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Summary A convenient synthesis of 3-cl'-hydroxyethyl)-2-azetldlnone-4-yl acetic acid, one of 
the key IntermedIates I" the thlenamycin total synthesis, based on the chemistry of the dlanlon 
derived from readily avallable Z-azetidlnone-4-yl acetic acid 1s described 

Recently, a practical synthesis of (?)-thienamycln (a starting from dlethyl 1,3-acetonedl- 

carboxylate was reported' This synthesis Involves R,S,R'-3-cl'-hydroxyethyl)-2-azetldlnone-4- 

yl acetlc acid (k) as a key Intermediate3 In this report, we wish to describe a convenient 

synthesis of 3-(l'-hydroxyethyl)-2-azetldlnone-4-yl acetic acid (2 from the dlanlon derived 

from 2-azetldlnone-4-yl acetlc acld4 (2 Stereocontrolled Introduction of the hydroxyethyl 

HiH H 

group into the 3-posltlon of 2-azetldlnones via _ 

enolate anIon has recently become an important 

reaction in thlenamycln chemlstryS The trans- 

metallatlon of benzyl 2-azetldinone-4-yl acetate 

(LDA/THF/-60"C), followed by the addition of 

COOH acetaldehyde, gave no desired aldol condensation 

1, 
but produced instead only B-lactam ring destructIon 

On the other hand, the formatlon of the dlanlon (2, 

by treatment of the free acid (2 with two equivalents of LDA ln THF at -3O'C, followed by the 

addltlon of D20 afforded AwIth very little &lactam ring opening (recovery yield of &was 91%) 

This result clearly demonstrated the formatlon of the desired d=anionA Similarly, the 

COOH 

2 6, a=8S 
b=8R 

a LDA/THF/-30°C b D20 c co, d CH,CH=O 
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treatment of AwIth carbon dioxide gave 3-carboxy-Z-azetldmone-4-yl acetrc acid Q rn 35% 

yield with 32% recovery of A The trans conflguratlon of H3 and H4 was supported by Its spin- 

spin coupling constant (L3 4=1 6 Hz)* Furthermore, the reactlon of&wlth acetaldehyde gave 

the desired hydroxyethyl d&ivatlve (,6J m 70% yield as a mixture of k (8s) and 6& (8R)' The 

R,S,R-IntermedIate (9 was converted to 1 via the previously reported method' V- Attempted 

oxrdation of the hydroxyethyl group (DMSO-trifluoroacetlc anhydrrde/trlethylamlne)'" gave Instead 

the methylthlomethyl ester" (g) g Pummerer type rearrangement m good yield 

As an alternative to our previously published procedure"3 the B-keto ester'* Intermediate 

(2 which was shown to be an excellent precursor to thlenamycln was made by the following 

procedure Treatment of k with oxalyl chloride (catalytic amount of DMF) at O'C gave the 

relatively stable acid chloride (2 m quantitative yield Subsequent reactron of&with the 

magnesium enolates formed via reactlon of c-butylmagneslum chloride with hydrogen malonates in - 

THF gave excellent yields of the desired B-keto esters g (82%) and j& (98%)13 Furthermore, 

the treatment of awith Meldrum's acid" m the presence of 4-drmethylammopyrldine (DMAP) gave 

acylated Meldrum's acid which was reacted further with E-nltro benzyl alcohol to grve the desired 

g-keto ester (L$J m 62% overall yield" Catalytic debenzylatron of 2 (Pd/H2/MeOH) gave an 

unstable g-keto acidI whrch was immediately reacted with dicyclohexylcarbodi~mmlde and p-nitro- 

benzyl alcohol in the presence of DMAP17 to give 9A In 71% overall yield The S,S,R-lntermedlate 

(9c) was converted to (k)-8-eplthienamycinl"a as reported The conflguratron at C8 (8s) in 2 

was inverted to 8R by the reported methodlg using diethyl azodicarboxylate-trlphenylphosphine 

complex*' to give 2 which is a key rntermedrate in the thlenamycln synthesls*l 

COOH o > QCOCI b arc> woR 

8, (83 

R’ -_ -32 , PNB = p-Nltrobenzyl- 

g (89 
a” R = t-&H9 
b R =CH,Ph 
c R=PNB 

_7a=8S 
b=8R 

l_OC8,S, 
cl * 

R’= H, R = CH2Ph 

(C~CI)~/DMF/CH~CL, 
Mg ++ -CH(COO-)COOR/THF 
Meldrum’s acid /4-DImethylammopyrldlne and 
then PNB-OH 
Ph,P/EtOOCN = NCOOEtIHCOOH and then 
H,O+ 

11 (8R) 
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