21

Organic Chemistry Basics

Topic1 Nomenclature and Isomerism

Objective Questions I (Only one correct option)

1. The IUPAC name for the following compound is
CHj

HaC CH

\

‘ CHjz

CHy (2019 Main, 12 April Il)

(a) 3-methyl-4-(3-methylprop-1-enyl)-1-heptyne
(b) 3, 5-dimethyl-4-propylhept-6-en-1-yne
(¢) 3-methyl-4-(1-methylprop-2-ynyl)-1-heptene
(d) 3, 5-dimethyl-4-propylhept-1-en-6-yne
2. The correct IUPAC name of the following compound is

Cl

CHs (2019 Main, 9 April )
(a) 2-methyl-5-nitro-1-chlorobenzene
(b) 3-chloro-1-methyl-1-nitrobenzene
(c) 2-chloro-1-methyl 1-4-nitrobenzene
(d) 5-chloro-4-methyl 1-1-nitrobenzene
3. Which of the following compounds will show the maximum
‘enol’ content? (2019 Main, 8 April 11)
(2) CH,COCH,
(b) CH,COCH,COCH,
(¢) CH,COCH,COOC,Hj
(d) CH,COCH,CONH,
4. The TUPAC name of the following compound is
CH; OH

| |
H;C— CH —CH—CH,—COOH (2019 main, 8 April I)
(a) 4,4 - dimethyl -3-hydroxybutanoic acid
(b) 2-methyl-3-hydroxypentan-5-oic acid
(c) 3- hydroxy -4- methylpentanoic acid
(d) 4-methyl-3-hydroxypentanoic acid

5. What is the IUPAC name of the following compound?

H
H
Br

(2019 Main, 10 Jan II)
(a) 3-bromo-3-methyl-1,2-dimethylprop-1-ene
(b) 3-bromo-1,2-dimethylbut-1-ene
(c) 2-bromo-3-methylpent-3-ene
(d) 4-bromo-3-methylpent-2-ene

CO,H
H——OH
H——Cl
The absolute configuration of CH, is (2016 Main)
(a) (2S, 3R) (b) (28, 3S)
(¢) (2R, 3R) (d) (2R, 35)

The ITUPAC name of the following compound is
OH

CN

Br
(2009)

(a) 4-bromo-3-cyanophenol

(b) 2-bromo-5-hydroxybenzonitrile
(c) 2-cyano-4-hydroxybromobenzene
(d) 6-bromo-3hydroxybenzonitrile

The number of stereoisomers obtained by bromination of

trans-2-butene is (2007, 3M)
(@1 ()2 (¢)3 (d)4

The IUPAC name of C(’HSCOCl is (2006, 3M)
(a) benzoyl chloride

(b) benzene chloro ketone
(c) benzene carbonyl chloride
(d) chloro phenyl ketone
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ICH,4
H H

H H

CH;
C, is rotated anti-clockwise 120° about C,-C; bond. The

resulting conformer is (2004, 1M)
(a) partially eclipsed (b) eclipsed

(c) gauche (d) staggered

Which of the following compounds exhibits,
stereoisomerism? (2002, 3M)

(a) 2-methylbutene-1
(¢) 3-methylbutanoic acid

(b) 3-methylbutyne-1
(d) 2-methylbutanoic acid

The number of isomers for the compound with molecular
formula C,BrCIFIis (2001, 1M)

(a)3 (b) 4 (©)5 (@6

Which of the following compounds will exhibit geometrical
isomerism ? (2000, 1M)
(a) 1-phenyl-2-butene (b) 3-phenyl-1-butene

(c) 2-phenyl-1-butene (d) 1,1-diphenyl-1-propene

The optically active tartaric acid is named as D-(+)-tartaric
acid because it has a positive (1999, 2M)
(a) optical rotation and is derived from D-glucose

(b) pH in organic solvent

(c) optical rotation and is derived from D-(+)-glyceraldehydes

(d) optical rotation when substituted by deuterium

How many optically active stereoisomers are possible for

butane-2, 3-diol ? (1997, 1M)
(@1 (b)2 (©)3 (d)4

Isomers which can be interconverted through rotation
around a single bond are (1992, 1M)
(a) conformers (b) diastereomers

(c) enantiomers (d) positional isomers

The enolic form of acetone contains (1990, 1M)

(a) 9 sigma bonds, 1 pibond and 2 lone pairs
(b) 8 sigma bonds, 2 pi bonds and 2 lone pairs
(c) 10 sigma bonds, 1 pi bond and 1 lone pair
(d) 9 sigma bonds, 2 pi bonds and 1 lone pair

The number of isomers of C¢H, , is
(a)4 ®)5 (c) 6

(1987, 2007, 3M)
(d7

If two compounds have the same empirical formula but
different molecular formulae, they must have (1987, 1M)
(a) different percentage composition

(b) different molecular weight

(c) same velocity

(d) same vapour density

Which of the following will have least hindered rotation
about carbon-carbon bond ? (1987, 1M)
(a) Ethane

(c) Acetylene

(b) Ethylene
(d) Hexachloroethane

21,

22,

23.

24,

25,
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The ITUPAC name of the compound

CH,=CH—CH(CH,; ), is (1987, 1M)
(a) 1,1-dimethyl-2-butene (b) 3-methyl-1-butene

(c) 2-vinyl propane (d) None of these

An isomer of ethanol is (1986, 1M)
(a) methanol (b) diethyl ether

(c) acetone (d) dimethyl ether

The IUPAC name of the compound having the formula is
CH,4

H3C—(|3—CH=CH2

CH,

(a) 3, 3, 3-trimethyl-1-propene
(b) 1, 1, 1-trimethyl-2-propene
(c) 3, 3-dimethyl-1-butene
(d) 2, 2-dimethyl-3-butene

(1984, 1M)

Which of the following compounds will exhibit cis-trans
(geometrical) isomerism ? (1983, 1M)
(a) 2-butene
(c) 2-butanol

(b) 2-butyne
(d) butanal

The compound which is not isomeric with diethyl ether is
(a) n-propyl methyl ether (b) butane-1-ol (1981, 1M)
(c) 2-methyl propane-2-ol (d) butanone

Objective Questions II
(One or more than one correct option)

26.

27.

28.

The IUPAC name(s) of the following compound is (are)

(2017 Adv.)
Hﬁ@ cl

(a) 4-methylchlorobenzene
(b) 4-chlorotoluene

(c) 1-chloro-4-methylbenzene
(d) 1-methyl-4-chlorobenzene

The correct combination of names for isomeric alcohols
with molecular formula C,H;,0O is/are (2014 Adv.)
(a) tert-butanol and 2-methylpropan-2-ol

(b) tert-butanol and 1,1-dimethylethan-1-ol

(c) n-butanol and butan-1-ol

(d) iso-butyl alcohol and 2-methylpropan-1-ol

Which of the given statement(s) about N, O, P and Q with

respect to M is/are correct? (2012)
Cl
HO HO
H H H
OH
HO oy s Ho
H OH H
CH;, CH;, CH;,
M N o
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CH; CH,
H OH HO H
HO H HO H
cl cl
P 0

(a) M and N are non-mirror image stereoisomers
(b) M and O are identical

(¢c) M and P are enantiomers

(d) M and Q are identical

The correct statement(s) about the compound (2009)

H;C(HO) HC—CH=CH—CH(OH)CH; (X )is/are

(a) The total number of stereoisomers possible for X is 6

(b) The total number of diastereomers possible for X is 3

(c) If the stereochemistry about the double bond in X is trans, the
number of enantiomers possible for X is 4

(d) If the stereochemistry about the double bond in X'is cis, the
number of enantiomers possible for X is 2

The correct statement(s) structures

E,F and G is/are

H;C CH; H
(a) E, F and G are resonance structures
(b) E, F and E, G are tautomers

(c) F and G are geometrical isomers
(d) F and G are diastereomers

concerning the

O

(2008, 4M)

The correct statement(s) about the compound given below
is/are
Cl

H

H
H,;C CH
"H
Cl
(2008, 4M)
(a) the compound is optically active
(b) the compound possesses centre of symmetry
(c) the compound possesses plane of symmetry
(d) the compound possesses axis of symmetry

Tautomerism is exhibited by (1998, 2M)

() QCH—CH—OH (b) o:<:>:0
© Q:o ) Q:o
O e]

Which of the following compounds will show geometrical
isomerism ? (1998, 2M)
(a) 2-butene

(c) 1-phenyl propene

(b) propene
(d) 2-methyl-2-butene

34. Which of the following have asymmetric carbon atom?

(1989, 1M)
T T
(a) H— (|: (|:—H (b) H— |c |C —al
H H H H
1 [N
(c) H— |c ‘c -D (d) H— |c |C—CH3
H H Br OH
35. Keto-enol tautomerism is observed in (1988, 2M)

i i
(a) GH;—C—H  (b) C;H,—C—CH,
0

O O

(¢) GHs—C—GyH;  (d) CH;— C—CH,— C—CH,

36. Only two isomeric monochloro derivatives are possible for
(1986, 1M)

(b) 2, 4-dimethyl pentane

(d) 2-methyl propane

(a) n-butane
(c) benzene

Numerical Value Based Question

37. For the given compound X, the total number of optically
active stereoisomers is ......... .

HO HO

A

HO
HO

—=a This type of bond indicates that the configuration at the
specific carbon and the geometry of the double bond is fixed

v This type of bond indicates that the configuration at the specific
carbon and the geometry of the double bond is not fixed

(2018 Adv.)

Assertion and Reason

Read the following questions and answer as per the direction
given below :
(a) Statement I is correct; Statement Il is correct; Statement I1 is
the correct explanation of Statement [
(b) Statement I is correct; Statement I1 is correct; Statement II is
not the correct explanation of Statement [
(c) Statement I is correct; Statement II is incorrect
(d) Statement I is incorrect; Statement II is correct
38. Statement I Molecules that are non-superimposable on

their mirror images are chiral.
Statement II All chiral molecules have chiral centres.

(2007, 3M)

Fill in the Blanks
39. TIsomers which are ......... mirror images are known as
......... (superimposable, non-superimposable,
enantiomers, diastereomers, epimers) (1988, 1M)



True/False

40. 2,3, 4-trichloropentane has three asymmetric carbon atoms.
(1990, 1M)

41. m-chlorobromobenzene is an isomer of m-bromochloro

benzene. (1985, %M)

Integer Answer Type Questions

42. The total number of stereoisomers that can exist for M is
(2015 Adv.)
H,C CH,

HCc M o

43. The total number(s) of stable conformers with non-zero
dipole moment for the following compound is/are

cl
Br—}—CH,
Br—1—Cl

CH; (2014 Adv.)
Subjective Questions

44, Give the total number of cyclic structural as well as
stereoisomers possible for a compound with the molecular
formula CsH,,. (2009)

45. pops =Ty
where 1 ; is the dipole moment of stable conformer and x; is
the mole fraction of that conformer.

(a) Write stable conformer for Z—CH,—CH,—Z in Newman’s
projection.
If i uion = 1.0 D and mole fraction of anti form = 0.82, find

p gauche
(b) Write most stable meso conformer of (CHDY),. If

(i) Y = CHj; about C,-Cj; rotation and

(i1) Y = OH about C,-C, rotation. (2005, 6M)
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46. (a) Draw Newman’s projection for the less stable staggered
form of butane.
(b) Relatively less stability of the staggered form is due to
(1) Torsional strain

(i) van der Waals’ strain

(iii) Combination of the above two (2004, 5M)
47. Glycerine contain one ......... hydroxy group. (2004)
48. Identify the pairs of enantiomers and diastereomers from the
following (2000, 2M)

CH, CH, CH,

H—+—O0OH HO——+——H HO——F—H
HO———H HO H H OH
CH, CH, CH,
1 it 111

49. Write tautomeric forms of phenol. (1992, 1M)

50. Write the [UPAC name of the following compound:
CH,

H, C—I’\I— (|3—CH2—CH3

CH; CHq

(1991, 1M)
51. Give the IUPAC name of the following compound :
Me
Me Me
(Me = methyl)
Me Me
(1990, 1M)
52. Write the [UPAC name of CH;CH,CH=CH—COOH.
(1986, 1M)

53. Write the structure of all the possible isomers of
dichloroethene. Which of them will have zero dipole
moment ? (1985, 2M)

54. Write structural formulae for the isomeric alcohols having
the molecular formula C,H; 0. (1984, 2M)

Topic2 General Organic Chemistry

Objective Questions I (Only one correct option)

1. 25 g of an unknown hydrocarbon upon burning produces
88 g of CO, and 9 g of H,O. This unknown hydrocarbon
contains (2019 Main, 12 April 11)
(a) 20 g of carbon and 5 g of hydrogen
(b) 22 g of carbon and 3 g of hydrogen
(c) 24 g of carbon and 1 g of hydrogen
(d) 18 g of carbon and 7 g of hydrogen

2. Anorganic compound 4 is oxidised with Na,O, followed by

boiling with HNO;. The resultant solution is then treated
with ammonium molybdate to yield a yellow precipitate.
Based on above observation, the element present in the
given compound is (2019 Main, 12 April I)
(a) nitrogen

(b) phosphorus

(c) fluorine

(d) sulphur



290 Organic Chemistry Basics

The increasing order of nucleophilicity of the following 10.

nucleophiles is
(1) CH,CO;  (2) H,0
(@ (H<®H<BG)<® b @<@®<M<®
() B<M<B)<®) (d @<@<@H<D
In chromatography, which of the following statements is

incorrect for Rf? (2019 Main, 10 April II)
(a) R, value depends on the type of chromatography

(2019 Main, 10 April 11)
() CH,80;  (4) OH

(b) Higher R value means higher adsorption
(c) R, value is dependent on the mobile phase
(d) The value of R, can not be more than one

The principle of column chromatography is
(2019 Main, 10 April I)
(a) differential absorption of the substances on the solid phase
(b) differential adsorption of the substances on the solid phase
(c) gravitational force
(d) capillary action

In the following compound,

the favourable site/s for protonation is/are
(2019 Main, 11 Jan I1)

() (@) and (e) (b) (b). (¢) and (d)
(¢) (@) and (d) (d) (a)

The correct match between items I and II is

Item -1
(Mixture)

A. H,0: Sugar P

B. H,0O: Aniline Q.
R
S

(Separation method)

Sublimation

Recrystallisation

C. H,0: Toluene Steam distillation

Differential extraction

(2019 Main, 11 Jan I)
(@) (A) > (Q) (B) > (R); (C) >(S)
(b) (A) = (Q); (B) > (R); (C) > (P)
(©) (A) =>(8); (B) > (R); (C) > (P)
(d) (A) > R); (B) > (P); (C) > ()

. An organic compound is estimated through Dumas method

and was found to evolved 6 moles of CO,, 4 moles of H,O
and 1 mole of nitrogen gas. The formula of the compound is
(2019 Main, 11 Jan I)

(a) GHgN (b) C,,HgN (¢) C,HgN, (d) GHgN,

. If dichloromethane (DCM) and water (H,O) are used for

differential extraction, which one of the following

statements is correct?

(a) DCM and H,0 would stay as lower and upper layer
respectively in the S.F.

(b) DCM and H,O would stay as upper and lower layer
respectively in the separating funnel (S.F.)

(c) DCM and H, O will be miscible clearly

(d) DCM and H,O will make turbid/colloidal mixture

11.

12,

13.

Item II 14.

(2019 Main, 10 Jan 1) 15.

Which amongst the following is the strongest acid?

(2019 Main, 9 Jan I)
(a) CHBy (b) CHIL,
(c) CHCI, (d) CH(CN),

Which of the following compounds will be suitable for
Kjeldahl’s method for nitrogen estimation? (2018 Main)

N i
NO, N;CI-
TSl

Which of the following molecules is least resonance
stabilised? (2017 Main)

() o ||
5
O

The distillation technique most suited for separating
glycerol from spent lye in the soap industry is (2016 Main)
(a) fractional distillation

(b) steam distillation

(c) distillation under reduced pressure

(d) simple distillation

The correct order of acidity for the following compounds is

(2016 Adv.)
COH COH
HO OH
I
OH
CO-H COH

OH
I

(a)I>I>11>1V
()M >1>11>1V
(c)I>IV>11>1
(dI>UI>1V>11

V
OH

For the estimation of nitrogen, 1.4 g of an organic compound
was digested by Kjeldahl's method and the evolved ammonia
was absorbed in 60 mL of M/10 sulphuric acid. The unreacted
acid required 20 mL of M/10 sodium hydroxide for complete
neutralisation. The percentage of nitrogen in the compound is
(a) 6% (b) 10% (2014 Main)
(©) 3% (d) 5%



16. A gaseous hydrocarbon gives upon combustion 0.72 g of
water and 3.08 g of CO,. The empirical formula of the
hydrocarbon is (2013 Main)
(a) CH, (b) C,H, (c) CH, (d) CHy

17. The order of stability of the following carbocations
@
CH,

@ ®
CH,=CH—CH, ; CH;—CH;—CH, ; is
D (e8]
D (2013 Main)
(b) T>T>1
@) M>1>10

(a) NI>11>1
(c) I>1>1II

18. Arrange the following compounds in the order of decreasing

acidity (2013 Main)

H, NO, OCH,
1 (H) (1) av)

(@ I>IV>1>TI
(c) M>1>1>1V

(b) I>11>TI>1V
(d) IV>TI>1>T

19. A solution of (—/) 1-chloro-1-phenylethane in toluene
racemises slowly in the presence of a small amount of SbCl;,
due to the formation of (2013 Main)
(a) carbanion (b) carbene
(c) carbocation (d) free radical

20. In allene (CyH,), the type(s) of hybridisation of the carbon
atoms, is (are) (2012)
(a) spand sp’
(c¢) only sp®

(b) spand sp*
(d) sp? and sp®

21. Among the following compounds, the most acidic is (2011)
(a) p-nitrophenol (b) p-hydroxybenzoic acid

(¢) o-hydroxybenzoic acid (d) p-toluic acid

22. The correct stability order of the following resonance
structureis
) HZCZI:I:N
(IIl) H,C—N =N
(2) (> (1D > 1V) > (1)
(b) > (D > () > AV)
(c) (ID) > (1) > (II1) > (IV)
(d) (1) > (1) > (IV) > (1)

(I) Hy C—N=— N
(IV) HyC—N—=N (2009)

23. In the following carbocation; H/CH that is most likely to

migrate to the positively charged carbon is (2009)
H H
1 | + | 5
H, c—|c2—‘c3—|c“— CH,
OH H CH,
(a) CH, at C-4 (b)H at C-4
(c) CH, at C-2 (d)H atC-2
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24. The correct acidity order of the following is (2009)

OH OH COOH  COOH
) Cl (I CH,
(In) av)

() (D> AV) > (1) > (D)
(c) (1) > (I1) > (1) > (IV)

(b) V) > (1) > (1) > (1I)

(d) (I > 11 > (IV) > (I)

25. Hyperconjugation involves overlap of the following orbitals
(2008, 3M)

(b)o-p (©) p-p (dn-n

26. The correct stability order for the following species is

Ao AN

@ an

AL o

(1 av)

(a)o-o

(2008, 3M)
(b) (1) > (I1) > (IIT) > (IV)
(d) (1) > (1) > (1) > (IV)

(a) (I1) >(IV) >(I) > (III)
(c) (D) >(I) >(IV) > (1)

27. Among the following, the least stable resonance structure is

(2007, 3M)

2 0 L 0

@ 2NN o AN
O O
€] o

©

S] 0 ® (0)

© ®/\/\$/ @ @/\/\IT/
0 9

28. When benzene sulphonic acid and p-nitrophenol are treated

with NaHCO;, the gases released respectively are  (2006)
() SOz, NO, (b) SO, NO
(¢) SO, CO, (d) CO,, CO,

29. Which of the following is obtained when 4-methylbenzene

sulphonic acid is hydrolysed with excess of sodium acetate?
(2005, 1M)

(a) H;C COONa

>

(b) H5C + SO;

C

(C) H3C SO3N3. + CH3COOH

(d) HsC S0,0COCH; + NaOH

ole
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30. For I1-methoxy-1, 3-butadiene, which of the following

resonating structure is least stable? (2005, 1M)
(a) CH,— CH— CH—CH—O—CH,
(b) CH,— CH— CH— CH—0—CH,
@ )
(¢) CH, =CH— CH—CH—O—CH,
o
(d) CH,=CH—CH—CH= %—CH3
31. H N+ +
73 NH,
Y
COOH
X
Arrange in order of increasing acidic strength (2004, 1M)
() X >Z>Y b)Y Z<X >Y
)X >Y>Z dZ>X>Y
32. Among the following, the molecule with the highest dipole
moment is (2003, 1M)
(a) CH,CI (b) CH,Cl,  (c)CH,Cl,  (d)CCl,

33. Which of the following represent the given mode of
hybridisation sp? — sp® — sp — sp from left to right?
(2003, 1M)
(b) HC=C—C=CH

d) AN\F

2 moles of NaNH,
O \\
OH

(a) H,C=CH—C=N
(¢) H,C=C=C=CH,

34. HOOC

O,N

The product 4 will be (2003)

“00C
(@) O,N
\S
r
“00C
) g o
(b) 0,N .
\C7

35.

36.

37.

38.

39.

40.

HOOC
(©) O,N
N\
7
HOOC
(d) O,N
O \\C7
7

Which of the following acids has the smallest dissociation
constant? (2002)
(a) CH;CHFCOOH

(b) FCH,CH,COOH

(¢) BrCH,CH,COOH

d) CH;CHBrCOOH

Identify the correct order of boiling points of the following
compounds:
CH;CH,CH,CH,OH (1)
CH;CH,CH,COOH (3)
(a)1>2>3
(€)1>3>2

CH;CH,CH,CHO (2)
(2002)

b)3>1>2

d3>2>1

Which of the following hydrocarbons has the lowest dipole

moment? (2002)

(a) cis-2-butene (b) 2-butyne

(d) H,C=CH—C=CH

The correct order of basicities of the following compounds is

(c) 1-butyne

NH
H3C—C/ CH,CH,NH,
\'NH, @)
m (2001)
(CH;),NH CH,CONH,

3) C))
()2>1>3>4 (b)1>3>2>4
(©3>1>2>4 @1>2>3>4

Among the following, the strongest base is (2000)
(a) CsHsNH,

(b) p-NO,CsH4NH,

(c) m-NOy—C¢H,NH,

(d) C¢HsCH,NH,

Which of the following, has the most acidic hydrogen?
(2000)

(a) 3-hexanone

(b) 2, 4-hexanedione
(c) 2, 5-hexanedione
(d) 2, 3-hexanedione



41.

42,

43.

44,

45.

46.

The most unlikely representation of resonance structures of

p-nitrophenoxide ion is (1999)
(OR (On
0) o
W \n/
0 © 0 ©
(on (On
_ O = .
\ /7 N
N+
() (; (d)
O 0]
Among the following compounds, the strongest acid is
(1998)
(a) HC=CH (b) CsHs
(¢) CoHq (d) CH;OH
In the following compounds (1997)
OH OH OH OH
i NO,
CH NO,

M an’
The order of acidity is
(a)I>IV>1>1I
(b)I>IV>1I>1I
(©I>1>11>1V
(IV>1I>1>1I

(Im av)

What is the decreasing order of strength of the bases?
OH", NH, , H—C=C" and CH,—CH, (1997)
(a) CH,—CH, >NH; >H—C=C" >OH"

(b) -—C=C" >CH;—CH, >NH, >OH"

(c)OH™ >NH; >H—C=C" >CH,—CH,

(d) NH; >H—C=C" >OH" >CH,—CH,

The hybridisation of carbon atoms in C—C single bond

H— C=C—CH=CH, is (1991, 1M)
@sp’ - sp’ (b) sp” — sp’
©sp—sp* @ sp’ - sp

Amongst the following, the most basic compound is
(a) benzylamine (b) aniline (1990, 1M)
(c) acetanilide (d) p-nitroaniline
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47. The number of sigma and pi-bonds in 1-butene 3-yne are
(1989, 1M)
(a) 5 sigma and 5 pi (b) 7 sigma and 3 pi
(c) 8 sigma and 2 pi (d) 6 sigma and 4 pi
48. The compound which gives the most stable carbonium ion
on dehydration is (1989, 1M)

CH,

(a) CH3—(‘3H—CHZOH

CH,

(b) CH3—C|—OH
CH,
OH

(¢) CH,CH,—CH,—CH,OH  (d) CH;—CH— CH,CH,

49. Polarisation of electrons in acrolein may be written as

(1988, 1M)
S5+
O (6]

5 I 5 |
(a) HC=CH—C—H (b) H,C=CH—C—H

3+

o
I

5— 3+
(¢) HC=CH—C—H

5—

0
I

S+
(d) HC=CH—C—H

50. The bond between carbon atom (1) and carbon atom (2) in

compound
N=C—CH=CH,
1 2
involves the hybridisation as (1987, 1M)
(a) sp? and sp* (b) sp® and sp
(c) sp and sp* (d) sp and sp

Objective Questions II
(One or more than one correct option)
51. Among P, O, R and S, the aromatic compounds(s) is/are

Cl
NaH
S )
(0]

AICI
—

ﬂ (NH,),CO; R @ HCI |
100-115°C
(6] (0]
(2013 Adv.)
(@ P (®) 0 (© R s

52. The hyperconjugative stabilities of fert-butyl cation and
2-butene, respectively, are due to (2013 Adv.)
(a) o > p(empty) and c — 7 electron delocalisations
(b) 6 > o and 6 —> = electron delocalisations

(c) o — p(filled) and 6 — m electron delocalisations
(d) p (filled) — o and o — 7t electrons delocalisations

53. Amongst the given options, the compound(s) in which all
the atoms are in one plane in all the possible conformations
(if any), is/are (2011)
H; H H
N / /
a Cc—C b) H—-C=C—C
@ HCZ N\CH, ® NcH,

(¢) H,C=C=0 (d) H,C= C—= CH,
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54. In the Newman’s projection for 2,2-dimethylbutane 57. Phenol is less acidic than (1986)
X (a) acetic acid (b) p-methoxy phenol
H;C CHs (¢) p-nitrophenol (d) ethanol
H H Assertion and Reason
Y Read the following questions and answer as per the direction
X and Y can respectively be (2010) given below :
(a) Hand H (a) Statement I is correct; Statement Il is correct; Statement II is
(b) Hand C,Hy the correct explanation of Statement I
(¢) GHsand H (b) Statement I is correct; Statement I1 is correct; Statement 11 is
(d) CH, and CH, not the correct explanation of Statement I
55. The molecules that will have dipole moment are (1992, 1m) (c) Statement I is correct; Statement II is incorrect
. (d) Statement I is incorrect; Statement II is correct
(a) 2, 2-dimethyl propane
(b) trans-2-pentene 58. St?tement I p-hydroxyben.zoic. acid has a lower boiling
) point than o-hydroxybenzoic acid.
(¢) cis-3-hexene Statement I o-hydroxybenzoic acid has intramolecul
(d) 2.2.3 3-tetramethyl butane atemen o-hydroxybenzoic acid has intramolecular
X hydrogen bonding.
56. The compound in which C uses its sp’-hybrid orbitals for 59. Statement I p-nitrophenol is a stronger acid than
bond formation is (2000, 1M) o-nitrophenol.
() HCOOH (®) (F,N),CO Statement II Intramolecular hydrogen bonding make the
(¢) (CH;);COH (d) CH,CHO o-isomer weaker acid than p-isomer.
Match the Columns
60. Match the reactions in Column I with appropriate types of steps/reactive intermediate involved in these reactions as given in
Column II. (2011)
Column I Column II
A. p leophili ituti
ag NaOH NaOH : Nucleophilic substitution
(0)
B. @ CHZCHZCHZISH H,S0, q. Electrophilic substitution
(0}
C. O)kCHZCHZCHZCl CH;Mgl O/Q r. Dehydration
CHZCHZCHZC(CH3)2
D. O/ H (;Q S Nucleophilic addition

t. Carbanion




61. Match the reaction in Column I with appropriate options in Column II.
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(2010)

Column I Column IT
p- Racemic mixture
A @NZQ + @on
0°C lNaOH/Hzo

Q =NO0H

gq. Addition reaction

0
| ‘ H,S0 I

B. HC—C——C—CH, —2%, ¢ s

O | ’ Hy,C~ \c CH;

CH, CH, NCH,

1. LiAlH,4
2.H,0" /
Qm<
CHj

r.  Substitution reaction

Base
o o=

s.  Coupling reaction

t. Carbocation intermediate

Fill in the Blanks
62. The kind of delocalisation involving sigma bond orbitals is 73
called...... (1994, 1M) )

63. The bond dissociation energy needed to form the benzyl
radical from toluene is ......... than the formation of the
methyl radical from methane. (1994, 1M)

64. The structure of the enol form of
CH,— CO— CH,— CO— CH,4

with intermolecular hydrogen bonding is .........
(1993,1m) 74

65. The IUPAC name of succinic acid is ......... (1990, 1M)
66. The shape of (CH3 )+ 1S .ieniens (1990, 1M)
67. A...... diol has two hydroxyl groupson ...... carbon atoms.
(1985, 1M)
68. The terminal carbon atom in butane is ...... hybridised.
(1985, 1M)
69. ......... ring is most strained. (cyclopropane, cyclobutane,
cyclopentane) (1981, 1M)
70. The compound having both sp and sp*-hybridised carbon
atoms is ....... (propane, propene, propadiene). (1981, 1M)
71. In acidic medium, ........... behaves as the strongest base.
(nitrobenzene, aniline, phenol) (1981, 1M)
72. Among the given cations, ......... is most stable.

(sec-butyl carbonium ion, fert-butyl carbonium ion, n-butyl
carbonium ion) (1981, 1M)

Integer Answer Type Questions

The total number of contributing structures showing
hyperconjugation (involving C-—H bonds) for the

following carbocation is
(2011)
H3C @D CH2CH3

Amongst the following, the total number of compounds

soluble in aqueous NaOH is (2010)
\N/ COOH NO
HyC N\CH3
OCH,CH; CH,CH3

CH,OH CH,CH;
COOH
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Subjective Questions p-methylbenzoic acid ~ 36.2x 107

. o o -meth. icacid 10.2x 107 2
75. Which of the following is more acidic and why? p-methoxybenzoic acid - 10.2x 10 (2003)

N 79. Give reasons for the following:

n
NH; NH; CH,=CH" is more basic than HC=C". (2000)
80. Explain, why o-hydroxybenzaldehyde is a liquid at room
or temperature while p-hydroxybenzaldehyde is a high melting
solid? (1999)
81. Discuss the hybridisation of carbon atoms in allene (C;H,)
F OH (2003) .

) /\)\ and show the m-orbital overlaps. (1999, 3M)

76. Draw the resonating stru(itures of / . Z (200?) 82. Give reasons for the following in one or two sentences.
77. You have an ether solution containing 4-hydroxybenzoic The central carbon-carbon bond in 1, 3-butadiene is shorter
acid and 4-aminobenzoic acid. Explain, how will you than that of n-butane. (1998)

separate the two in not more than 3 steps? Give
confirmatory tests with reagents and conditions for
functional groups of each. (2003)

78. Match the following with their K, values

83. Although phenoxide ion has more number of resonating
structures than benzoate ion, benzoic acid is a stronger acid
than phenol. Why? (1997)

84. Arrange the following in the order of their increasing

Benzoic acid 42x107° basicity.
p-nitrobenzoic acid 33x107° p-toluidine, N,N-dimethyl-p-toluidine, p-nitroaniline,
p-chlorobenzoic acid ~ 6.4x 107 aniline. (1985, 1M)
Answers
Topic 1 17. (d) 18. (c) 19. (c) 20. (b)
1. (d) 2. (¢) 3. (b) 4. (c) 21. (¢) 22. (b) 23. (d) 24. (a)
5. (d) 6. (a) 7. (b) 8. (a) 25. (b) 26. (d) 27. (a) 28. (d)
9. (¢ 10. (c) 11. (d) 12. (d) 29. (¢) 30. (c) 31. (a) 32. (a)
13. (a) 14. (¢ 15. (b) 16. (a) 33. (a) 34. (a) 35. (c) 36. (b)
17. (a) 18. (b) 19. (b) 20. (a) 37. (b) 38. (b) 39. (d) 40. (b)
21. (b) 22. (d) 23. (c) 24. (a) 41. (b) 42, (d) 43. (d) 44, (a)
25. (d) 26. (b,c) 27. (a,c,d) 28. (a,b,c) 45. (d) 46. (a) 417. (b) 48. (b)
29. (a,d) 30. (b,c,d) 31. (a,d) 32. (a,c,d) 49. (d) 50. (c) 51. (a,b,c,d) 52. (a)
33. (a,c) 34. (c,d) 35. (b,d) 36. (d) 53. (b,c) 54. (b,d) 55. (b,c) 56. (c,d)
37. (1) 38. (¢) 57. (a,0) 58. (d) 59. (a)
39. Non-superimposable, Enantiomers 40. False 60. A—>r1,s,t;B—>p,s;Co>r,s;D>q,r
41. False 42. (2) 43. (3) 44. (7) 6l. A>r,s;B>t;Co>p,q;Dor
Topic 2 62. hyperconjugation ' o
63. less 64. cyclic 65. butanedioic acid
1. (¢) 2. (b) 3. (¢ 4. (b) ) )
66. triangular planar 67. geminal, same
5. (b) 6. (b) 7. (a) 8. (d) 3 .
68. sp 69. cylopropane 70. propene 71. aniline
9. (a) 10. (d) 11. (b) 12. (d)
72. tert-butyl carbonium ion, 73. (6) 74. (4)

13. (¢) 14. (a) 15. (b) 16. (d)



Topic1
L

2.

Hints & Solutions

Nomenclature and Isomerism
The IUPAC name for the given compound is

3, 5-dimethyl-4-propylhept-1-en-6-yne.

CH,4

o

HsC Longest possible

chain containing
double and

CHj triple bond

If both double and triple bonds are present in the compound, the
endings like-en-yne, a (numeral) dien-(numeral)-yne etc., are
used. Numbers as low as possible are given to double and triple
bonds as a set.

The IUPAC name of the given compound is

(%‘ 3
= 2
Cl

2- chloro-1-methy I- 4-nitrobenzene
Here, the given compound contains two or more functional

groups. So, the numbering is done in such a way that the sum of
the locants is the lowest.

Incorrect
Correct
way

0 OH
)k )\
Acetone No additional stability
with the ‘enol’ form
(0] (0] u,
M - O)—'/ 1
Acetylacetone N

This enol-form is highly stable
because of intramolecular
H-bonding (6-membered stability)
and due to extended conjugation.

1 2‘{6‘/\ )

Ethyl acetoacetate 1 2 >NH;
(EAA)

In both of the compounds, C - 2 of C= O group is a part of the acid
(¢} 0]

derivative (ester, —C—OEt and acid amide, —C—NH,). So,

C?=0 does not take part in enolisation, because it is already in
resonance (—R) with the derivative group itself.

The IUPAC name of the
3-hydroxy-4-methylpentanoic acid.

CH, OH
| |

5 Iy I3 2 1
H,C —CH— CH— CH,— COOH

given compound is

Principal chain

While naming the compound, the longest chain that have
principal functional group — COOH is choosen and numbered
in such a manner that the principal functional group gets the
lowest possible number. —OH act as substituent and used as
prefix in nomenclature.

While naming the compound, alkene gets priority over
functional group (— Br)and numbering starts from alkene side.
Hence, IUPAC name: 4-bromo-3-methyl pent-2-ene

'CH,

CHy
2 3 H
4
H
CH, Br
1
COOH
H-2—0H
H-3—cCl1
4CH3

For C-2, order of priority of substituents is
OH > CH(CI) (CH;) > COOH

For C-3, order of priority of substituents is
Cl> CH(OH)COOH > CH;

Hence, according to CIP rules,

3
COOH
}%LE{Ost
H—f‘—Cl 3R
3CH;
OH
5
1 —CN has the highest priority.
2 CN
Br
(2-bromo-5-hydroxybenzonitrile)
Br
!
CH E
N /7 B, HComs: /§ N
/C:C\ cl, C éH H
H3C H | 3
Br
CHj
_ H—F—5Br
— H—7—Br
CHj
(meso)
(0]

9. CH;— C—Cl: Benzene carbonyl chloride
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! CH3 H
H H H H
10 120°
: Anti-clockwise 1 u
H H H;C
CH, CH;,
H (gauche)

11. CH;—CH,—C—COOH: Has a chiral carbon, optically active.

CH,;
(2-methylbutanoic acid)
F\ Y Cl F\ /I
12. % C= C\ + /C= C\ Geometrical isomers
Br 1 Br Cl
F Br F 1
N/ N/ ol
P C C\ + /C C\ Geometrical isomers
Cl I Cl Br
F N y Cl F N p Br
/ C= C\ + v C= C\ Geometrical isomers
I Br 1 Cl
H,C N /CHZ—Ph H\ /CHZ—Ph
13. /C =C N /C = C\
H H H,C H
cis trans

1-phenyl-2-butene
14. The ‘D’ term in name is derived from D-glyceraldehyde.

15. CH; i CH; CHj3
H——OH HO—F—H H————OH
HO—T—H H——OH H——OH

CH; CH; CH;

I 11 111

I and II are optically active while III is optically inactive
(meso form ).

16. Conformers can be interconverted through rotation about C—C
bond. _H l
0

17. H—C=C—CH, :

H

Enol of acetone
It has 9 o (6 with H, two C—C and one C—O), one nt-bond and
two lone-pairs.

PN
18. /\{\/ - /\/\

~t

1II

19.

20.

21.

22.

23.

24,

25.

26.

Compounds with same empirical formula but different
molecular formula have same percentage composition of
elements but different molecular weight.

H H

H—C—C—H ; Ethane has the smallest sized group (H)

H H

bonded to carbons, hence there will be least hindered rotation
about C—C bond.

1 2 3 4
CH,= CH—C|H — CHj; : 3-methyl-1-butene
CH,

Ethers and alcohols (saturated, acyclic) with same number of
carbons are always isomeric.

CH;—O—CH; and CH;—CH,—OH are functional isomers.

Double bond has preference over alkyl group hence :

CH;
T 1
H;C—C— CH=CH, : 3,3-dimethyl-l-butene

CH;

H,;C CH,4 H CH,
N~ N
=K /=K

H H H,C H
cis-2-butene trans-2-butene

Diethyl ether (C,Hs;OC,Hs) will be isomeric with all 4-carbon

saturated alcohols. Butanone (CH;CH,COCH,;) is unsaturated,
has two hydrogen less than the diethylether.

Since, there is no principal functional groups, numbering of
disubstituted benzene is done in alphabetical order as

cl
@)
®
® ®
@
CHy

Hence IUPAC name of this compound is 1-chloro-4-methyl
benzene.

Also, toluene is an acceptable name in [UPAC, hence this
compound can also be named as 4-chloro toluene.

27. PLAN This problem is based on structure and nomenclature of

organic compound.
Draw structure of each compound and write [UPAC name of the
given compound.
Match the molecular formula of given compound with
molecular formula of compound given in choices.
The combination of names for possible isomeric alcohols with
molecular formula C,H 0O is/are



Formula Names
CH;CH,CH,CH,0H n-butyl alcohol / n-butanol
/ butan-1-ol
CH;— (‘ij CH,—OH  [so-butyl alcohol / 2-methyl
ropan-1-ol
CH, prop
CH,— CH,— CH—OH  Secondary butyl alcohol /
| butan-2-ol
CH,
CH,; Tertiary butyl alcohol /
CH3—13— OH tert butanol / 2-methyl
| propan-2-ol
CH,

Hence, choices (a), (¢) and (d) are correct.
28. Converting all of them into Fischer projection.
HO H Cl
Cl HO ——H

—
HON 4 HO ——H

CH,4 CH,

M
HO~_,H CH,
OH H——OH
Cl
N

Cl
N

Since, M and N have — OH on same side and opposite side
respectively, they cannot be miror image, they are diastereomers.

Cl
HO . H cl
H
OH ¢  HO——H
HO\ —HO\ /T ™ o w
0 0

CH; CH; CHj
@]
M and O are identical.

NOTE Fischer projection represents eclipse form of Sawhorse
projection.

For comparision purpose, similar types of eclipse conformers
must be drawn i.e. both vertically up or both vertically down.

CH,4 H. ,OH
H OH
H;C
3 Cl
HO H HO
Cl H

P H OH cl

Cl H—F/—O0OH
H———OH

CH,4 CH,
P
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M and P are non-superimposable mirror images, hence,

enantiomers.
CH;, HO H
HO H
H;C
3 Cl
HO H HO
Cl H
0 HO H Cl
HO Cl HO——H
H —>
OH H——OH
CH;, CH,
0
M and Q are non-identical they are distereomers.
29. C|H3 C|H3 CH, CH,
HO/IIm, an OH
e Co H e C CmQH
7 e N\ / N
H ¢ H  HO ¢ H
u’ Ny u’ Ny
@ (11 + I11)
(meso) (enantiomeric)
& T
HOum,, HOwm,,
"C "C
PN A 7 A
=C C=C
H H/ \ C ot OH H H/ \ C J“‘“\\\\\\H
CH; H CH, OH
IV +V) (VD
(enantiomeric) (meso)

Total six isomers. In both cis and trans forms, there are two
enantiomers each.

30. E, F and G are not resonance structures because movement of
hydrogen between E and F are involved.

E, F and E, G are tautomers in which £ is keto form and both F
and G are enol form of the same E.

F and G are geometrical isomers.

F and G are distereomers as they are stereo isomers but not
related by mirror image relationship.

31. The compound is optically active as well as it possesses a
two-fold axis of symmetry.

I
32. (a) QCHCH—OH = QCHzc—H
(©) §;>=0 — QOH
0 HO
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(d) 0 — OH 38.
O (0]
H;C CH; H;C H
33. (a >c=c< + >c=c<
H H H CH;4
cis-2-butene trans-2-butene
H H Ph
AN AN S
© /c=c< + c=c{ 39.
Ph CH, H CH;

cis-1-phenylpropene  trans-1-phenylpropene

34. A carbon bonded to four different atoms or groups is called
asymmetric carbon :

Cl H 41.
| * * 42
© CH3—C‘—D () BrCHz—(|1— CH, .
H OH
35. Carbonyl compounds containing a.-H show keto-enol
tautomerism.
OH

0
I |

(b)y GHs—C—CH; — CH;—C=CH,
6tls 3 6115

|
(d) CHs—C—CH,—C—CH; — om

o
| |

CHs— C—CH=C—CH,

CH,4 CH,4
| cl | 43,
36. CH3—C|—CH3 h—2> CH3—C|—CH2C1
A%
H H

CH,

|
+ CH,—C—CH,

Cl
37. (7) As given in the question 3 stereocentres are visible, i.e.
OH OH
S
=
HO SH

Hence, the total number of stereoisomers = 2> = 8

But out of these the following one is optically inactive due to
symmetry
OH

!

OH
N

HO OH

Hence, total number of optically active stereoisomers=7

Molecules that are non-superimposable on its mirror image are
optically active and known as chiral molecule. However, for
chirality of molecule, presence of chiral centre is not essential,

e.g.

HsC, CH;

S

Molecule is chiral but does not possesses any chiral carbon.

Non-superimposable, Enantiomers.

True / False
40.

It has only two asymmetric carbon, carbon no.3 is not
asymmetric.

They are identical.

Although the compound has two chiral carbons (indicated by
stars), it does not has four optically active isomers as expected.
It is due to its existence in cis-form only.

CH
CH3 CH3 3
HsC
H3C 0 H3 5
cis-form trans-form

(only hypothetical)

The above shown transformation does not exist due to restricted
rotation about the bridge head carbons, hence only cis-form and
its mirror image exist.

PLAN This problem can be solved by using concept of conformational
analysis of given organic compound. To solve the question
draw the stable conformational structures of organic
compound and determine the net resultant dipole moment.

The conformations of the given compound are as follows

Cl
Br
cl CH,4 C]13r
Br——CH;  Cl——Br
Br—+—Cl  Br——Cl
CH, CH; H;C CH;
H H H
1 I R
CH,—C,— C;—C;—CH,
|
cl Cl cl
Cl CH3 Br
Br Cl Br Cl Br Cl
CH3 Br Br Cl Cl CH3
CH; CH; CH;

(Me-Me)gauche (Br-Me)gauche (Cl-Me)gauche



These three

have
C—Br bond
44,

O

moment

due

non-zero dipole to
non-cancellation of all dipole moment created by C—Cl and

CH,CH,

AX

I and III are mirror images of one another as well as they are
non-superimposable while Il is a meso form
= (I + III) = Enantiomers
I+ II and II + III = Diastereomers
49. OH
H; Mirror CHj,
enol keto
H CH; st
2 1
meso 50. H,C—N—C.—CH,—CH
palr of enantiomers J ’ | 3 5 ’ ’
= Total seven isomers CH, gHZCH3
45. (a) 7 7 3-(N, N-dimethyl)-3-methyl pentanamine
or 3-methyl-3-(N, N-dimethyl) pentanamine
H H H A 4 Me,
5 1
Me 5 Me
H H H 51 Me p 3 Me
7 9
anti gauche 5,6-diethyl-3-methyl decane
54 2
Mole fraction of anti form = 0.82 52. CH;CH,—CH=CH—COOH
Mole fraction of gauche form = 0.18 2-pentenoic acid or pent-2-enoic acid
Hops=1D H Cl Cl Cl H
= 1 x0.82 + x 0.18 Ne=c/ >c= / Ne=c/
M anii M gauche 53. /C C\ C\ /C C N
Woani = 0 = 1= “gauche x0.18 H Cl H H H Cl
1 I I I
= K gauche 018 =3555D III is non-polar, has zero dipole moment.
CH, O/H\ 54. CH;—CH,—CH,—CH,0H CH;—CH,— C|H CH
(b) D H D O~
H D D H CH,— C—CH, ; C
CH; H C‘H3
® (i)
Structure (ii) is more stable than its anti conformer because of
intramolecular H-bonding.
CHj;
H CH;
46. (a)
H H

OH
enantiomeric (£)
—CH—CH,0OH
H

less stable staggered form of butane
417,

CH,
Total number of isomers (including stereoisomers)
Topic 2 General Organic Chemistry
(b) The less stability of above mentioned conformer is due to
HO/Y\OH
OH

glycerine

van der Waals’ repulsion between the adjacent methyl groups
It contains a secondary (2°) hydroxy group

5
1. Hydrocarbon containing C and H upon burning produces CO,
and water vapour respectively. The equation is represented as
y
12
Mass of carbon = — xmass of CO,
12

CH, +(x+ y/4)0, —> xCO, + (y/2)H,0
44

— x88g=24g
Mass of hydrogen = — x mass of H,O

—x9=1
18 &
hydrogen

So, the unknown hydrocarbon contains 24 g of carbon and 1g of

Organic Chemistry Basics 301
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2.

Organic compound ‘4’ contain phosphorus as it gives positive
test with ammonium molybdate. Phosphorus present in organic
compound ‘4’ get oxidised with Na,O, and form Na;PO,.
2P + 5Na,0, —> 2Na;PO, + 2Na,O
Compound Sodium phosphate
Na;PO, in presence of HNO; form H;PO, and NaNO;.
Na,;PO, + 3HNO;—— H;PO, + 3NaNO;
Upon cooling, a few drops of ammonium molybdate solution are
added. A yellow ppt. confirms the presence of phosphorus in the
organic compound.

H;PO, +12 (NH,),MoO, + 21HNO; —>
(NH,);P0,.12M00, 4 +21NH,NO,+12H,0

Yellow ppt.

Higher the basicity of a base, stronger will be its nucleophilic
power.

Again we know, a weaker acid produces a stronger base
(conjugate), i.e. a stronger nucleophile.

®
Acid L) Conjugate base
H,0" H,0
CH,SO;H CH,S05
CH,CO,H CH,COS
H,0 °OH
Acid Base strength
strength = Nucleophilicity

Thus, the correct order of nucleophilicity of given nucleophiles
are as follows :
H,0(2) < CH;SO5(3) < CH;CO;(1) < 6H(4)
In chromatography, the expression of retention factor (R,) is
_ Distance travelled by the compound from origin

R, = <1
4 Distance travelled by the solvent from origin

The value of R, signifies the relative ratio of migration of each
component of the mixture with respect to the developing solvent
used. R, value depends on the type of adsorption
chromatography like TLC (Thin-Layer Chromatography),
paper chromatography etc. The R, value is also the
characteristic of a compound (sample) for a given developing
solvent at a given temperature.

When the compound in the sample (usually less polar) is weakly
adsorbed the spot will travel a shorter distance from the origin
and hence the R, value will be decreased.

In column chromatography, separation of mixture of
compounds (adsorbate) takes place over a column of solid
adsorbent (silica gel and Al,O5) packed in a glass tube.

When an appropriate eluant (liquid) is allowed to flow down the
column, the compounds present in the mixture get adsorbed to
different extent on the adsorbent column and thus complete
separation takes place.

Thus, column chromatography is based on the differential
adsorption of the substance on the solid phase.

All sites (a, b, ¢, d, e) of the given molecule have lone pair on
N-atoms. Higher the ease of donation of /p of electrons of N,
more favourable will be the site for protonation. Ease of
donation of /p of es, i.e. Lewis basicity inversely depend on the
percentage of s-character in hybridisation of ‘N’ which will
decide the electronegativity of ‘N’.

7.

8.

10.

At‘a’ and ‘@, N-atoms are sp’ (s%= 25) hybridised, whereas at ¢
b, ‘¢ and ‘d’, N-atoms are sp2 (s% = 33) hybridised. So, ‘»’, ‘¢
and ‘d’ are the favourable sites for protonation

(H" is a Lewis acid, i.e. electrons acceptor).

The correct option is :
(A) = (Q); (B)=> (R); (C)—>(S)
(A) H,0 and sugar mixture They do not react chemically. On
heating, solubility of sugar in H,O increases and on rapid
cooling of saturated solution, sugar recrystallises (Q).

(B) Hy,O and aniline mixture Aniline is steam volatile but
insoluble in H,O. So, steam distillation (R) is employed for
their separation.

(C) HyO and toluene mixture Toluene is steam non-volatile
and also insoluble in H,O. So, differential extraction method
(S) can be used to separate them.

In Dumas method, organic compound is heated with dry cupric

oxide in a combustion tube in the atmosphere of CO,. Upon

heating, C and H present are oxidised to CO, and water vapours

while N, is set free. Let, the molecular formula of the organic

compound (1 mol) be C,H N_. In Dumas method,

CH,N_+ [2x+ Zjc:uo —xCO, + LH,0+ = N, + (2x+ ZJCu
1 mol 2 2 2 2

y

xmol —mol g mol

Now,x:6,§=4 = y=8 and §=1:>z=2

.. Molecular formula of the compound is C;HgN,,.

Dichloromethane, DCM (CH,Cl,) is (density
=13266 gcm’3) than water (density =1g cm’3). So, DCM and

H,0 will stay as lower and upper layer respectively in the
separating funnel (SF).

heavier

We know, a stronger acid produces its stable or weaker conjugate
base. Here, CH(CN); produces the most stable conjugate base
(NC);C". Stronger —R and -/ effects of the CN™ group, make

the carbanion (conjugate base) very stable. The resonance
hybrid structure of [(NC);CT is as follows:

(‘:N
& ot NN
(NORC—H==NC P ypy* > NOL=C=N
D |
CEN:(-R)
e
///C
N==C===C]
\\C\\\
NN

Resonance hybrid structure of [NC),C]

However, halogen (X = Cl, Br, I) show —/ effect but + R effect
of halogens, destabilises the carbanion, X;C™ (conjugate base of

the haloform, HCX ).

