Aldehydes, Ketones and
Carboxylic Acids

12 .

Facts that Matter

Common and IUPAC Names of some Aldehydes and Ketones

Structure Common name IUPAC name
Aldehydes:
(CH;3),CHCHO Isobutylaldehyde 2-Methylpropanal
H.C CHO
@ v-Methylcyclohexane 3-Methylcyclohexane—
carbaldehyde
CH;CH(OCH;)CHO o—Methoxypropional— 2-Methoxypropanal
dehyde
CH,CH,CH,CH,CHO Valeraldehyde Pentanal
CH, = CHCHO Acrolein Prop—2—enal
CHO
@ Phthaldehyde Benzene-1, 2—dicarbaldehyde
CHO

@/ CHO

Br
Ketones:

CH;COCH,CH,CH,
(CH;),CHCOCH(CH,),

L,
CH,

(CH,),C = CHCOCH,

m-Bromobenzaldehyde

Methyl n—Propyl ketone
Diisopropyl ketone

o~Methylcyclohexanone

Mesityl oxide

3-Bromobenzaldehyde

Pentan—-2-one
2, 4-Dimethylpentan-3—-one

2-Methylcyclohexanone

4-Methylpent-3-en—2—one

Preparation of Aldehydes:

(a) Dehydrogenation of primary alcohols.

(b) Controlled oxidation of primary alcohols.

(c) Controlled and selective reduction of acyl halides.
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Preparation of Aromatic Aldehydes:

(a) Oxidation of toluene with chromyl chloride or CrO5 in the presence of acetic
anhydride.

(b) Formylation of arenes with carbon monoxide and hydrochloric acid in the presence
of anhydrous aluminimum chloride/cuprous chloride.

(c) Hydrolysis of Benzal chloride.
Preparation of Ketones:
(a) By oxidation of secondary alcohols.
(b) By hydration of alkenes.
(c) By reaction of acyl chlorides with dialkylcadmium.
(d) By Friedel Craft’s reaction.
Preparation of Carboxylic acids:
(a) By oxidation of primary alcohols, aldehydes and alkenes.
(b) By hydrolysis of nitriles.

(c) By treatment of Grignard reagent with carbon dioxide.

Name Reactions

Rosenmund Reduction: Acyl chlorides when hydrogenated over a catalyst, palladium
on barium sulphate will yield aldehydes.

o)

Il

Pd-Baso, CHO
@/C—Cl o) B0 @/

Benzaldehyde
Benzoyl chloride

Stephen Reaction: Nitriles are reduced to corresponding imines with stannous chloride
in the presence of hydrochloric acid, which on hydrolysis give the corresponding aldehyde.

RCN + SnCl, + HCl ——RCH = NH —%2 5 RCHO

Etard Reaction: On treating toluene with chromyl chloride (CrO,Cl,), the methyl group
is oxidised to form a chromium complex, which on hydrolysis gives corresponding
benzaldehyde.

@ CH, + Cro,cl,—3 Q CH(OCrOHCL), — Q_ CHO

Toluene Chromium complex Benzaldehyde
Gatterman-Koch Reaction: When benzene or its derivative is treated with CO and
HCI in the presence of anhydrous aluminium chloride or cuprous chloride, it gives
benzaldehyde or substituted benzaldehyde.

CO + HCl clo
Anhyd. AlCl/CuCl

Benzene Benzaldehyde
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* Friedel Crafts Acylation Reaction: When benzene or substituted benzene is treated
with acid chlorides in the presence of anhydrous aluminium chloride, aromatic ketones

are obtained.
@ +Ar/R—CO—(] —nhyd- AlCL, Q COR/Ar

Benzene  Acid chloride Aromatic ketones
* Clemmensen Reduction: The carbonyl group of aldehydes and ketones is reduced to
—CH, group on treatment with zinc amalgam and conc hydrochloric acid.

~~ _ anhyd. AlCl, _ ~
~C=0 —-+-—— _CH, + H,0

el Alkanes
* Wolff-Kishner Reduction: On treatment with hydrazine followed by heating with
sodium or potassium hydroxide in a high boiling solvent like ethylene glycol.
NHNH, ~ KOH/ethylene glycol ~.
-HO 7 Heat -
* Aldol Condensation: Aldehydes and ketones having at least one a~hydrogen condenses
in the presence of dilute alkali as a catalyst to form B-hydroxy aldehydes (aldol) or
B-hydroxy ketones (ketol).

>C=0 C = NNH,

CH, = N,

2CH,—CHO %NaOY cH__CH —CHZ—CHOHLO> CH,—CH = CH—CHO
2

Ethanal | But—2-enal
OH
Aldol
ﬁ o .
B H
2CH,—C—CH, 2™ ¢H,—c—CH,—co—cH, %' cH,—C = cH—co—CH,
Propanone | 2 4-Metylpent—3—en—2-one

OH
Ketol

* Cross aldol condensation: When aldol condensation is carried out between two
different aldehydes and/or ketones, it is called cross aldol condensation. If both of them
contain o-hydrogen atoms, it gives a mixture of four products. This is illustrated below by
aldol reaction of a mixture of ethanal and propanal.

CH3CHO
+ % CH3—CH = CH—CHO + CH3CHy—CH = cl—CHo
CH3CH2CHO But-2-enal CHs

from two molecules of ethanal =~ 2-Methylpent-2-enal
from two molecules
of propanal

simple or self aldol products
+

CH3—CH = C—CHO + CH3CHy—CH = CHCHO

CHg
2-Methylbut-2-enal

From one molecule of ethanal and one molecule of propanal

Pent-2-enal

cross aldol products
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e Cannizaro Reaction: Aldehydes which do not have an o-hydrogen atom, undergo
self oxidation and reduction (dispropotionation) reaction on treatment with concentrated
alkali, to yield carboxylic acid salt and an alcohol respectively.

H—CHO + H—CHO + conc. KOH —— CH,OH + HCOOK

Formaldehyde Methanol Potassium formate
2 CHO + NaOH(conc.) —— CH.CH,0OH + CH.COONa
B 1 alcohol ium b
Benzaldehyde enzyl alcoho Sodium benzoate

Carboxylic Acids

* Hell-Volhard-Zelinsky Reaction (HVZ): Carboxylic acids having an o-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.

(1) X, /Red phosphorus

RCH, — COOH @ H,0 R — CH — COOH
X
(X =Cl, Br)

o-halocarboxylic acids
* Esterification: Carboxylic acids react with alcohols or phenols in the presence of a
mineral acid such as conc. H,SO, as a catalyst to form esters.

+

RCOOH + R'OH RCOOR’ + H,0O

Carboxylic acid alcohol Ester
* 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)

NaOH and CaO/A

RCOONa R — H + Na,CO,
Conc. H,SO

¢ Mechanism:
(1) H,SO, ——=H" + HSO,"

+

(ii) CH,CH, —O — H+H’ ——CH, — CH, —0—H
H
(iii) CH,CH, fl*o — H — CHCH," + H,0
H
H
@) CPllgl&Hz—> CH,= CH, + H'
(v) H' + HSO,~ —— H,SO0,
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2. 2CH,CH,0H —2a0 , CH,yCH,H0CH,CH; + Hy0
e Mechanism:
(i) H,SO, —=H" +HSO",

+
(if) CH,CH,OH + H' —— CH, —CH, —O—H

|
H

(N

(i) CH,CH, —+<|) — H — CH,CH," + H,0
H
+
(iv) CH,CH, —O—H + CH,CH', — CH, —CH, —0—H

CH,CH,

(v) CH,CH, — (ﬂ— H—> CH,CH, — O — CH,CH, + H"
C|H2CH3

(vi) HSO,” + H" —— H,S0,

| NCERT IN-TEXT QUESTIONS SOLVED |

12.1. Write the structures of the following compounds.

(i) o—Methoxypropionaldehyde (i1) 3-Hydroxybutanal
(iii) 2-Hydroxycyclopentane carbaldehyde (iv) 4-Oxopentanal
(v) Di-Sec. butyl ketone (vi) 4-Fluoroacetophenone
g 9 o
Ans. (i) CH,— CH— C—H (i) CH,— CH— CH,— C—H
o 4 3 2 1
CHO (l? (”)
OH .
CH,— C— CH,CH,— C—H
(iti) (v) CHy G §HSH—G
CH, O CH, 0
| I 52

I
() CH,— CH,— CH— C— CH— CH,— CH, (vi) F@ C—CH,

12.2. Write the structures of products of the following reactions:

o
I
A\
@ O +ou. AnhyCdéAICh; (if) (CgHsCH,),Cd + 2 CH,COCl —
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CH,

1. CrO,Cl,
2+
(i) C —C=C —H —5 %% () 2. H,O0"
NO,
P
I SN
. . Anhyd. AlCL,,CS, C,H,
Ans. (D) O + GH—C a (EC. acylation) + HCl
Propanoyl chloride Propiophenone
O O

| Il
(i) (CgHsCHy)oCd + 2CH3—C—Cl  —2> 2 CHy—C—CH,CeHs + CdCl,

ether
1-Phenylpropanone

OH
Hg?", dil. H,S0, | Tautomerises
(iit) CH,—C =CH + H—OH CH,— C= CH,|————
Propyne o)

|
CH,—C—CH,

Propanone

. 2CrO,Cl, OCrCL,0OH

) on D cn 55 @N L - OCHCLOH

2
p-Nitrotoluene (Etard reaction) -l

+

H.0
—5 ON Q CHO

p-Nitrobenzaldehyde

12.3. Arrange the following compounds in increasing order of their boiling points.
CH,CHO, CH,CH,0H, CH,0CH,, CH,CH,CH,
Ans. The increasing order of boiling point is
CH,CH,CH,; < CH,;0CH, < CH,CHO < CH,CH,OH

12.4. Arrange the following compounds in increasing order of their reactivity in nucleophilic
addition reactions.

(i) Ethanal, Propanal, Propanone, Butanone
(ii) Benzaldehyde, p-Tolualdehyde, p—Nitrobenzaldehyde, Acetophenone
Ans. (i) Butanone < Propanone < Propanal <Ethanal.
(i) Acetophenone < p-Tolualdehyde < Benzaldehyde. < p-Nitrobenzaldehyde.
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12.5. Predict the products of the following reactions:

@) N
0 g + HO — NH, L
(1) (jl— NH,— NH

(iii) R— CH = CH— CHO + NH,— c— NH—NH, _H_,

~cH -

@) % 4 CH,CH,NH, —

ON

(0]
Il
C
OH NO2
Ans. (i) (i)
Cyclohexanone —2, 4—

dinitrophenylhydrazone
(iii) NH, attached to NH group, is more nucleophilic than the NH, attached to the
= O group. Therefore, reaction occurs through NH, group attached to NH to
give the corresponding semicarbozone, i.e.

