_I?J Explanations,

3 2 1
1. CH 3— CH,—CHO

Propanal
m
CH,
2. CH; —CH,—CH—CH, —CHO
5 4 3 g ;
3-methylpentanal m

NOTE ‘al' represents — CHO group and ‘pent’ represents chain of
five C-atoms. ‘
o 4 ¢ Y A |
3. CH; —CH—CH,; —C —CH,;
LAk
o OR ' o : .
IUPAC name 4-hydroxypentan-2-0n¢

4



CH v

S0 Shne i 73
e ihyvibenzala
Fanethyibyg nraldchyde

Wl a1k Position
chyde group|

- m
- Pentan-2-ane and pentan-3-one ¢an be
tiguished by iodoform test.

On heating with NaOH +1, or [NaQ] 1,
1Ny - - » Y
p.‘v,\»dn' b one being a methyl ketone forms yellow
PPt of u;duiurm, whereas pentan-3-one does not.
L

1P teans Pary ar
Wit ald

disty

CH,-C~CH,+ INaOl—y
CH,COONa* + CHI ;! +2NaoOH

lodoform
(yellow ppt)

Q
I

CH,CH, —C— CH,CH, —NaoI

3 ?

) No yellow ppt of iodoform m
2 1
6. CHy, — CH —CHO

CH,
2-methylpropan-1-al )]
3

4 2 -OH
o

5
Z™ cHo

2-hydrcrxybcnzaldchydc (n

EE 2 )
8. H,C—-(,I}{—-Cﬂz —CHO
CH,

3-methyibutanal

-m

b

0]
4 3 2' 1
9' CHI—'?H *CHz_J_CH3

Cl

4~chloropentan-2-one m

Boiling point is related to attractive forces. Stronger}
. the allractive force, higher is the bailing point.

70,

Ethanol, i.e. CHy— CH,— OH undergoes
extensive intermolecular hydrogen bonding,
therefore, its boiling point is highest among all the
given compounds. In contrast, among

11.

12'

13.

14,

15,

‘H,—CH,;—CH;, CH cy
_cpO and CHy—%82 CHQ
(| : Jher boiling point than C_H 3CHzCI-[
i HO possess dipole-dipole 3

hich are stronger than van e,
( attraction cxXisting in CH, CHJ
r of their increasing boiling Poiny .
< CH, —CHO .
<CH;—CH; — oy

CHy-
|N)SSL‘$5 P
because CHy
interactions W
Waaly' forces 0

Hence, the orde
CH, — CH, — CHs

5 4 C3H (1: | h)
. ——‘C P S §C
The structure Is CH; ] H H,
CH, 0
4-methylpent-3-en-2-one
)
Ethanol to aceton¢
0
C,H:OH+KMnOy4 L—]*CI‘I;CI'!O+CH31V;gBr
205
CH3C|H CH,
OH
(0] OMgg,
CH,C CH; ¢—— CH3CH CH; et | By,
KMnQO,4
’ m
i
CH3—CH,—CH=CH_C_H
3 4 7 3 2 )
Pent-2-en-1-al 0

Benzophenone (CH COCGH5) and acetophenone
(CeHCOCH;) can be distinguished by iodoform
test. Acetophenone, being a methyl ketone op
treatment with I, / NaOH [or NaOI] undergoes
iodoform reaction to give a yellow ppt. of
iodoform. On the other hand, benzophenone does
not give this test. .
CeHsCOCH, + 3NaOl — CHLCOONa
Acetophenone

+ CHI;1 + 2NaoH

lodoform
{Ycllow ppt.)

CHCOC i, a1 No yellow ppt. of

Bcnlophcnone iQdOfOl'm

m

Reactivity depends on two factors: steric effect and

electronic effect. Lesser the steric hindrance, higher
s the reactivity.

On moving from ¢thanal to butanone, + I-effect and
steric hindrance of alkyl group increases due to
which the electron density on the carbon atom of
the carbonyl group progressively increases and

hence, attack by nucleophile becomes slower and ‘
slower. Thus, the reactivity increases in the order a*
Butanone< propanone < propanal < ethanal (!



cross aldol condensation When aldo]
" condensation is carried out between two different
| a]deh}’des or ketones or between an aldehyde or a
‘ Ketone and atleast one of them contain o-H, it‘is
called cross aldol condensation. If both of them
contain a-hydrogen atoms, it gives 2 mixture of four
products- _ (1/2)
CH,CHO + CH,CH,CHQ ! NaoH |
(if) A
CH, CH= CH CHO +CH,CH,CH= C— CHO
But-2-enal
CH,
2-methylpent-2-enal

+CH; —CH = ?—CHO

CH,
2-methylbut-2-enal
+ CH,CH,— CH== CHCHO
Pent-2-enal  (1/2)
17, Refer to solution 5. )

18. Clemmensen reduction The carbonyl group of
aldehydes and ketones is reduced to — CH, group on
treatment with zinc-amalgam and concentrated
hydrochloric acid. This reaction is known as
Clemmensen reduction.

N e Zn- Hg N

v =0 HCl

Zn-Hg CHiy_
cH,” Ha  CHy

3
Propanone Propane m

CH, + H,0
CH, + H,0

1 2 3 4 5
9, CH, —C —CH = C —CH,

o] CH,
4-methylpent-3-en-2-one. m

5 4 3 2 1
. H;C—H,C— '([‘—CHZ—CHO
0

m
3-oxopentanal

3 2 1

1-phenylpropan-1-one m

Wolff-Kishner reduction The carbonyl group of
aldehydes and ketones is reduced to —CH, group on
treatment with hydrazine followed by heating with
KOH in high boiling solvent like ethylene glycol. This
reaction is known as Wolff-Kishner reduction.

H,C
N
¢~

Acetone

C= O + NH,—NH, —>

H,C )
N — NNH, B _":V),'.j“.,:.';i,,\
/ nhylen
H,C ‘ .1
CH _._CHZ———(,Hj + N,
’ Propanc Q)]
@)
0, s
23. C—CHZ——CH3
1
1-phenylpropan-1-on¢ (
3 2
1 1 2
24. F m ﬁ——CH3
6
> o)
4-fluorophenylethanonc )

25. It is ammoniacal silver nitrate (AgNO;
+ NH,OH) solution. It is used to test the

presence of aldehyde group as it is a mild

oxidising agent. O
a 9
]
3 ~
26. 1 CHs
4 s
2-chlorophenylethanone m
27. (i) Wolff-Kishner Reduction
Refer to solution 22. m
(ii) Etard Reaction
Toluene reacts with chromyl chloride in
presence of CS, followed by hydrolysis
produces benzaldehyde.
CH; CH(OCrOHCl,),  CHO
Cs; H,0*
+ CrOZClz __ _—
Chromyl
Toluene  chloride Chromium Benzaldehyde
complex
m
28. (i) Clemmensen reduction Refer to solution
18.

(ii) Cannizzaro reaction Aldehydes which do
not have o-H atoms undergo self oxidation
and reduction reaction on treatment with
conc. alkali. This reaction is known as
Cannizzaro reaction. In this reaction, one
molecule of aldehyde is reduced to alcohol

while another molecule is oxidised to salt of
carboxylic acid.



H H
\ -+ \C=O + conc. KOH
H/

Formaldehyde H N
A 7
— H—(C—0 H + H—C

b OK

Potassium
Methangl formate
A
Q\CHO + conc. NaOH —

Benzaldehyde

- +
@CH:OH + @—coom

Benzyl alcohol Sodium benzoate

m
. H,o/H*
29, (j) CH;—CH — CH, 227
Propene |OH

CH3‘— CH* CH3

Propan- 2- o] [1]
() CH,— cH,— ¢ _%-Naou
Ethyl chloride
CH;—CH,— 0§ oL cH,— cuo
? - ‘ Cro5/pcc ?ilhanal m
30. (i) 2H—c— gy __conc.xon
O
Forma]dehyde H
H—C—oHn + HCOOK*
l Potassium
H formate
Methano]
NOTE itis an &xample of Cannizzarg reaction. m
CHO CHO
HNO3/H2$04
(ii)
273-283

NO,

Benzaldehyde m-nitrobenzaldehyde a
31. ,' () Lone pair of electrons involveq in conjugation
‘. with > CO group .

(i) +l-effect due to methyl groups, steric hindrance,

makes a Carbony| Compound less reactive, !
(1) Although Semica

rbazide has two — NH,
groups but one of them which is directly
attached to> C=o0 8roup is involved i
Iesonance a3 shown below:

<02

: e :\/C /Bu .
/\C_'Icl .,/NH?, (-’—')HzN// \NH/N}L
oo \N o 2o <
HZN / H -Ol..
ide
Semicarbazi¢ ee ~C +
N \NH/NH2

the clectron dcnsily :)n TN _
Therefore, the resonance decreases. A o
involved in t as a nucleophile. In Contrag hlfll,
it cannot aF electrons on the other —_y i, e
lone pair Oot involved in resonance, thyg G
group is cleophile and can attack Carbonw .
act as aar:;lms of aldehydes and keton, "
;?;tﬂe semicarbazones.

