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ABSTRACT

Highly diastereoselective intra- and intermolecular self-condensation reactions of N-tert -butanesulfinyl aldimines have been developed and
applied to the rapid, asymmetric synthesis of trans -2-aminocyclopentanecarboxylic acid and the drug candidate SC-53116. Key to both syntheses
is a novel microwave-assisted reaction in which N-sulfinyl aldimines are cleanly converted into nitriles in high-yielding concerted elimination
processes.

Diastereoselective additions of nucleophiles toN-tert-
butanesulfinyl imines have proven to be among the most
effective methods for the asymmetric synthesis of amines.1

The deprotonation ofN-sulfinyl ketimines to provide met-
alloenamines, which then add with high diastereoselectivity
to electrophiles, has significantly enhanced the utility of this
chemistry. In particular, metalloenamines derived from

N-tert-butanesulfinyl ketimines have been added to aldehydes
to provide â-hydroxy N-sulfinyl imines. Stereoselective
reduction then provides access to eithersyn- or anti-1,3-
amino alcohols.2

Attempts to add metalloenamines derived fromtert-
butanesulfinyl aldimines to electrophiles have been unsuc-
cessful as a result of competitive self-condensation during
the deprotonation step.3 However, it became apparent that a
high-yielding, diastereoselective self-condensation reaction
would enable the rapid construction of a variety of amine-
containing compounds bearing two new contiguous stereo-
centers. Herein we report the development of highly dia-
stereoselective intra- and intermolecular self-condensation
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reactions ofN-tert-butanesulfinyl aldimines, which, to our
knowledge, represent the first examples of stereoselective
imine self-condensation.4 The utility of these self-condensa-
tion reactions is further demonstrated via the concise
asymmetric syntheses oftrans-2-aminocyclopentanecarboxy-
lic acid 1 and SC-53116, a serotonin 5-HT4 agonist (Figure
1).

The potential utility of an intramolecularN-sulfinyl
aldimine self-condensation reaction was evident upon ex-
amination of the literature. There are several cyclic drug
candidates5 and biologically relevant compounds6 that exhibit
a core structure that could be accessed via aldimine self-
condensation. One such compound,â-amino acid1 (Scheme
1), is particularly useful because it has been incorporated

into unnatural homo- and heterogeneous foldamers that
exhibit discrete folding properties.7 Very recently, foldamers
prepared from1 were reported to display promising anti-
microbial activity.8

We envisioned a rapid synthesis of1 via intermediate2,
which is the self-condensation product of bis-sulfinyl imine

3 (Scheme 1). Optimization of the intramolecular self-
condensation reaction of imine3 began with a survey of
bases (Table 1). Previous observation of self-condensation

to provide oligomeric products as an undesired side reaction
in the addition of Grignard reagents to sulfinyl aldimines9

suggested that magnesium bases might effect the desired
transformation. Imine3, which was prepared in 80% yield
by condensation of (R)-tert-butanesulfinamide with hex-
anedial, was deprotonated with several sterically hindered
Grignard reagents to provide the desired self-condensation
product, albeit with poor diastereoselectivity (entries 1-3).
Use of sodium and lithium hexamethyldisilazide (HMDS)
improved both the yield and selectivity (entries 4-6).
Optimization showed that NaHMDS with 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU) as an addi-
tive significantly improved the reaction yield (entry 6).
Notably, a single recrystallization of self-condensation
product2, obtained according to the conditions listed in entry
6, provides the diastereomerically enriched product (g95%
dr) in 50% yield from3.10 The absolute stereochemistry of
2 was determined by X-ray crystallography, establishing that
the thermodynamically favoredtrans isomer was formed
preferentially in the self-condensation reaction.

With the self-condensation product2 in hand, conversion
to â-amino acid1 was rapidly completed in two high-yielding
steps (Scheme 2). Previous work in these laboratories led to
the observation that at temperatures above 130°C, tert-
butanesulfinyl aldimines undergo a concerted elimination of
tert-butanesulfenic acid to provide nitriles.11 Optimization
of this novel reaction for the present work showed that the
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Figure 1. Biologically important compounds prepared utilizing
self-condensation methodology.

Scheme 1. Retrosynthesis for1

Table 1. Optimization of Intramolecular Self-Condensation

entry base yield (%)a drb

1 2-MePhMgBr 25 52:0:38:10
2 2-MeOPhMgBr 50 66:0:26:8
3 t-BuMgBr 80 50:0:37:13
4 LHMDSd 60 76:0:12:12
5 NaHMDSd 60 80:2:7:11

6c NaHMDSd 81 78:3:8:11
7 KHMDSd 34 77:0:19:4

a Isolated yield after column chromatography.b Determined by1H NMR
(see Supporting Information). Only the stereochemistry of the major
diastereomer was determined.c Reaction run with 2.0 equiv of DMPU as
additive.d 1.0 M in THF.
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microwave-assisted transformation can be carried out in high
yield in the presence of a sulfinamide moiety and other
protected functionalities (vide infra).12 The highest yields
were obtained by heating at 150°C for 15 min in acetonitrile
in a microwave reactor. Incomplete conversion was observed
at lower temperatures, and significant amounts of undesired
decomposition products were obtained at temperatures higher
than 150°C.

