Unit-8
ALDEHYDES, KETONES AND CARBOXYLIC ACIDS

v
ALDEHYDES
(R—CHO)
~CHO group attached to
at least one H atom.

—

NOMENCLATURE

IUPAC: Replace —e of alkane
with —al.

Common: Formyl derivatives
R—CHO — Alkyl/aryl + aldehyde

v

v

Polar due to difference
in electronegativity.
Carbonyl carbon is

electrophilic.

v
PHYSICAL PROPERTIES

* Lower members are soluble in water

;

NATURE OF KETUNES
CARBONYL GROUP (R=CO-R)
2 —CO~ group attached to
/C =0 two carbon atoms.

NOMENCLATURE
IUPAC: Replace —e of alkane
with —one.

Common: Named as alkyl/aryl
ketones R—CO—R’

¥

PREPARATION (due to H-bonding with water). PREPARATION
1. From Alkanes Solubility decreases with increase in 1. From Alkenes
— Controlled oxidation ITI(?'?CUHF "’“355-_ — Dzonolysis (oxidative)
2. From Alkenes = Boiling points higher than 2. From Alcohols
— Ozonolysis (reductive) hydrocarbons but lower than — 27 alcohols — Ketones
3. From Alcohols corresponding alcohols. (CrO3/H* or PCC)
— 1° alcohols — Aldehydes (PCC/ * Both are colourless, have 3. From Acyl Chlorides
Cu/573 K or mild oxidising) characteristic odour. — With Gilman reagent
4. From Acyl Chlorides I (R;Culi)
— Rosenmund reduction 4. From Esters
5. From Esters CHEMICAL PROPERTIES — With Grignard reagent
— DIBAL-H reduction = Due to polar carbonyl (>=C=0) =1 (RMgX)
E i group. ! 5. From Nitriles
| 0 ' — RCN + RMgX — Ketone
H I
v v ‘3
REACTIONS OF ALDEHYDES REACTIONS OF KETONES
1. ““;?ﬁ"ﬂ'l{‘;:fﬁ!},‘,‘;‘;n -\ 1. Nucleophilic Addition
=% INTERCONVERSION - i
— NaHSO; — Addition compound HCN — Cyanohydrin
— Alcohols (H*) — Hemiacetal — Acetal Oxidation =BEHEOT—~ Aadition sampount
— NH, and 1° amines — Imine (Schiff base) 1*Aleghol ' ———> " Aldehyde — Alcohols (H+) — Ketal
TARAE s — NH; and 1° amines — Imine
2. Oxidation . P Oxidation % 3
: T e i 5
— Mild oxidising agents: RCHO — RCOOH 1 Aok ol ! | 2. Reduction
(Tollens’, Fehling's, Benedict's) ! e : — H3/Ni or NaBH4 — 2° Alcohol
— Strong oxidising agents: RCHO — RCOOH 1 Aldehyde —————> Carboxylic Acid "'. — Clemmensen reduction
- ReEJKuN:;S: K2CrgOf HNOg) ! e — Wolff—Kishner reduction — Alkane
= Ha/Ni or NaBH,; — RCH,OH Carboxylic Acid Reduction_ 14 Alcohol 3. (No oxidation with mild oxidising
— Clemmensen reduction agents) Under strong conditions,
— Wolff-Kishner reduction — RCH, T C—C bond cleavage may occur.
4 EO&?;nigtajﬁq?ntiafl;;:iﬁ basee Acyl Chloride / Ester / Nitrile 4. Haloforrn Reaction
— Aldol condensation (self/with other) (via reduction) o (\:::hn:éill:aafok;;eflgligocj;:b:x)ﬂate
— Cannizzaro reaction {no a—H atom) Y 3
5. Condensation Reactions

. Haloform Reaction
— With |,/NaOH — CHI; + Carboxylate
{for CH3CHO and compounds having
CH;CO— group)

Aldehydes
(oxidation)

PREPARATION
. Oxidation of 17 alcohols, aldehydes
. Hydrolysis of nitriles
Hydrolysis of esters
. Carboxylation of Grignard reagents
. By Kolbe's electrolytic method
(for ethanoic acid)
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CARBOXYLIC ACIDS (R—COOH)

Obtained by oxidation of aldehydes
and some ketones.

.
PROPERTIES
* Physical: Higher members are
insoluble in water, have high b.p.,
acidic in nature.
+ Acidic Nature: React with metals,
bases, carbonates, hydrogencarbonates.
+ Formation of esters, amides, acid
chlorides, anhydrides.

