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No efficient preparation of 4-unsubstituted monocyélic azetidinones from
penicillins has been reported in the chemical literature. Before our work
reported here, compounds of this type have been prepared by Raney nickel desul-
furization of penicillins to yield mixtures of products requiring repeated
recrystallizations or other separation techniques. Crystalline yields have
been reported of 10% for derivatives of pen V! and up to 42% for pen G.? We
have found that the title compounds can be prepared in good yield by the tri-n-
butyl - tin hydride reduction of la {(m.p. 71-73°C); pmr (CDCl;) & 7.2 (broad, 1l6H,
aromatic, -CO:CH~), 6.17 (4, J=4, 1H, H4), 5.68 (g, J1=4, J»=10, 1H, H3), 5.12
(brs, 1H, -N—éH—COz—), 4.92 and 4.98 (2s, 2H, =CH;), 4.55 (s, 2H, -OCH,CO-),

MeOH _

1.88 (s, 3H, CH;). Optical rotation of 1 was [a]D -49.9°.* Thus 2 is
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prepared by heating 10 mmoles of 1 with 10 mmoles of 2,2'-azobis-[2-methyl-
propionitrile] (AIBN) and 11 mmoles of n-Bu3SnH in 10 ml dry toluene at 65°C
for 4 hr. Yields of 83% of 2 crystallized upon cooling and thorough washing
with ether (m.p. 132-133°C); pmr (CDClj;) 8§ 7.2 (broad, 16H, aromatic, ~-CO,CH-),
5.08 (s, 2H, =CHp), 4.82 (s, 1H, -N-CH-CO;), 4.81 (m, 1H, H3), 4.45 (s, 2H,
-OCH,CO-), 3.85 (t, J=6, 1H, cis H4), 4.38 (q, J=3, 1lH, trans H4),® 1.83 (s,

3H, CHs3)."
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When n-Bu;SnH was replaced by n-Bu;SnD in the procedure above, the reduction
gaveian 80% yield of crystalline product which was shown by pmr to be a 1:1
mixture of the cis and trans 4-deuteroazetidinones. Thus the free radicals
initially produced from 1 lost their stereochemical integrity before they were
quenched.

The tin hydride method is generally useful for the reduction of chloro-
azetidinones. For example, the method has been recently applied in a nocardicin

synthesis,6 and in a preparation of 27 from the corresponding 4-chloro

compound.
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The cis 3-phthalimido derivative (4),° however, does not react in the same
manner as 1. As the reaction temperature is raised, several other parts of the
molecule are reduced before chlorine. The trans phthalimido compound (é)s upon

reduction with n-Bu;SnH gave the unexpected product 6 (m.p. 222-223°C); pmr
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4: R =cis Cl 6
5: R = trans Cl

(CDC1;) & 7.87 (broad, 4H, aromatic), 5.02 (s, 2H, =CH,), 4.88 (d, J=8, lH,
-N-éH—COz-), 4.33 (s, 2H, -N-CH,CO-), 3.70 (s, 3H, OCH;), 2.83 (s, 3H, CH3)?;
mass spectrum m/e 316 (M), 284 (M-OCHj;), 257 (M~CO,CH;3), 188 [M-NHC~(CO,CHj;)
C(CH3;)CH2]. 10 mmoles of a 70:30 mixture of cis:trans phthalimido compounds
(4:5) were heated with 10 mmoles AIBN and 1l mmoles n~Bu;3;SnH in 10 ml dry
toluene at 70°C for 4 hr. The solvents were removed under reduced pressure and
ether was added. 6 precipitated and was filtered (1.2 mmoles, 40% yield from

3). After removing the ether, 4 was found to be unchanged. Upon heating 4 to
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higher temperatures (90°C) with AIBN and n-Bu;SnH, all products had the
phthalimido side chain reduced, and several products had the chlorine reduced
and the B-lactam opened.

The sensitivity of radical quenching by tributyl tin hydride to steric
hindrance has been demonstrated,® and so it seems likely that the notorious bulk
of the phthalimido group is responsible for the relatively drastic conditions
required for the reduction of 4 as well as for the unusual course of the reduction
of 5. In 4 the phthalimido group would directly hinder approach to the 48-
chlorine. 1In 5 the phthalimido group would indirectly hinder approach to the
4a~-chlorine because the methyl ester group is forced to shield the a-face of the
B-lactam. A mechanism for the formation of 6 from 5 is suggested below. There
is ample precedent for each step in the mechanism.!® The intermediate 8
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corresponding to 7 is not formed readily from 4 because it suffers more severe

steric compression than does 7.'!
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