NCERT SOLUTIONS
CLASS-XII CHEMISTRY
CHAPTER-12
ALDEHYDES, KETONES AND CARBOXYLIC ACIDS

Question 12.1: What do you mean by the following terms? Give an example of the reaction.
(i) Cyanohydrin

(ii) Acetal

(iij) Semicarbazone
(iv) Aldo/

(v) Hemiacetal

(vi) Oxime

(vii) Ketal

(vii) Imine

(ix) 2,4-DNP-derivative

(x) Schiff’s base
Answer: (i) Cyanohydrin:

Cyanohydrin 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=0 + HCN 22X, RR'C(OH)CN

Ketone Cyanohydrin
Cyanohydrins are useful synthetic intermediates
(ii) Acetal:

The gem-dialkoxy alkanes which consists of two alkoxy groups at the terminal carbon atom is called
Acetal. One bond is connected to an alkyl group while the other is connected to a hydrogen atom.

H

R—C—ORrR
OoR”
General styucture ol an acelal
General structure of an acetal.

Hemiacetals are produced when aldehydes are treated with two equivalents of a monohydric alcohol in
the presence of dry HCI gas. Hemiacetals further react with one more molecule of alcohol to yield acetal.

R'OH, dry HCI OR'| pe—oH %
, Ory Kas 7 7
RCHO \——-\‘ R—CH ———R—CH + Hy0
N Ll 15 =
Aldehyde OH Sl
Hemiacetal Acetal

(iii) Semicabarbazone:

Aldehydes and ketones derives semicabarbazone, which is produced by the condensation reaction
between a ketone or aldehyde and semicarbazide.

(o]
OH
e A ! “ N7 (o]
D=0 - He-N—NU—C — NH, = /C\
ek Senucarbazide N—NH—C—N\H,

Vo



Hi0 + D C=N—NH—C—NH,
Semicarbazone
Semicarbarzones are useful for identification and characterization of aldehydes and ketones.
(iv) Aldol:
An aldol is a B-hydroxy aldehyde or ketone. 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.
2 CH,CH,—CHO ‘_M CHy—CHy—~CH—CH;—CH,—CHO
Propanal OH
4 - Hydroxyhexanal (Aldol)

(v) Hemiacetal:

Hemiacetals are a—alkoxyalcohols

RO, OH

g
-
=
=

General structure of of a hemiacetal

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

R'OH, dry HCI gas of
Repo =2eS - BN | o

OH

Hemiacetal

(vi) Oxime:
General formula — RR'CNOH

Where R is an organic side chain and R’ is either an organic side chain or hydrogen. If R'is an organic
side chain, then it 1s known as ketoxime and If R' Is H, 1t Is known as aldoxime.

OH OH
F g Pl
N N
R) kH R/l k R
Aldoxime Ketoxime

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

Hydroxylaming
(vii) Ketal:

Ketals are gem—dialkoxyalkanes in which one carbon atom consists of two alkoxy groups within the
chain. The other two bonds of the carbon atom are connected to two alkyl groups.

"
|

R—C—OR"

OR™
General stracture of a ketal

General structure of a ketal

A cyclic product is produced when ketones react with ethylene glycol in the presence of dry HCI gas,
known as ethylene glycol ketals.

R "H,OH R 0—LH,
\r—-o+( g HClgss . \_/ _—
B b ST I Ty
. (i) LY R 7\ 0—CH,
Ketane Ethylene glycol Ethvlene glycol ketal

(viii) Imine:



Imines are chemical compounds containing a carbon nitrogen double bond.

Rs

” 4
N
R, R,
General structure of an imine

Aldehydes and ketones produces imines whey they react with ammonia and its derivatives.

\(,/0"

2%
NHZ,

—» >C=N—1Z + H,0

(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,
>e z_c)—u:—_‘— NNH NO,
2. 4 = Dinitrophenythy drzine NO,
H0 + YC=NNH NO,

4

2, 4 - Dimtrophenylhydrazone
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
R1R>C = NR3. Hence, it is an imine. It is named after a scientist, Hugo Schiff.