R—CH = CH—CH = NNHCONH, + H,0
CHj CH,

@) Q [0+ H;!NCH,CH; ——> C = NCH,CH3 + Hy0

12.6. Give the TUPAC names of the following compounds:

(i) PhCH,CH,COOH (i1) (CH,),C = CHCOOH
CH, NO,
COOH COOH
(iii) ()
O,N NO,
Ans. (i) 3-Phenylpropanoic acid (ii) 3-Methylbut-2—-enoic acid

(iii) 2-Methylcyclohexane carboxylic acid
(iv) 2, 4, 6-Trinitrobenzoic acid or 2, 4, 6 - Trinitrobenzene carboxylic acid
12.7. Show how each of the following compounds could be converted to benzoic acid
(i) Ethylbenzene (ii) Acetophenone
(iii) Bromobenzene (iv) Phenylethene (Styrene)
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CH,CH, COOK* COOH
_ KMnO, - KOH H,0"
Ans. (i) 1 R © _HO0 |
Ethylbenzene Benzoic acid
COCH, COOK™ COOH
. KMnO, — KOH H,0"
(i) A -
Acetophenone Benzoic acid
Alternatively,
COCH, COONa* COOH
I, - NaOH H,0"
Iodoform reaction

Benzoic acid

[MgBr o= oy
—_

... Br Mg
(i)
Dry ether Benzoic acid
Bromobenzene Phenylmagnesium
bromide
@) (0]
! e';
\OMgBr H,0* \OH
-Mg(OH)Br

CH = CH,
(v) O/

Phenylethene or Styrene

COOK*
KMnO, - KOH -
_KAnO. - KOM, © + HCOOK

COOH

H,0"

— + HCOOH

Methanoic acid
Benzoic acid

12.8. Which acid of each pair shown here would you expect to be stronger?

(i) CH,CO,H or CH,FCO,H (i) CH,FCO,H or CH,CICO,H

(i) CH,FCH,CH,CO,H or CH,CHFCH,CO,H

(i) F,C @— COOH Or H,C @— COOH

(i) CH,FCOOH is a stronger acid than CH;COOH.
(ii) CH,FCOOH is a stronger acid than CH,CICOOH.

Ans.
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F
|
(iii) CH3—CH-—CH,COOH is a stronger acid than CH,FCH,CH,COOH.

) FSCO COOH is a stronger acid than H3CO COOH.

| NCERT TEXTBOOK QUESTIONS SOLVED |

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

(i) Cyanohydrin (ii) Acetal (iii) Semicarbazone
(iv) Aldol (v) Hemiacetal (vi) Oxime
(vii) Ketal (viii) Imine (ix) 2, 4-DNP-derivative

(x) Schiff’s base
Ans. (i) gem-Hydroxynitriles, i.e., compounds possessing hydroxyl and cyano groups on
the same carbon atom are called cyanohydrins. These are produced by the addition
of HCN to aldehydes or ketones in a weakly basic medium.
OH
>c=0 }L£N-E££$\\C//
~
CN
Aldehyde or ketone Cyanohydrin
Cyanohydrins are useful synthetic reagents because they are used to prepare
o-hydroxy acids. For example,

CHy ~ pH 9-10 CHj A /OH H3;0"
/C=O + HCN - —> /C\ (Hydrolysis)
H (Nucleophilic addition) H CN ydroly:
Acetaldehyde Acetaldehyde
cyanohydrin
CH, \ /
1~ “coon
Lactic acid

or o—Hydroxypropionic acid
(i) gem-Dialkoxy alkanes in which the two alkoxy groups are present on the terminal
carbon atom are called acetals. These are produced by the action of an aldehyde
with two equivalents of a monohydric alcohol in the presence of dry HCI gas.

CH3 \ H_OCHZCHS Dry HCl gas, A CH3 \ - OCHZCHB
=0 + e + H,0

H / o H_v—OCHZCH3 H / ™~ OCH,CHj

Acetaldehyde Ethyl alcohol Acetaldehyde diethyl acetal

These are easily hydrolysed by dilute mineral acids to regenerate the original aldehydes.
Therefore, these are used for the protection of aldehyde group in organic synthesis.

(iii) Semicarbazones are derivatives of aldehydes and ketones and are produced by the
action of semicarbazides on them in the presence of a weakly acidic medium.
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0]

CH3 N e I pH 3.5 CHs A
/C =0 + Hy;:NNH—C—NH, W /C = NNHCONH, + H,0
CHB ---------- Semicarbazide CH3

Acetone Acetone semicarbazone
These are used for the identification and characterisation of aldehydes and ketones.
(iv) Aldols are B-hydroxyaldehydes or ketones and are produced by the condensation
of two molecules of the same or one molecule each of two different aldehydes
or ketones in the presence of a dilute aqueous base. For example,

OH
P Dil. NaOH |
CH3CH = O + H—CH9CHO ——> CH3—CH—CH9—CHO
v
Acetaldehyde B-Hydroxybutyraldehyde
(two molecules) (An aldol)
(0] OH
CHs I |
e m{—CHz—C—CH3 BaOM2 o CH3—C—CHy—C—CHy
iy —e | ]
3 Acetone CHs o

(two molecules)
Diacetone alcohol

(A ketol but usually called aldol)
(v) a-Alkoxyalcohols are called hemiacetals. These are produced by the addition of
one molecule of a monohydric alcohol to an aldehyde in the presence of dry HCIl

gas:
CH, Drv HCI CH, OH
Sc=o0 + H-ocH, XHAss >c<
H " Ethanal Methyl alcohol H OCH,

1-Hydroxy—1-methoxyethane
(A hemiacetal)

(vi) Oximes are produced when aldehydes or ketones react with hydroxylamine in a
weakly acidic medium:

CHs N F-——-——==- pH 3.5 CH3 g

Ci=0 + H,)NOH ——> C = NOH +H,0
. ! H-

H Ethanal Hydroxylamine
Acetaldoxime

(vii) gem-Dialkoxyalkanes in which the two alkoxy groups are present on the same
carbon within the chain are called ketals. These are produced when a ketone is
heated with ethylene glycol in presence of dry HCI gas or p-toluenesulphonic

acid (PTS)
CH3 T H—O—CH, PwHdes — CHy O—CH,
>c -0 + | — >c< |+ Hy0
CHs L H—0—CH, CHj 0—CHj,
Acetone Ethylene glycol Acetone ethylene ketal

These are easily hydrolysed by dilute mineral acids to regenerate the original
ketones. Therefore, ketals are used for the protection of keto groups in organic synthesis.

(viii) Compounds containing —CH = N— group are called imines. These are produced
when aldehydes and ketones react with ammonia and its derivatives.
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Aldehyde/ketone Ammonia derivative Imine

Z = H, Alkyl, aryl, —NH, —OH, —NHCH,, —NHCONH,, etc.
(ix) 2, 4-Dinitrophenylhydrazones (i.e., 2, 4-DNP derivatives) are produced when
aldehydes or ketones react with 2, 4-dinitrophenylhydrazine in a weakly acidic

medium.
NO
CHy N oo 2
C=10 % HleNH—@NOZ
- 2
CH; ~ Acetone 2, 4-Dinitrophenyl-
hydrazine
CH NO,
pH 3.5 3N
— C=—=NNH NO,
H,0 CH e

3 Acetone 2, 4—dinitrophenylhydrazone

2, 4-DNP derivatives are used for the identification and characterisation of
aldehydes and ketones.

(x) Aldehydes and ketones react with primary aliphatic or aromatic amines in the
presence of traces of an acid to form azomethines or Schiff’s bases. Schiff’s bases
may also be regarded as imines.

_______ +
R—CH =[O0+ HylN—R' —==2%> R—CH=N—R' + H,0

Aldehyde_ ______ 1° Amine Schiff's base
e Trace of H
Ethanal Ethanamine Ethylideneethanamine
Fe———==- Trace of HT
CeHsCH =[O0+ Hyl N—CgHs ———> GCgHsCH = NCgHs + Hy0

Benzaldehyde Aniline Benzylideneaniline
12.2. Name the following compounds according to IUPAC system of nomenclature:
(i) CH,CH(CH,)CH,CH,CHO (if) CH,CH,COCH(C,H;)CH,CH,Cl
(iii) CH,CH = CHCHO (iv) CH;COCH,COCH,
(v) CH,CH(CH,)CH,C(CH,),COCH,  (vi) (CH,),CCH,COOH
(vit) OHCC;H,CHO—p

Ans. (i) 4-Methylpentanal (i) 6-Chloro-4-ethylhexan-3-one
(iii) But-2-enal (iv) Pentane-2, 4-dione
(v) 3, 3, 5-Trimethylhexan-2-one (vi) 3, 3-Dimethylbutanoic acid

(vii) Benzene-1, 4-dicarbaldehyde
12.3. Draw the structures of the following compounds:

(i) 3-Methylbutanal (it) p-Nitropropiophenone

(iii) p-Methylbenzaldehyde (iv) 4-Methylpent-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
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0]

. |
(i) O,N @— C— CH,CH,

o1 2 3 4 5
(v) CH,— %— CH = $— CH,

O Br CH, 0]

4 3 2 1l
Ans. (i) CH— cle— CH,—C—H
CH,

(i) cH, Q— Ly

1 2 3 4 5 . 5 4 3] 2 1]|
() CH;— (— CH,— CH— CH, D) H,C— CH— CH— CH,— C— OH
Cl C.H;
0
. |
(vii) HO C OH
0

6 5 4 3 2 1
(viii) H,C— C=C— CH = CH— C— OH
12.4. Write the IUPAC names of the following ketones and aldehydes. Wherever possible,
give also common names.
(i) CH,CO(CH,),CH,
(iif) CH4(CH,)sCHO

CHO
o)

(i) CH,CH,CHBrCH,CH(CH,)CHO
(iv) Ph-CH = CH-CHO

(vi) PhCOPh

Ans. IUPAC name
(i) Heptan-2-one
(i) 4-Bromo-2-methylhexanal
(iii) Heptanal
(iv) 3-Phenylprop-2-enal
(v) Cyclopentanecarbaldehyde

Common name
Methyl n-propyl ketone
v-Bromo-o-methylcaproaldehyde

B-Phenylacrolein
Cyclopentanecarbaldehyde

(vi) Diphenylmethanone Benzophenone
12.5. Draw structures of the following derivatives:

(1) The 2, 4-dinitrophenylhydrazone of benzaldehyde

(i) Cyclopropanone oxime

(iii) Acetaldehydedimethylacetal

(iv) The semicarbazone of cyclobutanone

(v) The ethylene ketal of hexan-3-one

(vi) The methyl hemiacetal of formaldehyde

NO, N— OH

Ans. (i) Q CH = NNH O NO, (i)
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CH OCH, I
Qi) > C < () [T NNH— C—NH,
H OCH,
T
H OH

i C
(2] (vi) q _— \OCH3

CH,— CH,— C— CH,— CH,— CH,

12.6. Predict the products formed when cyclohexanecarbaldehyde reacts with following

reagents.
(i) PhMgBr and then H30Jr (i) Tollens’ reagent
(iii) Semicarbazide and weak acid (iv) Excess ethanol and acid
(v) Zinc amalgam and dilute hydrochloric acid
Ans. (1)
(l)MgBr (l)H
CH=0 ' py ygnr ?\ H H,0t $\ H
_— >
Dry ether Ph Hydrolysis Ph
Cyclohexane— Cyclohexylphenylcarbinol
carbaldehyde

0
Il

CH=0
O/ + 2[Ag(NH3),]" + 30H" ——> C—O"
)

