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Abstract – Imino aldol reaction of chiral ketene silyl acetals derived from 

3-hydroxybutanoates with α,β-unsaturated imines proceeds smoothly to give 

β-amino esters in good yields with high syn-selectivity under the influence of a 

cation-exchange resin. Subsequent treatment with tert-butylmagnesium chloride 

gave β-lactams in a highly stereoselective manner.

 

We have been interested in the stereoselective synthesis of β-lactams using the imine (1) possessing a  

chiral auxiliary derived from (2S,3S)-tartaric acid,1 since β-lactam antibiotics still constitute one of the 

most widely utilized classes of drugs due to their highly therapeutic index in humans.
2
 Our continuous 

interests in the stereodivergent construction of the β-lactam rings with or without substituent at 

3-position led us to examine the preparation of 3-alkoxy-β-lactams in a highly stereoselective manner 

and disclosed a conveninent ruoute to a key intermediate for the synthesis of 2-isocephem (4) and 

2-oxa-isocephem (5) β-lactam antibiotics (eq. 1).3 During these investigations cation-exchange resins 

have been found to be excellent activators for imino aldol reaction of ketene silyl acetals with imines, 

which, after cyclization, would to lead to the stereoselective synthesis of β-lactams. Use of ion-exchange 

resins offers several advantages in organic synthesis, e.g. simplification of reaction procedures, easy 

separation of products without discharging harmful waste water, repeated use, and so on. In our previous 

report, a cation-exchange resin, in particular Amberlyst® 15 DRY, having a large surface area (45 m2/g), 

was found to be one of the most useful resins that promoted imino aldol type reaction, where the 

addition reactions proceeded with high chemoselectivity in the presence of two kinds of imines and/or 
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nucleophiles.4 Many of β-lactam antibiotis possess a chiral hydroxyethyl substituent at the 3-position, 

and construction of such β-lactam ring systems has received considerable attention. We would like to 

report a facile construction of β-lactam ring possessing a chiral hydroxyethyl substituent at its 3-position 

using stereoselctive imino aldol reaction promoted by a cation-exchange regin as a crucial step (eq. 2). 
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Imino aldol reaction of the chiral ketne silyl acetal (7) with a variety of imines (6) was carried out in an 

effort to find the most effective substituent at the imino carbon, and Table 1 summarizes the result. 
 
Table 1. Reaction of the Chiral Ketene Silyl Acetal (7) with Imine (6) in the Presence of 
Amberlyst® 15 DRYa 

R1 H

N
PMP

OTMS

OR2TBSO

8a-l

R1 OR2

ONHPMP

OTBS

+

6 7

Amberlyst® 15 DRY

Solvent,  −78 ºC−rt, 16-18 h

(2.0 equiv.)

(2.0 equiv.)

 
Entry R1  R2 Solvent 8/%b syn:anti c  de (syn)/%c 
 1 MeO2C OMe CH2Cl2 a: 77 52:48 28 
 2 EtO2C OMe CH2Cl2 b: 78 53:47 26 
 3 i-PrO2C OMe CH2Cl2 c: 76 54:46 31 
 4 TBSC≡C OMe CH2Cl2 d: 0d - - 
 5 TESC≡C OMe CH2Cl2 e: 0d - - 
 6 HC≡C OMe CH2Cl2 f: 0d - - 
 7 2-Thienyl OMe CH2Cl2 g: 62 98: 2 100 
 8 2-Furyle OMe CH2Cl2 h: 49 98: 2 100 
 9 (E)-TBSCH=CH OMe CH2Cl2 i: 64 97: 3 100 
 10 (E)-TBSCH=CH OMe EtOH i: 44 88:12 100 
 11 (E)-TMSCH=CH OMe CH2Cl2 j: 70 96: 4 100 
 12 (E)-TMSCH=CH OMe EtOH j: 40 86:14 100 
 13 (E)-PhMe2SiCH=CH OMe CH2Cl2 k: 82 97: 3 100 
 14 (E)-PhMe2SiCH=CH OEt CH2Cl2 l: 49 99: 1 100 
 15 (E)-PhMe2SiCH=CHf OEt CH2Cl2 l: 68 99: 1 100  
aReaction was carried out according to the typical procedure (Ref. 5).  bIsolated yield.  cDetermined 
by 1H NMR and/or HPLC. dHydrolyzed aldehyde derived from the imine (6) was obtained.. e6 : 7 : 
Amberlyst = 2.5 : 1.0 : 2.5. f6 : 7 : Amberlyst = 2.0 : 2.0 : 1.0.  
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As shown in Table 1, use of the imines derived from glyoxylates gave the adducts with low 

stereoselectivities, whereas desired adducts were not obtained using acetylene derivatives (Entries 1~ 6). 