2 Br,
a

! 0
anohydrin aceq .
(ii) Cyclohexanonc forrps ?y y Or(ilng :
the following equation:

0 HO CN
= O

Cyclohexanone Cyanohydrip,

As in cyclohexanone, there is. o
hindrance, therefore the nucleophije CN
easily attack the carbonyl carbon, Howe
case of 2,2,6-trimethylcyclohex
presence of three methy] groups
offer steric hindrance and as aresult,CN-
attack effectively. For this reason
form a Cyanohydrin.,

0

H,C CH; HeN
CH3 —/ No Cyanohydr
formati

SlCIi(

Cap
ver, j,
anong, the

al 0-posijg,

Canp
» 1L doeg No|

2,2,6-trimethylcyclohexanone

ediate is produced.
This mterrnediate imm

from the Teaction

cdia[ely acccp[s a pr()t(_m
feutral progyey.

fum to give electrically



)

l:n‘,‘l ll g
Normermo——y

Step 11
(addition
of proton)

Tetrahedral
intermediate

Addition produc

(1)
33. (i) Stephen Reaction

R—CN + .lSnClz + HCl
RCH = NH "’\O‘, RCHO
Imine m
(i) Wolff-Kishner Reaction Refer 1o solutions 22,
Q)]
(iii) Etard Reaction Refer to solution 27 (ii). m
34. (i) Conversion of Propanone to Propane

CH . i : Clemmensen reduction R
I Zn(Hg) + HCl
0 or Wolff- Kishner reduction

Propanone NH3 — NH, + KOH + glycol
Propanc m
(ii) Conversion of Benzoyl Chloride to
Benzaldehyde
I ]
C—(l C—H
Pd/BaS0Oy
O =
Roscnfr'lund
Benzoyl chloride ~ Reacton Benzaldehyde (1)
(iii) Conversion of Ethanal to but-2-enal
DiLNaOH
- Cghfnljo Aldol condensation
?H
CH;—CH— CH, — CHO
¥hydroxybutanal

__...A._....)(_';I»I3 — CH= CH— CHO
-H,;0 But-2-enal m

35, | (i) Friedal.Crafta roaction (acyiation),
| R i Ay IO e
i 6 inlrochiction of acyl group in banzena nng
mrtetivesn ol water 1o
() Hydration of progryne, 1o addiion o mater 1O
profrgrie and Lautormarisation
. 3 v e f www!l 1D -CH
(i) Edarcd s toastion (aiddetyy oy 15 formaa | “H,

“bACY rut e )
(Jroup s corvsoston) intn CHO) o)

(:()('/,;I‘}

Anhydrous /
AlCTy i

. ot ) S H E L HC
+CHsCOCl— =

Benzophenone

)]
ML H 80
(i) HC — Ce= C—H + HO — === t.,
OH O
Tautomerization
cu,-J:: CH,|—  CH,—C—CH,
Prop-1-en-2-ol Acetone
(Unstable) m
CH; [ CH(OCrCl,OH), |
(lll) CrO,Cl;
_.__.__—)
CS;
NOZ - N02 2l
CHO
H]0+
—_
NO,

p-nitrobenzaldehyde
m

36. (i) Alcohols are produced by the addition reaction of

Grignard’s reagents with the carbony! group of
aldehydes and ketones.

Mechanism
Step 1 The first step of the reaction is the

nucleophilic addition of Grignard’s reagent to
the carbonyl group to form an adduct.

\ as &~ S¢
/C=9+ R -Mg—X —>
b5 4
/clz— 0~ Mg— X
R

Adduct m



Step I1  Hydrolysis of the

adduct yields an
alcohol.

(lj—g Mg—,\’£>>c_ OH + Mg(OH)X
R

R Alcohol )
(ii) (a) 3-methylbutanal

CH, 0
AN

(b) p-nitropropiophenone

I

O,N. C—CHZ—CH3

(172)
37. (i) Refer to solution 28(ii),

(ii) (a) Ethanal to 3-hydroxybutanal

Dil. NaOH

2CH; — CHO
Aldol
Ethanal conciens:tion)
4 3 2 1
CH;—CH — CH,— CHO
OH
3-hydroxybutanal m
(b) Benzaldehyde to benzophenone

CHO COOH
HNO;
©/ (Oxidation)
Benzaldehyde
O SOC]Z
(,." O COcCl
Anhy. AlCl,
—_—
(Friedel-Crafts
: acylation)
Benzophenone m
38. (i) (a) Propanone oxime The structure of
propanone oxime is:
CH;—C =N—0OH
CH, 0
NOTE it is formed when Propanone reacts with
hydroxylamine,
Cc
"Ne— 04 Hy — N— OH
CHy” .
Hydroxylamine

—220, CH;— ¢ =N— on

CH,
Propanone oxime

semicarbazone of CHSCH?CTEC
b) 5¢ icarbazone o CHA -
( ucture of semica o 30 g

H;"_CH

str

C \)]

CHO reacts with
. d when CH;
NOTE It is forme

semicarbazide.

0
—NH—C—NH,
H3§>C = 0+ HN Semicarbazide
0

_—H20 , cH,—CH=N—NH—C—ny
Biadk Semicarbazone 2
(ii) (a) Ethanal, (CH;CHO) to CH3—CH,
Zn -H CH —CH3+HZO
CH3CHO —-;a"L) 3

Clemmensen
reduction

(b) Ethanal,(CH,CHO) to
CH,— CH— CH, — CHO

()

OH
zCH3CHoL;°H> CH; —CH—CH,—Cyq
Aldo!
condensation OIH 0
(c) Ethanal,CH,CHO to CH,CH,OH
CH,CHO —{) LA, CH,CH,OH
(if) H,0

0)

(a) Aldol condensation In this reaction two
molecules of an aldehyde or ketone condense
In presence of dilute alkali (dil NaOH,

39. (i)

B-hydroxy aldehydes or ketones ar.e

collectively called aldols ang the reaction is
called aldo] conde

Nsation. The reaction is
based on acidity of a-hydrogen of aldehydes
and ketones,

m
Foreg:

Q
~C£=0+H—Ch,cpoDil NaoH,_
H” Ethana Ethana] .

OH

CH3*|C~CHZ-CH0

;S-hydroxy butanga) (Aldot)
(b) Cannizzaro

; T0 reaction Refer to
‘solutjop 28 ( )

i), (M




(ii) (a) E_th_ana! and propanal Both can be
distinguished byoiodoform test. Ethanal

contains CH;— C — group, therefore, it

undergoes iodoform reaction and gives

yellow precipitate of CHI While
. . ro 1
does noct)glve this test, ’ i m

|

—C — A
? Ethanal H +3Nao1 —

e ettt
——————

- +
CH;—COONa +2NaOH+ CHI3—l(yel]ow ppt)
CH;—CH,—CHO N—a%No yellow ppt of CHI
Propanal - ?
(b) Benzalc!el'lyde and acetophenone Both

can be distinguished by Tollen'’s test.
Benzaldehyde contains — CHO group and
tl'ms, redl'lces Tollen’s reagent to metallic
silver while acetophenone being a ketone
does not reduce Tollen’s reagent.

QCHO+2[Ag(NH3)2]++ 30H"
(Tollen's reagent)
— Q elon

(Benzoate ion)

+2Ag | +2H,0+4NH,
(Silver
mirror)

(0]
Il
C — CH; +2[Ag(NH;),] " +30H"
. Tollen's regent

Acetophenone .

—— Noreaction (1)

(c) Refer to solution 5. ()

() (a) Carbonyl compounds react with 2,4-DNP.
(b) Aldehydes (—CHO group containing
compounds) reduce Tollen's reagent.
(c) Aldehydes which don't contain a-H atom
undergoes Cannizzaro's reaction.
(d) Oxidation at successive places shows the
presence of two groups at 1, 2-places.
(i) (@) lodoform test
(b) Tollen's reagent, iodoform test
(iii) Reactivity decreases as the number of electron

40.

donating groups increases.

