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Abstract—The a-amidoalkylation of silicon-based p-nucleophiles is efficiently catalyzed by HNTf2 or TIPSOTf at very low levels of
loading in neat conditions.
� 2006 Elsevier Ltd. All rights reserved.
C–C bond forming reactions between weak carbon
nucleophiles and N-acyliminium ions generated from
cyclic N,O-acetals represent an important field of
research in organic chemistry to provide useful a-func-
tionalized amino compounds.1 While these a-amido-
alkylation reactions have been routinely promoted by
highly reactive, but also often toxic Lewis acids such
as TiCl4, BF3–OEt2, SnCl4, etc., the development of safe
procedures for their production has recently become a
subject of intensive investigation.2–6

Our group has recently contributed to the development
of improved conditions for N-acyliminium ion chemis-
try by documenting the use of TIPSOTf5 and HNTf2

6

as practical and highly efficient substitutes for the con-
ventional, but quite instable, TMSOTf7 to catalyze the
amidoalkylation of silicon-based nucleophiles by five-
membered ring N-acyliminium ion precursors. Typi-
cally, these reactions were achieved in presence of cata-
lyst in the range of 2–10 mol % in dichloromethane or
acetonitrile as a solvent. In an international context
where ‘green chemistry’ is paramount,8 we report in this
note the success of such reactions under solvent-free
conditions as a key improvement. These new conditions
now provide a totally eco-friendly, yet powerful C–C-
bond forming process that work under very mild condi-
tions. Overall, this modification renders the catalytic
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amidoalkylation process highly efficient,5,6 with the
more favorable cases now successful at the remarkable
level of 0.3 mol %.

The two generic N-acyliminium ion precursors 1a (Table
1) and 1b (Table 2) were initially used as representative
N,O-acetals. The feasibility studies were undertaken
using the highly reactive carbamate 1a9 and common sil-
icon-based p-nucleophiles (1.4 equiv). The results are
summarized in Table 1. The initial experiments using
HNTf2 as a catalyst immediately revealed that a sol-
vent-free approach was possible with this reagent.
According to previous literature10 and control experi-
ments,6 HNTf2 is assumed to be the pre-catalyst which
generates Me3SiNTf2 as an active species by
protodesilylation.

HNTf2 gave a prompt allylation reaction at a remark-
able level of 0.3 mol % (run 1, A).11 In terms of catalyst
loading, this example represents by far the most efficient
C–C bond forming process between a N,O-acetal and a
carbon nucleophile. We were surprised to observe that
the amount of catalyst should be slightly increased when
using the much more nucleophilic trimethylsilyl enol
ethers12 (runs 2–4 A). Interestingly, the catalyst loading
varies with the Lewis base properties of the accordant
carbonyl moiety. Indeed, 1 mol % of HNTf2 was neces-
sary to catalyze the amidoalkylation of the silyl enol
ether of acetophenone (run 2, A), while a level of
5 mol % was necessary for the amidoalkylation of the
silyl enol ether of cyclohexanone and that of the silyl
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Table 1. Reactions of N,O-acetal 1a and generic silicon-based p-nucleophiles catalyzed by HNTf2 and TIPSOTf under solvent-free conditions

N

O

OMe

BnO

N

O

Nu

BnO

1.4 equiv NuSiMe3

cat. HNTf2 A or

cat. TIPSOTf B1a 2a-g

Entry NuSiMe3 A, time (yield %)a Nu adduct B, time (yield %)a

1 SiMe3 0.3 mol %, 3 h 30 min (92) 2a Not attempted

2
OSiMe3

Ph
1 mol %,b 30 min (97)

O

Ph 2b 0.3 mol %, 4 h 30 minc (98)

3

OSiMe3

5 mol %,d 1 h (100)
O

2c 1 mol %, 2 h 30 min (100)

4
OSiMe3

OMe
5 mol %,d 30 min (90)

O

OMe
2d 1 mol %, 24 he

5
OSiiPr3

CO2Me
5 mol %, 1 h 30 minc (75) O

OMe

O

2e
5 mol %, 1 h 30 minc (47)