General structure of schiff's base

Aldehydes and ketones on treatment with primary aliphatic or aromatic amines in the presence of trace
of an acid yields a Schiff's base.

pEmsmu s Trace of H
R—CH==0 +Hf—N—F—®R—CH= N—R +H.0

Aldehyde 1” amine Schiff’s base

Question 12.2: Name the following compounds according to IUPAC system of nomenclature:
(i) CH3CH(CH3)CH,CH,CHO

(i) CH3CH3COCH(CHg)CH,CH,CH
(7ii) CH3CH=CHCHO

(iv) CH3COCH,COCH,

(v) CH3CH(CH3)CH3C(CH3);COCH;
(vi) (CH4)3CCH,CO0H
(Vij)OHCCzH4CHO-p

Soln:

(i) 4-methylpentanal

(i) 6-Chloro-4-ethylhexan-3-one

(iii) But-2-en-1-al



(iv) Pentane-2, 4-dione
(v) 3, 3, 5-Trimethylhexan-2-one
(vi) 3,3-Dimethylbutancic acid

(vii) Benzene-1 4-dicarbaldehyde

Question 12.3: Draw the structures of the following compounds.
(f) 3-Methylbutanal
(fi) p-Nitropropiophenone
(7ii) p-Methylbenzaldehyde
(iv)4-Methylpent-3-en-2-one
(v) 4-Chloropentan-2-one
(vi) 3-Bromo-4-phenyipentanoic acid
(vii) p.p"-Dihydroxybenzophenone
(viii) Hex-2-en-4-ynoic acid
Soln:

(i)

CH; (4]

Il

|
HyC — CH—CH,—C —H

(i)
0
05N —@—g —CH,—CH;
(iii)
0
HyC —@—1" —Hu
(iv)
0 CH;

Il |
HyC —C—CH=C(C—CH;
(v)

0 (>

il I
HiC —C—CH;=—CH—C(CH,
(vi)

CgHy Br 0

Il
H,C—CH—CH —CH;—C—OH

(vil)

0
o) —)-on
(viii)

O

H —C=C—CH=CH—(—0H

Question 12.4: Write the IUPAC names of the following ketones and aldehydes. Wherever
possible, give also common names.

(i) CH3CO(CH;)4CH;
(ii) CH3CH,CHBrCH,CH(CH;)CHO
(iii) CH3(CHy)sCHO

(iv)Ph-CH=CH-CHO



)

(vi)PhCOFh

Soln:

(1) CH3CO(CH>)4CH,

IUPAC name: Heptan-2-one

Common name: Methyl n-propyl ketone
(i) CH3CHoCHBrCH5CH(CHS)CHO
IUPAC name: 4-Bromo-2-methylhaxanal
Common name: (y-Bromo-a-methyl-caproaldehyde)
(iii) CH3(CH,)sCHO

IUPAC name: Heptanal

(iv) Ph-CH=CH-CHO

IUPAC name: 3-phenylprop-2-enal
Common name: B-Pheynolacrolein

W)

IUPAC name: Cyclopentanecarbaldehyde
(vi) PACOPh
IUPAC name: Diphenylmethanone

Common name: Benzophenone

Question 12.5: Draw structures of the following derivatives.
(i) The 2,4-dinitrophenylhydrazone of benzaldehyde

(fi) Cyclopropanone oxime

(iii) Acetaldehydedimethylacetal

(fv) The semicarbazone of cyclobutanone

The ethylene ketal of hexan-3-one

(vi) The methyl hemiacetal of formaldehyde

Soln:

(i)

NO,
@—( H==NNH @—m,

(ii)
N - OH

(iii)
OCH,
CHy—CH
OCH,

(iv)
0



= NNH —C — NH,

v)
HC — CH;
0 4]
.
HyC —CH;— C —CH;y/—CH;—(H;
(vi)
H OH
y .
C
"/ \D(‘H_;

Question 12.6: Predict the products formed when cyclohexanecarbaldehyde reacts with
following reagents.

(i) PhMgBr and then H;0"
(fi)Tollens’ reagent

(fii) Semicarbazide and weak acid
(iv)Excess ethanol and acid

(v) Zinc amalgam and dilute hydrochloric acid

Soln:
(i)
™ P
=0 e ‘|\“ HO* T\“
Dry ether W Hydrolysis .
Cyclohevane
carbaldehy de Cyclohexylpheny icarbsnol
(i)
CH=0
+ 2[AgiNHinT ¢+ 3OWT
Cvclohexane Tollens reagent
carbal dehy de
]
|
C—0
O’ * 2Ag |+ 4NH, 200
Silver
Ll
Cyclohexans
carboxylate won
(i)
cwo i "
O/ + HNNH—C—nat, 2330 Ro 4 0
¥ “ weak acud y
Cyclohexane - Semicarbande CH=NNH NH;
carbaldelyde O’
Cyclohexanecarbaldehy de
semicarbasone
(iv)
CHO ~ HOC:H,
Dry HCl gas c
" - | OCHs 4 W0
Cyclohesane — - -- - HOC2Hs H
carbaldehy de :
Ethanol (Excess) Cyclohes .
diethy | acetal
S CH
Zn/Hg —HC1 3
(clemmensen
Cyclohexane reduct
carbaldot de o