Tollens’ reagent O/
Cyclohexane—

carbaldehyde Cyclohexane-
carboxylate ion

+2Ag | + 4 NH; + 2H,0

Silver
mirror

0)
CHO I pH 3.5
+ HLNNH—C—NH, —————>
Semicarbazide weak acid O
Cyclohexane— I
(iif) carbaldehyde CH = NNH—C—NH,, +H,0
Cyclohexanecarbaldehyde
semicarbozone
|OC2H5
CHO H! OC,H C + H,0
@iv) O/ 4+ 1 % DyHClgs, O/ INOCH,
I H
I
Cyclohexane— '------- I_—I }OC2H5 Cyclohexanecarbaldehyde
carbaldehyde Ethanol (Excess) diethyl acetal
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CHO CH,
Zn/Hg - HCL -
o) O/ (Clemmensen reductio,n) O/

Cyclohexane— Methylcyclohexane
carbaldehyde

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 (i) 2-Methylpentanal
(iii) Benzaldehyde (iv) Benzophenone

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

(ix) 2, 2-Dimethylbutanal
Ans. 2-Methylpentanal (ii), cyclohexanone (v), 1-phenylpropanone(vi), and
phenylacetaldehyde (vii) contain one or more a-hydrogen atom and hence undergo

aldol condensation. The reactions and the structures of the expected products are
given below:

CHj,
. Dil. NaOH 7 6 5 4 3 2]
(if) 2CH3CH2CH2—(|]H—CHO ———> CH3CH,CH,—CH—CH—C—CH,CH,CH,
1
CH, CH; OH CHO
2-Methylpentanal 3-Hydroxy-2, 4-dimethyl-2-propylheptanal
Q 1
Dil. NaOH
e (25
OH
Cyclohexanone 2-(1-Hydroxy-1-cyclohexyl) cyclohexan-1-one
HO CH,
: Dil. NaOH 3l 2l "1
i) 2 COCH,CHy ———> (|:_CH_(||:
5 4
1-Phenylpropanone CH,CH, (0]
3-Hydroxy-2-methyl-1, 3-diphenylpentan—1-one
1
OH CHO
. Dil. NaOH | |
vii) 2 CH,CHO > CH,—CH—CH
4 3 2
Phenylacetaldehyde 3-Hydroxy-2, 4-diphenylbutanal

Methanal (i), benzaldehyde (iii) and 2, 2-dimethylbutanal (ix) do not contain o-
hydrogen atom and hence undergo Cannizzaro reaction. The reactions and the
structures of the expected products are given below:

(i) 2 HCHO —<neNaOH o CH,O0H | HCOONa

Methanal Methanol Sod. methanoate
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Conc. NaOH
(ii1) 2@— CHO ——> @— CH,OH + @— COONa

Benzaldehyde Benzyl alcohol Sod. benzoate
CH, CH,
| Conc. NaOH |
(i) 2CH3CH2—C|—CHO —_— CH3CH2—C|:—CH20H +
CHs CHj
2,2-Dimethylbutanal 2,2-Dimethylbutan—1-ol
P
CH3CH2—|C—COON3
CHs

Sod. 2, 2-dimethylbutanonte
Benzophenone (iv) is a ketone having no o-hydrogen while butane-1-ol (viii) is an

alcohol. both of these neither undergo aldol condensation nor Cannizzaro reaction.

12.8. How will you convert ethanal into the following compounds?

(i) Butane-1, 3-diol (ii) But-2-enal (iii) But-2 enoic acid
. Dil. NaOH 4 3 2 !
Ans. (i) 2CHyCHO —___DLNaOR CH,— CHOH—CH,— CHO
Ethanal (Aldol condensation) 3-Hydroxybutanal
NaBH 4 3 2 1
— NabHs . GH,—CHOH—CH, CH,0OH
(Reduction) Butane—1. 3-dicl
.. Dil. NaOH 4 3 2 !
(ii) 2 CH,CHO Dl NaOH_ CH,— CHOH— CH,— CHO
Ethanal (Aldol condensation) 3-Hydroxybutanal
+
—=-5~— CHy —CH = CH— CHO
But-2-enal
(ii1) CHSCHO L(H) CH3CH = CHCHO [Ag(NHg)z]JfOH* CH.CH = CHCO.H
Ethanal above But—2—enal Tollens reagent 3 - 2

But-2-enoic acid
12.9. 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.

Ans. (i) Propanal as nucleophile as well as electrophile:

OH CH,

5 4 3 2 1
CH3CH,CHO + CH3CH,CHO ——  CH,CH,CH— CH— CHO
Propanal Propanal 3-Hydroxy-2-methylpentanal

(i) Propanal as electrophile and butanal as nucleophile:

OH CH,CH,

5 4 3l 2l 1
CH3CH,CHO + CH3CH,CH,CHO —  CH,CH,— CH— CHCHO
Propanal Butanal 2-Ethyl-3-hydroxypentanal

(Electrophile) (Nucleophile)
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(iii) Butanal as electrophile and propanal as nucleophile:

OH CH,

6 5 4 3 2 1
CH,CH,CH,CHO + CH,;CH,CHO —— CH,CH,CH,— CH— CHCHO
( Ezfélttrigilize) ( Aggg;;‘ﬁle) 2-Methyl-3-hydroxyhexanal

(iv) Butanal both as nucleophile as well as electrophile:

OH CH,CH,
6 5 4 3l 2 1
CH3CH,CH,CHO + CH3CH,CH,CHO — CH,CH,CH,— CH— CH— CHO
Butanal Butanal 3-Hydroxy-2-ethylhexanal

(Electrophile) (Nucleophile)
12.10. An organic compound with the molecular formula CyH,,0 forms 2, 4-DNP derivative,
reduces Tollens’ reagent and undergoes Cannizzaro reaction. On vigorous oxidation it

gives 1, 2-benzenedicarboxylic acid. Identify the compound. (AI CBSE 2014)

Ans. (i) Since the given compound with molecular formula C,H,, O forms a 2, 4-DNP
derivative and reduces Tollens’ reagent, it must be an aldehyde.

(i1) Since it undergoes Cannizzaro reaction, therefore, CHO group is directly attached
to the benzene ring.

(iii) Since on vigorous oxidation, it gives 1, 2-benzenedicarboxylic acid, therefore, it
must be an ortho-substituted benzaldehyde. The only o-substituted aromatic
aldehyde having molecular formula CyH,,O is 2-ethylbenzaldehyde. All the
reactions can now be explained on the basis of this structure as:

gl + CO0" oy o CHO o) COOH
Silver C2H5 Tollens' reagent C2H5 COOH

mirror

2-Ethylbenzoate 2-Ethylbenzaldehyde 1, 2-Benzenedicarboxylic
(M.E CoH4(0) acid
2, 4-Dinitro- N02
phenylhydrazine
CH = NNH NO,
+ HyO
CoHs

2, 4-DNP derivative

12.11. An organic compound (A) (molecular formula CgH,,0,) 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.

Ans. The relevant equations for all the reactions involved may be explained as follows:
0] 0]

T Dil. H,SO0, I
CH,CH,CH,—C—OCH,CH,CH,CH; — 3= > CH,CH,CH,—C—OH +

Butyl butanoate (A) Butanoic acid (B)
(M.E = CH,.0,)
CH,CH,CH,CH,0H
Butan-1-ol (C)
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)
I . CrO,/CH,COOH Dehydration
CH,CH,CH,—C—OH Ocdaron CH,CH,CH,CH,0H —

Butanoic acid (B) Butan-1-ol (C)

CH,CH,CH = CH,
But-1-ene
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)
(i1) CH,CH,CH(Br)COOH, CH,CH(Br)CH,COOH, (CH,),CHCOOH, CH,CH,CH,COOH
(acid strength)
(iii) Benzoic acid, 4-Nitrobenzoic acid, 3, 4-Dinitrobenzoic acid, 4-Methoxybenzoic acid
(acid strength)
Ans. (i) Di-tert-butyl ketone < Methyl tert-butyl ketone < Acetone < Acetaldehyde.
(i) (CH;),CHCOOH < CH,CH,CH,COOH < CH;CH(Br)CH,COOH <
CH,CH,CH(Br)COOH
(iii) 4-Methoxybenzoic acid < Benzoic acid < 4-Nitrobenzoic acid <
3, 4-Dinitrobenzoic acid.
12.13. Give simple chemical tests to distinguish between the following pairs of compounds:

(i) Propanal and Propanone (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) Ethanal and Propanal
Ans. (i) Iodoform test: Propanone being a methyl ketone on treatment with I,/NaOH
(NaOI) undergoes iodoform reaction to give a yellow ppt. of iodoform but propanal
does not.

CH,COCH, + 3NaOl 5 CHI;l + CH;COONa + 2 NaOH

Propanone Sod. hypoiodite Iodoform Sod. acetate
NaOlI
CH;CH,CHO ——— No yellow ppt. of Iodoform
Propanal

(ii) Iodoform test: Acetophenone being a methyl-ketone when treated with NaOI (I,/
NaOH) gives a yellow ppt. of iodoform but benzophenone does not.

C¢H;COCH, + 3NaOl —— C4H;COONa + CHI, + 2 NaOH

Sod. benzoate Iodoform
(yellow ppt)
CsHsCOCgH; —=2— No yellow ppt of CHI,

Benzophenone
(iii) FeCl, test:
C¢HsOH + FeCl; —— Violet colouration
Phenol
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3C¢H5;COOH + FeCl, —— (CgH5COO0), Fe + 3HCI

Benzoic acid Ferric Benzoate
(Buff coloured ppt)

(iv) NaHCO, test: Benzoic acid being an acid produces brisk effervescence with
NaHCO, solution while ethyl benzoate does not.

C¢HsCOOH + NaHCO, —— GCgHs;COONa + CO, T + H,0

Benzoic Acid Sod. benzoate

C¢H;COOC,H, — NaHC€0s Solution. = N effervescence
Ethyl benzoate

(v) Iodoform test: 2-Pentanone being a methyl ketone when treated with NaOI
(I,/NaOH) gives a yellow ppt of iodoform but 3-pentanone does not.

CH5CH,CH,COCH; + 3NaOI — CH,CH,CH,COONa + CHI, | + 2 NaOH

2-Pentanone Sod. butyrate Iodoform
(yellow ppt)

CH3CH,COCH,CH; __NaOtL o No yellow ppt of CHI,

3-Pentanone
(vi) Iodoform test: Acetophenone being a methyl ketone when treated with NaOI

(I,/NaOH) gives yellow ppt of iodoform but benzaldehyde does not.
C¢HsCOCH; +3NaOI —— CgHgCOONa + CHI;l  + 2NaOH

Acetophenone Sod. benzoate Iodoform
(yellow ppt)
C¢HsCHO — O 5 No yellow ppt of CHI,
Benzaldehyde
(vii) CH3CHO + 3NaOI —— HCOONa + CHI; | + 2NaOH
Ethanal yellow ppt
CH3CH,CHO — AR, N yellow ppt of CHI,
Propanal

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.