6
O OSiMe3

5 mol %, 5 min (99)f O O

2f
Not attempted

2 mol %, 24 h (70% conv)g

a Isolated yields.
b Less than 10% conversion was achieved when 0.3 mol % HNTf2 was used.
c Time not optimized.
d Less than 10% conversion was achieved when 1 mol % HNTf2 was used.
e Less than 10% conversion was achieved.
f Ratio threo/erythro = 8.5/1.
g Determined by 1H NMR spectroscopy.
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ketene acetal derived from 2-methyl propionic acid
methyl ester to proceed efficiently (runs 3–4, A). These
results may be explained by assuming a product inhibi-
tion mode upon a ditopic binding of Me3SiNTf2 by the
keto and the urethane groups of the Mannich adducts
2b–c. This phenomenon is likely to partially alter the
catalytic turnover (Fig. 1).13 We anticipated by replacing
Me3SiNTf2 with the more hindered and less oxophilic
TIPSOTf13 the (limited) adverse effect should be over-
ridden and thus restore a fully efficient catalytic amido-
alkylation process. This was confirmed when the
Mannich reactions of the silyl enol ethers of aceto-
phenone and cyclohexanone were efficiently catalyzed
by only 0.3 mol % and 1 mol % of TIPSOTf, respectively
(runs 2–3, B).

On the other hand, no improvement was observed for the
formation of the ester 2d, the two oxygen atoms wherein
may themselves coordinate the catalyst (run 4, B). Using
HNTf2 as catalyst, the more challenging TIPS enol ether
derived from methyl pyruvate was amidoalkylated in
good yield within short reaction time. In contrast, a less
selective reaction took place when TIPSOTf was
employed, with several unidentified side-products being
formed (run 5, A vs B). This solvent-free approach
proved to be also successful for the vinylogous N-acyl-
iminium ion trapping by 2-trimethysilyloxyfuran14 with
a catalytic activity very similar to that of the acyclic silyl
ketene acetal analog (run 6 A–B versus run 4 A–B).

In order to expand the scope of our process, we then
shifted toward examining the 4-tert-butyldimethylsilyl-
oxy-5-acetoxy N-acyliminium cation precursor 1b
(Table 2).

In our precedent study, the reaction of 1b with the tri-
methylsilyl enol ether of acetophenone catalyzed by
HNTf2 either in dichloromethane or acetonitrile as sol-
vents performed poorly.15 Similarly, the amidoalkyl-
ation involving the trimethylsilyl enol ethers of
cyclohexanone and pivalone completed at a relatively
high level of catalyst loading, that is, 10 mol %.6 These
three reactions thus served as an excellent measure for
further confirmation regarding the benefits of this sol-
vent-free approach. The results obtained herein clearly
demonstrate the advantage of the present method (runs
2–4). Remarkably, the amidoalkylation of the trimethyl-
silyl enol ethers of acetophenone and pivalone pro-
ceeded efficiently at a level of 0.5 mol % of catalyst
loading. It should be noticed that the reaction presented
in run 2 (method A) succeeded on a one gram scale.

However, it is worth mentioning that, in stark contrast
to the results obtained with 1a, the amidoalkylation of
allyltrimethylsilane (run 1) proceeded with moderate
efficiency. Obviously, the procedure carried out in sol-
vent is more adapted for this specific case.5,6 This is
one of the rare cases we have identified to date that
works less favorably than its variant in solution. The
N-acyliminium ions derived from 2-oxy pyrrolidines
N-carbamate are considered to be more reactive than
those originating from hydroxylactam derivatives.9

Hence, the need for less loading of HNTf2 in the amid-
oalkylation of the trimethylsilyl enol ether of aceto-
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Scheme 1.