€]
XoC—E R (4R 1)

Thus, CH(CN)j; is the strongest acid among the given options.



11.

12.

13.

14.

15.

Estimation of nitrogen through Kjeldahl’s method is not suitable
for organic compounds containing nitrogen in ring or nitrogen in
nitro or azo groups. It is because of the fact that nitrogen of these
compounds does not show conversion to Ammonium sulphate
((NH,4),SO,) during the process. Hence, among the given
compounds only aniline can be used suitably for estimation of
nitrogen by Kjeldahl’s method.

Aromatic compounds are stable due to resonance while
non-aromatics are not. According to Huckel’s rule (or 4n + 2
rule), “For a planar, cyclic compound to be aromatic, its  cloud
must contain (4n+ 2)n electrons, where, n is any whole
number.” Thus,

3 g-Q

(6me” system)  (4me” + 2e” system) (6bme™ system)

are aromatic and stabilised by resonance.
They follow Huckel’s rule.

is non-aromatic, hence,
least stabilised by resonance.

(0]

Glycerol with high boiling point (290°C) can be separated from
spent lye by distillation under reduced pressure. This process is
used to purify liquids having very high boiling points. By this
process, liquid is made to boil at lower temperature than its
boiling point by lowering the pressure on its surface.

— OH group displays both kinds of effect; an electron
withdrawing acid-strengthening inductive effect from the
meta-position and an electron-releasing acid weakening
resonance effect from the para-position (at this position,
resonance effect overweighs the inductive effect).
Thus, IIT > 1V.
o-hydroxybenzoic acid (II) is far stronger than the
corresponding meta and para isomers as the carboxylate ion is
stabilised by intramolecular H-bonding.
2,6-dihydroxybenzoic acid (I) forms carboxylate ion which is
further stabilised by intramolecular H-bonding, Thus, correct
order is
I>11> I >1V
S—

O~_ 0. - -
ol & 3 .05 0. 8t

| | |
0O O 0

I I
(Moststable)

THINKING PROCESS This problem is based on the estimation of

percentage of N in organic compound using Kjeldahl's method. Use

the concept of stoichiometry and follow the steps given below to solve

the problem.

(a) Write the balanced chemical reaction for the conversion of N
present in organic compound to ammonia, ammonia to
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ammonium sulphate and ammonium sulphate to sodium
sulphate.

(b) Calculate millimoles (m moles) of N present in organic
compound followed by mass of N present in organic
compound using the concept of stoichiometry.

(c) Atlast, calculate % of N present in organic compound using
formula

Mass of N x 100

Mass of organic compound

% of N =

Mass of organic compound =1.4 g
Let it contain x m mole of N atom.

Organic compound —>  NH;
x m mole

2NH; + H,SO, —— (NH,),S0, ...(3)
6 m mole
initially taken

H,SO, + 2NaOH — Na,SO,+ 2H,0  ..(ii)
2 m mole NaOH reacted.
Hence, m moles of H,SO, reacted in Eq. (ii) = 1
= m moles of H,SO, reacted from Eq. (i) =6 -1
= 5m moles
= m moles of NH; in Eq. (i) =2 x 5 =10 m moles
= m moles of N atom in the organic compound
=10 m moles
= Massof N=10x107 x14 =0.14 g

Mass of N present in

organic compound

% of N= x100

Mass of organic compound

= %ofN:%XIOO

=10%

16. 18 g H,O contains 2g H

.. 0.72 g H,0 contains 0.08 g H
44 g CO, contains 12 g C
3.08 g CO, contains 0.84 g C

CH :0.84 :0.08
12 1
=0.07:0.08 =7:8

.. Empirical formula = C,;Hg

17. The order of stability of carbocation will be

CH5

+ +
> CH2=CH_CH2 > CH3_ CHZ_CHZ

Benzyl Allyl Propyl
(resonance (resonance (stabilised by
stabilisedwithmore  stabilised) +I effect)

canonical forms)

(I11) O (ID)
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19.

20.

21.

OH OH
> > >
NO, Cl CH; OCHj
(M,~1) =D S (+M)
(hyperconjugation)
(1) ) ) (Iv)

Electron releasing group decreases while electron withdrawing
group increases acidic strength by destabilising and stabilising
the phenoxide ion formed respectively.

SbCl 5 @ _
Cl—CH—CH, ——» Ph—CH—CH, + SbCl;

| Toluene (Carbocation)
Ph (planar)
=)
—— Ph—CH—CH;
Cl
(d and /) mixture
+ SbCls
Allene is the name given to propdiene, H,C =C =CH,.
Allene

Hybridisation of an atom is determined by determining the
number of hybrid orbitals at that atom which is equal to the
number of sigma (o) bonds plus number of lone pairs at the
concerned atom.

Pi(r) bonds are not formed by hybrid orbitals, therefore, not
counted for hybridisation.

Here, the terminal carbons have only three sigma bonds
associated with them, therefore, hybridisation of terminal carbons
is sp>. The central carbon has only two sigma bonds associated,

hence hybridisation at central carbon is sp.

A mono-substituted benzoic acid is stronger than a
mono-substituted phenol as former being a carboxylic acid.
Among the given substituted benzoic acid, ortho-hydroxy acid
is strongest acid although —OH causes electron donation by
resonance effect which tends to decrease acid strength.

It is due to a very high stabilisation of conjugate base by
intramolecular H-bond which outweigh the electron donating
resonance effect of —OH.

o)
COOH _
HY+ [
O/

D u—

OH

The overall order of acid-strength of given four acids is
ortho-hydroxybenzoic acid (pK, = 2.98) > Toluic acid
pK, = 4.37) > p-hydroxybenzoic acid (pK, =
p-nitrophenol (pK, =7.15)

4.58) >

22,

23.

24.

25.

26.

27.

I is most stable because it has more covalent bonds and negative
charge on electronegative nitrogen. III is more stable than Il and
IV due to greater number of covalent bonds. Between Il and IV,
I is more stable since, it has negative charge on electronegative
atom and positive charge on electropositive atom. Hence,
overall stability order is

I>10>1>1V
H at C, will migrate giving resonance stabilised carbocation.

H H

+ +
H,C—C—C— C— CH, % H,C— C— CH,CH(CH,),
S

OH
<« H,C—C— CH,—CH(CH,),

“OH

QOH < CIOOH <
1 11
H3COCOOH < QCOOH
T v 111

+ I effect
decreases acid strength

OH H CH,

Cl has overall electron withdrawing effect, increases acid
strength.

H T H
H—CleH—CHz «—— H-—C=CH—CH,

H H
The o-electron of C—H bond is delocalised with p-orbitals of

+

n-bond.

)*\O/\ - )\O/\ 3°, has resonance
s e stability
1

"
/\)\ has no resonance stability but 2

1
/KO)\ (—’/\O)\ 2°, has resonnce
I.I.I ¥ stability

+ /\)\ 1°, has no resonance stability

v
Therefore, overall stability order is : [ > III > 11 > IV

The following structure has like charge on adjacent atoms,
therefore, least stable



28.
Qsom +NaHCO; — QSO3Na +H,0
+CO,

om@om NaHCO ; — >
OZNOONa +H,0 + CO,

29. A spontaneous neutralisation will occur between strong acid and
strong base as

H;C SO3H + CH3;COONa —
strong base

strong acid

H3C4®SO3N§ + CH;COOH
weak acid

weak base

+ -
30. H,C=CH—CH—CH—O—CH;,
Lone pair of oxygen is not the part of this mode of
delocalisation.

31. Carboxylic acid is stronger acid than ammonium ion, hence

—COOH(X) is most acidic. Z (Itl H;)is more acidic than Y(ItIH3)

due to — / effect of —COOH on Z. Hence, overall acid strength
order is
X>Z>Y

32. CH;CI has highest dipole moment.

33. H,C=CH— C=N
(R N
sz Sp2 spsp

34. In general, the order of acid strength is
—C=CH < ROH < H,0 < PhOH < R—COOH
Therefore, during stepwise neutralisation of given acid,
—COOH will be neutralised first.
In the second step, the phenolic —OH, assisted by — / effect of
—NO, at meta position will be neutralised.

HOOC
‘ OH
N

2 moles of
NaNH,

+ 2NHj
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35. Weakest acid BrCH,CH,COOH has smallest dissociation
constant.
36. Butanoic acid forms more exhaustive H-bonds than butanol and

butanal do not form intermolecular H-bonds. Hence, boiling
point order will be 3 > 1> 2.

37. CH,— C=C— CH,

symmetric

38. 1 is most basic due to formation of resonance stabilised
conjugate acid .

N
NH NH
2

H3C—C< Y, H3C—C<

NH, NH,

_NH,

<« H;C—C X
\NH2

resonance stabilised
conjugate acid

1V is amide, least basic.
] ]
oo +
CH;—C—NH, «— CH;—C=NH,
lone pair is part of delocalisation
Also, among alkyl amines, 2° is more basic than 1° amine.
Hence, overall order of basic strength is
1>3>2>4

39. Q .
CH,—NH,

Lone pair is not taking part in resonance, most basic. In other
cases, lone pair of nitrogen is part of delocalisation which
decreases Lewis base strength.

40. A methylene (— CH,—) with carbonyl on both side is highly

acidic.
0
CH;—C—CH,—C—CH,—CH;
1
has very acidic H.

O
_ Vi
\O

octet of nitrogen is violated.

42. Although alcohols are weaker acid than water, it is stronger than
ammonia and terminal alkynes.

43. Nitro group from para position exert electron withdrawing
resonance effect, increases acidity of phenol the most. This is
followed by meta nitrophenol in which nitro group exert
electron withdrawing effect on acidity. CHy— is an electron
donating group, decreases acid strength. Hence, the overall
order is

IVv>1I>1>1
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44, CH,CH, > NH; > H—C=C~ > HO"
It is because the order of acid-strength of their conjugate acid is
CH;CH; <NH; < H—C=C—H < H,0 : Acid strength.

45. H—C=C—CH=CH,

T
sp sp

46. QCHz—NHZ
benzylamine

Lone pair is not involved in resonance, most basic. In all other
cases, lone pair of nitrogen is involved in resonance, less basic.

H
i |
47, >C= C—C=C—H: It has 7 sigma and 3 pi bonds.
H
1-butene-3-yne
CH; C|H3
48. cH,—C—OH — 5 cu,—c*
| -H,0 |
CH; CH;
(3°, most stable alkyl carbocation)

0 0 08~
I | b+ |

.
49. CH,=LCH-XCH <—> CH,CH—=CH<—s CH, —CH—C—H

50. NE?—?HzCHz

tt
spsp’
51. PLAN A species is said to have aromatic character if

(a) ring is planar
(b) their is complete delocalisation of -electrons
(c) Huckel rule i.e. (4n + 2) rule is followed.
where, nis the number of rings
(4n + 2) = m electron delocalised.

Cl
@
+AIC, ——> A+ AlCI;
Aromatic
e
() — @ o
Aromatic
X0 (NH4)2CO3 / \ HCI
9 A 100-115°C N
Aromatic
S
Aromatlc

R

(4n+2) melectrons
2 2
6 6 (including lone pair)

6 6 (including lone pair on N)
6 6

In all cases there is complete delocalisation of m-electrons.

wnw O
|
—_ == O X

52. PLAN Spreading out charge by the overlap of an empty p-orbital with
an adjacent o-bond is called hyperconjugation. This overlap
(the hyperconjugation) delocalises the positive charge on the
carbocation, spreading it over a larger volume, and this
stabilises the carbocation.
Vacant
p-orbital

CH3—C|®—@—H —> CH3—C|= CH, «—H"

CHj; CHj;
tertiary butyl carbocation has one vacant p-orbital, hence, it is
stabilised by o-p (empty) hyperconjugation.
7\ N ® S)
H?CHZ—CH:RCH—CH3 <— H CH,=CH—CH—CH3
In 2-butene, stabilisation is due to hyperconjugation between
o-m electron delocalisation.

53. Inboth (b) and (c), all the atoms are present in one single plane

H__sp2 /
HC= C—C/\‘/H \ c=C=0
<«— straight — \C/ /4— straight —

H
In (a) 1, 3-butadiene, conformational change is possible
between C, — C5 bond in which atoms will be present in more
than one single plane.
In (d) allene, the terminals H—C—H planes are perpendicular
to one another.

T

54. H3C—CH2—C—CH3
3 ‘2 1
CHj3

On C, —Csaxis, X =CH;,Y = CH;
OnC, —C,axis, X =H,Y = C,H;
CH,

55. H,C—C—CH, =0

CH,
H;C H
N
/C—C\ p=0
H C,H;
unsymmetrical
HSCZ CZHS
C:C/ p=0
N
H H
o7
CH;—C—C—CH; p=0

CH; CH;
symmetrical



I I
56. H—C— OH H,N—C— NH,
T
sp? sp?
CH,4 0
I
CHZV|C_ 0—H CH,—C—H
sp° CH; E‘pS

57. Phenol is less acidic than a carboxylic acid (acetic acid). Nitro
group from para position exert electron withdrawing resonance
effect, increases acid strength. Therefore, phenol is less acidic
than p-nitro phenol.

On the other hand, methoxy group from para position, donate
electrons by resonance effect, decreases acid strength of phenol.
Also ethanol is weaker acid than phenol due to resonance
stabilisation in phenoxide ion.

Hence,

ethanol < p-methoxyphenol < phenol < p-nitrophenol < acetic
acid

increasing acid strength ———

58. Statement I is incorrect; Statement II is correct. Intramolecular
H-bonding in ortho-hydroxy benzoic acid lowers the boiling
point.

59. Statement I is correct; Statement I1 is correct; Statement II is the
correct explanation of Statement I.

Intramolecular H-bonding discourage release of H' to some
extent, hence weaker acid than its para isomer.

60.

[ |
A. Ph—C—CHy—CH,C—CH;+OH ~

O /CH
WO o OH o
ey
carbanion
- O
H,0 PI i >

Dehydration
0 OL\
Cl CH3MgBl‘ PhM
B. i cHo )

s Ph. O
—
H,C
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Nucleophilic addition

PR O, Ph@
HO™ o 0
18

Dehydration

.
H
D. Ph/\/\&I 0

Friedel-
Craft alkylation

Electrophilic
substitution

v OO
OO

this is an example of electrophilic substitution at para position
of phenol, giving a coupling product.

|| | i

H
Nucleophilic addition

OH
— thclch3

H

Pianacol-pinacolone rearrangement, occur through carbocation
intermediate.

Nucleophilic addition occur at sp? (planar) carbon, generating a
chiral centre, hence product will be a racemic mixture.

s Opeme (o) ol o

Nucleophilic
substitution

62. Hyperconjugation.
63. Less, stable free radical is formed.

64. Cyclic
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i I
65. HO— C—CH,—CH,—C—OH

butanedioic acid

66. Triangular planar; carbon is sp>hybridised

67. geminal, same

68. sp’-hybridised

69. Cyclopropane: here the C—C—C bond angle is 60° while the
requirement is 109°.

70. Propene : CH,=CH—CH,
) )
ot sp’

71. Aniline

72. Tert-butyl carbonium ion because the three methyl group
stabilises carbocation by + / effect.

78. These are total 6a.-H to sp® carbon and they all can participate in
hyperconjugation.

+ H+
v SN /
-
—> + +

Three structures ~ Two structures

74. Aromatic alcohols and carboxylic acids forms salt with NaOH,
will dissolve in aqueous NaOH :

COOH COOH
H3C CH3

n

NH,
75. is more acidic due to — 7 effect of F.

F

N
OH O—H
A A .

76. 7 N = O—n

717.
Distillation
_—
COOH COOH
COOH COOH (ether layer)
ether NH3 cr
solutlon
NaOH(aq)
COOH COOH

(aqueous layer)

Tests of functional groups HOOCOOH

FeCl . . .
—>5 violet colouration confirm phenolic group

NaHCO li
5 co,t =

er

mllky —> —COOH
NH,

+ CHCIl; + KOH —>© — NH, group confirmed.

COOH COOH

characteristic
foul smell of isocyanide

78. p-methoxy benzoic acid is the weakest and p-nitrobenzoic acid
is the strongest acid among these acids. Chloro group has overall
electron withdrawing effect on ring, therefore, increases acid
strength of benzoic acid. Methyl group decreases acid strength
of benzoic acid by + [ effect. Therefore,

K
p-methoxy benzoic acid 33x10°°
p-methyl benzoic acid 42x107°
benzoic acid 6.4 x107°
p-chlorobenzoic acid 10.2x1073
p-nitrobenzoic acid 362 x107°

79. H—C=C—H is more acidic than CH,= CH,.

80. Intramolecular H-bonding in ortho-hydroxybenzaldehyde
decreases its melting point as well as boiling point.
Molecules of p-hydroxybenzaldehyde is symmetrical,
associated together by intermolecular H-bonds, has higher
boiling point and melting point.
O\H
-0

H

Intramolecular H-bonding



81.

82.

83.

cfcfc/ = H\C=C=C/H
Allene Sp spz

The above shown resonance introduces some double bond
character to central C—C bond. Therefore, the central C—C
bond in 1, 3-butadiene is shorter (stronger) than C—C bond in
butane.

In case of acetate ion, both the resonance structures are
equivalent and negative charge always remains on
electronegative oxygen. These factors makes acetate ion more
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stable than phenoxide ion in which negative charge also moves
on carbon atoms.

0
I |

CH,—C—0" «> CH,—C=0
Oroe O O

84. p-nitroaniline < aniline < p-toluidine < N,N-dimethyl-p-toluidine.

Nitro group, by electron withdrawing resonance effect decreases
the basic strength. Methyl group by electron donating inductive
effect, increases basic strength.
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Hydrocarbons

Topic1 Saturated Hydrocarbons

Objective Questions I (Only one correct option)

1. 1In the following skew conformation of ethane,
H'—C—C—H" dihedral angle is (2019 Main, 12 April I1)

H
H H29°
h
HH H
(a) 58° (b) 149° (c) 151° (d) 120°

2. Which of these factors does not govern the stability of a
conformation in acyclic compounds? (2019 Main, 10 April II)
(a) Electrostatic forces of interaction
(b) Torsional strain
(c) Angle strain
(d) Steric interactions

3. Isomers of hexane, based on their branching, can be divided
into three distinct classes as shown in the figure. (2014 Adv.)

I |5)\and H I E/\/and \)\/}

o]

The correct order of their boiling point is
(a) 1>11>1II
(b) M>1>1
(c) I>TI>1
(d) m>1>11

CH; Cl,, hv
—

N (isomeric products) CsH,,Cl

H;C
CH,

Fractional distillation

M (isomeric products)

What are Nand M ? (2006, 5M)
(a) 6,6 (b) 6,4
(c)4,4 (d)3,3

5.

10.

1-bromo-3-chlorocyclobutane when treated with two
equivalents of Na, in the presence of ether which of the

following will be formed? (2005, 1M)
r Cl

(a) (b)

(c) (d)
How many chiral compounds are possible on mono
chlorination of 2-methyl butane ? (2004, 1M)
(a)2 (b) 4
(c)6 (d)8

Consider the following reaction

H,C— CH— CH— CH, + Br — > X + HBr

D CH,

Identify the structure of the major product X (2002, 3M)

(a) HC— (|ZH—(|JH— CH,

D CH, D CH,

(b) H,C— (|ZH—(F —CH,

(©) HyC— |'c—|CH— CH,

D CH, CH,

() H3C—(.3H—(|3H— CH,

Benzyl chloride (C¢HsCH,Cl) can be prepared from toluene

by chlorination with (1998)
(a) SO,Cl, (b) SOCl,

(c) Cly (d) NaOCl

(CHj3);CMgCl on reaction with D,O produces (1997)
(a) (CH;):CD (b) (CH3);0D

(¢) (CD3);,CD (d) (CD;);0D

When cyclohexane is poured on water, it floats because

(a) cyclohexane is in ‘boat’ form (1997, 1M)
(b) cyclohexane is in ‘chair’ form

(c) cyclohexane is in ‘crown’ form

(d) cyclohexane is less dense than water

The C—H bond distance is the longest in (1989, 1M)
(a) C,H, (b) C,H,

(c) CoHg (d) C,H,Br,
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13.

14.

The compound which has one isopropyl group, is (1989, 1M)

(a) 2,2,3,3-tetramethyl pentane (b) 2,2-dimethyl pentane
(c) 2,2,3-trimethyl pentane (d) 2-methyl pentane
The highest boiling point is expected for
(a) iso-butane (b) n-octane
(¢) 2, 2, 3, 3-tetramethyl butane (d) n-butane

(1986, 1M)

Which of the following compounds does not dissolve in

conc. H,SO, even on warming ? (1983, 1M)
(a) Ethylene (b) Benzene
(c) Hexane (d) Aniline

Topic 2 Unsaturated Hydrocarbons
Objective Questions I (Only one correct option)

1.

Consider the following reactions,
Agy0

5 ppt
A% 24+
Hg™'/H NaBHy ~_7nCla | Turbidity within
Conc. HCI 5 minutes
Ais (2019 Main, 12 April 1)
(a) CH=CH (b) CH, — C=C—CH,

(c) CH;—C=CH (d) CH,— CH,

But-2-ene on reaction with alkaline KMnO, at elevated
temperature followed by acidification will give
(2019 Main, 12 April I)

(a) CH3—(‘IH—(|JH—CH3

OH OH

(b) one molecule of CH;CHO and one molecule of CH;COOH
(c) 2 molecules of CH;COOH
(d) 2 molecules of CH;CHO

The major product of the following addition reaction is
Cl,/H0
H,C—CH =CH, —5

(2019 Main, 12 April I)

(a) CH3—(|IH—(‘ZH2
Cl OH

(b) CH,— C|H —|CH2

OH

(c) H3C——<OI
O
(d)
H,C ) KCH3

The major product of the following reaction is

CH,C = CH —@DCl( equiv)
’ (ii) DI

(a) CH,CD(C1)CHD(1)

(c) CH;CD(I)CHD(CI)

(2019 Main, 9 April )
(b) CH,CD,CH(CI)(I)
(d) CH,C(I)(CI)CHD,

15.

16.
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The compound with highest boiling point is (1982, 1M)
(a) 2-methyl butane (b) n-pentane

(c) 2, 2-dimethyl propane (d) n-hexane

Marsh gas mainly contains (1980, 1M)
(a) C,H, (b) CH,

(c) H,S (d) CO

Integer Answer Type Question

17.

10.

The maximum number of isomers (including stereoisomers)
that are possible on mono-chlorination of the following
compound, is CH,CH,CH(CH, )CH,CH, (2011)

Which one of the following alkenes when treated with HCI
yields majorly an anti Markownikov product?

(2019 Main, 8 April II)
(b) H,N—CH = CH,
(d) F,C—CH = CH,

(a) CI—CH = CH,

(¢c) CH,0—CH = CH,

The correct order for acid strength of compounds

CH=CH,CH;—C=CHandCH,=CH, is as follows :
(2019 Main, 12 Jan|)

(a) CH;—C=CH >CH, =CH, >HC=CH

(b)CH; —C=CH>CH=CH >CH, = CH,

(¢c)HC=CH >CH; —C=CH >CH, = CH,

(d) CH=C H > CH,= CH, >CH, — C= CH

The trans-alkenes are formed by the reduction of alkynes

with (2018 Main)
(a) H,-Pd/C, BaSO, (b) NaBH,
(c) Na/liq. NH, (d) Sn-HC1

The reaction of propene with HOCI (Cl, + H,O) proceeds

through the intermediate (2016 Main)

(a) CH;— CH— CH,— Cl  (b) CH;— CH(OH)— CH,

(¢) CH,— CHCl—CH,  (d) CH;— CH—CH,— OH

Which of the following compounds will exhibit geometrical
isomerism? (2015 Main)
(b) 3-phenyl-1-butene

(d) 1, 1-diphenyl-1-propane

(a) 1-phenyl-2-butene
(c) 2-phenyl-1-butene

Which compound would give 5-keto-2-methyl hexanal upon

ozonolysis? (2015 Main)
CH,; CH;
CH;
(a) (b)
CH;
CH,; CH;
(© (d)
CH,
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11.

12.

13.

14.

15.

16.

17.

18.

19.

The major organic compound formed by the reaction of
1,1,1-trichloroethane with silver powder is (2014 Main)
(b) ethene

(d) 2-butene

(a) acetylene
(c) 2-butyne

The number of optically active products obtained from the
complete ozonolysis of the given compound, is (2012)

CH; H

CH;—CH=—= CH—!—CH=CH—(;—CH=CH—CH2

jang [T
(@Y
i

(a) 0 (b) 1 (c) 2 (d) 4

The synthesis of 3-octyne is achieved by adding a
bromoalkane into a mixture of sodium amide and an alkyne.
The bromoalkane and alkyne respectively are (2010)
(a) BrCH,CH,CH,CH,CH, and CH,CH,C = CH

(b) BrCH,CH,CH, and CH,CH,CH,C = CH

(c) BrCH,CH,CH,CH,CH, and CH,C = CH

(d) BrCH,CH,CH,CH, and CH,CH,C = CH

The number of stereoisomers obtained by bromination of

trans-2-butene is (2007)

(a)1 (b)2

(©3 (d)4

The reagent(s) for the following conversion,

Br 9
B N — > H—=——H
T

is/are (2007, 3M)

(a) alcoholic KOH

(b) alcoholic KOH followed by NaNH,

(c) aqueous KOH followed by NaNH,

(d) Zn/CH,0H

CH;— CH=CH, + NOCl—— P; Identify the adduct.
(2006, 3M)

(a) CH3—CH—|CH2 (b) CH3—|CH—|CH2

Cl NO NO
Cl

(©) CH3—CH2—(|JH (d) |CH2—CH2—‘CH2

NO NO cl
Cyclohexene is best prepared from cyclohexanol by which of
the following? (2005)

(a) conc. H3PO,
(c) conc. HC1

(b) conc. HC1/ ZnCl,
(d) conc. HBr

2-hexyne gives trans-2-hexene on treatment with (2004, 1M)
(a) Li/NH, (b) Pd/BasSO,
(c) LIAIH, (d) PH,

2-phenyl propene on acidic hydration, gives (2004, 1M)
(a) 2-phenyl-2-propanol
(b) 2-phenyl-1-propanol
(c) 3-phenyl-1-propanol
(d) 1-phenyl-2-propanol

20.

21.

22,

23.

24,

25.

26.

27.

2+
Ph—C=C—CH, He” A; A is
H* (2003, 3M)
Ph o Ph
(a) ; () _>=o
H;C H;C
OH

Ph Ph
© \; @ _\}OH
H-:C H,C

3 3
Identify a reagent from the following list which can easily
distinguish between 1-butyne and 2-butyne. (2002, 3M)
(a) bromine, CCl, (b) H,, Lindlar catalyst
(c) dilute H,SO,, HgSO, (d) ammoniacal CuCl, solution
In the presence of peroxide, hydrogen chloride and hydrogen
iodide do not give anti-Markownikoff’s addition to alkenes
because (2001, 1M)
(a) both are highly ionic
(b) one is oxidising and the other is reducing
(c) one of the steps is endothermic in both the cases
(d) all the steps are exothermic in both the cases
The reaction of propene with HOCI proceeds via the addition
of (2001)
(a) H' in the first step (b) CI" in the first step
(c) OH in the first step (d) CI" and OH single step
Hydrogenation of the adjoining compound in the presence of
poisoned palladium catalyst gives

HyC, H

P _
Hy, 7 H

H

(a) an optically active compound
(b) an optically inactive compound
(c) a racemic mixture

(d) a diastereomeric mixture

(2001, 1M)

Propyne and propene can be distinguished by (2000)
(a) conc. H,SO4 (b) Br, in CCly

(c) dil. KMnO, (d) AgNO; in ammonia

Which one of the following alkenes will react fastest with H,

under catalytic hydrogenation condition ? (2000, 1M)

R R R H
(a) >=< (b) >=<
H H R H
R R R R
(c) >=< (d) >=<
R H R R

The product(s) obtained via oxymercuration

(HgSO, + H,S0, ) of 1-butyne would be (1999, 2M)

(a) CH,—CH,—C—CH,

(b) CH,— CH,— CH,— CHO

(¢) CH; — CH, — CHO + HCHO
(d) CH; — CH,— COOH + HCOOH



28.

29.

30.

31.

32.

33.

34.

35.

36.

In the compound, /\/EH , the C2-C3 bond is of the
type (1999, 2M)
@sp-sp°  O)sp’-sp (©sp-sp  (d)sp’—sp’

The reaction of CH;CH=CH OH with HBr
gives (1998, 2M)
(a) CH;CHBrCH, Q OH

(b) CH;CHBrCH, Br

(c) CH;CH,CHBr OH

Br

piele

(d) CH;CH,CHBr

Which one of the following has the smallest heat of
hydrogenation per mole ? (1993, 1M)
(a) 1-butene

(c) cis-2-butene

(b) trans-2-butene
(d) 1, 3-butadiene

The number of structural and configurational isomers of a
bromo compound, CsHyBr, formed by the addition of HBr to

2-pentyne respectively, are (1988, 1M)
(a) 1 and 2 (b)2 and 4 (c)4 and 2 (d)2and 1
Acidic hydrogen is present in (1985, 1M)
(a) ethyne (b) ethene (c) benzene  (d) ethane
Baeyer’s reagent is (1984, 1M)

(a) alkaline permanganate solution
(b) acidified permanganate solution
(c) neutral permanganate solution
(d) aqueous bromine solution

When propyne is treated with aqueous H,SO, in the presence

of HgSO,, the major product is (1983, 1M)
(a) propanal (b) propyl hydrogen sulphate
(c) acetone (d) propanol

The compound 1, 2-butadiene has (1983, 1M)
(a) only sp-hybridised carbon atoms

(b) only sp*-hybridised carbon atoms

(c) both sp and spz—hybridised carbon atoms

(d) sp, sp* and sp*-hybridised carbon atoms

Which of the following will decolourise alkaline KMnO,
solution? (1980, 1M)
(a) C3Hg (b) CH, (c) CCly (d) C,H,

Objective Questions II
(One or more than one correct option)

37. The correct statement(s) for the following addition reactions
is (are) (2017 Adv.)
H,C H H,C H

@ > . < Br,/CHCl,

MandN () y=( 22D, 5onap
H

H CH, CH,
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(a) (M and O) and (N and P) are two pairs of enantiomers

(b) Bromination proceeds through trans-addition in both the
reactions

(¢) O and P are identical molecules
(d) (M and O) and (N and P) two pairs of diastereomers

Assertion and Reason

Read the following questions and answer as per the direction
given below :

38.

39.

40.

41.

(a) Statement I is correct Statement II is correct Statement II is
a correct explanation of Statement 1.

(b) Statement I is correct Statement II is correct Statement II is
not the correct explanation of Statement I.

(c) Statement I is correct Statement II is incorrect.

(d) Statement I is incorrect Statement II is correct.

Statement I Addition of bromine to trans-2-butene yields
meso-2, 3-dibromo butane.

Statement II Bromine addition to an alkene is an
electrophilic addition. (2001, 1M)

Statement I Dimethyl sulphide is commonly used for the
reduction of an ozonide of an alkene to get the carbonyl
compound.

Statement II It reduces the ozonide giving water soluble
dimethyl sulphoxide and excess of it evaporates. (2001, 1M)

Statement I 1-butene on reaction with HBr in the presence

of a peroxide produces 1-bromobutane.

Statement II Itinvolves the formation of a primary radical.
(2000, 1M)

Statement I Addition of Br, to 1-butene gives two optical

isomers.

Statement II The product contains one asymmetric carbon.
(1998, 1M)

Passage Based Questions

42.

Passage 1

Pd-BaSO, (i) BoHs
8118

CgH
86T, (i) H,0, NaOH, I,0~

H,0
HgSO,,H,SO,
Coty (i) EtMgBr, H,O

(ii) H*, Heat (2015 Adv.)

Compound X is

(0] OH
(a) ©)‘\CH3 (b) ©)\CH3
© @N o @ ©/\CHO
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43. The major compound Y is

(a) ©/\/\CH3 (b) ©/\/\CH
CH, CHj3
CHs |
©) ©)Jv @ ©/<CH3
Passage 2

An acyclic hydrocarbon P, having molecular formula C¢H;,
gave acetone as the only organic product through the
following sequence of reactions, in which Q is an
intermediate organic compound.
(i) dil. HySO4/HgS0y
(ii) NaBHy/ethanol

3

(CeHi0) i) dil. acid

(i) dil. HySOy4(catalytic (l?

amount) (-H,0)
(ii) O3/ethanol 7N\
(iii) Zn/Hy0 H:;C  CH;  (5017)
44. The structure of the compound Q is
H,C N ?H H,C ?H
(a) H;C— C—CH,CH, (b) H,C—C— C—CH,
H;C H H3C/ H
OH

H,C
3 \ |
(¢) H—C—CH,CHCH; (d)

e
OH
CH;CH,CH, ‘CH CH,CH;
45. The structure of compound P is
(a) CH,CH,CH,CH,—C = C—H

(b) HyCH,C—C = C—CH,CH,

H,C

() H—C—C= C—CH,
H,C
H,C

(d) H3C—/C—C =C—H
H,C

Passage 3

Schemes 1 and 2 describe sequential transformation of

alkynes M and N. Consider only the major products formed in
each step for both schemes.

(i) NaNH, (excess)
(if) CH3CH,I (1 equivalent)

- X (Scheme 1)
(iii) CH;3lI (1 equivalent)

HO M (iv) Hy, Lindlar's catalyst

(i) NaNH, (2 equivalent)

' OH
(ii) Bm/

(i) H30™, (mild)
N (iv) H,, Pd/C
(v) CrO4

Y (Scheme 2)

46. The correct statement with respect to product Y is
(a) it gives a positive Tollen’s test and is a functional isomer of X'
(b) it gives a positive Tollen’s test and is a geometrical isomer of X
(c) it gives a positive iodoform test and is a functional isomer of X
(d) it gives a positive iodoform test and is a geometrical isomer of X'

47. The product X is

H,CO H
(a) = (b) /_>=<7
H
H H H,CO
H
CH;CH,0
© = @ H
CH,;CH,0
H H
Fill in the Blanks
48. 1,3-butadiene with bromine in molar ratio of 1 : 1 generate
predominantly ...... . (1997, 1M)

49. Addition of water to acetylene compounds is catalysed by ......
and ...... (1993, 1M)

50. Kolbe’s electrolysis of potassium succinate gives CO, and ...... .
(1993, 1M)

51. The terminal carbon atom in 2-butene is ...... hybridised.
(1985, 1M)

52. Acetylene is treated with excess sodium in liquid ammonia. The
product is reacted with excess methyl iodide. The final product is
...... . (1983, 1M)

53. ... is most acidic. (Ethane, Ethene, Ethyne) (1981, 1M)

True/False

54. Moist ethylene can be dried by passing it through concentrated
sulphuric acid. (1981)

Integer Answer Type Question

55. The total number of cyclic isomers possible for a hydrocarbon with
the molecular formula C,H is (2010)



Subjective Questions

56. Monomer 4 of a polymer on ozonolysis yields two moles
of HCHO and one mole of CH;COCHO.
(a) Deduce the structure of 4.
(b) Write the structure of all cis form of polymer of compound
A. (2005, 2M)
57. A biologically active compound, Bombykol (C,sH3,0) is
obtained from a natural source. The structure of the
compound is determine by the following reactions.

(a) On hydrogenation, Bombykol gives a
compound A, C16H340, which reacts with
acetic anhydride to give an ester.

(b) Bombykol also reacts with acetic anhydride to
give another ester, which on oxidative
ozonolysis (Os/H202) gives a mixture of
butanoic acid, oxalic acid and 10-acetoxy
decanoic acid.

Determine the number of double bonds in
Bombykol. Write the structures of compound
A and Bombykol. How many geometrical
isomers are possible for Bombykol?

58. Identify X, Y and Z in the following synthetic scheme and
write their structures.

i) NaNH
CH,CH,—C = C—H NN
(i) CH3CH,Br
H,/Pd BaSO,

Y Alkaline KMnO,

Is the compound Z optically active? Justify your answer.
(2002)

59. (a) Identify (4), (B), (C), (D) and (E) in the following schemes
and write their structures :

<:>_\ -
é
\

NaNHz HgSO4/stO4
B C

c H,NHNCONH, D NaOD/D,0 (excess) E

(b) Identify (X), (Y) and (2) in the following synthetic scheme
and write their structures. Explain the formation of labelled
formaldehyde (H,C*O) as one of the products when
compound (Z) is treated with HBr and subsequently
ozonolysed. Mark the C* carbon in the entire scheme.
BaC*0O; + H,SO4 — (X) gas
[C* denotes C"]

i) Mg/cth ;
H,C— CH—Br (1)) &1 vy HAHs 7y
(i) X

60. An alkene (4) Ci¢Hjs on ozonolysis gives only one
product (B) CgHgO. Compound (B) on reaction with
NaOH/I, yields sodium benzoate. Compound (B) reacts
with KOH/NH,;NH, yielding a hydrocarbon (C) CgHj.
Write the structures of compounds (B) and (C). Based on

61.

62.

63.

64.

65.

66.

67.
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this information two isomeric structures can be proposed for

alkene (4). Write their structures and identify the isomer which

on catalytic hydrogenation (H,/Pd - C) gives a racemic mixture.
(2001)

What would be the major product in the following reaction?

H,
A —_—
CH, Lindlar’s catalyst

Complete the following reactions with appropriate reagents :

@) E>=_>_>_> D
D D OH

(2000, 1M)

CH
AN / N 3
H;C CHj; H,C \D
CH; CHj3 (1999)

Complete the following reactions with appropriate structures of
products/reagents :

B i H ival
C.H,CH=CH, 1) (4] (1) NaNH, (3 equivalent) [B]
(i) CH;l (1998, 2M)

Write the intermediate steps for each of the following reactions :

H;0"
(i) C¢H;CH(OH)C=CH —— C4H;— CH=CH—CHO

X H
(i) -
OH 0~ “CH;

The hydrocarbon 4, adds one mole of hydrogen in the presence
of a platinum catalyst to form n-hexane. When A4 is oxidised
vigorously with KMnO,, a single carboxylic acid, containing
three carbon atoms, is isolated. Give the structure of 4 and
explain. (1997, 2M)

Complete the following, giving the structures of the principal

organic products : (1997, 1M)
Ph H
i —_— A
(i) = + KNH, —» -5
Ph Br
R R
. B
(ii) + HCIOy, ——> -2

[R = nPr]

An alkyl halide, X, of formula C¢H;;Cl on treatment with
potassium tertiary butoxide gives two isomeric alkenes Y and Z
(C¢H;,) . Both alkenes on hydrogenation gives 2, 3-dimethyl
butane. Predict the structures of X, Y and Z. (1996, 3M)
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68. Give the structure of the major organic products obtained
from 3-ethyl-2-pentene under each of the following reaction
conditions : (1996)

(a) HBr in the presence of peroxide

(b) Br,/H,0 76.
(c) Hg(OAc),/H,0, NaBH, 77
69. Write down the structure of the stereoisomers formed when
cis-2-butene is reacted with bromine. (1995) 78.
70. An organic compound E (CsHg) on hydrogenation gives
compound F(CsH;,). Compound E on ozonolysis gives
formaldehyde and 2-keto propanal. Deduce the structure of
compound E. (1995)
71. When gas 4 is passed through dry KOH at low temperature, a
deep red coloured compound B and a gas C are obtained. The
gas A, on reaction with but-2-ene, followed by treatment with 79.
Zn / H,O yields acetaldehyde. Identify 4, B and C.
(1994, 3M)
72. Give the structures of 4, B and C (explanation are not required)
(i) A4(C,Hg)whichadds on HBr in the presence and in the absence 80.
of peroxide to give same product.
(ii) B (C,Hg) which when treated with H,0/ H,SO, gives C,H,,0
which cannot be resolved into optical isomers. 81.
(iii) C (GH,,), an optically active hydrocarbon which on catalytic
hydrogenation gives an optically inactive compound C.H, ,.
(1993,1Mx 3= 3M)
73. Write the balanced chemical equation for the following
“Ethylene glycol is obtained by the reaction of ethylene with
potassium permanganate.” (1991, 1M) 82.
74. Give a chemical test and the reagents used to distinguish
between cyclohexane and cyclohexene. (1991, 1M)
75. A white precipitate was formed slowly when silver nitrate
was added to compound 4 with molecular formula C;H,;CL
Compound 4 on treatment with hot alcoholic potassium 83.
hydroxide gave a mixture of two isomeric alkenes B and C,
having formula CyH;,. The mixture of B and C, on
ozonolysis, furnished four compounds
(i) CHyCHO (ii) C,H;CHO 84.
Answers
Topic 1 17.
1. (b) 2. (c) 3. (b) 4. (b) 21.
5. (d) 6. (c) 7. (b) 8. (¢) 25.
9. (a) 10. (d) 11. (c) 12. (d) 29.
13. (b) 14. (c) 15. (d) 16. (b) 33.
17. (8) 37.
. 41.
Topic 2 45.
1. (¢ 2. (c) 3. (b) 4. (d) 48,
5. (d) 6. (c) 7. (¢) 8. (a)
9. (a) 10. (b) 11. (o) 12. (a) 50.
13. (d) 14. (a) 15. (b) 16. (a) 53.

(iii) CH;COCH;, (iv) CH, —C|H— CHO
CH,
What are the structures of 4, Band C? (1986, 4M)

How would you convert acetylene to acetone? (1985, 1M)

Give the chemical test to distinguish between 2-butyne and
1-butyne. (1985, 1M)

Following statements are true, only under some specific
conditions. Write the condition for each subquestion in not
more than two sentences :
(i) 2-methyl propene can be converted into isobutyl bromide
by hydrogen bromide.
(ii) Ethyne and its derivatives will give white precipitate with
ammoniacal silver nitrate solution. ~ (1984,1M x 2= 2M)
Give reasons for the following in one or two sentences :
(1) Methane does not react with chlorine in the dark.
(i) Propene reacts with HBr to give isopropyl bromide but
does not give n-propyl bromide. (1983,1M x 2 =2M)
State with balanced equation, what happens when “propene
is bubbled through a hot aqueous solution of potassium
permanganate.”? (1982, 1M)

One mole of a hydrocarbon A reacts with one mole of
bromine giving a dibromo compound, CsH, (Br,. Compound
A on treatment with cold dilute alkaline potassium
permanganate solution forms a compound, CsH;,0,. On
ozonolysis 4 gives equimolar quantities of propanone and
ethanal. Deduce the structural formula of 4. (1981, 1M)

Write the structural formula of the major product in each of
the following cases

(i) Ethene mixed with air is passed under pressure over a
silver catalyst.

(i) The compound obtained by hydration of ethyne is treated
with dilute alkali. (1981,2x1/2M=1M)
Outline the reaction sequence for the conversion of ethene to
ethyne (the number of steps should not be more than two).
(1981, 1M)

Give one characteristic test which would distinguish CH,
from C,H,. (1979, 1M)

@) 18.
) 22.
) 26.
© 30.
() 34.

S
=

19. (a) 20.
23. (b) 24.
27. (a) 28.
31. (b) 32.
c 35. (d) 36.
(a,b,d) 38. (b) 39. (a) 40.
(a) 42, (c) 43. (d) 44.
(d) 46. (c) 47, (a)
3,4-dibromo-1-butene 49. H,SO,, HgSO,
ethene 51. sp® 52. 2-butyne

Terminal alkyne (ethyne) 54. False 55. (5)

LT
ez

AAA,_\,_\,_\A
=3
=
o
~

AAA/EJ\/‘\/‘\A
Naid

=3
~=
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Hints & Solutions

Topic 1 Saturated Hydrocarbons

A dihedral angle is the angle between two C—H bonds
projected on a plane orthogonal to the C—C bond. In the given
skew conformation, having Newman’s projection the dihedral
angle is
—C—C—H"
=H—C—C—H,))+H,—C—C—H")
=29°+120°=149°

29° (ethane, CyoHg)

The four types of strains viz (a) electrostatic force of attraction,
(b) torsional strain, (c) angle strain, (d) steric stain, are
responsible for the stability or energy barriers of conformers. In
cyclic compounds, all types of strains may be present.

Compound Type of strains/forces
N a+c
a+b+c

J—7

OH F

N—

In a cyclic or open-chain compounds, angle strain (c) is absent. e.g.

a+b+c+d

Compound Types of strains/forces
H H a
H
H H
H
CHg a+b
H CH;
H H
H
OH a+b+d
H OH
H H
H

3. PLAN This problem is based on boiling point of isomeric alkanes.

As we know more the branching in an alkane, lesser will be its
surface area and lesser will be the boiling point

Wand W

A

On moving left to right (III to 1)
« branching increases

« surface area decreases
« boiling point decreases
Hence, correct choice is (b).

CHj CHj

)\/ cH )\/ CHCI
3C CHj;
I
CH; CH,Cl
)ﬁ/C}h + CH3 + )\/CH3
H;C (1 CH;
Cl
(I + 111 v (V+VID)
chiral chiral

Since, fractional distillation cannot separate enantiomers
(I + 1 andV+VI) M=4and N=6.

;( ]

1 bromo 3-chlorocyclobutane

Na/A

Waurtz’s reaction

CH;

)VCH3 + Cl SN )\/\@
1

H;C
2-methyl butane

Cl
+)\/ +/\\/ +/Q/
Cl

Cl

v

Out of the four products formed above, II and IV are chiral,
produced in pairs, giving total of six mono-chlorination
products.
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7.

10.
11.

12,

13.

14.

15.

16.

Bromination is highly selective, occur at the carbon, where the
most stable free radical is formed :
CH; —CHD— (|3H —CH; + Br* —
CH,
CH; —CHD— C—CH; + HBr

CH,
(a tertiary free radical)
Toluene on treatment with Cl, in the presence of heat or light

undergo free-radical chlorination at benzylic position, giving

benzyl chloride
CH; CH,C1

+ Cly + HCI

or heat

Toluene Benzyl chloride

CH,
(CH;);CMgCl + D,0O —— CH;—C—D + Mg(OD)Cl
i,
Alkanes are all less dense than water, floats over water.
C—H bond with sp>-C will be longest in C,H;.
CH, CH,4 CH,
CH;—C—C—CH,—CH, CH;—C—CH,CH,CH;
CH, CH,

2, 2, 3, 3-tetramethyl pentane
(no isopropyl group)

CH,
2, 2-dimethyl pentane
(no isopropyl group)

CH, CH, CH; |

CH,—C— CH— CH,CH, CH,— CH - CH,CH,CH,

Isopropyl group

CH;
2-methyl pentane

2, 2, 3-trimethyl pentane
(no isopropyl group)

Boiling point of alkane increases with molar mass. Among
isomeric alkanes, branching decreases boiling point. Therefore,
n-octane has highest boiling point, higher than

2,2, 3, 3-tetramethyl-butane (an isomer of n-octane).

Ethylene absorb H,SO, forming CH;—CH,0SO;H and

dissolve. Benzene, with warm H,SO,, undergo sulphonation and
dissolve.

Aniline, with H,SO,, forms anilinium sulphate salt and dissolve.
Hexane, a hydrophobic molecule, does not react with H,SO,,
remains insoluble.

Among alkanes, boiling point increases with molar mass.
Among isomeric alkanes, branching decreases boiling point.
Therefore, n-hexane has highest boiling point among these.

Methane is produced due to the decay of vegetables or animal
organisms present in swamps and marsh, by the action of bacteria.

Due to this method of formation, methane is also known as marsh
gas.

cl,

/\(/\ + /\(\
I I v el
I has one chiral carbon = two isomers

I has two chiral carbons and no symmetry = four isomers.
III and IV have no chiral carbon, no stereoisomers.

Topic 2 Unsaturated Hydrocarbons

1.

According to the given conditions, the compound should be
alkyne with triple bond present at the terminal. The chemical
reactions involved are as follows:

Step 1
_ Ag0 _
CH;—C=CH —=>CH;—C=C—Ag!
Prop-1-yne (Precipitates)
A)
Step 2

H92+
CH;—C=CH g 150,

OH Tauto-
‘ merisation
CHy—C=CH, ——=

o
|

CHy—C CHg
(Propan-2-one)

®)

NaBH4J

CH;— C\JH* CH,
OH
(C) (2° alcohol)

Conc. HCI
it
ZnCly

CH;—CH—CHj,4

Cl
Turbidity within 5 minutes
(Insoluble in Lucas reagent)

In step-1, prop-l-yne reacts with Ag,0 to form

CH;—C =C—Ag, that forms white precipitates.

In step 2, prop-l-yne in presence of mercuric sulphate and
dil- H,SO, produces carbonyl compound (CH;),C = 0O which
produces (CH;),CH—OH in presence of NaBH,. 2°lcohol
on reaction with Lucas reagent produces turbidity in about
5 min.

But-2-ene on reaction with alkaline KMnO, at elevated

temperature followed by acidification will give acetic acid
(CH;COOH). Hot alkaline solution of potassium
permanganate followed by acidification oxidatively cleaved
alkenes. The reaction proceed as follows :

Alk. KMnOy, heat
CH,—CH=CH—CH, — " 2CH,COOH
But-2-ene H3O+ Acetic acid



3.

4.

The major product of the given addition reaction is
H,C — (|3H — CH,,.

OH Cl

In this reaction, H,O is used as a solvent and the major product
of the reaction will be a vicinal halohydrin. A halohydrin is an
organic molecule that contains both OH group and a halogen. In
avicinal halohydrin, the OH and halogen are bonded to adjacent
carbons.

H,C—CH = CH, 22,

H,C — CH — CH, +

OH
A chlorohydrin (major product)
CH,— C|H — CH,

Cl Cl

(Minor product)
The reaction proceeds through following mechanism :

(_)Cl
Slow H O
CH3—CH=CH, +: CI—\SI — CH3—CH—CH2 Fast

Chloronium
ion

+:CR

Hz

CH3—C‘)HCH2—CI o CH3(|)H CH,—CI: +H30
d:OH :OH
\ Chlorohydrin

The major product obtained in the given reaction is
CH,C (I (C1) CHD,.

1. DCI (1 equiv.)
CH,C =CH TCHz),C IO(CHCHD,

Addition in unsymmetrical alkynes takes place according to
Markovnikov’s rule.

Reaction proceed as follows :
Cl

DCI (1 equiv.) H DI
_—>

C 3(|3=CHDj

Cl

CH,C =CH

Prop-l-yne

|
CH,—C—CHD,

|
I

Product

Attachment of electron donating group (+ R or + ) with
sp*-carbon of an unsymmetrical alkene supports Markownikov’s
addition rule through electrophilic-addition-pathway.

But, attachment of electron-withdrawing group (— R or — /) for
the same will follow anti-Markownikov’s pathway (even in
absence of organic peroxide which favours free radical addition)
through electrophilic addition pathway.

