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Reactions of aldehydes and ketones

1) Nucleophilic addition

• The carbonyl group, C=O, governs the chemistry of aldehydes

and ketones. It does this in two ways:

• (a) by providing a site for nucleophilic addition, and

• (b) by increasing the acidity of the hydrogen atoms attached to

the alpha carbon.



• The carbonyl group contains a carbon-oxygen double bond; 

since the mobile ∏ electrons are pulled strongly toward 

oxygen, carbonyl carbon is electron-deficient (acidic) and 

carbonyl oxygen is electron-rich.

• Carbonyl is flat, so it is open to attack from above or below, in 

a direction perpendicular to the plane of the group.



• The carbonyl group is most 

susceptible to attack by electron-

rich, nucleophilic reagents (bases).

• The typical reaction of aldehydes 

and ketones is nucleophilic 

addition.



Addition reactions occur by two different mechanisms:

• Base-catalyzed addition (under basic or neutral 

conditions).

• Acid-catalyzed addition (under acidic conditions).





• Larger groups (R and R') tend 

to resist crowding more than 

smaller groups (steric 

hindrance).

• Aldehydes undergo 

nucleophilic addition more 

readily than ketones.



• A second alkyl or aryl group of a ketone is larger than the

hydrogen of an aldehyde, and resists more strongly the

crowding together in the transition state.

• An alkyl group releases electrons, and thus destabilizes the

transition state by intensifying the negative charge developing

on oxygen.



• Reactivity of a carbonyl toward nucleophilic addition decreases 

with increasing bulkiness of carbonyl substituents:



• Aryl group seems to stabilize the carbonyl group, by resonance, 

and thus causes deactivation of the nucleophilic addition.



• If acid is present, hydrogen ion becomes attached to carbonyl 

oxygen.

• Thus nucleophilic addition to aldehydes and ketones can be 
catalysed by acids (sometimes, by Lewis acids).



• Basicity of Aldehydes and Ketones,

– The weakly basic carbonyl oxygen reacts with protons or Lewis 

acids.

– The protonated form of the aldehyde or ketone is resonance-

stabilized. This gives the aldehyde/ketone conjugate acid 

carbocation character.





Oxidation

• Aldehydes has hydrogen atom attached to the carbonyl carbon

easily oxidized to carboxylic acids.

• Ketones has not hydrogen don’t undergo oxidation.





• Regardless of exact mechanism, this hydrogen is abstracted in

oxidation, either as a proton or an atom.

• Under acidic conditions, the aldehyde is oxidized to a

carboxylic acid. Under alkaline conditions, this couldn't take

place because it would react with the alkali. A salt is formed

instead.





• The oxidation of aldehydes to carboxylic acids is a two-

step procedure. 

- First step; one mol of water is added in the presence of 

an acidic catalyst to generate a hydrate (gem-diol).





• Second step; the hydrate is oxidized to the carboxylic 

acid eliminating water.



• Oxidation of aldehyde by

chromic acid, is

accompanied with an

elimination (by a cyclic

mechanism) from an

intermediate chromate

ester.







Any Questions


