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The importance of the penicillins and cephalosporins among medicinal agents
has continued to stimulate studies on the chemistry of s—lactams.l New methods
of constructing the four-membered lactam ring are of particular interest in
connection with the synthesis of analogues of the naturally occurring anti-
biotics.2 In this report we describe a novel procedure for the preparation of
g~lactams which utilizes readily available starting materials and has considera-
able flexibility in the types of substituents incorporated.

The key feature of the synthetic method involves the oxidative decarboxyla-
tion of an azetidine carboxylic acid (A) by oxygenation of the dianion (B) formed
at low temperature from reaction with two equivalents of lithium diisopropylamide
(LDA). Uptake of oxygen by (B) yields the dilithium salt of the hydroperoxy acid
(C) which, upon acidification, rapidly decomposes to the g-lactam (D).
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For this study we have modified3 the procedure reported by Cromwell4 for
the preparation of azetidine carboxylic acids from y-lactones. For example,
starting with y-butyrolactone (l), the simple sequence of steps outlined in
Scheme I provides a variety of azetidine carboxylic acids for the oxidative
transformations described below.
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The oxidative decarboxylation sequence was carried out in a manner similar
to that described in our earlier report.6 Thus, treatment of the azetidine
carboxylic acid’ (4) with 2.2 equivalents of LDA at 0° for 1 hr gave an orange-
yellow solution of the dianion (B). The dianion, cooled to -78° was added via
syringe to a reaction we118 containing EtZO at -78° into which dry oxygen was

9

continuously circulated. After uptake of one equivalent of oxygen (ca.l min),
the reaction mixture was treated with 2.3 equivalents of a p-toluenesulfonic
acid - THF solution (dropwise addition) at —78".9 After the mixture had warmed
to room temperature, it was filtered free of all salts, concentrated in vacuo,
diluted with dry Et,0 and filtered again. Drying (MgSOa) followed by removal
of solvent and column chromatography (neutral alumina, CHCla—EtZO) afforded the
S—Iactamslo in yields ranging from 50-61% which could be further purified by

kugelrohr distillation.
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g-Lactams prepared by the above method are shown below. These compounds
(all of which exhibit infrared absorption at 1745-1740 cm_l) were further char-
acterized by comparison (ir and nmr spectra) with authentic samples, or, in the
case of new compounds, by ir, nmr, mass spectrometry and elemental analyses.

[ ]

0 ClCHy);  © “n-CgHy, 07 CHCHPh
nmr(CDCl3)Z 5 3.18 (t,2H) § 3.13 (m,4H) 8§ 7.27 (m,5H)
2.77 (t,2H) 2.84 (t,2H) 3.44 (t,2H)
1.33 (s,9H) 1.32 (m,6H) 3.04 (t,2H)
0.88 (t,3H) 2.82 (m,4H)
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¢ O o 0" TCHCH(OCHy),

§ 3.43 (s,br,1H) § 3.75 (s,br,1H) § 4.47 (t,1H)
3.21 (t,2H) 3.19 (t,2H) 3.38 (s,6H)
2.83 (t,2H) 2.80 (t,2H) 3.36 (t,2H)
1.50 (m,10H) 1.65 (m,Ll4H) 3.33 (d,2H)

2.95 (t,2H)

We are investigating the application of this method of g-lactam formation to
the synthesis of compounds related to the penicillins and cephalosporins as well
as to the preparation of other natural products containing the g-lactam ring.
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