¥

—

— Aldol condensation (self/with other)
— Claisen—Schmidt condensation
(with aromatic aldehydes)

ketones) (oxidation)

o

N

Ketones (methyl

IMPORTANT REACTIONS

. Esterification

. Formation of Acid Chlorides (SOCI,/PCls)
Formation of Amides (NH3)

Reduction — 1° Alcohols (LiAIH,)
Decarboxylation (Soda lime)

. HVZ Reaction (a-halogenation)

USES

+ Aldehydes: Formaldehyde (disinfectant, resins), Benzaldehyde (flavouring agent), Acetaldehyde (manufacture

of acetic acid, perfumes).

+ Ketones: Acetone (solvent), Methyl ethyl ketone (solvent), Used in manufacture of drugs, perfumes, polymers.

— -~ —p Interconversion /
interrelation

R = Alkyl group
R’ = Alkyl/Aryl group

PCC = Pyridinium chlorachromate
DIBAL-H = Diisobutylaluminium hydride




SECTION -A (1 MARK)

1 In the reaction of NaOBr with amide, the carbonyl carbon is lost as :
(A)HCO3 B) COs* (c) co, (D) coO
2 . Predict the acid which cannot be prepared by Grignard reagent:
(a) Acetic acid (b) Succinic acid (c) Formicacid  (d) All of the above

3. Which is highly soluble in water:

(a) Methanal (b) Propanal (c) Propanone (d) Butanone

4. Benzaldehyde reacts with ethanoic KCN to give product :

(a) CeHsCH(OH)CN (b) CeHsCH(OH)COCsH:s

(c) CeHsCH(OH)COOH (d) CeHsCH(OH)CHOHCegHs

5. Name the compound not responding to the lodoform test :

(a) 2-Pentanone (b) Ethanol (c) Ethanal (d) 3-Pentanone

6. Precipitate produced when acetaldehyde is heated with Fehling’s solution :

(a) Cu (b) CuO (c) Cu20 (d) Cu(OH),

7. Test used to distinguished between Aldehydes and ketones would be :

(a) Lucas test (b) Tollen’s test (c) KMnQg solution (Baeyer’s test) (d) None of these

8. Name the compound called Imine derivatives of aldehyde and ketones :

(a) Schiff’s reagent (b) Fehling’s reagent (c) Schiff’s base (d) Schiff’s acid

9.Predict the pair of compounds will undergo Aldol and Cannizzaro reaction respectively :
(i) acetone; benzaldehyde (ii) acetaldehyde; butan—2—one

(iii) propanone; formaldehyde. (iv) cyclopentanone, benzaldehyde :

(@) (i) and (iii)  (b) (ii) and (iii) (c) (i), (i) and (iv) (d) (iii) and (iv)

10. Carboxylic acids are more acidic than phenol and alcohol due to :

(a) intermolecular hydrogen bonding (b) formation of dimers

(c) highly acidic hydrogen (d) resonance stabilization of their conjugate base

ASSERTION-REASON TYPE QUESTIONS
Directions : Each of these questions contain two statements, Assertion and Reason. Each of these
guestions also has four alternative choices, only one of which is the correct answer.

You have to select one of the codes (a), (b), (c) and (d) given below:

(a) Assertion is correct, reason is correct; reason is a correct explanation for assertion.

(b) Assertion is correct, reason is correct; reason is not a correct explanation for assertion

(c) Assertion is correct, reason is incorrect

(d) Assertion is incorrect, reason is correct.

11. Assertion:The boiling points of aldehydes and ketones are higher than hydrocarbons and ethers of
comparable molecular masses.

Reason: There is a weak molecular association in aldehydes and ketones arising out of the dipole-dipole
interactions.

12. Assertion: Formaldehyde is a planar molecule.

Reason: It contains sp? hybridised carbon atom.

13. Assertion: Compounds containing —CHO group are easily oxidised to corresponding carboxylic
acids.

Reason: Carboxylic acids can be reduced to alcohols by treatment with LiAlH4

14. Assertion: The molecular mass of acetic acid in benzene is 120 instead of 60.
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Reason: The carboxylic acids exist as cyclic dimers in which the two molecules of the acid are held
together by two strong hydrogen bonds

15, Assertion: The pK, of acetic acid is lower than that of phenol.

Reason: Phenoxide ion is more resonance stabilized than acetate ion.

ANSWER KEY for MCQ
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SECTION — B [ 02 Marks Each]
Arrange the following compounds in increasing order of their boiling points.
CH3CHO, CH3CH,0H, CH30CH3, CH3CH,CH3
[Hint: is given by: CH3CH>CH3 < CH30CH3 < CH3CHO < CH3CH,0H ]
Arrange the following compounds in increasing order of their reactivity in nucleophilic addition

reactions.

(i) Ethanal, Propanal, Propanone, Butanone.

(i) Benzaldehyde, p-Tolualdehyde, p-Nitrobenzaldehyde, Acetophenone.

