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Abstract – β-Lactams were prepared in a regio- and stereoselective manner using 

the double nucleophilic addition of ketene silyl acetals and ketene silyl 

thioacetals to α,β-unsaturated imines followed by base-promoted cyclization. An 

attempted approach to 2-aryl carbapenem is also described.

We have already found that in the presence of an appropriate Lewis acid, a mixture of two different 

nucleophiles reacts with α,β-unsaturated aldimines to give double addition products in a regioselective 

manner in good yields, i. e., ketene silyl acetals and their thio analogues undergo 1,4- and 1,2-additions, 

respectively.1 This approach avoids unnecessary isolation processes of relatively unstable imino 

intermediates2 to give amino esters in good yields. 
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When dialkoxy ketene silyl acetal (2), an acyl anion equivalent, is used as the first nucleophile, this 

methodology offers a facile synthetic route to a γ-amino carbonyl synthon (3), which in turn is 

transformed into 2,3,5-trisubstituted pyrrole (4).3 Further examination into the use of the adducts arising 

from the addition of ketene silyl acetals as the first nucleophiles and ketene silyl thioacetals as the second 

ones led to a facile synthesis of β-lactams in a regioselective manner. This paper reports these reactions in 

detail. 
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The initial examination was carried out to find optimum double nucleophilc addition conditions using the 

addition of the diethoxy ketene silyl acetal (2) and ketene silyl thioacetal (5) to α,β-unsaturated aldimine 

(1). Table 1 summarizes the results. 

 

Table 1. Double Nucleophilic Addition to the α,β-Unsaturated Aldimine (1) under Various Conditionsa 
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Entry  2 (equiv) 5 (equiv) Time (h) 6/%b  syn : anti of 6c 7/% b 
1 1.0 1.5 14.0 59 83 : 17 10 
2 1.0 2.0 11.5 58 95 : 5 5 
3 1.1 1.5 14.0 65 92 : 8 10 
4 1.1 2.0 12.0 76 89 : 11 5 
5 1.3 1.7 11.5 80 90 : 10 7 
6 1.3 2.0 14.0 63 93 : 7 23 
7 1.5 1.5 9.5 58 81 : 19 16 
8 1.5 2.0 11.5 70 92 : 8 4 

aReaction was carried out at -78 oC to rt according to the typical procedure (Ref. 4).  bIsolated yield.  
cDetermined by 1H NMR and/or HPLC. 
 

 

In all the cases examined, the reaction proceeded in a regioselective manner to give the adduct (6) as a 

major product in good yields with syn-selectivity. The best yield of the double addition product was 
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obtained when 2 (1.3 equiv) and 5 (1.7 equiv) were used, where the by-product (7) was formed in 7% 

yield (Entry 5). Under these conditions several ketene silyl thioacetels were subjected to the addition 

reaction to the imine (1), and Table 2 summarizes the results. 

 

Table 2. Double Nucleophilic Addition to the α,β-Unsaturates Aldimine (1)a 
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Entry R1 R2 Time (h)      10/%b Diastereomer Ratioc 

1 H tBu 12.0 79      >99 (syn)  :   1 (anti) 
2 Et tBu 12.5 42      92  :   8   :   0  :  0 
3 Et Et 11.5 81      82  :  13   :   5  :  0 
4 OTBS tBu 11.0 59      52  :  42   :   6  :  0 

aReaction was carried out according to the typical procedure (Ref. 4).  bIsolated yield.  cDetermined by 
1H NMR and/or HPLC. 
 

When disubstituted ketene silyl tert-butylthioacetal was used, the reaction gave the adduct (10) in a 

regioselective manner in good yield with high syn-selectivity (Entry 1), whereas trisubstitued analogues 

gave moderate yields of the adducts (Entries 2 and 4). Although diastereoselectivity was somewhat lost, 

the yield was improved using the ethylthio derivative (Entry 3). 
 

We next examined cyclization of the adducts into β-lactams under various conditions. Among the bases 

examined (tBuMgCl, iPrMgCl, LiHMDS, and NaHMDS), the use of tBuMgCl, iPrMgCl, and LiHMDS 

gave satisfactory results.5 

 

CO2Et

N

PMP

O

Ph

tBuMgCl (2.0 eq)

Et2O, 0 ˚C to rt  

14.0 h
 11   72%

Ph

O

StBu

HN
PMPCO2Et

Ph

O

StBu

HN
PMPCO2Et

Et

CO2Et

N
PMP

O

Et
Ph

iPrMgCl (3.0 eq)

Et2O, 0 ˚C to rt

2.5 h
12    79%

1

Ph

N

H

PMP

OTMS

OEtTMSO

EtO
Ph

O

OEt

HN
PMPCO2Et

EtO

TMSO

1. AlCl3 (1.0 eq), MS 4A (H2O, 1 eq)

         CH2Cl2, 0 ˚C, 15 min

2.

CH2Cl2,  -78 ˚C to rt, 12 h

(2.5 eq)

13
14    88%

TMSO OEt

TMSO
EtO

CO2Et

N
PMP

O

Ph

iPrMgCl (3.0 eq)

Et2O, 0 ˚C to rt

5 h

15    75%

TMSO
OEt

10a 10b

 
Scheme 3 

HETEROCYCLES, Vol. 76, No. 1, 2008 205



 

In particular, a single diastereomer (12)6 was obtained starting from the adduct (10b) under these 

cyclization conditions. Use of the ketene silyl acetal (13) as the first and the second nucleophiles led to 

the formation of the β-lactam (15) possessing protected ketones as a mixture of several diastereomers. 

This class of β-lactam may be used for the synthesis of 2-aryl carbapenem derivatives of which we are 

actively exploring an efficient synthesis.7 For this purpose, the transformation of the adduct (6) (see, 

Table 1) into β-lactam was also attempted. 
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Under several basic conditions, however, the adduct (6) did not give β-lactam, and instead, δ-lactam (16) 

was always formed in low yield. We then turned our attention, first, to construct the dihydropyrrole ring. 

The PMP protecting group was removed with PhI(OAc)2 followed by Boc protection to give 17 in 15% 

overall yield. Cyclization was effected with MeSO3H to give the dihydropyrrolle (18) in 63% yield.3 

However, an attempted cyclization into 2-phenyl carbapenem (19) only gave a trace amount of the 

desired compound. In contrast to the dihydropyrrole (18), the pyrrole (21) prepared by the 

cyclization–DDQ oxidation of 17 underwent cyclization into an unstable bicyclic β-lactam (22) in low 
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yield (<22%). We are currently investigating appropriate cyclization conditions for 18 and transformation 

methods via 22 to synthesize 2-aryl carbapenems of biological interest.7 

In conclusion, we have found that a double nucleophilic addition to α,β-unsaturated aldimines offers a 

useful method for the synthesis of β-lactams using two different nucleophiles (ketene silyl acetals and 

their thio analogues), where the regio- and diastereoselectivies are noteworthy. 
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