(i) (a) Since, the compound gives 2,4-DNP

derivative, it contains >C=Ogroup. (1/2)

5, the
(b) It reduces Tollen’s reagent, that means, t

carbonyl compound is an aldehyde w2
(— CHO group is present).
nnizzaro reaction, so 1t does not

It gives Ca :
e y a-hydrogen atom. Thus, its

contain an
possible structurcs arc
CHO CHO CHO
C,Hs
C,Hs
C,Hs
[1/2]

(d) Since, the compound on vigorous oxidation
gives 1,2-benzene dicarboxylic acid, the two
groups must be present at SUCCESSIVC

position. Thus, the compound is

CHO
C,Hs
(172)
Thereactions are as follows:
C,Hs
CHO
N + NH,NH— NO,
0,N” 24-DNP
J-H:0

CH=N-NH
NO,
C,Hs

(2,4-DNP derivative) NO,

CHO COOH
2.
C,H '
285 NH,OH C,H;
T "+ 2Ag |
CHO reagent Silver mirror
CaHs
3. + Conc. NaOH
(Cannizzaro
-+ reaction)
COONa CH,OH

C,H; C,H,
+



—
o <

CHO COOH
A CHs Ak A _COOH
e KMno, 7 Xy
4.,L ————) l

Benzene- 1, 2. dicarboxylic acid
(i) (a) Propanone, because ol the presence of
— COCH, group when treated with NaOH
and I, gives yellow crystals of iodoform.
CH,COCH, + 4 NaOH + 31, —
-
CHI; l + CH,COONa + 3Nal + 3H,0

Iodoform

In contrast, propanol (CH3CH261~IZOH) does r‘10t
contain CH3—CH~group, s0 it does not give

OH
iodoform test. ' m

(b) Refer to solution 39 (i) (b). m
(iii) The Teactivity towards HCN addition decreases as

Methy] t-butyl ketone < acetone < acetaldehyde
ie. [CH,COC(CH,),)< (CH,COCH,) < (CH,CHO)
( Reactivity towards HCN ) m

41. (i) Compound g gives a yellow PPt. with T, /NaoOH,

i.e. positive iodoform test and not redyce

Fehling’s solution, it means that it contains

— COCH, (methy] ketone) group, and is 3

ketone, Moreover, B jg obtained by the oxidatiop

of 4, thus 4 must be a 2° acohg).

(As only 2° alcohol give ketones on oxidation

with Cu at 573 K). Hence, the structure of

tompound 4 js rcy CH,.

OH

omparing with

& e given molecular formula
gives R=CH;. Thys,

compoungd 4 js CH, fH CH,
OH

‘ Propan-2.¢]
The I€actions are a5 follows -

Cu
e

i I
OH 2
0]
(4) Acetone
Fehling's . @ )
Acetone oo No reaction
(B)

p 31, + ANaSE

CH,COCH3 Ofta+ 3Nal+ CHI; L 4
O C

“H.C Iodoform <
CH (©
1YCH
s ./1=CH)CH(O”) ’ 3
Thus, B:CHJCOCH} \)
C:CH[}

)
COCy
. +
(ii) (a) CHO @ Cross ’
OH- aldol condeng; oy
293 Kl

at
Ore==0O
O

Benzalacetophenone

[or 1,3-diphenylprop-2-¢n-1-one) )
| 1 Anhyd.
O ICI\C2H5
0O
1-phenylpropan-1-one
(i) C;HsMgCl
42. (i) CH,CHO
OMgCl
l (ii) H,0

CH; —CH—GH, 2, CH CH— ey

| H ;S04 But-2-epe >
B
OH (B) HBr/
(4) ' Peroxide
H3C~(|3H~TIH~CH3
H Br
2-bromoby tane
4 (€) (Bx1=3)
(ii) (a)
2 C Conc.
@ HO NaOH

Benzaldehyde (Cannizzargys Teaction)

CH,0H +@ COO™Na'

Benzy] alcoho] Sodium benzoate

(1
(b) O,N
Conc, HNO, +
C 3
@ A e s @CHO

Benzaldehyde 273-383K m-nitrobenzaldchydcm



43, Since, A gives haloform (est, i must contain
—COCH; group. Thus, its possible formula is
C,HCOCH,. Since, 4 on reduction gives B which
on heating with sulphuric acid gives ¢ that forms
mono-ozonide (i.c. undergoces ozonolysis) this
suggests that Cis alkene which s lormed by
dehydration of alcoho]. Hence, Bis alcohol.
Therefore, C, H..;COCHJ on reduction gives
butan-2-ol (4) which on dehydration gives
but-2-ene (C). Ozonolysis of but-2-ene gives only
acetaldehyde (E). The reactions involved are:

CH,COCH,CH, — !
(A) LiAlF,
Butan-2-one o
CH;— CH __CH2CH3 Cone. H,80,4 ; 5
l Butan- 2] ~H,Q
OH
(B)

1)

0
— CH =CH—CH, —

CH
1 (C) But-2-enc i

() ‘\\
CH;—CH CH— CH; AN

o—0
(D)

Mono -ozonide

2CH,CHO (1)
(E)
Acctaldehyde

(A) gives iodoform reaction as
CH,;COCH,CH; + 3I, + 4NaOH ——
— +



L EXplanations
1. éH,—C3H ¢ H, —COOH

OH
3hydroxybutanoijc acid )]

COOH
6 2-OH

5 3
2. N m

2-hydroxybenzojc acid

3 CHCOOH 2% | o 00

Acetic —H3PO, |
acid Br
@—bromoacetic acid m
NOTE This reaction js an example of HeH—Volhard-Zelinsky reaction.

4. Phenol and benzoic acid can be distinguished by
ferric chloride test. Phenol reacts with neutral
FeCkL to form ferric phenoxide complex giving

violet colouration, (1/2)
. 6CHOH + FeCl, — [Fe(OC(H,) 1
Phenol Iron-phenol complex
(Violet colour)
+6H" + 3¢I-

3CH,COOH + Fecl, —, (CiHsCOO),Fe + 31(]
Benzoic acid Ferric benzoate
(Buff coloured ppt.)

(172)
. Sodalime (mixture of NaOH
CH,CQéNa andCaOmAB:lmuo) CH4 + Na2C03
Sodium Methane
ethanoare (1/2)
5. Hexane-|, 6-dioic acid
HOOC— (cw,), — COOH m

HVZ) Reactiop

linsky (
.Volhard-zlc qving o-hydrogen atom are
s he

position on treatmeny Wi

11
B acid b
ence of smy)

lic
Carboxy he a- e
) lo ,cnalt’d att ine in the pres
haloger or bromine us to give
chlorine &' o phosphor tion is kn
amount of r¢ lic acids. The reactio OWn o
’, C ° .
rboxyhic <& ~action.
a-haloca Zt.'llnsky r(.('l' . >sphorus
H ” VO]hal'd (fy X2 Red phosp
ell- 2

— COOH i) H,0
—CH; (i
X
a-halocarboxyy;. sy
(X =Cl, Br) n]
ic acid to m-nitrobenzyl alcoho]
8. Benzol

COOH
COOH
conc.HNO3/H3S04
NO,
. m-nitrobenzoic aciq
Benzoic acid CHzOH
(i) LIATH,
(if) H,0

m-nitrobenzyl alcohg]

)

T
@)
Hex-2-en-4-yn-1-ojc acid !

(M

5 3

CH3 4 CH3
3.5 'dimethYlphen

Ylethanoatc 0

e et e

Y obtained from benzoy

€N2oic acid intq benzoy| chloride
0senmung’s reduction,

Sa—

g € Is eagjl
Chioride, SO convert |

- T —— e et o



COOH COCl
SOCl,
Benzoic acid Benzoyl chloride CHO
Hg_/]’d-BnSO,I,S
- >

or quinoline
Benzaldehyde (1)

13, (i) Hell-Volhard-?elinsky reaction Refer to solution 7.
(i) Decarboxylation reaction Refer to solution 5. (1)
(In sodalime, the ratio of NaOH and CaO'is 3: 1.) (1)

,r—zj—o;aparative effectiveness of delocalisation of
| negative charge is responsible for the acidic strength.
" A resonating structure having negative charge on
! more electronegative atom, is more stable.

(i) Phenoxide ion has non-equivalent resonance
structures in which the negative charge is at the
less electronegative carbon atom whereas in case of
carboxylate ion, the ion is stabilised by equivalent
resonance structures, in which negative charge is

14.

on more electronegative atom. 1)}
Yo O: O
shlestes
I II 111
o2 10!
>
i PREEN
v \%

Resonance structures.of carboxylate ion

(ii) In carboxylate ion, the negative charge is
delocalised over two electronegative oxygen
atoms, whereas in phenoxide ion the negative
charge is less effectively delocalised over one
oxygen atom and less electronegative carbon
atoms. Thus, the carboxylate is more stabilised

than phenoxide ion.

more acidic than -

Hence, carboxylic acids arc

phenols.
0%
rcf
\--O b

v ide ion
Carboxylate ion phenoxide 10

15. (i) Acetylenc to acetic acid

CH = CH Dil. H,504 !:CHZ - CH]

Acctylene  Hg?t,333K Unstablc

OH
o K22%, cH,COOH
H,SO4 Acetic acid (1)

Tautomerisation
CH;CH
Acetaldehyde

cid
COOH

©

Benzoic acid

COOH

(ii) Toluene to m-nitrobenzoic a

CH,

Toluene

(i) KMnOyKOH
(i) H;07

Nitration \
= 7
conc. HNO3/H2504

NO>

m-nitrobenzoic acid A(1)

Presence of electron withdrawing group increas_es ]
the acidity, whereas presence of electron releasing

groups decreases the acidity.

