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Chapter — 12 (Aldehydes, Ketones and Carboxylic Acids)

Exercise Questions:

Question:1 What is meant by the following terms? Give an example of the reaction in
each case.

i.) Cyanohydrin

ii.) Acetal

ili.)  Semicarbazone

iv)  Aldol

V.) Hemiacetal

vi.)  Oxime

vii.) Ketal

viii.) Imine

ix.)  2,4-DNP — derivative

X.) Schiff’s base

Answer:

(1) Cyanohydrin:

Cyanohydrins are organic compounds having the formula RR“?C(OH)CN, where R and R“? can be
alkyl or aryl groups.

Aldehydes and ketones react with hydrogen cyanide (HCN) in the presence of excess sodium cyanide
(NaCN) as a catalyst to field cyanohydrin. These reactions are known as cyanohydrin reactions.
RR’C = O + HCN —% 3 RR’C(OH)CN

Cyanohydrins are useful synthetic intermediates.
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(i1) Acetal:

H
~—d
)

— OR’

R

Acetals are gem - dialkoxy alkanes in which two alkoxy groups are present on the terminal carbon

atom. One bond is connected to an alkyl group while the other is connected to a hydrogen atom.

o ROH
RO OR
M
i X, v

-
-

Removed to move

equilibrium to right

When aldehydes are treated with two equivalents of a monohydric alcohol in the presence of dry HCI

gas, hemiacetals are produced that further react with one more molecule of alcohol to yield acetal.

(iii) Semicarbarbazone:
Semicarbazones are derivatives of aldehydes and ketones produced by the condensation reaction

between a ketone or aldehyde and semicarbazide.
0

« ,OH
L ETen I ol N 0
DE=E0 HHreN —N—C —Ny == [ C( |
--------- \ N NH— —NH,

' I

Fa() + €= N—NH—C—NH,

Senucarbande

Semicarbazone
Semicarbazones are useful for identification and characterization of aldehydes and ketones.

(iv) Aldol:

A [B—hydroxy aldehyde or ketone is known as an aldol. It is produced by the condensation reaction of
two molecules of the same or one molecule each of two different aldehydes or ketones in the presence

of a base.

[ 0 [ R"
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(v) Hemiacetal:

Hemiacetals are O - alkoxyalcohols

R OR3
\C/
/

R2 \OH

Aldehyde reacts with one molecule of a monohydric alcohol in the presence of dry HCI gas.

B
" {
HEA H
0 (— :B r|:|->
. Ry—C—H
R .-‘C*-‘H H-0Ry —=——> LI
1 oﬁ—\
\\\_// - H&
aldehvde aleohol hemiacetal
(vi) Oxime:

Oximes are a class of organic compounds having the general formula RR*“?CNOH, where R is an
organic side chain and R*? is either hydrogen or an organic side chain. If R*? is H, then it is known as

aldoxime and if R“? is an organic side chain, it is known as ketoxime.

~-OH .OH
NO NO

L N

R™ ~H R™ TR’

aldoxime ketoxime

On treatment with hydroxylamine in a weakly acidic medium, aldehydes or ketones form oximes.

P, 0 Ry. .M. Ra
b R,’J‘NHE + H‘J-LRQ —_— o Q.I]IJ +  H;0
aldoxime
a Rq. . N__R
Q. L, P r
h. R THH, ¥ ’J‘Lﬁz _— e o ‘T 4+  HgO
ketoxime
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(vii) Ketal:
Ketals are gem - dialkoxyalkanes in which two alkoxy groups are present on the same carbon atom
within the chain. The other two bonds of the carbon atom are connected to two alkyl groups.

R;O OR,

\/

R, R,
Ketones react with ethylene glycol in the presence of dry HCI gas to give a cyclic product known as
ethylene glycol ketals.
CH;H CH, CHy
o .
cat. He O D cat. H+ o0
A MeoH A Meon A
Hetone HemiKetal Ketal
CHzH CH,CH;
o cat. H+ -:'21 I,",l cal. H+ e -:l,'l
.-J'LH veor 2% " meon — A5
Aldehyde HemiAcetal Acetal

Muote: The above hemiketal and hemizcetal
cannot be isolited experimentally

(viii) Imine:

Imines are chemical compounds containing a carbon nitrogen double bond.

R3
N/

R R2

Imines are produced when aldehydes and ketones react with ammonia and its derivatives.

TN
IIC'

R ]

(g H
\A/

iminium 1on

e
imine
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(ix) 2, 4 - DNP - derivative:
2, 4 - dinitrophenylhydragones are 2, 4 - DNP - derivatives, which are produced when aldehydes or

ketones react with 2, 4 - dinitrophenylhydrazine in a weakly acidic medium.
NO,

Yoo b — oy l

2. 4 - Dinitrophenythy dmzine NO.
Nz
H,0 C==NNH NO,
- / .
2, 4 - Dinatrophenylthydrazone

To identify and characterize aldehydes and ketones, 2, 4 - DNP derivatives are used.

