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A novel synthetic protocol for Lewis acid-promoted addition of 1,3-bis(silyl)propenes to N-phenyl
glyoxylamide and ethyl glyoxylate is developed. The reaction does not appear to be influenced by the
steric bulk of the 1,3-bis(silyl)propenes, and represents a new approach to vinylation of glyoxylates;
the products are obtained in good yields.
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Allylsilanes are synthetically versatile precursors to enantioen-
riched building blocks for natural product synthesis.1 Lewis acid-
promoted addition of allylsilanes to aldehydes and ketones is an
efficient method for stereoselective C–C bond formation,2-4 and
they can also be used as a synthetic equivalent of 1,2-5,6 and
1,3-7-9 dipoles in stereoselective annulation reactions. Recently,
we reported an expansion of allylsilane technology, namely that
1,3-bis(silyl)propene 1a can participate in a highly stereoselective
[3+2] annulation reaction with a-amino aldehydes to provide den-
sely functionalized pyrrolidines 2 (Scheme 1).10

In contrast, the use of vinylsilanes as nucleophiles in addition to
carbonyl compounds is relatively rare,11,12 presumably due to their
low inherent nucleophilicity. Based on this precedent, we were
interested in examining the efficiency of silane 1a13 as a nucleo-
phile recognizing that its structural features include both vinyl-
and allylsilane moieties and that this dual reactivity would allow
for an efficient addition to carbonyl compounds. To this end, we re-
port a novel Lewis acid-catalyzed addition of 1,3-bis(silyl)propene
SiMe2Ph

NHTs

R
H

O

Scheme 1. [3+2]-Annulation
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1a to glyoxylamide 3a14 and glyoxylate 3b, which represents a
conceptually distinct approach to vinylation of glyoxylates, as well
as providing access to functionalized allylsilanes (Scheme 2).

Initial attempts were directed toward developing optimal reac-
tion conditions for the successful addition of silane 1a to N-phenyl
glyoxylamide 3a (Table 1). In view of our previous success in pro-
moting the [3+2] annulation reaction of silane 1a with a-amino
aldehydes, we began our investigation by employing MeAlCl2 as
the Lewis acid. Disappointingly, neither aluminum-based biden-
tate Lewis acids nor BF3�Et2O furnished the desired product (en-
tries 1 and 2).

Further screening15 of both monodentate and chelating Lewis
acids revealed that excess SnCl4 successfully promoted addition
of silane 1a to glyoxylamide 3a to give 4a together with O-desily-
lated product 5 in low yield (entry 3). Both prolonged reaction time
and increased reaction temperature resulted in the formation of 6,
the result of a protodesilylation16 of 1a followed by addition of
the so-formed allylsilane to amide 3a. In order to preclude this
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Scheme 2. Addition of silane 1a to glyoxylamide 3a and glyoxylate 3b.

Table 1
Optimization of the reaction conditions for the addition of 1a to N-phenyl glyoxylamide 3aa

PhMe2Si SiMe2Ph
O

O

NHPh
cond.

LA
PhMe2Si

OR

NHPh

O

OH

NHPh

O
1a 3a 4a, R = SiMe2Ph

  5, R = H
6

H

Entry Lewis acid Equiv T (�C) Time (h) Product Yieldb (%)

1 MeAlCl2 2 �78 24 — —
2 BF3�Et2O 1 �78 24 — —
3 SnCl4 1.2 �78 2.5 4a (5) 32 (12)
4 SnCl4 1 �78 to �20 18 6 (5) 69 (17)
5c SnCl4 0.15 �78 1 4a 89

a Reaction conditions: to a solution of 3a (1.2 equiv) and 1a (1 equiv) in CH2Cl2 at �78 �C was added Lewis acid, and the reaction mixture was stirred for the indicated time,
see Ref. 17.

b Isolated yield.
c Reaction was conducted in the presence of 4 Å MS.
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Scheme 3. Proposed mechanism for allylsilane formation.
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undesired side reaction, it was found that addition of 4 Å molecular
sieves to the reaction mixture together with a low reaction tem-
perature could effectively suppress protodesilylation of silane 1a,
and using this protocol allylsilane 4a could be obtained as the sole
product in an excellent yield (entry 5).17

A plausible mechanism for the formation of 4a commences with
nucleophilic addition of silane 1a to the Lewis acid-activated elec-
trophile 3a, furnishing the b-silicon-stabilized carbocation 7,18 and
subsequent [1,3]-Brook rearrangement19 yields allylsilane 4a
(Scheme 3). Thus, this reaction represents a rare example of viny-
lation of glyoxylates.11 Since 1a is a rather poor nucleophile com-
Table 2
SnCl4-catalyzed additions of silanes 1a–c to 3a, ba

[Si] [Si]
O

O

R

1a-c 3a, b

CH2Cl2,H

Entry 1 ([Si]) 3 (R)

1 a (SiMe2Ph) a (NHPh)
2 a (SiMe2Ph) b (OEt)
3 b (SiMe3) b (OEt)
4 c (SiPh2t-Bu) b (OEt)

a For reaction conditions, see Ref. 24.
b All new compounds were fully characterized by IR, 1H, and 13C NMR.
c Isolated yield.
pared to the corresponding allylsilane,20 it is believed that
bidentate Lewis acid activation of 3a is required to promote the
addition. With optimized conditions at hand, we then turned our
attention to the reaction scope. Despite the fact that glyoxylamide
3a has been used successfully in asymmetric glyoxylamide-ene
reactions,21 Sakurai allylations,14 and vinylsilane11 and proparg-
ylsilane22 additions, it is not commercially available, and has to
be prepared via a tedious procedure.21 Consequently, we were
interested to see whether the present reaction protocol could be
applied for the addition of silane 1a to commercially available
ethyl glyoxylate 3b, thus making it more suitable for future
[Si]

O[Si]

R

O

4a-d

SnCl4

 -78 °C, 4Å MS

Equiv (SnCl4) Yield of 4b (%)c

0.15 a (89)
0.3 b (84)
0.3 c (71)
0.3 d (85)
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applications. To our delight, increasing the catalyst loading to 30%
of SnCl4 together with a prolonged reaction time afforded allylsi-
lane 4b in 84% yield (Table 2, entry 2). Finally, the effect of different
silicon substituents on the reaction outcome was investigated.23

Interestingly, neither the less bulky silane 1b ([Si] = SiMe3) nor
the more bulky silane 1c ([Si] = SiPh2t-Bu) showed significant ef-
fects on the product distribution, and the corresponding allylsi-
lanes 4c and 4d were obtained in good yields (Table 2, entries 3
and 4).24

In summary, we have developed a novel protocol for addition of
1,3-bis(silyl)propenes to Lewis acid-activated glyoxylates resulting
in vinylation. The reaction proceeds in high yields and the outcome
does not appear to be influenced by the steric bulk of the trialkyl-
silyl moieties in silanes 1. Further studies on the presented reac-
tion, including asymmetric protocols, are currently underway.
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