triethylamine did not
effect deprotonation of 3a. This observation testifies in
favor of the considerable conjugative stabilization of
the iminium cation by the adjacent trimethylsilyl group.9
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Scheme 1.
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In contrast, the reaction of (C6F5)3SiOTf with enamine
2a under the same conditions proceeded in a completely
different way (Scheme 2). Instead of the anticipated silyl
iminium ion 4a, only silyl enamine 5a and non-silylated
iminium ion 6 were observed, along with half of the
equivalent amount of unreacted silyl triflate (1H and
19F NMR control). Interestingly, attempted generation
of cation 4a by addition of triflic acid to the indepen-
dently synthesized silyl enamine 5a also afforded the
mixture of 5a, 6, and (C6F5)3SiOTf, thereby pointing
to facile disproportionation of 4a.10 From these experi-
ments, we can conclude that the formation of iminium
ion 4a from the enamine and silyl triflate is reversible
and that 4a can be easily deprotonated by enamine 2a.
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Table 1. Synthesis of silyl enamines

2
R1 NR3

2 (C6F5)3SiOTf

R2 CH2Cl2, 0 °C
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a In all cases, the yields of crude products were close to quantitative. The yi
b Configuration was determined by X-ray diffraction analysis.
c Configuration was determined by NOE experiments.
d 10 mol % of pyridine was added upon silylation, see text.
Presumably, owing to the influence of the three pentaflu-
orophenyl rings the (C6F5)3Si-fragment plays the role of
electron acceptor and destabilizes the neighboring
cationic center. While salt 4a is very labile and prone to
disproportionation, the presence of a tertiary amine base
may favor the controlled formation of the silyl enamine.
Indeed, the addition of an enamine to a mixture of
(C6F5)3SiOTf and triethylamine smoothly furnished silyl
enamines 5 in good yields (Table 1).11,12

In all cases, the silyl enamines were produced as single
isomers with the sterically hindered tris(pentafluorophen-
yl)silyl group in the trans orientation with respect to
the bulkier substituent. It is likely that steric effects influ-
ence the course of silylations of substrates bearing a
substituent at the b-carbon atom. Thus, silylation of
enamines derived from cyclopentanone, cyclohexanone,
and propiophenone afforded complex mixtures that may
be associated with difficulties in formation of tetra-
substituted double bonds. At the same time, silylation
of enamine 2e, in which the double bond is confined
within a five-membered ring, proceeded quite efficiently.
Furthermore, under standard conditions, enamine 2f did
not undergo the reaction even after prolonged periods of
time (<5%, 20 h). However, addition of 10 mol % of pyr-
idine allowed the reaction to occur cleanly affording the
desired product.

Single crystals of 5a and 5f were investigated by X-ray
diffraction analysis (Figs. 1 and 2).13 In both structures,
5

 / NEt3
R1 NR3
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 to r.t.

Reaction time Yield of 5, %a Mp, �C

5ab 15 min 81 149–151

5bc 15 min 83 160–161

5cc 15 min 92 156–158

5dc 15 min 78 141–142

5e 30 min 77 154–155

5fb 48 h 68 113–115

elds given in the table correspond to recrystallized material.



Figure 1. The molecular structure of 5a. Atoms are presented as

thermal ellipsoids at 50% probability. Selected bond lengths and angles

(Å and �): Si(1)–C(1) 1.823(1), Si(1)–C(11) 1.897(1), Si(1)–C(21)

1.910(1), Si(1)–C(31) 1.915(1), C(1)–C(2) 1.375(2), C(2)–N(1I)

1.360(2); C(2)C(1)Si(1) 132.2(1), N(1I)C(2)C(1) 112.1(1),

C(1)Si(1)C(11) 114.90(6), C(1)Si(1)C(21) 107.94(6), C(1)Si(1)C(31)

110.00(6).

Figure 2. The molecular structure of 5f. Atoms are presented as

thermal ellipsoids at 50% probability. Selected bond lengths and angles

(Å and �): Si(1)–C(1) 1.829(3), Si(1)–C(11) 1.898(3), Si(1)–C(21)

1.912(3), Si(1)–C(31) 1.902(3), C(1)–C(2) 1.360(4), C(2)–N(1I)

1.349(4); C(2)C(1)Si(1) 115.9(2), N(1I)C(2)C(1) 130.6(3),

C(1)Si(1)C(11) 109.7(1), C(1)Si(1)C(21) 110.1(1), C(1)Si(1)C(31)

115.5(1).
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the Si–C bond distance of 1.826 Å in the fragment
(C6F5)3Si–C@C is somewhat shorter than in an analo-
gous vinyl silane (1.849 Å in (C6F5)3Si–CH@CH2
14)

and this may be associated with attractive interactions
between the electron poor (C6F5)3Si-group and the elec-
tron rich enamine system. The latter effect enforces steric
interactions within the molecule leading to the elonga-
tion of other Si–CC6F5

bonds up to 1.915 Å (vs the aver-
age of 1.886 Å for many other RSi(C6F5)3 derivatives

14)
and distortion of the tetrahedral arrangement around
silicon, the C–Si–C angles measuring up to 115� versus
the conventional 109�. In addition, in the structure of
5a the phenyl and one of the pentafluorophenyl rings
have near parallel orientation with an interplanar angle
and C(11)� � �C(1F) distance of 12.1� and 3.256 Å,
respectively.

In summary, the interaction of silyl triflates with enam-
ines leads to the generation of silyl iminium carbo-
cations whose properties strongly depend on the nature
of the silyl group. Iminium ions having trimethylsilyl
substituents are stable, long-lived species, which can
be observed spectroscopically. On the contrary, the
tris(pentafluorophenyl)silyl-containing counterparts are
labile intermediates prone to loss of a proton and
produce silyl enamines in the presence of a base.
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