8.4.3 NUCLEOPHILIC ADDITION REACTIONS A

Addition of Alcohols:
Hemiacetals, Acetals and Ketals

>C=0 =—) >C(OR),

[Nucleophilic Addition] [Reversible Equilibrium] [Acid-Catalysed]

Carbonyls react with alcohols under specific conditions to form vital, reversible synthetic intermediates.



STEP 1: THE INTERMEDIATE Ea

Forming the Hemiacetal TopAl
Aldehyde + R-OH = > Hemilacetal
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The Reactants The Product
Requires exactly one equivalent of monohydric Yields a hemiacetal intermediate. Structurally,
alcohol. this is an alkoxyalcohol—meaning both an -OH

group and an -OR group are attached to the
same carbon atom.

1 equivalent of alcohol yields a highly reactive hemiacetal intermediate.



STEP 2: THE FINAL PRODUCT A
Progression to Acetal TopAl

Hemiacetal + R-OH === Acetal + H50
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The Second Addition The Structure

A second molecule of the monohydric alcohol reacts The final product is a stable gem-dialkoxy compound.
with the intermediate hemiacetal, substituting the -OH The prefix ‘gem’ (geminal) indicates that two identical
group and releasing a molecule of water. -OR groups occupy the exact same carbon atom.

2 total equivalents of monohydric alcohol convert an aldehyde into a stable acetal.
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THE KETONE PATHWAY A
Forming Cyclic Ketals TopAll

[Dry HCI]

Ketone + Ethylene Glycol <—— Ethylene Glycol Ketal + H,0

O/\ [ j + H,0
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The Challenge The Solution

Ketones are sterically more hindered and electronically Using a diol (like ethylene glycol) allows both -OH
less reactive than aldehydes, making the addition of groups to attack the same carbonyl carbon, forming a
two separate alcohol molecules difficult. highly stable, 5-membered cyclic ring.

Ketones require diols to overcome reactivity hurdles, forming stable, cyclic ketal structures.



THE CHEMICAL ENGINE A

Why Dry HCI? Ll

1. Protonation
Dry hydrogen chloride provides protons (H*) that attach

\ to the carbonyl oxygen.
/C:0 B H+ *
2. Electrophilicity Spike
¢ This protonation dramatically increases the

electrophilicity (positive character) of the carbonyl carbon.

_+ 4 | ¢
[ B (":_O_H ] 3. Nucleophilic Attack

This activated state facilitates incredibly easy attack by the
relatively weak nucleophile (the alcohol / ethylene glycol).

Acid catalysis is mandatory to activate the carbonyl carbon for alcohol addition.



REVERSIBILITY & CONTROL A

Aqueous Acid Hydrolysis

aq. mineral acid

Acetal / Ketal + H,0 0 s Carbonyl + Alcohols

The Switch The Result

While dry hydrogen chloride pushes the Acetals and ketals are broken down
reaction forward to form the products, the (hydrolysed), yielding back the original
introduction of aqueous mineral acids aldehyde or ketone starting materials.

abruptly reverses it.

The reaction is highly controllable based entirely on the presence or absence of water.



EXAM-SMART SUMMARY

Aldehydes vs. Ketones

Dimension

Aldehyde Pathway

TopAll

Ketone Pathway

Starting Material

Aldehyde

Ketone

Alcohol Required

Monohydric Alcohol
(2 equivalents)

Diol (e.g., Ethylene
Glycol)

Intermediate Foxrmed

Hemiacetal
(Alkoxyalcohol)

Not easily isolable

Final Product Name

Acetal (gem-dialkoxy
compound)

Cyclic Ketal (Ethylene
glycol ketal)

Reversibility

Yes, via aqueous acid

Yes, via aqueous acid

A master reference table summarizing the nucleophilic addition of alcohols to carbonyls.
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