16.

Since, electron releasing group decreases the
acidic strength, therefore, 4-methoxybenzoic acid
is a weaker acid than benzoic acid. Further, since,
electron withdrawing groups increase the acidic
strength, therefore presence of two electron
withdrawing groups in 3, 4-dinitrobenzoic acid
makes it a stronger acid. ‘

Therefore, increasing order of acidic strength is

COOH COOH COOH
< <
NO;
OCH;3; NO;
4-methoxy  Benzoic  3,4-dinitrobenzoic acid

benzoic acid acid

(1%)

(ii) The +{-effect decreases while ~I-effect increases
the acidic strength of carboxylic acids. Therefore,



WO
CH;%LHLOOH is weaker acid than mil:rl(t)mS
acids wntammq a chain of three ( crgatcr
because 150propyl group, (CH,) ,CH-exerts g s
+l-effect. As we know, —I-effect dgcrgas}c;\ o
distance, therefore LH;LHZCH(Br)COOH e
stronger acid than CH,CH(Br)CH,COO e
the overall acidic strength increases in the or
(CH,),CHCOOH < cH sCH(Br)CH,COOH v
< CH,CH,CH(Br)COOH (12
17. (i) caon Lomy CH,coon /4

Ethyl
Cyanide

L CH N, mc,HscomI,
,;OH M) CH,COOH
Ethanoic acid M
1 (1) K,Cr,0
W) CHCH.CH.cl o U —
Butano] (i) Dil. H580,4

CH3CH2CH2COOH
Butanoic acid 4]
COOH COOH

@ Bh/FeBr3 @\ + HBr

Benzojc acid

Propanoic acid

m-bromobenzoic acid m

18.

hydrolysis.
(ii) Ester A hag 8 carbon atoms, calculate number
of C atoms in acid and alcoho

(i) Guess the alcoho
given reactions.

| (V) Now guess the ester.
(V) Write all the related equatlons
\\\_

I and acid according to the

CH3CH2CH2COOCH CHCHCH,,
The reactions involved are as follows
+
CHBCH,CH,COOCH,CHzCHQCH3 L N
(4)
CHiCH.CH,CO0H + ¢y

CH,CH, CH, 0
(B) (€) )
CH;CHZCHECHZOH%CH;CH&HZCOOH
() (B) W)
CH,CHCH, cy 2OH —Sonc |

Tao” CHCHCH — CH,
1250, But-1-ene m

(C)



4 Explanations

1. Given, molecular formula = CgHgO,

which gives positive DNP and iodoform test and it
neither reduces Tollen’s reagent nor decolourise
bromine water which means it has one carbonyl
group to which one —CH, group is directly

bonded.
Also, degree of unsaturation = 5;
Therefore, structure of (4) is
L i
(1
4 3 2 1
|
CH,
2-methyl butanal M
3. (i) Ethanal to propanone
CH }|I
(1) CH,MgBr 3
CHy—CHO e * SC—OH
Ethanal . CH.3
0]
Onidation, ~11gCOCH,
Propanone M

(ii) Toluene to benzoic acid

CH, COOH

KMnO,
Oxidation

5

Toluene Benzoic acid



4. (i) Due to presence of strong —COOH group,
dromatic  carboxylic acids not undergo for
Friedel-Crafts reaction. (M

(ii) As we know, more be the value of K, more is the
acidic strength of compound and
PK, = - log[K,]
Therefore, pK, % e,
a

More is the value of pK,, lower be the acidic

nature of carboxylic acid and vice-versa.

The groups which shows (—) I-effect, if present in

benzoic acid are stronger acids than that show

(+) I effect or has no group.

As, nitro-group (—NO,) show (-) I-effect, thus

has lower pK,, value than that of benzoic acid.

m

5. (i) CH2=CH—CH20H%CCC|Z>CH2=CH—CHO

Here, PCC is Pyridinium chlorochromate, a 1 : 2
complex of chromium trioxide pyridine
(CrO;- 2CH,N). It only oxidises — OH group

and not the double bond. m
(ii) CH;— COOH —NH;/Heat CH;— CONH,
-H,0 m

6. (i) The increasing order of their reactivity towards
nucleophilic addition reaction is

C¢Hs H;C H;C
>C=0< >C=O< >C=0
H3C H;C H
On moving from
(o) 0]

CH;CHO — CH,—C —CH; — CJH;— C— CH,

+1-effect, i.e. electron donating effect of alkyl
group increases which increases the electron
density on C-atom of carbonyl group, and in
CegHCOCH; phenyl group get resonance
stabilised, makes it stable. Due to this reason it is
less reactive towards nucleophilic addition as the
attack of nucleophile becomes lower. Further,
steric effects of methyl and phenyl groups around
carbonyl carbon atom makes the attack of
nucleophile on carbonyl carbon difficult. m

(1i) The correct increasing order of their acidic
character is :

h) ca o
CH;—C—OH < CH,—C — OH
F 0O
I

|

C P aliVC Clemcn[
ore electronesg Elen ,pr_(’du(m
¢t than Cl-atom due to w higy, "C¢s
electrons from O—Fj ,
ng O—H bond weaker

F-being M fe
greater-1-¢ee
F-atom withdra

I ]aki + - and
and [her(’.by[[;tes [he rclcaSC Ofl'I 10N f[‘oln

hence, facill & FCH.COOH is strong™
o bond.clggg and CH;COOH. InCH 3C0a(§l;ij
ffect of methyl group, electron, ~ %

H bond increases..As a resy]y
jons from acetic acid becomg

Ong

due to +I-¢
density 11
release of H'
more difficult. OIH )
(0]
NaBH 4 — =
| _lgl;—-CHs"‘“’ CH;—CH —CHy, (
7. (i) CH; - )
RO
e CH,— CH; =3 _

(i) CeHs - CeHs — Cook+ "

’

. ithdrawing group, thys,
s aneiltelgérggi;\ﬁy of carboxylic acid by
;I:‘;l;?li;:jng the conjugate bflse through
delocalisation of the negative Fharge by
inductive effect. While in acetic acid no such
group is present which stabx.hses.the conjugate
base. That’s why, chloroac.e[m ac1d~ because of
the presence of electron w.lthdrawmg group is
more acidic than acetic acid (where no suc|
group is present). 0

(ii) If the medium is too acidic, the ammonjy
derivatives being basic in nature will form their

respective ammonium salts. Due 1o the absenc,
of lone pair of electrons on the nitrogen atom,
no longer be
nucleophilic and hence, the reaction will not
occur. However, if the medium is slightly acidic,
the protonation of the carbonyl group will no
occur. This in turn will not increase the electron
deficiency (or+ve charge) on the carbon atom of
the carbonyl group and hence, weak nucleophiles
like ammonia derivatives wil] not be able to react.
Hence, the reaction will not occur. Therefore, to
Carry out such reactions, an optimum value of pH
is needed. Hence, pH should be controlled in such

M

these ammonium salts will

reactions.

S S
- S— -

9. | (i) lodoform test Given by CH.LO —

o CH3CH(OH)— group containing compounds.
{l (i) Sodium bicarbonate test Given by

— COOH group containing compounds.

(i) Distinguishing test between ethanal and

Propanal
Iodoform test
of CH,CO— ke
whereas propa
skeleton does

|
|
|
!

Ethanal because of the presence
leton gives positive iodoform test
nal due to the absence of such
not gives such test. i



CH;CHO + 4NaOH + 3, — CHI, 12
Ethanal (Yellow ppu.) )
Iodoform

[0
Acc‘xaldchydc g
* HCOONa +3Na1+ 350

Sodium formate Sodium
iodide

CH;CH,CHO +4NaOH + 31, — No reaction

Propanal
(ii) Distinguishing test between benzoic acid
and phenol m

Refer to solution 4 of Topic 2.

