NUCLEOPHILIC ADDITION REACTIONS + CHAPTER 8

Addition of HCN and Sodium
Hydrogensulphite

Mechanisms, catalysts, and synthetic lab utility for aldehydes and ketones.
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REACTION 01 » HYDROGEN CYANIDE A

Synthesizing Cyanohydrins
>C=0 + HCN 2 >C(OH)CN
:jCarbnnyl (Electrnphilel]j ( ;[Reagent]:] @Cyanﬂhydrin (Pmduct)]_)

Cyanohydrins are highly valuable

Aldehydes and ketones react with hydrogen gt . ;
cyanide (HCN) to undergo nucleophilic SO O 88, s
y J P vital stepping stones for further

addition, yielding cyanohydrins. : :
Y ey y complex organic transformations.




CATALYST MECHANISM « EXAM FOCUS

Why is a Base Catalyst Required?
0§ %

Pure HCN is too slow. Base generates CN-.

Pure hydrogen cyanide generates an Adding a base catalyst extracts a
insufficient concentration of the proton from HCN, rapidly generating a
nucleophile, causing the reaction to high concentration of the reactive
occur at an impractically slow rate. cyanide ion.

HCN + OH- & H,0 + CN-

Key-Takeaway: The generated Cyanide ion (CN-) is a strictly stronger nucleophile than
neutral HCN, readily and rapidly attacking the carbonyl carbon.
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REACTION 02 - SODIUM HYDROGENSULPHITE

Formation of the Bisulphite Adduct
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>C=0 + NaHSO,
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-

>C(OH)S0;Na

[Bisulphite addition compound]

Sodium hydrogensulphite adds across the
carbon-oxygen double bond of aldehydes and
ketones to form a distinct addition product.
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The Equilibrium Shift

Ketones: Equilibrium
lies largely to the
left due to bulky,
sterically hindering
alkyl groups.

Aldehydes:
Favorable right-
hand shift due to
lower steric
hindrance at the
carbonyl carbon.




LABORATORY APPLICATION A

Separation and Purification TopAll
Step 3: Regeneration /\ Stlep d: Fiel?icrzn e
The pure adduct is treated with dilute mineral (RIS enyae + 3-

acid or alkali. This reverses the equilibrium,
converting the adduct back into the pure,
original carbonyl compound.

Step 2: Precipitation & Filtration

The reaction forms a strictly water-soluble
addition compound. This allows it to be easily

separated from non-reactive, water-insoluble
insoluble organic impurities.

Because the reaction is highly reversible and the adduct is water-soluble, it serves as a
perfect chemical ‘filter’ for extracting aldehydes from complex organic mixtures.



SYNTHESIS « QUICK REVISION A

Comparing Nucleophilic Additions

Feature HCN Addition NaHSO, Addition
Nucleophile CN- (Requires Base) HSO,"
Product Formed Cyanohydrin Bisulphite addition compound
Physical Property Synthetic Intermediate Water-soluble crystal

Stepping stone for further Separation and Purification of

Primary Lab Utiiity organic reactions aldehydes

The Core Mechanism: Both reactions highlight the vulnerability of the planar, sp? hybridized carbonyl

carbon to nucleophilic attack, ultimately shifting to electrically neutral sp? tetrahedral intermediates.
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