Methy oy clohexane

Question 12.7: 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-Methylpentanal

(iii) Benzaldehyde

(iv) Benzophenone

(v) Cyclohexanone

(vi) 1-Phenylpropanone
(vii) Phenylacetaldehyde
(viii) Butan-1-ol

(ix) 2, 2-Dimethylbutanal

Soln: Aldehydes and ketones having at least one a-hydrogen undergo aldol condensation. The
compounds (ii) 2-methylpentanal, (v) cyclohexanone, (vi) 1-phenylpropanone, and (vii}
phenylacetaldehyde contain one or more a-hydrogen atoms. Therefore, these undergo aldol
condensation

Aldehydes having no a-hydrogen atoms undergo Cannizzaro reactions. The compounds (i) Methanal,
(i) Benzaldehyde, and (ix) 2, 2-dimethylbutanal do not have any ahydrogen.

Therefore, these undergo cannizzaro reactions.

Compound (iv) Benzophenone is a ketone having no a-hydrogen atom and compound (viii) Butan-1-ol is
an alcohol. Hence, these compounds do not undergo either aldol condensation or cannizzaro reactions.

Aldol condensation (ii)

20HCH,CH; — CH — CHO &=
CHy

2 Methy Ipentanal

CH,
CHyCHACHy — CH — CH — CH— CH,CHCH,
CHy OH CHO

3 Hydwoxy 2.4 dimethyl - 2 propylheptanal

)
(4]
Ore wsne (L)
OH
Cyelohexanone 2 - {1 - Hydroxy - | ~ evclohexyl) - cyclobexan -1 one
(vi)
0 DH (‘n.

@——!l — CHCH, SLNa0H @—c—cn—c-—@

1 - Phenylpropanone
l

CH,y
3 - Hydroxy - 2 -~ methyl - 1, 3 - diphenylpentan - | - one
(vii)
0" I
:@— CcHacno SiLNOH o @—m- - m —CH —@
Phenylacenldehy de 3 - hydroxy - 2, 4 - dipheny ibutanal
Cannizzaro reaction (i)
H
H H
2 0==0 +comcKOH —— H—C—OH + 30— 0K
H
Methanal Methanol Potassium methanoate
(iii)
[+]
W IR o, GG o G
Benzaldehyde Benzyl alcohol Potassium bensoae
(ix)
CH;3 CHy cHy
CHyCH) Sl

l|—mo ———— CHy(Hy — C— CHy — OH + CHy(Hy — C — ‘l —ONa

CHy CH3 CH; O



2.2 - Lmetyibutans .2 - hmethylbutan - | - ol Sodium 2, 2 - dumethy Ibulanoate

Question 12.8: How will you convert ethanal into the following compounds?
(f) Butane-1, 3-diol

(fi) But-2-enal

(fii) But-2-enoic acid

Soln:

(i) Ethanal produces 3-hydroxybutanal gives butane-1, 3-diol on reduction, when it is treated with dilute

alkali.
ol oH
NafiH, N .
CHycHO SN0 o oy ol CHy = CHO — . Cy = CH— (H3— CHz— OH
N (Reduction) - -
Ethanal 3 - Hydroxybutanal Butane - 1, 3 - dol

(ii) Ethanal gives 3-hydroxybutanal which on heating produces but-2-enal when it is treated with dilute

alkali.
ot
crycno SN0 o 6y e Oy — CHO +“nv CH; — CH=CH—CHO
Ethanal 3 - Hydroxybutanal : But -2~ enal

(iii) But-2-enal produced in the above reaction produces but-2-enoic acid when it is treated with Tollen's
reagent.

’\aNhEl oH

CHy — CH==(CH — (H0Q —=———=—& CHjCH=CHCOOH
Tollen's reagent

But - 2 - enal But - 2 - enouc acid

Question 12.9:

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

Soln:
(i) One molecule of proapanal acts as a nucleophile and the other molecule acts as an electrophile.

o CHy

2 CHCHCHO — MO o 044,CH,— CH— CH— CHO

Propanal 3 - hydroxy - 2 - methylpentanal

(i) Taking two molecules of butanal, one which acts as a nucleophile and the other as an electrophile

OH  CHyCHy

2 CHsCH,CH,CHO M‘- CH;CH,CH; — CH — CH— CHO

Butanal 2 - Ethyl — 3 - hydroxyhexanal

(iii) Taking one molecule each of propanal and butanal in which propanal acts as a nucleophile and
butanal acts as an electrophile.