10. (i) Propanal and propanone
Th.ese compounds can be distinguished by
using Tollen’s test. Propanal being an
a.]dehyd.e reduces Tollen’s reagent to shining
silver mirror and Propanone being a ketone
does not.
CH,CH,CHO+ 2[Ag(NH,),]" + 30H"

Propanal Tollen's reagent

Propanoate ion Silver mirror

+ 4NH; + 2H,0
CH;COCH,; —Tollens N\ silver mirror
Propanone  reagent )
(ii) Benzaldehyde and benzoic acid

Both can be distinguished by using sodium
bicarbonate (NaHCO,) test. Benzoic acid
being an acid reacts with NaHCO 3 solution

to produce brisk effervescence due to
evolution of CO, gas while benzaldehyde does
not. :

CH,COOH+ NaHCO; ——

Benzoic acid .
CHLOONa+CO, T +H,0

CHsCHO +NaHCO;—— No effervescence

Benzaldehyde
(due to evolution of CO, gas) (1)

2
COOH

KMnO,, H,S0, _ 3
EOOH

11. (i) = >,

Hexane-1,6-dioic acid
1
C——CH3

(’)’ + CH;CH,NH, -,

=N — CH,— CH;
g
' CH,

S

N m

(ii)

+2Ag 1 7

CH,CH,
KMnO, - KOH H;0°
3. (i) @ e @ —> @
A

NaOH to give yellow ppt. of

i : withI, / :
(l)i}f)l;]gfl;(r)gm;xljst propzanol does not react with

I, /NaOH.
C,H,0H — 21— CH,CHO

CH,CHO + 31, + 4NaOH—> HCOONa

+ CHI, 1 + 3Nal + 3H,0

Ethanol
lodoform
CH.CH.CH.OH —2%% 5 No reaction .
3 2 2
] -
cole o brisk effervescence with

ii oic acid produces
. I}\?'Jfallzlzco3 solution while ethyl benzoate does not.
CHCOOH + NaHCO; —
- + T
CHLOONa+ H0 + CO,
m

Benzoic acid
CHCOOCH;s + NaHCO; — No reaction

Ethyl benzoate
COOK™ COOH

B (1%2)

H,N-NH-CONH,

7

N— NH— CONH,

OH o)
CrO,
A

14. (i) The possible functional isomers of carbonyl
compound with molecular formula, C,;H4O are
CH,

B (1%4)

CH;—CH—CHO, CH,CH,CH,CHO,
O
|
CH,CH,—C—CH,
(a) Isomers (A) and (C) gives positive Tollen’s
test, thus they must be aldehydes.

RCHO +2[Ag(NH,),]' -2 RCOO-
Aldehyde  Tollen's reagent

+ 2Agl

Silver mirror

+2H,0+ 4NH, T

CH,



o 1 [L‘Stl
: drive Todofort
(b) Isomer (B) does not give Tollen’s test, but gives positive I
O

CH,C — group.

RCOCH, =23 RCOONa + CHX, [.¥=Cl, Br, 1]

.} 3%
() Isomers (4) and (B) on reduction with Zn(Hg) / conc. HCl gi
CH, CH,

same product (P).
C S¢

0 - Hg/cone, HC | X
CH,—CH—CHO + A[H) Zn -Hg/conc y CH,CH—CH,+ H,0
(©
Zn-Hg/conc. HCI . H, —C
CH,—CH,—CH,—CHO + 4[H] —2n-H§/cone ecn,——(zg)r'c 2
(4)

CH,CH,COCH, + 4[H] - /<on¢ KAy oj CHCH, + H0

(B) (D)
So, the structures of (A), (B), (C) and (D) are :
CH,

H}+H20

“H.CH
CH,CH,CH,CHO, CH,CH,COCH, CH,CH—CHO, CH,CH,CHCH;
(4) (B) © (D)

= . . R ; are MOI¢ reactive owarde
(ii) The isomer (B) is least reactive towards addition of HCN. Since, aldehydes a ds

nucleophilic addition reactions than ketones due to inductive and steric effects.

15. O—H
i CH,—C—OCH,
CHz—lc,—ocn3m—°M g

(1) )
|OH
C—CH,

CH==CH, + H,0 1% ©/ Ill
(ii)
OC,H; OH
(iii) © + HI — © + C,H;I
16. (i) MgBr COOH cocl
CHBr MMy cther @ (:-l:)c:zo(i) @ pCls @
3
(4) (B) (©)
Phenyl magnesium Benzoic acid Benzoyl chloride
bromide
CI)H
" (i) SnCl,/ Hcl i
(i) CHCN ——=2- CH,CHO Dil.NaoH CHy—CH— CH,— CHO 45 CH,— CH —cH—CcHo
(i) H30* (A (B
Acetaldehyde 3-hydroxy butanal i fg)mal

(hus it must be a ketog,, Wi

l(h

1))

(1)

U]

M

U)

W)

(1)

(%)




17. (i) Benzoic acid to benzaldehyde Ref,
eferto s

(ii) Ethyl benzene to benzoic acid olution 12 of topic 2.
i

CH,CH
3 -+
COOK COOH
=S sHon H;0
s s +
Eth > 3
Yl benzen
< Potassium benzoate Benzoic acid

(iii) Propanone to propene

Propanone NaBHy—s CH;CHCH;c onc H,804 CH, =CHCH;
Propene
OH
X Pro -2-ol
18. (1) HBC\C=O H;N—NH, H3C\ pan-&o
HC/ S /C=N—NH2+HO
3 H3C 2

Propanon
p e 2-propanone hydrazone

CH, COOK COOH
(i) KMnO,/KOH | (i) HY
A ? E—

Toluene Potassium Benzoic acid
benzoate

COOH

(iii)
COOH
Bl‘z/FEBl’3 \
@r Bromination g HBr
T

Benzoic
acid

(ii)

m-bromobenzoic acid

19. (i) O
| (i) NHy— NH; H;C

(ii) KOH/ethylene glycol, A |

C\

CH,— C—CH; Cc =N —NH
3 H3C/ 2

s is an example of Wolff-Kishner reduction.

Thi
NaOH/1 -
(i) C;H;— CO — CHj _NaOH/I2 - 11 COONa® +CHI; ¥
Jodoform

This is an example of haloform reaction.

(ii ) cmcoéﬁ::w CH; — H + Na,CO3
A Methane

This is an example of decarboxylation.
20. (i) Benzoic acid to benzaldehyde
Refer to solution 12 of Topic 2.

(ii) Ethyne to ethanal
H

Tautomerisation_

? H"“c “‘CH;

H,0 . _%CH = CHZ

H = CH—;
Ethyne pil. H3504 /HgS04 (Unslable)

H,C

Propane

0
|

Ethanal

Q)]

(1

m

m

m

m

M

m

m

m

m



{

Na, O3
+ Acetic acid to methane o aow/o CH 4m:-l— 0
CH,COOH —N29H_,cH COONa 5 Metha - optaimed by the
Acl-uc acid -H20  sodium acetate (formiC acid). s
T . H
s D1s HCOO
21. Since, the molecular formula of D is CH,0 2}-;21(1)5’6 -
acidification of C, so, C is sodium formate (

i izzar
Thus, A must be formaldehyde (as it und‘ergoes Canix ok A, The
methyl alcohol as on dehydrogenation with Cu, B g

strong base) and B must be
a

o reaction with 1 involved are as follows:

reactio

-+
— NaOH _ , cH,0H + HCOONa
2HCHO (Canm:zzam B dium formate
A l‘CﬂCUOn) Me[hanol Sodi .
Formaldehyde e Acidification
drl:)gcnation) .
OOH
HCHO HCOO®
Formaldehyde Formic acid
P D (1)
(1)
Thus, 4 = Formaldehyde ( HCHO) (112)
B = Methanol (CH,0OH) . (72
C = Sodium formate (HCOONa) (172)
D = Formic acid (HCOOH)

. ich undergo cannizzaro
22. Compound ‘4’ has characteristic odour that means it can be benzaldehyde, whi 8

. g hol as it contain op]
reaction with NaOH to give alcohol and sodium salt of acid. Compound ‘B cay be ablzosodium <alt of benzo}i,c
one oxygen atom which on oxidation gives back compound ‘A’. Compound ‘C’ can

acid which on heating with sodalime yields aromatic compound ‘D’, which may be benzene. Reaction
involved are given below

- + NaOH/caO
CeHsCHO"% ¢ H.CH,0H + CeHsCOONa ————  C4Hg+Na,CO;

(4) (B) (C) A (D)
L (C;HgO)  (Sodium salt of (Benzene aromatic)
J benzoic acid)
Cro,

@)
23.

Organic compound (A) react with 2, 4-DNP Ieagent and forms, 2, 4-

or a ketone. As A does not reduce Tollen’s or fehlin

DNP derivative, therefore it is an aldehyd
g reagent. So, it
(0]

e
must be a ketone. It also give iodoform tes;.

Hence, it has CH 3—C—group. 4 form carbox

From molecular formula CHO, we can say that it should be benzojc acid
a monosubstituted aromatic methyl ketone: + Compound 4 should, therefore, be

0
Il
C

NO,
NO, CH,

NCH: \C=N~N
(4) H

2, 4-DNP reagent

., _
iR @c~ ONa + CHI,y
HzCrO4 COOH
[O]

(B)

Benzoic acig

ylic acid Bon oxidation,

2.4-DNp derivatiye



siven organic comn - . i -
24. Given Og 1pound CsH, 40 does not reduce Tollen’s reagent, so it is not an aldeh

25.