(x) Schiff's base:
Schiff's base (or azomethine) is a chemical compound containing a carbon-nitrogen double bond with

the nitrogen atom connected to an aryl or alkyl group-but not hydrogen. They have the general formula
RIR2C = NR3. Hence, it is an imine.

RS
w/
R‘I’C\RZ

It is named after a scientist, Hugo Schiff.

I i

c B N e -
" H"'\w\_‘ " ./}.r, _— HAO—— L

MUK

— R &

ALDEHYE OR KETONE
- /

Aldehydes and ketones on treatment with primary aliphatic or aromatic amines in the presence of trace

of an acid yields a Schiff's base.

Question:2 Name the following compounds according to IUPAC system of

nomenclature:
i.) CH,CH(CH;)CH,CH,CHO
ii.) CH3CH2COCH(C2H5)CH2CH2C1

Class 12 https://www.adda247.com/school NCERT Solutions




74}

addazyi

iii.) CH3CH=CHCHO
iv) CH3COCH2COCH3

v)  CH3CH(CH3)CH2C(CH3)2COCH3
vi) (CH3)3CCH2COOH

vii.) OHCCG6H4CHO-p

Answer:
1.) 4-Methylbutanal
ii.) p-Nitropropiophenone
iii.) p-Methylbenzaldehyde
iv.) 4-Methylpent-3-en-2-one 4-chloropentan-2-one
v.) 3-Bromo-4-phenylpentanoic acid
vi.) p, p’-Dihydroxybenzophenone
vii.)  Hex-2-en-4-ynoic acid.

Question:3 Draw the structures of the following comp[ounds:
i.) 3 — Methylbutanal
ii.) P-Nitropropiophenone
iili.)  p-Metylbenzaldehyde
iv.))  4-Metylpent-3-en-2-one
v.) 4-Chloropentan-2-one
vi.)  3-Bromo-4-phenylpentanoic acid
vii.) p,p-Dihydroxybenzophenone
viii.) Hex-2-en-4-ynoic acid
Answer:
1.)
CHg3 ICI)

I
H3C — CH—CH>— C — H
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H——H
0O H
H
H H
H H
N+
PERNS
.. TN
11.) O O
H\/O
H H
H H
H——H
iii.) H
)i
CH,—C = CH—C—CH,
|
iv) CH
O Cl

| 1
H,C—C—CH,—CH—CH,

Br O

| I
H,C—CH—CH—CH,—C—OH

|
C H,

vi.)
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vii.)
O

H3C—C=C—HC=CH—C—OH
6 5 4 3 2 1

viii.)

Question;4 Write the IUPAC names of the following ketones and aldehydes.
Wherever possible give also common names.

i.) CH3CO(CH2)4CH3

ii.) CH3CH2CHBrCH2CH(CH3)CHO

iii.) CH3(CH2)SCHO

iv)  Ph-CH=CH-CHO

v.)
O
|
C—H
vi.) PhCOPh
Answer:

i.) IUPAC name: Heptan-2-one
Common name: Methyl n-propyl ketone

ii.) ITUPAC name: 4-Bromo-2-methylhexanal

Common name: (¥ -Bromo- &-methyl-caproaldehyde)
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iii.)

vi.)

IUPAC name: Heptanal

IUPAC name: 3-phenylprop-2-enal

Common name: [3-Phenolyacrolein
IUPAC name: Cyclopentanecarbaldehyde

IUPAC name: Diphenylmethanone

Common name: Benzophenone

Question:5 Draw the structure of following derivatives:

i.)
ii.)
iii.)
iv.)
V.)

vi.)

Answer:

Class 12

The 2,4-dinitrophenylhydrazone of benzaldehyde
Cyclopropanone oxime
Acetaldehydedimethyllacetal

The semicarbazone of cyclobutanone

The ethylene ketal of hexan-3-one

The methyl hemiacetal of formaldehyde
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iii.)

v.)

vi.)

O—— CH3

[l

— NNH—C — NH,

HC—CH3
o o

H3C—CH; — C — CH; — CH3; — CHj3

H\ /GH

C
H 4 \DCH3

Question:6 Predict the products formed when cyclohexanecarbaldehyde reacts with

following reagents.

i.)

ii.)
iii.)
iv.)

v.)

Answer:

i)

Class 12

PhMgBr and H30"

Tollen’s reagent

Semicarbazide and weak acid

Excess ethanol and acid

Zinc amalgam and dilute hydrochloric acid

The reaction of cyclohexanecarbaldehyde with PhMgBr followed by acid hydrolysis gives

an alcohol.
T '[I!MEBI ii
CH=0 . .
- H nao H +Mg{OH)Br
o (T w7,
Cyelohexane carbaldehyde Cyclohexylphenyicarhinol

