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diastereoselective cyclization of c-imino esters using a
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Abstract—Facile synthesis of cis-2-aryl-3-pyrrolidine carboxylates from readily accessible c-imino esters by intramolecular cycliza-
tion mediated by a TiCl4/Et3N reagent system is described.
� 2004 Elsevier Ltd. All rights reserved.
Pyrrolidines are an important class of structural motifs
present in many biologically active compounds.1 For
instance, several drug candidates displaying anticancer,2

antibacterial,3 anti-HIV,4 antiviral,5 antifungal,6 and
analgesic activities7 contain the pyrrolidine ring system,
as do several biologically important alkaloids8 and amino
acids.9 Further, many chiral ligands containing the
pyrrolidine ring system are useful in asymmetric synthe-
sis.10 Hence, there has been continuing interest in the
development of new methods for the construction of
the pyrrolidine ring system.11 We wish to report a novel
and facile synthesis of cis-2,3-disubstituted pyrrolidines
by the intramolecular cyclization of c-imino esters medi-
ated by TiCl4/Et3N.

During the course of investigations on the synthetic util-
ity of the TiCl4/Et3N reagent system,12 we examined the
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Scheme 1. Intramolecular coupling of c-imino esters mediated by the TiCl4/
reaction of the c-imino esters, which are readily accessi-
ble from the c-aminobutyric esters. We found that the
imino ester 1a reacted with TiCl4/Et3N to give 2a
(Scheme 1).13

Interestingly, only one stereoisomer was formed in the
reaction. Comparison of the 1H NMR and 13C NMR
spectral data of the product 2a with the previously re-
ported data for 2a indicated that the phenyl and ester
groupings are cis.14

The structural assignment was further confirmed by a
single crystal X-ray analysis of the oxalic acid salt of
the amino ester 2a (Fig. 1).15

We have examined this transformation with various
imino esters prepared using substituted aromatic
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Table 1. Reaction of c-imino esters 1 with TiCl4/Et3N to give cis-2,3-

disubstituted pyrrolidines 2

Entry R Substrate Product Yieldb

of 2 (%)

1 C6H5
a 1a 2aa 75

2 p-H3CC6H4 1b 2b 64

3 p-H3COC6H4 1c 2c 76

4 p-ClC6H4 1d 2d 71

5 p-O2NC6H4 1e 2e 69

6 1-Naphthyl 1f 2f 66

7 (CH3)2CH 1g 2g 32

a Compound 2a was confirmed by spectral data (IR, 1H NMR, 13C

NMR) and X-ray analysis and by comparison with reported data.14

Compounds 2b–g were identified by the comparison of their spectral

data with 2a.
b Yields are for isolated products.

Figure 1. ORTEP representation of the crystal structure of the

hydrated complex of 2a with oxalic acid (thermal ellipsoids are drawn

at 25% probability).
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aldehydes. The products were obtained in 64–76% yields
(Table 1). The product obtained using the imino ester
prepared from iso-butyraldehyde was formed only in
poor yield (32%). Comparison of the 1H NMR spectral
data obtained for the substituted derivatives 2b–g with
those obtained for 2a indicated that 2b–g all had the
cis stereochemistry.

The high level of stereoselectivity observed in this trans-
formation can be tentatively explained by postulating
the formation of a pseudo six-membered chair-like tran-
sition state A (Fig. 2), assuming that the geometry of the
titanium enolate is Z16and that the imine has an E con-
figuration.17 The chelated six-membered titanocycle A
would then undergo ring closure leading to the 2,3-cis
configuration in the newly constructed pyrrolidine ring
(Fig. 2).

Though several methods have been reported for the
selective synthesis of trans-2,3-disubstituted pyrroli-
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Figure 2. Proposed pathway for the cis diastereoselectivity.
dines,18 the selective formation of cis-2,3-disubstituted
pyrrolidines is not common.19 Accordingly, the method
described here for the highly diastereoselective synthesis
of cis-2,3-disubstituted pyrrolidine derivatives has good
synthetic potential.
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H.; Lhommet, G.; Gardette, D.; Gramain, J. C. Tetrahe-
dron Lett. 1992, 30, 4311–4312.


	Synthesis of cis-2-aryl-3-pyrrolidine carboxylic esters via diastereoselective cyclization of  gamma -imino esters using a TiCl4/Et3N reagent system
	Acknowledgements
	References and notes


