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CARBONYL COMPOUNDS — SUMMARY & EXERCISES

Structure and Nomenclature

ALDEHYDE KETONE
Structural formula: Structural formula:
R R
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Replace the ‘e’ in alkane name with ‘- Replace ‘e’ in alkane name with ‘one’.
al’. As the carbonyl group in an Longest chain is numbered from end
aldehyde is at the end of the parent closest to the carbonyl group. Number
chain, the carbonyl carbon is usually assigned to C=0 group is usually written
numbered ONE before the ketone name

Exercise 1

Draw the structural formulae for the following carbonyl compounds

(a) methanal, ethanal, benzaldehyde, 3-hydroxylbutanal

(b) propanone, phenylethanone, diphenylmethanone, 2,4-dimethylpentan-3-one

Reactivity

The carbon atom is sp? hybridised. The unhybridised p orbital overlaps with the p orbital of the
neighbouring oxygen atom to form a pi bond.

Shape: Trigonal planar with respect to the carbonyl C. (Bond angle 120 °)

Properties: large dipole moment on the C=0 because of the more electronegative oxygen.
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Carbonyl C has a partial positive charge and hence is susceptible to Nucleophilic attacks

Aldehydes are more reactive than ketones because of:

o Steric Effect - two alkyl or aryl groups around the carbonyl carbon of a ketone hinder the
approach of attacking reagents to the carbonyl group

o Electronic Effect - the alkyl or aryl groups are electron-donating which reduces the partial
positive charge on the carbon atom. This makes the carbonyl carbon less susceptible to
nucleophilic attack.

o The order of reactivity of aldehydes & ketones:

C=0 > C=0 > C=0 > C=0 > C=0> cC=0
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Important Reaction - Addition of HCN

R
R NaOH |
C=0 +HCN __ | R—C—OH
R’ 10-20°C |
CN
cyanohydrin

Mechanism: Nucleophilic Addition

Step 1: Generation of nucleophile (CN7)
(a) If using NaOH:

HCN+OH  __fast _ H,0+CN-

(b) if using trace NaCN
NaCN — Na* + CN-

Step 2: Nucleophilic attack on the carbonyl carbon

R
R+ & | -
SC=0 +wcN W, R—C—O
Rl/ |

CN

Step 3: Protonation of the anionic intermediate and regeneration of nucleophile CN-

R R
| & |

R'—?—O +H-CN fast R'—C|)—OH +CN
CN CN

Step-up reaction (increase 1 carbon) while retaining the -OH group (compare against nucleophilic
substitution of halogenoalkanes)

»  Cyanohydrin formed, if contains a chiral carbon, will be optically inactive. In Step 2, the CN"
attacks the sp? hybridised planar carbonyl carbon from both sides to equal proportion,

producing a racemic mixture and hence optically inactive.

Rus+ 5
>C=0 +-:CN
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Exercise 2 - Preparation and Reactions

Reactant |Product Reagent Condition | Type Obsvn Equation Remarks
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