Oxidation of cyclohexane carbaldehyde with Tollen's reagent gives cyclohexane

carboxylate ion.
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(o
H C— 09
.
| =2
[Ag (NHy), l30H= © 1-2Ag‘|’
Tollen's .
Silver
Cyclohexane Rogent murror
carbaldehyde
+ 4 NH,+ 2H,0
iii.) The reaction of cyclohexane carbaldehyde with semicarbazide and weak acid gives a
semicarbazone.
o
o Il
CHO I CH =MNNH — C — NH;
- pH 3.5
+ Hz MWMH c NHz —_— Ha2O +
Weak acid
Cyclohexane- Semicarbazide Cyclohexanacarbaldehyde
carbaldehyde Semicarbazoneg
iv.) The reaction of cyclohexane carbaldehyde with excess ethanol and acid gives an acetal.
. . OC-Hs
{_..-'W(H 0 H,OC;H; o

| _L_}n_; I [_[_'I as

I . -
- T .
el H.OC H | TOC:H:  + H,0
Cyclohexane - 245 H

carbaldehyde Ethanol (Fxeess)
Cyelohexanecarbal dehyde
diethy] acetal

CHO CHj
ZnHg — HCI N
(Clemmensen reduction) -

Cyclohexane- Methyleyclohexane
carbaldehyde

Question: 7 Which of the following compounds would undergo aldol condensation,
which the Cannizzaro reaction and which neither? Write the structures of the
expected products of aldol condensation and Cannizzaro reaction.

i.) Methanal

ii.) 2-Metylpantanal

iili.) Benzaldehyde

iv.))  Bezophenone

v.) Cyclohexane

vi.)  1-Phenylpropanone

vii.) Phenylacetaldehyde

viii.) Butan-1-ol

ix.)  2,2-Dimethylbutanal
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Answer:

Aldehydes and ketones having at least one & — hydrogen undergo aldol condensation. The compounds

ii.) 2-methylpentanal, v.) cyclohexanone, vi.) 1-phenylpropanone, and vii.) phenylacetaldehyde contain
one or more (-hydrogen atoms. Therefore, these undergo aldol condensation.
Aldehydes having no &-hydrogen atoms undergo Cannizzaro reactions. The compounds i.) Methanal,

iii.) Benzaldehyde, and ix.) 2,2-dimethylbutanal do not have any (-hydrogen atom and compounds
viii.) Butan-1-ol is an alcohol. Hence, these compounds do not undergo either aldol condensation or
cannizzaro reactions.

Aldol condensation: ii.)

dil MaQH
2CH3CHpCHy — CH — CHO =

|
CH;
2 = Methylpentanal
CHa

CH3CH2CHy — C©H — CH — CH — CHy CHaCH;y

I I
CHz OH CHO

3 = Hydrosy -2.4 - dimediyl - 2 - prapylheptanal

0
2<'_‘>|= o JiLNaOH
OH
Cyclohexanone 2 -(1 - Hydroxy - | - cyclohexyl) - cyclohexan -1- one
v.
— lﬁ' — OH CHs ‘f -
dil MatH
2 — & — CHaCHy ———— C—CH—C
L)ttt ( )o—ant ()
1 - Phenylprapanone T:HE
CH3
. 3 — Hydraxy — 2 — methyl — 1, 3 — diphenylpentan — 1 — one
Vi.
[l}H
2 @— CH,CHO —dItNaGH @—cn—b — CH— CH—@
.. | Phenylacetaldehyde 3 — hydroxy — 2, 4 — diphenylbutanal
vii.

Cannizzaro reaction: (i.)
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H H H 0O
; N A I Z
/(.=O + /(.=() + Conc, KOH ——> H—C—0H + H—C
H H ! Nok
Formaldehyde Methanol  Potassium formate
-+
CHO COOK
KOH CH,OH
—h +
MeOH
iii.
CHy CHy CHs
| conc. NaOH - | |
CHyCHz;— C— CHO ————— CH3CH;— & — CH;— OH + CHzCH;— C— fl:l:— OMa
I I I
CHy CHy CHz O
. 2, 2 = Dimethylbutanal 2, 2 = Dimethylbutanal = 1 = ol Sodium 2, 2 = dimethylbutanocate
ix.
Question:8 How will you convert ethanal into the following compounds?
i.) Butane-1,3-diol
ii.) But-2-enal
ili.)  But-2-enoic acid
Answer:
1.) On treatment with dilute alkali, ethanol produces 3-hydroxybutanal gives butane-1,3-diol
on reduction.
OH OH
: I I
dil MaOH NaBH,
— CH—CH; — CHO — CH—CH;— CH; —OH
CH3CHO ———————— CHj 7 (Reduction) CHj 3 2
Ethanal 3 = Hydroxybutanal Butane —1, 2 — diol
ii.) On treatment with dilute alkali, ethanol gives 3-hydroxybutanal which on heating produces
but-2-enal.
OH
. I
CHacHo —dilNaoH CH3— CH— CHz — CHO __—}I-IIID CHy — CH = CH — CHO
—Hz
Ethanal 3 — Hydroxybutanal But = 2 = enal

iii.) When treated with Tollen’s reagent, But-2-enal produced in the above reaction produces
but-2-enoic acid.
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[Ag (NH3),] OH
CH3; — CH = CH — CHO . » CH3CH = CHCOOQOH
Tollen’s reagent
But — 2 — enal But = 2 — enoic acid

Question:9 Write structural formulas and names of four possible aldol condensation
products from propanal and butanal. In each case, indicate which aldehyde acts as
nucleophile and which as electrophile.

