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Currently much attention has been focused on stereochemically
definedR-substituted cyclic amines because of their diverse physi-
ological activities1 and hence several stereoselective methods for
their syntheses have been developed, including organometallic
additions to cyclicN-acyliminium ions,2 electrophilic substitutions
of R-metallo cyclic amines,3 and cyclizations ofR-substituted
acyclic amines.4 Herein we wish to report a new, efficient entry
to R-aryl â-hydroxy cyclic aminesC via the novel 1,4-aryl migra-
tion from silicon to carbon which was discovered by chance in
the reaction ofâ-tert-butyldiarylsiloxy cyclic hemiaminalA with
an alcohol promoted by montmorillonite K10 clay (eq 1). The

most striking feature of the aryl migration process is that the dis-
placement at the silicon proceeds in a highly diastereoselective
fashion to create the single configuration at the Si-centered chiral
center, thereby permitting ready access to enantio-enriched
alkoxysilanolsD.

The details of the discovery of the novel aryl migration are as
follows. Recently, we have developed the acetal [1,2]-Wittig
rearrangement protocol by whichO-glycosides (cyclic acetals)
can be converted to theC-glycosides with high diastereoselectivity
(eq 2, X) O).5 Thus, we envisioned that application of the [1,2]-

Wittig protocol to aminals (cyclicN,O-acetal) could provide the
R-substituted cyclic amines of synthetic interest (X) NR′). To
this end, we first attempted the preparation of the requisite aminal
2a from theâ-tert-butyldiphenylsiloxy cyclic hemiaminal (S)-1
(98% ee)6 and benzyl alcohol using montmorillonite K10 clay

(K10) and molecular sieves 4A (MS 4A) which has worked well
for the preparation ofO-glycoside from the hemiacetals.7,8 To
our surprise, the reaction was found to yield the unexpected phenyl
migration product3a9 in moderate yield as the almost single
diastereomer, along with a small amount of the expected benzyl
aminal2a (eq 3).10 Aminal 2a thus obtained was also converted
to R-phenylpyrrolidine3aunder similar reaction conditions. This
result indicates that one of the phenyl groups in TBDPS migrates
from the silicon to theR-amino carbon in a cis fashion, and at
the same time benzyl alcohol attacks the silicon in a highly dia-
stereoselective manner to create the single configuration at both
theR-amino carbon and the silicon center. Indeed, treatment of3a
with n-BuLi (3 equiv) in THF at-78 to 0°C was found to liberate
the chiral benzyloxysilanol (S)-4a with extremely high enantio-
meric excess (95% ee) in 87% yield,11 together with the formation
of the R-phenyldihydropyrrole5 (eq 4). On the other hand,

desilylation of3a by tetrabutylammonium fluoride (TBAF) gave
thecis-R-phenyl-â-hydroxypyrrolidine6 (>95% dr) in good yield.
A similar reaction of1 with allyl alcohol gave theSi-allyloxy
phenyl migration product3b (62%), in comparably high stereo-
selectivities, and3b was also converted to the chiral allyloxysi-
lanol (S)-4b (82%, 97% ee)11 or pyrrolidine6 (87%,>95% cis).
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Next, we examined the reaction of piperidine hemiaminal7
(racemic) with various alcohols in a similar way (eq 5). These

reactions resulted in the exclusive formation of the corresponding
phenyl migration product8a-d in a highly diastereoselective
fashion to provide>95% cis at theR-carbon and>80% dr at
the silicon center; none of aminal9 was formed.12 Treatment of
8a (R ) benzyl) with TBAF gavecis-R-phenyl-â-hydroxypip-
eridine10 which was then converted to the known antagonist11
of the neurokinine substance P (eq 6).13 This is one example to

demonstrate the synthetic potential of the present novel reaction
as a method for the synthesis ofR-aryl â-hydroxy cyclic amines,
a class of compounds of biological importance.

Further experimentation was undertaken to elucidate the mech-
anism of this novel phenyl migration process. First, the unique
character of the K10/MS 4A system was evaluated in the reaction
of 7 with benzyl alcohol. While the absence of MS 4A led to the
formation of a mixture of8a and itsSi-hydroxy analogue8e (R
) H), the use of PPTS (0.1 equiv),p-TsOH (0.1 equiv), and BF3‚
OEt2 (2.0 equiv) all resulted in the exclusive formation of benzyl
aminal9 (R ) Bn) in 90-98% yields; none of8a was formed.
Thus, these observations reveal that the present phenyl migration
can effectively occur only under the unique action of K10/MS
4A. Second, a similar K10-promoted reaction of benzyl aminal
9 with allyl alcohol (1.0 equiv) was found to result in the
formation of a mixture of8b (R ) allyl) and8a (R ) benzyl) in
70:30 ratio. Furthermore, when the K10-promoted reaction of
benzyl aminal9 was carried outin the absence of any alcohol,
only a trace of8awas formed. These results suggest that addition
of an alcohol substantially facilitates the phenyl migration process.
Third, a similar reaction oftert-butylbis(p-tolyl)silyloxy analogue

1214 gavep-tolyl substituted pyrrolidine13 as the sole product,
indicating that the aryl migration occurrs at the ipso position (eq
7).

A plausible mechanism of this 1,4-migration is shown in eq 8.
The mechanism most likely involves theN-acyliminium ion i
which should be in equilibrium with either the hemiaminal or
the aminal once formed fromi and the alcohol added. Then,
speciesi undergoes an intramolecular Friedel-Crafts reaction15

onto one of the aryl groups on the silicon in a highly diastereo-
selective manner to form theâ-silyl cation ii which is then
collapsed by alcohol attack onto the silicon to give the 1,4-phenyl
migration product.16,17

In summary, we have described a novel 1,4-aryl migration that
occurs onâ-tert-butyldiarylsiloxy pyrrolidine and piperidine hemi-
aminals under the action of K10/MS 4A in a highly stereoselective
manner. This new reaction provides a novel, efficient entry to
R-aryl â-hydroxy cyclic amines of synthetic value as well as
enantio-enriched alkoxysilanols which are otherwise difficult to
obtain.18 Further work is in progress to elucidate the mechanism
of this process and enhance the synthetic potential thereof.
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