OH CHy

CHCH,CH,CHO  + CHyCHyCHO —® CH3CHyCHy —— CH— CH—CHO

Butanal Propanal
(Electrophile) (Nucleophile)

3 — Hydroxy - 2 - methylpentanal
(iv) Taking one molecule each of propanal and butanal in which propanal acts as an electrophile and
butanal acts as a nucleophile

OH CH,CH;

CHyCHCHO  +  CHyCHyCH,CHO  —— CHyCHy — CH— CHCHO
Propanal Butanal 2 - Ethyl - 3 - hydroxyhexanal

{Electrophile) {Nucleophile)




Question 12.10:

An organic compound with the molecular formula CoH10 forms 2, 4-DNP derivative, reduces
Tollen’s reagent and undergoes Cannizzaro reaction. On vigorous oxidation, it gives 1, 2-
benzenedicarboxylic acid. Identify the compound.

Soln: The compound having molecular formula CqHqgO forms 2, 4-DNP derivative and reduces Tollen's
reagent. Therefore, the given compound must be an aldehyde. Again, the compound gives 1, 2
benzenedicarboxylic acid and undergoes cannizzaro reaction followed by oxidation. Therefore, the
—CHQ group is directly attached to a benzene ring and this benzaldehyde is ortho-substituted. Hence,
the compound is found to be 2-ethylbenzaldehyde

CHO

CHyCH;

2 - Ethylbenzal dehyde

The given reactions can be explained by the following equations.

H NNH@—T\O~ + HO

H-»( Hy
2,4 - DNP denvative

2. 4 - Dinitrophenyl —
hydrazine

CHO E‘ t““ﬂ (m
@ @ ) Ag
CHACH; Tollen's reagent CHACH;
2 - Ethylbenzoate  Silver mirror
@(‘()Uil
COOH

|, 2 — Benzenedicarboxylic acid

[a]

Oxidation

Question 12.11: An organic compound (A) (molecular formula CgH503) was hydrolysed with
dilute sulphuric acid to give a carboxylic acid (B) and an alcohol (C). Oxidation of (C) with
chromic acid produced (B). (C) on dehydration gives but-1-ene.Write equations for the reactions
involved.

Soln: A is an organic compound with @ molecular formula CgHqg02. This gives a carboxylic acid (B) and
an alcohol (C) on hydrolysis with dilute sulphuric acid. Thus, compound A must be an ester.

Further, oxidation of alcohol (C) with chromic acid gives acid B. Thus, B and C must contain equal
number of carbon atoms.

A total of 8§ carbon atoms are present in compound A, each of B and C contain 4 carbon atoms.

Again, alcohol C gives but-1-ene on dehydration. Therefore, C is of 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 CgH4505 1S butylbutanoate.

a

|
CH1CHsCHy — € — OCH;CHCHACH

Butylbutanoate

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

(8] 0
dil H:50,
CH;CH3CH; — € — OCH,CH;CH,CHy ———® CHCH;CH; — C— OH + CHCH;CH;CH;OH
Butylbutanoate Butanowe scid Butan - | - ol
A) (B) )

O

CHyCHyCH; — C—OH
Butanoic acid
(B)

CrO5/CH;COOH
Oxidanon

w“-dnmon

CHyCHyCH,CH, — OH



Hy \
CHiCH:CH == CH,

But - | —ene

Question 12.12: Arrange the following compounds in increasing order of their property as
indicated:

(i) Acetaldehyde, Acetone, Di-tert-butyl ketone, Methyl tert-butyl ketone (reactivity towards HCN)

(if) CH;CHyCH(Br)COOH, CH3CH(Br)CH3COOH, (CH4)3CHCOOH, CH,CHyCH3COOH (acid
strength)

(iii) Benzoic acid, 4-Nitrobenzoic acid, 3,4-Dinitrobenzoic acid, 4-Methoxybenzoic acid (acid
strength)

Soln:

(i) When HCN reacts with a compound, the attacking species is a nucleophile, CN™. Therefore, the
reactivity with HCN decreases, when the negative charge on the compound increases. The +| effect
increases in the given compound. Steric hindrance also increases in the same.

Hence, the given compounds can be arranged according to their increasing reactivities toward HCN as:

CH; o
CH, CH, [l
“\(‘:0 > \(’:0 > CHy—=»—C—»—(C —=-CH;
g " 3
H CH, +
Acetaldehyde Acetone CH,

teri — Butyl methvl ketone

v
CH; o CH;

! Il

CHy = € = e ==l

} 4

CH, CH,
D1 - ters — butyl ketone
Di-tert-butyl ketone = Methyl tert-butyl ketone = Acetone = Acetaldehyde

(i) After losing a proton, carboxylic acids gain a negative charge as shown
R-COOH — R-COO +H"

Now, the stability of the carboxyl ion increases by any group that helps to stabilize the negative charge,
will increase the strength of the acid. Thus, groups having —| effect will increase the strength of the acids
and groups having +| effect will decrease the strength of the acids. In the given compounds,Br— group
has - effect and -CHs group has +| effect. Thus, acids containing Br— are stronger.