Answer:
1) Taking two molecules of propanal, one which acts as a nucleophile and the other as an

electrophile.

OH CHs

: | |
2 CHyCHaCHO —MNaOH 1 cHy— CH —CH — CHO

Propanal 3 - hydroxy - 2 - methylpentanal

ii.) Taking two molecules of butanal, one which acts as a nucleophile and the other as an

electrophile.

OH CH2CH3

. | |
2 CHyCHyCHpCHO —IINAOH | o cH, CHy — CH —CH — CHO

Butanal 2 — Ethyl - 3 - hydroxyhexanal

ii.) Taking one molecule each of propanal and butanal in which propanal acts a nucleophile and

butane act as an electrophile.

OH  CHa
| .
CHEGHZCHECHO + CH;CHECHO —_— CH,}CHECH?— CH—CH— CHO

Butanal Propanal 3 — Hydroxy — 2 — methylpentanal
(Electrophile) (Nucleophile) s | YiF

iv.) Taking one molecule each of propanal and butanal in which propanal acts an electrophile and

butane act as a nucleophile.
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OH  CH,CHz

CH;CHzCHO + CH3CH3CHzCHO —* CH3CH; — CH— CHCHO

Fropanal Butanal 2 — Ethyl — 3 — hydroxyhexanal
{Electrophile) (Nucleophile)

Question:10 An organic compound with the molecular formula C9H100 form 2.,4-
DNP derivative, reduces Tollen’s reagent and undergoes Cannizzaro reaction. On
vigorous oxidation, it gives 1,2-benzenedicarboxylic acid. Identify the compound.
Answer:

It is given that the compound forms 2,4-DNP derivatives and reduces Tollen’s reagent. Therefore, the
given compound must be an aldehyde. Again, the compound undergoes cannizzaro reaction and on
oxidation gives 1,2-benzenedicarboxylic acid. Therefore, the -CHO group is directly attached to a
benzene a ring and this benzaldehyde is ortho-substituted. Hence, the compound is 2-
ethylbenzaldehyde.

®
|

The given reactions can be explained by the following equations.

e

— N0y + HO

/qj:1,|| NNEH

2.4 |:--||.1_-¢|._.--_|/\\""'-v"-' CHLCH,

.'.'u::?/ 2, 4 - DNF denvanve
E‘-l:l‘\lr'ﬂ.l:-u

T, HID

- ﬁl (4 0} L
| | Ag
S CHH, {atlen’s reagent £ CHAHy

} - Eihylbonanate Silwer mier
Dhadation [':']
r:\:[::-:u:-ll
COO0H

o

1 - Bonrmpdicarbosylic aced

Question:11 An organic compound (A) (molecular formula C8H1602) was
hydrolysed with dilute sulphuric acid to give a carboxylic acid (B). (C) on
dehydration gives but-1-en. Write equation for the reaction involved.
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Answer:

An organic compound A with molecular formula C8H1602 gives a carboxylic acid and an alcohol on
hydrolysis with dilute sulphuric acid. Thus, compound A must be an ester. Further, alcohol C gives acid
B on oxidation with chromic acid. Thus, B and C must contain equal number of carbon atoms. Since
compound A contains a total of 8 carbon atoms, each of B and C contain 4 carbon atoms. Again, on
dehydration, alcohol C gives but-1-ene. Therefore, C is straight chain and hence, it is butan-1-ol. On
oxidation, Butan-1-ol gives butanoic acid. Hence, acid B is butanoic acid. Hence, the ester with
molecular formula C8H1602 is butylbutanoate.

H H H o
| 77 H H H
H—C—C—C—C | | |

| | | \\D —C—C—C—

H H H |

H H H H

All the given reactions can be explained by the following equations.

H
|
C—H

I : Il

Al W80,
CH,CH.CH. ¢ — OCHAH, OB, CH ———® (H(H,CH; — C — OH CHCHAH,CH,O0H

BuyBunoae TR N Buan 1ol
A B)

CHCH CHACH oM 7

Question:12 Arrange the following compounds in increasing order of the their
property indicated:
i.) Acetaldehyde, Acetone, Di-tert-butyl ketone, Methyl tert-butyl
ketone(reactivity towards HCN)
ii.) CH3CH2CH(Br)COOHJ, CH3CH(Br)CH2COOH, (CH3)2CHCOOH,
CH3CH2CH2COOH (acid strength)
iii.) Benzoic acid, 4-Nitrobenzoic acid, 3,4-Dinitrobenzoic acid, 4-
Methoxybenzoic acid (acid strength)
Answer:
(1) When HCN reacts with a compound, the attacking species is a nucleophile, CN - . Therefore, as the
negative charge on the compound increases, its reactivity with HCN decreases. In the given

compounds, the +I effect increases as shown below. It can be observed that steric hindrance also
increases in the same
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Hence, the given compounds can be arranged according to their increasing reactivities toward HCN as:
Di-tert-butyl ketone < Methyl tert-butyl ketone < Acetone < Acetaldehyde

