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B-LACTAMS FROM AZETIDINE CARBOXYLATES.
A SYNTHESIS OF (+)-3-ANA, THE NUCLEUS OF THE NOCARDICINS

*
Harry H. Wasserman , Alan W. Tremper and James S. Wu
Department of Chemistry, Yale University
New Haven, Connecticut 06520

Summary: A synthesis of (+)-3-ANA is described involving oxidative decarbonylation of an
azetidine carboxylic ester.

We have recently described new methods for the formation of g-lactams by the oxidative
decarboxylation]’3 or decarbony]ation2 of azetidine-2-carboxylic acids. We now report the
application of one of these procedures2 to the synthesis of (+)-3-aminonocardicinic acid
(3-ANA) (XII1), the nucleus of the nocardicins, g-lactam antibiotics recently isolated from a
strain of Nocardia.4’5 Our synthetic sequence outlined in Scheme I involves the preparation
of the p-lactam malonate (VII) which is then converted as shown to the key acid-azide inter-
mediate (IX).
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In earlier reports]’3

we have described the formation of a series of azetidine carboxy-
lates by the reactions of primary amines with dibromo esters such as (I). Attempts to convert
1la to the azetidine (IIIa) by this method were unsuccessful due to the unfavorable steric
factors in the reaction of the bulky malonate derivative with the dibromobutyrate (I).6
However, it was possible to form the azetidine (IIIb) by warming t-butyl 2,4-dibromobutyrate
(I) with the a-amino ester (IIb) (Na2C03, EtOH, 55°C, 4 days). The azetidine diester (IIIb)
m.p. 108-109° was obtained as a 1:]1 mixture of diastereomers (63%) »9
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Selective hydrolytic cleavage of the tertiary butyl group of the diester (IIIb) was
accomplished with anhydrous CF3COOH (CH,C15, 0°C, 2h). The intermediate azetidine car-
boxylic acid monoester (IV) thus formed was converted directly to the iminium salt (V) (de-
carbonylation) by treatment with oxalyl chloride (0°C, 2h) and then perchloric acid. Oxi-
dation of V using 100% meta-chloroperbenzoic acid (1 equiv)]0 and pyridine (2 equiv) (CHZC]Z,
0°C, 40 min.) gave the azetidinone (VI) m.p. 61-62°C (53% overall from IIIb)g’]]’]Z.

Treatment of g-lactam (VI) with hexamethyldisilazide (THF, -78°C, 2h) and then with
ethyl chloroformate resulted in selective carbethoxylation to yield the azetidine malonate
(VII) (64%), as a colorless 01'1.9’]3 Introduction of the azide group at the 3-position
of the g-lactam was accomplished by the procedure of Klhlein and Jensen. Anion formation
with LDA (THF, -78°C, 2h) was followed by the addition of p-toluenesulfonyl azide and then
trimethylsilyl chloride to yield VIII (50%)9’]5. Hydrolysis of the azide-malonate (VIII)
with 1IN NaOH (CH30H, 0°C, 2h) followed by acidification with IN HC1 resulted in decarboxy-
lation and formation of IX as a 1:1 mixture of diastereomers (70%). This material was found
to be completely identical (IR, NMR, and TLC) with the azide-acid diastereomeric mixture
formed by an alternate route as recently reportedlﬁ. Previous studies have described the
benzylation of the mixture of azide-acids (IX)]6, separation of the diastereomers by HPLC
to give X'®, reduction by HpS to (+)-dibenzyl 3-ANA hydrotosylate (XI)'®, and the final
hydrogenolysis to 3-ANA (XII)]7b. " The procedure outlined here, utilizing an azetidine car-
boxylate as a precursor to the g-lactam system thus constitutes an alternate route to 3-ANA
and to the nocaur‘dicins”’]8
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