Teacher Orientation

Aldehydes, Ketones and Carboxylic Acids contains following topics:
Nomenclature

Preparation

Properties

Student Orientation

Preparation and Properties Of Aldehydes, Ketones and Carboxylic acids

Concept Detail

Aldehydes, Ketones and Carboxylic acids

IUPAC Nomenclature of Aldehydes:
1. Number the longest chain starting from carbon of aldehyde group.
2. Name the compound by changing -e to -al (e.g. ethane to ethanal).
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IUPAC Nomenclature of ketones:
1. Number the longest chain from the end nearest to the carbonyl group.
2. Name the compound by changing -e to -one (e.g. ethane to ethanone).
Examples:
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Preparation of Aldehydes:
1. From acyl chloride (Rosenmund reduction) :
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Benzoyl chloride Benzaldehyde

2. From nitriles:
(1) Stephen reaction :

+

RCN + SnCl, + HCl —— RCH = NH ﬂ}R{ZHD

(I1)_reduction of nitrile by diisobutylaluminium hydride ( AIH(i-Bu)2) and (DIBAL-
H) to imine followed by hydrolysis:
3. From aromatic hydrocarbons to aromatic aldehydes:
(1) By oxidation of methylbenzene:
(a) Using chromyl chloride (CrO2CI2) (Etard reaction):

CH, CH(OCrOHCL,), ) CHO
CI, + Cro,cl, —=22 @’ H,0 @’

Toluene Chromium complex Benzaldehyde

(b) Using chromic oxide (CrO3):
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Benzaldehyde

(1) Chlorination followed by hydrolysis:

CH, CHCI, CHO
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Toluene Benzal chloride Benzaldehyde

(11 by Gatterman - Koch reaction:

CHO
CO,HCl
Anhyd. AICL/CuCl

Benzene Benzaldehyde

Preparation of Ketones:
1. From acyl chlorides:
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2. From nitriles:
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(1-Phenylpropanone)
3. From Friedel-Crafts acylation reaction:
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Reactions of aldehydes and ketones:

Aldehydes and ketones undergo nucleophilic substitution reaction. In nucleophilic

substitution, a species that has extra electron or lone pair of electron attacks the

carbonyl carbon of the ketone or the aldehyde leading to an alkoxide intermediate as

shown in the middle figure below. This alkoxide intermediate can capture a proton to

produce a neutral species as shown below.
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Reactivity of aldehyde vs ketone:
Aldehydes are usually more reactive than Ketones for two reasons: 1. steric and 2
electronic reasons

Sterically, the presence of two bulky (large) groups in ketones will hinder the
attack of nucleophile to carbonyl carbon in ketone. Aldehydes have only one bulky
group around the carbonyl carbon and it is easier for the nucleophile to attack the
carbonyl carbon as compared to ketones.

Electronically, aldehyde is also more reactive than ketone because the presence
of two alkyl groups in ketones will reduce the electrophilicity (partial positive charge )
of the carbonyl carbon due to inductive effect by the alkyl groups. Therefore, attack
of nucleophile on carbonyl carbon in ketone is harder than attack of carbonyl carbon
in aldehyde making the aldehyde more reactive.
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2. Reduction:

(i) Reduction of aldehydes and ketones to primary or secondary alcohol using
sodium borohydride or lithium aluminum hydride.

(i) Reduction of aldehydes or ketones to hydrocarbons using Clemmenson
reduction or Wolff-Kishner reduction

N Zn-Hg = "\
/C—O T > /CH! + H,O
Clemmensen reduction
N NHNH, =N KOH/ethylene glycol _ 5
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Wolff-Kishner reduction
3. Oxidation:

Aldehydes can be easily oxidized to carboxylic acids using nitric acid, potassium
permanganate, potassium dichromate, etc. Even mild oxidizing agents, mainly
Tollens’ reagent and Fehlings’ reagent also oxidize aldehydes.
Oxidation of ketones, however, require more stronger oxidizing agent in more
vigorous conditions.

(i) Tollen's test (used to distinguish aldehydes from ketones, aldehydes give
positive test by producing a bright silver mirror):

RCHO + 2[Ag(NH,),]’ + 3 OH——RCOO + 2Ag + 2H,0 + 4NH,

Tollen's test
(i) Fehling's test (used to distinguish aldehydes from ketones, aldehydes give
positive test by producing a red-brown ppt. except

aromatic aldehydes): B
R-CHO + 2Cu® + 50H —— RCOO + Cu,0 + 3H,0
Red-brown ppt

Fehling's test
(iif) Oxidation of methyl ketones using haloform reaction: both aldehydes and
ketones having at least one methyl group
attached to the carbonyl carbon will react to give a product having one less

carbon atom as shown in the reaction below:
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4. Reaction due to a-hydrogen:
Aldehydes and ketones also undergo reaction due to acidic nature of alpha
hydrogen atom. The acidic nature of alpha hydrogen of aldehydes and ketones is
due to strong electron withdrawing nature of carbonyl group and resonance
stabilization of conjugate base as shown below:
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negative charge on alpha carbon is stabilized by the carbonyl group.
(i) Aldol condensation: Aldehydes and ketones having at least one hydrogen a-

