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Sunsnary: Addition of dianions of 3-hydroxybutyrates to benzylideneaniline results in direct 
formation of trans S*-3-(1-hydroxyethyl)-1,4-diphenyl-2-azetidinone with 95% diastereoselectivity. 
Inversion of theconfiguration at C, gives the desired trans R*-2-azetidinone in high yield. -- 

A major difficulty in the total synthesis1 of (+)-thienamycin 1 is the control of the rel- 

ative and absolute stereochemistry of the three contiguous chiral centres. Several multistep 

approaches for the synthesis of chiral 3-(1-hydroxyethyl)-2-azetidinone precursors have been de- 

scribed in the literature.2 

Retrosynthetic analysis of thienamycin 1 (scheme I) suggests that readily available chiral 

esters3 of 3-hydroxybutyric acid 2 could eventually be used for the synthesis of 1 and related 

R-lactam antibiotics. 

Scheme I 

Herein, preliminary results of a study are described, outlining a new, and highly diastereoselec- 

tive method to synthesize 3-(1-hydroxyethyl)-2-azetidinones generating the trans S* configuration -- 
at three centres in a one step process. 

It is well known that the dianion of esters of 3-hydroxybutyric acid 2 can be a-alkylated to yield 

threo products with 95% diastereoselectivity.4 In a novel approach to utilize this reaction, the 

dianions of racemic 2 (Rs = ethyl or tert.-butyl) and benzylideneaniline were stirred at -20°C to 

r.t., generating directly 3-(1-hydroxyethyl)-1,4-diphenyl-2-azetidinone in 43% yield (scheme 

III.5 In a one flask process the enolate not only added to the imine, but the resulting inter- 

mediate underwent an intramolecular ring closure to form the s-lactam ring system. The major 

isomer 3a (95%) was assigned the trans S* -- (e, 3SJ, E), and the minor isomer 3b (5%) the 
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Scheme II 
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trans R* (*, 3SJ, 3) configuration.6 No cis isomer was detected under these reaction -- _ 

conditions. After inversion of the configuration at C,,the desired isomer trans R* 3b was -- 

obtained from 3a via 3c according to the Mitsunobu procedure7 (scheme II). 

The reaction temperature during the dianion imine cycloaddition influenced the stereo- 

chemistry of the resulting products. Quenching the reaction mixture at -20°C after 7 h gave a 

60:40 ratio of trans S* 3a and cis S* 3d (yield 41%). After formation of the inverted formyl -- -- 

esters (Mitsunobu), 3c and the formyl ester cis R* 3e could be separated by column chromatogra- -- 

phy. Hydrolysis of 3e gave quantitatively CXR *-cis-3-(l-hydroxy-ethyl)-1,4-diphenyl-2-azetidinone -- 

3f. 

The influence of the reaction temperature on the stereoselectivity of the reaction suggests 

that kinetic and thermodynamic factors play an important role for the consequential stereochem- 

istry. During the first step of the reaction, carbon-carbon bond formation, the oxygen of the 

enolate and the imide nitrogen are presumably both disposed in the direction of the lithium cation 

(scheme III). This leads to a six centred transition state, in which the phenyl-group of the 

imine and the ethoxy group of the enolate are either close (transition state 4) or remote 

(transition state 5) from each other.' Under kinetic control transition state 5 should be 

favoured, which leads to the formation of cis S* 3d. Assuming that carbon-carbon bond formation -- 

is a reversible process and that the intermediate leading to product 3a is thermodynamically 

preferred, trans S* 3a should be the product. Another possible mechanism for the formation -- 
of 3a would involve a cis-trans isomerisation via enolisation of cis S* 3d or the ring open -- -- 
a-aminoester prior to 6-lactam formation. 
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Scheme III 
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This newly discovered approach to the stereoselective synthesis of 3-(1-hydroxyethyl)-2-aze- 

tidinones is extremely advantageous over existing methods, due to its brevity and its utilization 

of inexpensive starting materials. 

The syntheses of chiral precursors, which subsequently allow the total synthesis of thien- 

amycin 1 are currently under active investigation. 
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