(i) Methyl benzoate (i) m-Nitrobenzoic acid
(iii) p-Nitrobenzoic acid (iv) Phenylacetic acid
(v) p-Nitrobenzaldehyde
Br MgBr
. Br,/FeBr- Mg/dry ether (i) Dry ice
Ans. (i) —— —_— o
(Nuclear (Grignard (i) H3O
bromination) reaction)
Benzene Bromo-
benzene
COOH COOCH;

CH30H (excess)
conc. HySOy, A

(Esterification)

Benzoic acid Methyl benzoate
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COOH COOH

conc. HNOg
(ii) As in part (1) + conc. HySOy, A R
_— >
(Nitration) NO
2
Benzene Benzoic acid m-Nitrobenzoic acid
CH, CH,
conc. HNO3
(_. ) CH;3Cl/Anhyd. AlCl, o + conc. HySOy, A
211 -
(EC. alkylation) i (Nitration)
Benzene Toluene
NO,
p-Nitrotoluene
(solid)
(major product)
CHj CHj COOH
" 2 Separated by (i) KMnO4/KOH, A R
filtration (i) Dil. H,SO,
o-Nitrotoluene
(liquid) NO, NO,
(minor product) p-Nitrotoluene p-Nitrobenzoic acid
CH 3 CH ZBr
NBS, hv
As in (iii) above or Bry, A and hv Alc. KCN, A
[ _—> _— >
(lV) (Side chain, (Nucleophilic
bromination) X substitution)
Benzene Toluene Benzyl bromide
CH,CN CH,COOH
H*/H,0
(Hydrolysis)
Benzyl cyanide Phenylacetic acid
CH,4 CHO
(1) CrO,Cly/CSy
(V) As in (iii) above or CrO3./(CH3CO),0
_— > _— >
(i) H30*
Benzene
NO, NO,

p-Nitrobenzaldehyde
12.15. How will you bring about the following conversions in not more than two steps?

(i) Propanone to Propene (i) Benzoic acid to Benzaldehyde
(iii) Ethanol to 3-Hydroxybutanal (iv) Benzene to m-Nitroacetophenone
(v) Benzaldehyde to Benzophenone (vi) Bromobenzene to 1-Phenylethanol

(vii) Benzaldehyde to 3-Phenylpropan-1-ol
(viii) Benazaldehyde to o-Hydroxyphenylacetic acid
(ix) Benzoic acid to m-Nitrobenzyl alcohol
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@) OH

. Il LiAlH, | conc. HySOy4
Ans. (i) CH3—C—CH3 ———> CH3—CH—CHy — — CH;—CH = CH,
Propanone Propan-2-ol Propene
COOH Ccocl CHO
.. 1 .
@ L) — s ) emEes, 2y g
Benzoic acid Benzoyl chloride Benzaldehyde
1 o
Cu OH™
(iii) 2CH3CH,0H —5z7> 2CH3—C—H > CH3—CH—CH,—C—H
Ethanol Ethanal 3-Hydroxybutanal
COCH,4
. . HySO,
@iv) @ + CHCOC] —AnhydAlcls, @ + HNO; —— 25
conc.
Benzene Acetophenone
COCH,4
+ H,0
NO,
m-Nitroacetophenone
CHO COOH o
[O] (1) Ca(OH), I
% ﬁ S
) @ KMnO,/1,S0, @ @ Dry disillatdn ~ Cstis G CeHs
Benzaldehyde Benzoic acid Benzophenone
Br MgBr ﬁ lOMgBr
. Dry Hzo
(1) @ + Mg W @ + CH3—C—H —> CH3—CH—C6H5 T)
Bromobenzene (l)H
C,H.—CH—CH,
1-Phenylethanol
CHO
.. CyHsONa Hy/Ni
i —
(vii) + CHaCHO  — s>  CgHyCH = CH—CHO
Acetaldehyde Cinnamaldehyde
CHsCH,CH,CH,OH
3-Phenylpropan-1-ol
(l)H Cl)H
CHO CH—CN CH—COOH
+
(viii) @ +HON ——> @ Rl
Benzaldehyde Benzaldehyde cyanohydrin o-Hydroxyphenylacetic acid
COOH COOH CH,OH
() conc. HNOg NaBH4
conc. HySO4 NO2 N02
Benzoic acid m-Nitrobenzoic acid m-Nitrobenzyl alcohol
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12.16. Describe the following:
(i) Acetylation (i) Cannizzaro reaction
(iii) Cross aldol condensation (iv) Decarboxylation
Ans. (i) Acetylation: It is carried out in the presence of a base such as pyridine,
dimethyl aniline, etc. For example,

CH,COCl + CH,CH,OH __Pyridine . CH,COOC,H, + HCI

Acetyl chloride ethyl alcohol ethyl acetate
Pyridine
(CH,C0),0 + CH,CH,0H —>*"— CH,COOC,H; + CH,;COOH
Acetic anhydride ethyl alcohol Ethyl acetate Acetic acid

(ii) Cannizzaro reaction: Aldehydes which do not have an o-hydrogen atom,
undergo self oxidation and reduction (disproportionation) reaction on treatment
with concentrated alkali. In this reaction, one molecule of the aldehyde is reduced
to alcohol while another is oxidised to carboxylic acid salt.

H
H H | 20
"Sc=0 + >C=—0+conc. KOH —> H—C—OH +H—C7
H— H- | oK
Formaldehyde Methanol Potassium formate
2 @—CHO + conc. NaOH —> @ CH,OH +
Benzaldehyde Benzyl alcohol
COONa

Sodium benzoate
(iii) Cross aldol condensation: When aldol condensation is carried out between

two different aldehydes and/or ketones, it is called cross aldol condensation. If
both of them contain o-hydrogen atoms, it gives a mixture of four products. This
is illustrated below by aldol condensation reaction between a mixture of ethanal
and propanal.

CH3CHO
+ N"fH s CH3—CH = ClH—CHO + CH3CHy—CH = Cll—CHO
CH3CH2CHO But-2-ena CH3

from two molecules of ethanal ~ 2-Methylpent-2-enal
from two molecules
of propanal

simple or self aldol products
+

CH3—CH = C—CHO + CH3CHy—CH = CHCHO

CHg
2-Methylbut-2-enal

From one molecule of ethanal and one molecule of propanal

Pent-2-enal

cross aldol products
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Ketones can also be used as one of the component in cross aldol condensation
reactions. For example,

CHO + C—CH; 25 CH = GH—0
” 293 K
0

1, 3-Diphenylprop-2-en-1-one
(Benzalacetophenone)
(Major product)

(iv) Decarboxylation: Carboxylic acids lose carbon dioxide and form hydrocarbons
when their sodium salts are heated with sodalime (NaOH and CaO fused in the
ratio of 3:1). The reaction is known as decarboxylation.

NaOH and CaO
Heat

R—COONa

R—H + Na,CO,

Alkali metal salts of carboxylic acids also undergo decarboxylation on electrolysis
of their aqueous solutions and form hydrocarbons having twice the number of
carbon atoms present in the alkyl group of the acid.

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

. CH,CH, KMnO COOH SOCl
® om0 “hear >
OH, heat COOH
O
I
C

© Ag(NH,),1 T _NaCN/HCL
) U [Ag(NH,),] i) @ a
CHO COOH

H,NCONHNH,
(iit) ¢,H,CHO

.. CeH;CHO dil. NaOH (i) NaBH,
(vii) + —_— (viii)  CH,COCH,COOC,H; —
CH,CH,CHO (@) H

(i) QOH S TN €9 <:>= CH, —> <:>—CHO
. (i) O3
| CH,CH; o, COOK
Ans. (1) _— >
KOH, heat
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COOH COcCl
(i) socl,
heat

COOH cocdl

Phthalic acid Phthaloyl chloride
(iii) More nucleophilic NH,NH part of HLNNHCONH, reacts to form semicarbazone:

C¢H;CHO + H,NNHCONH, —— C¢H;CH = NNHCONH, + H,O

Benzaldehyde Semicarbazide Benzaldehyde Semicarbazone
0]
(”]
+ EC. acylation ~ +
Benzene Benzoyl chloride Benzophenone

(v) Only aldehydes are oxidised by Tollens’ reagent.

(0)
[Ag(NHa)z]
Oxldatlon
COO~

4-Oxocyclohexanecarboldehyde 4-Oxocyclohexane carboxylate anion

(vi) Cyanohydrin formation occurs at the aldehyde group:

|OH
CHO | CH—CN
NaCN / HC
COOH COOH
2 -Formylbenzoic acid 2-[1 —Hydroxycyanoethyl]

benzoic acid

CH, CH,
------ dil. NaOH R 3 ol 1
(vii) CgHsCH'O + H, ,C—CHO . ——>  C¢HsCH=C—CHO
—————— Claisen-Schmidt reaction
Benzaldehyde Propanal 2-Methyl-3-phenylprop—2-enal

(viii) Only keto group is reduced by NaBH,:

0] OH
(i) NaBH,

CH,—C—CH,COOC,H, —

Ethyl 3—oxobutanoate

. CrO, - H,SO
(ix) OH — > ¢}
oxidation

Cyclohexanol Cyclohexanone

CH,—CH—CH,COOC,H,

(i) H Ethyl 3-hydroxybutanoate
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B,He/ THF H,0,

_—>

3

Methylenecyclohexane
CsHsNHCrO5Cl™ (PCC
CH,OH —eCrostl (O CHO
Cyclohexanecarbaldehyde
@ o
”—3> 2 o)
(Xl) (i) Zn - H,0

Cyclohexylidenecyclohexane Cyclohexanone

12.18.Give plausible explanation for each of the following:

(i) Cyclohexanone forms cyanohydrin in good yield but 2, 2, 6-trimethyl
cyclohexanone does not.

(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.

Ans. (i) In 2, 2, 6-trimethylcyclohexanone, there is steric hindrance of three methyl
groups, therefore it does not form cyanohydrin in good yield as compared to
cyclohexanone which does not have steric hindrance.

(ii) The NH, group attached to the carbonyl group is stabilised by resonance and
has a double bond character.

(iii) It is done so that ester formed does not get hydrolysed.

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 hydrogen sulphite and gives positive
iodoform test. On vigorous oxidation, it gives ethanoic and propanoic acid. Write the
possible structure of the compound. [AI 2008]

Ans. Step 1: To find out the molecular formula of the compound—

% C = 69.77% : % H = 11.63%
% O = 100 - (69.77 + 11.63) = 18.6%

C:H:0 = 09.77 : 11.63 : 186 _ 581:11.63:1.16=5:10:1
12 1 16
The emperical formula of the given compound is C;H,,0
*. emperical formula mass =5 X 12+ 10 X 1 + 1 X 16 = 86

Now, Mol. mass = 86 (given)

M.E = C,H,,0 x % = C.H,,0.

Thus, molecular formula of the given compound = C.H,,0.
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Step 2. To determine the structure of the compound:

(1) Since the given compound forms sodium hydrogen sulphite addition product,
therefore it must be either an aldehyde or a methyl ketone.

(i) Since the compound does not reduce Tollens’ reagent, therefore, it cannot be an
aldehyde and hence it must be a methyl ketone.

(iii) Since the compound gives positive iodoform test, therefore, the given compound

is a methyl ketone.