CHs
Chy . CHy.. r 9
- -

“c=0> “C =0 > CHy=— C—GC—CHy

H” CHE™
Acetaldenyde Aoetone CHy
tar1 — Butyl matind kedona
CHy CHs
f o)
1
CHy#~ C—C —C—CH3
+ -
CHs CHy

D3 = fevt ~ butyl xelone

(i1) After losing a proton, carboxylic acids gain a negative charge as shown:
R-COOH >R-COO +H'

Now, any group that will help stabilise the negative charge will increase the stability of the carboxyl
ion and as a result, will increase the strength of the acid. Thus, groups having +1 effect will decrease the
strength of the acids and groups having - I effect will increase the strength of the acids. In the given
compounds, - CH3group has +I effect and Br - group has - I effect. Thus, acids containing Br - are
stronger.

Now, the +I effect of isopropyl group is more than that of n-propyl group. Hence, (CH3)2CHCOOH is
a weaker acid than CH3CH2CH2COOH.

Also, the - I effect grows weaker as distance increases. Hence, CH3CH(Br)CH2COOH is a weaker acid
than CH3CH2CH(Br)COOH.

Hence, the strengths of the given acids increase as:

(CH3)2CHCOOH < CH3CH2CH2COOH < CH3CH(Br)CH2COOH < CH3CH2CH(Br)COOH

(iii) As we have seen in the previous case, electron-donating groups decrease the strengths of acids,
while electron-withdrawing groups increase the strengths of acids. As methoxy group is an electron-
donating group, 4-methoxybenzoic acid is a weaker acid than benzoic acid. Nitro group is an electron-
withdrawing group and will increase the strengths of acids. As 3,4-dinitrobenzoic acid contains two
nitro groups, it is a slightly stronger acid than 4-nitrobenzoic acid. Hence, the strengths of the given
acids increase as:

4-Methoxybenzoic acid < Benzoic acid < 4-Nitrobenzoic acid < 3,4-Dinitrobenzoic acid

Question:13 Give simple chemical tests to distinguish b/w the following pairs of
compounds.

i.) Propanal and propanone
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ii.) Acetophenone and Benzophenone
iii.)  Phenol and Benzoic acid

iv.)  Benzoic acid and Ethyl benzoate
v.) Pentan-2-one and Pentan-3-one
vi.) Benzaldehyde and Acetophenone
vii.) Ethanol and Propanal

Answer:

(i) Propanal and propanone can be distinguished by the following tests.

(a) Tollen's test
Propanal is an aldehyde. Thus, it reduces Tollen's reagent. But, propanone being a ketone does not

reduce Tollen's reagent.

CH,CH2CHO + [Ag(NHs)2]* + 30H-
3 CH3CHzCOO- + 2Ag + 2Hz0 + 4NH3

| rdrros
CH; - C-CH,; + [Ag(NHs)z]* + 30H- —— No silver mirror
1

0

(b) Fehling's test

Aldehydes respond to Fehling's test, but ketones do not.

Propanal being an aldehyde reduces Fehling's solution to a red-brown precipitate of Cu20, but
propanone being a ketone does not.

H-CHO + 2Cu(OH);+NaCH ———» HCOONa + Cu:0 + 3H.0
Methanal Fehling's solution Cuprous oxide

(Blue colour) (Red ppt.)

(c) Iodoform test:

Aldehydes and ketones having at least one methyl group linked to the carbonyl carbon atom respond to
iodoform test. They are oxidized by sodium hypoiodite (NaOI) to give iodoforms. Propanone being a
methyl ketone responds to this test, but propanal does not.

CHs:— fil'— CHs+NaOl —— CH:COONa+ CHIs# +2NaOH

Sodium Ethanote lodoform

O

yellow ppt.
propan-2-one (3 ppt.)

CHs=— CHz— CHO+ NaOQl — No vellow ppt-of lodoform

l'lrl.'l E\.III.'II

(i1) Acetophenone and Benzophenone can be distinguished using the iodoform test.

Class 12 https://www.adda247.com/school NCERT Solutions




74}

addazy1

Iodoform test:
Methyl ketones are oxidized by sodium hypoiodite to give yellow ppt. of iodoform. Acetophenone
being a methyl ketone responds to this test, but benzophenone does not.

C,HCOCH; + 3 NaOl —» C,H<COONa + CHly + 2 NaOH
Acctophenone  Sodium Sodium lodoform
hypoiodite benzoate  (yellow ppt)

CcHsCOCH; + NaOl —— No vellow ppt of CHI,

Benzophenone

(iii) Phenol and benzoic acid can be distinguished by ferric chloride test.
Ferric chloride test:

Phenol reacts with neutral FeCl3 to form an iron-phenol complex giving violet colouration.