The product formed by given alkenes when treated with HCI.
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3+ 8- ¢ N A
cﬂ cH =L or,2H=0l. 0 — off — oy~ O,
U fast
C‘II
Cl— CH— CH,
Similarly,
3+ 8-
HoN Y CH (c\HVQ—U* S, NH, — CH — CH,§
(+R) (‘DI
Cl™
., s NHa — CH —CHg

f\y H L op=2h=C

CHy0 ¥ CH=L cH 2= cH,0 — CH— CH,
(+R) CI
—CH0— ‘CH — CH
Cl
5
Cl—
HCI @
F,C—<CH= CHZW F4C — CH,— CH,
ot -al°
O, FLC— CH,CH,OI
Slow” " 3Y T TR2M2
Ethene (H,C = CH,) is sp>hybridised and ethyne

(HC = CH) is sp-hybridised. In ethyne, the sp-hybridised
carbon atom possesses maximum s-character and hence,
maximum electronegativity. Due to which, it attracts the shared
electron pair of C—H bond to a greater extent and makes the
removal of proton easier. Hence, alkyne is much more acidic
than alkene.

Presence of electron donating group in alkyne (H;C—C=CH)
decreases the acidic strength of compound. Hence, the correct
order of acidic strength is:

HC= CH >H,C— C=CH > CH,= CH,

Sodium metal in liquid ammonia reduces alkynes with anti
stereochemistry to give frans alkenes. The reduction is
selectively anti since the vinyl radical formed during reduction
is more stable in trans configuration.

Mechanism

R—C=C—R— = cﬁ\HNH2 N=c{
-1 Z2E g

Na Na* Vinylic

radical

Sodium atom donates an electron to
alkyne which after H-abstraction from
NH, forms vinylic radical. Transfer of
another electron gives a vinylic anion,
which is more stable in rans form. This Na —Na*

in turn gives trans-alkene after
H-abstraction from NH;.
R R
\C_C/H R, \c—c/H
= ~m, - (=
H / AN R AN R
Vinylic

anion
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— +

8. ) )
CHyCH—CH,— 22—l , CH, CH CH, CI
(Electrophilic )
addition) (Intermediate)
l OH
CH3;—CH—CH,—Cl
OH
9. 2\C7C/CH3 2\C7C/H
VAN oc—=c{
H H H CH,
cis form trans form
10.  CH; CH,
O, N0
Zn/H,0 CHO
CH, cH,

5-keto-2-methyl hexanal

11. The reaction is

2CH;—CCl, —6&) CH;—C= C—CH; + 6 AgCl
A But-2-yne

12. Ozonolysis of the given triene occur as follows :

CH, CH,

H3;C—CH=CH—C—CH=CH—C—CH=CH—CHj

Tl
jang (1]

CH;4
05
——— 2 CH3—CHO + 2 OHC—C—CHO
H

Since, none of the above dial is chiral, no optically active
product is obtained.

13. CH,CH,C=CH + Br— CH,CH,CH,CH,
—— CH,CH,—C=C—CH,CH,CH,CH,
- T

3-octyne

14. Br, undergo anti-addition on C=C bonds as:

Br
CH; |
HC H 2 ,s'C\CH
= tBr—o e L4
v’ \CH; |C H
Br
(meso isomer)
Br NaNH
15. > Ale. KOH | CH,=CHBr b
Br H—C=C—H

16. NOCI undergo electrophilic addition on alkene as:
NOCI —> "N=0+CI”

. .
CH,— CH—CH, + "NO —> CH;— CH—CH,

NO
CH,— CH—CH,

Cl NO

17. Cyclohexanol on treatment with concentrated H;PO, undergo
acid catalysed dehydration giving cyclohexene.

OH

conc-H3POy
—_

cyclohexanol cyclohexene

18. Alkynes on treatment with alkali metals in liquid ammonia gives
trans hydrogenation product:

Li/NH
CH,—C=C—CH,—CH,—CH; ——
2-hexyne
HeL _ H
AC=EN
H CH,CH, CH,

trans-2-hexene

19. Reaction proceeds through carbocation intermediate:

+ + H
CH,— Cc—cH, 5 cH—c—cH, 2%

|
I|)h Ph

2-phenyl propene 3°, resonance stabilised
(|)H
CH, —(|3—CH3
Ph

2-phenyl-2-propanol

20. Reaction proceeds through carbocation intermediate :

+ H,0
Ph—C=C—CH; + Y — Ph—C=CH—CH; —
Resonance stabilised
N I
Ph— C=CH—CHj,
Unstable enol

<~—— Ph—C—CH,—CH;

(Tautomerisation)
21. Ammoniacal CuCl, forms red precipitate with terminal alkynes,
can be used to distinguish terminal alkynes from internal alkynes:

CH;— CH,— C=C—H+ CuCl, V()

CH,—CH,—C=C Cu"{
red ppt.



22. Inaddition of HBr to an alkene, in the presence of peroxide, both
the propagation steps are exothermic :

HBr + HO® — H,0+ Br®
Propagation
[ CH;—CH=CH, + Br* —> CH,—CH—CH,Br; AH <0
JCH3—CH—CH2Br + HBr —> CH,—CH,—CH,Br
{ + Br*; AH<0

In case of addition of HCI and HI, one of the propagation step is
endothermic, reaction fail to occur.

23. HOCl ——> HO™ + CI” .
Cl

/ N\

Cl

- |
Ho, CH3—C‘H—CH2

CH,—CH=CH, + CI" —— CH;—CH CH,

OH
i.e. reaction is initiated by CI* (chloronium ion electrophile)

24, Hydrogenation with poisoned palladium brings about cis
hydrogenation of alkyne and does not affect double bonds :

CHj;

Hy/Pd
CH; H
&
H3C 3 CH3
H Hy H

meso-compound
(optically inactive)

25. Terminal alkynes forms silver salt with Tollen’s reagent while
alkene does not react with Tollen’s reagent.

NH
ALEC) CH,—C=CAg

white ppt.
Therefore, Tollen’s reagent can be used to distinguish a terminal
alkyne like propyne from alkene as well as from internal alkynes.

CH;—C=C—H + AgNO;,

26. Ease of catalytic hydrogenation depends upon the size of groups
present at the doubly bonded carbon. Larger the size of groups,
difficult the hydrogenation. Therefore, in the given situation,
disubstituted reacts at faster rate than tri and tetra substituted
alkenes. Among disubstituted, the stability order is :

cis < geminal < trans.

27. Oxymercuration-demercuration brings about Markownikoff’s
addition of water as :

HgSO
CH;—CH,—C=C—H + H,S0, ———%

OH (ﬁ

CH,— CH,— C=CH, | «—> CH,— CH,— C—CH,

butanone

unstable enol

Hydrocarbons 321

28. According to the IUPAC conventions, compound can be
numbered as:

12 3 4 56
H,C=CH—CH,—CH,—C=C—H
Here, C-2 is sp* and C-3 is sp>-hybridised.

29. Electrophilic addition on C=C is governed by stability of

carbocation:

H+
CH;—CH=CH OH ——
+
CH;—CH,—CH OH

!

Br +
lir CH3CH2CH7<:>=OH
Br (resonance stabilised carbocation)
CH;CH,—CH. OH

30. Among alkenes-heat of hydrogenation depends on :

(a) The number of double bonds-greater, greater the amount of
heat evolved in hydrogenation.
Hence, 1, 3-butadiene has highest heat of hydrogenation
among these.

(b) Relative stability of alkenes-greater the stability, smaller the
heat evolved in hydrogenation. trans-2-butene is most stable
among three given butenes, has least heat of hydrogenation.

31. CH,—C=C—CH,CH, + HBr —

H;C N / C,Hy H3C\ _Br
/C = C\ + /C =C N
H Br H C,H;
geometrical isomers
H3C\ /C2H5 H3C\ /H
/C = C\ + /C = C\
Br H Br C,H;

geometrical isomers

Therefore, two structural and four configurational isomers.

32. Terminal alkynes are slightly acidic, forms salt with very strong
base like Na, NaNH, etc.

1
H—C=C—H+Na 25 H—C=C"Na' + SH 1

ethyne
33. Baeyer’sreagent is cold, dilute, alkaline permanganate solution,
used to detect presence of olefinic bonds.

34. Alkynes undergo Markownikoff’s addition of water in the
presence of H,SO,/HgSO, :

OH

HgSO,
CH;—C=C—H + H,S0, —— | CH;—C=CH,

Unstable enol

0
=—— (CH,—C—CH,

) .
(Tautomerisation) Acetone
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35. Structural formula of 1, 2-butadiene is :
H,C— C— CH— CH,
) 0
spr osp ospt sp

36. Unsaturated compounds which contain C=C or C=C,
decolourises the purple colour of alkaline KMnO, solution.
—OH

HO™ + MnO,

CH,=CH, + KMnO, —2—> |
purple CH,—OH
coloured

37. Addition of halogen at double bond occur in antiorientation via
cyclic halonium ion intermediate.

()
Br
r
CH; H Br CH; H
\CZC/ Br, : CH; Br, £ Nt
/ - H = 3
W H
H CH; H;C H Br
trans Meso (M and N)
(ii) u H B@;
AN c— C/ Br, :: CH;4
/ H
CH HY
CH;, cis 3 CH,
Br
H, CH;
ST 2
;I CHj H““w
Bro P
Enantiomers

Here, (M + O) and (N + P) are pair of diastereomers.

38. c—C + Br, ——> // {cH,
n”  cH £
3 H
trans §= H
CH,

Statement I is correct. Statement I1 is also correct. Meso form of
the product is due to anti addition of Br™ on cyclic bromonium
ion intermediate, hence Statement II is not correct explanation
of Statement I.

Br
CH, |
Br / CH;
—> Hm= N
C
|
Br
(meso)
39. (0}
/
C=C +03 —— \C/ \C/ CH;—S—CH;
N AINT
O0—oO0
ozonide
AN /

)C=0+0=C{_+ (CH;),S0

Both Statement I and Statement II are correct and Statement I is
correct explanation of Statement 1.

40. CH,—CH,—CH=CH, + Br® —

CH;—CH, —CH—CH,Br
a secondary radical
Therefore, Statement I is correct but Statement I is incorrect.

41. CH,—CH,—CH=CH, + Br, —>

CH,—CH,— CH—CH,Br

Br

has one chiral carbon

Both Statement I and Statement II are correct and Statement I1 is
correct explanation of Statement I.

Passage 1

The reaction condition indicates that starting compound is phenyl
acetylene.

42,
CH—CH,

C=C—H OH
Pd/BaSO, (i) BoHg
©/ Hy > C( (i) HoOp, NaOH, Hzo’

(2-phenyl ethanol)
*)

Hydroboration oxidation brings about anti-Markonikoff’s
hydration of alkene.

43.
C=CH
_Hg0.HgS0,
S0,
H*/A CHg
CoHs MgBr, H0 © o CHy 2>

CHa

Passage 2

The final ozonolysis product indicates that the alkene before
ozonolysis is

1
HyC\ /CH3 o
3 C
/C_ N o 2 /TN
H;C CH H,C  CH,

Also P(C¢Hjp) has two degree of unsaturation and
oxymercuration demercuration hydration indicates that it is an
alkyne. As alkyne, on hydration, gives a carbonyl compound
which on reduction with NaBH, gives a 2° alcohol.

OH
—C=C—+H0—> —C—CH,— NP, é_CHz_
(i) H |
H
2¢ alcohol



The secondary alcohol that can give above shown alkene on acid

catalysed dehydration is
CH; OH CH;

+
CH;—C—CH—CH; —) CH;—C — CH—CH3 Me-shift

CH; CH;
2° carbocati
] CH3 carbocation CH3
+

CH3—'C—CH—CH; = CH;— C= T—CH3

CH3 CH3
44, Explained in the beginning.
CH;4 CH3|C|)
HgSO4 (1)NaBH4
45, CHy—C—C=CH —0>CH3—|C_C —CH “mut “wur > ¢
CH;, CH;
)
Passage 3

46. PLAN This problem can be solved by using the concept of iodoform
test and functional isomerism.

Iodoform test The compound containing — COCH; or
—CH(OH) group will undergo iodoform test
Br OH

NaNH, o

H C
Iequivalent

NaNH,(leq)

H,Pd/C
H3O
mlld

OH Cr0;
—>_\_//
Y
e Thus, X and Y are functional isomers of each other and Y gives

iodoform test due to the presence of CH5CO group as Indicated.
Hence, correct choice is (c).

N

47. PLAN This problem can be solved by using the concept of nucleophilic
substitution reaction, oxidation reaction and reduction reaction
including strength of nucleophile and regioselectivity.

Reaction of Scheme 1 can be completed as

1.NaNH,

HO M

Among two nacked nucleophilic group I and II, II is more
nucleophilica and then will react selectively as follows

@HZGI

—_— Y

o 0 eO

lCH3I
CH;0— \

H, Lindlar’s
catalyst (produces
cis alkene)

(e w

CH;0—/ \

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.
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Hence, using the concept of regioselectivity we come on the
conclusion that final product is correctly represented by
structure (a).

3, 4-dibromo-1-butene :

NSF  + Br, ——> /WABT
Br

HgSO

CH=CH + H,80, ——5 CH;CHO
CH,—COOK Electrolysis
| SO CH,=CH, + 2C0,
CH,—COOK ethene
sp3
CH;—CH=CH—CH;
2-butene
2-butyne :
= .+ CHjl
H—C=C—H+ Na —— NaC=C Na ——

€xcess €Xcess

CH;—C=C—CH;
Terminal alkyne (ethyne) is most acidic among these.

Sulphuric acid undergo addition to alkene.

AAA

CH,

(a) CHy—C— CH—CH, &6 2HCHO
)

Zn-H,

0
[

+ CH,— C—CHO

H,C H H,C H
) ~ >c=c So=c
H,C

natural rubber

From oxidation products, structure of starting compound can be
deduced as :

CyH;— COOH + HOOC— COOH

butanoic acid oxalic acid 0

+ HOOC—(CH2 )8— CH,0— (”f— CH;,
10-acetoxy decanoic acid
T 0,/ H,0,
CH;CH,CH,CH=CH— CH=CH—(CH2 )8
—CH,0COCH;
Therefore, Bombykol is :

CH;CH,CH,—CH=CH—CH=CH—(CH,),— CH,OH
Bombykol

[

CH; —¢ CH,),, ¥~ CH,OH

)
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C,H;s
. Pd/BaSO JSAN ~H  alkaline KMnO, H———OH
_—
58. CH,CH,— C=C—H- NN oy oy c—c—cH,cH, —222%,  c—c\ H—{—OH
(i1) CH;CH,Br X H, C,H, C,H, C,Hs
Y (meso diol)
o
O
NaNHz HgSO4 "
C=CH B — C—CHj
ccu }hSO4
c
O
CH; 0 (|l/
H,NHNCONH, | | NaOD AN
AN C—=N—NH—C-—NH; D ——— CD;
2
D g D

(b) BaCO, + H,S0, —> CO, + BaSO,
X

(1) Mg/ether ” LiAlH,

CH, =CH—Br 752 CH,=CH—C—OH —— CH, =CHi— CH,—OH
(iii) H;0* Y
60. B+NaOH+1, —> CgH;—COONa (Iodoform reaction)
o
" Bis C6H5—£—CH3
B+N,H, _KOH, Hydrogalflbon (C) “Wolff-Kishner Reduction”
sHio

-.Cis C;Hs— CH,—CH,4

Hence, A4 can be one of the following :
H;Cq C()H5 H5 Cs CH;
>C C < Ne—c
H,;C CH,; H3C/ \C6H5

1

I on catalytic hydrogenation, would give meso compound while II on catalytic hydrogenation, would produce racemic mixtures.

\\ L1nd1ar s
CH catalyst

cis hydrogenatlon

o e G e (Y

OH
b P H,0
(b) CH;c—C  + BHR, ——=> CH3\C /™
iy
H3C>( CH; H3C>( \H
CH, o, D

R = (CHI;),CHCH,



Br

63. CH;—CH=CH, + Br, —> CH;—CH—CH,

H
has one chiral carbon
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|CH2CH3 C‘ZHS
68. CH,CH— C—CH,CH, 2", CH,— CH— CH— C,H,
3-ethyl-2-pentene peroxide
Br Br
A [4]
NaNH
2, G H—C=C—CH, CH,CH;
CH,I 2 Bry/H,0 |
+ — CH;—CH—C—CH,—CH
(|)H OH, 3 | 2 3
- Br
64. (i) CH;—CH—C=CH —*5 CH,—CH—C=CH [C;I]{
—H,0 + +
—, CH,—CH—C=CH L, CoH;
N o HeOA9 /LG oy, cn C| CH,CH
CH;— CH=CH—CHO = (H,—CH=C=CH NaBH, 3 L= C—CH, O,
(Tautomerisation) |
OH OH
unstable enol [C]
N~ 69. HiC B CH; -
(i) - AN S
H cis H
OH Br H  cn,
% ST, C
4 —c— ¢ O — |
H H3C § +
N H $ \ Br
Br H CH;
0 CH; Pair of enantiomers
65. Oxidation product indicates that alkene is symmetrical : (ﬁ ﬁHz
SN+ KMinO, L} 2CH;CH,COOH 70. CH;—C—CHO + O=C—H «— CH;C—CH=CH,
3-hexene 2-ketopropanal | E
o H
Formaldehyde
Ph H A
N/ 71. CH,—CH=CH—CH, ZGL> 2CH,—CHO
66. (i) C=C + KNH, ——> Ph—C=C—Ph , e
A Gas 4 is ozone (O3)
Ph Br Also; Gas 4 + KOH (dry) — B + GasC
R R deep red coloured
40, + 4KOH —> 4KO, + 2H,0 + O,
(i) + HCIO, — > 2R—COOH B C
B 72. (i) A must be a symmetrical alkene :
(0] Br
Br |
CH,CH—CHCH, + HBr —> CH,CH,— CH— CH,
CH, CH,4
(iii) + CHBr; + ~-BuOK —— |
(ii) CHy—C=CH, + H,SO,+ H,0 — CH,—C—CH,
C
OH
CH3 cl CH;3 Achiral
67. CH3 (CH;3);COK /CH2 CH3
H;C H;C |
CHj; CHj, (iii) CH;—CH,—C—CH=CH, + H, —>
|
CH; CH;
s Hyp CHs
+ H;C - HiC
., CHs

Pt
CH,
CH,CH,—C—CH,CH,
CH,

H
Achiral
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73. CH,=CH, + KMnO, + H,0 —> CH,—CH, + MnO,

OH OH
Ethylene glycol

74. Baeyer’s reagent (cold, dilute, alkaline permanganate) can be used
to distinguish between alkanes and alkenes. Alkenes decolourises
purple colour of Baeyer’s reagent while alkanes do not.

75. The alkenes are :
CH,—CH=0 + O—=CH—CH(CH,),
T T
CH,— CH=CH—CH— CH, ; CH,CH,CH—0+ O—C— CH,

1(B)
CH,

CH;—CH,—CH=C—CH,
11 (C)
Since, both alkenes I and II are obtained by (-elimination of
same halides, the halides must be :
T
CH;—CH,—CH—CH —CH;

Cl
(4)
Heat (A CH;l
76. H—C=C—H+Na 2B Wl oy c—cn
1
H
89 ey CcHy

HgSO, Acetone

77. 1-butyne (terminal) can be distinguished from 2-butyne
(internal) by either Tollen’s test or through Fehling’s test.

AgNO3

Ny CH;—CH,—C=CAg!
3aq White ppt.
CH;—CH,—C=C—H
\% CH;—CH,—C=CCul

NHs(aq) Red ppt.
78. (i) CHy—C=CH, + HBr 24, oy cH_ CH,Br
CH; CH,

2-methyl propene Isobutyl bromide
In the absence of peroxide, HBr would be added giving
tertiary butyl bromide.

(i1) Tertiary alkynes are slightly acidic, forms silver salt with
ammoniacal solution of silver nitrate :

R—C=C—H+ AgNO, ML) p  c—cagl

White ppt.

Download Chapter Test
http://tinyurl.com/yyjzocvw or

79. (i) Free radical chlorination of alkane require energy which is

supplied either in the form of heat or radiation.
(if) Addition of HBr proceeds through carbocation intermediates.

+ -
CH;—CH=CH, + H' —> CH;—CH—CH; -2
2° carbocation

CH3—C|H—CH3

Br
Isopropyl bromide

80. CH,CH=CH,+ KMnO,(ag) —2> CH;— CH—CH,+ MnO,
OH OH

81. Ozonolysis products are the key of identification :
T T
CH,—C—0 + O—CH—CH, <O—30 CH,— C—CH—CH,4
“H, 4

Propanone Ethanal Zn

Other products are:
T
dil. KMnO B
CH;—C— CH—CH, % 4 2
| ] Cold, OH™
OH OH

CH; Br

CH,—C—CH—CH,

Br
O
. 1 Ag
82. (i) CH,=CH, + -0, —— H,C CH,
2 cat Ethylene oxide
(oxirane)
(i) CH=CH + 1,80, 2% cy,—cno 498
OH
CH;—CH—CH,—CHO
(Aldol)
NaNH,
83. CH,=CH, + Br, —> CH,—CH,
‘ | H—C=C—H

Br Br

84. Acetylene can be distinguished from methane using Tollen’s reagent :

CH, + AgNO; 2% p c=cagl
White ppt.

No such reaction occur with methane.
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Alkyl Halides

1. Heating of 2-chloro-1-phenyl butane with EtOK/EtOH gives 5. Which of the following potential energy (PE) diagrams
X as the major product. Reaction of X with represents the Sy 1reaction? (2019 Main, 9 April 1)
Hg(OAc), / HyO followed by NaBH, gives Y as the major

product. Y is (2019 Main, 12 April 11) 0
(a) PE (b) PE

OH
Ph /\)\
(a) /Y\ (b) Ph Progress of reaction—> Progress of reaction—
OH
OH -
)\/\ T
© Ph @ PN © v

2. Which one of the following is likely to give a precipitate with

. Progress of reaction—> Progress of reaction—>
AgNO; solution? (2019 Main, 12 April 11)
(a) CH,=CH—Cl (b) CCL, 6. The major product of the following reaction is
(c) CHCI, (d) (CH;); CC1 CH,CHg
3. The major product ¥ in the following reaction is s
(2019 Main, 10 April 11) ch o C —a (] Nai)Et
Cl EtONa, HBr, , :
Heat COOCH20H3
Br (2019 Main, 12 Jan II)
(a) Br (b) (a) CH, CH2(|] = CH,
CO,CH,CH,
HO (b) (|]OZCHZCH3
© (d)
CH,C = CHCH,
Br CH,CHj
4. The major product of the following reaction is () HyC m— é —~= OCH,CH,
CH, :
CH3 OH COOCH,CH
CH,—C— CHCH; ——— S
. OCH,CH;
H Br (2019 Main, 10 April 1) H
CH, CH, (d) H3C H,C me— C —=at CO,CH,CH
| | :
(a) CH;—C = CHCH, (b) CH, —?— CH=CH, EH3
CH CH, 7. The major product in the following conversion is
| 3 | HBr (excess)
(c) CH, —(|3—CH2 CH, (d) CH, —(|3— (|]HCH3 CH;0 CH=—CH—CH; — 3 > ?

OCH, H OCH, (2019 Main, 12 Jan II)
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(a) CHSO—@CHCHZ CH,

Br

(b) HO*@*CHch CHa

Br

(@) cH0—O y—CHy—CH—CH,

Br

@ HO@CHCHZ CH,

Br

8. The major product of the following reaction is

CH,CH,CH—CH, ) KOHale. |
[ (i) NaNH,

Br B inlia NH, (2019 Main, 12 Jan II)

(a) CH,CH, |CH—CH2 (b) CH,CH = CHCH,NH,

|
NH, NH,
() CHCH= C=CH,  (d) CH,CH,C= CH

9. The major product of the following reaction is
(2019 Main, 12 Jan 1)

X
\©/\/\ () clycal,
_GOoyeo,
(i)) AICI, (anhyd)

CH40

Cl
CH40 CH30
a () m
Cl
Cl
CH40
© \CO\ () CHs0

Cl

10. Which hydrogen in compound (E) is easily replaceable
during bromination reaction in presence of light?
CH,—CH,—CH=CH, (2019 Main, 10 Jan I)

R 2}
(b) &-hydrogen

(d) a-hydrogen

(a) B-hydrogen
(¢) y-hydrogen

11. The major product of the following reaction is
Br

KOH alc. (excess)
A
Ph

Br (2019 Main, 10 Jan I)

/@
®) Ph > F

@ A

@) Ph)\/\//\

/J\
© Ph N

12. The major product of the following reaction is

Chs0 CH,CI
2~ (i) AICI, (anhyd.)
_ WA, v
(i) H,0

(2019 Main, 10 Jan I)

CHsO CH40
@ \CO\ )
CHs

OCHs
CHy CH0
© @ m

13. The major product of the following reaction is

Br
NaOMe
MeOH
(2018 Main)
OMe
(@ (b)
”\\\OMe

(©) (d)

14. The increasing order of reactivity of the following halides for
the Sy 1 reaction is (2017 Main)

I. CH,CH(CI)CH,CH,4
1. CH,CH,CH,Cl
11I. p-H,CO— C,H,— CH,CI
(a) () <) < (@)
(b) (I1) < (1) < (111
(c) () < (1) < (I)
(d) (I1) < (IID) < ()
15. Which of the following, upon treatment with fer--BuONa
followed by addition of bromine water, fails to decolourise

the colour of bromine ? (2017 Main)
0. CeHs
(a) O/ w () @/Y
Br Br
O

O
oY
Br Br

16. 3-methyl-pent-2-ene on reaction with HBr in presence of
peroxide forms an addition product. The number of possible

stereoisomers for the product is (2017 Main)
(a) six (b) zero
(c) two (d) four



17. The major product obtained in the following reaction is
Br

H .
N3
/E/CBH5 BudK
CoHs

o (2017 Main)
(a) (+) G H,CH(O'Bu)CH, G H,
(b) GH;CH = CHGH,
(c) (+) CH,CH(O'Bu)CH, G, H;
(d) (-)GH;CH(O' Bu)CH,G Hs

reaction with sodium
(2016 Main)

18. 2-chloro-2-methylpentane on
methoxide in methanol yields

CH,

1. C,H,CH, C—=CH,

CH, CH,

I. C,H,CH, |C— OCH,

II. C,HsCH= |C— CH,

CH,
(a) Both I and III (b) Only III
(c) Both I and II (d) All of these
19. The product of the reaction given below is (2015 Adv.)
(i) NBS/hv
(i) HyO/K,CO;3
OH 0 CO,H
(a) (b) () (d)

20. The synthesis of alkyl fluorides is best accomplished by
(2015 Main)

(b) Sandmeyer’s reaction

(d) Swarts reaction

(a) free radical fluorination
(c) Finkelstein reaction

21. In S\2 reactions, the correct order of reactivity for the
following compounds CH;Cl,CH;CH,Cl, (CH; ), CHCI and
(CH; ), CCl is (2014 Main)
(a) CH,CI > (CH,),CHCI > CH,CH,Cl > (CH,),CCI
(b) CH,Cl > CH,CH, Cl > (CH,), CHCI > (CH,),CCl
(¢) CH,CH,Cl > CH,Cl > (CH,),CHCI > (CH,),CCI
(d) (CH,),CHCI > CH,CH,CI > CH,CI > (CH,),CCl

22. Klinacetone, undergoes Sy 2 reaction with each P, Q, R and

(2013 Adv.)

(0]

S. The rates of the reaction vary as

Cl
H;C—Cl >—Cl ANy c
P Q R S

(@ P>0>R>S
() P>R>0Q>S

(b) S>P>R>Q
(d R>P>S5>0
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23. The major product of the following reaction is (2008, 3M)
H3C / Br
F
PhSNa
dimethyl formamide
NO,
HyC_ SPh H;C~__~»SPh
F F
(a) (b)
NO, NO,
C s Br H;C Vs SPh
SPh SPh
() (d)
NO, NO,
24. The following compound on hydrolysis in aqueous acetone
will give (2005, 1M)
CH;H CH;
e
H Cl CHj
CH; H CH;
H OH CH,
CH;H CH;
~ OHH CHy
CH;H CH;
H CH; OH
It mainly gives
(a) Kand L (b) only K
(c)Land M (d) only M
25. The product of following reaction is
OH
CHsO
+
CoHsl anhy. C,HsOH
(2003, 1M)
(a) C;H,0C,H, (b) C,H,0C,H,
(¢) GH;OGH; (d) GHsI
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26. Identify the set of reagents/reaction conditions X and Y in the
following set of transformations— (2002, 3M)

CH,— CH,— CH,Br—X- Product —» CH;— CH— CH,4

Br

(a) X =dilute aqueous NaOH, 20°C, Y =HBr/acetic acid, 20°C
(b) X =concentrated alcoholic NaOH, 80°C,

Y = HBr/acetic acid, 20°C
(c) X =dilute aqueous NaOH, 20°C, Y =Br,/CHCl;, 0°C
(d) X =concentrated aqueous NaOH, 80°C,

Y = Br,/CHCl;, 0°C

27. The compound that will react most readily with NaOH to

form methanol is (2001, 1M)
(a) (CHy), N1~ (b) CH,OCH,
() (CH;);S™1- (d) (CH,),Cl

28. An Sy 2 reaction at an asymmetric carbon of a compound
always gives (2001)
(a) an enantiomer of the substrate
(b) a product with opposite optical rotation
(c) a mixture of diastereomers
(d) a single stereoisomer

29. The order of reactivities of the following alkyl halides for a
Sy 2 reaction is— (2000, 1M)
(a) RF > RCl > RBr > RI (b) RF > RBr > RCl > Rl
(c) RCI > RBr > RF > RI (d) R1 > RBr > RCl > RF

30. Which of the following has the highest nucleophilicity?

(2000)

(a) F~ (b) OH™

(c) CH; (d) NH;

31. A solution of (+)-2-chloro-2-phenylethane in toluene
racemises slowly in the presence of small amount of SbCls,
due to the formation of (1999)
(a) carbanion
(c) free-radical

(b) carbene
(d) carbocation

32. Which of the following is an organometallic compound?
(a) Lithium methoxide (b) Lithium acetate (1997)
(c) Lithium dimethylamide (d) Methyl lithium

33. (CH;);CMgCl on treatment with D,O produces (1997, 1M)
(a) (CH;);CD (b) (CH,);COD (c) (CD),CD  (d) (CD);COD

34. 1-chlorobutane on reaction with alcoholic potash gives
(a) 1-butene (b) 1-butanol (1991, 1M)
(c) 2-butene (d) 2-butanol

35. n-propyl bromide on treatment with ethanolic potassium

hydroxide produces (1987, 1M)
(a) propane  (b) propene (c) propyne (d) propanol
36. The reaction condition leading to the best yield of C,H;Cl
are— (1986, 1M)
(a) C,Hy(excess) + Cl, M}
(b) C,H, + Cl, (excess) moiartl;mp.
UV light

(c) G,H, + ClI, (excess) ———

UV light
(d) GH, +Cl, ——25

Objective Questions II
(One or more than one correct option)

37. For the following compounds, the correct statement(s) with
respect to nucleophilic substitution reaction is(are)

(2017 Adv.)
clH3 CH,
O (Y e O
CH,
I I 111 v

(a) Compound IV undergoes inversion of configuration
(b) The order of reactivity for I, IIl and IV is : [IV>1> 111
(c) Iand III follow S 1 mechanism

(d) I and II follow S 1 mechanism

38. Compound(s) that on hydrogenation produce(s) optically

inactive compound (s) is/are (2015 Adv.)
H \Br H \\Br
@ /\>\\\ ®) HZC\>§/CH3
HyC CH,
H Br Br \\H
© e X @ e S_on,
CH,
CH,
39. In the following reaction, the major productis (2015 Adv.)
CH;
)\/CH 1 equivalent HBr
A SRR T,
H,c”
CH; CH,
CH
(a) 3 (b) M
H,C 2\/ H,C ]
Br
CH; CH;

©,c )\/\Br (d) H3C)\/\Br
40. The compounds used as refrigerant are (1990, 1M)

(a) NH, (b) CCl, (¢) CF, (d) CF,Cl,

() CH,F,

Assertion and Reason

41. An Assertion and a Reason are given below. Choose the
correct answer from the following options.

Assertion (A) Vinyl halides do not undergo nucleophilic
substitution easily.

Reason (R) Even though the intermediate carbocation is

stabilised by loosely held m-electrons, the cleavage is

difficult because of strong bonding. (2019 Main, 12 April 1I)

(a) Both (A) and (R) are wrong statements.

(b) Both (A) and (R) are correct statements and (R) is correct
explanation of (A).

(c) Both (A) and (R) are correct statements but (R) is not the
correct explanation of (A).

(d) (A) is a correct statement but (R) is a wrong statement.



Match the Columns

42,

43.

List-I contains reactions and List-II contains major products.

List-I

P. >]\ON8 S — L.
@ g e —
RS emeowe — 3 Sl
S. >]\ONa+ MeBr — 4. )j\

5. XOK
Match each reaction in List-I with one or more products in
List-IT and choose the correct option. (2018 Adv.)
@P>1,5Q 2R 53;S >4
(b)P >1,4,Q >2;R >4;S >3
©P>1,4Q>12;R 534S >4
()P 54,5 Q>4 R >4;S >34

List-II

>I\OH
p

Match the chemical conversion in Column I with the
appropriate reagents in Column II and select the correct
answer using the code given below the lists. (2013 Adv.)
Column I Column IT
I. (i) HgOAc), ;
| —>
P. %/C >= (ii) NaBH,
Q. >/ ONa —— >/ OBt 5 NaOFEt
OH
R. R 3. Et-Br
o T — Y+ gm
‘ (i1)H,0, /NaOH
“OH
Codes
P Q R S
(a 2 3 1 4
(b) 3 2 1 4
() 2 3 4 1
(d 3 2 4 1
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44. Match the following : (2006, 3M)
Column I Column IT
A. CH; —CHBr—CD; on p. El reaction
treatment with alc. KOH gives
CH, =CH—CDj as a major
product.
B. Ph—CHBr—CHj reacts faster q. E2reaction
than Ph—CHBr—CDy
C. Ph—CH,—CH,Brontreatment r. EICB
with CoH; OD/C,H; O™ gives reaction
Ph—CD =CH, as the major
product.
D. PhCH H,Br and PhCDLCH,Br s. First order
react with same rate. reaction
Fill in the Blanks
45. Vinyl chloride on reaction with the dimethyl copper
gives .......... (1997)
46. The starting material for the manufacture of polyvinyl
chloride is obtained by reacting HCI with ...... (1983, 1M)
47. The halogen which is most reactive in the halogenation of
alkanes under sunlight is ... (1981, 1M)
True/False
48. Photobromination of 2-methylpropane gives a mixture of
1-bromo-2-methyl propane and 2-bromo-2-methyl propane
in the ratio 9 : 1. (1993, 1M)
49. During Sy | reactions, the leaving group leaves the molecule
before the incoming group is attached to the molecule.
(1990, 2M)
50. The reaction of vinyl chloride with hydrogen iodide to give
1-chloro-1-iodoethane is an example of anti-Markownikoff’s
rule. (1989, 2M)
51. Iodide is better nucleophile than bromide. (1985)
52. Carbon tetrachloride is inflammable. (1985, 1/2M)
53. Carbon tetrachloride burns in air when lighted to give

phosgene. (1983, 1M)

Integer Answer Type Question

54.

55.

In the following monobromination reaction, the number of
possible chiral product(s) is (are)...
CH,CH,CH;
Br, (1.0 mole)

—_—

300°C

H Br

CH;4
(1.0 mole) (Enantiomerically pure)
The total number of alkenes possible by dehydrobromination

of 3-bromo-3-cyclopentylhexane using alcoholic KOH is
(2011)
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Subjective Questions 62. Draw the stereochemical structure of product in the
. . . . following reaction
56. Identify X, Y and Z in the following synthetic scheme and
. . CH,4
write their structures
| NaOH
(i) NaNH, Br (1994)
CH;CH,C = CH — | Sy 2
(ii) CH;CH,Br
C,H;
H,/Pd-BaSO lkali . . .
X2 o ;Ma gle 63. Aryl halides are less reactive than alkyl halides towards
4 (2002, 5M) nucleophilic reagents. Give reason. (1994, 2M)
57. What would be the major product in each of the following 64. Identify the major product in the following reaction.
reactions? H
Alc. KOH
‘CH3 C.H;—CH, | CH, =9 HBr 9 (1993, 1M)
. C,H;O0H | A
(1) CH,4 —?— CH,Br ——— (2000, 2M) Br
CH, 65. Write the structures of the major organic product expected
from each of the following reactions :
58. Write the structures of the products : CH,
Alc. KOH
CsHsCH, CHCIC,Hs (1998, 2M) (i) HyC CH,CH, 2l KOt
59. Which of the following is the correct method for synthesising Cl .
hyl-#-butyl eth d why? . aq. alkali
methyl-z-butyl ether and why? (i) CH;CH,CHCl, — (1992, 2M)
(CH, ); CBr + NaOMe ——> 66 e boil i
or CH,Br + NaO -t-Bu (1997, 2M) . Arranget .e () oyv%ng in order of their
(1) Increasing basicity
60. Predict the structure of the product in the following reaction H,0, OH™, CH,OH, CH,0"
Br (i1) Increasing reactivity in nucleophilic substitution reactions
H———Ph g CH,F, CH;1, CH,Br, CH,Cl (1992, 2M)
1 1M . . ..
MeO ||y acetone (1996, IW) 67. Chloroform is stored in dark coloured bottles. Explain in not
more than two sentences. (1980, 1M)
Ph 68. Show by chemical equations only, how would you prepare
61. Optically active 2-iodobutane on treatment with Nal in the following from the indicated starting materials? Specify
acetone gives a product which does not show optical activity. the reagents in each step of the synthesis. (1979, 2M)
Explain briefly. (1995, 2M) (1) Chloroform from carbon disulphide.
(i1) Hexachloroethane (C,Clg) from calcium carbide.
Answers
1. (¢ 2. (d) 3. (b) . (¢ 33. (a) 34. (a) 35. (b) 36. (a)
5. (b) 6. (b) . (@@ 8. (d) 37. (a,d) 38. (b,d) 39. (d) 40. (a,d)
9. () 10. (c) 11. (d) 12. (d) 41. (c) 42. (b) 43. (a)
13. (b) 14. (b) 15. (a) 16. (d) 44. A>q,B—> q¢,C>r,D>p,s
17. (b) 18. (d) 19. (a) 20. (d) 45. propene 46. ethyne 47. chlorine  48. False
21. (b) 22. (b) 23. (a) 24. (a) 49. True 50. True 51. True 52. False
25. (a) 26. (b) 27. (a) 28. (d) 53. False 54. (5) 55. (5)
29. (d) 30. (c) 31. (d) 32. (d)



Hints & Solutions

1. Heating of 2-chloro-1-phenylbutane with EtOK/EtOH gives
1-phenyl but-1-ene(X).

Reaction of X with Hg(OAc), / H,0 followed by NaBH, gives
1-phenyl butan-1-ol (Y).
Reaction involved is as follows:

Cl

—+
)\/\ EYOR >
EtOH A VN
Ph Ph
OH
1. Hg (OAC),H,0 )\/\
_
2. NaBH, o
)
Mechanism
(Cl O‘AC
o
_or, AL ~TPhe— ono
Ph dehydro-  Ph ,\/ X
H halogenation
Oxymercurationl
OAc

|

Ph (':W
>/ %
c‘—H

H H ? CoHs
Ho0:

Ph— CH—CH — Hg—OAc

o
COH C,Hg
|

S,.
J:-O-AC
Ph— CH—CH—HgOAc

:OH CuHg
Demercuration l NaBH,

Ph— CH—‘CH2 + ACO”

OH GCoHs (V)

2. (CH,;);CCl gives a precipitate with AgNO; solution because
it forms stable carbocation. (i.e. tertiary) that readily combines
with AgNO; to give precipitates of AgCL

CH,
+
CH3—(|1—Cl + AgNO; —> (CH;);C+ AgCl

(White ppts.)
CH,

CH, = CH—Cl forms unstable carbocation.
Hence, it does not readily react with AgNOj.

3. The given reaction takes place as follows :

EtONa/A
L B-elimination
Saytzeff elimination -HCl

B-H for
~_" Hoffmann elimination

— B-H for

Markowmkove’s/,l
centre for Br =

T
3-methyl but-2-ene  3-methyl-but-1-ene
major (X) minor
(Saytzeff product)  (Hoffmann product)

Electrophilic addition
' (Markownikov's rule)

bk

2-bromo-3-methyl  2-bromo-2-methyl
butane (minor) butane (major) (Y)

4. Inthe given question, the substrate is a 2°-halide (bromide) and the
medium, CH;OH (as well as a poor nucleophile) is protic in nature,
So, the reaction will follow mainly Sy 1 pathways via the formation
of a carbocation intermediate (I).

Me Me g Mey ®%H
T, ¢ e
Me H Me” | @) o
H Br H ) o
Me
\CH—CH—I\/Ie
Me”” \
OCHs
(Minor)

The intermediate, I can be rearranged into the more stable form I'
(3°) by a-hydride shift. I’ will give the major product.

Me © e Me o
e CHMe TN oH,—Me
Me~7 Me”’ -
|, CHzOH | @
(38° carbocation) °°
o Me\
(2° carbocation) /C—CHQ—MG
Me” |
OCHj
(Major)

5. The potential energy (PE) diagram for Sy 1 reaction is
****************** Carbocation
intermediate

R—X
R—Nu

Progress of reaction—
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Sy 1 reaction has two steps. In the first step, the carbon halogen
bond breaks heterolytically, with the halogen retaining the
previously shared pair of electron. In the second step, the
nucleophile reacts rapidly with the carbocation formed in the
first step.

In the above graph, the alkyl halide is the only species that
participates in the rate limiting step. Here, the rate of reaction
depends on the concentration of the alkyl halide and does not
depend on the concentration of nucleophile.

6. Presence of strong base (EtO™) and heat indicates elimination.

Thus, the compound undergo dehydrohalogenation and alkene
is produced. As per the position of Cl in substrate, following 2
alkenes are formed as product:

(i) CH,CH, (|3 — CH,
COOCH,CH,
(i) CH;CH= C—CH,

|
COOCH,CH,

In accordance with Saytzeff rule
CH;CH=C—CH,

|
COOCH.CH,

will be the major product

7. | Key Idea The excess of HBr and high temperature in given
reaction serves for dual purpose:
(i) Hydrolysis of ether via Sy2 mechanism, i.e. Zeisel’s
method.

(i) Markownikoff addition at double bond of the branch.

The road map of complete reaction is as follows:

CHs—o@CH =CH—CH,

H*’lHBr excess/Heat

.
CHSfO@CH—CHZ—CHS

J(Br’
CH—0 ?H—CHZ—CH3
,\!lBr
Br- J("H
)
5 + -
Br"B'ECS"B'B'O@CHfCHszHS
/N iBF \
H H HBJ’ Br

Transition state

S\2 Reaction J(
(Zeisel's Method)

CHgBr + HO@CHCHZCHS

Br
Product

Here, BB = Bond breakage
BF = Bonf formation

8. | Key Idea Both alc. KOH and NaNH, in liquid NH; are
dehydrohalogenating reagents. On comparative terms
NaNH,/liquid NH; is stronger in action.

The reaction proceeds as :

CH4yCH,— CH— CH, 2K, o1y — o, — cH=CH,

Br Br Br
NaNHo/liquid NHg

CH3— CH,— C=CH «7 CHsCH,C=CNa*
Thus, option (d) is the correct answer.

9. The given reactant in presence of Cl,/CCl,, given vicinal
dihalide. Chlorine adds up to alkene via electrophilic addition
reaction involving cyclic chlorinium ion formation.

Cl
X clyccl,
e L

The vicinal dihalide in presence of anhyd. AlCl; results in the
formation of carbocation that rearranges itself to form a cyclic
compound.

Cl

H,CO + AlCly —>
(Anhyd.)
c cl
H,CO L
® + AICI,

CH50 CH30
\EIO\ -H* \@\
Cl Cl
H

10. The compound (E) has two allyl-hydrogen atoms (). When E

reacts with Br, / v, it readily undergoes allylic free radical
substitution and forms 3, 3-dibromobut-1-ene

3 Y p o
CH,—CH, CH=CH, >/,
But-l-ene ~HBr
Br
| Bry/ py
CH,—CH—CH=CH, —2
3 Y B o —HBr

3-bromo-but-1-ene

]|3r
CH;—C,—CH=CH
5 3 | Y B b 2

Br

3,3- dibromobut-1-ene

11. The reaction follows o, B-elimination mechanism to give a more
substituted stable alkene as a major product. As the substrate is a
a, v -dibromo (1, 3-) compound it gives a conjugated diene.

Br
HO® Y L A
H Alc. KOH,
-2HB
Ph H ' (It is very stable because
Br erH the conjugated diene system

present. It is further conjugated
with the benzene ring.)



12. In the given reaction, AlCljact as Lewis acid and helps in

generation of carbocation. The resulting carbocation (1°)
rearranges itself to stable carbocation (3°).

AICI3 anhy.)
| EICI
o 3
MeO —A\CL,
a-H® sh|ft
(H50)

« 3° carbocation, more stable
« Protic medium, H,O supports the

rearrangement of carbcation

Intramolecular ArSE2 pathway

Thus, the given reaction is dehydrohalogenation which is a
f-elimination proceeding through E, mechanism.

Mechanism The reaction proceeds through the formation of
following transition state with simultaneous removal of Br and

H atoms.
Na® —Na"Br~
. iBF  (Product)
""" Here, BB = Bond breakage
BF = Bond formation
Product HH oM
( ) (Transition i
State) \

MeOH (Product)

14. (i) Therate of S N L reaction depends only upon the concentration
of the alkyl halide.
(ii) Sy lreaction proceeds through the formation of carbocation.
The reactivity is decided by ease of dissociation of alkyl halide.
R—X —R®+x°
Higher the stability of R (carbocation), higher would be the
reactivity towards Sy1 reaction.
p-H;CO— CH, — CH,® is the most stable carbocation due
to resonance and then CH;4 CI—ICHZCH3 (2° carbocation) while

CH,CH, CH2(1°) is least stable

Thus, the correct increasing order of the reactivity of the given
halides towards the Sy 1 reaction is
CH,CH,CH,Cl < CH; CHCH,CH; < p-H;COC¢H,CH,Cl

|

Cl

D @ (1)
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15. To show decolourisation, compound must be unsaturated.

(@)
O/ W tert- BuONa O/ w
O—tBu

(Saturated)
(cannot decolourise Br, water)

CeHs ~ o+ CeHs
©/\( tert-BuONa ©/\/
—_—
Br

(Unsaturated)
(decolourise Br, water)
O. -+ O. /
©/ \‘/ tert—=BuONa A
—_—
Br
(Unsaturated)

(decolourise Br, water)

(0] (0]
-+
tert-BuONa Z
_
Br

(Unsaturated)
(decolourise Br, water)

16. The number of stereoisomers in molecules which are not
divisible into two equal halves and have » number of
asymmetric C-atoms = 2",
3-methyl-pent-2-ene on reaction with HBr in presence of peroxide
forms an addition product i.e. 2-bromo-3-methyl pentane. It has
two chiral centres. Therefore, 4 stereoisomers are possible

1 /ﬁ}/\s HBr 1 5 .
—_—
Peroxide

Anti-Markownikoff's addition
Four stereoisomers are possible
(As molecule has two chiral
centres and asymmetric).

3-methylpent-2-ene

17. An alkyl halide in presence of a bulkier base removes a proton
from a carbon adjacent to the carbon bonded to the halogen. This
reaction is called E2 (B-elimination reaction).

~BuOK+  Colls ~H
N
CeHs

+ tert-BuOH + Br™

18. | Key Idea Strong nucleophile (6Me) in polar solvent (MeOH)
gives elimination products over substitution products but all
products are possible in different yields.

cl OCH;
MeON:
CH;—C—CH,CH,CH; ———% CH;C—CH,CH, CHs +
MeOH |
CH; CH,
(Less yield)

CH}*CZ CH*CHZfCH3+ CH2 =|CfCH2fCH2—CH3

CH; CHj;
(More yield)
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19. . .
" @ @
hv _l
Br: Br
HO @ OH 1., 0/,c04 © + @
+ —

20. Alkyl fluorides can be prepared by action of mercurous fluoride
or antimony trifluorides (inorganic fluorides) on corresponding
alkyl halide. This reaction is known as Swarts reaction.

CH,Br + AgF —— CH;F + AgBr
Methyl fluoride

But, when aciton of Nal/acetone takes place on alkyl chloride of
bromide, alkyl iodide forms. This reaction is called ‘Finkelstein
reaction’

C,HCl —L s C,Hl+ NaCl

acetone
Free redical fluorination is highly explosive reaction, so not
preferred for the preparation of fluoride.

21. Steric hindrance (crowding) is the basis of Sy2 reaction, by
using which we can arrange the reactant in correct order of their
reactivity towards Sy 2 reaction.

1

Steric crowding of 'C'

Rate of S\ 2 o<

CH,
|
CH,4C1 >CH,CH,Cl>CH; —CH— Cl >CH;—C—Cl
(Less 1° | |
crowded) CH, CH,
2° (More crowded)
As steric hinderance (crowding) increases, rate of Sy 2 reaction
decreases.
Note The order of reactivity towards Sy 2 reaction for alkyl
halides is

Primary _ Secondary Tertiary
halides ~  halides ~ halides

(1) (2% (3°)

22. PLAN Acetone is an aprotic solvent and can dissolve both the
nucleophile and the substrate and thus Sy2 reaction is favoured.

Also
S22 < 3" Alkyl halides
Sxl
S 0 1° alkyl halide but (C—CI).

c1 B.E.is decreased by electron
withdrawing [C,HCO ]group,
(a case of [-effect). Thus,
maximum rate in Sy 2 reaction

2° alkyl halide, rate is minimum

1° alkyl halide

1° allylic halide but allylic 1°
carbocation is resonance
stabilised in Sy 1 reaction

Thus, reactivity orderis S>P>R>Q

23. Nucleophile PhS™ substitute the Br~ through Sy 2 mechanism
wih inversion of configuration at a-C.

H3C Br H3 C
F
PhS™
_—>
SN2
NO,

NO,

24. Reaction proceed through carbocation intermediate
CH3;H CHjs
+
H Cl CH;
CH3;H CH;
b

H CH;
2°(D)
o CH3;H CH;
I —5K
H,0 CH;0— NO,
I—>L +
H CH;

35(II)
stabilised by + R effect of — OCHj;

OH OC,Hs

C,HsO™
25. + CyHsl
anhy. C,HsOH
SN2 reaction

Alcoholic NaOH

26. CH;—CH,—CH,Br oc

CH,—CH=CH,

—HBr_, CH,—CH—CH,

Br
CH;

27. H3CACIT+—CHSF —— CH;0H + (CH,);N'T
~ CH;
HO™
Lack of B-H on quaternary ammonium iodide leads to Sy2
reaction otherwise E2 elimination usually takes place.
28. S\ 2 reaction at asymmetric carbon occur with inversion of

configuration and a single steroisomer is formed because the
reactant and product are not enthtiomer. Therefore the sign of
optical rotation may or may not change.

29. Ifalkyl groups are same, the order of leaving ability of halides in
Sy 2 reaction is

RI> RBr > RC1 > RF



30. CHj, being the strongest base, has highest nucleophilicity.
Cl

+
31. CH,—C—CH, + SbCly = CH,— (|3—CH3+ SbCI, T

H H
@
he planar carbocation (I), when return back, forms racemic
mixture of the starting compounds.

