Enol/Enolate Alkylations.

Enolization:
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Y ou should remember this picture from previous notes. The slight positive charge which
develops on the carbonyl carbon does more than make it a good electrophile - 1t also “acidifies™
the protons on the carbon next to it. In essence, it turns the pair of electrons in the r-bond into a

eood “leaving group” — even moderately weak bases can effect this transformation (sort of like
an elimination):
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The product of this reaction is an enolate. Enols can form under acidic conditions, but because
the carbonyl form is more thermodynamically stable, the enol 1s only present in tiny amounts:
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Enolates are stabilized by a mechanism similar to that of carboxvlates - the negative
charge 1s stabilized over two different atoms — in this case, both a carbon and an oxvgen atom.

This method of stabilization 15 present in both enols and enolates:

0® 0 ®OH

OH
TR Y TR

In the presence of good electrophiles, a nucleophilic attack occurs, leading to substitution
of the alpha carbon (the carbon next to the carbonyl group).
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The addition of electrophiles to the alpha carbon via the acid or base-induced formation of enols

(or enclates) forms the bulk of the material of this chapter. Let’s begin with our first example.
Reactions of Enols (i.e. Acidic conditions)

Acid-Catalvzed Halogenation of Aldehydes and Ketones

Our first example works under mild acidic conditions. Aldehvdes can easily be mono-
halogenated at the a{pha position by simply mixing the aldehvde with a halogen (usually Br, or
I;) and a trace of acid. IMPORTANT NOTE - if there are no alpha hydrogens, this reaction will
not take place!
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Because the various enols possible are under equilibrating conditions, usually the MOST
STAELE enol 15 the one formed in the highest consentration - and thus the one which reacts with
the halide. For example, methyl cyclohexanone can form two different enols - the more highly
substituted one 1s the most stable, and thus predominates:
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There are two major uses for these bromo-ketones and aldehvdes. The first is elimination

to form conjugated carbonvl compounds. This 15 a classic (and simple) method for preparing
such compounds:
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With cvclic ketones, these halogenated compounds can undergo what 15 called the
Favorski reaction. This 15 in essence a ring-contracting reaction, and usually proceeds in good
vield. Time permitting, we will discuss this mechanism in class:
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The Hell-Volhard-Zelinskii Reaction

As stated above, the acid-promoted alpfia halogenation only works with aldehydes and
ketones. What if vou need to brominate a carboxvlic acid? That's where the HVZ reaction
comes in. The reaction basically takes a difficult-to-enolize carboxylic acid, and first turns it
into a much more enolizable acid bromide. This reaction produces HEr, which then assists in the
alpha bromination of this acid bromide. Aqueous workup returns the acid bromide to the
carboxylic acid state. Workup with an alcohol would, of course, produce the ester.
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Please remember that while this reaction can be used to form and ester, it cannot be used with an

ester as starting material — vou must start with the carboxvlic acid!
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