(iv) Since the given compound on vigorous oxidation gives a mixture of ethanoic
acid and propanoic acid, therefore, the methyl ketone is pentan-2-one, i.e.,

0]

I
CH,—C—CH,CH,CH,
Pentan-2-one (M.E C,H,,0)

Step 3. To explain the reactions involved in the given question.

0]

CHz~_ - SO3 Na*

l
CH3—C—CH,CH,CH; + NaHSO; —> C

Pentan—2-one

0]

|
CHg—C—CH2CH2CH3 + 312 + 4NaOH

Pentan—2-one

0)

Il
CH3—C—CH,CH,CHj

Pentan—-2—-one

CHsCH,CH,~~ ™ OH

Sod. hydrogen sulphite
(addition product)

Todoform
. CH13 + CH3CH2CH2COON3
reaction
Iodoform Sod. butanoate
(yellow ppt.)

+ 3Nal + 3H,0

K,Cr,04
— > CH3COOH + CH3CH,COOH
2504

Ethanoic acid Propanoic acid

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

Ans.

In carboxylate ion —ve charge is delocalised over two oxygen atoms whereas in

phenoxide ion the —ve charge is delocalised over one oxygen atom. Therefore
carboxylate ion is more stable than phenoxide ion and that is why carboxylic acids

are more acidic than phenols.

| ADDITIONAL QUESTIONS SOLVED |

I. Very Short Answer Type Questions
(1 Mark)

Q1. Give the IUPAC name of the organic
compound: [CBSE 2009]

(CH,), C= CH—C—CH,

O
Ans. 4-Methyl pent-3-en-2-one.

Q2. Write Cannizzaro reaction giving an
example. [AI 2008 C]

0
” 50 % KOH,
Ans. 51 ¢ H>""—"> HCOOK+ CH;0H

When two moles of methanal react in
presence of conc KOH, it gets oxidised
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Q3.

Ans.

Q4.

Ans.

Qs.

Qs8.

Ans.

Q9.

Ans.
Q10.

Ans.

Q11.

Ans.

to potassium methanoate and reduced CH,—CH—CO—CH—CH,
to form methanol.
Write the structure of 3-oxopentanal. CH, CH,
[CBSE 2009] | Ans. 2,4-Dimethylpentan-3-one

I I Q6. Name the following compound accord-
CH;—CH,—C—CH,—C—H ing to TUPAC system: [AI 2007]
Write the structural formula of 1phenyl- CH,COCH,COCH,4
pentan-1-one [AI 2009] | Ans. Pentane-2, 4-dione

?1 2 3 4 Q7. Write the IUPAC name of the following
@C—CHz—CHZ—CHZ—CH3 compound: [AI, Foreign 2007]

- (CH,),CCH,COOH

Write the [UPAC name of th[e;l;) Srzp;) (1)18;1] Ans. 3,3-Dimethylbutanoic acid

Write the chemical equations for the following chemical reactions: Benzonitrile is converted
to acetophenone. [AI, Foreign 2007]
CH
C=N ¢ NMgBr c—CH3
H20/H+
+ CH3MgBr — > + Mg .
AN NH,
Benzonitrile Acetophenone
Write the IUPAC name of CH,CH(CH,) | Q12.How are formalin and trioxane related
CH,C(CH;),COCH,4 [Foreign 2006] to methanal? [CBSE 2005]
3,3,5-Trimethylhexan-2-one Ans. Formalin is 40% aqueous solution of
D h T 1a of hex.2 methanal whereas trioxane is trimer of
rawF e s'tructura ormula of hex-2-en- methanal?
4-ynoic acid. [CBSE 2006 C] Q13.Mention a chemical property in which
o) methanoic acid differs from acetic acid.
l
CH,—C = C—CH = CH—C—OH [AI 2005 C]

Ans. Methanoic acid is a reducing agent and

Complete the reaction equation it reduces Tollens’ reagent and Fehling’s
AlCl, solution whereas ethanoic acid does not
CeHg + RCOCI anhydrous reduce either of the reagents.
o Q14.Give the IUPAC name of the following
Il compound:
C—R 0)
anhyd. AlCl3
CgHg + RCOCI————> + HCl (CH,),CH—CH,—C—CH(CH,),
' [Foreign 2005]
A;‘;{g‘flﬁc Ans. 2, 5-Dimethylhexan-3-one
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0 = C—OG,H,

Q15. Write IUPAC name of

cl
[CBSE 2005 C]

Q17.How is acetone obtained from ethanol?

(0]
Cu [l
Ans. CH;CH,OH —— 7> CH;—C—H
Ethanol Ethanal

Q18.How is aminoethane obtained from ethanal (acetaldehyde)?

o)
| LiAlH,
Ans. CH,—C—H —_—

Ethanal (Acetaldehyde)

Q19. Write the IUPAC name of the following:
(CH,),C = CHCOCH, [CBSE 2004]

Ans. 4-Methylpent-3-en-2-one.

Q20.Draw the structure of 4-methylpent-
3-en-2-one. [AI 2004]

(0]
3 2 1

5 4
Ans. G, —C = CH—C—CH,
CH,
Q21. Write the IUPAC name of the following:

H,C
Tl
0—C—CH,

[Foreign 2004]
Ans. 4-Methylphenylethanoate
Q22. Write IUPAC name of :

2 1
O/ CH,CHO

Ans. 4-chloroethylbenzoate o

Q16. Write IUPAC name of
CH,

[CBSE 2005 C]
Ans. 2-Methylcyclohexanone.

[AI 2005 C]
OH

|
CH,—CH—CH,
Propan-2-ol

Cul573 K

(i) CH;MgBr
(i) H,o/H '

i
CH,—C—CH,

Acetone

[AI 2005 C]

AlLO
CH,CH,0OH + NH, ——> CH,CH,NH, + H,0
Ethanal

Ethanamine

Ans. 2-Cyclohexylethanal

Q23.Write chemical tests to distinguish
between: Formic acid and Acetic acid
[CBSE 2003]

Ans. Silver mirror test: On adding
Tollen’s reagent, Formic acid gives silver
mirror whereas acetic acid does not give
this test.

Q24.Write the IUPAC names for the
following:

CH,CHO

®

@) CHBCHZ—(llH—COOH
Br

(i) 2-Phenylethanal
(i) 2-Bromobutanoic acid

Ans.
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Q25. How would you convert propanone to iodoform?

I,/NaOH I, /NaOH
Ans. CH;COCH; ———> CH4COCl; ——> CHI; + CH3COONa

Propanone
Q26. Write the IUPAC name of the following:
CHO

OH
[AI 2004]

Ans. 2-hydroxybenzaldehyde
Q27.Write the chemical reaction to transform butanal to butanoic acid.

Ammoniacal AgNO,
(Tollens' reagent)

Ans. CHSCH2CH2CHO

Butanal
Q28. Write the chemical reaction to transform cyclohexene to hexane-1-6-dioic acid.

[AI 2003]
Ans. KMnO,4 — H80, COOH
Heat COOH

Cyclohexene Hexane-1, 6-dioic acid
(Adipic acid)

Q29. What happens when benzoic acid is treated with conc. HNO, and conc. H,SO,? Give
chemical equation.
COOH COOH

CH,CH,CH,COOH

Butanoic acid

conc.HySOy4

+ conc.HNO
Ans. 3 COOH

+ H,0
NO,

m-Nitrobenzoic acid
Q30.What happens when ethanoyl chloride is subjected to Rosenmund reduction.
0] 0]

| - |
Ans. CHy—C—Cl + Hy, ——2% 5 CH, C—H + HCI
Ethanal

Q31.What product is formed when | Q32.Compare the strength of following acids:

CH,COOH reacts with PCl;? (i) Formic acid
Ans. CH;COOH s, CH,COCI + POCl, (i1) Acetic acid
+ HCI (iii) Benzoic acid
Acetyl chloride is formed. Ans. HCOOH > C;H,COOH > CH,COOH

Q33.Name the reaction and the reagent used for the conversion of acid chlorides to the
corresponding aldehydes. [CBSE 2003]

Ans. Name: Rosenmund’s Reaction
Reagent: H, in the presence of Pd, partially poisoned by the addition of sulphur or
quinoline.
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i
R—C—Cl + H,

Pd/BaSo,
+ S or quinoline

(0)

|
R—C—H + HCI
Aldehyde

Q34. Mention an industrial product manufactured from methanol.

Ans. Bakelite.

Q35.What happens when calcium ethanoate is dry distilled?

Ans. CH,COO
NG c Dry distill
a

~

CH,COO

Q36.Which type of aldehyde undergo canniz-
zaro reaction?

CH

RN

C=0 + CaCo,

~

Propanone

CH,

Q37.Name two methods which are com-
monly used to convert a > C = O group
into a > CH, group.

Ans. Aromatic and aliphatic aldehydes which | Ape clemmensen reduction and Wolff-

does not contain o-hydrogen atoms.

Kishner reduction.

Q38. How will you convert acetone into ethanoic acid?

i
Ans. CH;—C—CH; + 4[O0]

Acetone (D) HY/Hy0
Q39.What makes ethanoic acid a stronger
acid than ethanol?

Ethanoate ion obtained by loss of a
proton from ethanoic acid is stabilised
by resonance but ethoxide ion obtained
by a loss of a proton from ethanol is not
stabilised by resonance.

Ans.

Q40.How is CHZ;OH converted into
CH;COOH (in one step)?
Ans. CH,0H + cO—2=RXe@yst . oy coon

Q41.What is vinegar?
Ans. An 8-10% solution of acetic acid in
water is called vinegar.

Q42.Write the IUPAC name of isobutyric
acid.

Ans. CH,—CH—COOH
CH,
2-Methylpropanoic acid
Il. Short Answer Type Questions

Q1. Write short notes on:
(1) Rosenmund Reaction

Ans.

(i) Alk. KMnO,, A

CH,COOH + CO, + H,0

Ethanoic acid

Q43.Why HCOOH does not give Hell-Volhard
Zelinsky reaction but CH;COOH does?

CH,COOH contains o-hydrogen atom
and hence gives HVZ reaction but
HCOOH does not contain an
o-hydrogen atom and hence does not
give HVZ reaction.

Q.44. Write the strucuture of p-methyl-

benzaldehyde.(CBSE 2014)

Ans. The structure of p-methylbenzal-
dehyde is as follows:

OH

Ans.