Now, the +| effect of isopropyl group is more than that of n-propyl group. Hence, CH3CH,CH;COOH is a
stronger acid than (CH3),CHCOOH

Also, as the distance increases, +| effect grows weaker. Hence, CH3CH>CH(Br)COOH is a stronger acid
than CH3CH(Br)CH,COOH.

Hence, the strengths of the given acids increase as:
{CH3)2CHCOQH < CH3CH5CH,COOH < CH3CH(Br)CH,COCH < CH3CHCH(Br)COOH

(iii) As we have seen in the previous case, the strengths of acids is decreased by the electron donating
group, while the strengths of acids increases by electron-withdrawing groups. As methoxy group is an
electron-donating group, benzoic acid is a stronger acid than 4-methoxybenzoic 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 12.13: Give simple chemical tests to distinguish between the following pairs of
compounds.

(i} Propanal and Propanone

(ii) Acetophenone and Benzophenone



(fii) Phenol and Benzoic acid
(fv) Benzoic acid and Ethyl benzoate
(v) Pentan-2-one and Pentan-3-one
(vi) Benzaldehyde and Acetophenone
(vii) Ethanal and Propanal
Soln: (i) Propanal and propanone can be distinguished by the following tests.
(a) Tollen’s test
Tollen's reagent is reduced by propanal as it is an aldehyde. But, Tollen's reagent is not reduced as
propancne is a ketone
CHyCH,CHO + 2 E\g (NH;EI " IOH ——— = CHCH,000™ 4 Ag J. + 4NH; + 2H,0
Propanal Tollen’s reagent Propanoste ion Silver mirror
(b) Fehling’s test
Aldehydes respond to Fehling's test, but ketones do not.

Propanone being a ketone does not reduces Fehling’s solution to a red-brown precipitate of Cu;0, but
Propanal being an aldehyde does the reaction.

CH;CH,CHO + 2Cu® + SOH™ — CHCH,C00™ + Cur0t + 3H0

Propanal Propanoate wn Cuprous oxide
(Red - brown ppt)

(c) lodoform test:

At least one methyl group should be present in aldehydes and ketones linked to the carbonyl carbon
atom to respond to iodoform test. They are oxidized by sodium hypoiodite (NaOl) to give lodoforms
Propanone being a methyl ketone responds to this test, but propanal does not.

CH;COCH; + 3 NaOl —= CHyCOONa + CHI; + 2 NaOH

Propanone Sodium acetate  lodoform
{yellow ppt)

(ii) Acetophenone and Benzophenone can be distinguished using the iodoform test
lodoform test:
yellow ppt. of iodoform is produced when methyl ketones are oxidized by sodium hypoiodite.
Acetophenone being a methyl ketone responds to this test, but benzophenone does not.
CH;COCH; + 3 NaOl —= C HsCOONa + CHIy + 2 NaOH
Acctophenone  Sodium Sochum lodoform

hypoiodite benzoate  (vellow ppt)

CeH;COCH; + 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 FeCl; to form an iron-phenol complex giving violet coloration

3
6 CoHsOH + FeCly ——p= [morﬁuﬁ,gl + 3H' 300

Phenol Iron-phenol complex
(Violet colour)

A buff coloured ppt of ferric benzoate is produced when benzoic acid reacts with neutral FeCl;

3 CoHsOH + FeCly —— {CgHsCOOKFe + 3 HOI
Benzoic acid Ferric benzpate
(Buff coloured ppt)

(iv) Benzoic acid and Ethyl benzoate can be distinguished by sodium bicarbonate test.