32. Compound in which metal is directly bonded to carbon, is
known are organometallic compound, e.g. CH;Li.

CH; CH,;

D,0O
33. CH,—C MgCl" —— CH;—C—D

CH, CH,

34, CH,—CH,—CH,—CH,—Cl+ KOH -2HsOH,
CH,CH,—CH=CH,
1-butene
35. An alkyl halide containing at least one p-H, on treatment with
ethanolic KOH, undergoes dehydrohalogenation, giving
alkene.

CH,— CH,— CH,—Br + Ko —Ethanol

CH,—CH=CH,

36. During chlorination of alkane, if excess of alkane is treated
with Cl,(g) in presence of light or heat, chance of
mono-chlorination predominate.

C,H, (excess) + Cl, ~ Y1 e c,cl + HOl

37. (a) Both I and II are 1° halide, undergos Sy 2 reaction.

(d) IIis a tertiary halide, undergoes Sy 2 reaction. I is benzylic
bromide, it is very reactive in Sy 1also as if produces stable
benzylic carbonation.

38. In both cases, hydrogenation of olefinic bond will render
compound achiral as two identical ethyl group will come at the
a-carbon which was earlier chiral carbon. However, in (a) and
(c), chirality will be retained even after hydrogenation.

» Br

H H
" .

(2) H3C o Chiral

H
\\\\\\ Br H\ o Br
CH;

b) HzCY‘\CH M HyC
5 Y\CH3

CH,
Chiral
39. Since, there is no mention of temperature, room temperature
will be considered and thermodynamically controlled product
would be the major product as:
CH; CH;

CH, _1 CH
cnz/k/ 2 B cH3/<1>\@ 2
3°-carbocation

CH,4

® CH;
“—> CH
CH3/I\/ — CH3)\/\Br
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40. Both NH; and CF,Cl, are used as refrigerant.

41. Vinyl halide (CH,=CH-—C]l) do not undergo nucleophilic
substitution reactions. This is because it forms highly unstable

@
carbocation (CH, = CH). It cannot delocalise its r-electron. In
vinyl halide C—Cl bond possess double bond character also.

CH/Z\:CHJQ:]: > CH, —CH=C:

42. For P, i.c. >\\,+ n >\\
ONa Br

For this reaction 1 and 4 are probable products.

Product 1 i.e.,>\\

product 4 i.c.,

OH is formed due to substitution while

is formed due to elimination. A tertiary

carbocation i.e, ){ formed during the reaction. Remember for
3° carbocation ions elimination product predominates.

For Q, i.e. >|\ + HBr
OMe

Correctly matched product for this reaction is 2 i.e., >l\
The reaction proceeds as

>‘\ + HBr — MeOH +>l\
e

OM

For Ric, Sl +NaOMe

Br

Br.

Br

Correctly matched product is 4 i.e., )J\ It is a normal
elimination reaction and proceeds as

+ -
+ NaOMe —> )J\
Br  (Alkaliin
alcohol)

3¢ alkyl halide preferes elimination.

For Si.c., >'\ + MeBr

ONa

The correct matchis 3 i.e.,

>l\ + MeBr — >l\ + NaBr
OMe

OMe. The reaction proceeds as

-+
ONa

43.

Column I Column II

P. ; al _)% NaOEt(2)
Q %ONa—) %OEt EtBr (3)

Explanation

O Et (strong
nucleophile) causes
dehydrohalogenation
of 3° alkyl halide

3° butoxide undergoes
Sy reaction with 1°
alkyl halide
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og () Hg(OAC), Mercuration-
~- d ion add:
? (ii) NaBH, emercuration adds
(1) H2O by
Markownikoff’s rule
without rearrangement

(i) BH4 Hydroboro-oxidation
—
(11) H,0,/0H 2dds HyOby
anti-Markownikoff’s
“) rule

44.

45.

46.
417,
48.
49.

50.
51.

52.
53.

Thus,P—(2), Q—@3), R—(), S—#)
A. CH;— CHBr—CD;, % CH,—CH—CD,

E2 reaction is a single-step reaction in which both
deprotonation from -C and loss of leaving group from a.-C
occur simultaneously in the rate-determining step.

C-D bond is stronger than C—H bond, C—H is preferably
broken in elimination.

B. Ph—CHBr— CHj reacts faster than Ph— CHBr—CD; in
E2 reaction because in latter case, stronger C—D bond is to
be broken in the rate determining step.

C,H;0D

C. Ph—CH,—CH,Br % Ph—CD=CH,
2415
Deuterium incorporation in the product indicates E1CB
mechanism
CHs0™
Ph—CH,—CH,Br == Ph—CH—CH,Br
carbanion
C,H,0D
~— Ph—CHD—CH,Br
I
D
C,H,0" | ~
[——>Ph—C——CH,~Br— Ph—C=CH,

~ |
D

D. Both PhCH,CH,Br and PhCD,CH,Br will react at same
rate in E1 reaction because C—H bond is broken in fast non
rate determining step. Also El reaction follow first order
kinetics.

Propene is produced

(CH;),Cu + CH,=CHCl] — CH;—CH=CH,

Vinyl chloride is obtained by the reaction of HC1 with ethyne.
Chlorine is most reactive.

2-bromo-2-methylpropane is formed as major product.

In Sy1 reaction, leaving group is detached in the first step
forming carbocation intermediate.

True

Larger the size of donor atom, greater is its polarisability,
stronger is the nucleophile.

False

CCl, is fire retardent, used as fire-extinguisher.

54. Given compound undergoes free-radical bromination under
given conditions, replacing H by Br.

*, .
C is chiral carbon.

CH,CH,CHj3 CH,CH,CHj3
H—*—Br —2-. p—t* Br
CHj3 CH,Br
1. Chiral
Br
CH,CH,CH3 |
+* CH—CH,CHj3
Br Br
CHj
II. Achiral II1. Chiral

CH»—CH,CH;,CHj3

CHz—éH CH,

CHj
Iv. Chlral V. Chiral
(IIT) has two chiral centres and can have two structures.
CH,CH3 CH,CHj3;
H—— Br H—— Br
H—— Br Br ——H
CH3 CH3
Im) A I B
(IV) has also two chiral centres and can have two structures.
CHj CHj3;
H—— Br H—— Br
H—— Br Br ——H
CHj3 CH3
IV)A Iv)B

It has plane of symmetry thus, achiral.
Thus, chiral compounds are five. I, Il A, IIl B, IV B and V.

55. The substrate has three different types of B—H, therefore, first
three structural isomers of alkenes are expected as :

e TS

3 types of B-H

The last two alkenes II and III are also capable of showing
geometrical isomerism, hence two geometrical isomers for each
of them will be counted giving a total of five isomers.



i) NaNH
56. CH,CH,C=CH ) NNt
(i1) CH3CH,Br X

CoHs

Hy/Pd-BasO;  HN_ H Al KMnO, H——OH
X — c=C S §

SN H——OH

HsC;
Y CoHs

meso-diol

57. Unimolecular reaction occur
CH, CH,
| A |
CH,— (|:— CH,—Br= CH, —(’:— CH,
CH, CH,
primary carbocation

CH,
methyl shift |
4)

CH,— C— CH,CH,
+

1
CHj;

El |
CHy;—C=CH—CHs

1 CHj3

Sxl
CH3—C|—CH2CH3

0C,H;
Alc. KOH

58. CyH;CH,—CH—CgHs ——— CgHs—CH=CH—CgH

|
al
e
CH
E2
59. CH,—C—Br + CH,0" —=— cH—c
CH,
CH,

CH, CH,4

| ) |
CH;—C—0" + CH;Br —>5 CH,— C— OCH,

CH, CH,
60. Br 1
H—/—Ph Ph——H
Nal
acetone MeO—r—H
SN2
Ph Ph

inversion of configuration
occur only at a-carbon

61, HsC CH;

AN SN /

oo T+ T == 1—Clomy,

HsC, CoHs

Download Chapter Test

CH,CH,— C=C—CH,CH,

62.

63.

64.

65.

66.

67.

68.

http://tinyurl.com/y54uy616
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Above equilibrium is established which has equilibrium constant
equal to 1. Therefore, equilibrium mixture will have both the
enantiomers in equal amount giving racemic mixture.

Sy2 reactions leads to inversion of configuration at a.-C

CHj; CHj;
NaOH

Br I H 8 H+OH

C,H; CoHs

product with inverted
configuration
:XD Xt
>
Aryl halide

Due to the above resonance phenomena, C—X bond acquire
partial double bond character and becomes difficult to break in
the rate determining step of Sy2 reaction.

Alc. KOH
C6H5CH2—C|H—CH3 ——— CgHs—CH=CH—CH,

Br | HBr
C6H5—(‘ZH—CH2—CH3
Br
H, C|H3
(i) HyC CH,CH, 2 KOH oy c— cHen,
I
O|H
. . NaOH
(ii) CH,CH,CHCI, 22 ™8 1oy cH,— CH—OH]
3 2 2 boil 3 2
unstable
“H,0
O . cnjcn,cHO
(i) M,0<CH;OH <HO" < CH,0"

(ii) CH;F < CH;Cl < CH;Br < CH;l
Chloroform in presence of air and sunlight, oxidises slowly to
form a highly poisonous compound called phosgene
2CHCL, + 0, —™ 5 2coct, + 2HCI
(Phosgene)

To prevent the above oxidation reaction, chloroform is kept in
dark bottles.

(1) CS, + Cl, — CCl, + S,Cl,
CS, + 25,C1, — CCl, + 6S
Fe/H,O
—

CCl, + 2 [H] CHCI, + HCI
(Chloroform)
(ii) CaC, + H,O —> C,H, + Ca(OH),
H,/Ni Cl, (excess)
CH, —21s CH, — — Cl,C—CCl,
(Hexachloroethane)
[m] &[]
]

or E ;
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Objective Questions I (Only one correct option)

1. The major product of the following reaction is
(2019 Main, 10 April )

O\
HI (excess)
A
NC 0—
OH |
(@ (0) @\
NC
NC OH OH
| OH
(€ (d)
NC | NC |

2. The synonym for water gas when used in the production of
methanol is (2019 Main, 10 April 1)

(a) natural gas (b) laughing gas
(c) syn gas (d) fuel gas
3. The major product of the following reaction is
LiAIH
CH;CH = CHCO,CH; ——*> (2019 Main, 9 April )
(a) CH;CH =CHCH,0OH (b) CH;CH,CH,CH,0OH
(¢) CH;CH,CH,CO,CH; (d) CH,;CH,CH,CHO

4. The major product of the following reaction is
(2019 Main, 9 April I)

1. PBry
OH 2. KOH (alc.)

o)

5. The major product of the following reaction is
(2019 Main, 8 April )
@)
Br
NaBH,
“MeOH, 25°C

OH OH
Br OMe

(a) (b)

G OMe
(c) (d)

6. The major product of the following reaction is
(2019 Main, 8 April )
OCH;
Conc. HBr (excess)
Heat

CHZCHZ

Br OH

(S (Y
Br—CHCHj4 Br—CHCHj4

Br @ OH

Nl
CHchQBr CHQCHQBr
OH

7. CH;CH, —C— CHj cannot be prepared by
|
Ph (2019 Main, 12 Jan )
(a) CH,CH,COCH, + PhMgX
(b) PhCOCH, + CH,CH,MgX
(c) PhCOCH, CH; + CH;MgX
(d) HCHO + PhCH(CH, ) CH,Mg¥



8.

10.

1.

The major product of the following reaction is
(2019 Main, 11 Jan|l)

HO X ()HCI
_—
(i) AICI; (Anhyd.)
HO Cl
@ m b) m

Cl
R

Which is the most suitable reagent for the following
transformation? (2019 Main, 10 Jan II)

OH
|

CH;— CH=CH— CH,—CH—CH; —

CH, —CH =CH—CH,CO,H
(a) Tollen’s reagent (b) I,/ NaOH
(c) Alkaline KMnO, (d) CrO,Cl,/CS,

The major product of the following reaction is
(2019 Main, 10 Jan|l)
(i) Dil. HCI/A

O\H/CHS

_—
LI
CH30 OH Polymerisation

(i) (COOH),/

OH
_ 0
() +0 OJH%
L n
g I
OH
0
© %o o%
o

OCHs

O
@ fo O%
n
T 3
OCOCH;

The major product formed in the following reaction is

-
O HI

Heat
o
(2018 Main)

13.

14.

15.

16.
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Iealiee

OH |
Iea i ee
| OH

. The acidic hydrolysis of ether (X) shown below is fastest

when (2014 Adv.)

9
C\><P OR -Acid Q OH + ROH
O E
[X]

(a) one phenyl group is replaced by a methyl group

(b) one phenyl group is replaced by a para-methoxyphenyl
group

(¢) two phenyl groups are replaced by two
para-methoxyphenyl groups

(d) no structural change is made to X'

An unknown alcohol is treated with the “Lucas reagent” to
determine whether the alcohol is primary, secondary or
tertiary. Which alcohol reacts fastest and by what mechanism?
(a) Secondary alcohol by Sy 1 (2013 Main)
(b) Tertiary alcohol by Sy 1

(c) Secondary alcohol by Sy 2

(d) Tertiary alcohol by Sy 2

The major product of the following reaction is

()

(a) ahemiacetal
(c) an ether

RCH,0H
H®(anhydrous)

(b) an acetal
(d) an ester

(D 1, 2-dihydroxy benzene
(IT) 1, 3-dihydroxy benzene
(ITI) 1, 4-dihydroxy benzene

(IV) Hydroxy benzene

The increasing order of boiling points of above mentioned
alcohols is (2006, 3M)
(a)I<II<II<IV b)I<I<IV<II

(o) IV<I<II<NI (IV<II<I<II

The best method to prepare cyclohexene from cyclohexanol
is by using (2005, 1M)
(a) conc. HCI + ZnCl,
(c) HBr

(b) conc. H;PO,
(d) conc. HCI
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17.

18.

19.

20.

21.

22,

When phenyl magnesium bromide reacts with tert butanol,

which of the following is formed? (2005, 1M)
(a) Tert butyl methyl ether
(b) Benzene
(c) Tert butyl benzene
(d) Phenol
CH;
N
< : 1:[20 (1 Br,/CCl, C.HBr,

H,C OH 5 such products

are possible

How many structures of F'is possible? (2003, 1M)
(a) 2 (®)5 (c)6 (3
Compound ‘4’ (molecular formula C;HgO) is treated with
acidified potassium dichromate to form a product ‘B’
(molecular formula C;H4O) ‘B’ forms a shining silver mirror
on warming with ammoniacal silver nitrate. ‘B’ when treated
with an aqueous solution of H,NCONHNH, and sodium
acetate gives a product ‘C’. Identify the structure of ‘C’.

(a) CH;CH,CH=NNHCONH, (2002, 3M)
(b) H3C—C|3:NNHCONH2

CH,
(¢) H;C—C—NCONHNH,

CH,
(d) CH,CH,0H + NCONHNH,

1-propanol and 2-propanol can be best distinguished by

(a) oxidation with alkaline KMnO, followed by reaction
with Fehling solution (2001, 1M)

(b) oxidation with acidic dichromate followed by reaction
with Fehling solution

(c) oxidation by heating with copper followed by reaction
with Fehling solution

(d) oxidation with concentrated H,SO, followed by
reaction with Fehling solution

Which one of the following will most readily be dehydrated
in acidic condition? (2000, 1M)
o

M
(a) (b)
(0)

o A0 Ay

OH OH
The products of combustion of an aliphatic thiol (RSH) at
298 K are (1992)
(a) CO,(g),H,0(g ) and SO, (g)
(b) CO,(g), Hy0(7), and SO, (g )

(c) CO,(1),H,0O(I) and SO, (g)
(d) CO,(g),H,0(/)and SO, (I)

OH

N

23.

24,

25.

26.

27.

28.

29.

30.

In CH;CH,OH, the bond that undergoes heterolytic cleavage

most readily is (1988, 1M)
(aC—C (b)C—O

(¢c)C—H (d) O—H

Hydrogen bonding is maximum in (1987, 1M)
(a) ethanol (b) diethyl ether

(c) ethyl chloride (d) triethyl amine

HBr reacts fastest with (1986, 1M)

(a) 2-methyl propan-2-ol
(¢) propan-2-ol

(b) propan-1-ol

(d) 2-methyl propan-1-ol

An industrial method of preparation of methanol is

(1984, 1M)

(a) catalytic reduction of carbon monoxide in presence of
ZnO-Cr, 04

(b) by reacting methane with steam at 900°C with nickel
catalyst

(c) by reducing formaldehyde with LiAlH,

(d) by reacting formaldehyde with aqueous sodium
hydroxide solution

Diethyl ether on heating with conc. HI gives two moles of
(a) ethanol (b) iodoform (1983, 1M)
(c) ethyl iodide (d) methyl iodide

The compound which reacts fastest with Lucas reagent at
room temperature is (1981, 1M)
(a) butan-2-ol

(¢) 2-methyl propan-1-ol
Ethyl alcohol is heated with conc. H,SO,. The product
formed is

(b) butan-1-ol
(d) 2-methyl propan-2-ol

(a) CH;COOC,H; (b) C,H, (1980, 1M)
(c) GH, (d) G Hg

Which of the following is soluble in water? (1980, 1M)
(a) CS, (b) C,H;OH

(c) CCl, (d) CHCIl,4

Objective Questions II
(One or more than one correct option)

31.

In the following reaction sequence, the correct structure (s)
of X is (are) (2018 Adv.)

Me N.
(1) PBr3, Et,0 a8

(2) Nal, MeyCO

(3) NaN3, HCONMe, Enantiomerically

pure

Me

OH M OH
@ N e N
© Me?” \_/ “on (d) Me \_/ ~OoH



32. The correct statement(s) about the following reaction
sequence is (are)

no CHCI, /NaOH
Cumene (CyH,, ) 00 e
(i) H,0"
. X NaOH
QO(major) + R (minor), Q
PhCH ,Br (2016 Adv.)

(a) R is steam volatile

(b) Q gives dark violet colouration with 1% aqueous
FeClj; solution

(c) S gives yellow precipitate with
2, 4-dinitrophenylhydrazine

(d) S gives dark violet colouration with 1% aqueous
FeClj; solution

33. The following ether, when treated with HI produces

(1999, 3M)
OOy —
@) @—cml (b) QCHZOH
O« O

34. The products of reaction of alcoholic silver nitrate with

ethyl bromide are (1991, 1M)
(a) ethane (b) ethene
(¢) nitroethane (d) ethyl alcohol

(e) ethyl nitrite

Assertion and Reason
Read the following question and answer as per the direction
given below :

(a) Statement I is correct; Statement II is correct; Statement 11
is a correct explanation of Statement I.

(b) Statement I is correct; Statement II is correct; Statement 11
is not the correct explanation of Statement I.

(c) Statement I is correct; Statement II is incorrect.
(d) Statement I is incorrect; Statement I is correct.

35. Statement I Solubility of n-alcohol in water decreases
with increase in molecular weight.

Statement IT The relative proportion of the hydrocarbon

part in alcohols increases with increasing molecular weight

which permit enhanced hydrogen bonding with water.
(1988, 2M)

Passage Based Questions

Passage 1

A tertiary alcohol H upon acid catalysed dehydration gives a
product /. Ozonolysis of / leads to compounds J and K.

Alcohols and Ethers 343

Compound J upon reaction with KOH gives benzyl alcohol
and a compound L, whereas K on reaction with KOH gives

only M.
0]
HiC\, N—Ph
M=
Ph H

(2008, 3 x4M =12M)

36. The structures of compounds J, K and L respectively, are

(a) PhACOCH,, PhCH,COCH, and PhCH,COO K"
(b) PhCHO, PhCH,CHO and PhCOO K"

(¢) PhCOCH;, PhCH,CHO and CH,COO K"

(d) PhCHO, PhCOCH, and PhCOO K"

37. The structure of compound 7 is

Ph CH,4 H,C Ph
@ = v =
H Ph H Ph
Ph CH, H,C CH,
@ > @ =
H CH,Ph Ph H
38. Compound H is formed by the reaction of
O
(a) )J\ ; PhMgBr
Ph CH,
O
(b) )J\ ; PhCH,MgBr
Ph CH,
O
(c) )J\ ; PhCH,MgBr
Ph H
0 CH,
o Moo I
Ph H Ph MgBr
Fill in the Blanks
39. Glycerine contains one ......... hydroxyl group. (1997, 1M)
40. Aliphatic ethers are purified by shaking with a solution of
ferrous salt to remove ......... which are formed on prolonged
standing in contact with water. (1992, 1M)
41. A ... diol has two hydroxyl groups on ...... carbon atoms.
(1986, 1M)

42. Ethanol vapour is passed over heated copper and the product is

treated with aqueous NaOH. The final product is .........
(1983, 1M)

True or False

43. Sodium ethoxide is prepared by reacting ethanol with aqueous

sodium hydroxide. (1985, 1M)



344 Alcohols and Ethers

44,

The yield of a ketone when a secondary alcohol is oxidised is
more than the yield of aldehyde when a primary alcohol is
oxidised. (1983, 1M)

Subjective Questions

45,

46.

47.

48.

49.

50.

51.

52.

53.

OH 7

HY/A (1) O3 NaOH

(ii) Zn/CH,COOH

Identify X and Y. (2005, 2M)

An organic compound P having the molecular formula
CsH;¢0O when treated with dil H,SO, gives two compounds,
0 and R both gives positive iodoform test. The reaction of
C;sH;,0 with dil, H,SO, gives reaction 10" times faster than
ethylene. Identify organic compound of O and R. Give the
reason for the extra stability of P. (2004)

Cyclobutylbromide on treatment with magnesium in dry
ether forms an organometallic compound (A4). The
organometallic reacts with ethanal to give an alcohol (B)
after mild acidification. Prolonged treatment of alcohol (B)
with an equivalent amount of HBr gives I-bromo-1-
methylcyclopentane (C). Write the structures of (4), (B) and
explain how (C) is obtained from (B). (2001, 5M)

Explain briefly the formation of products giving the
structures of the intermediates.

) /\/\OH —)HCI /\/\C]

+ I>CH2C1+etc‘
CH, CH,
ii /\)\ —>HC1 /\)\
® 7 OH ~ Cl

only (1999, 3M)

Write the structures of the products :
HI (excess)

CH, ), CH—OCH
(CHs ), 3 7 heat (1998, 2M)

Give reasons for the following in one or two sentences.
“Acid catalysed dehydration of #-butanol is faster than that of
n-butanol. (1998, 2M)

2, 2-dimethyloxirane can be cleaved by acid (H"). Write
mechanism. (1997, 2M)

A compound D(CgH,,O) upon treatment with alkaline
solution of iodine gives a yellow precipitate. The filtrate on
acidification gives a white solid £ (C,H40,). Write the
structures of D, E and explain the formation of E. (1996, 2M)

3, 3-dimethylbutan-2-ol losses a molecule of water in the
presence of concentrated sulphuric acid to give
tetramethylethylene as a major product. Suggest a suitable
mechanism. (1996, 2M)

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

When #-butanol and n-butanol are separately treated with a
few drops of dilute KMnO, in one case only, the purple
colour disappears and a brown precipitate is formed. Which
of the two alcohols gives the above reaction and what is the
brown precipitate? (1994, 2M)

Compound X (molecular formula, C;HgO) does not react
appreciably with Lucas reagent at room temperature but
gives a precipitate with ammoniacal silver nitrate with excess
of MeMgBr, 0.42 g of X gives 224 mL of CH, at STP.
Treatment of X with H, in presence of Pt catalyst followed by
boiling with excess HI, gives n-pentane. Suggest structure
for X and write the equation involved. (1992, 5M)

Arrange the following in increasing order of boiling point :

n-butane, n-butanol, n-butylchloride, iso-butane. (1988, 1M)

How may be the following transformation be carried out (in
not more than six steps)?

“Ethyl alcohol to vinyl acetate.” (1986, 3M)

Write down the main product of the following reaction :

1,/NaOH

Ethanol (1985, 1M)

Give a chemical test to distinguish between methanol and
ethanol. (1985, 1M)

Suggest a reason for the large difference between the boiling
points of butanol and butanal, although they have almost the
same solubility in water. (1985, 2M)

An alcohol 4, when heated with conc. H,SO, gives an alkene
B. When B is bubbled through bromine water and the product
obtained is dehydrohalogenated with excess of sodamide, a
new compound C is obtained. The compound C gives D when
treated with warm dilute H,SO, in presence of HgSO,. D can
also be obtained either by oxidising 4 with KMnO, or from
acetic acid through its calcium salt. Identify 4, B, C and D.
(1983, 4M)

State the conditions under which the following preparations
are carried out. Give necessary equations which need not be
balanced.

(i) Ethanol from acetylene

(i) Lead tetraethyl from sodium-lead alloy

(iii) Methyl chloride from aluminium carbide (1983, 3M)

A compound ‘X° containing C, H and O is unreactive
towards sodium. It does not add with bromine. It also does
not react with Schiff’s reagent. On refluxing with an excess
of HI, ‘X’ yields only one organic product ‘Y’. ‘Y” on
hydrolysis yields a new compound ‘Z’ which can be
converted into ‘Y’ by reaction with red phosphorus and
iodine. The compound °Z’ on oxidation with potassium
permanganate gives a carboxylic acid. The equivalent weight
of acid is 60. What are the compounds ‘X’, ‘Y’ and ‘Z’ ?
Write chemical equations leading to the conversion of ‘X’ to
‘Y. (1981, 3M)
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64. An organic liquid ‘4’ containing C, H and O with boiling Integer Type Question
point 78°C, possessing a rather pleasant odour, on heating ) )
with concentrated sulphuric acid gives a gaseous product ‘B’ 65. The number of hydroxyl group(s) in Q is (2015 Adv.)
with the empirical formula, CH,. ‘B* decolourises bromine ) Aqueous dilute
water as well as alkaline permanganate solution and takes up Hiat P KMn(:;‘OSXC“S)
one mole of H, (per mole of B) in presence of finely divided
nickel at high temperature. Identify the substances 4 and B. H,C  CH,
(1979, 2M)
Answers
1. (d) 2. (c) 3. (a) 4. (c) 25. (a) 26. (a) 27. (c) 28. (d)
5. (d) . (b) 7. (d) 8. (a) 29. (o) 30. (b) 31. (b) 32. (b,c)
9. (b) 10. (c) 11. (d) 12. (c) 33. (ad) 34. (ce) 35. (0 36. (d)
13. (b) 14. (b) 15. (c) 16. (b) 37. (a) 38. (b) 39. secondary 40. Peroxides
17. (b) 18. (d) 19. (a) 20. () 41. vicinal, same 42. aldol 43. False 44. False
21. (a) 22. (b) 23. (d) 24. (a) 65. (4)

Hints & Solutions

1. The given reaction takes place as follows:

-OL/
HI excess)

ﬁ Cleavage-|
g\

\\}—> Cleavage-ll

Fﬁ Cleavage-|
% Cleavage-I|

SN1 pathway
[via cleavage I]

<E/ +OROn <E/+ EHy > CHy

* CHH (CHg),CHI GHy),CHOH

NC OH CHs CH,
Product-1

Product-2

Product-2 is formed because

(i) Cleavage-I will give more stable aryl carbocation.

(ii) Cleavage- I will give intermediate which is in conjugation
with ring.

2. The production of methanol from water gas is as follows:

Zn0 + Cry,O3
[CO+ H,]+H, —_5 CH,OH
Water gas 300 atm, 300°C Methanol
or
syn gas

It is an industrial process used for the production of methanol
where volume ratio of the reactant gases is maintained as:

syn gas : H, =2 : 1and ZnO-Cr,0j; act as catalysts

Thus, water gas is also called syn gas because it is used for
synthesis of methanol.

3. | Key Idea LiAlH, reagent is used for the reduction of —CHO,

0
I

— C OCHy3. It does not reduce double bonds.

The reaction of an ester with LiAlH, produces two alcohols, one
corresponding to the acyl portion of the ester and one
corresponding to the alkyl portion.

| LiAlH 4
CH,CH = CHC— OCH,

CH;CH = CHCH,OH + CH;0H
But-2-en-1-ol Methanol
Thus, the major product of the given reactant
]
CH,CH=CHCOCH,; in presence of LiAlH, is

CH,CH =CH CH,OH and CH;0H. The reaction proceeds
through following mechanism.

Mechanism
<-> Nucleophilic acyl
‘ ‘ substitution reaction
CH3CH=CH C@ AIH —
e
:0:
i

HyCH==CH— C— OCH
ﬁcac c C‘J\]Qca
( H

|

CHsCH=CH—C + CHSO
An aldehyde ‘

c/,% a%%

CH, CH=CH CH,OH <—CH30H: CH—C—H

Primary alcohol
H
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As conc. HBr is in excess. So, reaction will take place at both the

Key Idea PBry reagent is used for the substitution of —Br .
substituents.

group while alc. KOH reagent is used to carry out
elimination reaction. Mechanism
Step 1 Protonation of ether to form oxonium ion.

The given reaction proceed in following manner:
Step I In presence of PBry, alcohols undergo substitution

H
P o
S
reactions to give halides. Reagent PBr; is usually generated mf& O—CHs+ Br
insitu by the reaction of red phosphorus with bromine. -
PBrs

OH — Br CH=CH, CH=CH,
Oxonium ion
0 0 Step 2 Attack of nucleophile at the protonated ether.
3-bromohexanone
Step II 3-bromohexanone in presence of alc. KOH undergoes T H®
elimination reaction and gives cyclohex-2-en-1-one. ® |
g Y 20—CHs ¢, Q—CHs
Br+ v i
Br Alc. KOH Slow Br
CH=CH —
o 0 2 CH=CH,
Cyclohex-2-en-1-one J(
Major product obtained in the given reaction is OH
CH3—Br +
0 CH=CH,

Step 3 As HBr is in excess, so, reaction will also take place at

NaBH, in the reaction is used for the reduction by addition of a alkene.

hydride ion and a proton. Carbon-oxygen double bonds are
casily reduced by sodium borohydride. The actual reducing OH Markownikov's rule, HBr
agent in these reductions is hydride ion (H™). Hydride ion adds Addition reaction
to the carbonyl carbon and the alkoxide ion that is formed is
subsequently protonated by water. In other words, the carbonyl CH=CH, B CHs
group is reduced by adding an H™ followed by an H*. The
mechanism of the given reaction is as follows : OH
O 7. CH 3CH2—C|—CH3 cannot be prepared by HCHO and

c CHBr |
CHZBI’ Hse fromNaBH4 Hx0 Ph
PhCH(CH,;)CH,MgX. This can be easily illustrated by

following reaction.

C—CHQC Br 0
 FOH.25C C” NS st -
O Intramolecu\ar H—C—H +/ PhCH— CH,— MgX —> Ph CHCH,— CH,—0O MgX
cyclisation | |

OH

CHg CH,4
: i lHaCﬁ
Key Idea Ethers are least reactive functional groups. The
cleavage of C— O bond in ethers take place under drastic Ph CH— (CH,),— OH
conditions with excess of HX. oH
3

The major product obtained in the reaction is as follows : ) ) ) . .
ocH OH The obtained product is not the required substance. While option

3 Conc. HBr (excess) (a), (b) and (c) can readily prepare the required substance.
Heat The reactions are as follows :

CH=CH, Br—CH—CH



578"
|| [ |
e Ph C CH, CHj + CH3MgX —> Ph— C— CH,CHj,
I
CHy
OH
HSO
——> Ph— C—CH,CHj,4
CHy
3 Nigx
O g
Y . |
e Ph C CHg +/CH;CH,MgX — F’h—(lj—CH3
CH,CHj3
OH
HyO" |
— > Ph—C—CHg
CH,CHg3
56+
CO O MgX
-8t
® CHyCH, C—CHj; + PhMgX—> CH3CH,—C—CHj,4
" |
Ph
OH

Hz0™"
— > CHyCH,— C— CHy

Ph

8. In the given reaction, AICl; helps in the generation of

electrophile that further undergoes ArSy2 reaction to give the
required product.

/—>AICI3 HO ®
w_AlCA W

Intramolecular
H ArSg2 reaction

::’Ho -HCI
—AICIa
CTACE ~

It does not show SN reachon

with HCI because of double bond
nature of the O—C bond, (due

to +R-effect of the —OH group.)

9. The most suitable reagent to carry out given transformation is
I,/NaOH
OH

Strong oxidation, [O]

|
CH,CH= CH—CH,—CH—CH,
6 5 4 3 2 1

(Oxidative cleavage)

0
—CH=CH—CH,—C—OH

5 4 3 2
+CHL { +CO, 1
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Here, the haloform reaction will give following reaction:

4 5 o o
5 Io/OH W 15/OH
[O]
OH

@)
Cly 4 2 4 OH + CHId
OH 5 3
/W 1/\3/Y ©
(@] 0 (Yellow ppt.)

(1) Tollen’s reagent (AgNO; + NH,OH) is a mild oxidising
agent. It does not react with —(|]H—CH3 group

OH
(2°-alcohol).
(ii) Alkaline KMnO, cannot perform the oxidative cleavage,
rather it will hydroxylate the C=C.
|OH
CH;—CH=CH—CH,—CH—CH,
6 5 4 3 2 1
|OH ‘OH |OH

M>CH3—(3H—(:H—CI{2—(3H—CH3
OH™ 5 4 3 2 1

(iv) CrO4l,/CS, will not react here.

10. In the given reaction, ester get cleaved in presence of dil. HCI
and readily forms alcohol. This alcohol on reaction with oxalic
acid undergoes polymerisation reaction.

Hydrolysis of
the ester group

O_/OH CH,
ﬁ( Dl. HCI/A
Me__ O -CHsCOOH
Ether group
remains unaffected H H
by dil. HCI (hot)

OH OH—C—C—OH

o JOL
~0

—H,0 | (COOH),/Polymerisation O OH— ﬁi ﬁiOH

il

OCHj

11. | Key idea The reaction given is a nucleophilic substitution
reaction in which cleavage at C—O bond is visible. The
product formation can be visualised with the help of
following analysis.

These two atoms are directly

attached to benzene ring.

Hence, development of
@0 any charge on these atoms is

stabilised by the ring itself due
oo™

to conjugation (Resonance)
If any one properly visualise the fact written with figure
above, than a conclusion can be made that C—O bonds
marked (a) and (b) in the figure will undergo heterolysis
during the reaction.
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The reaction can be represented as

/
Heat
o

Mechanism

Step 1 The reaction begins with the attack of H" of HI on
oxygen to form oxonium ion as

I
+ <1+ CH,0H
OH

N
°e ~ ~
Qmn, 0

i H

o o

Oxonium ion

Step 11 This oxonium ion undergoes lysis and addition of I"to
form two products as

o
b =
o

Step 111 Similar pathway is followed at the other oxygen atom,
which can be visualised as

Clp A O T Lo
e +
Q/\ (l)/\ ,:

H

I+ cuyon
o™

o:

T

Note Mechanism of a reaction is always a logical sequencing of events
which may occur simultaneously as well.

12. PLAN This problem can be solved by using the concept of stability of
carbocation and Sy 1 reaction.
When two phenyl groups are replaced by two para methoxy
group, carbocation formed will be more stable. As the
stability of carbocation formed increases, rate of acidic
hydrolysis increases.
OCH; ¢——

the stability of
carbocation
electronically (by + M effect)

OCH; group indicated
o by arrow increases
ot ©-

OCHy
More stable carbocation

Hence, (c) is the correct choice.

13. The reaction of alcohol with Lucas reagent is mostly an Sy 1

reaction and the rate of reaction is directly proportional to the
stability of carbocation formed in the reaction. Since 3°
R—OH forms 3° carbocation (most stable), hence it will
react fastest.

RCH,OH
RO
0] Q-+ 1 0~ >OCH,R

Acetal
Resonance
Istablllsatlon

()

e

15. All dihydroxy benzene will have higher boiling points than
monohydroxy benzene. Also, among dihydroxy benzenes, 1,
2,-di-hydroxy benzene has lowest boiling point due to
intramolecular H-bonding.

0
0
H
o
|

H

(intramolecular H-bonding in
1,2-dihydroxy benzene)

OH

conc. H3POy4
16. EE—

Concentrated H;PO, solution does not involve any substitution
product while with others, substitution products are also formed.

17. C,HMgBr + (CH, ); COH—> C¢H, + Mg[(CH, ), CO]Br

18. CHy

A, PN A

HaC OH H0 trans

3
N
Cc=C
H,e” ONCH;
cis

19. A is an alcohol and its oxidation product gives Tollen’s test, i.e.
B must be an aldehyde (CH;CH,CHO).

CH,;CH,CHO + H,NHN—CO—NH, —>
semicarbazide
CH;CH,—CH=N—NH—CONH,

20. 1-propanol <25 CH,—CH,—CHO "M, ¢y o)
solution
red

2-propanol CLm) CH;—C—CHj;4 m) No reaction

solution
(0) OH (0) (0]
2 /u\)\ ik )J\;\ -
—_— —>
-H,0 =
I conjugated

(0) (0) (0]
-H,0 > =
11

OH



22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

Although both reactions are giving the same product,
carbocation I is more stable than II.

Thiol, (RSH), on combustion produces CO, (g), SO, (g) and
H,0(/). At 298 K, H,O will be in liquid phase.

OH —— O + H' (has maximum electronegativity
difference)

Ethanol is capable in forming intermolecular H-bonds :
H---O—H---O—H---

C,Hs—O CHs CyHs

Reaction proceeds via carbocation intermediates : ~

CH, CH,

| 0 N
CH;—C—OH +H —| CH;—C
CH, CH,_
(2-methylpropan-2-o1) (3° carbocation)
CH,

|
B, H,—C—Br

CH,

V4 -
CO + H, % CH.OH
cat

CH;—CH,—O—CH,—CH; + HI — 2C,H.I
2-methyl propan-2-ol is a tertiary alcohol, will react fastest with
Lucas reagent :

CH, CH,

cH,—C—oH H, cp,—c—a
| ZnCl, |

CH; CH,;
Sy 1 reaction
On heating with concentrated H,SO,, ethanol would undergo
dehydration to produce ethene.

Ethanol is soluble in water due to its ability to form
intermolecular H-bonds with water :

Key idea All the reactions involved in the problem are
Nucleophilic substitution of second order i.e., Sy 2 which have
the speciality of inversion of configuration at the carbon atom
involved.

Of the reactions given

Reaction 1 in its generalised format is seen as
PBr;

In diethyl ether (Et,0)

ROH RBr

Reaction 2 is simple halogen exchange reaction called
Finkelstein reaction. Its generalised format is

In acetone(Me, CO)
RX +Nal ——mMMMM8M8M8Mm™ —

where X =Cl or Br
Reaction 3 in its generalised format seen as

RI+NaN, —<M, pN. + Nal

RI+NaX
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Now if the given product is

Me N3
@ :\\\\\

and which is too enantiomerically pure i.e. 100% either
dextrorotatory or leavorotatory form, then the ‘X” must be

Me OH
\QV

Note The configuration at carbon * atom in ‘X’ becomes inverted
due to Sy2 mechanism which is visible in the product as well.

Thus, the probable reactions will be

PBry
Et,0
Me, Me, \\NB
NaN;
B ——
HCONMe,

—>
Me,CO

32. CH 3
CH
—~ 3
CH CHs 0—0—CH ¢y,
i
+ CH3—C—CHj3
Acetone CHCl3/NaOH
Phenol A, Reimer—Tiemann
(P) reaction
OH--0O —H —H
CHO
©/“\ H+ B NaOH
(Q) Major CHO (Q) Major
(R) Minor
O—{Na__BriCHy—Ph  O—CHyPh
CHO
Williamson's CHO
synthesis
()

(a) Risnotsteam volatile, but Q is steam volatile thus, incorrect.

(b) QO hasenolic group thus, gives violet colour with 1% aqueous
FeCl; solution thus, correct.
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(c) Shas carbonyl group hence, gives yellow precipitate with 2,
4-DNP thus, correct.

(d) S does not give colour with FeCl; thus, incorrect.

33.
Do
—)QOH + @—CHZI

Phenol does not react further with HI.

34. CH,CH,Br+ 0=N—0"—> CH,CH,NO, + CH,CH,0NO

ambident, nitroethane ethyl nitrite
nucleophile

35. R—OH « Hydrophilic
Hydrophobic

Increasing molecular weight increases hydrocarbon (R)
proportion that lowers the solubility in water.

Passage 1

Compound J must be benzaldehyde because it on treatment
with KOH undergoing Cannizzaro’s reaction producing
benzyl alcohol and pot-benzoate (L).

CH;—CHO X9, ¢ 1, CH,0H + C,H,COOK(L)
J

benzyl alcohol

Also M is aldol condensation product formed from

acetophenone
]
Ph— C—CH, —KOH,
acetophenone (K) 0
I
Ph—C—CH,—C—Ph ——> )—
OH Ph M
Ph\
=>1= C=CH—Ph
H;C/
OH

and / = Ph—C—CH,—Ph

CH,

3°-alcohol

o
I

86. J = C4H,CHO, K =Ph— C—CH,, L = PhCOOK "

Ph
37, = >C:CH—Ph
H,C

o
[ H,0
38. Ph— C—CH, + Ph— CH,MgBr——>
(’)H
Ph —|c— CH,—Ph
CH,
H
39. Secondary : HO/\/\OH C—2(OH) is secondary

OH
40. Peroxides : H,0, + Fe’* —— H,0 + Fe'*

41. Vicinal, same

(‘)H
42. C,H,0H % CH,CHO Na—%H> CH,— CH—CH,—CHO
Ha aldol

43. Ethanol is weaker acid than water, not neutralised with NaOH.

44, 2°-alcohol on oxidation yields ketone while 1°alcohol on
oxidation produces aldehyde which can further be oxidised to

acid.
N
OH CH, .
H Ri ot
45, 6 é ne LI
expansion
X
O
H
¥ 03 )‘\/\/\‘K
X crcoon
0
Y
_0
NaOH
aldol
O
- +
46. 2\ dil. H3S0/M L CH,OH + CHsy—C—CH
P CH3 (0] R

1,/NaOH . e
2 5 Both gives positive iodoform test.

Br OH

M i) CH;CHO |
17. e O <>CH—CH3
ether  (ii) H'/H,0 B
; . [FE .
* + Ring expansion H shift
L<>CHCH3 ing expansion —5
20
-

Br
_—
30

c




u +
8. . /\/CH2
) OH lcr
/\/\
%cm €L %cma
+ i}
(i)~ 5/\/\
OH 2o Cl

49. (CH,),CH—O—CH; —%, CH,—CH—CH,;+ CH,l

I

50. Acid catalysed dehydration proceeds via carbocation
intermediate. Also, greater the stability of reactive intermediate,

faster the reaction :

e ™
-H,0 N
CH, -
3° highly stabl
(7-butanol) (3° highly stable)

n-butanol forms less stable (1°) carbocation.

i
0] - < N -
51. e i E HyC i E ,‘
H;C H,¢” T \_0H,

.

0

2,2-dimethyloxirane
CH; OH

H3C—|C—CH2

OH
52. E = C¢H;COOH (benzoic acid)

1
= D =CHs—C—CH; —— C;H;—COONa + CHI,
NaOH

CH; OH CH,

+ +
53. CH,—C—CH—CH; — 5 CH,—C— CH—CHj

CH, CH,
20
T
Methyl -H* H;C CH
Y CH,—C— CH—CH; 5 * Sc=c{ 3
shift o H,C/ \CH,
CH,
MnO,d
54. OH N brown

n-butanol
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Lucas reagent

55. Compound ‘X No reaction at room

temperature.
Excess of
C4H,O Ammoniacal ppt, X CHy;
AgNO; CH;MgBr
H,/Pt
X ——— > n-pentane
HI excess

Above information suggest that X has a terminal triple bond and
it contain primary —OH group.
o Ag(NH; ),
- H—C=C—CH,—CH,—CH,0H ——
X
Ag—C=C—CH,CH,CH,0H
56. Isobutane < n-butane < n-butylchloride < n-butanol

Conc.H,S0O,
—_—

57. CH,CH,0H CH,=CH,
Br, NaNH,
— CH,—CH, — 25 H—C=C—H
Br Br
Hg(CH,CO0)
~_, CH, =CH—OCOCH,
CH;COOH vinyl acetate
1,/NaOH
58. C,H,OH ———— CHI; + HCOONa
iodoform
59. CH;— CH,OH + I, + NaOH —— CHI; { (Iodoform test)

yellow
Iodoform test is not given by methanol.

60. Butanol forms intermolecular H-bonds, has higher boiling point
than butanal.

(0)

61. (CH,COO),Ca i) CH;—C—CHj; + CaCO;,
D

I
CH,—Cc=cH 1250 ey, ¢cn,
C HgSO, D
OH
| Conc Br,
CH,— CH—CH; —9, CH,—CH=CH, —2
H,S0, 2 H,0
]Tr
CH3—C‘H—CH2
Br
X
NaNH
X =22 CH,—C=CH
20 C



352 Alcohols and Ethers

62. ()H—C=C—H :g:84 CH,—CHO Ca;llyst 64. A4 is ethanol because B is an alkene (ethene). /
H,/Ni
e ’ C,H,0H + Conc.H,SO, ——> CH,—CH, —>—
CH,;CH,OH CH,—CH,
H
(ii) 4 C,HBr + 4(Na/Pb) —=%5  (C,H,),Pb CH,=CH, + Br,—H,0 — CH,—CH,
sodium -lead tetraethyl lead (brown) ‘ |
alloy Br Br
0O colourless
2
(iii) ALC; —— Al(OH); + CH, CH,=CH, + alk. KMnO, ——> CH,— CH,
v purple | |
CH, + Cl,— CH;Cl + HCI OH OH
colourless

63. Compound X must be a symmetrical ether :

65.
R—O0—R L, op 1N, No reaction, not an alcohol H ,,”/@ —>H+ g;@ Methyl shift
X Y i, Heat
HO
C CH;

hiffs .
ﬂ) No reaction, not an aldehyde. H;C  CHs Hj

reagent
H,0 [0] H®
R—I1 —> R—OH(Z) —> Acid et

llz/P EW =60 CH, H,;C
CH, CH;
R—I ’

r OH

= Acid is CH,COOH and Z = CH,CH,OH o,

= X = CH—O—C,Hy, ¥ = CHy— CH,—1I o°C o
CH,CH,—O—CH,CH; —% 2CH,CH, OH o

X Y

Download Chapter Test
http://tinyurl.com/yySjdmfu or O
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Aldehydes and Ketones

Objective Questions I (Only one correct option)

1. The major product(s) obtained in the following reaction is/are
(2019 Main, 12 April I)

(i) KO'Bu
(i)) O/Me,S
Br
CHO and OHC — CHO
@@oHc— >
(b) OHC NN
7~ CcHo

(c) OHC ~_— CHO
OBu
(d) OHC
CHO

2. In the following reaction,
HCI

Carbonyl compound + MeOH=— acetal

Rate of the reaction is the highest for: (2019 Main, 9 April I1)

(a) Acetone as substrate and methanol in excess

(b) Propanal as substrate and methanol in stoichiometric amount

(c) Acetone as substrate and methanol in stoichiometric amount

(d) Propanal as substrate and methanol in excess

3. The major product obtained in the following reaction is
(2019 Main, 8 April Il)
CHgs 0O

OHCM NaOH

CHs
(a) H (b) H
"y w@

CHj Ho

(c) ﬁ (d) W
o)

4. The major product of the following reaction is

6.

(2019 Main, 8 April II)

) -BuOK
4,

" @
NeadiRe S8

An organic compound neither reacts with neutral ferric
chloride solution nor with Fehling solution. It however,
reacts with Grignard reagent and gives positive iodoform
test. The compound is (2019 Main, 8 April )

CH, O~
. d
OH
CoHs CHa
CH C,H
O/ 3 25

In the following reactions, products A4 and B are
(2019 Main, 12 Jan )

0O O
Dil. NaOH
A~ oo g
HsCL & en; A
HO"
A —= ]
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CHj CHj
(b) = c:H3 » B= CHg

) A= HiO

7. The major product obtained in the following reaction is
(2019 Main, 11 Jan 1)

Q. OH
N
LiAIH,
(excess)
CHj
NO, O
OH OH
N X
a) @CHS (b) CHS
NO, OH NH, OH
O, JOH
N OH
X
c) CHy (d) CH,
NO, OH NH, OH

8. The correct match between item ‘I’ and item ‘1I” is

Item ‘I’ Item ‘II’
(Compound) (Reagent)
(A) Lysine (P) 1-naphthol
(B) Furfural (Q) Ninhydrin
(C)  Benzyl alcohol (R) KMnO,

(D) Styrene (S) Ceric ammonium nitrate

(2019 Main, 10Jan )

Codes

A B C D
(a) Q R S P
(b) R P Q S
(©) Q P N R
(d Q P R S

9. The major product ‘X” formed in the following reaction is
(2019 Main, 10 Jan|)

0
Q |

@/CHZC OCHs  nasi
N X
MeOH

0
|

OH
CHgicioCHs
(b)

OH

CH, CH,0H
(d)

10. The correct sequence of reagents for the following
conversion will be (2017 Main)

0] HQ CH,
CHO H,C OH
CH,4
(a) [Ag(NH;),]" OH™, H' / CH;OH, CH;MgBr
(b) CH;MgBr, H' / CH;OH, [Ag(NH; ),]" OH™
(c) CH;MgBr, [Ag(NH; ),]" OH, H' / CH;0H

(d)[Ag(NH;),]" OH™, CH;MgBr, H' / CH;OH

11. The major product of the following reaction sequence is
0 (2016 Adv.)

CH,CH,OH

i
CHziciH

OH
(@) ©/

0O
ol

(i) HCHO (Excess)/NaOH, Heat
(il) HCHO/H' (Catalytic amount)
N\
(0)

/\
(0] (0) OH
®) ©/\§<
(0] OH
)
HO
c) ©)§< d)
OH
12. Which compound would give 5-keto-2-methyl hexanal upon
ozonolysis? (2015 Main)

CH;,
(a)
CH;,

o M0

o

. Q
CH,
CH;,
CH;
(©

CHj3



13.

14.

15.

16.

The major product in the following reaction is (2014 Adv.)

O
CM
CH

(i) CH3MgBr, dry ether, 0°C

(ii) Aqueous acid

3
)
(@)  H;C
CH,
OH
(b)
H,C = CH;
CH,4
© @CHZ
O
CH,
(d)
o CH,
The most suitable reagent for the conversion of
R—CH, —OH — R —CHOis (2014 Main)
(a) KMnO,
(b) K,Cr,04
(c) CrO;

(d) PCC (pyridinium chlorochromate)

The major product H in the given reaction sequence is

95% H,SO
CH,— CH,— CO— CH, —\° 27
(a) CH3—CH=|C— COOH
CH, (2012)

(b) CH;— CH=C— CN

CH,
OH

(c) CH,— cnz—?:— COOH
CH,
(d) CH,— CHz?—CO—NHz
CH,

The number of aldol reaction(s) that occurs in the given
transformation is (2012)

OH

L™
Ho— |

OH

Conc. aq. NaOH
CH;CHO + 4HCHO

(@ 1
() 3

(b) 2
(d) 4

17.

