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Abstract—The synthesis of a-Cy¢Fs-substituted amines by a three-component coupling reaction of C¢FsSiF3;, aromatic aldehydes,
and N-trimethylsilylamines has been elaborated. The optimized conditions include performing the reaction in dimethylformamide

in the presence of stoichiometric amounts of lithium acetate.
© 2006 Elsevier Ltd. All rights reserved.

Amines bearing, at the a-position, fluorinated substitu-
ents may serve as potential pharmaceutical and agro-
chemical agents.! Recently, we proposed a method
for the synthesis of o-CgFs-substituted amines via
Mannich-type coupling of aldehydes, amines and
(CgF5)3SiOMe (Scheme 1).2 The major disadvantage of
this method is that from the rather expensive reagent
(C¢F5)3SiOMe, only one C¢Fs-group can be used, since
the resulting bis(pentafluorophenyl)silyl derivative is not
reactive.’® Herein we report a solution to this problem.

The key feature of the pentafluorophenylation reaction
is the generation of a five-coordinate siliconate inter-
mediate, which serves as a nucleophile towards the iminium
cation. Based on the ability of fluorine to exert signifi-
cant stabilization of hypercoordinate silicon species®*
we decided to study the applicability of pentafluorophen-
yltrifluorosilane® for the synthesis of CgFs-substituted
amines.
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Scheme 1.
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Initial experiments employing benzaldehyde and pyrrol-
idine as model substrates and performing the reaction in
acetonitrile for 2 h at room temperature were rather dis-
appointing, affording the desired product 1a in very low
yield (Table 1, entry 1). The utilization of N-trimethyl-
silylated amine led to an increase in the yield of 1a to
27% (entry 2). Since conducting the reaction for longer
times had virtually no effect, it was surmised that the
poor conversion was associated with the presence of
F3SiOSiMes, produced as a by-product of the reaction,
which binds to benzaldehyde to form an inert acetal,
PhCH(OSiMe3)(OSiF3).

Table 1. Variation of conditions®

J i 2 h, r.t. N
Ph + ZN> + CgFsSiF3 ————
\‘( Ph™ “CgFs

1a

Entry Y Solv. Additive Yield of 1a,° %

1 H MeCN — 8

2 SiMe; MeCN — 27

3 SiMes MeCN py 46

4 SiMes MeCN 2,2'-bipy 55

5 SiMe; MeCN py-N-oxide 65

6 SiMes DMF — 46

7 SiMes DMF AcOLi 78

8 H DMF AcOLi 20

*The ratio of reagents PhCHO/amine/C¢FsSiF;/additive =
1:1.2:1.2:1.1.

®Isolated yield.


mailto:adil25@ mail.ru
mailto:adil25@ mail.ru

6218 A. D. Dilman et al. | Tetrahedron Letters 47 (2006) 6217-6219

Rewardingly, a notable improvement was achieved by
addition of stoichiometric amounts of a Lewis base such
as pyridine, 2,2'-bipyridine, or pyridine-N-oxide which
are capable of complexing F3SiOSiMe; (entries 3-5).
Further experimentation revealed that lithium acetate
in dimethylformamide proved to be the best condition
for the three-component coupling, furnishing amine 1a
in 78% isolated yield (entry 7).

Under the optimized conditions, a series of aldehydes
and N-silylamines were reacted with CgFsSiF; to give
a-C¢Fs-substituted amines® (Table 2). Aromatic and
heteroaromatic aldehydes gave good yields of products,
whereas enolizable aliphatic aldehydes proved to be
unsuitable substrates for this reaction. Silylated amines
such as pyrrolidine, piperidine, diethylamine and diallyl-

Table 2. Three-component coupling®

amine worked well. However, when the less nucleophilic
N-silylmorpholine was used in combination with benzal-
dehyde, considerable amounts of pentafluorobenz-
hydrol were observed, resulting from addition of
CsFsSiF; to benzaldehyde promoted by lithium acetate.
Nevertheless, the target amine 1k could be obtained in
71% yield by employing pyridine- N-oxide in acetonitrile
(entry 10).

The product 11, derived from a-furaldehyde and N-silyl-
diallylamine, was isolated in 88% yield, but it turned out
to be unstable. Although compound 11 can be stored for
at least five days at —25 °C, it undergoes isomerization
into tricycle 2 at room temperature (15% conversion in
20 h in CDCI;) (Scheme 2). On a preparative scale this
intramolecular cycloaddition was effected by refluxing
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*The ratio of reagents PhCHO/amine/C¢FsSiF3/AcOLi = 1:1.2:1.2:1.1, 0.5 M in DMF, 2 h unless otherwise stated.

®Isolated yield.

“Reaction was performed in MeCN in the presence of pyridine-N-oxide for 28 h.
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Figure 1. Summary of the NOE data based on NOE-difference and
2D-NOESY experiments.

in toluene for 30 min. Importantly, only one isomer of
2 corresponding to the exo-cycloaddition mode was
produced.

The relative stereochemistry was established on the basis
of extensive NMR measurements on compound 2 and
its hydrochloride salt 2-HCI in which the "H NMR sig-
nals were better resolved (Fig. 1). In particular, the
observation of an NOE between H*-H® and H*-H sug-
gested that the proton HY was located trans to the oxy-
gen. The position of the CgFs-group was determined
from the NOE between protons H® and HE.

An intramolecular cycloaddition for a similar substrate
with an NO,CH,-group instead of pentafluorophenyl
has recently been described® and required heating in
THF for seven days. Probably, the accelerating effect
of the C¢Fs-group is associated with its influence on
the conformational population of the substrate.

In summary, we have demonstrated that pentafluoro-
phenyltrifluorosilane can be conveniently employed in
the Mannich-type coupling of aromatic aldehydes and
N-silylamine, providing an efficient approach to o-
C¢Fs-substituted amines.
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