Sodium bicarbonate test:

Brisk effervescence is produced when acids react with NaHCO4 due to the evolution of CO- gas.
Benzoic acid being an acid responds to this test, but ethylbenzoate does not

CgHsCOOH + NaHCO; — ( H:COONa + (‘();' +H0
Benzoic acid Sodium benzoate

CaH;C000H; + NaHCO; ——= No effervescence due 1o evolunon



of CO; gas

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

Pentan-2-one responds to this test as it Is a methyl ketone. But pentan-3-one not being a methyl ketone
does not respond to this test

(4]
CHyCH;CH; — € — CHy + 3 NaOI —— CHyCH,CH;COONa + CHIyh + 2NaOH
Pentan — 2 — one Sodium butancate  lodoform
{yellow ppt)

CH;CH; — € — CH;CH; = NaOl ——® No yellow ppt of iodoform

Pentan - 3 - one

(vi) Benzaldehyde and acetophenone can be distinguished by the following tests.
(a) Tollen’s Test
Aldehydes respond to Tollen’s test. Red-brown precipitate of Cu,O is produced by Benzaldehyde
reduces Tollen’s reagent, but acetophenone being a ketone does not.
CeHsCHO 4 zE\g:NH;)EI" JOH ——= CgHsCOO™ + A“ + 4NHy + 2H,0
Benzaldehyde Tollen’s reagent Benzoate ton  Silver murror
(b) lodoform test

A yellow precipitate of iodoform is given by acetophenone (a methyl ketone) when it undergoes oxidation
by sodium hypoiodite (NaQl). But benzaldehyde does not respond to this test.

CHCOCH; + 3Ng0] — CHCOONs +CHI3 + 2 NaOH

Acetophenone Sodium benzoate lodoform
(yellow ppt)

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

Carbonyl carbon atom having at least cne methyl group in aldehydes and ketones responds to the
iodoform test. Also, Ethanal having one methyl group linked to the carbonyl carbon atom responds to
this test. But, there are no methyl group linked to the carbonyl carbon atom in ropanal and thus, it does
not respond to this state.

CHyCHO + 3NaDl ——# HCOONa + CHI3 + 2 NaOH
Ethanal Sodium lodoform
methanoate (vellow ppt)

Question 12.14: 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

(T) Methy! benzoate
(fi) m-Nitrobenzoic acid
(iii) p-Nitrobenzoic acid

(fv) Phenylacetic acid

(v) p-Nitrobenzaldehyde
Soln:
(i)
Br MeBr Aighir
Bry/FeBry \1.3
R
EI|'IH dn- we
Benzene
H,0"

COOCH;

COOH
th.t:-uﬁu.aunn:
C II‘()I i

cone. HaS04



Methy [benzoate

(i)
MgBr
Bry/ 118:1 COw
dl:v ice
Benzene
H;0"
COOH COOH
HNO, / H,80,
(Nitration)
NO,
m = Nitrobenzoic acd
(iii)
CHy CH; CHly
CHiCl/ -
Anhyd. AICI; HNO; / Ha80, 3
S e B TR +
(Friedel-Crafi (Nitration)
alkylation)
Be
e NOy {Minor)
{Major)
Separated by
filiration
COooH COOK fHa
KMn(); — KOH
HiO" —— -
e NO, NO,
P — Nitrobenzoic acid
(iv)
CHy CH;Br
CHCl/ NBS. v or
@ Anhyd AICI; Bry Aand v
Benzene Toluena Benzyl bromide
Ale. KON A
CH-COOH
© ", @
Phenylacetic acid Benzyl cyanide
v)
CHyCl/
@ Anhyd AICT HNO, /HyS0y
NO,
€8, | croycl,
CHOCrOHCl 1

Q=0

P - Nitrobenzaldehyde

Question 12.15: How will you bring about the following conversions in not more than two steps?
(i) Propanone to Propene

(fi) Benzoic acid to Benzaldehyde

(iii) Ethanol to 3-Hydroxybutanal

(fv) Benzene to m-Nitroacetophenone



(v) Benzaldehyde to Benzophenone

(vi) Bromobenzene to 1-Phenylethano/

(vii) Benzaldehyde to 3-Phenyipropan-1-ol

(viii) Benazaldehyde to a-Hydroxyphenylacetic acid

(ix) Benzoic acid to m- Nitrobenzyl alcohol

Soln:
(i)
(8] OH
Il NaBH, | conc Hy80,
CH; — C—CH; ———» CH; — CH—CH; —-—b- CH; —CH=CH,
Propene
(ii)
coql CHO
SOC1, H;
Pd - BaSO,
Benzoic acid Benzaldehy de
(iii)
£0; il NaOHl,
CHy — CHly — O ——= CHCHO CHyCHCH,(CHO
(Aldol .~
Ethanol condensation) © — Mydroxybutanal
(iv)
COCH; COCHy
CHCOC!,
Anhyd AlCl HNOy/ H-S'Da
(qu-(“rdl .
Benzene 5