18.

19.

20.

21.

22,
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Cyclohexene on ozonolysis followed by reaction with zinc
dust and water gives compound E. Compound E on further
treatment with aqueous KOH yields compound F.

Compound F'is (2007,3M)

Q— (b) QCHO
Q @ C COOH

The smallest ketone and its next homologue are reacted with
NH,OH to form oxime (2006)
(a) two different oximes are formed

(b) three different oximes are formed

(c) two oximes are optically active

(d) all oximes are optically active

COOH

Butan-2-one can be converted to propanoic acid by which of

the following ? (2006)
(a) NaOH, Nal/H"
(b) Fehling’s solution
(c) NaOH, I/H"
(d) Tollen’s reagent
CHO
-0 CH;COONa
MeO
| COOH
MeO
What is X?
(a) CH;COOH (b) BrCH,COOH
(c) (CH5CO),0 (d) HOC—COOH
The order of reactivity of phenyl magnesium bromide with

the following compounds is (2004, 1M)

H,C CH, H,C H Ph  Ph

) (1) (I1T)
(a) (1) > (IID) > (I)
(b) (1) > (IIT) > (II)
(c) (D) > (I) > (II0)
(d) All of the above
A mixture of benzaldehyde and formaldehyde on heating
with aqueous NaOH solution gives (2001, 1M)
(a) benzyl alcohol and sodium formate
(b) sodium benzoate and methyl alcohol
(¢) sodium benzoate and sodium formate
(d) benzyl alcohol and methyl alcohol
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23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

The appropriate reagent for the following transformation:

CH,CH;
w— [ Y
HO

HO
(a) Zn (Hg), HCI (b) NH,NH,, OH"
(c) H,/Ni (d) NaBH,
Which of the following has the most acidic hydrogen?

(2000, 1M)
(b) 2, 4-hexanedione
(d) 2, 3-hexanedione

The enol form of acetone, after treatment with D, 0O, gives

(a) 3-hexanone
(c) 2, 5-hexanedione

(1999, 2M)
P |
(a) H;C—C=CH, (b) D;C— C—CD;
(’)H OD
(¢) H,C=C—CH,D (d) D,C=C—CD;,
Which of the following will react with water? (1998, 2M)
(a) CHCl, (b) C1;,CCHO
(c) CCl, (d) CICH,CH,(l

Which of the following compounds is oxidised to prepare
methyl ethyl ketone? (1987, 1M)
(a) 2-propanol (b) 1-butanol

(c) 2-butanol (d) z-butyl alcohol

The compound that will not give iodoform on treatment with

alkali and iodine is (1985, 1M)
(a) acetone (b) ethanol

(c) diethyl ketone (d) isopropyl alcohol

The Cannizzaro’s reaction is not given by (1983, 1M)

(a) trimethyl acetaldehyde
(b) acetaldehyde
(c) benzaldehyde
(d) formaldehyde

When acetaldehyde is treated with Fehling’s solution, it

gives a precipitate of (1983, 1M)
(a) Cu (b) CuO

(c) Cu,0O (d) Cu + Cu,0 + CuO

A compound that gives a positive iodoform test is (1982, 1M)

(a) 1-pentanol
(c) 2- pentanone

(b) 3-pentanone

(d) pentanal

The reagent with which both acetaldehyde and acetone react
easily is (1981, 1M)
(b) Schiff’s reagent

(d) Fehling’s reagent

(a) Tollen’s reagent
(c) Grignard’s reagent

Objective Questions II
(One or more than one correct option)
33. Reagent(s) which can be used to bring about the following

transformation is (are) (2016 Adv.)
s~ ~
Oxne? Oxne”
O H O OH
COOH COOH

(a) LiAlH, in (C,H5 ), 0
(c) NaBH, in C,H;OH

34. The major product of the following reaction is
(c) CHS Oj)‘\/

35. After completion of the reactions (I and II), the organic
compound (s) in the reaction mixtures is/are (2013)

(b) BH; in THF
(d) Raney Ni/H, in THF

(2015 Adv.)

_(KOH. H0
(ii) H* Heat

Br; (1.0 mol)

0)
M, e
HsC CH3z Aqueous/NaOH

Reaction I
O
/[]\ Br, (1.0 mol)
Reaction II H;C CH;z CH;COOH
(1.0 mol)

(0] o o
H3C/”\CHzBI' H3C)‘\CBT2 BrzC )‘\CBTZ
P 0 R

CHBI'3

0 0
BrHZC)I\CHzBr H3C)J\0Na

N T U

(a) reaction I : P and reaction II : P

(b) reaction I : U, acetone and reaction II : Q, acetone
(c) reaction I : T',U, acetone and reaction II : P

(d) reaction I : R, acetone and reaction II : S, acetone



36. Tautomerism is exhibited by (1998)

(a) QCHICH—OH (b) O:<:>:O
© Q @ Q
O O

37. A new carbon—carbon bond formation is possible in
(1998, 2M)
(a) Cannizzaro’s reaction
(b) Friedel-Crafts’ reaction
(c) Clemmensen’s reduction
(d) Reimer-Tiemann reaction

38. Which of the following will undergo aldol condensation?
(a) Acetaldehyde (1998, 2M)
(b) Propanaldehyde
(c) Benzaldehyde
(d) Trideutero acetaldehyde

39. Among the following compounds, which will react with

acetone to give a product containing >C:N— ?

(a) C¢HsNH, (b) (CH; );N (1998, 2M)
(c) C¢gHsNHCH; (d) C¢HsNHNH,
40. Which of the following is an example of aldol condensation?
Dil.NaOH

(a) 2CH;CHO ———— CH;CH(OH)CH,CHO (1989 1)

OH
Dil.NaOH

(b) 2CH;COCH;,4 H;C— (‘?— CH,COCH;

CH,
Dil.NaOH
(¢) 2HCHO ——— CH;OH + HCOONa

Dil.NaOH
(d) CgH;CHO + HCHO———— > C4H;CH,OH +HCOONa

41. Which of the following compounds will react with ethanolic

KCN? (1984, 1M)
(a) Ethyl chloride (b) Acetyl chloride
(c) Chlorobenzene (d) Benzaldehyde

42. Which of the following compounds will give a yellow
precipitate with iodine and alkali ? (1984, 1M)
(a) 2-hydroxy propane
(b) Acetophenone
(c) Methyl acetate
(d) Acetamide

43. Base catalysed aldol condensation occurs with
(a) propionaldehyde
(b) benzaldehyde
(c¢) 2-methyl propionaldehyde
(d) 2, 2-dimethyl propionaldehyde

(1984, 1M)
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Passage Based Questions

Passage 1
Two aliphatic aldehydes P and Q react in the presence of aqueous
K,CO; to give compound R, which upon treatment with HCN
provides compound S. On acidification and heating, S gives the

product shown below : (2010)
H5C OH
0 (0]
44. The compounds P and Q respectively are
CH;
| H;C~ . -H
CH H C
(@ gy~ >SC7 and [
(0]
(0]
T
H
CH g s
®) e >C and [
I 0
O
HyC oy 2o M HC o ~H
© | I and [
CHj; (0] (0]
H3C\CH/CH2\C/H H\C/H
6) I | and |
CHj; 0 (0]
45. The compound R is
| |
HiC~_,_C_ H;C~ . C
a C H b C H
()H3C/| ()H3C/|
HoC CH
OH H;C~ SOH
C|H3 0 C|H3 0
CH ! CH ﬂ
(©) H3C/\C|H/ SH (d) H3C/\(|JH/ SH
H,C CH
“SOH H;C~ SOH
46. The compound S is
CH3 o
L i
TRTANZN H;C g
3 3
(a) u M b >c T SH
| H3C |
H,C HyC
NN CN
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C|H3 (l:N ClN
CH CH H;C~_._-CH
(c) HyC~ \(|:H/ ~ou (d) H3C/C| NOH
H,C
H2C\OH *“oH
Passage 2

A carbonyl compound P, which gives positive iodoform test,
undergoes reaction with MeMgBr followed by dehydration to give
an olefin Q. Ozonolysis of Q leads to a dicarbonyl compound R,

which undergoes intramolecular aldol reaction to give

predominantly S. (2009)
1. MeMgBr 05/Zn-H,0 R OH-
2.H",H,0 heat

3. H2SOy4 / heat

47. The structure of the carbonyl compound P, is

O
/
A
o

; o;
N\ / N\ /
@)
&
;oo
A&
&

(b)

~
o
~

(d)

Q

C,H; CH,

48. The structures of the products Q and R, respectively, are

Q =
©)
@
=

I

a
A
S

S
O
I o
WI

(b)

a

S
Q o
=
)

(c)

NSO
o
=
o
T A=
s
o

€

@ CHO

Me Et

49. The structure of the product S, is
O
O
Me Me
Me
(0] (¢
Me

Passage 3

In the following sequence, product /,J and L are formed. K
represents a reagent.

(i) Mg/ether
i) NaBH, ii) CO
Hex-3-ynal (1) i 1 (n) e £
(ii) PBr3 (iii) H;0"

——— > L
/\/\n/ Pd/BaSO, qumolme

(2008,3 x4M =12M)
50. The structure of the product / is

(a) H3C /\/\/\Br

(b) H;C
N \g

(c) HyC /\/\/\Br

(d) H5C\ —Br

51. The structures of compounds J and K, respectively, are

(a) HsCy /~—COOH and SOCl,

=

(b) H3C and SOzclz

COOH

(© HzC—\_/—\ and SOCI,
— COOH
(d) H;C\ ~—COOH

52. The structure of product L is

(a) H3C\ —CHO

and CH3502C1



Match the Column

53. Match each of the compounds given in Column I with the
reaction(s) that they can undergo, given in Column II.

Column II
Nucleophilic
substitution

Column I

Elimination

Nucleophilic addition

Esterification with
acetic anhydride

A. Br p-
O

B. q.

C. CHO I.
: :OH

D. Br S.
\/: :NOZ

t. Dehydrogenation

54. Match the compounds/ions in Column 1 with their
properties/reactions in Column II. (2007, 6M)

Column I Column II

A.  C4H,CHO p.

gives precipitate with
2, 4-dinitrophenylhydrazine

CH,;C=CH q. gives precipitate with AgNO;

CN- r. is anucleophile
D. T s. is involved in cyanohydrin
formation
Fill in the Blanks

55. Fehling’s solution 4 consists of an aqueous solution of
copper sulphate, while Fehling’s solution B consists of an
alkaline solution ...... (1990, 1M)

True or False

56. The reaction of methyl magnesium iodide with acetone
followed by hydrolysis gives secondary butanol. (1987, 1M)

57. Benzaldehyde undergoes aldol condensation in an alkaline

medium. (1982, 1M)
Integer Answer Type Questions
58. Consider all possible isomeric ketones including

stereoisomers of MW =100. All these isomers are
independently reacted with NaBH, . The total number of
ketones that gives a racemic product(s) is/are

NOTE (Stereoisomers are also reacted separately). (2014 Adv.)
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59. In the scheme given below, the total number of
intramolecular aldol condensation products formed from Y is

1.0s
2. Zn, H,0

Subjective Questions

1. NaOH(aq)
2. heat

(2010)

60. (4), CeHy, —HSL5 (B), CeH,5Cl + (C), CeHy5Cl

Alcoholic KOH
(B) =22 T (D), (an isomer of (4))

Ozonolysis . . .
(D) ————— (E), (positive iodoform and negative

Fehling’s solution test)

Ozonolysis

(A) ——— (F) + (G), (positive Tollen's test for both)

( F) +(G) Conc. NaOH

Identify the compounds (4) to (D).

HCOONa + A primary alcohol
(2003)

61. A compound CyoH;0,Cl exists predominantly in enol form
(A) and also in keto form (B). On oxidation with KMnOQy it
gives m-chlorobenzoic acid as one of the products. Identify
the compounds (4) and (B). (2003)

62. Analkene (A) C,4H, on ozonolysis gives only one product

(B) C4HgO. Compound (B) on reaction with NaOH / I, yields
sodium benzoate. Compound (B) reacts with KOH/NH,NH,
yielding a hydrocarbon (C) CgH,,. Write the structures of
compounds (B) and (C). Based on this information two
isomeric structures can be proposed for alkene (A). Write
their structures and identify the isomer which on catalytic
hydrogenation (H, / Pd—C) gives a racemic mixture.

(2001, 5M)
63. Identify 4, B and C, and give their structures.
CH,4
CHy g
( ———>A4 +RB
NaOH
O +
heat ~ C(C7H120) (2000)

64. An organic compound 4, C4H,,0, on reaction with CH;MgBr
followed by acid treatment gives compound B. The compound
B on ozonolysis gives compound C, which in presence of a
base gives 1-acetyl cyclopentane D. The compound B on
reaction with HBr gives compound E£. Write the structures of
A, B, C and E. Show, how D is formed from C. (2000, 5M)

65. What would be the major product in the following reaction ?

Ph
base
(0)
Br
(2000, 1M)

66. (a) Compound 4 (C¢HzO) on treatment with NH,OH. HCI
given B and C. B and C rearrange to give D and E,
respectively, on treatment with acid. B, C, D and E are all
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isomers of molecular formula (CgH¢NO). When D is
boiled with alcoholic KOH, an oil ' (CgH;N) separates
out. Freacts rapidly with CH;COCl to give back D. On the
other hand, £ on boiling with alkali followed by
acidification gives a white solid G (C;H,O,). Identify
A-G.

(b) Carry out the following transformation in not more than
three steps.

1-butyne —— 2-pentanone (1999, 3M)

67. Write the intermediate steps for each of the following
reactions

4

H;O
(i) CH;CH(OH)C=CH —— CH,CH=CHCHO
XX _
(ii) A
OH 0~ “CH,

68. Complete the following reactions with appropriate structures
of products/reagents.

CHC6H6
[C (1) LiATHy
(11) H7 heat
(1998)

69. Analdehyde 4 (C,,;HgO), which does not undergo self aldol

condensation, gives benzaldehyde and two moles of B on
ozonolysis. Compound B, on oxidation with silver ion gives
oxalic acid. Identify the compounds A and B. (1998, 2M)

70. Acetophenone on reaction with hydroxylamine hydrochloride
can produce two isomeric oximes. Write structures of the
oxime. (1997, 2M)

71. Complete the following, giving the structures of the principal
organic products,

0
@) +PhsP =CH,— 4

(ii) CICH,CH,CH,COPh + KOH + MeOH — B
0

CeHs H,0"
(iii) H3C +NaOH ———C
o) (1997, 2M)

72. Suggest appropriate structures for the missing compounds.

(the number of carbon atoms remains the same throughout
the reaction)

CH;

Dil. KMnOg4 HIO, B HO

CH, (1996, 3M)

73 Complete the following reaction with appropriate structure :
CH,CH, (i) KCN/H,SO,
/=77 (i) LiAIH,
H (1996, 1M)
74. Complete the following reaction with appropriate structure.
NaOC,Hjs in absolute

CHs;CHO + CH;COOC,Hj
C,H5OH heat

(1995, 1M)

75. Write the structure of the major organic product expected
from the following reaction. (1992, 1M)

MeOOCHO + HCHO ~2,

76. Arrange the following in the increasing order of expected
enol content.
CH,COCH,CHO, CH,COCH;, CH,CHO,

CH,COCH,COCH, (1992, 1M)

77. Give reason in one or two sentences :
“lodoform is obtained by the reaction of acetone with
hypoiodite but not with iodide”. (1991)

78. A ketone A, which undergoes haloform reaction, gives
compound B on reduction. B on heating with sulphuric acid
gives compound C, which forms mono-ozonide D. D on
hydrolysis in the presence of zinc dust gives only
acetaldehyde. Identify 4, B and C. Write down the reactions
involved. (1989, 4M)

79. Answer the followings with suitable equations wherever
necessary

(1) suggest a reagent to distinguish acetaldehyde from acetone.

(i) what happens when excess chlorine is passed through

boiling toluene in the presence of sunlight? (1987, 2M)

80. Complete the following with appropriate structures

o NaOH, @CH=CHCHO
(1986, 1M)

81. How may the following transformation be carried out (in not
more than six steps) “benzaldehyde to cyanobenzene?
(1986, 2M)
82. Give reason in one or two sentences for the following:

“Hydrazones of aldehydes and ketones are not prepared in

highly acidic medium”. (1986, 1M)
83. Write down product of the following reaction
Propanal Na—OH>
heat (1985, 1M)

84. Arrange the following in order of their increasing reactivity
towards HCN :

CH,CHO, CH,COCH,, HCHO, C,H,COCH, (1985, 1M)
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85. Write down the reactions involved in the preparation of the treated with bromine in presence of phosphorus yields a
following using the reagents indicated against in parenthesis: compound C which on hydrolysis gives a hydroxyl acid D.
“Acetoxime from acetaldehyde.” This acid can also be obtained from acetone by the reaction

. with hydrogen cyanide followed by hydrolysis. Identify the
[KoCr,0; /H", Ca(OH), and NH,OH, HCl] (1984, 2M) compounds 4, B, Cand D. (1982, 2M)

86. Show with balanced equation, what happens, when the 88. Outline the reaction sequence for the conversion of methanal
following are mixed : to ethanol (the number of steps should not be more than
“Chloral is heated with aqueous hydroxide” (1984, 2M) three). (1981, 2M)

87. An alkene 4 on ozonolysis yields acetone and an aldehyde. 89. Write the structural formula of the main organic product
The aldehyde is easily oxidised to an acid B. When B is formed when methanal reacts with ammonia. (1981, 1/2M)

Answers
1. (a) 2. (d) . (¢) 4. (d) 37. (b.d) 38. (a,b,d) 39. (ad) 40. (a,b)
5. (d) . (b) 7. (b) 8. (¢ 41. (a,b,d) 42. (a,b) 43. (a,c) 44. (b)
9. (b) 10. (a) 11. (a) 12. (b) 45. (a) 46. (d) 47. (b) 48. (a)

13. (d) 14. (d) 15. (a) 16. (c) 49. (b) 50. (d) 51. (a) 52. (c)

17. (a) 18. (b) 19. (c) 20. (¢) 53. A>p,qt Bo>ps,t Cor,s D— p.

21. (c) 22. (a) 23. (b) 24. (b) 54. A>p,qs B>qr C—oqrs D—gqr

25. (b) 26. (b) 27. (¢) 28. (¢) 55. Sodium potassium tartarate

29. (b) 30. (c) 31. (c) 32. (¢) 56. False 57. False

33. () 34. (a) 35. (c) 36. (a,c,d) 58. (5) 59. (1)

Hints & Solutions
1. 3 Step Il CHO moves in the forward direction that results in the formation of
Step! | @2 Oa/MesS OHC/\/ and acetal. Reaction involved is as follows :
KOBu ] Ozonolysis OHC —CHO Et ) Et OH Et OMe
Br Cyclohex-1, Ny H/MeOH No” MeOH, NS
3-diene ST PN Excess VN
H H OMe H OMe
In step-1 dehydrohalogenation reaction takes place. Here, Acetal
hydrogen is eliminated from -carbon and the halogen is lost . . . .
. . 3. Itis an intramolecular aldol condensation reaction.
from a-carbon atom. As a result diene is formed.
This attack will result
HJ\ R 7-membering. So, it will not
OtBu proceed.
Q}\BI’ Cyclohex-1,3-diene 0 0 0O
9
i is gi i k o, I M k 1
Cyclohex -1, 3-diene on ozonolysis gives butane-1, 4- dial and OHC CHy [h,0  |HC 3 ¥2 SCH,
ethane- 1, 2- dial. l—,{ H |‘_| . 7\_/6
O (|3HO Acidic H-atom)
o .
O 2o o SIS
CHO | ~H0 - O=CH S
CHO
2. Key Idea Aldehydes are more reactive than ketones in LeSS acidic
nucleophilic addition reactions.
For the reaction, —HQO _OH NP
HCI (option-c)
Carbonyl compound + MeOH == Acetal Major M ore acidic

Rate of reaction is the highest for propanal as substrate and
methanol in excess. Propanal is an aldehyde and more reactive
than ketones. When MeOH is taken in excess then reaction

B H for B- ehmmahon
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B-elimination
o I e—
tBugl?/A
Acidic hydrogen (H) e
This benzylic -H activates

p-position by +ve Conc HpS0,)
for ArSO, E\ectrophmc addition

®1°
1°, but more stable
carbocation

2°, but less stable carbocation
because of -/ effect of >=—=0

/-\rSE AFSE

*@@*@ﬁ

6- membered ring
(more stable)

Major product 5- membered rng;

(option-d) Minor product
(less stable) (option-c)

@

5. According to the given conditions, compound (d) neither reacts
with neutral ferric chloride solution nor with Fehling solution. It
however reacts with Grignard reagent and gives positive
iodoform test.

- As the compound does not contain any phenolic —OH
group. Hence, it gives negative neutral FeCl; test.

OH
CH3 Neutral
oo o reaction
C—Et ®¥8  (FeClj test for phenolic
[ group)
(0]
Compound gives reaction with RMgX as it contains
—ﬁ—Et.
(0]
OH OH
CHg RMgX CHj
—_—
Grignard R
C—FEt reagent CoHs
] o

Compound with CH,CH — group undergoes iodoform test in

OH
presence of NaOH and L,

OH O

CHs NaoH+1
22, CHgl L+
lodoform Et
C—Et test YeIItOW

6. The reactant in presence of dil- NaOH undergoes intramolecular
aldol condensation reaction.

As a result of this, B-hydroxyketone (A4) is obtained which on
hydrolysis followed by heating produces o, p-unsaturated

ketone (B)
O 0}
dil. <)
y NaOF’ @\/‘ H

3C CHy

0] )
H,O
A P o
-H,0 HO 6]
H (A) H

7. LiAlH, acts as a nucleophilic reducing agent that can reduce
—COOH to —CH,0H, —|C= O into —(|3H—OH and

B)

—NO, into —NH,, but it cannot reduce isolated >czc<

O\ OH  isolated \C C/

X LiAIH, (excess)
e S AN

NO, O NH, OH
Compound
(b)
8. (A > Q;B—>(P);C—(S),D—(R)
(A) Lysine (R=—(CHy),~NH,)
NH, )
Fr’—CH< Ninhydrin test (B) Violet
COOH 7 colouration
OH
(Ninhydrin),
OH boil
O
OH
[ )oo: GO

(Furfural
CH,S0,
S e— Violet colouration
Molisch Test (P)

(Molisch reagent)

CH,OH Ceric ammonium
nitrate (s) [CAN]

50% CHaCOOH

ey

(Benzyl alcohol)

5 = dil. KMnO,/OH/Cold (R)
© (Pink)

(Styrene)

(Benzaldehydel)

+Mn?* (Colourless)



9. NaBH, is a selective reducing agent. It reduces carbonyl

(e=0)
- group into an alcohol but cannot reduce an isolated
C=C and an ester group too.

Carbonyl oo

'd-.zgroup OH |

R group
Isolated
Cc=cC
10.
0 0 0 HO CH,
[Ag (NH;),]OH Esterification CH;MgBr
Tollen’s reagent CH;0H, H" (Excess)
CHO COOH COOCH; OH

Before final product is formed, intermediate is

HO  CH,

11

(0]
©)He/
Carbanion

(0]

H-atom at o carbon

o
o 7
| 8

(0]
Crossed _ H0
aldol ~ CH,O — ©)/H<CH20H

a-carbon has no H-atom
hence, next reaction with HCHO is
crossed Cannizzaro reaction

l HCHO, OH
HCHO
<—Acet{ﬂ CH,OH + HCOO™
formation (By oxidation)

(By reduction)

Aldehydes and Ketones 363

CHj,

12. (a) CH,
03
A
Zl’l.H202

(0] o

| |
CH,— C—CH,—CH,—CH,—C—CH,

Heptan -2, 6 dione

CH;

b O3
(b) —
Zn.H,0,
CH;
(0]

6 ||5 4 3 2 1
CH;— C— CH,—CH,— CH—CHO

|
CH,

5-keto-2-methyl hexanal

© N —

CHj
(I? CH,

|
CH,— C—CH,— CH —CH,—CHO

5-keto- 3-methyl hexanal

CHj

d) CH
(d) 3 0,
A

Zl’l.H202

O CH,

(.
CH,— C— CH —CH,—CH,—CHO

5-keto-4- methyl hexanal

13. PLAN This problem includes concept of nucleophilic addition reaction
to carbonyl compound (ketone here) and intramolecular
nucleophilic substitution reaction.

Complete reaction sequence is as shown below:
(0)
Cl CH;MgBr, dry ether, 0°C

CH; Nucleophilic
addition reaction

aq. acid
CIM intramolecular
CH; CH,

CH nucleophilic (@]
3 substitution reaction

+ Mg X Cl
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14. R— CH,0H— 3R CcH=O

Pyridinium chlorochromate is the mild oxidising agent which
causes conversion of alcohol to aldehyde stage. While others
causes conversion of alcohol to acid.

15. The first step is cyanohydrin reaction
O

CH;—CH,—C—CH; +CN —
(on OH
H,0
CH3—CH2—C|—CN — CH;—CH,—C—CN
CH; CH;
@

In the second step the — CN of intermediate (I) is first
hydrolysed and then dehydrated on heating in the presence of

conc. H,SO,.
OH OH
| H,S0, |
CH;—CH, —(|3— CN — CH3CH2—|C— COOH
CH, CH,
)

A
—~5 CH,—CH=— C— COOH

CH,;
16. The given reaction is an example of repeated aldol condensation
followed by Cannizzaro reaction.
Step1 CH,CHO + OH™ —— CH,—CHO + H,0
O

H—C—H+CH,—CHO —
on OH
H— c‘— CH,—CHO 2% |CH2—CH2—CHO
!
Step 11 HOCH,—CH,—CHO + HO™ —
HO—CH,—CH—CHO+ H,0
0

H—E—H +CH—CHO —
CH,OH
0N OH
H—$— CH—cCcHO —2%5 CH,— CH—CHO
H CH,OH CH,OH
Step Il HOCH,—CH—CHO + HO™ —
CH,OH
HOCH,—C—CHO + H,0

CH,OH

0 (|jH2OH
H—C—H+ CH— CHO —

CH,OH
O~ CH,0H CH,OH

H—C— C—CHO 2% HOCH, —C—CHO

H CH,OH CH,OH
CH,OH o O
| |

Step IV. HOCH,—C C—H+ H—|C— OH

CH,OH H

OH

L
o]

OH

Cannizzaro reaction

+HCOO

In the last step, formaldehyde is oxidised and the other aldehyde
is reduced giving the desired products.

17. o
H
0y HM(
Zn-H,0 Io)
E
—
H,0

Intramolecular aldol
condensation reaction

18. Three different oximes are formed out of which two are optically
active i.e.exists as a pair of enantiomers while other is optically

inactive.
19. CHs  \aon
H5C —— CHI3 + CH3CH,COONa
1,/H,0

0 .
——— CH;CH,COOH

20. Xis (CH4CO),0 and it is an example of Perkin’s reaction.

21. The reactivity of carbonyl compound towards nucleophilic
addition of Grignard’s reagent depends on extent of steric
hindrance at a.-carbon. Greater the steric hindrance smaller the
reactivity. Hence, reactivity order is

CH,CHO > CH,—CO—CH,; > Ph—CO—Ph
11 I 111

i

22, CHO + H—C—H-NaOoH | CH,OH
H,0

+H—COONa

This is an example of cross Cannizzaro reaction in which
formaldehyde is always oxidised.



23. )

CHj3 NH[z{_CI)\]_flz /Q/ CHyCH3

HO HO
(Wolft-Kishner reduction)

24,
(0] (0] (0] (0]
Mlv — M + H*
Hi ghl; resonance
H stabilised
OH O

25. CH,=C—CH; + D,0 — D;C—C—CD;,
All o-H will be replaced by deuterium.

26. ~H—
e ?
CliC—CHO + H,0 ——> Cl—C—CH
Cl
\\H/O
Highly stable hydrate
OH (0]
[0] ”
27. CH 3;—CH—CH,—CH; —— CH;—C—CH,—CH,4
2-butanol catalyst Ethyl methyl ketone

28. Compounds that contain either CH;—CO or CH;— CH—
group gives iodoform test : |

s, OH
: (ﬁ :
CH,—C—CH, | | CH;—CH—H CH3—(|?H—CH3
Acetone ¢ O H ............. O H
Ethanol Isopropyl alcohol

Above three compounds has the desired group for iodoform test.
Diethyl ketone does not has the required group for iodoform
test.

29. Aldehydes lacking presence of a-H undergo Cannizzaro
reaction. When treated with aqueous base CH;CHO does not
undergo Cannizzaro reaction because it has a-H and in the
presence of aqueous base it undergoes aldol condensation.

30. CH,—CHO + Fehling’s solution —— Cu,0 4
Red

(0]

31. For iodoform test, CH;— C— group is required
O

/\)‘\

HsC CH;

2-pentanone

+NaOH+1, ——>

/\/ COONa + CHI3\L

Yellow
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32. Grignard’s reagent reacts with both aldehydes and ketones
while other three reagents reacts only with aldehydes, not with
ketones.

33. Only — CHO group is to be reduced to — CH,OH.
It can be done using NaBH, in C,H;OH.

o OJ<
\IV
X o

COOH
I

(a) LiAlH,/(C,Hy),Oreduces I, IT and I1I into —CH,OH, and
IV into diol.

(b) BH;/ THF show same properties as (a).
(c) NaBH, / C,Hs;OH reduces III into —CH,OH.

(d) Raney nickel, same as (a) and (b), thus (c) is correct
reagent.

o™
oer

34.

AIdoI type
Condensatlon
O

—HQO
a, B-unsaturated ketone

35. Plan When acetone reacts with Br, in basic medium, bromoform is
formed.
Reaction I CH;COCH; + 3Br, +
1 mol 3 mol
1 1 mol

—mol
3mo

—— CH;COONa + CHBr; + 3NaBr + 3H,0
) )
When CH;COCH; and Br, are in equimolar quantity, all the Br,
(limiting reactant) is converted into desired products and
2/3 mole of CH,COCH, remains unreacted, being in excess.
When acetone reacts with Br, in acidic medium, there is
monobromination of acetone.

4NaOH

Reactions I1

CH,COCH, + Br, —39%1, oy cOCH,Br + HBr

1 mol 1 mol P)
CH;COCH; and Br, react in 1 : 1 mole ratio and (P) is formed.
In reaction I, (U) and (T') are formed and acetone (reactant)
remains unreacted. In reaction I, (P) is formed.
36. All those carbonyl compounds containing o-H to sp2 carbon
show keto-enol tautomerism.
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37. In both Friedel-Craft’s reaction and Reimer-Tiemann reaction
new carbon-carbon bond is formed.
CHj

Friedel-Crafts’ alkylation

OH
CHO
H+
+CHCl; + NaOH —— ——

Reimer-Tiemann’ reaction

OH

38. All carbonyl compounds containing a.-H or a.-D undergo aldol
condensation. In given example, benzaldehyde does not contain
a-H to —CHO, hence does not undergo aldol condensation.

H,C H,C
39. ° OC=0+CHNH, —> ° >C—=N—CH;
H,C H,C
H O
+ CHNHNH, —>  * SC=N—NHCH,
H,C
(‘)H
40. 2cH,cHO PLNOH oy CH_cH,CHO
Aldol
CH,

[ - [
2CH,— C— CH, DIl NaOK CH3—C|—CH2—C—CH3

OH
Aldol

2HCHO 2LNOK ey ol + HCOONa

Cannizzaro reaction

C,H,CHO + HCHO 2-NOK - 11 cH OH + HCOONa

Cannizzaro reaction
S\ 2
41. CH,CH,Cl+ KCN —5 CH,CH,CN + KCl
i I
CH,— C—Cl+ KCN ——> CH,— C—CN + KCl
(0] (0]

[ [
CH,—C—H+KCN —> CGHS—C—(|ZH—C6H5

OH

Benzoin

(0]

42. Aldehyde, ketones containing CH;— C — group gives iodoform

test. Also alcohol containing CH;—CH—  group gives
o
OH (0]
iodoform test. CH3—(|3 —CH; CGHs— g—CH3
i

Both gives positive iodoform test
Esters and amides do not give iodoform test.

43. For base catalysed aldol condensation, there must be at least one
o-H to carbonyl group.
CH;—CH,—CHO,
Propionaldehyde
(2 a-H)
o T
CH;—CH—CHO , CH;—C—CHO

2-methyl propionaldehyde

(1 o-H) CH,

2, 2-dimethyl propionaldehyde

(no a.-H)

Passage 1 (For Q. Nos. 44-46)

The given product is an ester, obtained by condensation of a
hydroxy acid obtained through hydrolysis of a cyanohydrin :

CH,4

_OH
CHs—(ll—C{J - H;C OH
C=0 —(—>
P el
OH 0~ 0

Acid above is obtained by acid hydrolysis of cyanohydrin S as
CH; OH CH; OH

+ |
H;C—C—CH—CN 1?2—0’ H;C—C— CH—COOH
CH,0H

s

CH,OH

S is obtained by nucleophile addition of HCN on R, hence R is
CH; O CH; OH
H;C—C—C—H +HCN —— H3C—C—CH—CN

CH,OH CH,OH
R S

R is obtained by treatment of P and Q with aqueous K,CO;
through aldol condensation reaction as

CH, (”) ?H3
CH3—CH—CHO + H—C—H 2> OHC—Cl—CH20H
P+0 b,
R

Passage 2 (For Q. Nos. 47-49)

CH
X 3 CHyMgBr HY/H,0 ﬁ CHs
- CHj3

0 CH;
P 0 CH3
(gives positive iodoform test)
CHO
Q 03 CH3 OH~
—_ _—
Zn-Hy0 aldol
o (0]
H;C  CHj

R S



Passage 3 (For Q. Nos. 50-52)

(0]
1. NaBHy4
/\%\)J\ P — W
H 2. PBI‘3 Br
1
i) Mg/eth
(.1-) gl/ether o~
(11) C02 COOH
(iii) H;0"
SOCl,
—>/\%\/\
K ﬁ_CI
(0]
H, B A
—_ C=—C
Pd/BaSO, V \
H5C, CH,CH,CHO
L
Column 1 Column II

53.

Br  Undergo nucleophilic substitution of
A Br™. Undergo elimination of HBr.
' Does not undergo nucleophilic
addition. Does not esterify with
acetic anhydride, can be
dehydrogenated.

Undergo nucleophilic substitution
with SOCI,, PCl; etc.

Does not undergo elimination.
Does not undergo nucleophilic
addition.

Undergo esterification with acetic
anhydride.

Undergo dehydrogenation to give
C4HsCHO.

Does not undergo nucleophilic
substitution, there is no leaving
group.

Does not undergo elimination.
Undergo nucleophilic addition at
carbonyl carbon of —CHO.
Undergo esterification with acetic
anhydride.

Does not undergo dehydrogenation.

CHO
(X
OH

Undergo aromatic nucleophilic
substitution (Sy Ar)

Does not undergo elimination,
nucleophilic addition, esterification
or dehydrogenation.

Br
D' @
NO,
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Column I Column II

A. CH,CHO

Gives phenyl hydrazone with 2,
4-dinitrophenyl hydrazine.

Gives precipitate with AgNO;, Tollen’s
test forms cyanohydrin.

B. CH;—C=CH Gives precipitate (CH;—C=CAg)
with AgNO;.

A nucleophile, undergo electrophilic attack.
Forms AgCN with AgNO;.

A nucleophile is involved in cyanohydrin
formation.

D. I Gives Agl precipitate with AgNO; and it is

a nucleophile.

55. Sodium potassium tartarate
0 CH,
[ H,0
56. CH,Mgl + CH;—C—CH; ~23 CH,—C—OH
CH,

Tertiary alcohol

57. Benzaldehyde, lacking o-H does not undergo aldol

condensation, rather it undergoes Cannizzaro reaction.

58. Molecular weight of the ketone is 100

So, molecular formula = C; H;,0

Degree of unsaturation = (6 + 1) — % =1

According to question, compound contains ketone group. Since,
the compound which contain chiral centre lead to the formation
of diastereomer while other produces enantiomers. Various

isomers and their possible reduced product are as shown below.
( 1 ) n—butyl—ﬁ—CH3 n-butyl—CH—CH3

All are
(2) Iso-butyl-C—CHj,4 Iso-butyl-CH—CHj|  + racemic
mixture
0 NaBH, OH
(3) 3° butyl-C—CHj 3° butyl-CH—CHj,
OH
CHj : CH;
*
(4) CHyCH,—CH—C—CH;| CH3CH2(£H(|3HCH3
. OH
R (2°butyl) 2-alcohols (R,R) and (R,S)
] diastereomeric pair
CH, NaBH,
CH,

(5) CH;CH,—CH—C—CH,
: é .
J > CHy—CH,—CH—CH—CH,

S (2°butyl) OH
2-alcohols (S,S) and (S,R)

(Here, (x) represents chiral centre) diastereomeric pair
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(6) n-propyl-C—Et n-butyl-CH—Et .
| () racemic
) NeBH, OH  mixture

(7) Iso-propyFC—Et Iso-propyl—CH—Et
A (£)racemic
mixture

While in case of (4) and (5) they do not produce enantiomer
due to the presence of stereogenic centre on ketone.

10 O
—>
Zn-H,0
O
Y

59.

Only product

CH, CH,4 (|:1

CH3—CH—C|—CH3
CH, CH,

A B

60. CH,=CH—C—CH,

Cl  CH, CH,

| | |
CH,—CH—C—CH, CH,—C=C—CH,

CH, CH,
c D
T
CH,— C—CH, CH,—C—CHO  HCHO
E G
CH,
F
61. U
O (6] O
CHO
Q)‘\/\H ©/”\/
Cl Cl
A B
COOH
KMnO,
Cl
62. B+NaOH/I, —> CH,COONa + CHI,
| CH,CH;

RN N,H,/OH"

+ Enantiomer
= Racemic mixture

63. o
(0]
CH;3 CH;
CH; Br,
—_—
( o COONa +CHBr3
(0) B
e o
CH;
H+
Heat + C02
C
64. Tl)
OH C
—
Aldol CH;
D
CHO 0
[cH, CH;
= (C= B=
MeM, "
A (CH,0) MeBr W g
(0]
= + CH;MgBr ——
4 HO CH; CHs
H+
—
B
65. Ph Ph
Base N
(0] O
Br Br
Enolisation

\Ph
—
(0]



66. (a) G is benzoic acid C;H;—COOH, B and C are two

stereomeric oximes which undergo Beckmann’s rearrangement
on treatment with acid to give amides D and E.

I
CH—C—NHCH, —2L, ¢,H,cO0H + CH,NH,
E H,0 G
0
OH
HCo  OH
C=N = C6H5—C—NHCH3
Hy,e”
C
0
HsCo\ ﬁ q
JC=N_ o CHyCoNHCGHs
H;C Son D
B KOH
HZ—O) CH;COOH + C6H}§NH2

F + CH,COCl —> CHNHCOCH,
D

O
= A4 =CHs—C—CH;
I
B,H, .
— =%, CH,CH,CH,— C—H 1) C:MeBr,
H,0,/0OH™ (i) H;0"
OH

CH,CH,CH,— CH—CH,

O
[0] [
— CH,CH,CH,—C—CH,

2-pentanone.

67. (i) CH,—CH—C=C—H

OH

LO> CH—CHY C=C—H

OH,

0]

. [
=M, cH,—CcH=CH—C—H

—_—

C6H5—CH=C=|C—OH

tautomerisation

H
% n
OH 0:)

H

_H"
%
(0]
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CH—Ph
(1) NaOH
(11) C¢HsCHO

CH—Ph
(i) LiAIH,
(i) H', heat

69. Aldehyde 4 does not has any a-H but undergo ozonolysis to
give two moles of compound B and benzaldehyde. Compound B
on oxidation gives oxalic acid, so 4 is

0
C;Hs—CH=CH—C=C—CHO —>
A

C,H;—CHO + 2COOH

CHO
B
B AL, C|OOH
COOH
70. o
HiCo_ ~ OH
CgH.—C—CH; + HONOH —— C=N
6115 3 2 H3C/ %
HCo [
+ C=N
0’ o
0 CH,
71. (i) + PhyP=CH, —>© (Wittig reaction)
A
(0]
I CH,0"
(ii) Cl—CH,— CH,— CH,— C—Ph ——>»
Cl  Ph
e, ﬁ
C_\CHZ Ph—C
H(lj/ B
COPh
(iii) Q Q
CeHs _ /U\
DA
H;C — H,C —
0 |
Ph
O
HY/A
—_—
OH Ph
Ph C
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72.
CH3 CH, CH,
Dil. KMnO, OH HIO, N0
OH 0
H H
CH; ) CH3 5 CH;
O
HO™
aldol
c

73. KCN + H,S0, —> KHSO, + HCN
0 OH

CH,CH,—C—H + HCN ——> CH3CH2—C|—CN

OH q
LiAlH CH3CH2—(|:_CH2NH2 I
H
11
I is formed as racemic mixture.
1
74. CH,CHO + CH;—C—OC,H; C,HsONa
C,H,0H
(0]

CgHs—CH=CH— C—O0C,Hj

KOH
MeOOCHO + HCHO ——
MeOOCHZOH + HCOOK

(Cannizzaro reaction)

75.

In cross-Cannizzaro reaction, methanal is always oxidised.
(0] 0 H

11 is less stable than I because 1 is less substituted enol.
Acetone has greater enol content than ethanal

(ﬁ OH
CH; — C— CH;=— CH, =C— CH; (more substituted)
C
OH

] |
CH;—C—H —— CH,=C-—H (less substituted)
D

Therefore, overall enol-content orderis D < C < B < A4

76. CH;—CO—CH,— COCH; has highest enol content due to

resonance and formation of six membered ring through
intramolecular H-bonding

(0] (0] .H
PPN . 9o
Hie CH, M
) e’ 7 en,

M

Also, enol content depends upon the number of substituents on
double bond, greater the number of substituents, greater the
stability, higher the enol content.

Therefore, CH;COCH,CHO forms next most stable enol

77. lodoform reaction is an oxidation reaction in which hypoiodite
OI acts as oxidising agent :
O

R—C—CH, + OI' —> R—COO" + CHI,

Todide (I")is a reducing agent, does not give iodoform reaction.
(6]
78. D —> % CH,CHO (only)

C = CH,—CH=CH—CH,,

0
D=CH,—CH CH—CH,
| \
0—0
OH 0

B = CH;—CH—CH,CH; and 4 = CH;— C—CH,CH,

79. (1) Tollen’s reagent gives grey precipitate of Ag, acetone
does not.

CCly
(ii) + Cl, M +HCl
(excess)
0 ¢ H.CHO + CHycHO NOH, QCH=CH—CHO

Cross-aldol condensation

COOH
NaOH
KzCI‘zO7/H CaO/A
_ HNOy |
H2804

NH,
Fe/HCI NaNO,
R

+

NO,

HC1/0°C
CN
KCN
—_—
CuCN

AN
/



82.

83.

84.

85.

86.

o

R
R—C—R + PANHNH, ——>  C—=N—NHPh

R/ Hydrazone

In acidic medium, hydrazine reacts to form salt and hydrazone is
hydrolysed back to aldehyde/ketone.
CH,CH,CHO % CH,— CH,— CH—=C— CHO
cat
CH,

Aldol followed by
dehydration

Steric hindrance at carbonyl carbon determine the reactivity
towards nucleophilic addition reaction. Greater the steric
hindrance, smaller the reactivity.

C,H,COCH, < CH,COCH; < CH,CHO < HCHO

+ Ca(OH
CH,CHO KL> cH,cood O cH,c00),Ca
2107
H,NOH
(CH,C00),Ca % cH, C—CcH, 2%
H,C
’ >C:N—0H
H;C” acetoxime

C1,C—CHO + NaOH(aq) —> Cl,C—CH,OH

Cannizzaro reaction

+ C1,C—COONa

Download Chapter Test

87.

88,

89.

http://tinyurl.com/yx9d32yd
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0 OH
CH3—£—CH3 _HCN, CH3—C:—CN HL;O>
CH; OH
CH3—C‘—COOH
&,
Br cu, P

= C=CH;—C—COOH, B = CH;—CH—COOH
&,
CH, CH,
= A4 = CH;—C=CH—CH—CH,
H-(‘:'—H + CHMgBr 25 CH,CH,OMgBr

LO> CH,CH,OH

H,
5
6CH,O + 4NH; —— ﬁNW “(CHa)gNyg”
N, N
~_

Hexamine

or E
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Carboxylic Acids and
Their Derivatives

Topic1 Carboxylic Acids

Objective Questions I (Only one correct option)

1 Which dicarboxylic acid in presence of a dehydrating agent
is least reactive to give an anhydride? (2019 Main, 10 Jan )

/QH&\
\\\\\ an COH CH,  COOH
® <i:] ® é COOH
""" M COH Ho
: Sery
i
COOH G
CH OH
© @( @ T °
oo Chg_ OH
I
O
2. In the reaction,
LiAIH ol
CH,COOH —%, 4 s, p AeKOH
The product C is (2014 Main)
(a) acetaldehyde (b) acetylene
(c) ethylene (d) acetyl chloride

3. The compound that does not liberate CO,, on treatment with

aqueous sodium bicarbonate solution, is (2013 Adv.)
(a) benzoic acid
(b) benzenesulphonic acid
(c) salicylic acid
(d) carbolic acid (Phenol)
4. Anorganic compound 4 upon reacting with NH; gives B. On

heating, B gives C. C in the presence of KOH reacts with Br,
to give CH;CH,NH,. 4 is (2013 Main)
(a) CH;COOH

(b) CH;CH,CH,COOH

(c) CH;—CH— COOH

CH,
(d) CH,CH,COOH

5. The compound that undergoes decarboxylation most

readily under mild condition is (2012)
COOH COOH
CH,COOH 0
(a) (b)
COOH CH,COOH
COOH O
(0) (d)

6. The carboxyl functional group (— COOH) is present in
(a) picric acid (2012)
(b) barbituric acid
(¢) ascorbic acid
(d) aspirin

7. In the following reaction sequence, the correct structures
of E, F and G are

O O
Heat 1
Ph M 2 "
7 NOH " [B] o [F] 4[]
(* implies "* C labelled carbon) (2008, 3M)

) )
a) £ = A F= A o® G=CHI
@ E= g CH;  Ph~ " NONa ’

) )
(d)E= )K F= A@@ G = CHI;4
Ph CH;  Ph ONa
0 0
) E= )K F= A@@ G =CHI,
Ph CH, Ph ONa
) )
d) E = )K F= Ae@ G =CHyl
Ph CH;  Ph ONa



8. When benzene sulphonic acid and p-nitrophenol are treated
with NaHCO;, the gases released respectively, are (2006, 3M)
(a) SO,, NO, (b) SO,,NO (c) SO,,CO, (d)CO,,CO,

9. An enantiomerically pure acid is treated with racemic
mixture of an alcohol having one chiral carbon.The ester
formed will be (2003, S, 1M)
(a) optically active mixture (b) pure enantiomer
(¢) meso compound (d) racemic mixture

10. Benzoyl chloride is prepared from benzoic acid by
(a) Cl,, hv (b) SO,Cl, (2000, S, 1M)
(¢) SOCI, (d) Cl,, H,0

11. When propionic acid is treated with aqueous sodium
bicarbonate, CO, is liberated. The C of CO, comes from
(a) methyl group (1999, 2M)
(b) carboxylic acid group
(c) methylene group
(d) bicarbonate group

12. Which of'the following is basic ?
(a) CH;CH,OH (b) H,0,
(c) HOCH,CH,OH (d) CH,COOH

(1980, 1M)

Matching Type Questions

13. The desired product X can be prepared by reacting the major
product of the reactions in List-I with one or more
appropriate reagents in List-II.

(given, order of migratory aptitude : aryl > alkyl > hydrogen)
(0]

>
Me OH

Ph

X (2018 Adv.)

Topic2 Acid Derivatives

Objective Questions I
(Only one correct option)

1. The major product of the following reaction is
(2019 Main, 9 April 1)
OH

@i\CHZOH H,S0,(cat)
—
CHCl,

CO,Et

o]
wCT .

CO,Et

OH
(@]

=3

COOH
OH

&
Oﬂi
e
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List—I List-II
P Ph 1. I,, NaOH
HO
Me
+ H,SO
Ph>|\’< OH 2504
Me
Q Ph 2. [Ag(NH;),] OH
H,N
Ph H + HNO
OH ?
Me
R Ph 3. Fehling
HO Ph solution
Me oH + HyS0,4
Me
S Ph 4. HCHO, NaOH
Br q
+ AgNO
Ph OH 3
Me
5. NaOBr

The correct option is
@P—->1:Q—>2,3;R>1,4,S—>24
b®P->1,5Q>34R—>4,5S->3
©)P>1,5Q—-34R—>5S>24
dP—>1,5Q0—>2,3;R>1,5S—>23

Subjective Questions

14. How will you bring about the following conversion?
“Ethanal to 2-hydroxy-3-butenoic acid.”’ (1990, 2M)

2. The major product of the following reaction is
(2019 Main, 8 April I)

©¢ (i) AlCl,, heat

(ii) Hy0

O

CO,H
Tses's
A
O
O Cl

o LI e
COOH Cl

0
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3. The increasing order of the reactivity of the following with

LiAlH, is (2019 Main, 12 Jan 1)
o] 0
A) B
CoHs NH, CoHs OCHs
o) o)

© /\ ®) /\
CoHs cl CoHs

(@) (4)<(B)<(D)<(C)
(b) (4)<(B)<(C)<(D)
(©) (B)<(4)<(D)<(C)
(d) (B)<(4)<(C)<(D)

4. The major product obtained in the following reaction is
(2019 Main, 10 Jan Il)
CO,Et

<:\(Y\/ NaOE/A
,°
0 0
(@) <:q (b) <:|/—\/£/C02Et
0

CO,Et

O

CO,Et

CO,Et

5. The decreasing order of ease of alkaline hydrolysis for the
following esters is (2019 Main, 10 Jan 1)

@COOCEH5 CI@00002H5
| I
OQN@COOCZH5 c:mo{;ycoocw5
1] \Y

(@) MI>11>1V>1 (b) WI>1U>1>1V
(c) I>TI>1>1V (d) IV>11>111>1

6. The compounds A4 and B in the following reaction are,
respectively

© HCHOTHOI |\ AGCN o
(2019 Main, 9 Janl)

(a) 4 =Benzyl alcohol, B = Benzyl isocyanide

(b) 4 =Benzyl alcohol, B =Benzyl cyanide

(c) A =Benzyl chloride, B = Benzyl isocyanide

(d) 4 = Benzyl chloride, B = Benzyl cyanide
7. The major product of following reaction is

(i) ATH(i - Bu) g

R—C=N ?

(i) HoO (2019 Main, 9 Jan )
(a) RCHO (b) RCONH,
(c) RCOOH (d) RCH,NH,

10.

Different possible thermal decomposition pathways for
peroxyesters are shown below. Match each pathway from
Column t I with an appropriate structure from Column IT and

select the correct answer using the code given below the lists.