Table 2. Reactions of N,O-acetal 1b and generic silicon-based p-nucleophiles catalyzed by HNTf2 and TIPSOTf under solvent-free conditions

N OAc

OTBDMS

O

Ph

N Nu

OTBDMS

O

Ph

1.4-2 equiv NuSiMe3

cat. HNTf2 A or

cat. TIPSOTf  B1b 3a-d

Entry NuSiMe3 A, time (yield %)a Nu adduct B, time (yield %)a

1 SiMe3

2 equiv
2 mol %, 3 h 30 min (48) 3a 2 mol %, 3 h (43)

2b

OSiMe3

Ph
1.4 equiv

0.5 mol %, 4 hc (89)d O

Ph
3b 0.5 mol %, 4 h, quantitativee

3

OSiMe3

2 equiv

2 mol %, 2 hc (86)f
O

3c Not attempted
0.5 mol %, 3 h (90)g

4

OSiMe3

2 equiv

5 mol %, 4 hc (77)h

O
3d Not attempted

a Isolated yields.
b The reaction catalyzed by HNTf2 was performed on a one gram scale.
c Time not optimized.
d Two separable diastereomers obtained (cis adduct, 19%, trans adduct, 70%).
e Estimated by 1H NMR spectroscopy (trans/cis ratio � 5/1).
f Two separable diastereomers obtained (cis adduct, 24%, trans adduct, 62%).
g Based on conversion, measured by 1H NMR spectroscopy, with a trans/cis ratio � 5/1.
h Two separable diastereomers obtained (cis adduct, 13%, trans adduct, 64%).
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Figure 1. Product inhibition mode by Me3SiNTf2 (the substituents on
silicon have been omitted for clarity).
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phenone by 1b (Table 2, run 2) than in that involving 1a
(Table 1, run 2) seems astonishing and is actually in line
with the product inhibition event discussed above
(Fig. 1).

The practicality of our solvent-free amidoalkylation is
further exemplified with the Mannich reactions of the
crystalline acetoxy lactams 1c and 1d (Scheme 1). The
two attempted reactions produced the desired adducts
4 and 5 at very low catalyst loadings within short reac-
tion times and good yields. It is worth noting that the
Mannich reaction of 1c with a sterically demanding
TIPS enol ether required only 0.3 mol % of HNTf2.
These results emphasize the synthetic usefulness of this
solvent-free conversion.
Finally, the challenging (due to the dienic nature of the
related N-acyliminium ion) N-propenyl-5-methoxy lac-
tam 1e was subjected to a set of reactions in the presence
of 5 mol % of HNTf2 or TIPSOTf under neat condi-
tions. Of the nucleophiles tested [H2C@C(Ph)(OSiMe3),
H2C@C(tBu)(OSiMe3), H2C@CH–CH2SiMe3], only the
former gave the expected adduct 6 after a sluggish reac-
tion (Scheme 2), bracketing the weak reactivity expected
for 1e and the threshold nucleophilicity required for an
addition.12 Thus, it seems that silyl enol ethers whose
nucleophilicity is at the same order of magnitude to that
of the trimethylsilyl enol ether of acetophenone have set
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Scheme 2.

4480 M.-J. Tranchant et al. / Tetrahedron Letters 47 (2006) 4477–4480
a critical limit for reactivity toward the iminium cation
of 1e.12,16 In our previous work, we observed a signifi-
cant accelerating effect in the amidoalkylation reactions
involving weakly reactive N-acyliminium ion precursors
by changing TIPSOTf with the outstanding oxophilic
R3SiNTf2 species as catalysts.6 Obviously, this clear-
cut effect can be rationalized by assuming that the N-
acyliminium ion formation, which is generally accepted
as the rate-determining step in these reactions, is greatly
accelerated by R3SiNTf2 species. In the transformations
of 1e, we have clearly shown that the reaction rate is
insensitive to the nature of the catalyst, suggesting that
in the present case the rate-limiting step is the trapping
of the accordant stabilized iminium cation.

In summary, a key improvement in the a-amidoalkyl-
ation of generic p-nucleophiles by cyclic N,O-acetals cat-
alyzed by HNTf2 and TIPSOTf has been realized upon
achieving these reactions under solvent-free condi-
tions.17 This refinement has led to a simple and totally
eco-friendly procedure, now enabling the use of very
low levels of catalyst loading, in the range of 0.3–
5 mol %. We believe that this method improves consid-
erably the usability of amidoalkylation, and trust it will
find use in the scientific community. We are currently
applying this solvent-free approach to the synthesis of
complex aza-bicyclo compounds and our first results
in this area will be published shortly.
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