© = Q=
|

Anhyd AIC
0
I
o0
Benrophenone
(vi)
MgBe HyC —CH
Mg / dry ether (1 CHCHO
_—
) H0
Bromobenzene 1 - Phienyledhanol
(vii)
CHyCHyCH0H
+ o 0 NeOH © Ny
{(‘anlyu
Benzaldehy de
l Phenylpropan - | - ol
(wiii)
1o
NCNIHOLL N MO o, (i coon
a - Hydroxyphenylacenc acid
Benzaldety de
(ix)
CHOH CH0H
NO; | H3S0,
1) LiAIH, HNO; / 80,
) H;0
Benraldehy de b~

m - Natrobenry| alcohol



Question 12.16: Describe the following:
(i) Acetylation

(fi) Cannizzaro reaction

(fii) Cross aldol condensation

(iv) Decarboxylation

Soln:

(i) Acetylation

When an organic compound is introduces with acetyl function group, it is known as acetylation. Bases
such as pyridine, dirnethylaniline, etc. i1s present when this process is carried out. An acetyl group I1s
substituted with an active hydrogen atom in this process. Acetylating agents such as acetyl chlonde and
acetic anhydride are commonly used in the process.

For example, acetylation of ethancl produces ethyl acetate.

CH,CH,0H + CH,COCI —2==_, CH,COOC,H, + HC]
Ethanol Acetyl Ethylacetate
Chiloride

(ii) Cannizzaro reaction:

Cannizzaro reaction is the self disproportionation (oxidation — reduction) reaction of aldehydes with no a-
hydrogens on treatment with concentrated alkalis.

One molecule of aldehyde is reduced to alcohol and the other 1s oxidized to carboxylic acid, in this
reaction.

For example, ethanol and potassium ethanoate are produced when ethanol is treated with concentrated
potassium hydroxide, .

i

2O 4 conc KOH ————— CHy—CH;— O+ CH;CO0K
CH; H

Fthanal Ethanol Powssium
ethanoate

(iii) Cross-aldol condensation:

Cross — aldol condensation is carried out between two different aldehydes, or two different ketones, or
an aldehyde and a ketone. Four compounds are obtained as products if both the reactants contain a-
hydrogens.

For example, reaction of ethanal and propanal gives four products.

CH;CHO + CH;CH,CHO
\i’\nﬂﬂ
CH; — CH=CH — CHO + CH;CHy — ['Il-(lif(.‘HO
CH,
But - 2 - enal 2 - methylpent - 2 - enal
(From two molecules of ethanal) (From rwo molecules of Propanal )
Self-aldol products
CH;—C=C —CHOD * CHyCH; — CH = CHCHO

|

CH;

2 - methylbut - 2 - enal Pent - 2 — enal

(From one molecule of ethanal and one molecule of propanal)

Cross-aldol products

(iv) Decarboxylation:

Reaction in which carboxylic acids lose carbon dioxide to form hydrocarbons when their sodium salts are
heated with soda-lime is called decarboxylation.

When agueous solutions of alkali metal salts of carboxylic acids are electrolyzed also results in
decarboxylation. This electrolytic process is known as Kolbe's electrolysis.
d N }
CHs — COONS Soda-lime (mixture of NaOH and Ca0 m 31 ratio)
Sodium ethanoate 4 l

CHy + Na)COy
Methane



Question 12.17: Complete each synthesis by giving missing starting material, reagent or
products:

(i)
CHLCHY
©/ KMaO,
KOI, heat

(i)
COOH

SOCH,
heat

COOH
Giii)

CHCHO
(iv)

HNCONHNH,
e

0
O——CO'0
(v)
QU [AgNHy),] |

CHO
(vi)

04
() Zn-H0

Soln:

(i)

1,CH
O e
KOH_ heat ™

Ethylbenzene Pot. benzoate
(ii)

@ sm

Phthalic acid Phthaloy! chlonde
(iii)

(80.8]

cocl

(1]

[
CHCHO  +  HNCONHNH, ——— CHCH==NNHC—NH; + H,0

Benzaldehyde Semucarbande Benzaldehvde semicarhazone

(iv)
JEEE
@ % eryd AlCT;
F(‘ acylation @j @
Benrene Benzoyl Benzophenone
chloride
v)
0%0\ [Ag (NHy), ) %Q
CHO oo
4 - Oxocyclohexanecarbal dehy de 4 - Osocyclohexanecarbaxylate

fwid



vy

OH
CHO CHy
@( NaCNHCT q (&
CoOH COOH
2 - Formylbenzoic acrd 2 - |1 - Hydroxycyanomethy ||
benzow: acd
(wii)
C,HCHO
Benraldeirgde ] 3 [}
' AANOH o ¢ HCH = C—CHO
CH;CH,CHO
P | CH;
2 Methyl - 3 - phenyl
pro— 2 - enal
(wiii)
() NaBH,
CHCOCHCO0C sHy -_"-.—. CHyCHIOHICHC00C s Hy
)
Ethyl 3 - oxobutanote Ethyl 3 - hydroxybutanoate
(i)
Cr0; - H-S0,
O =82 O
Cyclohexanol Cveclohexanone
(x)
BH;
Omon=dO-ar]
Methy lenecy clobexane 3