(2014 Adv.)
— SR RO
-C0, 1

0
Q L e N
)kg\/(?)\ —~—>R +R0O — R+X

-CO
| 2 T + Carbonyl compound T
(Peroxyester) R, RCO RO —— R+ X"
~ 772+ Carbonyl T
compound

LS 5 RCO, + ROT — R + RO
-0, {

Column I Column II

P.  Pathway P 1. |

Q.  Pathway Q 2.

O
(0)
R.  Pathway R 3. CHsCH, o~ o,
CH,
CH,CH,
(0]
S.  Pathway S 4 CH*O/O H,
6" 15 CH3
CeHs
Codes
p Q R S
@) 1 3 4 2
b2 4 3 1
(c) 4 1 2 3
@3 2 1 4

A compound with molecular mass 180 is acylated with
CH;COCl to get a compound with molecular mass 390. The
number of amino groups present per molecule of the former

compound is (2013 Main)
(a) 2 (b5
(c) 4 (d) 6

Which of the following reactants on reaction with

conc. NaOH followed by acidification gives the following

lactone as the only product? (2006, 5M)
o



11.

12

13.

14.

15.

COOCH; COOH
ToanEToe
COOH CHO
CHO COOH
O X
CHO COOH

Benzamide on treatment with POCI, gives (2004, S, 1M)
(a) aniline (b) benzonitrile
(c) chlorobenzene (d) benzyl amine
CH3;MgBr .
Ethyl ester ———— P, the product ‘P’ will be
(excess) (2003, S,1M)
H3C CH3 H3C CZHS
0 P
H;C OH H;5C, OH
HsC, CoHs HsC, CoHs
S I
HC, oH H,C;s oH
The product of acid hydrolysis of P and Q can be
distinguished by (2003, S, 1M)
OCOCH3 H3C
P: HZC:< .0 —
CH;, ’
OCOCH;
(a) Lucas reagent (b) 2, 4-DNP
(c) Fehling’s solution (d) NaHSO,

Hydrogenation of benzoyl chloride in the presence of Pd on

BaSO, gives (1992, 1M)
(a) benzyl alcohol (b) benzaldehyde
(¢) benzoic acid (d) phenol

Acetamide is treated separately with the following reagents.
Which one of these would give methyl amine ? (1983, 1M)
(a) PCl; (b) NaOH + Br,

(c) Sodalime (d) Hot conc. H,SO,

Objective Questions I
(One or more than one correct options)

16.

With reference to the scheme given, which of the given
statement(s) about 7, U, V and W is/are correct? (2012)

LiAlH, (excess)

Croy/H" (CH;C0),0

w

(a) T is soluble in hot aqueous NaOH

(b) U is optically active

(c) Molecular formula of Wis C;,H,30,

(d) ¥ gives effervescence on treatment with aqueous NaHCO;

17.

18.
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Identify the binary mixture(s) that can be separated into
individual compounds, by differential extraction, as shown
in the given scheme. (2012)

NaOH (aq)

Binary mixture containing ||
Compound 1 and Compound 2 NaHCOj3 (aq)
|C0mpound 1| + | Compound 2

|Compound 1| + | Compound 2 |<—

(a) C¢H5OH and C;H;COOH

(b) C4H;COOH and C,H;CH,OH

(c) C¢H5CH,OH and C4H;OH

(d) C4HsCH,OH and C;HsCH,COOH

Reaction of RCONH, with a mixture of Br, and KOH gives

R—NH, as the main product. The intermediates involved in
this reaction are (1992, 1M)

(a) RCONHBr

(b) RNHBr

(¢) R—N=C=0
(d) RCONBr,

Assertion and Reason

Read the following questions and answer as per the direction
given below :

19.

20.

(a) Statement I is true; Statement II is true; Statement Il is a
correct explanation of Statement .

(b) Statement I is true; Statement II is true; Statement II is not
the correct explanation of Statement 1.

(c) Statement I is true; Statement II is false.

(d) Statement I is false; Statement II is true.

Statement I p-hydroxybenzoic acid has a lower boiling
point than o-hydroxybenzoic acid.

Statement II o-hydroxybenzoic acid has intramolecular
hydrogen bonding. (2007,3M)
Statement I Acetic acid does not undergo haloform reaction.
Statement I Acetic acid has no alpha hydrogen. (1998, 2M)

Passage Based Questions

Passage 1

The reaction of compound P with CH;MgBr (excess) in (C,Hs ), O
followed by addition of H,O gives Q. The compound Q on treatment
with H,SO, at 0° C gives R. The reaction of R with CH;COCl in the
presence of anhydrous AICI; in CH,Cl, followed by treatment with
H,O produces compound S. [Et in compound P is ethyl group]

(H;C),C

\©\/(f02Et—>Q—>R—>S

P



376 Carboxylic Acids and Their Derivatives

21. The product S is (2017 Adv.)
COCH,
H;C CH,
(a) (H;0)5C, l CH;  (b) (H;0);C, I ff
COCHj
HO,S H,COC
(c) (H3C)3C©\Oj/CH3 (d) (H;C);C @\j
COCH,

22. The reactions, Qto R and R to S, are
(a) Aromatic sulfonation and Friedel-Crafts acylation
(b) Friedel-Crafts alkylation and Friedel-Crafts acylation
(c) Friedel-Crafts alkylation, dehydration and Friedel-Crafts
acylation
(d) Dehydration and Friedel-Crafts acylation

Passage 2
P and Q are isomers of dicarboxylic acid C,H,O,. Both decolourize
Br,/ H,0O. On heating, P forms the cyclic anhydride.
Upon treatment with dilute alkaline KMnO,. P as well as Q could

produce one or more than one form S, 7 and U. (2013 Adv.)
COOH COOH COOH
H————O0H H—F—OH HO———H
H—r——OH HO———H H——F—O0H
COOH COOH COOH
S T U

23. Compounds formed from P and Q are, respectively
(a) Optically active S and optically active pair (7, U)
(b) Optically inactive S and optically inactive pair (7, U)
(c) Optically active pair (7, U) and optically active S
(d) Optically inactive pair (7, U) and optically inactive S

14

AlCl3 (anhydrous)

24. Inthe following reaction sequences ¥ and W are respectively
(i) Zn—Hg/HCl
(i) H3PO4

H,/Ni
A
i; ~CO
0
m
CH20H
o
CH OH

(0]
(c) O and @O
0 m
)
HOH,C
) I and m
CH,0OH CH,OH
" m

Passage 3

RCONH, is converted into RNH, by means of Hofmann’s
bromamide degradation.

OO
NHBr

(i)

O I

Z

» @ i)

(vi)
In this reaction, RCONHBr is formed from which this
reaction has derived its name. Electron donating group at
phenyl activates the reaction. Hofmann’s degradation
reaction is an intramolecular reaction.  (2006,3 x 4M= 12M)

25. How can the conversion of (i) to (ii) be brought about?
(a) KBr
(b) KBr + CH,ONa
(c) KBr + KOH
(d) Br, + KOH

26. Which is the rate determining step in Hofmann’s
bromamide degradation?
(a) Formation of (i)
(b) Formation of (ii)
(c) Formation of (iii)
(d) Formation of (iv)

27. What are the constituent amines formed when the mixture of
(1) and (2) undergoes Hofmann’s bromamide degradation?

15
QCONHz QCONHZ

D
M @



15
(a) QNHZ, QNHZ, QNHZ,
D D
15
as
15
0 O
D
is
0Oy Ot
15
0 O, O
Fill in the Blank
28. Formic acid when heated with conc. H,SO, produces
..................... (1983, 1M)
True/False

29. The boiling point of propanoic acid is less than that of n-butyl
alcohol, an alcohol of comparable molecular weight.
(1991, 1M)

30. Hydrolysis of an ester in the presence of a dilute acid is

known as saponification. (1983, 1M)
Integer Type Question
31. The total number of carboxylic acid groups in the product P
is (2013 Adv.)
0O o
(i) H;0", A
(ii) O3 P
(iii) Hy0,
o) (@)

Subjective Questions

CH,Cl1
32.

+

KCN C,HsONa/EtOH H;0 /A

A B

DMF ( ) C¢HsCHO ( ) Heat (C)

1
SOCl, (D)
CH;NH,
Identify 4 to D. (2004, M)

33. Compound 4 of molecular formula CyH,0,Cl exists in keto

form and predominantly in enolic form B. On oxidation with
KMnO,, 4 gives m-chlorobenzoic acid. Identify 4 and B.
(2003 Main, 2M)
34. (&) 2-phenylpropanoic acid on treatment with (+) 2-butanol
gives (4) and (B). Deduce their structures and also establish
stereochemical relation between them. (2003)
35. Identify X and Y in the following synthetic scheme and
write their structures. Explain the formation of labelled

36.

37.

38.

39.

40.

41.

42.
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formaldehyde (H,CO) as one of the products when
compound (2) is treated with HBr and subsequently
ozonolysed. Mark the Ccarbon in the entire scheme.

BaCO, + H,S0, — > X (C=C" gas)

(i) Mg/ether LiAlH,
CH,=CH—Br Y
(i) X
(ii) H; 0" (2001 Main, 5M)
Write the structures of the products 4 and B.
(@)
[T H;0™"
CH;—C—OCHy——— 4+ B (2000 Main, 3M)

Explain briefly the formation of the products giving the
structures of the intermediates

0
(0]
|| 0C,H;s
SO0 s om B (i) OH"
HZC\ P
C—OC,Hs @) H
|| COOH
0 T
COOH
(1999, 5M)
Write the structures of the products :
(CH,C0),0, heat
CH;CH,NH) —— (1998)

An ester 4 (C4HgO,), on treatment with excess methyl
magnesium chloride followed by acidification, gives an
alcohol B as the sole organic product. Alcohol B, on
oxidation with NaOCl followed by acidification, gives acetic
acid. Deduce the structures of 4 and B. Show the reactions
involved. (1998)

Complete the following, giving the structures of the principal
organic products

Me
0 QI
NO,

(ii) (COOH), + (CH,0H),

+ (COOEL), + EtONa —>A4

conc. HoSO
—_— B

(iii) H,CCOCOCH, + NaOH 29, ¢ (1997, 2M)

A hydrocarbon 4 of the formula CgH,,,, on ozonolysis gives
compound B (C,H;O, ) only. The compound B can also be
obtained from the alkyl bromide C (C;HsBr) upon treatment
with magnesium in dry ether, followed by carbon dioxide
and acidification. Identify 4, B and C and also give equations
for the reactions. (1996, 3M)

Complete the following sequence of reactions with
appropriate structures
CH3—CH2—COOHR]‘;—‘3'P> A

2

y (i) Ale. KOH (excess! B
(i) H* (1995, 2M)
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43.

decarboxylation easily ? Explain briefly.

Which of the following carboxylic acids undergoes

and 1.36 A and both the carbon-oxygen bonds in sodium
formate have the same value, i.e. 1.27A.” (1988, 2M)

(i) CcH;COCH,COOH 51. Write balanced equations for the following reaction :
(i) C¢H;COCOOH “Acetamide is reacted with bromine in the presence of
(ii1) C¢H;CH(OH)COOH potassium hydroxide.” (1987, 1M)
(iv) CcH;CH(NH,) COOH (1995, 2M) 52. A liquid X, having a molecular formula C4H,,0, is hydrolysed
44. Predict the major product in the following reaction : with water in the presence of an acid to give a carboxylic acid
(i) CH, MgBr (excess) Y and an alcohol Z. Oxidation of Z with chromic acid gives Y.
C¢H;— CH,COCH,; f;) (1994, 1M) What are the structures of X, Yand Z ? (1986, 3M)
i) H
. . @ o 53. An ester 4 (C4HzO,) on treatment with excess of methyl
45. In the following reactions, identify the compounds 4, B, C magnesium chloride followed by acidification, gives an alcohol
and D. B as the sole organic product. Alcohol B, on oxidation with
@) PCl; + SO,—> A+ B NaOCl followed by acidification, gives acetic acid. Deduce
(i) A + CH,COOH — C + SO, + HCl structures of 4 and B. Show the reactions involved. (1998)
(iii) 2C + (CHg)y Cd—— 2D+ CdCl, (1994,1M x 4= 4M) 54. Complete the following with appropriate structures :
46. Comple.te the following sequence of the reactions with (CH,C0),0 C,HsOH CHyCOOH + ? (1986, 1M)
appropriate structures
55. Arrange the following in order of their increasing ease of
] Fuming 1. NaOH (Fuse) hydrolysis : (1986, 1M)
(1) SO3H ...... >
50, 2.H CH,COOC,H;, CH,COCI, (CH,CO),0, CH,CONH,
P05 11,0 56. Give reasons in one or two sentences for the following :
(ii) CONHy ———> == A T “Formic acid is a stronger acid than acetic acid.” (1985, 1M)
(1992, 1M) 57. Write down the reactions involved in the preparation of the
47. In the following identify the compounds/reaction following using the reagents indicated against in parenthesis.
conditions represented by the alphabets 4, B, and C : “Propionic anhydride from propionaldehyde”
PCl, NH, [AgNO;, NH,OH, P,04] (1984, 2M)
CeH;COOH >4 7 58. Give reasons for the following in one or two sentences.
B P,05 C,H;CN Hy/ Ni} c (1991, 2M) ““Acetic acid can be halogenated in the presence of P and Cl,,
' but formic acid cannot be halogenated in the same way.”’
48. Arrange _the following a_ls.stated: Why? (1983, 1M)
Increasing order of acidic strength. 59. State with balanced equation, what happens when, “Acetic
CICH,COOH, CH;CH,COOH, CICH,CH,COOH, anhydride reacts with phenol in presence of a base.” (1982, 1M)
(CH;),CHCOOH, CH;COOH (1591, 1M) 60. Write the structural formula of main organic product formed
49. How will you bring about the following conversion? when ethyl acetate is treated with double the molar quantity of
“Ethanoic acid to a mixture of methanoic acid and diphenyl methyl magnesium bromide and the reaction mixture is poured
ketone.” (1990, 2M) into water. (1981, 1/2 M)
50. Give reasons for - 61. ‘\‘Vrite the cherpical equat%on to .show whz}t h.appens when,
“Carbon-oxygen bond lengths in formic acid are 1.23 A Ethyl acetate is trea.ted Wlt[h sodium ethoxide in ethanol and
the reaction mixture is acidified”. (1981,2 M)
Answers
Topic 1 5. (b) 6. (c) 7. (a) 8. (a)
1. (b) 2. (c) 3. (d) 4. (d) 9. (b) 10. (c) 11. (b) 12. (a)
5. (b) 6. (d) 7. (o) 8. (d) 13. (¢ 14. (b) 15. (b) 16. (a,c,d)
9. (d) 10. (c) 11. (d) 12. (a) 17. (b,d) 18. (a,c) 19. (d) 20. (c)
13. (d) 21. (a) 22. (c) 23. (b) 24. (a)
Topic 2 25. (d) 26. (d) 27. (b)
1. (d) 2 (d) 3. (a) 4. (b) g?. ?;O and CO gas 29. False 30. False
. (2



Hints & Solutions

Topic1 Carboxylic Acids

1.

__COOH
~>~COOH

decarboxylates (—CO,) to give a ketone (cyclopentanone), not
an anhydride.

COOH A
N O
COOH -CO,
-H,0
Codes

P>1, Q—3, R—>4 S—>2
Thus, (a) is the correct choice.

Heating of (CHy),

This problem is based on successive reduction, chlorination and
elimination reaction. To solve such problem, use the function of
the given reagents.
(i) LiAlH, causes reduction
(ii) PCl; causes chlorination
(iii) Alc. KOH causes elimination reaction
LiAlH,

CH,COOH———*- CH,CH,OH
(4)
PCI Alc. KOH
— CH,CH,Cl - CH, = CH,
(B) - (©)
Ethylene

PLAN NaHCO; =——Na" + HCO;
HCOj3 is decomposed by acid releasing CO,
HCO; + H" — H,0+ CO,
Ifacid is stronger than HCO3 then CO, is released. Phenol is less
acidic and thus does not liberate CO, with NaHCO;.
0O

g NH;
CH;CH,—C—OH —
(4)
i
CH,CH,COONH, —2 CH,—CH,— C—NH,
(B) )
Bra, KO CH,;—CH,—NH
Hoffmann’s bromamide T 2
reaction

It is a B-keto acid which undergo decarboxylation in very mild

condtion, i.e. on simple heating. This occur through a six
member cyclic transition state as

-H
Olj &O
R _C C\
CH, O
Six membered cyclic
transitionstate of a

B-keto acid

OH

A R |_ 0 Tautomerism

I
R—C—CHjs

(adipic acid) with a dehydrating agent,

NOTE

* Ordinary carboxylic acid
decarboxylation.

* Final step of decarboxylation in the above shown mechanism
involve tautomerism, therefore, for decarboxylation of B-keto
acid by above mechanism, the acid must contain an a-H].

require soda-lime catalyst for

6. Structures of the various compounds are

OH (0]
O,N NO, HN /lkNH
O (¢}
NO, barbituric acid
picric acid (B)
@
OH COOH
Q]f[ 7Y
HO OH 0
ascorbic acid aspirin
© D)

Heat b}

i
L =
7. - NaOH

sk
Ph—C—CH;
Ph  * OH

Ph—COONa + CHI,

F G
SO3H SO3N3.
8. + NaHCO; ——> ©/
+ H,O + COzT
OH ONa
+ NaHCO3 e
OzN 02N
+ H,O + COzT
0 0
I H_ Lt |

9. R—C—OH+ OR" ——> R—C—OH
OR'
Reaction occur at planar sp® carbon giving racemic mixture of
product.
10. C,H,COOH + SOCl, —> CsH;—COCl
11. CH;—CH,—COOH + NaH*CO3 —— CH;CH,COONa

+ H,0+ CO,
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12. Ethanol is the weakest acid among these, hence it is most basic.

13. (@ Ph
For P,ic. 1O Me
Ph OH + H,SO4
Me
The correct match is 1 i.e., I,, NaOH and 5 i.e., NaOBr

The reactions proceed as

Ph Me Ph (0]
4 H.SO Pinacol
R
HO o 2% Pinacolone  Me~7 “Me
Ph Me rearrangement Ph
(Methyl shift)
&/ Both
haloform
reactions
NaOBr
Ph (0]
Me OH
Ph
X
Ph H
For Q, i.c. + HNO;
H, OH
Ph Me

The correct match is 2 i.e. [Ag(NHj;),]OH and 3 i.e., Fehling’s
solution.

The reactions proceed as

Ph H Ph 0
# N0, S el
H,N H
2% pp M€ o (Methyl shift) Ph
[Ag(NH;),]OH
(Tollens's
Ph o) reagent)
Ph
X
Ph Ph
For R, i.c. HO:} ‘\ + H,504
OH
Me Me

The correct match is 1, 5 again.

The reaction proceed as

Rest procedure is same as seen for Q above i.e., via oxidatio
OH

14. CH,CHO + HCHO N9, y ¢ cH,—cHO 25

]-|l Aldol
OH
CH,—CH—CHO N, CH,—CH—CH—CN
Cyanohydrin
OH OH

Ph  Ph fh /O
Pinacol |
HO OH + H3504 ~Finacolone Me-7 Me
Me Me rearrangement Ph
(Phenyl shift)
haloform
Ph [¢) NaOBr
Ph
X
Ph
For S, i.c. Br H
Ph oH + AgNO3
Me
The correct match is 2, 3.
The reaction proceed as
Ph
Br H
Ph OH + AgNO;

Me ) -
dibromination
rearrangement

Ph
M M
e
Ph H

n.

CH,—CH—CH—CN % CH,—CH— CH—COOH
2



Topic2 Acid Derivatives

1. Given reaction involves acidic hydrolysis of esters followed by

the intramolecular cyclisation. The chemical equation is as follows:

CH,OH HaS04(cat) CH,OH
CHCIB +C,HsOH

COEt Cf OH

O
OH

CCF o

2. The major product of the given reaction is (d).

This reaction proceed via Friedel-Craft acylation. Here, — Cl
group present on chlorobenzene is ortho and para-directing. It can
be easily understood by resonating structures of chlorobenzene.

o @
HelH HEH

® .
:]Cle Cle :Cl?
¢ -
I o ¥ o
«—> «—> D(—) «—>
& p

The given reaction proceed as follows :

]

|
2 ¢
O +ACly —— CQKOMAH%
© 0
[ : _Cl

sasPionst

COOH
\A/C/g

3. All the given compounds are acid derivatives, thus contain

carbonyl group in them. LiAlH, reduces these compounds
through nucleophilic substitution via addition elimination
S v, &) reaction. The rate of reaction depends upon the following
factors :

(1) Size of alkyl group.

(ii) Steric hinderance around the >C =0 group.
(iii) (+) ve charge on the C-atom of >C=0 group.

The alkyl groups are more or less same in the given compounds.
Thus, the reactivity order of given compounds depends upon
2nd and 3rd factor written above. The cumulative effect of
these two factors results to leaving group ability (LGA) of the
substituents in the following order :

i
Cl” >0 —C—CH;>0—CH; >NH,
Good leaving Poor leaving
group group

Carboxylic Acids and Their Derivatives 381

This leaving group ability (weak conjugate
base) corresponds directly to the reactivity order.

Hence, the correct reactivity order is:

T A )k

Most reactive
D)
© @
i i
>C,H, —C—OCH, > CH,CNH,
(B) Least reactive
)

Note The —/ effect of — Cl and + m effects of

i
—.N.Hz— O0—C—C,H; and — OCH; groups while
attached to —C—  group to be reduced. Also add to the

[
0

group leaving ability.

. In presence of strong base, acidic H can easily be removed that

result in formation of anion. The resulting anion undergoes
intramolecular nucleophilic addition which on hydrolysis
followed by heating gives the required product.

More acidic
CO,Et
EtONa
“EOH CO,Et
Nuc\eophlllc
addmon

Et0
0_—sgac bt

e )
2 —8H CO,Et
QOH o°
o, B-eliminatioin 0
~EtOH CO-Et

. Alkaline hydrolysis of an ester (carboxylic acid derivative)

follows acyl Sy2 mechanism.

(\AO <) O /O
C ot , —C% + RO® = *C( + ROH
“OH 0°

@R
Rate of Sy2 mechanism depends on the polarity of >C=0
group of —COOR group. Electron withdrawing group
(=R > —I) increases the rate of Sy2 reaction whereas electron
donating group (+ R > + I') decreases the rate of Sy 2 reaction.
Here, the nature of functional groups attached para to the
benzene ring are:

—NO,>—Cl>—0CH;
R D (+R)

So, the order of hydrolysis will be,

III > II>1I>1V
=R) (-I) (+R)
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6. The mechanism of the given reaction is as follows:

Sn2
it is electrophilic substitution

A — N i
X [CH, (T)H]Cle (Ar S:2): Haloformylation CHz—OH Ho CHLCI fg o CHZCN+ CH,N-C
\6N “Hel HCI (Sy1) More covalent
(.= + Pl J vl

(A) ~AgCl (Minor) B (Major)

(Benzyl chloride) (Benzyl isocyanide)

Thus, both benzyl cyanide and benzyl isocyanide are the products of reaction but benzyl isocyanide being the major product gives the correct
option as (c).

7. | Key Idea DIBAL-H is diisobutyl aluminium hydride, [(CH;),CHCH, ], AlH. It is a selective reducing agent. It reduces carboxylic acids,

carboxylic acid derivatives and nitriles into aldehydes. It is an electrophilic reducing agent.

The mechanism of the reaction is as follows:

\ (s °
p O

Al (DIBALH) >VA'\/< >v H, B

>\/ An e\ectrophme ‘AI T) R—CH=0

[Aldehyde]

@ N -DIBAL-H
R—C=N
R—C=N Hydride donor H
(Reducing agent) CH (Animine)
(A nucleophile)
[Nitrile] R

So, R—CH is the correct answer.

|
0

8. PLAN  his problem can be solved by usin the stability of radical obtained after fra mentation of peroxyester.

Allylic radical are more stable than alkyl radical, so when there is a possibility of formation of allyl radical, it will undergo fragmentation
through formation of allyl radical. i.e. fragmentation produces stable radical.
On the basis of stability of radical, fragmentation can be done as

Column I Column II Explanation
I
P 1 OSSO\ . .
CeHsH,LC™ g™ SCcH CgHs— CHy+ CO+ CH,0
(0)
(I)\ T C:H; — CHy+ CO4+Ph—CH (lj CH. ;
(0) CH 65 — 2 2 —viHe— LU —0UH3 —> Ph —CH,+ CH;—CO—CH
Q 3. CHH,C™ o~ 3 | 2 ’
CH,CgHs CH3
o
[ CH, .
R 4 CeHZ O/O CH, CgHy— COy+ CHy—C—CHy —go,” Ph+ CH,—CO—Ph + CHj + CO,
CeH; CeHj

o CgH, —COu+ CH,0
PN
s 2 CHT 07 N\, |—>CGH;+ Co,




i I
9. R—NH,+ CH;—C—Cl oy R NH—C—CH,
Since, each —COCH; group displace one H atom in the
i
reaction of one mole of CH;— C—ClI with one —NH, group,
the molecular mass increases with 42 unit.
Since the mass increases by (390 —180) =210, hence the

number of —NH, group is 2—120 =5

CHO COO~
OH™
CHO CH,0OH

0
H+
_ O
o
| POCI,
11. CH;—C—NH, ——% CH;—CN
OMgBr
I CH,MgB
12. CH;—C—OC,H; ——=% CH;—C— CH,4
€Xcess |
CH,
CH,
1,0 |
- CH3—|C—OH
CH,
OH
H* |
13. P— s CH;—C—=CH, = CH,—C—CH,
H,0
H
MO, e )
2 Yellow
H+
0 ——> CH;—CH—CH—OH =" CH,CH,0H
2

Fehling solution
- Cu,0!

Red
COcCl CHO
14. ©/ Pd/ll::so4 ©/ “Rosenmund
reduction”
(0]

15. CH;—C—NH, + Br, + NaOH —> CH;NH, “Hofmann’s
bromamide reaction”.
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16. (a) T undergoes an ester hydrolysis in hot aqueous alkali as
O

CH3C”)
O  NaOH(agq) /\A/C —ONa
hot HO
H;C7

Soluble in aqueous NaOH

(b) LiAlH, reduces ester to alcohol as
“U” No chiral carbon optically inactive.

(c) U on treatment with excess of acetic anhydride forms a
diester as

(d) U on treatment with CrO;|H" undergo oxidation to diacid

which gives effervescence with NaHCO5.
(0]

OH NaHCO3
COOH
Ve

.
U+ Cro; Co,1

H,C

17. For separation by differential extraction one of the component
must form salt with the given base so that the salt will be
extracted in aqueous layer leaving other component in organic
layer.

(a) Both phenol and benzoic acid forms salt with NaOH, hence
this mixture can’t be separated.

(b) Benzoic acid forms salt with NaOH while benzyl alcohol
does not, hence the mixture can be separated using NaOH.
Also benzoic acid forms salt with NaHCO; but benzyl
alcohol does not, hence NaHCO; can be used for
separation.

(c¢) Neither benzyl alcohol nor phenol forms salt with NaHCOj;,
mixture cannot be separated using NaHCO5.

(d) CsHsCH,COOH forms salt with NaOH, C;H;CH,OH does
not, hence mixture can be separated using NaOH.
C¢HsCH,COOH forms salt with NaHCO;. C¢H;CH,OH
does not, hence mixture can be separated using NaHCOj;.

(0] O

18. R—C—NH,+OH +Br, —> R—C—NHBr
(4)
0 0
R— C—NHBr+OH  —> R—C(—B)I:I—Br

—> R—N=C= 0O+ Br~
©

19. p-hydroxy benzoic acid has higher boiling point than o-hydroxy
benzoic acid because former prefers intermolecular H-bonding
while the latter prefer intramolecular H-bonding.

H---0
HOOCOQ/ \COOH
" H—O/

intermolecular H-bonding

intramolecular H-bonding
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(0]

20. Compounds with CH;— C— or CH;— CH(OH)-group gives

haloform reaction but this reaction is given only by aldehydes,
ketones and alcohols, so acetic acid does not give haloform
reaction. However acetic acid has three o-H, therefore,
statement [ is true but statement II is false.

Passage-1

(I) CH;MgBr(ex)
OEt+ (u) H,0
Q

0 */0°c

CH,COCI
—
AICI,

R(F.C. Alkylation)

/\O

S(F.C. Acylation)

22. (a)
22. (¢)
23. PLAN (kenes decolourise Br, water
-isomer % isomers by addition

KM
-isomer dl_nQ;) d(+) and /(—)isomers by

Formation of anhydride from dicarboxylic acid indicates
-isomer.

P and Q are isomers of dicarboxylic acids.

PO
P and Q have (C=C)bond

Br, water .
2 decolourised

P-4, anhydride

Thus, P is cis-isomer.

CHCOOH g r) Water Br—CHCOOH CHCO N
e, =l >o

CHCOOH Br—CHCOOH CHCO

COOH
H—(ﬂ‘ H)0+0 ]

_
H—C dilute alkaline H—C—OH
KMnOy4 |
COOH COOH
(P) )

(maleic acid) Optically inactive due to
internal compensation of

rotation (meso-isomer)

COOH COOH COOH
H—ﬁ H,O + 0 H—C—OH N OH—Cl—H
C—H dilute alkaline HO—C—H H—C—OH
KMnOy4 | |
COOH w COOH
(fumaric acid) (D) d+) 1)

T and U (in 1 : 1 molar ratio) form optically inactive (racemic
mixture) due to external compensation.

24, PLAN Ni/ H, reduces (C = C)bond.

Benzene undergoes Friedel-Crafts reaction Zn-Hg/HCl reduces
carbonyl group (Clemmensen reduction)

0}
[
CHCOOH CH,COOH CH,C
| NifHy | 2 A 22N
HOOCHC CH,COOH CHZ%/
o
succinic anhydride (V)
(0]
0 I
I anhydrous C\
CH,—C+__ AlCl CH,
+ /0 E— |
CHF(IjI CH,COOH
O
@
Zn-Hg/HCl H3PO4
Clemmensen
HO
o) (¢}

i
25. CIOCNHZ +KOH+Br, ——
(@ (||)
CIOCNHBr

an intermediate (ii)

26. Rearrangement of (iii) to (iv) is the rate determining step :

i
Cl C\_ Slow, CION—C—O+Br

N—Br
(i) (iv)
27. The rate determining step of Hofmann’s bromamide reaction is

unimolecular rearrangement of bromamide anion (iii) and no
cross-products are formed when mixture of amides are taken.



28.
29.

30.

31.

QCONHZ + QCONHQ ﬂ
15

HCOOH + H,S0, i> H,0+ CO T
conc.
Propanoic acid has higher boiling point than n-butanol because
of more exhaustive H-bonding in former case.
Saponification is hydrolysis of ester in presence of dilute base
rather in presence of dilute acid.
PLAN eactant is cyclic anhydride and chan es to dicarboxylic acid
on hydrolysis.
Also there is decarboxylation on heating if there is keto group
w.r.t —COOH group. Ozonolysis cleaves (C=C) bond and
H,0, oxidises —CHO to —COOH group.
O O (0)
o (i) H;0" OH
OH
o O 0O O
Anhydride
0 (0]
A decrbo-
xylation O3 OHC
OHC
o} (6]
O
H,0, HOOC
—
HOOC
(0]
(P)
Thus, number of —COOH groups in P = 2.
CH,Cl CH,CN
_ CoHsONW/EIOH |
C6H5CHO
OH
o Cells CeHs
C6H57CH*CH*C6H5 —_—> / \
HOOC H
CN ©
B)
CeHs CeHs
SOCl, \C:C/
CHNH> oy N ¢ / \H

o) (D)
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33. Compound 4 of molecular formula CoH,0,Cl exist in keto and
predominantly in enolic form B. Hence, 4 must be a carbonyl

compound which contain a-H. Enolic forms of B predominates
because of presence of intramolecular H-bonding.

Cl Cl Cl

[O] tautomerism
_

COOH 7 o X

CHO H\O/ H

34. The two stereoisomers of 2-phenyl propanoic acid in the
racemic mixture are :

COOH C‘OOEH(CH3)Et
%
H,CH(OH)E
H—C—Ph L(O)t) H—C‘—Ph
CH, CH,
(4)
COOH COOCH(CH; )Et
CH,CH(OH)Et
and Ph—C—H —————>Ph—C—H
CH, CH,
(B)
Here 4 and B are diastercomers.
I
35. H,C—CH—Br E‘))];L/“heﬁ H,C—=CH—C—OH
11 *
(iii) H;0™ Y
LiAlH, *
——% H,C=CH—CH,OH
z
O
|| 18 H,O' |
36. CH,—C—OC,H; —~» CH,—C—OH +C2H5—OH
(4) (B)
0 0
C—O0C,H; B /COOC2H5 0C,H;s
37. CH, NaOEt , CH iy
(”j—OCZHS COOC,Hs ———>
(0]
i - COOH
O CH; COOC,H;s 85%@
-
H5C,0—C—CH—CH—COOC,H;
COOH
(CH;C0),0 |
38. CH,CH,NH, ————% CH,CH,NH—C—CHj,

Heat
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O C|H3
H MeM, H,0
39, H—C—O— CH— CH, MO oy~ ch—om
y excess |
CH,
B
N 1
_NaOC | cH,co0H + CHEI,
CH, CH,
. E(O" (COOEt),
40. (i) —_— _
NO, NO,
CH,—C—COOEt
NO,
A
HO
COOH NeH, o OO
(i) | + | —
COOH CH,
Ho” 0" o
T
[ NaOH
(i) CHy— C— C—C,H I:—O> C6H5—C| COOH
OH
C

41. Bis C;H,COOH and 4 is C;H;— C=C—C,H;

Also 4 on ozonolysis gives B indicates that there is no olefinic
bond in C;Hs-unit of 4 and it is cyclopropyl group.

42, CH,CH,COOH “];d P, CH,— CH—COOH
Ty
A Br
(HVZ reaction)
(i) ale. KOH
——— > CH,=CH—COOH
(i) H* B

43. A B-keto acid undergo very fast decarboxylation

. on
O\
(0] (0)
|| ; \ i} C¢Hs—C=CH, —
/C N o enol
CeHs 0
CGHS—C:CH3

keto

OH
” (i) CH;MgBr |
44. CH,CH,—C—CH, ()H*—) CGHS—CHZ—C|—CH3
il
CH,
45. (i) PCl5 + SO, — POCI; + SOCl,
B A
(i) SOCI, + CH;COOH —— CH;COCI + SO, + HCl
A
) (H)

(iii) 2CH,COCI + Cd(CH;), —> 2CH;— C—CH, + CdCl,

SO;H SO;H
fuming NaOH
46.
@) © HZSO4 ©\ fus1on ©\
CONH, COOH
P
@ @ @ @
PCls NH, ”

47. CH,COOH ——5 CHCOCI —2» CH;— C—NH,
A B

P,O
05 H—oN 2 C6H5CH2NH2

48. Electron withdrawing inductive effect increases acid strength
while electron donating inductive effect decreases acid strength.

+ [-effect

H3C—C|H— COOH < CH;CH,COOH < CH;COOH
CH,;
\ + [-effect
+ [-effect
< ‘CHZ—CHZCOOH < |CH2—COOH

+ [-effect

cl cl
7 effect X [oeffect
(greater distance)
0
PCl CeHg |
49. CH,—COOH —3 CH,COCI “ac CgHs— C—CH;
& ™
C¢HsM '+
CMEBr oy c— cH, S ¢ H,—C—CH,
H,0 A
CE)HS
|
002 ¢y ¢—CH, + H—COOH



50. Both formic acid and sodium formate exhibit the phenomenon
of resonance as :

H—C—Ov «—> H—C=0

In formic acid, the extent of delocalisation is less compared to
sodium formate because of charge separation in the former case.
Due to this reason, the bond length between carbon and sp®
oxygen in formic acid is slightly greater than the same between
carbon and sp2 oxygen. In formate ion, there is no separation of

charge and both the resonance structures are equivalent giving
equal bond length of both carbon oxygen bonds.

51. CH,CONH, + Br, O, CH.NH, + Na,CO,

Hoffiman bromamide
reaction

52. Xis an ester and both its acid and alcohol fragments have same
number of carbons. Hence, X is :

CH;CH,COOCH,CH,CH; HL:)) CH;CH,COOH
X 2

Y
+ CH,CH,CH,0H
(0] z
Z —— CH,;CH,COOH
Y
T
MeM u
53. H—C—O—CH—CH, — eCl. H/H,0
€Xcess
A
(|)H
CH3—C|_CH3
H
B
B+ NaOCl — CHCl; + CH,COOH
O

C,H;0H |
54. (CH,C0),0 —2=" CH,COOH + CH;— C—OC,Hj

55. Among acid derivatives, the reactivity towards nucleophilic
acyl substitution is in the order of :

Amide < Ester < Anhydride < Acid chloride

Download Chapter Test
http://tinyurl.com/y2y69czp or
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Hydrolysis is an example of nucleophilic acyl substitution,
hence the reactivity towards hydrolysis is :

CH,CONH, < CH,COOC,H; < (CH;C0),0 < CH,COCI
I I

56. CH;—C—OH <
+1 -effect
decreases acid-strength

H—C—OH

does not affect acidity.

NH,OH
57. CH,CH,CHO + AgNO; ——> CH,CH,COOH

P,O
% (CH,CH,CO0),0

58. CH,—COOH + Cl, ~*¢, CH,—COOH (HVZ reaction)

Cl

For this reaction to occur, presence of a a-H is essential
requirement. Formic acid does not has any o-H, fails in HVZ
reaction.

OH ) O. _CH;
59. + (CHyCO),0 LO/ wr
0

0 (|)MgBr
I
60. CH;—C—OC,H;+ 2CH;MgBr — CH;—C—CHj,4
|
CH;
OH

H:0 |
—— 5 CH,—C—CH,

CH,

61. CH,COOCH, “H9, cH,cooC,H,

0]

|
CH;— C—OGC,H, I
—— > CH;—C—CH,—COO,H;
Claisen condensation

% C,H.OH + CH;— C— CH,COOH
2

[m] % [m]
(=]
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Aliphatic Compounds
Containing Nitrogen

Objective Questions I (Only one correct option) 5. Which of the following amines can be prepared by Gabriel

1. The major product of the following reaction is phthalimide reaction? (2019 Main, 8 April 1)

(a) n- butylamine

OH ) :
| (b) triethylamine
CH, CHCH,CH,NH, 1 formate (1 equiv.) () t-butylamine
oH Triethylamine 419 Main, 10 April I (d) neo -pentylamine

(a) CH, CHCH,CH,NHCHO  (b) CH,CH— CH—CH,NH,

(0]
OH

(¢) CH,—CH—CH=CH, (d) c‘> H

CH;CHCH,CH,NH,

Ethylamine (C,H; NH,) can be obtained from
N-ethylphthalimide on treatment with (2019 Main, 10 April 1)
(a) NaBH, (b) NH,NH, (c¢) H,O (d) CaH,

Hinsberg’s reagent is (2019 Main, 9 April 11)
(a) SOCI, (b) GH,COCl (c) CHSO,C1 (d) (COCl),

The major products A4 and B for the following reactions are,
respectively (2019 Main, 9 April 11)

0 OH
CN CH,NH,
(a) ;
HO CN HO CHs—

In the following compounds, the decreasing order of basic
strength will be (2019 Main, 8 April 1)

(a) C,H;NH, >NH, > (C,Hy),NH
(b) (C,H;),NH >NH; > C,H;NH,
(¢) (C,H5),NH > C,H,NH, > NH,
(d) NH, > C,H,NH, > (C,Hy),NH
The major product of the following reaction is
(2019 Main, 12 Jan II)

O +
HsC W NH, 0 NaNO,/H
o) (i) Crog/H*

(iiiy H,S0, (conc.), A

(a) CH, \8 (b) Ho\g

CH
SR eSNEtly Seal

A compound ‘X’ on treatment with Br,/NaOH, provided
CsHgN, which gives positive carbylamine test. Compound ‘X’
is (2019 Main, 11 Jan I1)
(a) CH,COCH,NHCH,
(b) CH,CH,CH,CONH,
(c) CH,CON(CH,),
(d) CH,CH,COCH,NH,
The major product of the following reaction is

(2019 Main, 10 Jan II)

)

CHoN s~ A NeBthe



OH

0

0 o~

OH

(C) CHSNH\/\/\)\

OH
(@ CHIN S~

10. The correct structure of product ‘P’ in the following reaction is

Asn—Ser + (CH,C0),0 =5 p

(Excess) (2019 Main, 10 Jan 1)
1
(a) HsC” N \ik
OCOCH;4
OCOCH;
(®) HaC N/;(
H NHCOCH3
COCHS o
© HiC N);(
H NH2
NHCOCHg
() H30 NH
OCOCH3

11. The major product formed in the reaction given below will be

NH
2 NaNoO,
_ NaNO, |
Aq. HCI, 0-5°C

(2019 Main, 10 Jan I)

(D oD
O w0

12. The major product obtained in the following reaction is
OH

(CH5CO),0O/pyridine (1 eqv.)
NH, room temperature
(2019 Main, 9 Jan II)
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COCHj4

OH
mHCOCH3
OCOCHS;

@HCOCHg @ mz

13. Major product of the following reaction is

Cl
cl NH,
= 4 HzNW (i) EtN
0] 0 (ii) Free radical
polymerisation
(2019 Main, 9 Jan 1)
Cl (0] Cl O
o gk ’
PPN O {
O N n g
H
O< Cl Cl
© @ w
n n
HN <
0] NH
NH, N 2
T g
O
14. The increasing order of basicity of the following compounds is
/\/NH2 NH
L= (N
NH, P
I )\ W NHGCH,
NH (2018 Main)

(a) () <D <) <(AV)
(b) A1) < (1) < I < [AV)
(c) (I) < () < (AV) < (1)
(d) AV) < (I1) < (I) < (1)
15. The order of basicity among the following compounds is
(2017 Adv.)
o NH,

H,C NH, Ny M NN BN NH

@ an (1) av)

(@) >1>1V>TI (b)I>TV>TI>1
©)IV>I>11>1 (d)IV>1>11> 111

16. In the Hofmann-bromamide degradation reaction, the number of
moles of NaOH and Br, used per mole of amine produced are
(2016 Main)
(a) four moles of NaOH and two moles of Br,
(b) two moles of NaOH and two moles of Br,
(c) four moles of NaOH and one mole of Br,
(d) one mole of NaOH and one mole of Br,
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17. Considering the basic strength of amines in aqueous solution,
which one has the smallest pK,, value? (2014 Main)
(a) (CH,),NH (b) CH,NH,
(¢) (CH,);,N (d) GH,NH,

18. On heating an aliphatic primary amine with chloroform and

ethanolic potassium hydroxide, the organic compound formed is
(b) an alkanediol (2014 Main)
(d) an alkyl isocyanide

(a) an alkanol
(c) an alkyl cyanide

19. The gas leaked from a storage tank of the Union Carbide plant in
Bhopal gas tragedy was (2013 Main)
(a) methyl isocyanate
(b) methylamine
(c) ammonia
(d) phosgene

20. The major product of the following reaction is (2011)

qc\ (i) KOH
NH
o G Br—QCHZCI

\O —CHz— Br

—CH,CI

21. CH;NH, + CHCI; + KOH — Nitrogen containing compound +

KCI + H,0. Nitrogen containing compound is (2006)
(a) CH,CN (b) CH;NHCH,
(¢) CH—N=C (d) CHy—N=C

22. Benzamide on treatment with POCl; gives (2004)

(a) aniline (b) benzonitrile

(c) chlorobenzene (d) benzyl amine

23. The correct order of basicities of the following compounds is

NH
H3C—C< , CH;—CH,—NH,,
NH, 2
1

(CH;),NH, H,C— C—NH,
4 (2001, 1M)

3
(@)2>1>3>4 (b)1>3>2>4 (¢)3>1>2>4 (d)1>2>3>4
24. A positive carbylamine test is given by (1999, 2m)
(a) N, N-dimethylaniline (b) 2, 4-dimethylaniline
(¢) N-methyl-o-methylaniline (d) p-methylbenzylamine

25. p-chloroaniline and anilinium hydrochloride can be

distinguished by (1998, 2M)
(a) Sandmeyer reaction (b) NaHCO,
(c) AgNO, (d) Carbylamine test

26. Carbylamine test is performed in alc. KOH by heating a
mixture of (1984, 1M)
(a) chloroform and silver powder
(b) trihalogenated methane and a primary amine
(c) an alkyl halide and a primary amine
(d) an alkyl cyanide and a primary amine

27. Acetamide is treated separately with the following reagents.
Which of these would give methylamine? (1983, 1M)
(a) PCI; (b) Sodalime
(c) NaOH + Br, (d) Hot, conc. H,SO,

28. The compound which on reaction with aqueous nitrous acid at
low temperature produces an oily nitrosamine, is

(a) methylamine (b) ethylamine (1981, 1M)
(c) diethylamine (d) triethylamine
Objective Question II
(Only one more than one correct option)
29. The major product of the reaction is (2015, Adv.)
H3CWCOZH NaNO,, ag. HCI
—t
0°C
CH, NH,
HsC NH, HaC COH
CH; OH CH; OH
HaC COLH HaC NH,
Y WY
CH; OH CH; OH
30. A positive carbylamine test is given by (1999, 2m)

(a) N, N-dimethyl aniline
(c) N-methyl-o-methyl aniline

(b) 2, 4-dimethyl aniline
(d) p-methyl benzyl amine

Fill in the Blanks

31. (CH;0H}) s ...... acidic than (CH;NH3 ). (1997 C, 1M)



Match the Columns

32.

Match each of the compounds in Column I with its characteristic
reaction(s) in Column II. (2016, Adv.)

Column I Column IT

(A) CH,;CH,CH,CN (p) Reduction with Pd -C/H,

(B) CH;CH,0COCH; (@) Reduction with SnCl,/HCl

(C) CH3;CH=CHCH,OH (r) Development of foul smell
on treatment with chloroform
and alcoholic KOH.

(D) CH,;CH,CH,CH,NH, (s) Reduction with
diisobutylaluminium
hydride (DIBAL-H)

(t) Alkaline hydrolysis

Subjective Questions

33.

34.

35.

36.

37.

17.
25.

32.

NaNO,» HCI
e

C5H13N -N,

optically active

X
Find Xand Y. Is Y optically active ? Write the intermediate steps
(2005, 4M)

Y(tertiary alcohol + other products)

Give reasons for the following in one or two sentences.
Dimethylamine is a stronger base than trimethylamine.
(1998, 2M)
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38. Arrange the following in increasing order of basic strength:

methylamine, dimethylamine, aniline, N-methylaniline.

(1988, 1M)

39. Give achemical test and the reagent used to distinguish between

the following : “Ethylamine and diethylamine”. (1988, 1M)
40. For nitromethane molecule, write structures

(i) showing significant resonance stabilisation

(i1) indicating tautomerism (1986, IM+ 1M = 2M)

41. State the equation for the preparation of following compounds :

n-propyl amine from ethyl chloride. (1982, 2 x1M = 2M)

Passage Based Questions

Treatment of compound O with KMnO, /H" gave P, which on

heating with ammonia gave Q. The compound Q on treatment with
Br, /NaOH produced R. On strong heating, O gave S, which on
further treatment with ethyl 2-bromopropanoate in the presence of
KOH followed by acidification, gave a compound 7.4 (2016 Adv.)

0

42. The compound R is

Following reaction gives two products. Write the structures of

the products.

CH,CH,NH,

(CH,C0),0, heat
S

a
(1998, 2M) (@)

NH»

Give the structure of 4. ‘4 (C;HoN) reacts with benzenesulphony]

chloride to give a solid, insoluble in alkali’. (1993, 1M)

A basic volatile nitrogen compound gave a foul smelling gas
when treated with chloroform and alcoholic KOH. A 0.295 g
sample of the substance dissolved in aq. HCI and treated with
NaNO, solution at 0°C, liberated a colourless, odourless gas
whose volume corresponds to 112 mL at STP.

After evolution of the gas was complete, the aqueous solution
was distilled to give an organic liquid which did not contain
nitrogen and which on warming with alkali and iodine gave a
yellow precipitate. Identify the original substance assuming that
it contains one N-atom per molecule. (1993, 4M)

(0]

©

o

43.

(a) glycine
(c) valine

Answers

M

) (b 3. (9
(c) 10. (a 11. ()
(a) 18. (d 19. (a)
(c) 26. (b) 27. (c)

A—p,q,st; B>p,s,t; Co>p;, Dor

4. (c)
12. (b)
20. (a)
28. (c)
42, (a)

(a

o
RACH

o}
=

5
13
21
29

43.

. (a) 6.
- (d)
- (d)
. (o)
(b)

Lo b =
Sk
—_ =~ =
=
=

The compound 7' is

Br
Br

(b)

NBr

(b) alanine
(d) serine



Hints & Solutions

1. The mechanism of the given reaction is as follows:
:CH P

G50
A

CHy—CH—CH,CH,—NH,

Et3N
[-NH, is stronger 7&00
nucleophile than
—om OH

| .
CH3—CH—CH,CHy—~NH—CH=0
{
(\) H
OH Etoel

CHa—CH—CH,CHy—NH—CHO

The basic mechanism of the reaction is acyl Sy2 because the
nucleophile, CH,(OH)CH,CH, NH, attacks the sp® carbon of
the ester (H—CO,Et) and gets substituted.

2. The reaction for the production of ethylamine from
N -ethylphthalimide can be takes place as follows:

O HHN
N—CoHs Hydrazinolysis

NHy—NH,
(Hydrazine)

O H)HN

(N-ethylphthalimide) 0
L NH
| +|CoHs—NH,
r NH Ethylamine
An aliph:

0 (An aliphatic

1°-amine)

This reaction is the second step of Gabriel phthalimide synthesis
for the preparation of aliphatic 1°-amines and amino acid. In this
step concentrated alkali can also be used in place of hydrazine.

3. Hinsberg’s reagent is CgHsSO,Cl (benzene sulphonyl chloride).

This reagent is used to distinguish between primary, secondary
and tertiary amines.

4, @) @)
I CN
Step |
KCN
DMSO
(Al
Step \I\LHZ/Pd
O
CH,NH,
(B]

Step I involves the nucleophilic substitution reaction in which I
(Iodine) is substituted by
— CN group. In step II, H,/Pd reagent is used for reduction

process. Here, — CN group reduces itself to —CHy,NH,.

5. n-butylamine (CH,CH,CH,CH,NH,) can be prepared by
Gabriel phthalimide reaction. This method produces only
primary amines without the traces of secondary or tertiary
amines. In this method, phthalimide is treated with ethanolic
KOH, it forms potassium salt of phthalimide which on heating
with alkyl halide followed by alkaline hydrolysis forms
corresponding primary amines.

CO~_ CO~_ .
NH+ Alc. KOH—5> NK
co” co”

"Bu—xX
—Na+
COO Na NaOH(aq.) CO_
+ "Bu—NH, ¢——— N—R
COONa*t _ co”
1° amine

N-alkyl

phthalimide

Triethylamine, #butylamine and neo-pentylamine cannot be
prepared by Gabriel phthalimide reaction.

6. Basic strength can be compared by the reaction of an
alkanamine and ammonia with proton.
H H
= I,
R—l\‘l:+ H" — R—l\ll —H
H H

H H
| —~ |
H—l\|I:+ HY = H—ITI+—H
H H

Basicity of an amine in aqueous solution depends upon the
solubility of ammonium cation formed by accepting proton
from water. The stability of ammonium cation depends upon the
following factors.
(a) + I effect

(c) Solvation effect

(b) Steric effect

In first case, on increasing the size of alkyl group + [ effect
increases and the positive charge of ammonium cation gets
dispersed more easily, Therefore, order of basicity is 2° amine >
1° amine > ammonia. In second case, substituted ammonium
cation is also stabilised by solvation with water molecules.
Greater the size of ion, lesser will be the solvation and less
stabilised is the ion.

