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The amide is one of the most fundamental functional groups in chemistry. Amides are surprisingly robust
compared with structurally related derivatives, and it is believed that this linkage gains stability from
electron 'delocalization’. The amide group can be thought of in terms of two structures, one of which is
apolar, and the other dipolar. These two forms — known as resonance structures — differ in the location of
their double bond, and represent two theoretical possibilities of where the associated electrons could reside.
For the dipolar form to contribute to the linkage, the chemical bonds around the amide haveto liein the same
plane, in order to satisfy the geometrical requirements of the carbon-nitrogen double bond. In circumstances
where such caoplanarity cannot be achieved without distortion of the structure, stabilization of the amide bond
by electron delocalization is inhibited. Such twisted amides demonstrate unusually reactive chemical
behaviour compared with typical amide bonds.

In 1941, the young Harvard investigator (and eventual Nobel prizewinner) Robert B. Woodward thought
deeply about the reactivity expected of this type of distorted amide. Originally, this research was largdy of
academic interest, but a few years later the expected chemical behaviour of twisted amides became an
important issue in the determination of the structure of penicillin. There was, however, a serious difference
of opinion regarding the structure among the investigators at a time when modern analytical methods were
not available. The question revolved around the marked reactivity of penicillin towards decomposition with
water, a process known as hydrolysis. Woodward pointed out that the geometry of his suggested B-lactam
forced the bonds of the dipolar contributor out of coplanarity, inhibiting eectron delocalization and leading
to ready hydrolysis. In other words, his suggested structure contained a reactive twisted amide. The -lactam

structure was soon accepted, in large measure owing to the logic of Woodward's arguments.
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