CH,
p-methylbenzaldehyde

(2 or 3 Marks)

[CBSE 2006]
(i1) Cannizzaro’s Reaction

(i) Rosenmund Reaction: When benzoyl chloride is treated with hydrogen in pres-

ence of palladium and BaSO, with sulphur, benzaldehyde is formed.
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cocl CHO

Pd, BaSO4

+ H, + HCI

Sulphur
Benzoyl chloride Benzaldehyde
(ii) Cannizzaro Reaction: Aldehydes which do not contain any o-hydrogen atom
such as formaldehyde, HCHO and benzaldehyde, C.H.CHO undergoes self oxida-
tion and reduction reaction on treatment with concentrated alkali. A mixture of

alcohol and a salt of carboxylic acid is formed.
NaOH

HCHO + HCHO ——— CH;0H + HCOONa
Methanal Methanol Sod. formate
C¢H;CHO + C,H.CHO —“*— C.H,CH,0H + C¢H;COONa
Benzaldehyde Benzyl alcohol Sod. Benzoate
Q2. Write IUPAC names of
COOH Nu . Nu
N N i
I A=t — {—0—*H
@ a 7/ /
Br Cl Addionproduet
Ans. (i) 5-Bromo-3-Chloro-2-iodobenzoic acid. (ii) 4-Formyl-2-methylpentanoic acid.
Q3. Write reactions for obtaining:
(i) Acetone from Acetic acid o (ii) Benzene from Toluene
I
CH;—C—O i
CaO, Nea b CHy—C—CH; + CaCOs4

Ans. (i) 2CH3;COOH /% distillation
Acetone

CHj COOH COONa

(ii) +3[0] Jlotalkaline ©+N30H - @ +
KMnOg4

Q4. Write IUPAC names of the following:

(1) HOOC—CH,—C = CHCOOH (i)
(le3 OH NO,
Ans. (i) 3-Methylpent-2-ene-1, 5-dioic acid
(i) 6-Bromo-3-hydroxy-5-nitrobenzoic acid
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Q5. An organic compound X (molecular formula C;HO is resistant to oxidation but form a
compound ‘B’ (C;HgO) on reduction. ‘B’ reacts with HBr to form a bromide ‘C’ which on
treatment with alcoholic KOH forms an alkene ‘D’ (C;H,). Deduce the structures of A, B, C

and D.
An CH,—C—CH, — 5 GH,—CH—CH
S 3_”_ 3 Reduction 3_| — 3
(0] OH
Acetone A Propan—2-ol ‘B’

CHB—?H—CHg + HBr ——> CH3—(|IH—CH3
OH Br
Propan-2-ol ‘B’ 2-Bromopropane ‘C’
]|3 Propene ‘D’
r
2-Bromopropane ‘C’
Q6. Write one chemical reaction each to exemplify the following: [CBSE 2003]
(1) Rosenmund reduction (i) Tollens’ reagent

Ans. (i) Rosenmund reduction:

(0] (0]
[l Pd/BaSO4 + S I
CH;—C—Cl + H, quinoline CH;—C—H + HCI
Ethanoyl chloride Ethanal
(i) Tollen’s reagent:
(0] (0]

I I
CH,—C—H + 2 AgNO, + 2 NH,OH —> CH,—C—OH + 2Ag! +
(Silver mirror)
2 NH4NO, + H,0
Q7. Give chemical tests to distinguish between the following pair of compounds.
(a) Phenol and Benzoic acid (b) Benzaldehyde and Acetophenone [AI 2004 C]

Ans. (a) By adding ferric chloride, Phenol will give violet colour whereas benzoic acid will
not react.

(b) Adding I, and NaOH, Acetophenone will give yellow ppt. of iodoform whereas
benzaldehyde will not react.

Q8. How are the following conversions carried out:

(i) Ethanol to 1, 2-Ethanediol (i) Phenol to Acetophenone. [CBSE 2004 C]
. conc.HySO4 Cold alkaline
. = _ s
Ans. (i) CH3CH,0H ——=—> CH, = CH, + H,0 p— CH,OH
Ethanol [0]
CH,OH
1, 2-Ethanediol
OH 0 COCHj4
.. h Il )
@ ) + zn sy s (7] + ity A,
Benzene Acetophenone
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Q9. Write the names of the reagents and equations in the conversion of

(i) Phenol to salicylaldehyde
(i) Anisole to p-Methoxyacetophenone

OH
. 60°C
Ans. a)[ij +CHCly + 3KOH —2°5
Chloroform Potassium
Phenol

hydroxide

[CBSE 2004]

OH
CHO

ONa
CHO o+
_—

Salicylaldehyde

Q10. Write chemical equations to illustrate each of the following reactions:

(i) Acylation reaction
(i) Rosenmund reduction

Ans. (i) Acylation reaction:

@ 1 CH,COC Anhyd. AlCly

Benzene
(i) Rosenmund reduction:
(0]

|| Pd - BaSO4
CH;—C—Cl + H,

Acetyl chloride
Q11.Give chemical tests to distinguish
between the following pair of
compounds.
(i) Propanoyl chloride and propanoic
acid

(i) Benzaldehyde and Acetophenone
[AI 2006 C, 2005 C, 2014]

(1) On Adding NaHCO, solution to
each of them, propanoyl chloride
will not react whereas propanoic
acid will give brisk effervescence
due to the evolution of CO,.

(ii) On adding I, and NaOH, Aceto-
phenone will give yellow ppt, of
iodoform whereas benzaldehyde
will not react.

Q12.Give chemical tests to distinguish
between the following pair of
compounds:
(i) Propanal and Propanone
(i) Benzaldehyde and Benzoic acid.
[AI 2014, CBSE 2007]
(i) On adding Tollens’ reagent,
propanal will give silver mirror
whereas propanone does not
react.

Ans.

Ans.

[AI 2005]

COCH,4
+ HCl

Acetophenone

0]

|
CH;—C—H + HCl

Ethanal

(i) On adding NaHCO, solution,
benzaldehyde will not react
whereas benzoic acid will give brisk
effervescence due to the evolution
of CO,,.

Q13.Write chemical tests to distinguish
between:

(i) Acetaldehyde and Benzaldehyde

(ii) Phenol and Acetic acid

(iii) Pentanal and pentan-2-one.

[CBSE 2003]
Ans. (i) Add Fehling’s solution to each of
them separately. Acetaldehyde
will give brisk red precipitate
whereas benzaldehyde will not

react.

(i) Add NaHCO, to each of them
separately, Phenol does not react
whereas acetic acid gives brisk
effervescence due to the evolution
of CO,.

(iii) Add Tollens’ reagent to each of
them separately. Pentanal will form
silver mirror whereas pentan-2-one
will not react.
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Q14.Draw the structure of a carboxyl group o+ &

and indicate clearly Ans. (i) >C ZG?O , the hybridisation
(i) The hybridised state of carbon, state of ‘C’ is sz
(i1) The o and © bonds present and
(iii) The electrophilic and nucleophilic (i)
centres in it. [CBSE 2004]

L
(¢}

C 0)
@ o
C 0

~
-5
(iii) >

Electrophilic centre

Q15. Give reasons for the following:
(a) Carboxylic acids do not give characteristic reactions of carboxyl group.
(b) Treatment of benzaldehyde with HCN gives a mixture of two isomers which cannot
be separated even by careful fractional distillation.
(c) Sodium bisulphite is used for the purification of aldehydes and ketones
[CBSE 2005 C]
Ans. (a) It is due to resonance.
(0] o)
| e | o
R—CL0H <—> R—C=OH
(b) It is because we get two optical isomers which have same physical properties,
therefore, cannot be separated by fractional distillation.

©

CN ! CN
i |
CgHs—C—H + HCN > H | OH | HO+H
I
CeHs : CeHs
d(+) ' 1)

Benzaldehyde Cyanohydrin
(c) Aldehydes and ketones form addition compounds with NaHSO, whereas any
impurities do not. On hydrolysis, we get pure aldehydes and ketones back again.

O OH
Il | H,0/H"
CH,—C—H + NaHSO, —> CH,—CH—SO,Na —22»
(0]

Il
CH,—C—H + NaHSO,
Q16.How would you bring about the following conversions:

(i) Propanal to butanone? (ii) Benzaldehyde to benzophenone?

(iii) Benzoyl chloride to benzonitrile? [AI 2006 C]
0) OMgBr
. Il H,0/H™"
Ans. (i) CH3—CH,—C—H + CH3MgBr ——> CH3—CH,—CH— CHj4 E—
Propanal 0 OH
Il C |
CHz—CH;—C— CH; <——— CH3—CH,—CH— CHy
Butanone Butan-2-ol
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OH 0

| |
CHO CH—C,H, C—CH,

g i) C;H,MgB
( i l) (1) 6115 VIgDT Cu
(i) H,0/H 573K
Benzaldehyde Diphenyl methanol Benzophenone
NH3 P,0, i

C,H.COCl " heat C(,HSCONH2 “heat > GeHsC =N.
Benzoyl chloride Benzamide Benzonitrile
Q17.Write the steps and conditions involved in the following conversions:

(i) Acetophenone to 2-phenyl-2-butanol

(i) Propene to acetone [AI 2006]

0) OMgBr

(iii)

, I
Ans. ()  C—CHj + CH3CH,MgBr ——> CH;—CH,—C—CH,

Acetophenone
l H,0/H*

(l)H
CH3CH,—C—CHjy

2-phenyl-2-butanol

OH 0]
. H,S0, | Cu I
(i) CH;—CH = CH, + HjO ——> CH;—CH—CH; —.—> CH;—C—CHj,4
Propene 2-propanol S73K Acetone
p prop
Q18. Explain the mechanism of nucleophilic addition to a carbonyl group and give one example
of such addition reactions. [Foreign 2007]

Ans. Step I: The nucleophile (Nu:) attacks the positively charged carbonyl carbon to form a
new bond. As the new bond is formed, the & bond between the carbon and oxygen atom
is broken. The electron pair goes to oxygen, which aquires a negative charge.

RN Nu
= ~N —> N &
: =0 —> _..C— O
Nu + _ S(i 69 __/C (6}
Step II: The electrophile attacks the negatively charged oxygen to form the addition
product.
Nu Nu
__.>C=§:_ + HY — __.>c— O—H
Addition product
?f o
CH,—C—H + HCN —> CH,—C—H
Acetaldehyde |
CN
Acetaldehyde
Cyanohydrin
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Q19. Write one chemical equation for each to illustrate the following reactions:

(i) Rosenmund reaction (i) Cannizzaro reaction
(iii) Fischer esterification [AI 2007]
Ans. (i) Rosenmund reaction:
0] (0]
| Pd - BaSO, [
CH,—C—Cl + H, umoline CH;—C—H + HCI
(i) Cannizaro reaction:
50% KOH

2HCHO ——— > HCOOK + CH;OH
(iii) Fischer esterification:

conc. H,SO,

CH,COOH + C,H,OH CH,COOC,H, + H,0

Q20. Write balanced chemical equations for the following reactions.

Ans.

Q21.

Ans.

Q22.

Ans.

432

(i) Thionyl chloride reacts with benzoic acid.
(ii) Acetic acid is reacted with red phosphorus and HI.
(iii) Acetic acid is treated with Zn metal.

() CgHsCOOH + SOCl, ——> CHsCOCl + SO, + HCl

Benzoic acid Thionyl chloride
(i) CH,COOH + 6HI —*  cH, CH, + 31, + 2H,0

Acetic acid Ethane
(iii) 2 CH,COOH + Zn — (CH,CO0),Zn + H,

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

The carbon atom of the carbonyl group of benzaldehyde is less electrophilic than carbon
atom of the carbonyl group present in propanal. The polarity of the carbonyl group is
reduced in benzaldehyde due to resonance as shown below and hence it is less reactive
towards nucleophilic substitution reactions than propanal.

3 »

C
P O
_+_

An aliphatic compound A with a molecular formula of C;H,O reacts with phenyl
hydrazine to give compound ‘B’. Reaction of A with I, in alkaline medium on warming,
gives and yellow precipitate ‘C’. Identify the compounds A, ‘B’ and ‘C’.