OHp

T CoHs_, H-—OH,
CoHo—NT—H-—--OH, > N

||4 CoHs " MHe-OH,

2° amine

OH,

1° amine

Considering both steric and solvation effect, it can be concluded
that greater the number of H-atoms on the N-atom, greater will
be the H-bonding and hence more stable is the ammonium



cation. But in case of —C,H; group, + I effect predominates
over H-bonding. Therefore, order is 2° amine > 1° amine >
ammonia i.e. (C,Hs),NH > C,H,NH, > NH;.

Key Idea The reaction involves:
A. Deamination in step (i)

B. Oxidation in step (ii)

C. Hydroysis in step (iii)

The complete pathway of reactions is as follows:

301(0 \©/\/\NH2
Y \@/\/\

NaNOZ/H+
Deamlnahon

CrO3/HJr
O><|dat|on

Hydrolysis . OH:
Intramolecular
dehydration

Final product
Thus, option (c) is the correct answer.
The molecular formula, C;HyN refers to four structural isomers
of amines
(@) CH3CH,CHoNH, (b) CH3-CH-CHjz
A,

Primary amine

e
(d) CHs—N-CHs
|

Tertiary amine

L J

(¢) CH3-NH-CH,CHg
|
Secondary amine

Here, only @ and b (primary amines) can be prepared from
their respective amides by Hoffmann bromamide (Br,/NaOH)
method and can give positive carbylamine test.

E H Br,

= CHscchHZ‘LQLNHZ W) CchchHZ*NHz

~Na,CO;,

NH,

Bro/NaOH ‘
4>7N82CO3 CH3—CH—CHj

So, ‘X" can be CH,CH,CH,— CONH, (a)

= CH3—CH—CH3
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or CH;CH(CONH, )CH; (b).
Carbylamine test given by (a) and (b)
CH,CH,CH,NH, + CHCIl; + 3KOH —2
CH;(CH, ),NC+ 3KCl+ 3H,
NH,

CH,— CH— CH, + CHCI, + 3KOH —2»
NC

CH;—CH— CHj; + 3KCI + 3H,

As (b) is not among the given options So, it is ruled out and
compound (X) is CH;CH,CH,CONH,.
9. NaBH, is a selective reducing agent. It can reduce >C:O

group into alcohol, N-methyl imine group, Me—N=—=CH—
into 2°-amine but cannot reduce an isolated C =C.

o OH
N\/\/\)J\LaBHA NH\/\/\)\
TN =%
H3C (’ '3 ( HaC™ =
N-methyl isolated Keto
imine C=C group

10 Acetylation by Ac,O/Et, N is possible with —NH, (1°-amine)
and — OH (alcohol) groups only, but not with ‘— NH,’ part of

0
|

—C—NH, (amide) groups, because the /p of nitrogen in
amide group is involved in resonance with _>~C==0 part.
Cy 4
H |
NH2 «— —C—= NH2
)
HN— (i NH— G000

CHg—ﬁ—NHQ CHy~ OH

o I
Asn Ser
(Asparagine) (Serine)
Ac,0 or (CH3C0),0 (2 moles)
JEtsN
-2 AcOH

I
CHz—C—NH—CH— C—NH—CH— COOH

CHy,—CONH,  CH,0—C—CHj

11. No option is the correct answer.

Amines in presence of NaNO, + dil. HCl undergoes
diazotisation. The diazotised product readily loses nitrogen gas
with the formation of carbocation. The resulting carbocation
rearranges itself to give the expanded ring.
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NH, NaNO,+dil. HCI
—_—
0-5°C
(1°-amine) (Diazotisation)
® o
CEN“T?
Aliphatic diazonium

salt (unstable

R|ng expansion

leads to give
—He| H,0 thermodynam\cally
more stable
carbocation
: : OH
(Major)

—NH, > —OH because N-bases are

stronger than O-bases. Size of N-atom is larger than O-atom and
at the same time, N atom is less electronegative than O-atom.

So, N-atom of the —NH, group can donate its lone pair of

12. Rate of acetylation :

electrons (Lewis basicity) more easily than that of O atom of the

—O H group.
OH OH
<)
CH3 CHZCO0
H2N® C O HN;COCHg
§O COCH3 |L
te |
O—C—CHj
H
/
CH3COOH +
Absorbed NHCOCH,
by pyridine Q
N

13. The analysis of both the substrates :

Vlnylic centre

Z—\ R

N

©) wlAcyI Sn2 centre

.~ Acts as

2N nucleophile
(1°-amine,
£ : This N-atom can

Qj\ not act as nucleophile

Amide group

O

So, the reaction can take place as follows:

Decrease in the delocalisation of n-bonds
because of which it undergoes free radical
addition (chain growth) polymerisation

Free
\ radical
po\ymer\sallon
absorbed O

byELN  O= c‘: 4\

! ®NH, >
O
A\NH

2
<

/

)
=
NH,

O\
(0] C
Ho

2

@)
@]

14. | Key Idea Among the given compounds the basic nature
depends upon their tendency to donate electron pair.

Among the given compounds in N NH , Nitrogen is
spz-hybridised. This marginally increases the electronegativity
of nitrogen which in turn decreases the electron donation
tendency of nitrogen. Thus making compound least basic.

NH,
Among the rest < N is totally different from others as in
this compound lone pair of one nitrogen are in conjugation with
nbond i.e. As aresult of this conjugation the cation formed after
protonation becomes resonance stabilised

)\ Protonation
HN

NH,

H;NJ NH, H,N

Equivalent resonance

A

NH,

This equivalent resonance in cation makes HN/ NHZ most
basic among all.

NH T .
Y Categorisation is very simple between rest two as
/\
N—CH . N .
| 3 (primary amine) is less basic than (secondary
H amine)

Hence, the correct order is
1D < @) <(IV) < (1) i.e. option (c) is correct.
15. 1V is most basic as conjugate acid is stabilised by resonance of
two — NH,.
NH “NH, NH,

H,N NH,

III is least basic as

H—N /N s g—N

/\o
/N_

Destablised by —/-effect of sp %_carbons.



16.

17.

18.

19.

20.

Hofmann-bromamide degradation reaction is given as:
RCONH, + 4NaOH + Br, —> RNH,

(1°amine)
+ Na, CO; + 2NaBr + 2H,0
Hence, four moles of NaOH and one mole of Br, are used.
This problem can be solved by using the concept of effect of
steric hindrance, hydration and H-bonding in basic strength of

amines. Order of basic strength of aliphatic amine in aqueous
solution is as follows (order of K)

(CH,), NH > CH, NH, > (CH,), N > C;H; NH,

As we know, pK, =-logK,
So, (CH3), NH will have smallest pK, value. In case of phenyl
amine, N is attached to spz-hybridised carbon, hence it has
highest pK, and least basic strength.
This reaction is an example of carbylamine test which includes
conversion of amine to isocyanide.
C,H ;0H =

=, R—N=C:
Alkyl isocyanide

R—NH, + CHCI;
1° amine

NOTE The mechanism of this reaction included rearrangement of

nitrene in which migration of alkyl group from carbon to nitrogen

takes place.

Methyl isocyanate CH;—N = C= O (MIC) gas was leaked

from the storage tank of the union carbide plant in Bhopal gas

tragedy.

It is the first step of Gabriel's phthalimide synthesis. The

hydrogen bonded to nitrogen is sufficiently acidic due to two

a-carbonyls.

N—H + OH —H,0 + N~

0 0

o 0
\
«—> @N “—> C%N

o _
The conjugate base formed above act as nucleophile in the
subsequent step of reaction. As shown above, the nucleophile
exist in three resonating form, one may think of oxygen being
the donor atom in the nucleophilic attack. However, nitrogen act

as donor as it is better donor than oxygen.
O

N+ CHZO
_CHZO
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21.

22.

23.

24.

25.

26.

Bromine is not substituted in the above reaction as it is in
resonance with benzene ring giving partial double bond
character to C—Br bond, hence difficult to break.

A NS
CICH, Br:«—CICH, —QBr

CH,NH, + CHC; + KOH — CH;—N=C + KCI + H,0

isocyanide
(0]

H POCl,

CH—C—NH, ——3 CH;—C=N+ H,0

POCI,; brings about dehydration of primary amide.

4, (acetamide) is least basic because lone pair of nitrogen is
involved in delocalisation.

O

CH;—C—NH, «— CH;—C= NH2

‘1’ is most basic due to formation of resonance stabilised
conjugate acid.

NH NH,
7 s
H;C—C + H —— H;3C—Cx) <«——
\NH, \NH,
1
/NHZ
H;C—C
N

3 (secondary amine) is stronger base than 2 (primary amine).
Hence, overall order of basic strength is :
1>3>2>4

H3COCH2NH2 + CHCl,
H3COCH2—NC

(isocyanide)

KOH

p-methyl benzylamine
(a primary amine)

Carbylamine test is not given by secondary or tertiary amine.

+ +
C¢HsNH,Cl™ + AgNO; — C,HsNH;NO; + AgCl ()Y
anilinium
hydrochloride
No such precipitate of AgCl(s) would be formed with
p-chloroaniline.

R—NH, + CHCI, ﬂ) R—NC ‘Carbylamine test’

isocyanide

(foul smell)
The above test is characteristic of primary amine and used to
distinguish primary amine from other amines.

(0]
” NaOH

. CH;—C—NH, + Br, ——5 CH,NH,

acetamlde methylamine

(Hofmann’s bromamide reaction)
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28. A secondary amine, on treatment with aqueous nitrous acid at
low temperature produces oily nitrosamine.

(C,H;),NH + HNO, — (C,H;),N—NO + H,O
nitrosamine

29. Reaction proceeds via diazonium salt with neighbouring group

participation.
us
=R OH H (°\
__COOH o, R No = '«_l c=0
SO F=N
N=N Iil
""" @
R e
R COOH  jq COOH o AN o
«— e BT
i OH 0 R
OH (1)
Conformer of (I)
30. Carbylamine test is given by primary amines only.
CH; CH, NH,
¢ CH,
i CHj;
N,N-dimethylaniline 2,4-dimethylaniline
(3°-amine) (1°-amine)
NHCH;3;
CH;
H3C O CHQNHz
N-methyl-o-methylaniline p-methyl benzylamine
(2°-amine) (1°-amine)
31. More: CH;NH, is stronger base than CH;OH.
39 Column I Column IT
(A) CH;CH,CH,CN: Gives amine with Pd-C/H,
Gives aldehyde with

SnCl,/HCI Gives amide with
diisobutyl- aluminium
hydride. Gives carboxylic
acid on alkaline hydrolysis.

(B) CH;CH,0OCOCH;: Reduced to alcohol with
ester Pd - C/H, Reduced with
diisobutylaluminium hydride
into aldehyde. Undergo
alkaline hydrolysis.

(C) CH;CH=CHCH,OH Reduced to butanol when
: treated with Pd-C/H,.

(D) CH,;CH,CH,CH,NH, A primary amine, gives
carbylamine test.

33.

34.

35.

36.

37.

I|4 Cat

CH3—*C|—NH2 or  CH;—CH— CH,NH,

CH—CH;4
CH;4
(X)
| T
x NaNO
CH,— C—NH, % CH3—CH2—C|— CH,4
CH—CH, OH
Y -optically inactive
CH;

Above reaction proceeds via carbocation intermediate, hence
rearrangement takes place.

Conjugate acid of dimethylamine is more stable than conjugate
base of triethyl amine due to exhaustive H-bonding with water.

|
CH;CO),0
CH,;CH,NH, % CH;CH,—NH—C—CHj;
ea
+ CH;COOH
A must be a secondary amine :

CH;CH,NHCH; + benzene sulphonylchloride ——>
CH,4

|
CH;CH,— N— S0, CgHs O, 1soluble

Starting compound is a primary amine.
R—NH, + CHCl; + K€l — R—NC

foul smell
Also, R—NH, + HNO, — R—OH + N,
Moles of N, _ 12 5x107°
22500

One mole of N, is obtained from 1.0 mole of R—NH,, mole
of R—NH, = 5x10""
= 5x10 * mol R—NH, weigh = 0.295 g

0.295

1 mole of R—NH, will weigh = 3=
5x10"

In R—NH,, —NH, has molar mass = 16
= R— has molar mass =43

Also, the alcohol R—OH gives iodoform test; it must has the
following skeleton :

R'— C|H—CH3
OH
= R"— has molar mass = 15 (CH;)

CH,

= Original compound is CH;—CH—NH,



38.
39.

40.

41.

42.
43.

O
MnO; /H* OH _ nH,
A OH A
Op

Download Chapter Test
http://tinyurl.com/y6nlww9e

Aniline > N-methylaniline < methylamine < dimethylamine.

Carbylamine test given only by primary amine.
CH,CH,—NH, + cHcl, M, ey, cH,—NC
primary amine foul smell
Nitrosamine test is given only by secondary amine.
(CH;5CH, ),NH + HNO, — (CH;CH, ),N—NO

oily nitrosamine

(0] o

+/ +/ +
(i) CH3—N <——> CH3;—N = CH3—N o
No No No
) A r,/oH
(i) CH3—N — CH2:N\ : Tautomerism
\07 on

NaCN LiAlH,
CH,CH,CI W CH,CH,CN —— CH,CH,CH,NH,
(a)
Explanation
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(0]
NH,»
NH2  pyNaoH
NH; A
NH,

0) R
0 |— O
A
SeT
O S 0
BI'/]\COOCZH5
N—K “KBr
O
O
S N~<
COOC,Hs
O
Sy
(0]
NH»
H;0* OH N
OH COOH
e} (1)
(P)
[=] % =]

or E
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Benzene and Alkyl Benzene

Objective Questions I (Only one correct option)

1. The major product obtained in the given reaction is
(2019 Main, 10 April 1)

CH 0 CH CHa _ACk
3\@/ ~chy” 2\C‘)H/ — Product
Cl

(a) CHa 0

(o) H3C (@) CH\ CHj
\©/ \CHQ/ \CH/

(c) HaC o

CHj

d) H3C 0 CHy
@ \© ScHyT CH=CH,

2. The increasing order of the reactivity of the following
compounds towards electrophilic aromatic substitution

reaction is (2019 Main, 10 April )
sfele)
(1
(a) M <I <11 (b) M<I<II
(c) MI<II<I (d) I<lI<I
3. Increasing order of reactivity of the following compounds for
SNI substitution is (2019 Main, 9 April 1)
CHj
%CHg—CI ch/\a
B)
/©/\CI ©/\0|
H,CO
©) D)

(@) (4) <(B)<(D)<(0)
(b) B)<(O)<(D)<(4)
(©) (B)<(4) <(D)<(O)
(d) (B) <(O)<(4)<(D)

4. The major product of the following reaction is

COOH

S

COCH,

)

CH,CHj

(i) Alkaline KMnO,,
e m————
(i) H,0*

CH,CHO

Je

CH,COOH

)

(2019 Main, 9 April I)

5. The major product of the following reaction is

(2019 Main, 9 April I)

2 Free radical
polymerisation

N@N@
%

The increasing order of reactivity of the following

compounds towards aromatic electrophilic substitution

reaction is

ol

SO

(2019 Main, 9 April )
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(a) A<B<C<D (b) B<C<A<D 9. Among the following four aromatic compounds, which one

(c) D<A<C<B (d D<B<A4<C will have the lowest melting point? (2019 Main, 12 Jan 1)
7. Polysubstitutiion is a major drawback in (2019 Main, 8 April I1) 0O

(a) Friedel-Craft’s alkylation oH

(b) Reimer-Tiemann reaction () OH (b) OO

(c) Friedel-Craft’s acylation

(d) Acetylation of aniline 0

8. The major product of the following reaction is

CHs,
(2019 Main, 8 April II) X0 OH
o8 © o @
CH

(1) Clyhv 5
) H,0A
10. Which of the following compounds is not aromatic?
Cl (2019 Main, 9 Jan II)
CHCl, COH (@) // \\ ®) @
N
(@) (b) H _
o O} Ne
Cl Cl N
CH, OH CHO 11. In the following sequence of reactions (2015 Main)
© o Toluene ~M1%4, 4 S9C2, p :25/:1 C, the product C is
a5V g
(2) C,H;COOH (b) C,H,CH
6ts ctisCHs
4 & (¢) CH,CH,0H (d) C,H,CHO

12. Match the four starting materials given in Column I with the corresponding reaction schemes provided in Column II and select the
correct answer using the code given below the lists.

Column I Column 11

A. H——H p. Scheme I
i) KMnO,4, HO™, heat (i) H*, H,0
(iii) SOCI, (iv) NH 5

G HN,04
B. OH q. Scheme 11
(i) Sn/HCI (ii) CH;COCI (iii) Conc. H,SO,
(iv) HNO; (v) Dil. H,SO,, heat (vi) HO~
? GHN,0,
OH
C. NO, I. Scheme IIT
(i) Red hot iron, 873 K (ii) fuming HNO5, H,SO,, heat
(iii) H,S . NH 5 (iv) NaNO,, H,SO, (v) hydrolysis
9 2 3 2, 1250 C.H.NO,
D. NO, S. Scheme IV
(i) Conc. H,50,,60°C
(ii) Conc. HNO;, conc. H,SO, (iii) Dil . H,SO,4, heat
9 3 29Uy 29Uy C,H.NO,
CH,4
Codes
AB CD A B CD
@psaqr b)yr p s q
(c)r s qp ds prq (2014 Adv.)
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13. For which of the following molecule significant pu = 0?
Cl CN OH SH
Cl CN OH SH
I 1 11 %

(a) Only I (b) Tand I
(c) Only III (d) IITand IV

14. The compounds P, Q and S

/©/COOH /©/OCH3

HsC

(2014 Main)

o

@)

~0

N

were separately subjected to nitration using HNO; / H,SO,
mixture. The major product formed in each case
respectively, is (2010)

* W L

o

@)

- AMC

COOH OCH;
2 H3C /©/
1LC
Cr

NO,

COOH OCH,
/©/ /@: NO,
O
I

(-

NO,

15. In the reaction, @OCH3 & the products are,
(2010)

16.

17.

(a) Br—@—OC& and H, (b) @Br and CH;Br
© @m and CHOH (@) @OH and CH;Br

In the following reaction,

SN

The product X is

Conc. HNO;
Conc. H,SO,

(2007, 3M)

3o
N
H
NO,

@ +Cl— CH,CH, — CH, —3

p— 0022 O + Phenol
(i) H;0*
P and Q are respectively

(a) ©/\/ + CH,CH,CHO
(b) ©/\/ + CH,COCH;

(2006, 5M)



18.

19.

20.

21.

22.

23.

() + CH;COCH;
(d) + CH,;CH,CHO
HN— A0

3 Fe/Br,
—

O

product on monobromination of this compound is

(2004, 1M)
HN4O HN—/O
H;C CHj4 H,C CH;,
OO NS
Br Br
O
HN—~
H;C CH;,
o 10
Br
HN—/O

CH,

H;C
oI
Br

Identify the correct order of reactivity in electrophilic
substitution reactions of the following compounds

Benzene (1), Toluene (2), Chlorobenzene (3) and
Nitrobenzene (4) (2002)
(a)1>2>3>4 ®)4>3>2>1
(©)2>1>3>4 (d2>3>1>4

A solution of (+) -2-chloro-2-phenylethane in toluene
racemises slowly in the presence of small amount of SbCls,
due to the formation of (1999, 2M)
(a) carbanion
(c) free-radical

(b) carbene

(d) carbocation

Benzyl chloride (C4H;CH,Cl) can be prepared from toluene
(1998, 2M)

(d) NaOCl

by chlorination with
(@) SO,Cl,  (b)SOCI,

Chlorination of toluene in the presence of light and heat
followed by treatment with aqueous NaOH gives (1990, 1M)

(¢) Cl,

(a) o-cresol (b) p-cresol

(¢) 2, 4-dihydroxy toluene (d) benzoic acid

The reaction of toluene with chlorine in the presence of ferric
chloride (FeCly) gives predominantly (1986, 1M)
(b) m-chlorotoluene

(d) 0- and p-chlorotoluene

(a) benzoyl chloride
(c) benzyl chloride
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24. The compound that is most reactive towards electrophilic
substitution is (1985, 1M)

(a) toluene
(¢) benzoic acid

(b) benzene

(d) nitrobenzene

25. Among the following, the compound that can be most readily
sulphonated is (1982)
(a) benzene
(c) toluene

(b) nitrobenzene
(d) chlorobenzene

Objective Questions II
(One or more than one correct option)

26. The reaction(s) leading to the formation of
1,3,5-trimethylbenzene is (are) (2018 Adv.)
O
Conc. HySO4
(a) )J\ —
. Heated iron tube
(b) Me —H 53K
0O
(1) Bry, NaOH
© @hor
(3) Sodalime, A
@) O
CHO
(d) Zn/Hg, HCI
OHC CHO

27. Among the following reactions(s), which gives(give)
tert-butyl benzene as the major product? (2016 Adv.)

LeBr w/\ cl
@ © NaOC,H; () © AICI
— Y\ OH
(©) TTHso, (d) © TBR.OE,
28. The major product U in the following reaction is (2015 Adv.)

: Radical

CH,=—CH—CH3H"
High pressure, Heat

initiator, O,

U

HiC. CHs
s o
0~ H
o ©><

CH,

P
0
CH
(a)
H
|
Pe
0
_CH, oL _H
© ©)\/ o ©)J\/ o)
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29. Which of the following molecules, in pure form, is/are

unstable at room temperature? (2012)
(@ @ ® |
(0]
(© (d)
30. An aromatic molecule will (1999, 3M)

(a) have 4n m-electrons

(b) have (4n + 2)n-electrons
(c) be planar

(d) be cyclic

31. Which compound(s) out of the following is/are not aromatic?
(2019 Main, 11 Jan|)

(@) (b)

® &
o
32. Toluene, when treated with Br,/Fe, gives p-bromotoluene as

the major product because the CH; group (1999, 3M)
(a) is para-directing
(b) is meta-directing
(c) activates the ring by hyperconjugation
(d) deactivates the ring
33. A new carbon—carbon bond formation is possible in (1998)

(a) Cannizzaro’s reaction  (b) Friedel-Craft’s alkylation
(c) Clemmensen reduction  (d) Reimer-Tiemann reaction

True or False

34. An electron donating substituent in benzene orients the
incoming electrophilic group to the meta-position.

(1987, 1M)
35. In benzene, carbon uses all the three p-orbitals for
hybridisation. (1987, 1M)

Subjective Questions
36. Explain the followings :

Br C,HsOH (aq) . .
@ @) CH, —— 5 acidic solution
CH,;
.. C,H.OH
(ii) Br©—< ﬂ) neutral
CH, solution

37.

38.

: NaOH
(®) () MO b liberated)
O,N
F
.. NaOH (aq) _ .
(ii) — > F (not liberated)
H;C

CH,NO,
NO
. Conc. HN03
(c) ()
Conc H,SOy4
NO,
. Conc. HNO3
(i)
Conc H,SOy4

(2005)

7-bromo-1, 3, 5-cycloheptatriene exists as ionic species in
aqueous solution while 5-bromo-1,3-cyclopentadiene
doesn't ionise even in presence of Ag”(aq ). Explain. (2004)

What would be the major product in the following reaction?
(2000, Main, 1M)

N@ Bry/Fe(leq)

o



39.

40.

41.

42.

43.

44,

45.

46.

47.

Give reasons for the following :
(i) tert-butylbenzene does not give benzoic acid on treatment
with acidic KMnO,.
(i) Normally, benzene gives electrophilic substitution
reaction rather than electrophilic addition reaction
although it has double bond. (2000)

Show the steps to carry out the following transformations.
(1) Ethylbenzene — benzene
(ii) Ethylbenzene — 2-phenylpropionic acid

Write the structures of the products.

Br,/Fe

CH;CONHC(Hy —— (1998, 2M)

Give reasons for the following in one or two sentences
“Nitrobenzene does not undergo Friedel-Craft’s alkylation.”
(1998, 2M)

Complete the following, giving the structures of the principal
organic products. (1997)

Me
CH,

| Anhy. AlCl5
+ H,C—C—CH,Br ————>
H

Toluene reacts with bromine in the presence of the light to
give benzyl bromide, while in presence of FeBry it gives
p-bromotoluene. Give explanation for the above
observation. (1996)

Predict the structures of the intermediates/products in the

following reaction sequences (1996)
OMe 0]
. (i) AICI; Zn(Hg)/HCl
(i) H;0*
0]
0 MeO
H,PO, 7z
B—— |
A
Predict the major product in the following reactions (1994)
(i) + (CH, ), CHCH,0H —2°%,

C

oHs ,
(ii) (i) Br,, heat, light
i
(ii) NaCN

Give reason for the following ‘In acylium ion the structure
R—C=0" is more stable than R—C"=0O" (1904, 1m)

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
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Identify the major product in the following reactions :
HNO3/H,S04

mononitration

(i1) C¢HsCOOH + CH;Mgl—— ? + ? (1993, 2M)

Write the structure of the major organic product expected
from the following reaction

AICI,
+ (CH;),CHCH,Cl ————
(1992, 1M)

Give reasons in two or three sentences only for the following:
Phenyl group is known to exert negative inductive effect, but
each phenyl ring in biphenyl (C;H;—CsHs) is more
reactive than benzene towards electrophilic substitution.
(1992, 1M)

Arrange the following in increasing order of reactivity
towards sulphonation with fuming sulphuric acid.

Benzene, toluene, methoxy benzene, chlorobenzene.
(1988, 1M)

Answer the following with suitable equation wherever
necessary

(i) How can you prepare benzene from lime ?

(i1) How will you convert toluene to m-nitrobenzoic acid ?
(1987, 2M)

Write down the main product of the following reaction

CH;CH,COCI/AICI 3
Benzene

(1985, 1M)

How many sigma and pi-bonds are present in a benzene
molecule ? (1985, 1M)

Write down the reaction involved in the preparation of
following using the reagents indicated against in parenthesis.

“Ethyl benzene from benzene.”

[C,H,OH, PCly, anhyd. AICI, ] (1984, 2M)

Show with balanced equation what happens when the
‘p-xylene is reacted with concentrated sulphuric acid and the
resultant product is fused with KOH’. (1984, 1M)

Give reasons for the following in one or two sentences :

‘Although benzene is highly unsaturated, normally it does
not undergo addition reaction.’ (1983, 1M)

Integer Type Questions

58.

Among the following, the number of aromatic compound(s)

OA ADO
5000 oY
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Answers
1. (o) 2. (a) 3. (¢) 4. (a) 21. (a) 22. (d) 23. (d) 24. (a)
5. (a) 6. (c) 7. (a) 8. (d) 25. (c) 26. (a,b,d) 27. (b,c,d) 28. (b)
9. (b) 10. (b) 11. (d) 12. (¢) 29. (b,c) 30. (b,c.d) 31. (b,c,d) 32. (ac)
13. (d) 14. (¢) 15. (d) 16. (b) 33. (b.d) 34. False 35. False 54. (12c, 3n)
17. (¢) 18. (b) 19. (o) 20. (d) 58. (5)

Hints & Solutions

1. The given reaction takes place as follows :

It will stabilise the carbocation by

(+ve) hyperconjugation
Intramolecular m \®;j
AICI4

AIC\3

- AICI,® oHCL

~AlClg

e

ArSg2-reaction

Key Idea In electrophilic aromatic substitution (Ar Sg 2)reaction, the aromatic (benzene nucleus here) compound (substrate) acts as
a nucleophile which gets attacked by an electrophile in the rate determining step (rds).

Higher electron density on the nucleophile, i.e. benzene nucleus will fasten the rate of the reaction. Electron-donating groups (EDG) will
increase electron density in benzene nucleus by any or both of their +R/+M and hyperconjugative (HPC) effects. Now, let us consider the
given substrate.

@)

H;

:C:I :} I effect dominates the +R effect : CHS} + HPC : C—CHs} -R effect

(0 (In (1
As —R effect is more powerful than —/ effect, the order of their reactivity, towards an electrophile will be

1 | Il
(-R) < (-I>+R) < (+ HPC)

Reactivity of substitution nucleophilic unimolecular (Sy1) reaction depends on the formation of carbocation. Greater the stability of
carbocation, greater will be its ease of formation of alkyl halide and faster will be the rate of reaction. So, the correct order of (Sy 1) reactivity is

CH,CI H,—Cl
@ @ >—\ > CH,CH,Cl
OCH
(+R)
©) D) (A) (B)

In compound C, the carbocation formed is stabilised by activating group (— OCHj ). Compound D forms benzyl carbocation (C4H; —CH3)
that is stabilised by resonance. Compound 4 produces a primary carbocation that further rearranges itself to secondary carbocation.

Rearrangement
@

1° carbocation 2° carbocation

Compound B produces primary carbocation which is least stable among all the given options.



4.

The major product of the given reaction is benzoic acid
(CcH,COOH). On vigorous oxidation of alkyl benzene with
acidic or alkaline KMnO,, aromatic acids are obtained. During
oxidation of alkyl benzene, the aromatic nucleus remains intact
and the entire chain is oxidised to —COOH group irrespective
of the length of carbon chain.

_+
CH,CH, COOK COOH
@ i) Alk. KMnO,, @ (i) HO* @
Ethyl Potassium Benzoic acid
benzene benzoate

In presence of alc. KOH, the given halide undergoes
elimination reaction

/@/Y . /@/\/
=

Cl

Cl Cl

The alkene produced undergoes polymerisation via free radical
mechanism. This process involve three steps, i.e. initiation,
propagation and termination.

/@/\/ Polymerisation /@/X—ﬁn
_—
Cl Cl

Polymer

Aromatic electrophilic substitution reactions are fast in those
compounds in which the attacking site possess high electron
density. Electron withdrawing groups (EWGs) reduces the
electron density in the benzene ring due to its strong —/ effect
and makes further substitution difficult. Hence, called as
deactivating groups. While electron releasing groups (ERGs)
increases the electron density in the benzene due to resonance.
Therefore, activates the benzene ring for the attack by an
electrophile. Hence, called as activating groups.

In given options, Activating groups are — CH; < — OCH,

(+1,+R) Strong +R effect

Deactivating groupsare — CN> —Cl

. Strong — [ effect (—/>-R)
So, the correct order is

CN Cl Me OCHy
D A c B

Through aromatic electrophilic substitution mechanism
(ArSy2) when mono-alkylation (Friedel-Craft’s reaction) is
performed, we get mono-alkylated benzene. As, the alkyl group
is ring activating (towards ArSy2) in nature, again o- and
p-substituted alkyl benzene will be obtained and so on. e.g.
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CoHsCl (1 eqv) @ CoHs CoHs
AICl5 (anhyd.) Csz
v GO

@ CoHs ~ ACH

CoHsCl (excess) CZHS
AICl3 (anhyd.)
CoHs CzH5
HsCz C2H5 CQH5CI
AIClg
(Minor)
CoHs
(Major)
CHs
Cl

hv/benzylic free radical
substitution with Cl,

’ Cly(1 eqv.)‘ ’ Cly(2 eqv.)‘ Cl,(excess)

l—HC\ l—ZHC\ JjaHCI
: CH,CI : CHCl, @

Cl Cl Cl
|

ﬁF)H(Cn
c - OH

CH,0H CHQ—\
SO O o

(Option-c) Gem-diol o
(unstable) (‘JH

Jngo C=0
CH=0 /@/
Cl
N /@/ as : C00
Cl

(Option-d)
in basic medium
H,0%

: COOH
Cl

(Option-b)

CCl,

e| ©
-3H JfSOH(aq)

—2HCI| 2H,0/A
OH

So, considering the second reaction condition, C1~, HyO, A in
the statement of the question, the correct answer is option (d).
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9. Melting point of a compound depends on size and force of attraction between the molecules. Compound (c) has largest size and also possess
weak intermolecular association due to dipole - dipole interactions.
Compound (a) is a dicarboxylic acid and possess high melting point due to intermolecular hydrogen bonding.

As aresult, it exist as associated molecule. Compound (d) is an alcohol and possess intermolecular H-bonding. No interactions are present in
hydrocarbon (naphthalene) compound (b).

Hence, melting point is lowest for naphthalene (= 80°C), i.e. compound (b).

10. Aromaticity of a compound can be decided by Huckel’s rule. In cyclopentadienyl cation (b), resonance takes place as follows:

g —-0-0

Resonance
hybrid

Hence, @ is anti-aromatic does not follow

Huckel’s rule as it has conjugated 4 m-electron (4nm, n = 1) system. Rest of the species are aromatic as each of them belongs to 6n-electron
[(4n + 2) m, n =1]system.

CHO
@ KMnO, @ S0Cl, @ H,/Pd @
BaSO4

Toluene Benzoic acid Benzoyl Benzaldehyde
chloride

11.

12. PLAN This problem can be solved by using the various concepts synthesis of benzene, electrophilic substitution reaction and directive influence of various
substituents, including oxidation and reduction.

= —OH and —NH, are o/p-directing groups.

= N-acetylation is more favourable than C-acylation.

= N-sulphonation is more favourable than C-sulphonation.

= NO, is a meta-directing group.

= H,S- NH; reduces only one NO, group selectively in the presence of two NO, groups.

Using above concepts the correct sequence of reaction can be written as

NO, NH,
A 3CH=— CH__Redhot Fuming HNO, / H,S0, H,SNH, NaNO,
. ) é
iron 873K A selective reduction H,80,
_ NO NQ, Here, N-sulphonation is
N+HSO 2 2 more favourable in
comparisons to
C-sulphonation.
Hydrolysns
OH OH
O,N. O,N
Conc. H SO4 2 Dil.H,SO,
—_—
OOC Here, nitration takes A
place at o-position of OH OH
less hindered side.
SO;H

SO;H
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NO, NH, NHCOCH, NHCOCH, NHCOCH3
2
Sw/HCI CH;COCI Conc. sto4 HNo3
C. —_—
Here, N-acetylation is
more favourable than
C-acetylation
SO;H SO;H
Dil. HZSO4
NH, NHCOCH3

@/
NO, NO, NO,
KMnO, H,0° socl,
D. —onn > — —_— LN

CH;4 COO~ COOH COCl CONH,

Above reaction proceeds through oxidation, chlorination and amide formation sequentially.

L A—>r1,B>s,C—o>q,D—>p Hence, the correct choice is ().

13. Draw the structure of organic compounds indicating net dipole moment which includes lone pair and bond angle also.

P i ~g- g
In the quinol and thioquinol
same as in thioquinol.
OH SH

— OH groups and —SH groups do not cancel their
dipole moment as they exist in different confirmation.

14. COOH COOH
HNO,
H,S0,
HO HO

P
NO,

— OH is activating while — COOH is deactivating group in SgAr reaction. Therefore, electrophile attack to ortho of the activating

— OH group.
OCH; OCH;
HNO3
O e OO
¢

Both — OCH; and — CHj are activating ortho/para directing groups but — OCHj is stronger activator, electrophile attack to ortho of
— OCH;,.
O NO,
" @ LT
\o o, \O
sto4

Ring ITis activated while ring I is deactivated in S; Ar reaction. Therefore, electrophile attack at para to ring-11, the less hindered position.

Oy B9
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15.

16.

17.

18.

19.

20.

@ OCH; + HBr——s CH;Br + @ OH
—OH of phenol is not further substituted by bromide due to
resonance with the ring.
Ring attached to nitrogen is activated while ring attached to
C=0 is deactivated. Also, electrophilic substitution occur
predominantly at para position of the activated ring due to
immense steric hindrance at ortho position.
©\ I
N Conc. HNO3
| Conc. HySOy4
H
O;N
? o
|
H
AICL
+ CICH,CH,CHj;
Friedel-Craft’s
reaction
heat
Os/hea O + Phenol,
H;0"
P= > 0 =CH;—C—CH;
Acetone
Cumene
Ring attached to nitrogen is activated by electron donating
resonance effect while ring attached to carbonyl group is
deactivated by electron withdrawing resonance effect :
HN—/O HN—/O
HsC CH; H;C CH;
Fe
BI’Z
Br
Both chloro and nitro groups are deactivating in electrophilic
aromatic substitution reaction. Also nitro group is stronger
deactivating group. Methyl group is activator in electrophilic
aromatic substitution.
Hence, overall order of reactivity is :
nitrobenzene < chlorobenzene < benzene < toluene
H
| - pa /H Cl-
CHs;—C—Cl + SbCl; — SbCl, + C6H5—C\ —>
(|:H CH,
3 1
planar
()-2-chloro- carbocation

2-phenylethane

(%) -2-chloro-2-phenylethane (racemic mixture)

21.
22.

23.

24.

25.

SO,Cl, brings about free-radical chlorination at —CH; group.

Free radical chlorination occur at —CHj.

Qcm +Cly vy QC%
Heat

_NaOH | COOH

benzoic acid

The methyl group in toluene is ortho/para directing activating
group :

FeCl
+ Cly <5

Cl

Toluene is most reactive among these. Nitro and carboxylic groups
are deactivating in aromatic electrophilic substitution reaction.

Toluene is most readily sulphonated among these because
methyl group is electron donating (+ / effect), activate benzene
ring for electrophilic aromatic substitution.

Reaction shown in option (a) is aldol condensation in the
presence of conc. H,SO,, at high temperature.

In summerised way the formation of mesitylene through this can
be visualised as

[
C H CH3
\
H,0 g Conc. H,S0,
7\
H — 2 5
Y HolPH0 —Sho
| CHj3 CH;
G & Mesitylene
cuy Yo II_{I::C/\CH3
— b
H,0

Reaction given in option (b) is simple polymerisation
(trimerisation) reaction of alkyne i.e.,
Me—=—H or CH;—C=CH when passed through heated
iron tube at 873K then mesitylene is formed as

CH,

| CH;

C
K—/%CH

C
Pz
_C uc?
CH;

Heated iron tube
873 K

CH, CH;

CHy Mesitylene

This reaction is also called aromatisation.



(1) and (2) reactions of option (c) combined to give haloform

reaction while (3) reaction given in this option is
decarboxylation reaction i.e.,
COCH,
(1) Bry/NaOH
(2) H;0™
H,COC COCH,
COONa™
+ 3CHBr;
NE@OC COONa+ Bromoform

The above product of haloform reaction on decarboxylation gives
benzene as

COONa*
(Sodalime)
NaOH/CaO
—_—
+ - _ —3Na2C03
NaOOC COONa*
Benzene

The reaction given in option (d) is Clemmensen reduction i.e.,

X fo I Zn— Hg

Hence, the final product of this reaction is also mesitylene which
can be seen as

CHO CHj
/@\ Zn-Hg/HCl /@\
——C
HC CHO H}C CH3

Mesitylene

>CH, + H,0

27. (a)

NaOC,Hs

Br \

C,HsO" (a strong nucleophile) causes E1 reaction to form

isobutene as the major product.

@
(b) W/\ _AICI Y 1, 2-hydride
sh1ft 3° carbocation

1° carbocation (Major)

o g

Tertiary butyl benzene(X)
: 3
%\ H %

ﬁ/\ OH + @ BF3,E6,0 E)/k

28.

29.

30.

31

(b) have (4n + 2)r electrons.
(d) be cyclic.
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CHj CHSO
o “Son
©+ CH,—CHCH; H' CHy =2, CH,

Cumene hydroperoxide
Cumene

Cumene hydroperoxide formed above is an intermediate in the
synthesis of phenol.

According to Huckel rule, the compounds which have
4n(n=0,1,2,3...) delocalised m-electrons in a close-loop are
anti-aromatic and characteristically unstable. Compound B
satisfy the criteria of anti-aromaticity as :

{E}e———al = 4r)

anti-aromatic

Compound 4 has 4-electrons which are also delocalised but do
not constitute close loop, hence non-aromatic.

Compound D is aromatic, characteristically stable.

+

Tropyllium ion, aromatic

~

Order of stability Aromatic > Non-aromatic > Anti-aromatic

Aromatic molecule must.
(c) be planar.

A compound is considered to be aromatic, if it follows three
rules:

(a) Must be cyclic and planar.

(b) Must have conjugated system in it.

(c) It must follow Huckel rule which states that number of
n-electrons = (4n + 2)

(A) Y = 2n-¢ system [(4n + 2), n = 0]= Aromatic

B) = 4n-e system[4nn, n=1]= Anti-aromatic
&

© @ = 8n-¢ system [4nm, n = 2]= Anti-aromatic

o0

(D) = The sp3-carbon does not support conjugation and

sp° also devoids planarity.
= Non-aromatic
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32. CH3 CHj;

Fe
+ Br, —

Toluene
Br
— CHj; in toluene is para directing group.It activates the ring by
both inductive and hyperconjugation effect.

33. In both Friedel-Craft’s reaction and Reimer-Tiemann reaction,
new carbon-carbon bond is formed :

R

AICl,
—_— + HCI

Friedel-Craft’s
reaction

OH
CHO
H+
+ CHCl3 + OH ——>——>
H,0

Reimer-Tiemann
reaction

+ R—CI

OH

34. An electron donating substituent in benzene orient ortho/para
substitution.

35. In benzene, carbons are sp>-hybridised only, hence only two
p-orbitals are involved in hybridisation.

?H3 T?H3
C—Br CfOC2H5
36. (a) (i) |CH3 +C2H50H—>©/ |CH3
+ HBr
Acid

3
(ii) Br + C,HsOH ——> No reaction

(b) () /©/+ NaOH —> Q

Nitro group from para position activate aromatic nucleophilic
substitution.

(ii) + NaOH — No reaction
H;C
CH,NO,

—NO, is not in resonance with benzene ring, does not activate
the aromatic nucleophilic substitution reaction, hence fluoride is
not formed.

Z +
|

o +
G:O N=0
@
© @)

Hence, —NO is ortho/para directing although deactivating
group. Therefore, ortho/para nitro derivatives are formed on
treatment with mixed acid.

NO,
. Conc. H,SO4
(i1) © + Conc. HNOy —M8M8M8— ©\

Nitro group is meta directing as well as strongly deactivating.

37.

In the above hydrogenation reaction, the anti-aromatic character
of three cyclobutadiene rings are relieved that provide stability
to the hydrogenation product.

Br + Ag'(aq) —>AgBr~L + +

7-bromo-1,3,5-cycloheptatriene Tropylium ion

(aromatic, stable)

Br + Agm ——> li>+ + AgBr

anti-aromatic

5-bromo-1,3-cyclopentadiene (unstable)

(0]
©ik/ @ Br2
N E—
Fe

deactivated activated

e



39. (i) Oxidation of side-chain alkyl group of benzene occur
through free radical mechanism and it initiates at o.—C as.

| |
Ph—C—H— Ph—C* +H"*

In tertiary butyl benzene, there is no a—H, required to
initiate free radical oxidation reaction, hence not oxidised

with KMnO,,.
CH;
C—CH;
CH, + KMnO4 — No oxidation

takes place

tert butyl benzene
(no a-H)

(i1) Pi-electrons of double bonds are involved in aromatic
delocalisation (aromaticity), hence electrophilic addition do
not occur as it would destroy aromatic stability. However,
electrophilic substitution do not destroy aromaticity.

E H
" E* Addition
+ «— +HBr——
Br

aromaticity retained electrophilic loss of aromaticity
(occur preferably) substitution (not occur)
CH,CH; COOH
. K,Cr,O
40. (1) ©/ 201, 7 ©/
CaO/NaOH
Heat

CH,CH; CH—CHj
(i) | NaCN
heat Br

CH;

|

CH—CH; C—COOH
O |
H

NHCOCH; NHCOCH;
Bry/Fe
41. - ©i
Br

NHCOCHy; is ortho/para directing although deactivating group.
Therefore, Ortho/pare bromoderivatives are fomed or
treatment.
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42. Nitro group is a very strong deactivating group, the very slow
Friedel-Craft’s reaction does not takes place in presence of nitro

group.
43. CH, CH, lCHs
CH; C—CH;
AICl,
+ CH37(|:7CH2BI' e CH3
CH,
+
CH;—C—CHj;
CH,

44. In presence of light, free radical reaction takes place at — CHj

group while in presence of FeBr;, electrophilic substitution
occur in the ring.

CH3 CHzBI’
Bry/heat
or light
lBrz/FeBQ CHj,
CHj
+
Br
Br
OCHj; OCH3
© ¢ (i) AICI3 Zn(Hg)
_—
(ii) H;0" HCl
O/ COOH
Friedel-Craft’s
reaction
OCHj3
H;PO, .
Final product
COOH CH;
C—CH;
) H,S0,4
46. (1) + (CH3)2CHCH20H — CH3
H
CH,CHj3 C—CHj;

B (i) Bry/heat
11 _—
(i1 (i) NaCN CN
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47. R—C=0 «— R—C=0
1 11
I is more stable resonance structure of acylium ion than
II on the following grounds.
It has more covalent bonds.
It has complete octet of both carbon and oxygen.

I
OO

/]

deactivated activated
ring ring

Obo Oy

(ii) C;H,COOH + CH;Mgl —> CH, + Mg(OOCC,H)I

HNO3/H,SOy4
mononitration

CH CH
49. 3 [ .
AlCl; + Hydride
CH3—(|:—CH2C1 _— > CH3—(|:—CH2 Shift
H H
1° carbocation
CH;
H
CHs C—CH,
CeHe
CHj g CHj CH,

3° carbocation
(more stable)

+ _
w0 O
+

The above resonance activate an aromatic ring for electrophilic
substitution reaction.

51. Both — CH; and — OCH; are activating groups but chloro is
deactivating group in electrophilic aromatic substitution
reaction.

Also —OCH; activate more than —CH; due to resonance
effect by the former group. Therefore, the overall order of
reactivity is:

Chlorobenzene < benzene < toluene < methoxy benzene

52. (i) Lime is heated with coke at high temperature and then,
hydrolysed to form acetylene. This acetylene on passing red
hot tube polymerises to form benzene :

ca0 + 3¢ —220°C, cac, + cOT

Lime Coke

Download Chapter Test
http://tinyurl.com/y231zk9x or

CaC, + 2H,0 —— Ca(OH), + C,H,
Acetylene

C
3C,H, ——> CH
A Benzene
(ii) —CHj; in toluene is ortho/para directing group, first
oxidised to —COOH in order to make it meta directing and
then nitrated.

COOH COOH
K2Cr207 Conc. HN03
Conc H,SOy4
0,
C—CH,CH;
AlCl;
53. + CH3CH,COCl ——
I Friedel-Craft’s acylation
H H
54, It has 12 sigma and 3 pi-bonds.
H H
H

55. CH,CH,OH + PCl; —— POCI, + HCl + CH,CH,CI

AlCI

CH, + CH,CH,Cl —> C,H,— CH,CH,4

Friedel-Craft’s reaction

56. H3COCH3 + Conc. H,SOy ——

p-xylene

SO;H

57. Pi-bonds of benzene are involved in aromaticity, not open for
electrophilic addition reaction. Rather, it undergo electrophilic
substitution reaction.

58. The aromatic systems are

A OO Y

OfA0
ORT:
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Aromatic Compounds
Containing Nitrogen

Objective Questions I (Only one correct option)

1. Benzene diazonium chloride on reaction with aniline in the
presence of dilute hydrochloric acid gives (2019 Main, 12 April I1)

Ol
H,N

e Dyom

o O

2. The increasing order of the pK, of the following compound is

L O
A N)LN
CHZ0 H H
S
NS U
=
O,N H H
L
oy
HC H ] H
L
=
H o H
(@ (A)<(C)<(D)<(@B)
(b) (O)<(A)<(D)<(B)

(¢) B)<(D)<(A)<(C)
(d) (B)<(D)<(C)<(A)

(2019 Main, 12 April I)

3. Which of the following is not a correct method of the

preparation of benzylamine from cyanobenzene?

(a) H, /Ni (2019 Main, 10 April 1)
(b) (i) HC1/H,0 (i)) NaBH,

(¢) (i) LiAlH, (ii) H,0"

(d) (i) SnCl, + HCl(gas) (ii) NaBH,

. Aniline dissolved in dil. HCl is reacted with sodium nitrite

at 0°C. This solution was added dropwise to a solution
containing equimolar mixture of aniline and phenol in
dil. HCI. The structure of the major product is

(2019 Main, 9 April I)

O
Crrmres
0 Yn=n Hon
O

. The major product obtained in the following reaction is

NH,
(i) CHCIy/KOH
_—
(i) PA/C/H,
CN O (2019 Main, 8 April 1)
CH3 CHS
(@)
CN O CN OH

CHCI2 cH3
CN  OH
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6. The major product in the following reaction is
(2019 Main, 8 April 1)

NH,
N IN
] _J +OHy—E=s
=
NN
NH, NH,
+
@ </N NCH, o </N XN
A A
N N
H N | N
CHs
NHCHg NH,
N—"XXN N—"N
©< P @l 1. )
NN N
no
CHs

7. Coupling of benzene diazonium chloride with 1-naphthol in
alkaline medium will give (2019 Main, 8 April I)

OH
(@) OO b)
N I
l‘\‘l O\e\ N
OH

N
o o T
N /V%/l/

OH

8. The increasing order of reactivity of the following compounds

towards reaction with alkyl halides directly is
(2019 Main, 12 Jan )

0 0 CN
NH, NH.
Tpileeleniel
O
(A) (B) © D)
(@) (4) <(O)<(D)<(B)
() (B) <(4) <(O)<(D)

(©) (B)<(d) <(D)<(O)
(d) () <(B)<(C)<(D)

10.

1.

12.

The major product of the following reaction is
(2019 Main, 11 Janl)
@)

CN
H
d

What will be the major product in the following mononitration
reaction ? (2019 Main, 10 Jan )

A
N HNO,
H Conc.H,S0O,
02N
(a)©\ 7 1% o \©\ i
N)K(j N)K©
H H
OoN N)K@ N)K@\
H H
NO,

An aromatic compound ‘A4’ having molecular formula C,H;O,,

(i) NifH,
(ii) DIBAL-H

on treating with aqueous ammonia and heating forms compound
‘B’. The compound ‘B’ on reaction with molecular bromine and
potassium hydroxide provides compound ‘C” having molecular
formula CgH;N. The structure of ‘4’ is (2019 Main, 10 Jan II)

OHC CHO
(@) \Q (b) @:
OH OH
COOH
© © @ ]
0~ > CH=CHCHO

The increasing basicity order of the following compounds is

CH,CH;,
(A) CH;CH,NH, (B) CH;CH,NH
CH, CH,
|

(0)H,C—N—CH; (D)Ph—N—H

@ D)< (O)<B) <)

(b) (4) <(B)<(O)<(D)

© A <B)<D)<(C)

(d) (D)< (C)<(A)<(B) (2019 Main, 9 Jan 11)



13.

14.

15.

16.

17.

