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Summary: Stereochemical inversion of an easily prepared &lactone has culiminated in the 
preparation of a key intermediate for the synthesis of thienamycin. 

We have recently described' a practical synthesis of (+)-thienamycin* from diethyl 1,3- 

acetonedicarboxylate. The synthesis involved the production of an S,S,R-intermediateg, the 

stereochemistry of which was preserved until a very late stage of the synthesis (the hydroxy 

epimer of 9 at which point the relative stereochemistry was adjusted to the required R,S,R- 

configuration via an intermolecular SN2 reaction. In this report we wish to describe our 

results on an early stereochemical adjustment involving an intramolecular inversion and the 

subsequent conversion to the B-keto esterawhich has been shown to be an efficient precursor 

of thienamycinl~~. 

The lactonez*6 was prepared as previously described' for the analogous lactone acid 

except that the lactonization was performed under milder, anhydrous conditions in order to 

preserve the ester function. This crystalline S,S,R-lactone was solvolyzed in water to afford 

the acyclic hydroxy acid b Our intention at this point was to relactonize using reverse 

activation; that is, instead of the normal lactonization procedures involving the activation 

of the acid function followed by attack by the hydroxy group, we planned to activate the 

hydroxy group and attack with the carboxy group. Only this latter situation would be capable 

of giving the required inversion of stereochemistry. In fact, Seuring and Seebach have 

reported7 accomplishing a manipulation of this type on diolides and a large-ring lactone 

using Mitsunobu's reaction*. Hence, the alcohol&was reacted with Ph3P and diethyl 

azodicarboxylate (DEAD). A new lactone k was isolated, initially by column chromatography, 

which possessed the desired R,S,R-stereochemistry. The column isolation procedure, being 

far from convenient or effective, was subsequently avoided by acid hydrolysis of the entire 

inversion product. Crystallization from acetone afforded the hydrochloride of the acid 

lactone a in 53% overall yield from S,S,R-lactonez. 

Before proceeding, it is worthy of note that this inversion has been accomplished in 

similar yield with two other reagent combinations, Ph P/diethyl ketomalonatela and 
3 

Ph3PO/(CF3S02)2011. Undoubtedly, each of these combinations forms an active species capable 

of transforming the target hydroxy group into an SN2-prone alkoxyphosphonium intermediate 912. 
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a(a) HC1,CH Cl , room temp.; (b) 1 eq. NaHCO 
THF; (d) c&x? aq. 

H 0; (c) 1.3 eq. Ph P, 1.3 eq. DEAD, 
HCl, reflux 3 hrs; (e) 2% Pi(OH) /C, 40 psi H3 

(7 ml/g a, TO", 4.5 hrs.; (g) 1.0 eq. NEt 1.0 eq? DCC, PhCH O&l 55' 
HOAc; (f) PhCH20H 

4.5 hrs; 
(h) 40 psi H Pd/C, MeOH; (i) (1) 1.0 eq. 
room temp. lg'hrs. 

%I, MeCN/DMF; (2) 122 eq. Mi(02CCH2C02PNB)2, 
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- 2 + Ph3P=O 
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The R,S,R-lactone thus obtained was processed in a manner similar to the S,S,R-series 

although several operational changes have been made and silyl protection during the chain- 

elongation reaction has been avoided. After catalytic removal of the N-benzyl group, the 

crystalline lactone 5s was heated in benzyl alcohol to establish an equilibrium between the 

opened ester 6_and lactone 5~ (approximately 2/l respectively by NMR). These reaction partners 

were separated simply by cooling the reaction solution to room temperature. The unreacted 

lactone precipitates and is collected by filtration (37% recovered). The filtrate containing 

pure acyclic ester &could be used directly in the subsequent carbodiimide reaction or it 

could be diluted with MeCN to give the crystalline amino acid&in 86% yield based on recovered 

lactone. A solution of this amino acid in benzyl alcohol was cleanly dehydrated with N,N'- 

dicyclohexylcarbodiimide (DCC) to give the crystalline S-lactam b in 88% yield. After 

catalytic removal of the benzyl ester, the resulting acid 2 in a mixture of MeCN and DMF was 

treated with N,N&arbonyldiimidazole (CDI) followed by a slight excess (both carboxylates are 

used) of the magnesium salt of p-nitrobenzyl hydrogen malonate13. _ The R,S,R- 8-keto ester-,$_ 

(80% pure by HPLC assayi482% weight yield from u is more than pure enough for the subsequent 

reactions' leading to (f)-thienamycin. Alternatively, the crude material can be recrystallized 

to afford pureAidentica1 in every respect to the previously reported sample. 
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