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Preparation of a Penicillin-derived 4-Mercaptoazetidin-2-one

By Jack E. BALpwIN* and MicHAEL A. CHRISTIE

(Chemistry Deparvtment, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139)

Summary The 4-mercaptoazetidin-2-one (3a) was pre-
pared by acid treatment of the penicillin-derived S-
lactam (2); thermolysis of (3a) gave the thiazole (4), by a
process which did not proceed via the thiazoline (2).

MERCAPTOAZETIDINONES (1,2-secopenicillins) of general
structure (1) have been proposed in early studies on peni-
cillin biosynthesis as intermediates on the path to peni-
cillins! and more recently they have been implicated in the
conversion of anhydropenicillin into penicillins.2 Prepara-
tions of these compounds have involved total synthesis3—5
and reduction of sulphenic acids derived from penicillin

sulphoxides,® under which conditions they close spon-
taneously to thiazolines, e.g. (2), unless intercepted by
acylating agents.” Other reports of their transient prepara-
tion involve treatment of penicillins with strong bases,?
wherein they were trapped by alkylation®:® and recently it
was claimed?® that such thiols can be obtained by reaction
of the thiazolines (2) sequentially with silver perchlorate
and hydrogen sulphide. In addition, such thiols have been
freed from the thiazolines (2) with acid and trapped!! by
alkylation, halogenation, or by reaction with sulphenyl
halides. We report a simple and efficient preparation of an
example of this class from the thiazoline (2).
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Thus on warming (2) in 1 M aqueous hydrochloric acid—
methanol (1:3) at 35—40 °C for 10 min, the thiol (3a)t
precipitated (93%,) and was recrystallized (CH,Cl,—Et,0)
to m.p. 122—125 °C, n.m.r. (CDCl,) § 1-88 (s, 3H), 2-02 (d,
J 8 Hz, 1H), 4-51 (s, 2H), 482 (s, 1H), 4-90—5-15 (m, 2H),
517 (s, 2H), 5-30—5-60 (m, 2H), 6-77—7-40 (m, 10H), and
7-69 (d, J 8-Hz, 1H); ir. (CHCl,) 3410, 1770, 1740, and
1683 cm™!. On refluxing the thiol (3a) in the above
solvent mixture it was quantitatively transformed to the
known thiazole (4).6 The structure of (3a) was substanti-
ated by oxidation (I, tetrahydrofuran, NaHCOy) to the
disulphide (3b) [oil, 65%; n.m.r. (CDCl,) & 1-87 (s, 3H),
4-50 (s, 2H), 4-87 (s, 1H), 4-97—5-36 (m, 6H), and 6-76—
7-58 (m, 11H); i.r. (CHCl,) 3400, 1770, 1740, and 1685 cm™1],
and by acetylation (acetyl chloride-pyridine, —10 °C,
20 min) to the acetate (3¢) [oil, 63%; n.m.r. (CDCl,) 6 1-84
(s, 3H), 2:20 (s, 3H), 4-50 (s, 2H), 4-77—>5-10 (m, 3H), 518
(s, 2H), 5-46 (dd, J 5 and 8 Hz, 1H), 5-94 (d, J 5 Hz, 1H),
and 6-77—7-43 (m, 11H); ir. (CHCl;) 3400, 1775, 1740,
1703, and 1690 cm—']. This substance (3c) was identical

1 All new compounds gave satisfactory analytical data.
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(i.r., n.m.r.) to a sample prepared directly from penicillin V
sulphoxide benzyl ester by thermolysis in the presence of
trimethyl phosphite-acetic anhydride.?

It was of interest to observe that the thiol (3a) on heating
(140 °C) was converted quantitatively into the thiazole (4),
under conditions in which the thiazoline (2) was recovered
unchanged, thereby proving that the thiazoline is not an
intermediate.!? A reasonable alternative is that preliminary
opening of the fB-lactam provides the thioaldehyde (5)
which as its enol (6) closes to the thiazole (4) (Scheme). A
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similar mechanism could hold for the acid-catalysed con-
version of (2) into (4), since we have now shown that the
thiol (3a) is an intermediate by its isolation. It is interest-
ing that the more obvious direct conversion of (2) into (4)
implies the breakage of two mutually orthogonal bonds,
i.e., C(6)-H and C(5)-N.
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