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Concept QuickStart - Preparation of Aldehydes and Ketones

Unit 8: Aldehydes, Ketones and Carboxylic Acids

Subject: For CBSE Class 12 Chemistry

SECTION 1: UNDERSTANDING THE CONCEPT

Carbonyl compounds, specifically aldehydes and ketones, represent the strategic "functional
heart" of organic synthesis. These molecules are far more than just structures on a page; they
are the chemical bridge between simple hydrocarbons and the complex machinery of life. In
nature, these compounds are responsible for the scents of vanilla beans (vanillin) and
cinnamon (cinnamaldehyde), while in industry, they serve as the vital starting materials for
plastics, fabrics, and life-saving drugs. Mastery of their preparation is the first step in
understanding how chemists exert precise control over molecular architecture.

1.1 What Is the Preparation of Aldehydes and Ketones? (Core Idea and Anchor Definition)
At the simplest level, preparing these compounds is about creating a carbon-oxygen double
bond. Imagine you are "upgrading" a molecule—like an alcohol or a hydrocarbon—by
carefully removing hydrogen atoms or introducing oxygen under strictly controlled conditions
to change its entire chemical personality.

At the particle level, we are changing the carbon atom’s "lifestyle" through sp2 hybridization.
During the reaction, the carbon atom sits and "waits" for the oxygen to arrive and share its p-
orbitals. This transformation forces the carbon into a flat, triangular layout. This specific
shape is crucial because it creates an "open target" for future reactions, with an electron-rich
oxygen and an electron-deficient carbon.

The preparation of aldehydes and ketones involves the controlled oxidation or
transformation of alcohols, hydrocarbons, acyl chlorides, or nitriles to form a polarized
carbonyl group (>C=0).

Common Misunderstanding: You might think the carbon-oxygen double bond is just like the
carbon-carbon double bond in alkenes. Actually, they are very different because oxygen is far
more electronegative than carbon. Preparation isn't just about sticking atoms together; it's
about creating a highly polarized "electronic center" where the carbon is hungry for electrons
(electrophilic) and the oxygen is ready to share them (nucleophilic).

1.2 Why This Preparation Matters In organic chemistry, the hardest partisn't starting a
reaction; it's knowing how to "stop" it. Most strong oxidizing agents want to turn an alcohol
directly into a carboxylic acid. The preparation methods we study are designed to "arrest" or
stop the oxidation specifically at the aldehyde stage. This precision is vitalin biological life,
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where intermediate carbonyl compounds serve as essential building blocks for energy
pathways and biochemical signaling. For your Board exams, these methods are prioritized
because they test your ability to use "selective reagents"—like poisoned catalysts—that
provide this exact level of engineering.

1.3 Why This Concept Exists These preparation methods exist to solve a specific chemical
dilemma: how to create a reactive carbonyl center without over-oxidizing the rest of the
molecule. Without methods like the Etard reaction, it would be nearly impossible to
selectively transform a simple toluene molecule into the fragrant benzaldehyde used in
perfumes.

In the real world, these reactions allow for the production of:

o Fragrances and Flavors: Synthesizing the scent of meadow-sweet (salicylaldehyde) or
almond.

e Industrial Solvents: Creating acetone (propanone) for use in paints and resins.

o Preservatives: Manufacturing Formalin (a 40% formaldehyde solution) used for
biological specimens.

1.4 Analogies and Mental Image Think of preparing an aldehyde as a "Controlled Braking
System" on a steep hill. If your "car" (the starting alcohol) rolls freely down the "hill of
oxidation," it will crash into the bottom and become a carboxylic acid. The reagents we use
act as the brakes, and the intermediate (like the chromium complex in the Etard reaction) is
the "braking point" where the car stops safely before the hill gets too steep.

o The Car (Substrate): Your starting material, such as a primary alcohol or toluene.
o The Slope (Oxidizing Agent): The chemical force driving the transformation.

e The Braking Point (Intermediate): The complex or imine that prevents further
reaction.

o The Brakes (Catalyst): Specific chemicals like DIBAL-H or Pd/BaS0O4 that ensure
precision.

Picture this: A carbon atom reaching out with three arms in a single plane, exactly 120
degrees apart. Above and below this flat triangle, a cloud of pi-electrons hovers like a double-
sided cushion. As the oxygen atom pulls this electron cloud toward itself, the carbon atom
becomes "exposed" and electrophilic, waiting for its next partner.

This is what the preparation of aldehydes and ketones looks like in your mind's eye.

1.5 Everyday Context and Applications You encounter these preparation methods every
time you smell the sharp scent of a solvent or the pleasant aroma of a cinnamon stick. These
properties exist because the carbonyl group is shaped perfectly to interact with your
biological receptors.
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In technology, these methods are vital for creating Urea-formaldehyde glues used in the
construction of almost all modern furniture.