6 CgHsOH + FeCly—— [Fa (OCgHs)g)” + 3HT+3CI™
Phenaol Iran - phenol complex
(Wiolet colour)
3 CgHs0H + FeCly—— (CgHs COO)3Fe + 3 HCI

Benzoic acid Farric benzoate
(Buff coloured ppt)

But benzoic acid reacts with neutral FeCl3 to give a buff coloured ppt. of ferric benzoate.

(iv) Benzoic acid and Ethyl benzoate can be distinguished by sodium bicarbonate test.
Sodium bicarbonate test:
Acids react with NaHCO3 to produce brisk effervescence due to the evolution of CO2 gas.
Benzoic acid being an acid responds to this test, but ethylbenzoate does not.
CgHsCOOH + NaHCO3 —» CgH5COONa + COZf + H20

Benzoic acid Sodium benzoate

CgH5COOC,Hs + NaHCO3 —— No effervescence due to evolution
of COz2gas

(v) Pentan-2-one and pentan-3-one can be distinguished by iodoform test.

Iodoform test:

Pentan-2-one is a methyl ketone. Thus, it responds to this test. But pentan-3-one not being a methyl
ketone does not respond to this test.
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0
I _
CHaCH2CGH c CH3 + 3 Nall ——— CH3CHCHCOONa + -','l'll-ir + 2MalH

odiom butanoate 0B
Penian -2 —one Sodium bultanoals iyellow ppt)
o
lI
CH3oHz — © — CHaCHz + MaQl —— Mo yellow ppt of iodoform

Pantan — 3 — one

(vi) Benzaldehyde and acetophenone can be distinguished by the following tests.
(a) Tollen's Test
Aldehydes respond to Tollen's test. Benzaldehyde being an aldehyde reduces Tollen's reagent to give a

red-brown precipitate of Cu20, but acetophenone being a ketone does not.
CgH5CHO + [Ag(NH3)2]++ 30H — CgH5COO + Ag l*‘ 4NH3 + 2H20

Benzaldehyde Tollen’s reagent Benzoate ion Silver mirror

(b) Iodoform test
Acetophenone being a methyl ketone undergoes oxidation by sodium hypoiodite (NaOI) to give a
yellow ppt. of iodoform. But benzaldehyde does not respond to this test.

CeHsCOCH3 + 3 NaOl —> CgH;COONa + CHI3 + 2 NaOH

Acetophenone Sodium benzoate lodoform
(yellow ppt)

(vii) Ethanal and propanal can be distinguished by iodoform test.

Iodoform test

Aldehydes and ketones having at least one methyl group linked to the carbonyl carbon atom responds
to the iodoform test. Ethanal having one methyl group linked to the carbonyl carbon atom responds to
this test. But propanal does not have a methyl group linked to the carbonyl carbon atom and thus, it
does not respond to

CH3CHO + 3 NaOl —> HCOONa + CHg3 + 2 NaOH

Ethanal Sodium lodoform
methanoate  (yellow ppt)

Question:14 How will you prepare the following compounds from benzene? You
may use any inorganic reagent and any organic reagent having not more than one

carbon atom
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i.) Methyl benzoate
ii.) M-Nitrobenzoic acid
ili.)  p-nitrobenzoic acid
iv.)  p-Nitrobenzaldehyde.
Answer
1.) Methyl benzoate is the ester of benzene. It can easily be prepared after preparing benzoic
acid. So, we can form benzoic acid by Friedel Craft alkylation and then form an ester, we
can just oxidize the formed acid to get methyl benzoate. The process is called
esterification.
\Il‘ir o COOH (.Ol)( Hy
x t2/Fe ({Estenfication)
' Bry'¥ n Mg ,ff’ “ o , J, .
cther dryice 2 cmon, |2
"m,\q" et Methy Ibensoare
ii.) One of the many possible ways to prepare m-nitrobenzoic acid is by first forming
acetophenone by Friedel Craft acylation and then form nitroacetophenone by nitration of
the compound. Oxidation of the compound gives us our desired product.
(i) Benzene to p-nitrobenzoic acid
CHjy CH; OOH
. CHaOl Conc. HNO) Al KMy
@ AICTy TAcEpd ¥ @ Tone. H,ﬁ:i" - ' '
Benzeme Toluene
- NOs N,
nmmoeoluens J=nitrobenmoic acid
iii.) To form p-nitrobenzoic acid, first, perform Friedel Craft alkylation to get toluene and then

form p-nitrotoluene by nitration. Minor products can be eliminated by filtration. Oxidation
of the compound gives us p-nitrobenzoic acid.