26.

yde but the formation

of addition compound with sodium hydrogen sulphite indicates it is a carbonyl compound. Itis also given
o)
that it gives positive iodoform test so it should contain —C— CH, group. So It must be a ketone. The

possible structure may be
0]

I
CH;—C— C]HZ—CH;,_CH3 CH,—C—CH—CH,
|

il e when the

Further giv-en compound on oxidation gives ethanoic and propanoic acid and which is possibl
compound is I. ‘
(0]
CH; —C—CH, CH, CH; ——— CH,COOH + CH,CH,COOH
” Ethanoic acid Propanoic acid (3)

0]
Monobasic carboxylic acid = RCOOH. Given that, molar mass of RCOOH = 60 gmol_l

e x+12+16+16+1=60;: x=15
Thus, R = — CH; (molar mass 15) and the acid is CH,COOH. Since, the acid is obtained by the oxidation of

aldehyde, so B is an aldehyde, i.e. CH;CHO and A is CH,CH,OH as it gives B on oxidation by PFIC. Cisan
alkene as it is formed by subsequent heating of aldehyde (B) with aqueous alkali. Thus, the involved

reactions are as follows:
0 (0]
PCC ” KMnOy4
A B (Mo]eculall' weight,
(ﬁ (IDH (ﬁ 60gmol™") ﬁ
2CH, —C —H—2%" ,CH, —CH—CH, —C —H—2 CH; — CH=CH—C—H
Aldol —~H 20 C
condensation (3)
(i) OH (0]
Cr03, HySO04
Oxidation
(1
Cyclohexanol Cyclohexan-1-one
(i1) N
COOK COOH
@Czﬂs KMnOj, ‘ A @
-KOH H
_— E—
heat ‘ H,0
Ethyl benzene Potassium benzoate  Benzoic acid
-+ m
(i)  Br COOK COOH
KMnOy4
. -KOH ut
_— _—
Heat H,0
4)]

Bromobenzene Potassium benzoate Benzoic acid



= +
27. ONa

H\ ~
C
= _~-CHO ) \CN
.) , NaCN/HCI )
(1
N\
H OH
Sc

~

- @ eN
AN
)

(ii) (C¢HCH,),Cd + 2CH,COCI
0

I
— CHCH,—C—CH, +Cdcl,
CH,

(i) Bry/RedP,

(iii) CH; —CH—COOH m——)
2

CH,

!

CH,— c[‘— COOH

Br m

28. (i) Propanone js treated vaIi{th dilute Ba(OH) 2

3
Dil. Ba(OH), f
2CH3COCH3$I‘ CH;—C ‘CHZ—CO—CH3
react?on

OH
CH, o)

-2 CHy—C=CH—C—CH, +H,0 @

4- methyl pent -3- en-2- one
(Aldol condensation product)

(ii) Acetophenone is treated with
Zn(Hg)/conc. HC]
(0

Il

C—cH, CH,—CH;
Zn(Hg) s
conc. HCl
Acetophenone Bthyl benzene m

(iii) Benzoy] chloride when hydrogenated in
presence of PdBaso,
cocl

H,
@ Pd/Baso,

Benzoy)
chloride

CHO

ne to z-bromObQHZQic

29. (a) ) p_nitrotolue
acid CH,
CH;
CH; Br; Br
) Sn/HCL
)
2,
N
NO; NHy
NO; CH CH,
p-nitrotoluene 3 Br B,
_NaNOy/HCL, H;0
\ to COO0OH
2 Bl’
I(MDOq,
H,0

2-bromobenzgjc aciq

(1)

(ii) Propanoic acid to acetic acid
Step (I) CH,CH, —COOH + NaOH

— CH,CH,COONa+ H

Step () CH; —CH, — COONa
NaOH + CaO

K Cr,0,

Step () CH, (Oxidation)

CH,COOH

— C,H + Na,Co,

(Acetic acid)

(1%)

(b) Given alkene = C.H, , which op ozonolysis gives
(B) whl_ch gives positive Fehling test, means Jast
carbon is bonded with double bond with next

C-atom, Also,

Thus Structure of alkene ig
H}C'-CI zT“‘CH3

CH,H
(CsH, )

(4)

CH3 H
(Ace(tctan) =)

(@



0. (a) (i) Benzoic acid (o aniline

SOCl, N
A OES

Benzoic acid

CONH, NH,

@ Bry/NaOH @
—_—

Aniline 1
(ii) Bromoethane to ethanol

KOH (a
CH; —Br —on(aq), C,HOH
Bromoethane Ethanol m

(b) Structure of major product

(i) CHz_CHz—C——H (a)Hy N—NH,
” (b) KOH, glycol
0O or heat

Il{ 7{ }il Propane
R B
H H H M
CH,
(i) CH3—CII—CHO Conc. NaOH
CH, S
(CH,;);COONa + H,0
Or
i
H H—C—H
| | o o
H——C———CI—O——Na + H,0
H H——(II-—H
H 1))
COOH COONa*
il @ o, @
or o
0=IC—ONa
/5N
H—C C—H
H (l! (II—H
\?/
C ()]

31. (i) (a) HCHO is morc reactive than CH;—CHO,

towards addition of HCN because in
HCHO, we have no alkyl group, dircctly

bond to carbonyl ( /F =0 ) group which

offers (+)I-effect and decreases the
reactivity of carbonyl group, whercas,
CH,—CHO has onc alkyl group (—CHy)
directly bonded with carbonyl group. (1)
f a compound is
(I) of the
along with

(b) Strength of acidic naturc o
measured by inductive effect
atom or group of atoms present
__COOH group. (-)I-eflect increases the
acidic nature whereas, (+)I-effect decreases
the acidic nature.

Also, pk, = - loglK,l
i.c., K, o< acidic naturc of a carboxylic acid.

and pK, e LR i.e.
K,

Higher be the pK, value ol a carboxylic
acid, lower is its acidic strength and
vice-versa. (M

(c) The carbon atom next to carbonyl group is
called o-carbon atom and hydrogens
attached to o-carbon atom are called
a-hydrogens. Due to strong clectron
withdrawing effect of carbonyl group. the
o-carbon atom becomes electron deficient,
which in turn, withdraws clectrons from
C, —H bond. As a result, the electron
density in C,—H bond decreases and
hence, o-H atom becomes weakly held
which can be easily abstracted by strong
bases forming enolate ion which are
stabilised by resonance.

Thus, strong electron withdrawing effect
of carbonyl group and resonance
stabilisation of the conjugate basce are
responsible for the acidity of o-hydrogen
atoms of aldehydes and ketones.

(ii) (a) Ethanal and propanal Ethanal gives
iodoform test whereas propanal
- (CH,CH,CHO) does not.

NaOH, 1
CH,CHO + 3NaOl ——25 CHI, |
Ethanal Heat lodoform
(Yellow ppt.)

+ HCOONa + 2NaOH (1)
(b) Pentan-2-one and pentan-3-one
Pentan-2-one gives iodoform test whereas
pentan-3-one (C,HCOC,H;) does not.



CHy—CO-—CH,~CH,—CH, + WaOI

Pentan- 2 one
221 CHEL 4 4+ CHyCH CH gHC0Na
Hcat Yellow PM.
+ 2NaOH (1)
cl ,Rﬂlphmphunls\
J2. (i) (a) CHy—CH,—COOH —2 7
CHJ—(I:H—COOH
m
Cl
(Product)

. Pd —Baso
(b) CH.COCI 'u)CGHSCHO

CHO

or

(Product) m
e K . COOK + CH,—OH

( Products)

(¢) 2HCHO

(Cannirzarop
-reaction)

m
(ii) (a) Propanone to Propene

LiAIH
CH;COCH, —4,

H,80,4 ( Conc.)
CH,CHC Hy—= "
Propanone 2[H]

Heat

OH
Propan- 2. g]
CH3CH '= CHZ
Propene

m

CH,—] CH,—CN

KCN, Ethano]
( b) - KcCl
Benzy]
chloride

CH,COOH

H,0/H*
Hydrolysis

(Phenyl ethangic acid) ()]

ydrogen
cyclohexanone

O
HCN
() =

Cyclohexanone m

Cydohcxanonc
CYanohydrin

m benzoate reacts with soq, lian
sodiu
The s0¢

. nce
to give benze

(b)

-k
COONa
a9, +Na,co, n
+ NaOH —¢ @ “ )
Benzene
Sodium
benzoatc

itrile 2action with
-en-1 nitrile on re 60,
i g}]l;fLC:I followed by water give
but-2-en-1-ol

AL-H
CH.CH — CH — CN (i) DIBAL.
3

(i) H,0
But-2-en-1-nitrile CH,CH= CH— Cpgq

(m
But-2-en-1-¢]

ii Butanal being an aldehyde Teduge
@ Tollen’s reagent to shiny silver Mirror b,
butan-2-one being a ketone doeg not
reduces Tollen’s reagent.

