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6.6: Preparation of Alcohols
We have already seen several methods by which alcohols can be produced, mostly in Chapter . For example, the addition of water
across a double bond, either through acid catalysis (Markovnikov addition) or by hydroboration/oxidation (Anti-Markovnikov
addition), produces alcohols. We have also seen, under certain conditions, that alcohols can be produced by nucleophilic
substitution. Both  and  reactions can produce alcohols, and now would be a good time to review all of these reactions
(covered in Chapters , ,  and ).

A reaction that we have not yet encountered is the reduction of carbonyl compounds. For example, a ketone such as acetone can be
reduced through a reaction with sodium borohydride ( ) or lithium aluminum hydride ( ) ; both of these molecules
can deliver hydride ( ) to the partially positive carbon of the carbonyl.

Sodium borohydride ( ) is generally the reagent of choice as it is less reactive and the reaction can be carried in an open
flask, whereas  typically must be used with solvents that do not contain water and under a dry atmosphere. The
intermediate  complex is destroyed by adding aqueous acid to give the final alcohol product.

Reactions where hydride is delivered to a carbonyl are similar to a reaction found in biological systems.  (Nicotinamide
Adenine Dinucleotide Hydride) is an unstable intermediate generated through a number of metabolic processes (such as
fermentation), while not as reactive as , and (like, essentially, all biological reactions) requires a catalyst (an enzyme) to
bring about the reduction of carbonyls; but the mechanism is similar. The reaction (like all reactions) is also reversible, so that the
oxidized version of , , can accept a hydride from an alcohol to produce a ketone. In the mechanism (with only the
nicotinamide part of  shown) the “ ” group attached to the  in the ring is actually a complex molecule consisting of an
adenine moiety (a base found in nucleic acids and nucleotides), two sugar units (ribose), and two phosphate linkages. For now, let
us focus on the similarities between the reduction reactions discussed above and those that take place in biological systems.

Reduction of a carbonyl by  by delivery of  to the carbonyl carbon 

The conversion of pyruvic acid to lactic acid during glycolysis is just such an example. By looking at simpler systems, we can
understand (and model) the types of reactions that occur in organisms.

Alcohols can also be produced by direct reduction with (g) using a transition metal catalyst, in a way similar to the reduction of 
, except that the hydrogens add across the .

The choice of reducing agent depends on presence of other functional groups within the molecule. For example, if we wanted to
reduce a carbonyl group in a molecule that also had a carbon-carbon double bond, we would not use  as the reagent/catalyst,
since it would also reduce the double bond as shown here ( ).

Preparation of alcohols with Grignard reagents: 

Just as we can add hydride ion by a nucleophilic attack at a carbonyl, we can also add an alkyl group, which formally contains a
carbanion (a negatively charged carbon). The most common way to do this is via a Grignard  reagent, produced by reacting an
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alkyl halide with magnesium metal in a dry atmosphere with a non-protic solvent such as diethyl ether ( ). The resulting
Grignard reagent, , is now polarized with a large partial negative charge on the carbon.

For our purposes, we can treat the Grignard as if it were a carbanion, which will react with a carbonyl group in much the same way
as a hydride ion.

Reaction of a Grignard reagent with a ketone to give an alcohol 
This reaction is applicable to a wide range of compounds that contain carbonyl groups including aldehydes and ketones, and (as we
will see later) to esters and acid chlorides, but not carboxylic acids (why do you think that is?).

This page titled 6.6: Preparation of Alcohols is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Melanie
M. Cooper & Michael W. Klymkowsky.
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