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to B-lactams

Mitsuru Shindo,* Soichiro Oya, Ryoko Murakami, Yusuke Sato and Kozo Shishido
Institute for Medicinal Resources, University of Tokushima, Sho-machi 1, Tokushima 770-8505, Japan

Received 17 May 2000; revised 7 June 2000; accepted 9 June 2000

Abstract

The cycloaddition of the N-2-methoxyphenyl aldimines with lithium ynolates was efficiently accelerated
via chelation to give B-lactam enolates, which immediately reacted with one more equivalent of the imine
to give B-lactams (2:1 adducts) in good yields, while N-4-methoxyphenyl imines were inert towards lithium
ynolates. © 2000 Elsevier Science Ltd. All rights reserved.
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Aldimines are known to have versatile and useful electrophilic functionality.! However, in
contrast to aldehydes, aldimines, because of their lower reactivity, often require activation of the
imine (e.g., introduction of strong electron-withdrawing groups or use of Lewis acids?) and/or
harsh conditions for the addition of nucleophiles.

Previously, we reported that lithium ynolates 1,> prepared by the method that we developed,
react with aldehydes to give B-lactones (2:1 adducts) at —78°C.% Similarly, aldimines would be
expected to react with ynolates to afford B-lactam enolates. Barrett et al.> and Murai et al.®
reported that phenyl-substituted and silyl-substituted ynolates added to aldimines bearing an
electron-withdrawing substituent to provide B-lactams (2:1 adducts) at —60°C and o,B-unsaturated
amides at room temperature, respectively. Recently, we also reported that lithium ynolates added
to N-sulfonyl imines to give B-lactams 2 (1:1 adducts) at —78°C (Scheme 1).”

However, unactivated imines such as N-4-methoxyphenyl imines (e.g., 3) were much less
reactive towards lithium ynolates (Scheme 2). Further attempts to promote addition using
various Lewis acids (TiCl,, Me3Al, BF; etc.) were likewise not effective.® Herein, we describe a
novel method for activation of imines via chelation with lithium and the first successful example
of cycloaddition of lithium ynolates with wunactivated aldimines having an N-2-methoxyphenyl
substituent.’
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We thought that if the imino nitrogen and another coordination site on a group attached to the
imine chelated the lithium cation of the lithium ynolate, then the imino group would be more
effectively activated, and the ynolate would be nearer the substrate (Fig. 1).
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Figure 1.

Based on this idea, we attempted the cycloaddition of the lithium ynolate with the N-2-
methoxyethyl imine; however, the reaction proceeded very slowly. We then used the N-2-
methoxyphenyl (OMP) aldimine as a substrate, expecting the 2-methoxy group to act as another
coordination site. The imine 4 was added to a THF solution of the lithium ynolate 1, prepared
from the dibromo ester and terz-BulLi, at —78°C. Amazingly, the starting imine disappeared in 2 h
at —78°C and, after workup, followed by isolation of the major products, the B-lactams 6
containing two equivalents of the starting imine unit were produced in 79% yield as a single
isomer (Scheme 3).
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Scheme 3.

Compared with the reaction of 4-methoxyphenyl imines, this one was considerably accelerated
by the 2-methoxy moiety. Since the nucleophilicity of the intermediate B-lactam enolate 5§ was
much higher than that of the ynolate, the 2:1 adducts 6 were obtained, even though only one



5945

equivalent of the imine 4 was added.® The electron-donating N-substituent, i.e., the methoxy-
phenyl group, clearly increased the nucleophilicity of the lactam enolates, while the 1:1 adducts
(B-lactams) were generated preferentially when N-tosyl imines were used.

To confirm the new method of activation of imines in the cycloaddition, we examined reactions
using several ynolates and N-2-methoxyphenyl imines. As shown in Table 1, when imines of aryl
aldehydes were used, the reaction proceeded smoothly to give the adducts. The bulky imine
(R%=tert-Bu, entry 4) did not afford the desired products. Primary and secondary carbon-
substituted ynolates gave the B-lactams 7 (2:1 adducts) in good yields. The cyclohexyl-substituted
ynolate provided the disubstituted B-lactams 8 (1:1 adducts) in 45% yield in addition to the 2:1
adducts (entry 9).

Table 1
Cycloaddition of ynolates with N-2-methoxyphenyl imines affording B-lactams?®
R2 H
R ﬁl 78°C R N-gMP R' o
N e R
oLi j@ THE N, & Vomp
MeO R? OMP
7 8
Entry R! R? Time (h) Yield of 7 (%) Yield of 8 (%)
(diastereomer
ratio?)

1 Me phenyl 0.5 96 1:1 0
2 Me 1-naphthyl 1.5 88 2:1 0
3 Me 2-naphthyl 0.5 93 3:1 0
4 Me tert-Bu >12 0 - 0
5 Me 4-(MeO,C)CH; 0.5 97 3:1 0
6 Bu phenyl 2.0 79  single 0
7 Bu 1-naphthyl 1.5 78  single 0
8 Bu 2-naphthyl 0.7 74  single 0
9 cyclohexyl phenyl 0.5 52 single 45°

* Conditions: Lithium ynolate, prepared from dibromoester (1.2 mmol) and tert-BuLi (4.8 mmol), and imine (1.0
mmol) in THF (8 mL) were employed.

®The stereochemistry on the the B-lactam ring was determined by nOe experiments, but the relative configulation of
the third stereogenic center (next to amine) has not been determined.

¢ Mixture of diastereomers (1:1).

In conclusion, we have developed a new method for activation of aldimines via chelation in
cycloaddition of lithium ynolates with aldimines.!°
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