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Abstract—Highly diastereoselective cyclization (>20:1) as a new entry to functionalized cycloalkylamines has been conducted with
acyclic N,O-acetal TMS ethers possessing an allylsilane moiety.
� 2004 Elsevier Ltd. All rights reserved.
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The N-acyliminium ion reaction with various carbon
nucleophiles (e.g., allylsilane) is one of the most power-
ful methodologies for the synthesis of a-substituted
amines, due to their facile susceptibility to a variety of
nucleophilic attacks.1 In addition, the intramolecular
version of amidoalkylation have been applied to the syn-
theses of bicyclic and/or polycyclic amines from readily
available cyclic imides or lactams as N-acyliminium ion
precursors.1,2 However, there have been few reports con-
cerning monocyclization from the acyclic N-acylimin-
ium ion precursor, mainly due to the limited
methodologies for efficient preparations of the acyclic
precursors as well as their propensity to readily hydro-
lyze. To the best of our knowledge, Hiemstra et al.3 have
made the only notable progress with regard to the intra-
molecular version of linear N-acyliminium ion precur-
sors; nonetheless, challenges have not yet been
effectively addressed.

Recently, we reported the intermolecular amidoalkyla-
tion of N,O-acetal TMS ether as an excellent N-acylimi-
nium ion equivalent,4a,b as well as its application to
the asymmetric synthesis of b-amino acids.4c In the con-
text with our work on N-acyliminium ion chemistry, we
have recently developed an intramolecular amidoalkyla-
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tion of acyclic N-acyliminium ion precursors, which pro-
vides a rapid access to functionalized five-membered
cycloalkylamines5 such as trans-aminocyclopentane carb-
oxylic acid (trans-ACPC, 3),6 of which foldamer were
reported to display promising antimicrobial activity.7

Herein, we report the highly diastereoselective intramo-
lecular amidoalkylation of acylic N,O-acetal TMS
ethers, as well as preliminary studies on its asymmetric
version. The synthetic utility of this procedure is also
demonstrated via concise syntheses of useful chiral
building blocks (e.g., 3 and 4), which are not accessible
by the conventional method (Fig. 1).

We envisioned an objective intramolecular amidoalkyla-
tion via efficient preparation of the requisite cyclization
precursors 1 by cross metathesis (CM)8 of the N,O-ace-
tal TMS ether 6, which was prepared from the corre-
sponding amide in an excellent yield according to our
standard procedure.4a,b Cross metathesis between 6
NH2
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Figure 1.
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Scheme 1. Synthesis of cyclization precursor 1.

Table 2. Cyclization of heteroatom-containing substrate 8

X
N

PMB

Cbz

SnCl4
OTMS

N
PMB X

TMS
Cbz

N
X

PMB

Cbz
8a: X = O, b: X = NBoc, c: X = SO2 9 10

Entry Substrate Yieldsa (%) Ratio (9:10)b

1 8a 65 5.7:1

2 8b 61 >20:1

3 8c 48 >13:1

a
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and allylsilane in the presence of the Grubbs� catalyst 7
proceeded smoothly, to give the cyclization precursor 1
as an inseparable E/Z mixture (�1:1). It is noteworthy
that under the metathesis conditions, the labile N,O-ace-
tal TMS ether remains intact (Scheme 1).

With the desired N,O-acetal TMS ether 1 in hand, the
intramolecular amidoalkylations of 1 were examined un-
der various reaction conditions. As illustrated in Table
1, the N-acyliminium ion precursor, 1 revealed excellent
reactivity to most of the Lewis acids to afford the cycliz-
ation adduct 2 in good yields. SnCl4 was proved most
effective, yielding the desired b-vinylcyclopentylamine 2
as a sole product, with the trans relationship between
the amine and the newly formed terminal olefin (entry
8). The relative stereochemistry of 2 was confirmed by
extensive NMR studies and its conversion to the known
trans-ACPC derivative (Scheme 3). The cyclization with
the high diastereoselectivity would proceed through the
more favorable transition state B as shown in Figure 2.
In addition, the stereochemical outcome implies the high
diastereoselectivity of this cyclization regardless of olefin
geometry of the allylsilane. Considering the precedents
dealing with the Lewis acid mediated type II cyclization
Table 1. Optimization of intramolecular amidoalkylation of 1

