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THE SYNTHESIS OF 3-(1'-HYDROXYETHYL)-2~AZETIDINONE-4-YL
ACETIC ACID VIA DIANION CHEMISTRY - AN IMPORTANT
INTERMEDIATE IN THIENAMYCIN TOTAL SYNTHESIS

I Shinkai*, T Liu, R A Reamer and M Sletzinger
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Summary A convenient synthesis of 3-(1'-hydroxyethyl)-2-azetidinone-4-yl acetic acid, one of
the key 1intermediates in the thienamycin total synthesis, based on the chemistry of the dianion
derived from readily available 2-azetidinone-4-yl acetic acid 1s described

Recently, a practical synthesis of (*)-thienamycin (1) starting from diethyl 1,3-acetonedi-
carboxylate was reported1 This synthesis involves R,S,R2—3—(1'-hydroxyethyl)—Z—azetldlnone—A—
yl acetic acad (gh) as a key intermediate® In this report, we wish to describe a convenient
synthesis of 3-(1l'-hydroxyethyl)-2-azetidinone-4~yl acetic acid (Q) from the dianion derived
from 2~azetidinone-4-yl acetic acid* (z) Stereocontrolled introduction of the hydroxyethyl
group 1nto the 3-position of 2-azetidinones via
enolate anion has recently become an important
reaction in thienamycin chemlstry5 The trans-
metallation of benzyl 2-azetidinone-4-yl acetate
(LDA/THF/-60°C), followed by the addition of

acetaldehyde, gave no desired aldol condensation

but produced instead only B-lactam ring destruction®

1

On the other hand, the formation of the dianion gé),
by treatment of the free acid ng with two equivalents of LDA in THF at -30°C, followed by the
addition of D20 afforded 4 with very little B-lactam ring opening (recovery yield of 4 was 917)

This result clearly demonstrated the formation of the desired dlanion‘gj Similarly, the
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treatment of 3 with carbon dioxide gave 3-carboxy-2-azetidinone-4~-yl acetic acid gé) n 35%
yield with 32% recovery of 2 The trans configuration of H3 and H4 was supported by its spin-
spin coupling constant (g3,4=1 6 Hz)s Furthermore, the reaction of 3 with acetaldehyde gave
the desired hydroxyethyl derivative Qg) in 70% yield as a mixture of fa (8S) and QB (8R)? The
R,S,R-1ntermediate (EB) was converted to L via the previously reported method! Attempted

y1o

oxidation of the hydroxyethyl group (DMSO-trifluoroacetic anhydride/triethylamine gave instead

the methylthiomethyl ester!?! (;g) via Pummerer type rearrangement in good yield
As an alternative to our previously published procedurel’3 the B-keto ester'? intermediate
QQ which was shown to be an excellent precursor to thienamycin was made by the following
procedure  Treatment of 7g with oxalyl chloride (catalytic amount of DMF) at 0°C gave the
relatively stable acid chloride gﬁ) 1n quantitative yield Subsequent reaction of § with the
magnesium enolates formed via reaction of t-butylmagnesium chloride with hydrogen malonates in
THF gave excellent yields of the desired B-keto esters 23 (82%) and 23 (98%) 13 Furthermore,
the treatment of ﬁ’with Meldrum's acid!* 1n the presence of 4-dimethylaminopyridine (DMAP) gave
acylated Meldrum's acid which was reacted further with p-nitro benzyl alcohol to give the desired
B-keto ester (23) 1n 62% overall yield'® Catalytic debenzylation of 23 (Pd/HZ/MeOH) gave an
unstable B-keto acid'® which was immediately reacted with dicyclohexylcarbodiimide and p-nitro-
benzyl alcohol in the presence of DMAP!7 to give 9¢ 1in 717 overall yield The S,S,R~1ntermediate

(25) was converted to (i)—8-ep1thienamycin1’le

as reported The configuration at C8 (85) 1in }9
was 1nverted to 8R by the reported method*? using diethyl azodicarboxylate-triphenylphosphine

complex20 to give 11 which 1s a key intermediate in the thienamycin synthesls21
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