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Abstract—Metal iodide mediated three-component reactions of cyclopropanecarboxylic thioesters 1, aldehydes, and amines were
developed. The initial products, pyrrolidines 2 were obtained in 39–73% yields, which could further be converted to lactams 4,
via sequential reactions of a retro-aza-Michael addition and an intramolecular cyclization. This methodology provided facile access
to analogs of both pyrrolidines 2 and lactams 4.
� 2006 Elsevier Ltd. All rights reserved.
Metal iodide mediated ring expansion of activated
cyclopropanes has recently attracted much attention
because it provides an efficient method for the prepara-
tion of heterocyclic compounds.1 Although many
carbonyl groups have been used to activate cyclopro-
pane, we are interested in thioesters recognizing that
they can be easily prepared and the transformations of
thioesters in organic synthesis are well documented.2

In particular, direct amidation of thioesters and
reductive alkylation of amines by thioesters under mild
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Table 1. Metal iodide mediated three-component reaction
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Entry Metal iodide Solvent Temp (�

1 MgI2 (2 equiv) CH3CN 85
2 Et2AlI (2 equiv) CH2ClCH2Cl 80
3 Et2AlI (1 equiv) CH2ClCH2Cl 80
4 ZnI2 (2 equiv) CH3CN 85

a The ratios were determined by proton NMR of the crude reaction product
b Isolated yield.
conditions allow further derivation of the products
in a parallel fashion for compound library generation.
Recently, Olsson and co-workers developed a conve-
nient three-component reaction of cyclopropylketones,
aldehydes, and amines for the synthesis of pyrrolidine
derivatives.1f Since pyrrolidines are found in a variety
of natural products and biologically active compounds,
we envisioned that ring expansion of cyclopropanecarb-
oxylic thioesters with imines would provide versatile
synthetic intermediates not only for the construction
hael addition.
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of b-proline combinatorial libraries, but also for the
synthesis of some pyrrolidine alkaloids.

Our studies began with heating a mixture of thioester 1a,
4-fluorobenzaldehyde, and 4-methylbenzylamine in the
presence of 2 equiv of MgI2 in acetonitrile at 85 �C.
After 20 h, the reaction gave the desired pyrrolidines
as a pair of isomers (2a and 3a) in about a 1 to 1 ratio.
Table 2. Et2AlI mediated three-component reaction4
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a Isolated yields and all compounds were characterized by 1H NMR and 13C
When other metal iodides (ZnI2 and Et2AlI) were inves-
tigated, 2 equiv of Et2AlI was found to push the reaction
to completion in 5 h at 80 �C and gave 2a as a predo-
minate product in a 57% isolated yield,3 as shown in
Table 1.

To explore the scope of the reaction, the optimal Et2AlI
conditions were applied to various thioesters, aldehydes,
S
R1

O

R2
N
R3
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t2AlI DCE, 80 oC

Time (h) Product Yield (%)a

5 2a 57

5 2b 73

5 2c 59

5 2d 56

5 2e 61

5 2f 64

5 2g 49

5 2h 45

5 2i 43

5 2j 68

24 2k 39

5 2l 50

NMR.
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Scheme 1.
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and amines as summarized in Table 2. Both aliphatic
and aromatic thioesters worked under the set of condi-
tions while aliphatic thioester 1c gave a better yield in
comparison with aromatic thioesters 1a and 1b (entries
2, 3, and 4). In addition, both aromatic and aliphatic
aldehydes performed well in this reaction although elec-
tronic rich aldehydes, such as 4-methoxybenzaldehyde,
reacted slowly and required a longer reaction time (entry
11). In all cases, the reaction gave one predominate
isomer.

Along with pyrrolidines 2, the reactions gave a small
amount of lactams 4. Further studies revealed that
increasing either the amount of Et2AlI used in the reac-
tion or the reaction temperature increased the amount
of lactams 4. These side products came from the decom-
position of pyrrolidines 2, which was similar to the
observation5 we reported on the cyclopropylketone sys-
tem. A mechanism was proposed in Scheme 1 to illus-
trate how pyrrolidines 2 were converted to lactams 4.
Acyclic intermediates generated from pyrrolidines 2
via a retro-aza-Michael addition reaction catalyzed by
Table 3. Lactam 4 formation8
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a Isolated yields and all compounds were characterized by 1H NMR and 13C
the Lewis acid underwent an intramolecular cyclization
to give lactams 4.

Recognizing that lactams 4 were important synthetic
intermediates,6 we focused our efforts on optimizing
reaction conditions to generate lactams 4 exclusively.
The three-component reaction was carried out using
3 equiv of Et2AlI at 80 �C for 3 h followed by further
heating the reaction mixture at 90 �C for 21 h. Under
the new set of conditions, pyrrolidines 2, the initial
product of the reaction, were converted to lactams 4
completely in moderate to good yields, as shown in
Table 3. It was noteworthy that only a single isomer
of 4 was generated from the reactions as determined as
E isomer by NOE analysis.7

In conclusion, a novel metal iodide mediated ring expan-
sion of cyclopropanecarboxylic thioesters with imines
was developed, by which pyrrolidines 2 or lactams 4
were prepared easily under two different sets of condi-
tions by varying the amount of Et2AlI, reaction temper-
ature and time, starting from the same set of reagents.
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4a-d

Product Yield (%)a Mp (�C)

4a 64 77–78

4b 71 134–135

4c 40 67–68

4d 42 64–65

NMR.
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The application of this methodology in the syntheses of
b-proline libraries will be reported in due course.
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