Use of α,β-unsaturated imines recorded good to excellent syn-selectivities, where the diastereomeric 

exccesses were usually very high (Entries 7 ~ 15). Regarding the solvent, use of ethanol decreased both 

the product yields and selectivities (Entries 8 and 10). In terms of product yield and diastereoselctivity, 

phenyldimethylsilylethenyl derivatives were chosen as the acceptor (Entries 11, 14, and 15). This high 

syn-selectivity is most reasonably explained in terms of the non-chelated acyclic transition state (A) as 

depicted in Scheme 1, where a less sterically congested transitionstate (A) leads to syn-adducts.  
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Scheme 1. 

 

We next examined the cyclization to β-lactams. However, the use of the adducts (8) for cyclization 

under basic conditions did not give the β-lactams in good yileds, presumably due to the steric bulk of the 

TBS group, and therefore, we next examined the desilylation of TBS group and the subsequent 

cyclization.  
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Scheme 2. 
 
Upon treatment of the compound (8k) or (8l) with TBAF desilylation of the TBS group proceeded 

smoothly to give the alcohol (10k) or (10l) in good yield (Scheme 2). Subsequent treatment of the 

desilylated β-amino ester (10) with i-PrMgCl gave the desired β-lactam (9) in moderate yields with 

concomitant epimerization of the hydroxyethyl group at the C-3 position of the β-lactam ring (Table 2, 

Entries 1 ~ 3), whereas the use of t-BuMgCl proved to be superior in terms of product yields and 

diastereoselectivity (Entries 4 ~ 9). The best result was obtained using 2.5 equivalents of t-BuMgCl at 55 
oC, and in this case no epimerization was observed (Entry 7). When the ethyl ester was used, recovery of 

the starting material was observed under essentially the same cyclization conditions (Entry 9). 
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Table 2. Cyclization of Amino Ester (10) into β-Lactam (9).a 

10k (R = Me)    10l (R = Et)

OR

ONHPMP

OH

PhMe2Si
Base

THF N
O

OH

PMP
9

SiMe2Ph

 
Entry 10  Base (eq.) Temp. / oC Time/h 9/%b  cis : transc 
 1 k i-PrMgCl (2.0) rt 2.0 21 91: 9 
 2 k i-PrMgCl (2.0) rt 18.0 34  84:16 
 3 k i-PrMgCl (2.5) 55 2.5 44  75:25 
 4 k t-BuMgCl (2.0) rt 18.0 16 100: 0 
 5 k t-BuMgCl (2.0) 55 2.0 34 100: 0 
 6 k t-BuMgCl (2.0) 55 19.0 43 100: 0 
 7 k t-BuMgCl (2.5) 55 3.0 79d 100: 0 
 8 k t-BuMgCl (3.0) 55 17.0 69  75:25 
 9 l t-BuMgCl (2.5) 55 3.0 62e 100: 0 
aReaction was carried out according to the typical procedure (Ref. 6).  bIsolated yield.  cDetermined 
by 1H NMR and/or HPLC. dThe starting material (10k) was recovered in 7% yield. eRecovery of (10l) in 
14%. 
 

For further elaboration of the β-lactam (9) obtained in a stereoselective manner, we carried out several 

functional group transformations. Removal of the PMP group was readily carried out using ceric 

ammonium nitrate as an oxidant in MeCN/H2O at –15 to 10 oC to give the β-lactam (11) in 75% yield. 

Desilylation of the vinylsilane moiety was conducted with TBAF in THF at 40 oC to give the desilylated 

β-lactam (12) in 73% yield. Isomerization into the trans-β-lactam (13) was effected by treating of 

11with I2 in refluxing benzene. However, the yields of 13 were in the range of 32 to 40%, and 

improvement of this process is currently under investigation to achieve the synthesis of 

1β-methylcarbapenem derivatives (14).7 
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Figure 1. 
 
In conclusion, we have found that the imino aldol reaction was promoted by a cation-exchange resin to 

give the adduct, β-amino ester in good yields with high syn-selectiviy. Using chiral ketne silyl acetals 

derived from (3R)-hydroxybutyrates, highly stereoselective formation of cis-β-lactams was achieved 

after cyclization of the initially formend syn-β-amino esters with t-BuMgCl. These processes offer a 
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stereoselective approach to 3-hydroxyethylated β-lactams whih are important synthetic intermediated for 

many of β-lactam antibiotics of potentially high activity. 
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