T, acetylchlorde
D
Fallly
vf' 2

Benrens

Q (IH

-

O,

n-nitrshenzoic acid

iv.) p-Nitrobenzaldehyde has been prepared from p-nitrotoluene by treatment with isoamyl
nitrite in the presence of sodium methoxide or by oxidation with chromyl chloride, cerium

dioxide, or chromium trioxide in the presence of acetic anhydride.
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['Hy CHy

T /_,l b e

"1 Anhyd AICL; | j HMEY  HaS0, [ ]
| — | ]| )
T '\-\.HH_-:,-' -

e

Benaene -\U_

5, | Crinit,
)
L H CHIE PO )
'k:l..l_-
= Misobenzalidchyvde

Quiestion:15 How will you bring about following conversion in not more than two
steps?

i.) Propanone to Propene

ii.) Benzoic acid to Benzaldehyde

iili.)  Ethanol to 3-Hydroxybutanal

iv.))  Benzene to m-Nitroacetophenone

V.) Benzaldehyde to Benzophenone

vi.) Bromobenzene to 1-Phenyletahnol

vii.) Benzaldehyde to 3-Phenylpropan-1-ol

viii.) Benzaldehyde to @-Hydroxyphenylacetic acid

ix.)  Benzoic acid m-Nitrobenzyl alcohol

Answer:
OH
_ . l
CH;COCH; —=:C5% 3 CH;— CH - CH; —=222%¢ 5 CH;CH =CH,
Propanone Propan-2-ol Propene
i)
COOH cocl CHO
_S0Clp H, Pd/ BaSO,
- SD? — HCI

Benzoic acid Benzayl Benzaldehyde

i) Chiloride
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iii.)

vi.)

vii.)

viii.)

OH
73K il.
CH3CHpOH SU. 573K, o cHO m——é’c’-ﬁ)ﬁ» CHz— CH — CH,CHO
Ethanol Ethanal Condensation 3 - Hydroxybutanal
O, CHs o CHy
N (ascopa ) Contsgg
| PRITE ) consHNOZ Ao
l.
a
benzene acetophenone m- nitroacetophenona
CHO L0 O
:IIEI 8001,
[Dreidatize)
Beazaldehiyde
[Friedel-Crall
e
Makyil A,
[+]
I
o8¢
Dmeophaone
OH
I
Br MgBr CH — CHj
M i. CHyCHO
dry ether ii. HyO*
Bromobenzene Phenyl magnesium 1 — Phenyl athanol
bromide
CHO CH = CHCHO CHz CHzCHz OH
dil NadH, A Hz, Na
@ * CHSCH{] - Crass alkdal CEI[F.I|'5I‘|iC @
condensatian hydrogenation
Benzaldehyde Acataldehyde 3 = Phenyiprop — 2 - enal 3 — Phenylpropan - 1 - al
OH cIJH
|
CHO CH - CN CHCOOH
NaCN, Hel m
pH9 - 10 Hydrolysis
Benzaldehyde Benzaldehyde -
cyanohydrin % Hz(égg::gnyl
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COOH COCl CH,O0H
(1) conc HNO,
Y0n0 W06 (i) NaBH,
(1) SOC1, NO, (i) HyO+ NO,

iX.)

Question:16 Describe the following:

i.) Acetylation

ii.) Cannizzaro reaction

iili.)  Cross aldol aondensation
iv.))  Decarboxylation

Answer:

Class 12

i.) Acetylation:

The introduction of an acetyl functional group into an organic compounds is known as acetylation.
It is usually carried out in the presence of a base such as pyridine, dimethylaniline, etc. This
process involves the substitution of an acetyl group for an active hydrogen atom. Acetyl chloride
and acetic anhydride are commonly used as acetylating agents.

For example, acetylation of ethanol produces ethyl acetate.

o} 0

Il O 1

_C. *  H7TCH,.CHy T ¢ _C.__CH,CH, *+ HCI
H;C Cl H;C O
ii.) Cannizzaro reaction:

The self oxidation — reduction reaction of aldehydes having no & — hydrogen’s on treatment with
concentrated alkalis is known as the cannizzaro reaction. In this reaction, two molecules of
aldehydes participates where one is reduced to alcohol and the other is oxidised to carboxylic acid.
For example, when ethanol is treated with concentrated potassium hydroxide, ethanol and
potassium ethanoate are produced.

~ 277N + ¢onc KOH ——pp» CH;— CH, OH + CH;COOK

Ethanal Ethanol Potassium

cthanoate

iii.) Cross — aldol condensation:
When aldol condensation is carried out between two different aldehydes, or two different
ketones, or an aldehyde and a ketones, then the reaction is called a cross — aldol

condensation. If both the reactants contain & — hydrogen, four compounds are obtained as
products.

For example, ethanol and propanal react to give four products.
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OH

[ —— ) A

| M —HC—CHy—CHO » HC—CH=2CH—CHO
Saycartetval tetdon 1
' CH CHy CHy
S p—— - A
“3| * HyCmCH e CH e G (O L T oY T PR p—" o
CHyCHO Bl st LI AR b T MyC—CH,—CH=C~~CHD
ey 2 et en deen
O Kel™
+ ~
CHyCH,CHO fli\‘- I‘ ‘;-"':
g 3 * HC—CH—HC—CHO —A . yo—cu=—C—<HO
Loy 2 rctrytwimned Dretnsdend
CH
|
* HyCoaty=CH e CHy—CHO — s HyC—Ciy—CH=CH = CHO

3o pestnd pert Lol

iv.) Decarboxylation:
Decarboxylation refers to the reaction in which carboxylic acids lose carbon dioxide to

form hydrocarbons when their sodium salts are heated with soda — lime.