N
Cbz

PMBPMB
N

OTMS

Cbz
TMS

Lewis acid

Solvent
-78 oC to 0 oC1 2

Entry Lewis acid Solvent Yieldsa (%) drb

1 BF3OEt2 CH2Cl2 74 92:8

2 BF3OEt2 Et2O 72 91:9

3 BF3OEt2 THF — —

4 BF3OEt2 PhCH3 69 84:16

5 BF3OEt2 CH3CN 62 90:10

6 TMSOTf CH2Cl2 — —

7 TiCl4 CH2Cl2 70 93:7

8 SnCl4 CH2Cl2 72 >95:5

a Isolated yields after column chromatography.
b Determined by the 1H NMR spectra of the diastereomeric mixture or

the isolation yield of each isomer.
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Figure 2. Proposed transition state.
of carbonyl derivatives, the highly diastereoselective
amidoalkylation of 1 is quite noteworthy.9

Having successfully addressed the synthesis of b-vinyl-
cyclopentylamine 2, the intramolecular amidoalkylation
was extended to the synthesis of the medicinally useful
heterocycloalkylamines, for validation of generality
and wide range of synthetic utility of this methodology.
The N,O-acetal TMS ethers as intramolecular amido-
alkylation substrates, involving oxygen (8a), nitrogen
(8b), and sulfone (8c), were readily prepared from the
known a-bromo-N-p-methoxybenzyl acetamide10 by
analogy of the precursor 1. Cyclization of 8a under the
optimized conditions afforded a 5.7:1 diastereomeric
mixture of 9a and 10a, in favor of the trans-isomer 9a
(entry 1). On the other hand, SnCl4 treatment of 8b
and 8c resulted in the exclusive formation of the desired
trans-isomers 9b and 9c in moderate yields, respectively
(entries 2 and 3).11 The reason for the lower diastereose-
lectivity in the amidoalkylation of 8a is not clear. How-
ever, it is likely due to the conformational change of the
corresponding transition states, which is induced by the
unshared oxygen electrons (Table 2).
Isolated yields after column chromatography.
b Determined by analyses of the 1H NMR (500 MHz) spectra of the

diastereomeric mixture.
We have also extended synthetic utility of this method-
ology by simple oxidations of 2 as shown in Scheme 2.
Halolactonization and epoxidation of 2proceeded stereo-
selectively to give the cyclic carbamate 4 and the epoxide
11 as a single diastereomer, respectively. A structural
confirmation of the cyclic carbamate 4 has been made
by extensive NOE studies.
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Scheme 2. Conversion of 2 to key building blocks.
We confirmed synthetic utility of this versatile intramo-
lecular amidoalkylation by conversion of the cyclopent-
ylamine 2 to the methyl ester 12 of the Boc-protected
trans-ACPC. The terminal olefin of 2 was initially trans-
formed into the methyl ester by OsO4 and oxone treat-
ment, followed by esterfication (Scheme 3). Concurrent
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deprotection of both the PMB and Cbz groups in the
presence of Boc2O provided the b-aminoester 12, which
is identical in all aspects to the reported b-aminoester.12
N
H

CO2Me

Boc
N PMB

Cbz
3) Pd-C, H2,

(Boc)2O, MeOH

2) CH2N2,ether, 0 oC

2

1) OsO4, oxone, DMF

53% 12

Scheme 3. Synthesis of trans-ACPC derivative 12.
Encouraged by the successful cyclizations of various
amidoalkylation substrates, we attempted to investigate
the extension of this methodology to the asymmetric
variants4c for the optically enriched cycloalkylamines.
Thus, the N,O-acetal TMS ether 14, prepared from the
N-acyl-oxazolidinone 13, was subjected to the standard
intramolecular amidoalkylation condition. SnCl4 treat-
ment of 14 provided more than 20:1 diastereoselectivity
in favor of the trans-isomer with 60% de.13 The excellent
diastereoselectivity was compatible with that of the achi-
ral case, while the observed facial selectivity was lower
than expected. However, this preliminary work on the
asymmetric variant envisions its synthetic potential for
the optically active cycloalkylamines, although the
enantioselectivity is not satisfactory yet (Scheme 4).
O N

O

Ph

O

TMS( )3 O N

O

Ph

OTMS

TMS( )3

O O

N
Ph

OO

N
Ph

SnCl4

16

13

15

+

14

DIBAL
TMSOTf
pyridine

87%

CH2Cl2
78%

Scheme 4. Asymmetric variant of intramolecular amidoalkylation.
In conclusion, we have developed a novel and versatile
intramolecular amidoalkylation of acyclic N-acylimin-
ium ion precursors for a variety of cycloalkylamines.
This procedure appears to be quite useful for synthetic
and medicinal chemists, in terms of synthetic efficiency
and functional diversity. Currently, the studies on asym-
metric variants of intramolecular amidoalkylation,
based on our preliminary work, are in good progress.
A report on the successful results as well as the advances
in synthetic applications is forthcoming.
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