0)
I
CH,—C—CH; + CH,NHNH, ———> CHB_C|: = N—NH—CH; + H,0
A?
Acetone CH, ®
Acetone phenylhydrazone
I
CH,—C—CH, + 3I, + 4NaOH —> CHI, + CH,COONa + 3Nal + 3H,0
Acetone ‘C

Iodoform
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Q23. Convert
(i) Acetophenone to ethyl benzene (i1) Ethanal to 2-aminoethanoic acid
(iii) Methyl chloride to ethanoic acid.

I
. NH,—NH,
Ans. (i) c.H.—C—CH, rorcron > CeHs— CH,—CH, + H,0
Acetophenone | Ethylbenzene
CH,O0H (3.

Clemmenson Reduction:

COCHj,4 CH,CH,
Zn(Hg)
+ 4[H] conc. HCl
(i) CH.CHO ——3 5  cH.cooH —X% 5 cH,_cooH
3 KMnO,/H,S0, 3 tE

Ethanal
Cl
lNHB
(llHZ—COOH
NH,

2-Aminoethanoic acid

(i) CH,Cl + KCN —> CH,C=N + H,0 ——> CH,COOH
Methyl chloride Ethanoic acid

Q24.How will you convert ethanal into the following compounds?

(a) Butan-2-one (b) Butan-1-ol (¢) Butanoic acid
(I? OMgBr ?H
N
Ans. (@) CH;—C—H + C,H.MgBr — > CHy—CH—C,Hy "> CH,—CH— CH,—H,
Acetaldehyde
K,Cr,0, lH2504
(”)
CH;—C—C,Hs
Butan-2-one
(0] OH (0]
Il OH™ | Il H*
() 2CH;—C—H ——> CH;—CH—CH,—C—H —_—> CH;—CH = CH—CHO
Acetaldehyde 3-Hydroxybutanal But-2-en-1-al
H2/Nil
CH,;CH,CH,CH,0OH
Butan-1-ol
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0) OH

CH,CH,CH,COOH <

Butanoic acid

Q25. Name the reaction and the reagent used
for the conversion of acid chlorides to
the corresponding aldehydes.

Ans. Name: Rosenmund reaction
Reagent: H, in the presence of Pd
(supported over BaSO,) and partially
poisoned by addition of sulphur or
Quinoline.

i I

/B89, g C—H + HCI

+ S or quinoline

Q26. Suggest a reason for the large difference
in the boiling point of butanol and
butanal, although they have the same
solubility in water.

Ans. The b.pt. of butanol is higher than that
of butanal because butanol has strong
intermolecular H-bonding while butanal

I
R—C—Cl + H

lll. Long Answer Type Questions

0]

| - | | +
(¢) 2CH;—C—H —>> CHy;—CH—CH,—C—H ——> CH;—CH = CH—CHO
3-Hydroxybutanal

heat
But-2-en-1-al

Hy/Ni l

KMnO,4/dil. HySO,

Q27.
Ans.

Q28.

Ans.

CH,CH,CH,CH,OH
Butan-1-ol
has weak dipole-dipole interactions.
However both of them will form H-
bond with water and hence are soluble.
What type of aldehydes undergo Can-
nizaro reaction?
Aromatic and aliphatic aldehydes which
do not contain hydrogen atom.
Out of acetophenone and benzophe-
none, which one will give iodoform
test? Write the reaction involved.
(The compound should have CH,CO
group to show the iodoform test).
Acetophenone (C;H;COCH,) contains
the group (CH;CO) attached to the
carbon atom and hence give iodoform
test while benzophenone does not
contain this group and hence does not
give iodoform test.

(5 Marks)

Q1. Write chemical reactions to affect the following transformations:

(1) Butan-1-ol to butanoic acid

(it) Benzyl alcohol to phenylethanoic acid
(iii) 3-Nitrobromobenzene to 3-nitrobenzoic acid

(iv) 4-Methylacetophenone to benzene-1, 4-dicarboxylic acid
(v) Cyclohexene to hexane-1, 6-dioic acid

(vi) Butanal to butanoic acid

Ans. (i) CH,CH,CH,CH,OH — SQ3H250s

Jones reagent
Butan-1-ol 8

HB
(i) CH.CH,OH ——> C.H,CH,Br

Benzyl alcohol Benzyl bromide

[AI 2014]

CH,CH,CH,COOH

Butanoic acid

KCN
———> C,H,CH,CN

Benzyl cyanide
A l’Hgo +

C,H,CH,COOH

Phenylethanoic acid
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Y 0]
.. Mg CO2 /
(i) Br —;—> MgBr —geo > C
wice) oM gBr
05N 0,N 0,N

3-Nitrobromobenzene +
H30

/0
Wt
\OH
0,N

3-Nitrobenzoic acid

/©/ COCH3 KMnO,/KOH /©/ COOK dil. HySO, /©/ COOH
— — >
. H3C KOOC HOOC

4-Methylacetophenone Dipotassium benzene Benzene-1, 4-dicarboxylic acid
1, 4-dicarboxylate (Terephthalic acid)
KMnO, - Hy504 COOH
v _—>
( ) Heat COOH
Cyclohexene Hexane-1, 6, dioic acid
(Adipic acid)

(vi) CH5CH,CH,CHO _ AmmoniacalAgNO; ¢, cH,CH,COOH

Butanal (Tollens’ reagent) Butanoic acid

Q2. An organic compound (A) with molecular formula CgHgO forms an orange-red precipitate
with 2, 4-DNP reagent and gives yellow precipitate on heating with iodine in the presence
of sodium hydroxide. It neither reduces Tollens’ or Fehlings’ reagent, nor does it
decolourise bromine water or Baeyer’s reagent. On drastic oxidation with chromic acid,
it gives a carboxylic acid (B) having molecular formula C,H,O,. Identify the compounds
(A) and (B) and explain the reactions involved.

Ans. (A) forms 2, 4-DNP derivative. Therefore, it must be an aldehyde or a ketone. Since it does
not reduce Tollens’ or Fehling reagent, (A) must be a ketone. (A) responds to iodoform
test. Therefore, it should be a methyl ketone. The molecular formula of (A) indicates high
degree of unsaturation, yet it does not decolourise bromine water or Baeyer’s reagent.
This indicates the presence of unsaturation due to an aromatic ring.

Compound (B), being an oxidation product of a ketone should be a carboxylic acid. The
molecular formula of (B) indicates that it should be benzoic acid and the compound (A)
should therefore be a monosubstituted aromatic methyl ketone. The molecular formula
of (A) indicates that it should be phenyl methyl ketone (acetophenone). Reactions
involved are as follows:

0]
R 05N HaC 05N
-H,0
©/ CH3 + H,oNHN O NO, —— @/c = N—NH@— NO,
A 2, 4-Dinitrophenylhydrazine 2, 4-DNP derivative
CgHgO (2,4-DNP)
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Q3. (i) How will you prepare:
(a) Acetic anhydride and
(b) Acetyl chloride from acetic acid?
Write the reactions involved in each case.
(i) Why is the boiling point of an acid anhydride higher than the acid from which it is

derived?
T
o]
. I P,0, CH,—C
Ans. () (@) 2CH,—C—OH — o+ H,0
CH,—C -~
o)

O

I
(b) CH,—C—OH + PCl, ——> CH,COCI + POCI, + HCl

(ii) Acid anhydrides are bigger sized molecules than the corresponding acids, therefore
have more surface area, more van der Waals’ forces of attraction and hence higher
boiling points

Q4. (i) Describe the preparation of acetic acid from acetylene.

(it) How can the following be obtained from acetic acid:

(a) Acetone (b) Acetaldehyde?
(iii) In what way can acetic acid be distinguished from acetone?
(iv) Why carboxylic acid do not give the characteristic reactions of a carbonyl group?

[AI 2003]
(0] 0]
) H,S0, Il KMnO, Il
Ans. (i) HC = CH + H,0 W CH;—C—H m CH;—C—OH
Acetylene Acetaldehyde Acetic acid
i i
.. Ca(0 CH5COO
(i) (@) 2CHz—C—OH—— 225 ~ 37" ™>ca — 2 5 CHy —C—CHj + CaCO3
Acetic acid CHSCOO istiiation Acetone
O
LiAlH, Cu |
(b) CHyCOOH ———%> CH3CH,OH —7> CHy—C—H + H,
Acetic acid Acetaldehyde

(iii) Add I, and NaOH. Acetone will give yellow precipitate of iodoform whereas acetic
acid does not react to give any yellow precipitate.
Or
Add sodium bicarbonate solution; Acetone will not react, but acetic acid will give
brisk effervescence due to the evolution of CO,.
(iv) Carboxylic acid does not give the characteristic reactions of carbonyl group due to

resonance effect by the virtue of which it does not have free carbonyl (>C =0)
group.
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Q5. (a) An organic compound A with molecular formula C;HgO, is reduced to n-pentane
on treatment with Zn — Hg/HCI ‘A form a dioxime with hydroxylamine and gives a
positive iodoform test and Tollen’s test. Identify the compound A and deduce its
structure.

(b) Write the chemical equations for the following conversions:
(i) Ethyl benzene to benzene
(ii) Acetaldehyde to butane -1, 3-diol
(iii) Acetone to propene
Ans. (a) As A gives positive iodoform test, so it has CH,—C—group. As A also gives
positive Tollens’ test, so it must have —CHO group.g

So Ais
CH,—C—CH,CH,CHO
(0]
CH,CH, COOK COOH
KMnO, - KOH H,0"
ORNO — —
Heat
Benzoic acid
COOH
+ (NaOH + CaO) —> @
Benzene
.. Dil.
(i) 2CH,CHO ———> CH3—C|IH—CH2CHO —lN
aBHy
OH
CH3—CH—CH2—(|‘,H2
OH OH
Butane-1, 3-diol
NaBH,
(1) CHB—ﬁI—CH3 —>  CH,CH—CH,
Acetone OH
conc. H,SO,
CH,—CH—CH, —————> CH,CH = CH,
| Propene
OH

Q6. An organic compound A with molecular formula C;HgO gives positive DNP and iodoform
test. It does not reduce Tollen’s or Fehling’s reagent and does not decolourise bromine
water also. On oxidation with chromic acid (H,CrO,) it gives a carboxylic acid (B) with
molecular formula C,H¢O,. Deduce the structures of A & B. [CBSE 2009]
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Ans. As A does not give Fehling’s or Tollen’s test, so it does not have —CHO group but it gives
a positive iodoform test and DNP test, so it has CH,— C— group.

COCH, 0

So Ais
Acetophenone

B is carboxylic acid obtained by the oxidation of A with H,CrO,.
COOH

So ‘B’ is
Benzoic acid

b A= (CH3)2CH—ﬁI—C1

0
CH,
B = CH3—C:—COONa
C = CHI, CH

Q7. An unknown aldehyde A’ on reacting with alkali gives a b-hydroxy-aldehyde, which losses
water to form an unsaturated aldehyde, 2-butenal. Another aldehyde ‘B’ undergoes
disporportionation reaction in the presence of conc. alkali to form products C and D. C is
an aryl alcohol with formula C,HO.