Conversion of4 to 1 was then carried out in quantitative
yield via acid-catalyzed hydrolysis of the nitrile with
concomitant removal of the sulfinyl protecting group (Scheme
2). Under these conditions, the stereochemical integrity of1
was maintained as confirmed by preparation and GC analysis
of the corresponding (R)- and (S)-Mosher amides. This
synthesis of enantiomerically pureâ-amino acid 1 was
accomplished in four steps in 31% overall yield from
hexanedial and represents one of the most efficient syntheses
of 1 reported to date.13

The diastereoselective self-condensation oftert-butane-
sulfinyl aldimines was further applied to an intermolecular
variant of the reaction. One powerful application of this
method is the rapid construction of the pyrrolizidine scaffold
(Scheme 3), an alkaloid motif that is present in multiple drug

candidates14 and natural products.15 It was envisioned that
the pyrrolizidine framework could be prepared via function-
alization of intermediate6, which is the product of inter-
molecular self-condensation of sulfinyl imine5 (Scheme 3).

Investigation of the intermolecular variant thus focused
on self-condensation of sulfinyl imine5, which was prepared
in 89% yield via CuSO4-catalyzed condensation of (R)-tert-
butanesulfinamide and the corresponding aldehyde. As in
the intramolecular case, hindered Grignard reagents were less
effective bases for this transformation, and both KHMDS
and NaHMDS failed to provide the desired product in
synthetically useful yields or selectivities. Use of LHMDS
proved to be critical, and we were pleased to find that, under
optimized conditions, the desired intermolecular self-
condensation product could be isolated in 55% yield and with
an excellent 91:5:4:0 diastereomeric ratio (Scheme 4). Again,

DMPU as an additive was beneficial, which in this case
served to improve the diastereoselectivity from 87:7:6:0 in
the case where LHMDS alone was employed. Notably, the
intermolecular self-condensation reaction does not require a
sulfinyl imine bearing a coordinating group for high selectiv-
ity, as self-condensation of imine7 also provides a syntheti-
cally useful diastereoselectivity and yield (Scheme 4). In this
case, however, additives did not improve either yield or
selectivity.

The pyrrolizidine benzamide SC-5311614aseemed an ideal
synthesis target for displaying the utility of the intermolecular
aldimine self-condensation methodology (Scheme 5). SC-
53116 is the first selective serotonin 5-HT4 receptor agonist

(12) tert-Butanesulfinamides also undergo concerted eliminations oftert-
butanesulfenic acid to provide unsubstituted imines, but this transformation
apparently has a higher activation barrier than for conversion ofN-tert-
butanesulfinyl imines to nitriles.
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Scheme 2. Synthesis of1

Scheme 3. Retrosynthesis for Preparation of Pyrrolizidines

Scheme 4. Intermolecular Self-Condensation
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to be identified14b and surpasses the potency and selectivity
of other benzamides, such as metoclopramide, zacopride,
renzapride, and cisapride.14a The reported synthesis of SC-
53116 requires over 10 steps, with the key step being a highly
diastereoselective alkylation of a cyclic acyl imine by a chiral
tin enolate.14a,15d

The highly diastereoselective synthesis of self-condensa-
tion product6 enables a significantly more efficient synthesis
of SC-53116 (Scheme 5). Microwave-assisted sulfinyl imine
decomposition was again key to the success of the sequence,
as it allowed for selective functionalization of the self-
condensation product in the presence of both the sulfinyl
amine and cyclic acetal protecting groups. Microwave
reaction of a 91:5:4:0 diastereomeric mixture of self-
condensation product6, followed by chromatographic sepa-
ration of the corresponding diastereomeric nitriles, provided

the pure major diastereomer9 in 84% yield. Absolute
stereochemistry was established via X-ray crystallographic
analysis of9. Mild reduction of the nitrile with borane-
dimethyl sulfide complex was accomplished in 90% yield,
followed by coupling of amine10 with 4-amino-5-chloro-
2-methoxybenzoic acid under standard amide bond forming
conditions, to provide intermediate11 in 80% yield. Under
acidic reducing conditions, the sulfinyl and acetal protecting
groups were removed, allowing for cyclization and reduction
in a single step, which furnished SC-53116 in 88% isolated
yield. This sequence is significantly more efficient than the
prior synthesis, providing SC-53116 in 29% overall yield in
only five steps from sulfinyl imine5.

The self-condensation reactions ofN-tert-butanesulfinyl
aldimines reported here are the first examples of stereose-
lective imine self-condensation processes and provide ver-
satile, functionalized intermediates with multiple stereo-
centers. The diastereoselective intra- and intermolecular self-
condensation reactions were applied to the rapid total
syntheses oftrans-2-aminocyclopentanecarboxylic acid1 and
serotonin 5-HT4 agonist SC-53116, both of which featured
a novel microwave-assisted thermal decomposition to cleanly
convert N-sulfinyl imines to nitriles. The prevalence of
structural motifs and scaffolds that are easily accessible via
this strategy suggests that this self-condensation methodology
may enjoy widespread use for a variety of applications.
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Scheme 5. Synthesis of Pyrrolizidine Alkaloid SC-53116
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