CH,CH,CH,CHO + 2 [Ag(NH,),]" + 30H—4 |
’ Butanal Tollen’s reagent

CH,CH,CH,CO0™ + 2Ag | + 4Ny

3+ 2 HZO
Silver
mirror
I
CHSCHz CCH3 Mﬁ—) No silver mirror
Butan-2-gpe Icagent

(b) Refer to solution 4 of
34. (i) Refer to s
(i) cn,
H-C=0+ HzN‘NH'CONHZ
Ethano) Semicarbazjge
CH3\
H /C=N-NH-C0NH2

Semicarbazone

Topic 2.

)i
olution 28 (ii) Topic 1.

)]
I)for F s Stronger than that
N is more stable than of
aciit lon, Hence, F.CHZCOOH is stronger
Cld thap of (4} Coo ¢
forRCHZCOOH' 2 H. Thus, the value of pk,

1S lower than of Cl.CH,COOH.
“PK e o] )

acid Strength

-

10

0
(iv) cy

37=CH = ¢ —CH,CN (i) DIBAL-H

(it) H,0
H —cH,cho



35- O

: C
CH;COCl
Anhyd. AICly COTHCr
(B)

(A)
Nao1 (i) KMnO,
-KOH, A

(i) H;01

-+
CO0
CHI3 +©/ Na @/COOH
(D)
(E)
)

(©) (5
. H; Pd-Baso, .
36- (l) (a) CH}COC[ _— CH3CHO ZN=aH
(4

CHs
C = NOH

/8)

(b) CH ARG
) CH3;MgBr —— CH,COOH
(i) H50" (4)
PCls

H a)

O
(B) M
A(ii) (a) CHCOCH; give positive iodoform test
whereas CHCHO does not.
COCH, COONa
+ CH,l

+ NaOl—— @
(Yellow ppt.)
CHO
+ NaOI— No reaction
)]
(b) HCOOH decolourises pink colour of KMnO,
(acidifier) whereas CH;COOH does not
show this test.
HCOOH + 2KMnO, + 3H,SO, —

K,S0, + 5CO, + 8H,0 +MnSO,

CH;COOH _KMnOs/H__, no discharge of

pink colour of KMnO, solution. (1)
(iii) As . carboxylic acid have strongest hydrogen
bonding therefore, they have highest boiling

points. Next, stronger hydrogen bonding is
shown by alcohol. Hence, order of boiling point is

as follows.
CH,CHO <CH LH,0H < CH,COOH. m
37. (i) Refer to solution 22 of Topic 1. m
(ii) Refer to solution 6(i). m

regarded  as

. xylic acids may be
0 T S s P
C(HS :(‘):
R—c_[_\b'——H «— R—C=0—H

(1) (1)

Similarly, carbonyl group of aldchydes aqd
ketones may be regarded as a resonance hybrid

of structures 11T and IV. .
ScLoe— >c—o

(111) (1V)
Due to contribution of-structurc 1V, the carbonyl
carbon in aldehydes and ketones is electrophilic.
However, due to contribution of structurc 11 of
carboxylic acid, the electrophilic character of
carboxyl carbon is reduced, i.e. carbonyl carbon
of carboxyl group is less electrophilic than
carbonyl carbon in aldehydes and ketones and
hence, nucleophilic addition reactions (such as
formation of oximes, hydrazones, phenyl
hydrazones, semicarbazones and
2, 4-dinitrophenyl hydrazones) does not take

place with carboxylic acids. )]
(i)(1-but) ; AIH
(iv)CH;-CH,-CH = CH—CH, -CN —
(ii) H,0

CH,-CH,-CH = CH-CH,CHO (1

(v) Isomer B on heating with NaOH and I, form
yellow ppt. of iodoform. Hence, contain
——ﬁ — CH, group having three carbons in total.

o
Hence, isomer B is CHy;— ﬁ —CH;,4

o
whereas isomer A isCH; - CH, - CHO (a functional
isomer of B).

_+
0 CH,COONa + CHI,
(Yellow ppt.)
CH;-CH,-CHO + NaOH + I,—— No reaction.
m
Dil. NaOH

5

38. (i) (a) 2CH, —CHO 3
Ethanol Cross aldol condensation
CH;—CH— CH,— CHO (1)

I

OH
Jhydroxy b
(b)  COCH, .

Q

(Clemmensen reduction) )

(ii) (a) Refer to solution 39 (ii) (a) Topic 1. m

Zn-Hg
—_—
conc. HCl



i) ( ic m
(b) Refer to solution 39 (ii) (b) Topic 1. o
(c‘) Refer to solution 12 (ii). o
; ion 42 (ii) (a) Topic 1.
i) (a) Refer to solution 42 (i) (a h
= ((t:> CH,COOH —4, CH CH . OH (
() CHyCooH L2 oy ook

(i) H,0 '
u-gllor\wc.]rboxyllc acid
ii) Phenol and acetic acid i )
m)NaHCO test When both are reacted thlz
NaHCO,J acetic acid gives brisk effervescence
due to liberation of CO, gas. But phenol does not

give any reaction with NaHCO 3

- 4+
CH,COOH + NaHCO;— CH;COONa

(iii) Acetaldehyde and acetone

Tollen’s réagent test When both are reacted

with Tollen’s Teagent, aldehyde gives silver

mirror while acetone does not, Reaction involved
are as followys,

CH,CHO + 2[Ag(NH,),]0H

Tollen's reagent

-+
— CH,COONH,

+2Ag L +H,0 + 3NH 5
0

I

CH;—C —cH, +2 [Ag(NH,),0H] — | No
Tollen's rcagent
Feaction,

m
hydroxy ketone or aldehyde,

It is formeq as a produyct during ajqo]
condensation reaction, :

OH
3-hydroxybutanal
Aldol

Sation reactjop between

a ketone of aldehyde ap Semicarbaziqe

e.g.
CH3\ “ ~H,0
C=o0+ H,N—NH—C— NH,—2
Aceton Scmicarbazidc
I
CH; —CH =N NH“C‘NH2
Semlcarbazone

2. (i) (a)

Pd, BasO,

C _’_C[-}- HZ Rosenmund reaction

: CH,CHO+ H()
Acetyl chloride E(Ijnanal (1]
solution 3
fer to sO
(b) Re

CHO
(c) CHO
HNO3/H2504

f
41. (i) ?“) “;tl:;z?ffylbenzaldehyde
e

]

CHO

S (1)
(b) 4-methylpent-3-en-2-one

0] CH,

N =C—CH
?H3_(2: (3:H2 4 53

U)
(i) (a) Benzoic acid and ethyl benzg

Refer of solution 12 (ii).
(b) Benzaldehyde and acetophenone 1)

Refer to solution 39 (ii) b of Topic 1, Q)
(c) Pheno] and benzojc acid
Refer to solution 4 ¢

Decarboxylation r

Refer to solution 5 of Topic 2.
(b) Friedel-Crafts reac
Or substityteq b

ate

f Topic 2.
€action

t)

tion When benzene
€Nzene {

enzene or acyl
€d. Thig I€action is known
ts reaction.

group g i ced on
enzene P ntrodu

Ieaction called
lation,
+ R—y

AnhYd‘AlCl I
Bens (Alkyl handem R + HC
ne

Wi Alky] benzene
e Re
- acyl ETOl}D S Introdygeq on benzene,
aCtion 5 Calleq
acylation.

Friedel- Crafts



O

{ Y+ r—C—ci Ammanay,
Acid chloride A O

Benzene ”

@- C—R + HCl
Acy

1 benzene
(or aryl ketones)

(ii) (a) Benzoic acid to benzaldehyde

Refer to solution 12 of Topic 2.
(b) Benzene to m

-nitroacetophenone
O .
I
o C—CH
I ‘
@ + CH;— C—(] -Amyd.Alch
Benzene e)
|
C—CH3

conc. H,SO4+
_—

U]
conc. HNO3
NO;

m-nitroacetophenone

(c) Ethanol to 3-hydroxybutanal

2CH;— CH,0H —55 2CH,— CHO

Ethanol Ethanal
DIl. NaOH (Aldol- condensation)

> CH;—CH—CH,—CHO

OH
3-hydroxybutanal m
33. (i) (a) Acetylation

The introduction of acetyl group
(— COCH,) into a chemical compound like
phenols, alcohols is called acetylation.