PCC
O—ruﬂq— O—cu_.on

Cyclohexanecarbaldehyde
(xi)
Cyclohexyhdenecyciohexane Cyclohexsnone

Question 12.18: Give plausible explanation for each of the following:
(f) Cyclohexanone forms cyanohydrin in good yield but 2, 2, 6 trimethylcyclohexanone does not.

(fi) There are two -NH2 groups in semicarbazide. However, only one is involved in the fermation
of semicarbazones.

(fii) 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.

Soln: (i) Cyanchydrins are formed by cyclohexanones according to the following equation.

o OH_ €N
O =0
————
Cydlohexanone Cyanchydtin

In this case, there will not be any steric hindrance, hence the nucleophile CN™ can easily attack.
However, in the case of 2, 2, 6 trimethylcydohexanone, methyl groups at a-positions offer steric



hindrances and as a result, CN- cannot attack effectively.
o
i CHy

CH;

2, 2. 6 - Tamethylcyclohexanone

For this reason, it does not form a cyanohydrin

(ii) Semicarbazide undergoes resonance involving only one of the two —-NH> groups, which is attached
directly to the carbonyl-carbon atom.

o

o

(o NHy; -—e {\ Oy W e B NH,

N Sy ll_-N/ Sl (TR K\u/
H

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 a nucleophile and can attack carbonyl-carbon atoms of aldehydes and ketones to produce
semicarbazones.

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

RCOOH + R'OH «“—RCOOR'+H,0

carboxylic acid  Alcohol Ester water

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 12.19: 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 Tollens’ reagent but
forms an addition compound with sodium hydrogensulphite and give positive iodoform test. On
vigorous oxidation it gives ethanoic and propanoic acid. Write the possible structure of the
compound.

Soln: % of carbon = 69.77 %

% of hydrogen = 11.63 %

% of oxygen = {100 - (69.77 + 11 63)}%
=186 %

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

- IT - () — B9.77 . 11.63 . 186
C:H:0= 120777 1716

=5.81:11.63:1.16
=504

Therefore, the empirical formula of the compound is C5H100. Now, the empirical formula mass of the
compound can be given as:

=5x12+10x1+1x16

=86

Molecular mass of the compound = 86

Therefore, the molecular formula of the compound is given by CsHqgO

Tollen's reagent is not reduced by the given compound, hence it is not an aldehyde. A positive iodoform
test s given by the compound and also forms sodium hydrogen sulphate addition products. 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-ol.

Il
CHy— C — CH3 — CHy — CHy

Pentan - 2 - ol



I he given reactions can be explained by the following equations:

OH
CH; — € — CHACHSCH,

SOyNa*
Naus(y' (Addition Product)
O
1 NaOl
CH; — C — CHCH,CHy, ————p» CH;CH,CH,COONa + CHI
Péentan - 2 - ol Sadkiuie batancats lodoform

(Yellow ppt)
1

CH;COOH + CH;CH,COOH

Ethanoic acid Propanoic acid

Question 12.20: Afthough phenoxide ion has more number of resonating structures than
carboxylate jon, carboxylic acid is a stronger acid than phenol. Why?

Soln: Resonance structures of phenoxide ion are:

e o
02 o) ) . s
\ 0 00 CEO. H4S
F— - —V -
U5
1 1 mn v v
Inll, Il and IV, less electronegative carbon atoms carry a negative charge which is observed from the

resonance structures of phenoxide ion. Therefore, the resonance stability of the phenoxide ion gefs a
negligible contribution from these three structures.

Hence, these structures can be eliminated. The more electronegative oxygen atom contains negative
charge by the structures | and V.

Resonance structures of carboxylate ion are:

R—Cy¢) =e R-CN\
Nig Sar

I r

In the case of carboxylate ion, resonating structures I' and |I' contain a charge carried by a more
electronegative oxygen atom.

Also, the negative charge is delocalized over two oxygen atoms, in resonating structures I"and II'. But in
resonating structures | and V of the phexoxide ion, the negative charge is localized on the same oxygen
atom. Therefore, its stability is determined more by the resonating structures of carboxylate ion than
those of phenoxide ion. As a result, phenoxide ion is less rescnance-stabilized than carboxylate ion.
Hence, carboxylic acid is a stronger acid than phenol.