NaOH(Ca)
heat

CH,COONa

Sodium ethanoate
or Sodium acetate

> CH, + CO,

Decarboxylation also takes place when aqueous solutions of alkali metal salts of carboxylic acids are

electrolyzed. This electrolytic process is known as Kolbe’s electrolysis.

Question:17 Give plausible explanation for each of the following:
i.) Cyclohexanone forms cyanohydrin in good yield nut 2,2,6-
trimethylcyclohexanone does not.
ii.) There are two -NH2 groups in semicarbazide. However, onl;y one is
involved in the formation of semicarbazones.
iili.)  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.

Answer:
1) Cyclohexanones form cyanohydrins according to the following equation.
O OH_ CN
HCON
Cyclohexanone Cyanohydnn
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In this case, the nucleophile CN" cab easily attack without any steric hindrance. However, in the case of

2, 2, 6- trimethylcyclohexanone, methyl groups at (&-positions offer steric hindrance and a s result, CN”

cannot attack effectively.

O
CHj,

H.C
3 CHs,

For this reason, it does not form a cyanohydrin.
ii.) Semicarbazide undergoes resonance involving only one of the two —NH2 groups, which is
attached directly to the carbonyl — carbon atom.
o 0

C(“} __’{wl' !

™ ¢ NH, F,;:,f" ) NHy e Con, AN
MU N TR e T N

1
Therefore, the electron density on -NH2 group involved in the resonance also decreases. As a

result, it cannot act as a nucleophile. Since, the other -NH2 group is not involved in resonance; it
can act as nucleophile and can attack carbonyl — carbon atoms of aldehydes and ketones tom
produce semicarbazones.

iii.) Ester along with water is formed reversibly from a carboxylic acid and an alcohol in

presence of an acid.

0o 0o

f H* I
R—C—0—H + H—O0—R' R—C—O—R' + H.0
a carboxylic an alcohol an ester

acid

{Where R and R' are general hydrocarbon groups)
If either water or ester is not removed as soon as it is formed, then it reacts to give back the reactants as
the reaction is reversible. Therefore, to shift the equilibrium in the forward direction i.e., to produce

more ester, either of the two should be removed.

Question: 18 An organic compound contains 69.77% carbon, 11.63% hydrogen and
rest oxygen. The molecular mass of the compound is 86. It does not reduce tollen’s
reagent nut forms an addition compound with sodium hydroigensulphite and give
positive idoform test. On vigorous oxidation it gives ethanoic and propanoic acid.

Write the possible structure of the compound.
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Answer:
% of carbon = 69.77 %

% of hydrogen = 11.63 %

% of oxygen = {100 - (69.77 + 11.63)}%

=18.6%

Thus, the ratio of the number of carbon, hydrogen, and oxygen atoms in the organic compound can be
given as:

=5.81:11.63:1.16

=5:10:1

Therefore, the empirical formula of the compound is CSH100. Now, the empirical formula mass of the
compound can be given as:

5x12+10x1+1x%x16

=86

Molecular mass of the compound = 86

Therefore, the molecular formula of the compound is given by CSH100.

Since the given compound does not reduce Tollen's reagent, it is not an aldehyde. Again, the compound
forms sodium hydrogen sulphate addition products and gives a positive iodoform test. Since the
compound is not an aldehyde, it must be a methyl ketone.

The given compound also gives a mixture of ethanoic acid and propanoic acid.

Hence, the given compound is Pentan-2-one

rh
I

el MRS ‘_-_I._ 5 13
(A - N
Pentan-T-cine Me COOH + HOOO ™M

Frharwss acid wrHE il

, 3| Tallens -
| 4 MH; 1] lr_ ._!.__:'“ )
| ||.|

= . |
(—ve) test Hiy+ 07 ™7 M
(vedtest Lo CHI + 077 Y M
|_\;;.,=|:-;r;~ hr.k;‘x_:jm Yllow Butanoate jon
.-""-\"'\-L_L . npt
Na();8 Mo
Sod. bisulphite adduct product

Question:19 Although phenoxide ion has more number of resonating structures than

carboxylate ion, carboxylic acid is a stronger acid than phenol. Why?

Answer:
:
=Y + Q” f:” o
R—C__+H,0 ==H0" | R—Cq++R—C_ |=R—CL]
OH 0~ Go o
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1.) Phenoxide ion has non-equivalent resonance structures in which the negative charge is at the
less electronegative carbon atom whereas in case of carboxylate ion both the resonating
structures are equivalent.

ii.) The negative charge is delocalised over two electronegative oxygen atoms in carboxylate ion
whereas in phenoxide ion the negative charge less effectively delocalises over one oxygen
atom and less electronegative carbon atoms. So the carboxylate ion is more resonance
stabilised than phenoxide ion. Thus, the release of proton from carboxylic acid is much easier

than from phenol. Hence, carboxylic acid is a stronger acid than phenol.
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