I
@- OH +CH3—C\
/O T—’
CH3—ﬁ:
0O O

I
@' O—C—CH; + CH3COOH
m

(b) Aldol condensation Refer to solution 39
(i) (a) of Topic 1. (M

m

m

. iAIH o
) (a)CH3—C——CH3L4—>CHa"(l:H Gl
OH
Q)

(b) Refer to solution 40 (ii)- (¢). m

O

[
PCl HCl
(c) CH,COOH —> CH; C—Cl+ POCI, +

M
44. (i) (a HY
(i) ()O=0+H2N—_OH——->
<:>=N—OH+H20
m

.NaOH——
(b) 2CHCHO + conc. Na .
CHCH,OH +CH,COONa

Benzyl alcohol Sodium benzoate (1)

(c) CH;CO0H —2F, CICH,COOH
Monochloroacetic acid m

Acetic acid

(ii) (a) Benzaldehyde and benzoic acid

Refer to solution 10 (ii). M
(b) Propanal and propanone
Refer to solution 10 (i). m

45, (i) (a) This is because of the fact that due to
smaller +I-effect of one alkyl group

(— CH,;) in CH,CHO as compared to larger

+I-effect of two alkyl (— CH,), groups in
CH;COCH,;, the magnitude of positive

charge on the carbonyl carbon is more in

CH,CHO than in CH,COCH,;. Also the steric

effect is more pronounced in case of
CH,COCH;. (1)

(b) Refer to solution 14 of Topic 2. 1)}

(ii) (a) Wolff-Kishner reduction Refer (o
solution 22 of Topic 1. )]

(b) Aldol condensation

(1)
Refer to solution 39 (i) (a) of Topic 1.
(c) Cannizzaro reaction
Refer to solution 28 (ii) of Topic 1. m

46. (i) (a) CH,CHO + HCON— CH,CH(OH)CN (1)

Acctaldehyde cyanohydrin
g/ C =0 + NH,0H —
H3C\
,C=NOH + H,0
Ethanal oxime m

(c) CH,CHO + CH,CHQ -Dil. Naon

Aldol condensation



OH

CII;

—(IZH —CH,—CHO
(@) Refer to solution 4

of Topic 2. m
(b) Refer to solution 10 (i). m

97. () (a) Cl—cH.cooN s 4 stronger acid than

(ii)

CH,COOH. 1t s because — (] group
exhibits —I-effect which makes the
carboxy]

ate ion more staple, Higher the
stability of carboxylate ion, easier is the

femoval of proton from the carboxylic acid
and stronger js the acid. In CH,COOH,

—CH, BI0UP  has 4 J.effect which
destabiliseq it. Hence, CH;COOH is 4
weaker aciq,

m

(b) Refer to solution 37 (iii). m

(a) Rosenmund reduction
CH, fo —Cl+H, PBaso,

(ii)

O
Ethanoy| chloride

CH;CHO + y(
Ethana]

m
(b) Canm‘zzaro reaction

Refer to solution 28 (ii) of Topic ].
(i) CH,CH, CH, —co — g

test as jt containg CH3CO~g
498. (i) (a) Refer to solutj

(b) Refer

§)]
iodoform

m
m
m
m
m
m

3 gives
roup,

on 45(i)(a),

COOH CH 20 H
(b) ;;(;qn(;-’ LiAl H4
—zone. NO, NQ
H,S04

m-nitrobenzyl al
BcninC ,‘_Icid

2
Coh(,]
\))
LiAIH 4 CH3CH<OH)CH3
(c) CH;COCH; ——

propanonc
Conc. H ;504 CH,—CH = CH,
T > Propene

)
) (o) b1, — B0 —&m, —&mqeny —C,
50. (i) (a) CH; —C 4-chloropentan-2-¢,

m
CO—CH,—CH,

(b)

NO,
p-nitropropiophenone ‘
(i) (a) Ethanal and propana]
Refer to solution 39 (ii) a of Topic 1.
(b) Phenol and benzojc acid

Refer to solution 4 of Topic 2.
(c) Benzaldehyde and ace

Refer to solution 39 (
1 2
(a) CH,Co

()

M

ii)

(M

M
0!

(1
Q)]

ACetaldehyde

1



(c) Toluene to benzoic acid

CH,

COOH
chr207+H2504
(Oxidation) e
l a
Toluene Benzoic acid
) ' m
(i) (a) Refer to solution 5 of Topic 1. Q)]
(b) Refer to solution 39 (ii) a of Topic 1. m
53. (i) (a)CH;—C —cH, 2" |
Conc. HCI
0 (Clcm{nensen
Aeetome reduction)

CH;CH,CH;+ H,O (1
Propane

Pd - BaSO

(Rosenmund
reduction)

Xb)CH3——ﬁ——C1+}g

(@)
Acetyl chloride
Uh—ﬁ—H+Hdﬂ)

O
Acetaldehyde
COOH COOH

Br-;/FcBr;
(c) + HBr

3-bromobenzoic and

(ii) (a) F— CH, — COOH is a stronger acid than
Cl— CH, — COOH because, higher the -7
effect, stronger is the acid. The order of -I
effectisl< Br < Cl <F. (1

(b) CH,COOH is a stronger acid than phenol,

on

(For explanation, refer to solution 14 of

Topic 2). m
54, (i) (a) Refer to solution 10 (i). 4]
(b) Refer to solution 39 (ii) b of Topic 1. m
(ii) (a) Refer to solution 17 (ii) of Topic 2. m
C,H;s COOH
Ethyl benzene Benzoic acid

55. (i) (a) Cannizzaro reaction Refer to solution
28 (ii) of Topic 1. m
(b) Decarboxylation Refer to solution 5 of
Topic 2. m

on on of a|ky| cham dtrectly
leus into— COOK group. g

(i) (a) ‘Oxidation, ie conversu
attached to benzene nuC

(b) Chlorination, i.e. conversion  Of —OH of |
carboxylic acid __COOHinto —Cl. ;
(c) Conversion of __CONH, group into —COOH |

byH;0 *. E——
-+
CH,CH; COOK
KJ\U)O.;
KOH, A m

Potassium benzoate

: :COCI

Ethyl benzene

SOCI;
-SO

o hthaloyl
Ph;g(;hc HCI Pch(];;dz
Hy0t
(QCﬂ;DNHf—%—»Qﬂ§OOH+NH3 -
56. (i) Refer to solution 28 (ii) of Topic 1. (2)
(ii) (a) Refer to solution 17 (ii) of Topic 2.
(b) Refer to solution 54 (ii) (b). (3)
57. (@) Sodium bicarbonate test (given by — COOH
group containing compounds).
(b) lodoform test (given by CHLO— or
CH4CH(OH) — group containing compounds).
(i) (a) Refer to solution 12 (ii). m
(b) Refer to solution 39 (ii)(b) of Topic 1. (1)
(ii) (a) Refer to solution 55 (ii) (b). M

(b) CH,CHO + H,NCONHNH, —
C,CH = NNHCONH,

Semicarbazone m
(c) H,0,/H,0
<:>—CH20H BCC, <:>—CHO

B,H/THF

€
AN CONH,
NH ot @:
eating
CONH,

C
g (B)
Phthalimi
altg])]de @)



0]

CHO
. COCH COOH ~ ¢ \\(‘I ""12-——)
| ( I 24 O & B o, R N (b) @ “ pd- 1:1:;3:“1
(a) l 4 )] *—’[()[ N R::_-S(?UCUOH
Ny . Benzaldehyde
Acctophicnone Henzoic acld b
+ CO,+ H,0 (]
2
59, i) Reler 1o solution 7 of Topic 2, Bra/KOIL !
ry/K
(1) (a) CH (‘“l(‘N _conc, ll(l)( 1 (“}—-—-C—'—NHZ ._—2-——)
Ethyl cyanide lln;:llrll::ysl
( Propanamide
\)
CHyCH,NH, 1IN0, | CH,CH, —oH -2, cH,cO0H
E lhylnmhu. Ethanol Ethanoic acid
(b) Refer 1o solution 17 (iiy of Topic 2. y
(c) CH, COOH
KMnO, 4 u,so.
l”l
Methyl henge ne Benzoic acid
)
60. COOH COOH cocl GH,0H
(i) NaBHy4
{ Q Conc. HNO,+ socl, (ii) H30"
Conc. H350,4, A
NO, NO,
() el
COcCl
’ S0Cl, H,/Pd- Baso4
+S or quinoling or quinoliné
o (D) (§x1=5)
” Bcnzaldehyde
67. CH;C
CH- C/O-r—CszOH\—) CH3C00C2H5 + CH,COOH
“ Ethano] (©) (B)
Ethyl cthanoate Ethanoic acig
(1)
CH;COOCH, + Ho 1", oy COOH + CH,CH og.
=200 K ) SSH0H; CcH,ch KMno,
3 (B) (D) 3(D) St CH,COOH
(B)
Ca(OR),
mCch;cm + CaCo,
£ does not give Tollep n’s reagent test and does not req
u
4-dinitropheny] hydrazone, e Felil

CH ,CO~_

'I8’s solution 55 itis ketone. By it forms a 2.
- CHjC.O/ O,B =CH;COO0H, C = CH3COOCJ{5, D= CH;CHjoH, E=Cq Cocy
- 3
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