(i) Identify A and B.
(i) Write the sequence of reactions involved.
(iii) Name the product, when ‘B’ reacts with Zn amalgam and hydrochloric acid.

|OH
dil. NaOH
Ans. CH,CHO + CH,CHO ————> CH,—CH—CH,—CHO
(A) (B) l
heat
CH,CH = CHCHO + H,0
But-2-enal
CHO CH,OH COONa
20 +naon —— )+
(B) © (D)
Benzaldehyde Benzyl alcohol Sodium Benoate

438 m Chemistry-XII




(i) A is acetaldehyde, ‘B’ is Benzaldehyde.
(ii) Reactions are shown above.

CHO CH,OH
Zn - Hg/HCl
(lll) © L
Benzaldehyde Benzyl alcohol

Q8. A compound X’ (C,H,O) on oxidation gives Y’ (C,H,0,). X’ undergoes haloform reaction.
On treatment with HCN ‘X’ form a product ‘Z’ which on hydrolysis gives 2-hydroxy
propanoic acid.

(i) Write down the structures of X’ and ‘Y’.
(ii) Name the product when X’ reacts with dil NaOH.
(iii) Write down the equations for the reaction involved.

(O]

Ans. CH,CHO —— CH,COOH
oxidation
X )
(l)H (l)H
0 +
CHyCHO —N 5 CH, CH—CN —22__s CH,—C—COOH
(Hydrolysis) |
X)
H
2-hydroxy propanoic acid
(1) Structure of X (CH;CHO):
i
CH,—C—H
Acetaldehyde
Structure of Y (CH;COOH):
H (0]

| I
H—C—COOH or CH,—C—OH
| Acetic acid

H
OH

|
(if) CHy—C—CH,CHO
|

H
Aldol
(3-hydroxy butanal)

H OH
” | dil NaOH
(i) CH3—C—H + CH;—C=0 —— > CH3—C|I—CH2CHO

H
Aldol
(3-hydroxybutanal)
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Q9. Identify the unknown organic compounds (A) to (E) in the following series of chemical

reaction.
CHC,H, o
@ g Zzmp> W T ®)
(i) (A) + B)—ENOH o) + 1,0
1.0,
—2
(i) (©) —5 522 (A) + (D)
() (D) —25 (E)
CHO
CHCgHs o 0
Ans. (i) g _— > + g
Zn/H,0
@) ®)
CHO
(ll) @ ij dll NaoH Q—CH{j + HZO
@ ®)
(0] CHO (0]
O
(iii) QCH{S _OyH:0 @ + ﬁ
@) ®)
O OH

o . oH
(iv) Hy/Ni

(D) (E)

Q10.An organic compound (A) having molecular formula CjH,,O forms an orange red
precipitate (B) with 2, 4 DNP reagent. Compound (A) gives a yellow precipitate (C)
when heated in the presence of iodine and NaOH along with a colourless compound (D).
(A) does not reduce Tollen’s reagent or Fehling’s solution nor does it decolourise bromine
water. On drastic oxidation of (A) with chromic acid, carboxylic (E) of molecular formula
C,HgO, is formed. Deduce the structures of the organic compounds (A) to (E).

[CBSE 2009]

Ans. Since (A) does not reduce Tollen’s reagent and Fehling solution. So it is ketone which
gives yellow precipitate with I,. Hence, it is a ketone.

CHz—ﬁ—CHg CH,COONa
I,/NaOH
@ —Z "> CHI + @
©
[eN) yellow
ppt.
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CH,—C—CH, NH —NH, CH,—C=N—NH

Il I
NO NO
@ o 2 @ CH, 2

NO, ®  No,
CH3—C—CHj COOH
@ (0] Chromic acid
_—
()
Q.11. (a) Account for the following: [CBSE 2014]

(1) Cl — CH,COOH is a stronger acid than CH,COOH.
(ii) Carboxyclic acids do not give reactions of carbonyl group.
(b) Write the chemical equations to illustrate the following name reactions:
() Rosenmund reduction
(1) Cannizzaro’s reaction
(iit) Out of CH,CH,-CO-CH,-CH, and CH,CH,-CH,-CO-CH,, which gives iodo-
form test?

Ans. (a) (i) Monochloroacetic acid is comparatively stronger acid than acetic acid. This
is due to — Cl as a — I group

(if) Carboxylic acids do not give reactions of carbonyl group because the lone
pair of electrons on the oxygen attached to hydrogen in the ~-COOH group
are involved in resonance, which makes the carbon less electrophilic.

Pd-BasSO
(b) (1) Rosenmund reaction: CH;COCl + [H] # CH,CHO+HCI

(ii) Cannizzario’s reaction: 2HCHO + NaOH — CH;0H + HCOONa
Formaldehyde Methyl alcohol Sodium Formate

(iii) CH,CH,—CH,—CO—CH, will give the iodoform test.
Q12. (a) Write the products formed when CH,CHO reacts with the following reagents:
(i) HCN [CBSE 2014]
(i) H,N—OH
(iif) CH;CHO in the presence of dilute NaOH

(b) Give simple chemical tests to distinguish between the following pair of com-
pounds:

(i) Benzoic acid and Phenol
(ii) Propanal and Propanone
Ans. (a) (i) Acetaldehyde add a molecule of hydrogen to form acetaldehyde
cyanohydrin.

CH,;CHO + HCN —— CH,;CHOH(CN)
(Acetaldehyde cyanohydrin)

(ii) Ethanal reacts with hydroxylamine to form ethanal oxime.
CH,CHO + H,NOH —> CH,— C = NOH + H,0

Ethanal oxime

Aldehydes, Ketones and Carboxylic Acids ® 441




(iii) Two molecules of ethanal condense in the presence of dilute NaOH to form

3-hydroxybutanal.
CH,CHO + H-CH,CHO
(b)

dil NaOH
R

CH,CH(OH)-CH,CHO

(i) When treated with sodium bicarbonate, benzoic acid gives brisk

effervescence due to the evolution of carbon dioxide gas. No reaction takes
place when phenol is treated with NaHCOj,:
C,H,COOH + NaHCO, —> C,H.COONa+ H,0+CO,

(i) Propanal gives Tollen’s test while propanone does not give Tollen’s test.
CH,CH,CHO+2[Ag(NH,),] " +30H ——CH,CH,COO +2Ag + 4NH, +2H,0

IV. Value-Based Questions

Q1. A group of students were given to study
the properties of aldehydes and ketones
in the lab. They recorded a few
observation of their physical properties.

Property | Aldehyde | Ketone
Solubility | High Low
Volatality | Moderate | High
Reactivity | High Low

(i) Why are aldehydes more reactive
and more soluble than ketones?

(ii) What values of students are seen
from the above act?

Ans. (i) Aldehydes are more soluble in
water because they form
hydrogen bond with water
molecule.

(ii) Critical thinking
Q2. Arpita wanted to buy vanilla ice cream

from a local ice cream vendor. Her friend
Amita told her that these vendor use
synthetic chemical compound vanillin
whose flavor is similar to that of vanilla.
They decided not to buy such ice creams.
(i) Write the chemical formula and
IUPAC name of vanillin.

(i) Write the values that are
associated with the above
decision.

Ans. (i) 4-Hydroxy-3-methoxybenzaldehyde

(ii) Self-awareness
V. HOTS Questions
Q1. Out of acetophenone and benzophenone,
which one gives iodoform test? Write
the reactions involved.

Ans. The compound should have CH,CO—
group to show the iodoform test.

Acetophenone (C;H,COCH,) contains
the CH;CO—group attached to carbon
and hence give iodoform test while
benzophenone does not contain this
group and hence does not give iodoform
test.

C4H,COCH, + 3I, + 4NaOH —> CHI,
+ C4H;COONa + 3Nal + 3H,0

Arrange the following compounds in
increasing order of their acid strength:
Benzoic acid, 4-Nitrobenzoic acid, 3,4-
dinitrobenzoic acid, 4-Methoxybenzoic
acid.

Q2.

Ans. Since electron donating groups decrease
the acid strength, therefore 4-metho-
xybenzoic acid is a weaker acid because
methoxy group is an E.D.G. Further since
electron withdrawing group increases
the acid strength, therefore both 4
nitrobenzoic acid and 3, 4-dinitro-
benzoic acid are stronger acid than
benzoic acid. Also due to the presence
of additional NO, group at m-position
with respect to —COOH group, 3, 4-
dinitro-benzoic acid is a stronger acid
than 4-nitrobenzoic acid. Thus the
increasing order of acid strength will be:
4-methoxybenzoic acid < benzoic acid
<4-nitrobenzoic acid <3,4-
dinitrobenzoic acid
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Q3.

Ans.

Q4.

Ans.

Q5.

Ans.

Q7.

Ans.

Qs8.

Ans.

How will you distinguish between benzaldehyde is reduced due to resonance
methanol and ethanol? effect thus making it less reactive in

By Iodoform test: Ethanol having nucleophilic addition reactions.

o-methyl group will give yellow ppt. of ﬁ) -
iodoform whereas methanol, which do C\H 2
not have o—methyl group, will not give @ <—za H

ppt. of iodoform.
There is no such resonance effect in
propanal and so the polarity of carbonyl
group in it is more than in case of

Why PCC cannot oxidise methanol to
methane and while KMnO, can?

This is because PCC is a mild oxidising benzaldehyde. This makes propanal
agent and can only oxidise methanol to more reactive than benzaldehyde.
methanal. While KMnO,, being a strong | Q6. Why does methanal not give aidol
oxidising agent oxidises it to methanoic condensation while ethanol forms an
acid. aldol?

Would you expect benzaldehyde to be | Ans. This is because only those compounds
more reactive or less reactive in which have o-hydrogen atoms can
nucleophilic addition reactions than undergo aldol condensation reactions.
propanal? Explain. Ethanol possesses o—hydrogen and
C-atom of the carbonyl group of therefore undergoes aldol condensation.

Methanal does not have a-hydrogen
atoms, hence does not undergo aldol
condensation reactions.

benzaldehyde is less electrophilic than
the C-atom of carbonyl group in
propanal. Polarity of carbonyl group in

There are two —NH, group in semicarbazide. However, only one is involved in the
formation of semicarbazone. Why?

Although semicarbazide has two —NH, groups but only one of them is involved in
resonance as shown below:

0 0
qnp | o+

—C—NHNH %HN C—NH— NH #)HN—C NH — NH
As a result, e density on one of the —NH, group is reduced and hence it does not act as
nucleophile.

. One pair of the other —NH,, group is not involved in resonance and hence it is available
for nucleophilic attack.

Explain why o-hydroxybenzaldehyde is these intermolecular H-bonds, a large
a liquid at room temperature while amount of energy is needed. Conse-
p-hydroxybenzaldehyde is a high quently, p-hydroxybenzaldehyde has a
melting solid? much higher m.pt. and b.pt. than that of
Due to intramolecular H-bonding ortho- o-hydroxy benzaldehyde. As a result,
hydroxy benzaldehyde exists as discrete o-hydroxy benzaldehyde is a liquid at
molecule whereas due to intermolecu- room temperature while p-hydroxy ben-
lar H-bonding, p-hydroxybenzaldehyde zaldehyde is a high melting solid.

exists as associated molecules. To break N
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