[Hint: Consider steric effect and Inductive effect.:

(i) Butanone < Propanone < Propanal < Ethanal

(ii) Acetophenone < p-Tolualdehyde < Benzaldehyde < p-Nitrobenzaldehyde ]
3. Give the IUPAC names of the following compounds: (i) PhCH,CH,COOH

(ii) (CH3)2C=CHCOOH

[Hint: (i) 3-Phenylpropanoic acid (ii) 3-Methylbut-2-enoic acid]

4. Predict the product of the following reactions::

O
I

: C
(0] e Py Anhyd. AICL,
© + C,H C1 J;S

(i) (CeH.CH,), Cd + 2 CH,COCl—>

Hint:
i

D é—CzHS

| ahyd,
o ) + ' A + HCI

C,H, Cl 2
Benzene Propanoyl chloride Propiophenone
Il
I By CH>—C—CH;

(i) (CeHsCHp),Cd + 2CH;—C—Cl ——— 2 + CdCl,
l Diibenzyl cadmium Aceiyl chloside 1-Pheaylpapdn-2-cae

Draw the structures of the following compounds:
(i) 2-Hydroxycyclopentane carbaldehyde  (ii) 4-Fluoroacetophenone

0
Hint: QL‘HG £ <:> I CH

= 3
SECTION —C [03 Marks Each]

|
How will you convert ethanal OH into the following

compounds:
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(i) Butane-1,3-diol  (ii) But-2-enal (iii) But-2-enoic acid
[Hint: (i) On treatment with dilute alkali, ethanal produces 3-hydroxybutanal gives butane-1, 3 diol on
reduction. (ii) On treatment with dilute alkali, ethanal gives 3-hydroxybutanal which on heating
produces but-2-enal. (iii) When treated with Tollen’s reagent, But-2-enal produced in the above
reaction produces but-2-enoic acid]
Note: try to draw the structure of all the compounds involved in these reactions

2. Give simple chemical tests to distinguish between the following pairs of compounds:
(i) Methanol and Ethanol
(ii) Benzaldehyde and Formic acid
(iii) Phenol and Benzoic acid
[Hint: As per the text summary]

3. How will you bring about the following conversions in not more than two steps: (i) Propanone to
Propene (ii) Benzoic acid to Benzaldehyde (iii) Ethanol to 3-Hydroxybutanal

[Hint: (i)
O OH
[ NaBH, | cone. HaS0,
CH;— C—CH; —_— C Hy — CH— CH; —-—3—-—-—.- Cl'[;—Cl'[:Cllt
Propene
(if)
COOH Cocl CHO
SOC': H>
e —_—
Pd - BaSO,
Benzoic acid Benzaldehvde
OH
(iii) [
CH3CH,OH 24 373K, o cho -‘?‘-'i\-‘-—-";ﬂ;’-"—'-- CHy— CH — CH,CHO
Ethanol Ethanal Condensation 3 - Hydroxybutanal

4. Complete each synthesis by giving missing starting material, reagent or products:
CH,CH,

Orote (T 2. O—O O
(i) - (i) KOH heat .

Hint:
AU Hy
0~ H-50, <:>= ©) hmm, @;ﬂc}h
O—uu ) ROH, heat
{yrlohexannl ) Cyelohexanens Edwibenzene Por Benzoate
| 2
ﬂ
LMl
@ - ©/ Antiyd AKCH
FC acylation ©/ @
Benzene Benzoyl Benzophenons
chloride
5. Account
]|
for { } the
following:
(i) Cyclohexanone forms cyanohydrin in good yield but 2, 2, 6 trimethylcyclohexanone does not.
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(ii) There are two —NH; groups in semicarbazide. However, only one is involved in the formation
of semicarbazones.

(iii) 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.

[Hint: (i) Methyl groups at a-positions offer steric hindrances and as a result, CN- cannot attack
effectively in later case

(ii) The electron density on one of the —NH; group involved in the resonance decreases. As a result, it
cannot act as a nucleophile.

(iii) Ester along with water is formed reversibly, therefore, to shift the equilibrium in the forward
direction i.e., to produce more ester, either of the two should be removed.

SECTION — D CASE BASED STUDY QUESTIONS [04 MARKS]

1. Read the passage carefully and answer the questions that follow. [1+1+2]
The following questions are case-based questions Aldehydes and ketones having at least one methyl
group linked to the carbonyl carbon atom (methyl ketones) are oxidised to sodium salts of
corresponding carboxylic acids having one carbon atom less than that of carbonyl compound. The
methyl group is converted to haloform. This oxidation does not affect a carbon-carbon double bond, if
present in the molecule. An aromatic organic compound ‘A’ with molecular formula CgHsO gives
positive DNP and iodoform tests. It neither reduces Tollens’ reagent nor does it decolourise bromine
water.

An aromatic organic compound ‘A’ with molecular formula C gHgO gives positive DNP and
iodoform tests. It neither reduces Tollens’ reagent nor does it decolourise bromine water.