hydrogen undergoes reaction in weakly

basic condition to form B-hydroxy aldehydes (aldol) or B-hydroxy ketones
(ketol), respectively. B-hydroxy aldehydes (aldol) or 3

hydroxy ketones (ketol) readily loses water to give a,B-unsaturated carbonyl

compounds.
dil. NaOH

92 CH,~CHO =———2 CH,-CH-CH,-CHO TAo" CH,~CH=CH-CHO
Ethanal (I)H But-2-enal
3-Hydroxybutanal (Aldol condensation
(Aldol) product)
CH, CH,
Ba(OH), | A |
2CH,-CO-CH, &——= CHs‘?'CHgCO’CH;;W CH,-C=CH-CO-CH,
Exgpanone OH 4-Methylpent-3-en-2-one
(Ketol) (Aldol condensation
4-Hydroxy-4-methylpentan-2-one product)

2. Cross aldol condensation: When aldol condensation is carried out between
two different aldehydes or ketones or an aldehyde
and a ketone having alpha-hydrogen, the reaction is called cross cross aldol
condensation.

CH,CHO 1. NaOH CHa-CH=(|3-CHO + CH,CH,-CH=CHCHO
+ 2, & CH:;
CH,CH,CHO 2-Methylbut-2-enal Pent-2-enal

from one molecule of ethanal and one molecule of propanal
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1, 3-Diphenylprop-2-en-1-one
(Benzalacetophenone)
(Major product)

Other reactions:
(i) Cannizzaro reaction: Aldehydes with not alpha-hydrogen is self oxidized and
reduced in the presence of conc. base to form
alcohol and carboxylic acid salt respectively.
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Formaldehyde Methanol Potassium formate

2 QCHD + Conc. NaOH —> QCH,DH + @—CDDNa
Benzaldehyde Benzyl alcohol Sodium benzoate

(ii) Electrophilic substitution reaction: Aromatic aldehydes and ketones act as
moderately deactivating group and electrophiles

are added
to the meta O.N
position. @L'l]() —"]:::;;:: @—t?m}
Benzaldehyde m-Nitrobenzaldehyde
CARBOXYLIC ACID

1. HELL-VOLHARD-ZELINSKY REACTION (HVZ)

Carboxylic acids having an a. — hydrogen are halogenated at the o —position
on treatment with chlorine or bromine in the presence of small amount of red
phosphorus to give a —halocarboxylic acids.

RCH,COOH + X, RedPHLHO, DRCHXCOOH

2. ESTERIFICATION
Carboxylic acids react with alcohols or phenols in the presence of a mineral
acid such as conc.H2S0a as catalyst to form esters.




RCOOH + R°OH —H—— RCOOR’ + H,0O

3. DECARBOXYLATION:

Carboxylic acids lose carbon dioxide to form hydrocarbons when their
sodium salts are heated with sodalime NaOH and CaO in the ratio 3: 1.
RCOONa NNOH*©0/4  RH + Na,COs

Activity

1.

Perform an activity to detect which out of two test tubes-A and B contain
aldehyde.
Perform an activity to detect the presence of functional groups in the given

organic compounds.

Instant Diagnosis Questions

LN

Which reagent is used to convert primary alcohols to aldehydes?

Aldehydes and ketones are soluble in water. Why?

Which types of compounds undego Cannizaro reaction?

Which is more reactive towards nucleophilic substitution reactions —Aldehydes or
ketones?

Formative Assignments

5.

Toluene with CrOz and Acetic anhydride forms benzaldehyde. Explain.

Would you expect benzaldehyde to be more reactive or less reactive in
nucleophilic addition reactions than propanal? Explain your answer.

Carbonyl carbon of carboxylic acid is less electronegative than aldehydes

and ketones give reason.

Carboxylic acids are having higher boiling points than aldehydes, ketones and
even alcohols of comparable molecular masses. Explain.

Carboxylic acids are stronger acids than pheonol thought both possess

resonance stabilization of respective anions.



L evelwise Assignment
Level 1

Q1.Explain the following reactions:

1) Rosenmund reaction

2) Wolf-Kishner reaction

3) Cannizaro reaction
Q2. Which acid of each pair shown here would you expect to be stronger -
CH3COOH or FCH,COOH?

Level 2

Distinguish between the following:-
(a) Phenol and alcohol

(b) Benzaldehyde and Propanal

(c) Acetic acid and formic acid

(d) Benzophenone and acetophenone
(e) Ethanal and propanal

Level 3

1.
Which acid of each pair shown here would you expect to be stronger?
(i) CH,CO,H or CH,FCO,H (@) CH,FCOH or CH,CICO,H

(i1} CH,FCH,CH,CO,H or CH,CHFCH,CO,H

™ FC —@— COOH or HC —@— COOH

2.Give explanation for each of the following:
i) Cyclohexanone forms cyanohydrin in good yield but 2,2,6-

Trimethylcyclohexanone does not.



i) During the preparation of esters from a carboxylic acid and an alcohol in the
presence of an acid catalyst, the water or the ester should be removed as soon

as it is formed.

Project

1) Prepare a road map for
)} preparation of aldehydes and ketones
i) chemical properties of aldehydes and ketones

2) Construct a table that compares and contrasts the key properties of aldehydes and

ketones.