Counterintuitive Example: You might think that a "poisoned" catalyst is a mistake or a sign of
a bad reaction. But actually, "poisoning" a catalyst like Palladium with Barium Sulphate is a
form of Precision Engineering. We intentionally weaken the catalyst so it is just strong
enough to make the aldehyde but too weak to turn it into an alcohol.

The conceptual understanding of these structures provides the foundation for the technical
precision required by the NCERT syllabus.

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT)

The NCERT frames the preparation of carbonyl compounds as a "standard operating
procedure." Success depends entirely on the precision of the reagents and conditions, such
as temperature and the choice of catalyst.

2.1 NCERT Key Statements

o Alcohol Oxidation: Primary alcohols are oxidized to aldehydes, whereas secondary
alcohols yield ketones.

o Dehydrogenation: Passing volatile alcohol vapors over heavy metal catalysts (Ag or
Cu) at 573K is a key industrial method for producing aldehydes and ketones.

e Rosenmund Reduction: Acyl chlorides are reduced to aldehydes using hydrogen over
a palladium catalyst "poisoned" with BaS0O4 (Pd/BaS04).

o Stephen Reaction: Nitriles are reduced to a corresponding imine (intermediate) using
SnCl2 and HCL, followed by hydrolysis to yield aldehydes.

o DIBAL-H Utility: Diisobutylaluminium hydride (DIBAL-H) is a "selective scalpel" that
reduces nitriles and esters directly to aldehydes at low temperatures.

o Etard Reaction: Toluene is oxidized using CrO2Cl2 to form a chromium complex
intermediate; subsequent hydrolysis yields benzaldehyde.

e Side-Chain Chlorination: Acommercial method where toluene undergoes
chlorination to form benzal chloride, followed by hydrolysis to produce benzaldehyde.

o Hydration of Alkynes: Ethyne is the only alkyne that yields an aldehyde
(acetaldehyde) when treated with H2SO4 and HgSO4; all other alkynes produce
ketones.

2.2 NCERT Examples and Distinctions The Gatterman-Koch Reaction is a featured NCERT
example: treating benzene with CO and HCl in the presence of anhydrous AlLCIL3 to produce
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benzaldehyde. This demonstrates how even a stable aromatic ring can be "tamed" into a
carbonylcompound using the right reagents.

Key Distinctions to Note:

e Aldehyde-Only Methods: The Rosenmund, Stephen, and Etard reactions are
specialized tools that cannot be used to make ketones.

o Ketone-Specific Methods: Using dialkylcadmium on acyl chlorides or reacting nitriles
with Grignard reagents are methods strictly for ketone synthesis.

Understanding these technical requirements is essential for accurate recall during the
examination.

SECTION 3: CLARITY AND MEMORY

"Knowing" these reactions is different from "remembering" them under the pressure of a
three-hour Board exam. These anchors will help you differentiate between similar-looking
reagents.

3.1 Key Clarity Lines

e The Tertiary Trap: Tertiary alcohols do not follow the primary/secondary path; they are
resistant to standard oxidation and will not form aldehydes or ketones easily.

o Resonance Reality: Benzaldehyde is actually less reactive than propanal. Why?
Because the benzene ring "donates" electrons to the carbonyl carbon via resonance,
making that carbon less "hungry" (electrophilic).

e The DIBAL-H Rule: If you see an ester or nitrile and the goal is an aldehyde, DIBAL-H is
your selective reagent.

o« The Electron-Pushing Effect: Ketones are less reactive than aldehydes because they
have two alkyl groups pushing electrons toward the carbonyl carbon, making it less
electrophilic.

3.2 How to Remember the Preparation Methods

The "Name Game" Mnemonic: To remember the specific reactions for aromatic aldehydes,
use: "Rose and Stephen Etch the Koch into the Ring."

Rose (Rosenmund): Reduction of Acyl Chloride (Pd/BaS04).

Stephen: Nitriles to Aldehydes (SnC12/HCL).

Etch (Etard): Chromyl Chloride on Toluene.

Koch (Gatterman-Koch): Benzene + CO/HCL.
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Memorable Phrase for Pd/BaS04: "Palladium on the Barium floor stops the reaction at the
Aldehyde door." This reminds you that Barium Sulphate is the "brake" that prevents over-
reduction.

The Physical Gesture: To represent the Preparation of a carbonyl (dehydrogenation), hold
your hands together in front of you (representing C-H and O-H bonds). Pull one hand away
sharply while rotating the other hand to a vertical position. This motion mimics the loss of
hydrogen and the "flipping" of the remaining bond into a vertical C=0 double bond.

Extreme Association: Imagine Chromyl Chloride (CrO2Cl12) as a pair of Orange-Red
Molecular Scissors. These specific "Etard Scissors" are used to snip the hydrogens off
Toluene. If you use the wrong scissors, the molecule grows into a giant Benzoic Acid tree; but
the "Orange-Red Scissors" give you a perfect Benzaldehyde flower.

You are now equipped with the logical framework and memory anchors needed to excel
in the preparation of aldehydes and ketones for your Class 12 Chemistry exams.
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