(i) (CH3)3C-CHO does not undergo aldol condensation.
(ii) Benzoic acid does not give Friedel craft reaction.
(iii) Sodium bisulphite is used for purification of ketones and aldehydes

[Hint; (i) Due to unavailability of a-hydrogen in the given compound it does not undergo aldol
condensation.

(i) Catalyst AICl3 is a Lewis acid that gets bonded to the carboxyl group making it less reactive.
(iii) Due to formation of addition compound with NaHCOs whereas impurities do not.

SECTION —E [05 MARKS EACH]
1.(a) How will you bring about the following conversions : 2026
(l'Bromobenzene to 1-phenylethanol
(I)Benzene to m-nitroacetophenone
(M)An organic compound with the molecular formula C8H80 forms 2,4-DNP derivative,
reduces Tollens’ reagent and undergoes Cannizzaro reaction. On vigorous oxidation
with acidic or alkaline KMnO4 it gives Benzene-1,2-dicarboxylic acid. Identify the
compound and write the products when it undergoes Cannizzaro reaction.
(IV)Arrange the following compounds in increasing order of their acid strength :
C6H5COO0OH, O2N —CH2 —COOH, CF3 —COOH, HCOOH  2+2+1=5
OR
(b) (i) Write the products formed when benzaldehyde reacts with the following reagents :
(1)2,4-Dinitrophenylhydrazine
() Acetophenone in the presence of dilute NaOH followed by heating
(i) Give reasons for the following :
(l)'Benzoic acid does not undergo Friedel-Crafts reaction.
(1) Carboxylic acids have higher boiling point than alcohols of comparable
molecular mass.
(ili)Write simple chemical test to distinguish between propanal and propanone. 2+2+1=5
ANS. (a) Conversions
(1) Bromobenzene to 1-Phenylethanol
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CsH5Br —-(Mg/ether)--> CsHsMgBr --(CHsCHO)--> CsHsCH(OMgBr)CHs -(H30*)--> CsHsCH(OH)CHs
(ll) Benzene to m-Nitroacetophenone
CsHs --(CH3COCI/AICl3)--> CsH5COCHS; --(conc. HNO3/H2504)--> m-NO2CsH4COCH3
(Il1) Identification of compound
Given:
* Molecular formula = CsHsO, Gives 2,4-DNP test, Reduces Tollens’ reagent, Undergoes Cannizzaro
reaction, Oxidation gives benzene-1,2-dicarboxylic acid
Compound: o-Methyl benzaldehyde (2-methylbenzaldehyde)

2. An organic compound A, having the formula C3HgO, on treatment with copper at 573 Kgives B. B
does not reduce Fehling’s solution but gives a yellow precipitate of the compound C with I,/ NaOH.
Deduce the structures of A, B, and C. Also write the respective chemical reactions.
Hint: (A) Compound A: Propan -2-ol (C3 HsO)
(B) Compound B: Propanone (CH;COCH3)
(C) Compound C: lodoform":.(-"” I3)
Reactions: (i) CsHsO “ "5 CHy — CO — CHy

(ifCH3COCH; + 312 + ANaOH — CH3C00 — Na+ CHIz + 3Nal +3H20
2022 TERM I( ONLY DESCRIPTIVE TYPE QUESTIONS DUE TO COVID -19)
Q1. Predict the reagent for carrying out the following transformations (Any Two)
(i) Benzoyl chloride to Benzaldehyde
Reagent: H2 / Pd-BaSO4 (Rosenmund Reduction)
(ii) Ethanal to 3-hydroxybutanal
Reagent: Dilute NaOH (Aldol condensation)
(iii) Ethanoic acid to 2-chloroethanoic acid
Reagent: CI2 / Red phosphorus (HVZ Reaction)
(a) What happens when:
(i) Propanone is treated with CH3MgBr and then hydrolysed?
Reaction:
CH3COCH3 + CH3MgBr > (Hydrolysis) - (CH3)3COH
Product formed: tert-Butyl alcohol (2-methylpropan-2-ol)
(ii) Ethanal is treated with excess ethanol and acid?
Reaction: CH3CHO + 2C2H50H - CH3CH(OC2H5)2 + H20
Product formed: Acetal (1,1-diethoxyethane)
(iii) Methanal undergoes Cannizzaro reaction?
Reaction:
2HCHO + NaOH - CH30H + HCOONa
Products formed:
e Methanol
¢ Sodium formate
OR
(b) Write the main product in the following reactions:
(i) 2CH3COCI + (CH3)2Cd - CH3COCH3 (Product: Propanone (Acetone)
(i) CH3CH2CHO --(Zn(Hg)/conc. HCl)--> CH3CH2CH3
Product: Propane
(iii) C6H13COONa + NaOH/Ca0, Heat - C6H14 ( Hexane)