The tests performed on compound X and their inferences are :

Test
(a) 2, 4- DNP test
(b) Iodoform test
(¢) Azo-dye test

Inference

Coloured precipitate

Yellow precipitate

No dye formation

Compound ‘X" is

HC (/O HoC pyCHs

o COCH,
(a) ()

3
at

NH, OH NH,

CHa CHO

(2019 Main, 9 Jan 1)

(© (@

p
3

The major product of the following reaction is

i
C
SNH, () Bro/hv
(i) KOH (@il
CHoCHs (2019 Main, 9 Jan 1)

N

(b)

NH

Arrange the following amines in the decreasing order of

basicity: (2019 Main, 9 Jan 1)
=
oy ()
SN T N
H H

\
(In (I
(@ I>I>1I (b) MI>T>1 (c) I>MI>1I

—: :*:O
pd
T

CHj

E O
=z
T

(d) M>T1>1I

The correct decreasing order for acid strength is
(2019 Main, 9 Jan )

(a) FCH,COOH > NCCH,COOH

>NO,CH,COOH > CICH,COOH
(b) CNCH,COOH > O,NCH,COOH

> FCH,COOH > CICH,COOH
(¢) NO,CH,COOH > NCCH,COOH

> FCH,COOH > CICH,COOH
(d) NO,CH,COOH > FCH,COOH

>CNCH,COOH > CICH,COOH

Which of the following compounds will give significant amount
of meta-product during mononitration reaction? (2017 Main)
OCOCH; NHCOCH;

oO o) o (3
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18.

19.

20.

21.

22.

The major product of the following reaction is (2017 Adv.)
OH
(i) NaNO,/HC1/0°C
(ii) (ag. NaOH)
NH,
OH ONa
N WEKIVAW,
M
N=N NH,
N=N OH OH
Cl
In the reaction,
NH,
NaNO,/HCl CuCN/KCN
0.5°C A *N;
CH;
The product £ is (2015 Main)
COOH

CH,

CN
CH;
CHj,

Amongst the compounds given, the one that would form a
brilliant coloured dye on treatment with NaNO, in dil. HCI
followed by addition to an alkaline solution of B-naphthol is

NHCH
@ O/ N(CH3), ) O/ 3
NH2 CHzNHZ
© C/O/ (@ O/
Hj

The species having pyramidal shape is
(a) SO, (b) BrF, (c) Sio¥

(2011)

(2010)
(d) OSF,

In the following reaction,

: ~N Conc. HNO3
—_—X
Conc. H,SO,4
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The structure of the major product X is (2007, 3M) 25.
0
(a)
N NO,
H 26.
O,N
? 0
(b)
N
H
0
o QL.
N
H
NO2
0
O,N N
2 o 27.
(CH3)2NH
A
(1) Fe/HC1
ii HC1/0°
(ii) NaNO,/HC1/0 C(B), Bis
(iii) Hy/Ni
(2003,1 M)

(a) HN
(b) H,N

O

() O)N

(d) O,N

@ \CH3
pia

24. The most unlikely representation of resonance structures of

p-nitrophenoxide ion is (1999, 2M)
O\]t] /O Of\ ItI /Of
(a) (b)
o 0 29.
O\N /O O_\It] /O
() (d)

Benzene diazonium chloride on reaction with phenol in
weakly basic medium gives (1998, 2M)
(b) p-hydroxy azobenzene

(d) benzene

(a) diphenyl ether
(c) chlorobenzene

Examine the following two structures of anilinium ion and
choose the correct statement from the ones given below :
(1993, 1M)

.
NH, NH,

1 11

(a) IIis not an acceptable canonical structure because
carbonium ions are less stable than ammonium ions

(b) I is not an acceptable canonical structure because it is
non-aromatic

(c) Il is not an acceptable canonical structure because the
nitrogen has 10 valence electrons

(d) II'is an acceptable canonical structure

Chlorobenzene can be prepared by reacting aniline with
(a) hydrochloric acid (1984, 1M)
(b) cuprous chloride

(c) chlorine in the presence of anhyd AICI,

(d) nitrous acid followed by heating with cuprous chloride

Objective Questions II
(One or more than one correct option)

28.

Aniline reacts with mixed acid (conc. HNO5 and

conc. H,SO,) at 288 K to give P (51%),Q (47%) and R

(2%). The major product(s) of the following sequence is (are)
(1) Sn/HCl

(1) Acz 0, pyridine (2) Bry /H 5O (excess)

R__(2)Bry, CH3CO,H g
(3)H30" (3) NaNO,, HCl /273-278 K
(4) NaNO,, HCl/273-278 K (4) H3POy
(5) EtOH, A

Major product(s) (2018 Adv.)

Br
Br Br
(b)
Br /©/ @i Br
Br Br
Br (d) Br
/©\ Br/©\ Br
Br
The product(s) of the following reaction sequence is (are)

(2017, Adv.)
NH»

(i) Acetic anhydride/Pyridine
(ii) KBrO;/Br

(iii) H;0" Heat
(iv) NaNO,/HCL, 273-278 K
(v) Cu/HBr



30.

31.

Br

\@/ Br Br
Br
(b)

(2015 Adv.)

(@

In the following reactions, the major product Wis

OH
.
NaNO, HCl . NaOH
Vv 1%

0°C

@ . on ®

o

: N=N

In the reaction shown below, the major product(s) formed is/are

(2014 Adv.)
NH,
AN
anhydride
NH, — > Product(s)
CH,Cl,
(0]
N
DG
(0]
(a)
NH, + CH;COOH
O
NH,
(b) H
NTCH3 + CH;COOH
O (0]
H
NTCH3
0 H
(©
N CH; + H,0
o
H CH, COO
(d)

H CH
T 3
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anilinium  hydrochloride can be
(1998, 2M)

32. p-chloroaniline and
distinguished by
(a) Sandmeyer reaction
(c) AgNO,

(b) NaHCO,
(d) Carbylamine test

33. When nitrobenzene is treated with Br, in the presence of FeBr;,
the major product formed is m-bromonitrobenzene. Statements
which are related to obtain the m-isomer, are (1992, 1M)
(a) the electron density on meta carbon is more than that on ortho

and para positions
(b) the intermediate carbonium ion formed after initial attack of
Br" at the meta position is less destabilised

(c) loss of aromaticity when Br* attacks at the ortho and
para positions and not at meta position
(d) easier loss of H' to regain aromaticity from meta position

than from ortho and para positions

Assertion and Reason

Read the following questions and answer as per the direction given
below :
(a) StatementIiscorrect; Statement Il is correct; Statement
I1 is the correct explanation of Statement 1.
(b) Statement I is correct; Statement II is correct; Statement
IT is not the correct explanation of Statement 1.
(c) Statement I is correct; Statement II is incorrect.
(d) Statement I is incorrect; Statement II is correct.

34. Statement I Aniline on reaction with NaNO,/HCI at 0°C
followed by coupling with 3-naphthol gives a dark blue coloured
precipitate.

Statement II The colour of the compound formed in the

reaction of aniline with NaNO,/HCI at 0°C followed by

coupling with B-naphthol is due to the extended conjugation
(2008, 3M)

35. Statement I In strongly acidic solution, aniline becomes more
reactive towards electrophilic reagents.

Statement II The amino group being completely protonated in
strongly acidic solution, the lone pair of electrons on nitrogen is

no longer available for resonance. (2001, 1M)
Match the Column
36. Match the compounds in Column I with their characteristic
test(s)/reaction(s) given in Column II. (2008, 6M)
Column I Column II
Sodium fusion
o o extract of the
(A)  H,N—NH,Cl (p) compound gives
Prussian blue
colour with FeSO,
® o
(B) O,N NHNH;Br Gives positive

NO, (@ FeCl, test
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Column I Column IT
® o Gives white
(C) HO NH;Cl precipitate with
() AgNO
3
Reacts with
O.N NHI?IH §r aldehydes to form
(D) 2 3 ) the corresponding
s hydrazone
NO, derivative
Fill in the Blanks
37. The high melting point and insolubility in organic solvents of
sulphanilic acid are due to its...... structure. (1994, 1M)

38. In an acidic medium, ......... behaves as the strongest base.

(nitrobenzene, aniline, phenol) (1981, 1M)
OH

in not more than four steps. Also mention the reaction conditions

Subjective Questions

39. Convert

and temperature. (2004, 4M)
40. Which of the following is more acidic and why?
NH, NH,
(2004, 2M)
41. Convert (in not more than 3 steps) : (2003, 2m)

COOH COOH

G%Q

42. There is a solution of p-hydroxybenzoic acid and p-amino
benzoic acid. Discuss one method by which we can separate
them and also write down the confirmatory test of the functional
group present. (2003, 4M)

43. Write structures of the products 4, B, C, D and E in the following

scheme
O
CH,CH,CHj Cly/FeCls Na-Hg/HCl
A B
Cl D CH,==CHCH,ONa" HNO3/H,S0,

H,0

H,/Pd/C
E (2002, 5M)

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.
57.

58.

What would be the major product in the following reaction?

(0]
@ Bry/Fe
N— —/—
(2000, Main, 1M)

How would you bring about the following conversion (in 3 steps)?

Aniline —— Benzylamine (2000, 3M)

Complete the following reactions with appropriate reagents

I
QNH C—CH;, — D

(1994, 4M)

Following reaction gives two products. Write the structures of
the products.

Br,/Fe

CH;CONHC(Hy — (1998, 2M)

Write the structure of foul smelling compound obtained when
aniline is treated with chloroform in the presence of KOH.

(1996, 1M)
Complete the following with appropriate structure:
NH,
NO, (i) NaNO, and HCI at 5°C P
(ii) Anisole (1995, 1M)
NO,

How will you bring about the following conversions?

“Benzamide from nitrobenzene” (1994, 2M)

How will you bring about the following conversions?

“4-nitrobenzaldehyde from benzene” (1994, 2M)

Outline a synthesis of p-bromonitrobenzene from benzene in
two steps. (1993, 2M)

Write the structure of the major organic product expected from
the following reaction.

CH
N

+ HNO, ———

(1992, 1M)
How will you bring about the following conversion?

“4-nitro aniline to 1, 2, 3-tribromobenzene.” (1990, 2M)

Complete the following with appropriate structures: (1986, 1M)

How would you convert aniline into chlorobenzene? (1985, 1M)

State the conditions under which the following preparation is
carried out. “Aniline from benzene” (1983, 1M)
State the equation for the preparation of following compound.

Chlorobenzene from aniline (in 2 steps). (1982, 1M)



© g

17.
21.

Answers

© 2. () 3. (b) 4. (a)
%) 6. () 7. (o) 8. (b)
() 10. (b) 11. (o) 12. (d)
() 14. (a) 15. (d) 16. (c)
© 18. (a) 19. (0) 20. (0)
) 22. (b) 23. (a) 24. (o)

25.
29.
33.
36.

37.

(b) 26. (c) 27. (d) 28. (d)
(b) 30. (a) 31. (a) 32. (c,d)
(a,b) 34. (d) 35. (d)

A—>rs B->pq Co>pqr Dop

zwitter ionic 38. Aniline

Hints & Solutions

Benzene diazonium chloride on reaction with aniline in the
presence of dilute hydrochloric acid undergoes coupling
reaction and produces p-amino azobenzene. In this reaction,
benzene diazonium chloride reacts with aniline in which aniline
molecule at its para-position is coupled with diazonium salt to
give p-amino azobenzene (yellow dye).

e e

Benzene Aniline

diazonium
.
salt L@*NN‘@*NH2+CI_+HQO

p-amino azobenzene
(yellow dye)

Key Idea pK, value is defined as the minus lagarithm of K,

smallar the value of pK, stronger is the base and vice-versa.

In the given options, +R effect is shown by —CH; and —OCH,
group (—OCH, 3). These group increases the electron
density at o and p-positions. Groups such as —F and—NO,
shows —R-effect (—NO, > —F). These group decreases the
electron density at o and p- positions.

Increase in electron density at p-position makes the unshared
electron pair of ‘N’ more available and decrease in electron
density at p-position makes the unshared electron pair of ‘N’
less available. Compound containing —OCH; group act as
strongest base and hence possess lowest value of pK,. So, the
correct increasing order of pK, in the given compound is

Og\@»k@
Q»k@

SCO\NiNQ >
(D)
L0

3.

4.

The preparation of benzylamine from cyanobenzene using
given reagents are as follows :

Ph— =N Py cH, N,
(Cyanobenzene) Benzylamine
(i) LIAIH, l\ (iiy NaBH,
(i) H,0®

(i) SnCl,

[Ph— CH=NH,},SnCI 2
—CH= n
(i) HCI (@) 22=ive

bis (benzaldiminium )
hexachlorostannate (IV)

HCL. Hy0
B
~NH,C1

NaBH,

PhCN PhCOOH—

Benzoic acid

PhCH,OH
Benzyl alcohol

Thus, option (b) is incorrect.

Major product of the reaction is

e

It is obtained by coupling reaction.
Reaction of aniline with dil. HCI and sodium nitrite at 0°C is
shown below :

L
NH, N=NCI

+ NaNO, + Dil. HCl ——=>

Diazonium salt
Diazonium salt formed when added to equimolar mixture of
aniline and phenol in dil. HCl then aniline couples with
diazonium salt. Reaction is as follows :

+ +
O

In acidic
medium

Oy Sy

For an effective coupling, the solution must be so alkaline
that the concentration of diazonium ion is too low. It must not
be so acidic that the concentration of free amine or phenoxide
ion is too low. That is why amines couple fastest in mild
acidic solution and phenols couple fastest in mild alkaline
solution.
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5.

1° NH, responds

@ N=C:

CHCl3/KOH

TIPS ———

@ r (Carbylamine reaction) (

CN O N=C @)

Pd/C/Ho
NH—CHj
HoN OH

In step (i), 1° amine is converted into isocyanide, when reacts
with CHCl; /KOH. This reaction is known as carbylamine
reaction. This reaction is used to detect primary amine in a
compound.
In step (ii), isocyanide is reduced to secondary amine and
cyanide is reduced to primary amine, and carbonyl group to
alcoholic group when treated with Pd/C/H,.
5~ 8+

6. N is more electronegative than ‘C’. So, H of N—H bond is
more acidic than that of C—H bond in the ring.
Again, sz_N is more electronegative (s% = 33.3) than sp3-N
(8% = 25) of the — NH, group.

3

v SP
NH,
sp2 2 5
/N \)N: * Base f\
. _
o N
Non-aromatic | "A5p2 i e
ring / H ri:éma © Both aromatic
%: Apparently rings
(Base)  P° 5+ &- | —BH
CHa-l _°
(SN2 attack)
NH,
Note Thi.s CéC’ N
are missing in all </
the option given. N NA
CHy
(Option-b)

7. Coupling of benzene diazonium chloride with 1-naphthol in
alkaline medium will give the following coupling reaction.
OH OH

e

— +
In the presence of OH ion, Ar N, exists in equilibrium with an
unionised compound (Ar — N = N — OH) and

S}
[ArN = N* T —OH derived from it, which do not couple.

salts

10.

<) NaOH
[Ar — N = NJ' OH=—" Ar — N=N— OH
H*

Does not couple

NaOH
=Ar —N=N —O Na
H* Does not couple

Following conditions are very useful for coupling reaction to

take place.

(a) The solution must be so alkaline that the concentration of
diazonium ion is too low.

(b) It must not be so acidic that the concentration of free
phenoxide ion is too low.

The reaction of alkyl halide with amine or amides is a
nucleophilic substitution reaction. More nucleophilic nitrogen is
more reactive with alkyl halide. Compound (A4) is benzamide
and lone pair of ‘N’ of it, is not available in this compound.

¢
OQINHQ*)OCLNHZ

In compound (D), lone pair of ‘N’ are available but in compound
(C), the lone pair of ‘N’ are not readily available due to the
presence of electron withdrawing group (—CN) attach to
benzene ring.

(€]

In compound (B), i.e. pthalimide, ‘N’ is not nucleophilic due to
the presence of two polar groups attached to it that pulls lone
pair towards them. Hence, the correct order is:

(B)<(4)<(C)< (D).

Ni/H, can reduce —C =N into —CH,—NH, (1°-amine) but

cannot reduce an ester group (—CO,Et) whereas DIBAL-H,
di-isobutylaluminium hydride, [(CH;),CH],AIH reduces the
ester group (—CO,Et) into —CHO (an aldehyde) and
C,H; OH

NiHA
C=N DIBAL-H

—-EtOH
o o NH2
Nucleophlllc addition
elimination reaction)

Here, in mononitration the electrophile produced from mixed

+
acid (HNO; + conc.HS0,)is NO,.
@y

N

|

H

Ring-(4) is activated, i.e. becomes more nucleophilic by the + R

effect of the — N H— group and it becomes o/ p-directing
towards the electrophile, NO;r in the ArS;2 reaction. For

@
mononitration, NO, will preferably come at p-position,



whereas the ring-(B) gets deactivated by —R- effect of the
(@)

—C— group,

@

O2N O ]
I _ N |
. AC rds of ArSg2
N \©

o]

O,N (¢ )
SN \© Fast,H

11. Using retro-synthesis, to get the required compounds, 4, B and
C.

Br.
CHN 2=
(© KOH [An amide]
[1°-amine] Hoffmann  (No.of C=7) NHgy/A
(No. of C=6  bromamide

1 carbon less) reaction
(step down)

[Carboxylic acid

So, the reactions can be shown as: C/H0, ]

COOH CONH,
NHg/A NH,
5 Br,/KOH
2 K,CO5

@ @) —KBr
[C7HgO,] Benzenamide ©
Benzoic [Cett7N]

acid Aniline

12. 1If we consider Lewis basicity (basicity in aprotic solvents or in
vapour phase), the order of basicity will be.

ol 4 {5

But, this order does not match with the options given. So, it has

been asked on basicity of the amines in aqueous solution. When

no phase is given, then basicity of amine is considered in

aqueous solution as they are liquids. In aqueous solution,

basicity of 2°-amines (aliphatic) is maximum because, of the

thermodynamic stability of its conjugate acid.
®

Et,NH + HO~~— Et,NH,
(B) Conjugate acid

€)
+OH

®
Et, NH, is a sterically symmetric tetrahedral ion as it contains

equal number (two) of bulkier Et-group and small size H-atoms.
Here, two H-atoms give additional stability through hydrogen
bonding with H,O (solvent) molecules.

H-bonding
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Aromatic amines (D) are always weaker bases than aliphatic
amines, because of the conjugation of Ip of electrons of N
(+ R-effect) with the benzene ring.

So, the correct order is (D) < (C) < (4) < (B).

13. Itis a 3°-amino group (—NMe,) though
e TN aromatic which will not respond to
/ < 3\, diazotisation (NaNO, + dil. HCI/5°C).
NS CHs.”  So, formation of diazonium ion and its
T further reaction with alkaline phenol or
B-napthol at 5-10°C to produce a
precipitate of azo-dye will not take place.
(b) ,—» Itis a keto group >C==0 and so it
‘ P responds to 2, 4-DNP test with Brady’s
i CHy——(C=0) reagent (2, 4-dinitrophenyl hydrazine) to
; A give a reddish orange precipitate.
O

It is a keto-methyl group —C—CHgz and
hence, it responds to iodoform test to
give a yellow precipitate of iodoform
(CHI).

Compound (c) is an alcohol and does not give positive 2, 4-DNP
test. Hence, eliminated (a) and (d) does not have —CH;CO
group and does not give idoform test. Hence, eliminated.

14. In the given reaction,

Responds to Hoffmann's
O/ bromamide degradation and
I . gets converted into
" [—NH,+K,COj3] by Bry/KOH

©
O
{CH, «— Undergo benzylic free

. radical substitution with

(i) Bry/hv CHg Bro/hv to give [—CH—CHg]
(ii) KOH (dil.) |
Br
e H
-Br— N<H
CHa
Formation of J*H+
2° carbocation
by removing Br® @H
CHj

15. Key Idea
Basicity o« Ease of donation of lone pair of electrons
1 1

oC oC
% of's - character of N Electronegativity of N

The % of s-character in the given amines are as follows:

‘ sp2-hybridised ‘

sps-hybridised
[s-character=33.3%]

H [s-character=25%)
sp?-hybridised
[s-character=33.3%]
Pyridine Pyrrole Piperidine

() (In (I

Therefore, piperidine (I1I) having minimum
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% s-character is most basic. Among the rest, pyridine (I) and
pyrrole (II) the lone pair of electrons of N in pyrrole (II) is
involved in delocalisation and follows (47n+ 2) m aromatic
(n=1) system. So, the N-atom of pyrrole (II) will show least
basicity. Thus, the order of basicity is as follows:

O>@></\>
N N N

H H
() 0} m

16. All the given compounds are c.-monosubstituted acetic acid
derivatives and the o.-substitutions have been made by strong—/
groups/atoms. More powerful the — / group, stronger will be the
acid.

—1 power of different groups is as follows :

—NO,>—CN>—F>—Cl

Thus, the correct decreasing order for acid strength is:

NO,CH,COOH > NCCH,COOH > FCH,COOH
> CICH,COOH.

17. Aniline in presence of nitrating mixture
(conc. HNO; + conc. H,SO,) gives significance amount
(= 47%) of meta-product because in presence of H,SO, its
protonation takes place and anilinium ion is formed.

NH, NH HSO
@ = @
Aniline Anilinium ion

Here, anilinium ion is strongly deactivating group and
meta-directing in nature. So, it gives meta nitration product.
NH HSO

NH,
Conc. HZSO4
+C0nc HNO;

18. Diazo coupling occur at para-position of phenol

1) NdNOZ/HCI/OOC
(u) NaOH

NLCI
+
N, CI

NaNOz/HCl
“osc CuCN/KCN
diazotisation
CH3

4-methyl dlazomum chloride

CH;
4-methyl aniline
4- methyl benzocyanide

20. As we know, benzenediazonium salt forms brilliant coloured
dye with B-naphthol, the compound under consideration must be
p-toluidine (c) as it is a primary aromatic amine. Primary

aromatic amine, on treatment with NaNO, in dil. HCI forms the
corresponding diazonium chloride salt.

NH, N, CI
NaNO,
H,C H,C
O
Qs O
OH
2. F §—0—

B-naphthol
S
| N\
F F

S is sp3-hybridised
SOj;is planar (S is sp*-hybridised), BrF; is T-shaped and SiO%ﬁ is
planar (Si is sp*-hybridised).

Raasr

Pyramidal

Conc. HNO;,
Conc. HZSO4

et

Ring-I is activated while ring-II is deactivated towards
electrophilic aromatic substitution reaction.

H,C
mONoQ JEIUN \N_®N02
DMF HyC e
(i) Fe/HCI H;C N\
(i) NaNO, s NQNHz
(iii) Hy/Ni H;C

Y4
Z
\

Nitrogen has five bonds and 10 valence
electrons, not an acceptable resonance structure.

24.

0
25. CgHsN,CI™ + CgHsOH ——

QN:NOOH

p-hydroxy azobenzene



26. In structure II, nitrogen is associated with five bonds and 10
valence electrons, hence not acceptable.

H
H—N—H
+
N-has five bonds

and 10 valence electrons

CuCl
27. CHNH, + HNO, —> CHN,OH — CH;— Cl

Conc. HNO5+ P o+ Q + R
Conc. H)SO4  (51%) (47%) (2%)

28. Given, Aniline

Then P, Q and R will be

NH, NH, NH,
NO
Conc. HNO3 4
Conc. 1,50, H,S04 +
NO,

P(51%)  Q(47%) R (2%)
(i) Ac,0, Pyridine

(ii) Bry, CH3COOH

Its given R S
(iii) H30 T
(iv) NaNO,, HC1/273-278 K
(v) EtOH, A
(0] (0]
HN—C—CH; HN—C— CH;
NO, NO,
ACZO
Pyndme CH3COOH
Br
ciycoon | 139
B (Hydrolysis)
N2c1

NO,
EIOH NaNOZ/HCI
273 278K
(Diazotisation)
Br
(S)

Now from S to major products its given.
(i) Sn/ HCl
(ii) Bry/H,0 (Excess)

(iii) NaNO,, HC1/273-278K
(iv) H3PO,

Major product

29. NH,

Aromatic Compounds Containing Nitrogen 423

So, Br
NO, NH, NH,
Sn/HCl Br,
B —_—
H,0 (Excess)
Br Br
Br Br Br
(S) NaNO,+HCl
273-278K
Br Br
Ny Cl”
H,;PO
37
Br Br Br Br
Br Br

Major product
1, 3, 4, 5-tetrabromobenzene

Hence, only (d) is the correct answer.
NHAc

Ac,0/Pyridine @

KBrO; + HBr — Br,
Ac is CH;CO (acetyl), it protects —NH, group from being

oxidised.
NHAc NHAc NH;
@ Brz water © H3OJr + CH3COOH
Br
NLCl Br
NaNOz/HCI CuBr/HBr
273 278 K (Sandmeyer
(Diazotisation) reaction)
Br
NACI
NaNOz —HCI ﬁnaphthol
NaOH
N=N—Ph
OH
w

31. PLAN This problem includes concept of acetylation reaction and

regioselectivity of chemical reaction.
Regioselectivity means which group will react selectivity in the
presence of two or more than two functional groups. Here,
among two functional group —NH, and —CONH,,

NH, is more nucleophilic, hence NH, group will undergo
reaction faster than CONH,.
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32.

33.

CH,—NH, o o
| CH,Cl
+ CHy—C—0—C—CH; ——%
C—NH I
| 2 CH,—NH—C—CH,
0
C—NH,

I
0

— CH,—NH, is more nucleophilic than— C—NH,.
I
O

Hence, correct choice is (a).

+
(GHsNH,CI)

anilinium hydrochloride

+ AgNO, — AgCl
precipitate
No such precipitate is formed with p-chloroaniline.
Also, carbylamine test will not be given by anilinium
hydrochloride but p-chloroaniline give this test.

Nitro group withdraws electrons more from ortho/para position
than from meta position. Also the o-complex formed from meta
attack is less destabilised than from ortho/para positions

D=y

34.

35.

36.

Nitro group not destabilising the positive charge by resonance.

00— Q)

Nitro group destabilises the positive charge dlrectly by
resonance, less stable o-complex.

Similar phenomenon is observed with ortho attack.

0°C
CgHsNH, + NaNO, / HCl — C(HN, Cl™

B-naphthol
é
N=—N—C,Hs

coloured dye

In strongly acidic medium, aniline is fully protonated, becomes
deactivated for S; Ar reaction.

NH, NH,
=

Lone pair on nitrogen is not available for resonance. Positive
charge makes the group strongly electron withdrawing.

Sodium fusion extract gives Prussian blue colouration, nitrogen
and carbon both present in the compound. Phenolic group and
salt of carboxylic acid gives FeClj test.

Chloride salt gives white precipitate of AgCl on treatment with
AgNO;. Hydrazone formation occur effectively at pH=4.5. The
reaction proceeds in that condition only when H' concentration
is just sufficient to activate the following enolisation.

OH
e
— C+

As H' concentration rises sufficiently, a large number of
molecules of hydrazine gets converted into hydrazinium ion
which is not nucleophilic and reaction becomes impossible.
Further low concentration of H' (in the case of
2,4-dinitrophenyl hydrazinium bromide) is not effective to
proceed elimination.

37. Zwitter ionic N

sulphanilic acid

38. Aniline Itis a stronger base than either phenol or nitrobenzene.

_HNOy NHgHS
st04
heat
0, 0,
NaNO, NaOH
1/0°C H,O
H © +
¢ Nocl 2 OH
40. 1I is more acidic due to — / effect of F.
COOH COOH
HNO3 Sn HCI
41.
sto4
COOH COOH
NaNOz
HBF,, heat

NH,

COOH COOH

OH NH,

N~/
dissolve in diethyl ether + -
HOOC NH;Cl(aq)
aq HC1

HO COOH
(ether layer)
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COOH
FeCls(aq) ) )
violet colouration
OH
NH, NC
+CHCl, + KOH ——» ©
COOH COOK
foul smell
i i
C C CH,CH,CH,CH
~ N 2 2 2 3
43, /©/ CHCHCH: =2, CH,CH,CHy, Nt |
FeCls HCI
Cl cl I
Cl Cl
NO, ()] (B)
CH,CH,CH,CH;
HNO;3 H,C=CH—CH,0ONa
—_—
H,SOy4 Hz/Pd/C
cl
cl cI CI
© O—CH,CH—CH, O—CHZCHZCH3
D)
0
NaNO, LiAIH
45. CH,NH, ﬁ)CGHSNZ SN cH N2 G H,— CH,NH,
0
I _NaNO; | - NaNOstap)
46. NH—C—CH,; —>
HCl/0°C Heat
I
0

[ ||
©/NH—C—CH3 Br2 NH—C—CHj; NH— C —CHj;
47. /@/
Fe
Br

48. C¢HsNH, + CHCI; + KOH — CHsNC
Isocyanide
(foul smell)

NLCI™

@) NaNOz/HCI NO, Anisole
49. N=N OCH,
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NO> 7o na NH2 \ano,  cuen CN 1,0 COOH . CONH,
50. e — —_—
HCI/0°C A
Benzamide
CH; CH; CHO
AlCI Conc. HNO CrO3 H'
51. + CHyCl —— T,
Conc. H,SO4 (CH;CO),0
NO, NO,
Br Br
Fe HNO;3
52, + Br, ——> —_—
H,S0,
NO,
53. No reaction. Tertiary amine does not react with nitrous acid.
NH, NH, N,CI” Br
Fe DT Br \ano, BT Brocypr BT Br zn ma
54. + Brp (excess) —— —_—> E— E—
HC1/0°C
NO, NO, NO, NO,
Br Br
Br Br NaNO, H5PO, Br Br
HCl1/0°C
NH,

1
55. @NHZ + @—coa Base @—NHC@

NaNO,/HCl CuCl
56. C,H;—NH, 0—2C> c6H5N§c1*HL> CH;—Cl
N eat

Zn—HCI

57. C¢Hy + Conc. HNO; / Conc.H,SO, —> C{Hs—NO, —— C;Hs—NH,
Aniline
CuCl
58. CH.NH, + NaNO, 2% ¢ HNIClm =5 CH,—Cl
0°C Heat
.}
Download Chapter Test EJ Al

http://tinyurl.com/y437rg2e or
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Objective Questions I (Only one correct option)

1 What will be the major product when m-cresol is reacted with
propargyl bromide (HC=C—CH,Br) in presence of

K,COjy in acetone? (2019 Main, 12 April I1)
0 OH
IS
CHs CH

3
OH OH
© ©/\\\ @
HsC H3C
Me

2. Increasing rate of Sy 1reaction in the following compounds is
| |
O
A) ®)
H;C H,CO
(2019 Main, 10 April I)

(@ (A)<B)<(CO)<(D) (b) B)<(A)<(O)<(D)
(©) (A)<B)<(D)<(©) (d) B)<(A)<D)<(C)

3. p-hydroxybenzophenone upon reaction with bromine in carbon
tetrachloride gives (2019 Main, 9 April I1)

o 0
Br
@ Yy O HO
o] Br O

3

Br
o ST
HO
4. The organic compound that gives following qualitative analysis
is (2019 Main, 9 April )
Test Inference
(i) Dil. HCI Insoluble

(i) NaOH solution Soluble

(iii) By, /water Decolourisation

OH

NH,
) @ )
OH
NH
© O @

. Which of the following compounds reacts with ethyl

magnesium bromide and also decolourises bromine water
solution (2019 Main, 11 Jan|l)

OCH,

CN
CH,—CO,CHs oH
@ @ (b) Cf Nei,
OH CN O
T el
© @

. Which of the following compounds will produce a

precipitate with AgNO;? (2019 Main, 11 Jan )
Br Br Br
Br
=
o) vy 00D @
SN

. The major product of the following reaction is

cl
(i) HBr
_—
(i) alc.KOH

©) (2019 Main, 11 Jan 1)
OH cl cl
(@) Q b) Q © @ @ Q
O © OH ©

8. The major product of the following reaction is

OH
@ Br, (excess)
—

SO3H (2019 Main, 11 Jan 1)
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OH OH
Br
() (b)
Br Br
Br SOzH
OH OH
Br Br Br Br
(© (d)
Br SOS

9. The major product of the following reaction is

CHj
(2019 Main, 10 Jan )

CH CHs
OH
@ C[ o) @OH
CHa CHs

CH3 CH3

OCHj
(©)

10. The increasing order of the pK, values of the following
compounds is (2019 Main, 10Jan 1)

OH OH OH OH
NO,
NOQ OMe
A B C D

(a) D<A<C<B (b) B<C<A4<D
(c) C<B<A<D (d) B<C<D<A4

11. The major product of the following reaction is
HO

CHs
o 4 AlCl5, A

(2019 Main, 9 Jan 1)

12. The products formed in the reaction of cumene with O,
followed by treatment with dil. HClare (2019 Main, 9 Jan 1)

OH (i) ag. NaOH

(i) CHgl

13.

14

15.

O ,CHy

\ L
(a) and CHz;—OH (b) and € CHg
o OH OH
HsC CH
(c)© andH3C)KCH3 () and ' 3

The major product of the following reaction is

B (i) KOH (aq.)

fMNe——
(ii) CrOy/H"
(iii) H,SO,/A

O 0
@ /<E?/ (®)
Br
KEZO

(2019 Main, 9 Jan 1)

ve

(d

O
QM

The major product of the following reaction is

B —
(ii) EtOH

(2019 Main, 9 Jan|1)
OFEt

8

OEt

OEt
OEt
c) (d)

Phenol on treatment with CO, in the presence of NaOH

followed by acidification produces compound X as the major
product. X on treatment with (CH;CO),0 in the presence of

&

catalytic amount of H,SO, produces: (2018 Main)
O
0]

O)J\ CHg
(@)

CO,H

CO,H
0 0 CH CO.H
XA 3
Y

o]

© OH (d)
CO,H

CH,4



16.

17.

18.

Phenol reacts with methyl chloroformate in the presence of
NaOH to form product 4. 4 reacts with Br, to form product
B. 4 and B are respectively (2018 Main)

OH Br. OH

(a) and
g

OCHj
or 0

e o_ O

oCT Y o @( g
Br

o_ _O o_ _O

TR NORS
o) o)
Br

OH OH
@ rocH3 and @; rocH8

o) & O

For the identification of B-naphthol using dye test, it is necessary

OCH,

to use (2014 Adv.)
(a) dichloromethane solution of B-naphthol
(b) acidic solution of B-naphthol
(c) neutral solution of 3 -naphthol
(d) alkaline solution of B-naphthol
The major product of the following reaction is
H3C / Br
F R
PhS Na
dimethyl formamide
NO, (2008, 3M)
H;C<_ SPh H;C -~ SPh
F F
(a) (b)
NO, NO,
H;C__~ Br H;C -~ SPh
SPh SPh
(c) (d)
NO, NO,

19.

20.

21.

22.
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OH
L OC,H;
2°5%  anhy. C,H;OH
(2003, 1M)
(a) GH;OC,H; (b) C,H,0C,H;
(c) CH;OCH; (d) GH,I

In the reaction of p-chlorotoluene with KNH, in liq. NHj;, the
major product is (1997, 1M)
(b) m-toluidine

(d) p-chloroaniline

(a) o-toluidine
(c) p-toluidine
Phenol reacts with bromine in carbon disulphide at low

temperature to give

(a) m-bromophenol
(c) p- bromophenol

(1988, 1M)

(b) 0- and p-bromophenol
(d) 2, 4, 6-tribromophenol

When phenol is treated with excess of bromine water, it gives
(1984, 1M)

(b) 0-and p-bromophenol

(d) 2, 4, 6-tribromophenol

(a) m-bromophenol
(c) 2, 4-dibromophenol

Objective Questions II
(One or more than one correct option)

23.

The reactivity of compound Z with different halogens under
appropriate conditions is given below

—> monohalo substituted derivative

OH X when X, =1,
2 |y dihalo substituted derivative
when X, = Br,
L trihalo substituted derivative
C(CHy)3 _
when X, =Cl,

The observed pattern of electrophilic substitution can be explain by
(a) the steric effect on the halogen

(b) the steric effect of the fert-butyl group

(c) the electronic effect of the phenolic group

(d) the electronic effect of the zert-butyl group

24. The major product(s) of the following reaction is/are

(2013 Adv.)
OH
Aqueous Br; (3.0 equivalents)
OH ¥ OH
SO;H Br Br Br Br
Br
SO3H Br
(P) (@)
OH OH
Br
Br Br Br Br
Br SO3H
(R) (O]
(@) P (b)Q ()R s
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25.

26.

27.

In the following reaction, the product (s) formed is/are

OH
CHCl,
OH"
(2013 Adv.)
CH;
OH O
OHC CHO
H;C CHClI,
CH; ©)
(P)
OH OH
CHO
H5C CHCl,
B CHj
()
(a) P (major) (b) Q (minor) (c) R (minor) (d) S (major)
OH
In the reaction, m)
the intermediate(s) is/are (2010)
0° 0
Br
(a) (b)
Br~">Br
Br
0° 0°
(c) (d) @\
Br
Br
The ether O—CHz@ ,when treated
with HI produces (1999, 3M)

28.

29.

When phenol is reacted with CHCl; and NaOH followed by

acidification, salicylaldehyde is formed. Which of the following
species are involved in the above mentioned reaction as

intermediates ? (1995, 2M)
O OH
H CHCl,
() CCl, (b)
(0] o
H CHCl,
(c) CHCI (d)
OH

Aryl halides are less reactive towards nucleophilic substitution
reaction as compared to alkyl halide due to (1990, 1M)
(a) the formation of less stable carbonium ion

(b) resonance stabilisation

(c) longer carbon halogen bond

(d) sp>-hybridised carbon bonded to halogen

Assertion and Reason

Read the following questions and answer as per the direction
given below :

30.

31.

32.

33.

(a) Statement I is correct; Statement II is correct Statement II is
the correct explanation of Statement I

(b) Statement I is correct; Statement 11 is correct Statement 11 is
not the correct explanation of Statement [

(c) Statement I is correct; Statement II is incorrect

(d) Statement I is incorrect; Statement II is correct

Statement I Bromobenzene, upon reaction with Br,/Fe gives
1,4-dibromobenzene as the major product.

Statement II In bromobenzene, the inductive effect of the
bromo group is more dominant than the mesomeric effect in
directing the incoming electrophile. (2008, 3M)

Statement I Phenol is more reactive than benzene towards
electrophilic substitution reaction.

Statement II In the case of phenol, the intermediate

carbocation is more resonance stabilised. (2000, M)

Statement I Benzonitrile is prepared by the reaction of
chlorobenzene with potassium cyanide.

Statement II Cyanide (CN) s a strong nucleophile.
(1998, 2M)

Statement I Aryl halides undergo nucleophilic substitution
with ease.

Statement II The carbon halogen bond in aryl halides has
partial double bond character. (1991, 2M)



Passage Based Problems

Passage 1
Reimer-Tiemann reaction introduces an aldehyde group, on to the
aromatic ring of phenol, ortho to the hydroxyl group. This reaction
involves electrophilic aromatic substitution. This is a general method
for the synthesis of substituted salicylaldehydes as depicted below.

OH ONa OH

CHO
/] aq. HCI

CHO

CH, CH,
0] i) m

34. The structure of the intermediate / is

ONa ONa
CH,Cl CHCl,
() (b)
CH, CH,4
ONa ONa
CCl4 CH,0OH
(c) (d)
CH;, CH,
35. The electrophile in this reaction is
(a) $CHCl  (b) "CHCl,  (c) sCCl, (d) * ccl,
36. Which one of the following reagents is used in the above
reaction ?
(a) ag NaOH + CH,CI (b) ag NaOH + CH,CI,

(c) ag NaOH + CHCl, (d) ag NaOH + CCl,

Integer Type Questions

37. The number of resonance structures for N is
OH

Fill in the Blanks

38. Amongst the three isomers of nitrophenol, the one that is least
soluble in water is ......... (1992, 1M)

(2015, Adv.)

39. Phenol is acidic due to resonance stabilisation of its conjugate
base, namely ...... (1990, 1M)

40. Formation of phenol from chlorobenzene is an example of
......... aromatic substitution. (1989, 1M)

41. The acidity of phenol is due to the ......... of its anion.
(1984, 1M)
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Subjective Questions

42,

43.

44,

45,

46.

47.

48.

49.

50.

51.

Carry out the following conversions.
(1) Phenol to aspirin
(i) Benzoic acid to meta-fluorobenzoic acid in not more than
three steps. (2003)

How would you synthesise 4-methoxyphenol from
bromobenzene in not more than five steps? State clearly the
reagents used in each step and show the structures of the
intermediate compounds in your synthetic scheme. (2001, 5M)

What would be the major product in the following reaction?
F

NaOCH;4

NO,

Explain briefly the formation of the products giving the

structures of the intermediates.

H,N

NaNH
—OMe — 2
NH,
Br

Complete the following, giving the structures of the principal
organic products

Me@l+€u _heat .

How will you prepare m-bromoiodobenzene from benzene
(in not more than 5-7 steps) ? (1996, 2M)

Explain the following in one or two sentences only :
“Phenol is an acid, but it does not react with sodium

bicarbonate.” (1987, 1M)
Complete the following with appropriate structures :
OH OH
) CHO
e
(1986, 1M)

A compound of molecular formula C;HgO is insoluble in water

and dilute sodium bicarbonate but dissolve in dilute NaOH
solution and gives a characteristic colour with FeCl;. On
treatment with bromine water, it readily gives a precipitate of
C;H;OBr;. Write down the structure of the compound.

(1985, 2M)

Give reason in one or two sentences for the following :
“o-nitrophenol is steam volatile whereas p-nitrophenol is not.”
(1985, 1M)



13.
17.
21.

Answers

(a) 2. (b) 3. (¢) 4. (b)
(c) 6. (a) 7. (¢) 8. (¢
() 10. (b) 11. (¢) 12. (b)
(a) 14. (d) 15. (a) 16. (¢)
(d) 18. (a) 19. (a) 20. (b)
() 22. (d) 23. (a,b,c) 24. (b)

25.
29.
33.
37.
39.

(b,d) 26. (b,c) 27. (a, d) 28. (a,d)
(b.d) 30. (¢ 31. (a) 32. (d)
(d) 34. (b) 35. (¢ 36. (c)
9) 38. ortho-nitrophenol

phenoxide ion 40. nucleophilic 41. phenoxide ion

Hints & Solutions

1 The major product when m-cresol reacts with propargyl bromide

(HC = C—CH,Br) in presence of K,CO; in acetone is given
in the following reaction:

OH (on
Step 1 A Step 2
1. K,CO5 Br- CH,— C=CH
— 2,
-Br®
O—CH,—C=CH

Major product

In step 1 K,CO; act as a base and abstract H-atom from —OH
group. This leads to the formation of substituted phenoxide ion
(highly stable).

In step 2 substituted phenoxide ion on reaction with
Br—CH,—C = CH gives the required product.

More stable the carbocation intermediate, higher will be the rate
of Sy 1 reaction.

The reaction involving carbocation intermediate formation for
the given compounds are as follows:

CHS:] Three positive

hyperconjugation
o ®4~_ 2°-benzyl carbocation
1- = Stable
rds
L

@ +R
(A"
I CH,
MeO MeO ] = Less
T stable
rds
(B —I effect
from m-position
B)
CH,4
} = More stable
rds
H,C H;C
[
Additional
three hyperconjugation
(o)}

] = Highly
rds
CH;30

stable
Addmonal
+R effect from
p-position
D)

p-hydroxy benzophenone upon reaction with bromine in carbon
tetrachloride gives 3-bromo-4-hydroxy benzophenone

CC\
“Ho

HO!

— OH group attached on the benzene ring direct the incoming
group at ortho and para-positions due to increase in electron
density at o and p-positions. — OH group also exhibit —I group
that reduces the electron density to some extent at o and
p-positions. But overall electron density increases at these
positions of the ring due to resonance. Hence, attack of —Br
occur at ortho position. Resonating structures are as follows:

C;@H
® %ﬁj
+OH) B

>
Phenol (ArOH) is insoluble in dil. HCI and readily soluble in
NaOH solution. It reacts with Br,/water to give 2, 4,
6-tribromophenol. It readily decolourises the yellow colour of
Br, water. Reactions involved are as follows :

OH

. Dil. 4Cly 1o reaction

Phenol
(Acidic in nature)



OH a
@ NaOH
Phenol Sodium
AC|d|c in nature) phenoxide
OH
Br Br
Br, Water
—
Phenol
Br
White ppts.

(2, 4, 6-tribromophenal)
Ethyl magnesium bromide is a Grignard reagent (GR), it

®
constitutes C,Hs [C,Hs M gBr in ether/aprotic medium] which
can act as nucleophile as well as strong base. Bromine water
(Bry/H,0, red) gets decolourised with phenol derivatives
(option, c), anisole derivatives (option, b) etc., as >C C/ is
present outside the ring (aliphatic, not aromatic).
bc;ﬁf <—lEte group can react

/ﬂ

(a) CHg—C OMe
gH
(Bry/H,0O does not react)
OCH3 Br
H
OCH,4 Bry/H,0 "
(excess) Br
X
(0) oo
EtMgBr ]
No reaction
OH Br
Acidic ' BryH,0 1 H
—
° ’@5 (excess) Br
OH
X o0
(© O Mg Br
EOMgBr -
+
[Eteacts as 2e
a base]
5+ 5 5-
N=C Oj
3+

(d)

E group can react but (Bro/H,O) does not react
Only ionic halides (X ™) give precipitate of AgX with AgNO,
solution. So, an organic bromide able to produce R® (stable
carbocation) and Br™ in aqueous solution will give precipitate of

AgBr with AgNO;.
(+ R-effect)

W OF Qoo

Unstable

(Bond energy
also increases) (Aryl carbocation)
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® + Br®

Stable carbocation
(Aromatic, 6n system)

S +Br®

o O

(Unstable carbocation)

Y. (+R-effect)
(d) /N f@r: SREEN Q@ +Br®
N= N=
Unstable
(Aryl carbocation)
Br
So, only produces a precipitate of AgBr with AgNOj solution.

7. In presence of HBr, reactant containing >C=CZ undergoes
electrophilic addition reaction and give substituted alkyl halide.
On further reaction with alc. KOH, a,3-elimination takes place
that give corresponding diene. The diene undergoes enolisation

to give stable product (phenol).
8 B

Cl -/ effect at a-position to C=C

HBr (’Br Acidic
b 5 Lef
(0] Carbocation formation inthe O &_J
electrophilic addition of HBr
» - —HCI | Alc. KOH
—l-effect at B-position to C=C HBrJ(W B-elimination)

__Enolisationto __ H {Conjugated }
S attain aromaticity  H diene, stable
OH )
[Very stable, phenol]

OH

ipso-substitution takes place with the carbon bearing

SO3H
—SO0;H group. After the attack of the electrophilic Br* in the

rate determining step (rds) of the ArSy2 pathway
desulphonation (—SO ) takes place with a faster rate.

(+R)QQ—H O—H OH
(rds) (fast)
Bry/H,0 -SO;
@) -H®
Vg
B—Br o=g Br
SO3H Br
3 —B(ra o/ \O
“H
OH
Br Br (i) 2 moles of Bry
(ii) Attack at ortho- 1
and ortho-2 by Br*
(iii) —2HBr
Br

A white ppt. of
2,4,6-tribromophenol
9. Substituted phenols react with ag.NaOH to form sodium

phenoxides which on reaction with CH3I undergoes Sy 2
reaction to give 2-methoxy-1-methyl benzene.
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CHs
/hl;\g+ 5 OCHg
NaOH aq
Aold base reaction SN2 reaction
-H,0

-Nal 2-methoxy-1-
methyl benzene

10. Acidic strength is inversely proportional to pK, value. The

acidity of phenols is due to greater resonance stabilisation of
phenoxide ion relative to phenol. Therefore, any substituent
which stabilises the phenoxide ion more by dispersal of negative
charge will tend to increase the acidity of phenol. Electron
withdrawing groups (—NO,) increases the acidic strength of
phenol whereas electron donating group (—OCH;) decreases
the acidic strength of phenol. In case of — NO, group attached
to phenol, the dispersal of negative charge is more pronounced
at o- and p-position than at m-position.

Thus, order of acidic strength of nitrophenol is:

p-nitrophenol > o-nitrophenol and the correct order of the pK,
values of give option is

OH OH OH OH
- @ - @ -
NO,
NO, OMe
(B) © A) D)

11. Tt is an aromatic electrophilic substitution reaction (ArSy2).

The reaction follows Ar Syp2 (Aromatic electrophlic
substitution pathway) as shown below :4

it makes ring activating and p-directing
It becomes ring activating

and m-directing
.. @( ® o
H—O: HO—AICl3 HQO—AICIS
N @ o
AlCl, “H/+H
— _ 0
Friedel-Craft's @
acetylation

reaction

Stabilises the complex by
hyperconjugation

@]
]

o = & Rl
5 i 3
~AICl, o
8
/O “H,0 /o ! /O
2
&CH, MO
OH o)
S 5
o «— o R
7/ 4

12 The given process is cumene process (Hock process) to
synthesise phenol and acetone industrially.
In Hock p rocess, Ph — group migrate and release HQO

H

o +
—O—H | \H
Ozhv Ph- group
5 atm m\gratlon
Cumene
O :

OH
OH
. Y Hydrolysis
O

13. | Key Idea The reaction involves hydrolysis or nucleophilic
substitution in first step followed by oxidation and dehydration
in last step. The most important fact is that, the Br group
attached directly to aromatic ring will not undergo substitution
in step 1.

The road map of the given reaction is as follows:

Br 2g. KOH oHZ—=",
5.2

Br Br

N
It is aryl halide, remains unaffected
under ordinary Sy2 reaction conditions

OH: H _HS0/A
! —H2
(Intramolecular

dehydration)

CrogH*

14 The road map of the given reaction is :

Y.

Isolated Cc=C

Br
Br, /CCl, “°
Anti-addition (electrophilic)

of Br, with the isolated
(non-aromatic) C=C EtOH (Polar protic
Sy1,-Br

medium as well

as nucleophile)
2°-benzyl
Racemlsed +as weH as
inverted (+ and —

carbocation (Stable)
Followed by
—_—
+ C02 +NaOH acidification X
‘ (CH;C0),0

*",

Br
EtOH @(
conc. HySOy

(Catalytic amount)
M

The very first reaction in the above road map looks like Kolbe’s
reaction which results to salicylic acid as

OH OH
(i) CO,, NaOH
@/ (ii) Acidification @:
COOH

Salicylic acid




16.

The salicylic acid with acetic anhydride [(CH;CO),0] in the
presence of catalytic amount of conc. H,SO, undergoes
acylation to produce aspirin as

AT C ) (ﬁ
OH+ CH —c~
i oy || OCCH;4
Conc.
coor m @ + CH;COOH
COOH
Acetyl salicylic
acid (Aspirin)

Aspirin is a non-narcotic analgesic (Pain killer).

OH
+ Methyl MO, 4
chloroformate lBrz

B

Given,

In the above road map, first reaction appears as acid base
reaction followed by S AE (Nucleophilic substitution through
Addition and Elimination). Both the steps are shown below

(i) Acid base reaction

OH on
Q=@
(i) SNAE
I 0— c 0 —CH;,
Oy (S @r

In the product of SAE the attached group is ortho and
para-directing due to following cross conjugation

\(ﬁ/
X O\ 05—CH,
©r

Cross conjugation due to which lone pair of oxygen 1 will be
easily available to ring resulting to higher electron density at 2,
4, 6 position with respect to group. However from the stability
point of view ortho positions are not preferred by substituents as
group — O— C—0O—CHj is bulky.

(II)

Hence, on further bromination of SyAE product para bromo
derivative will be the preferred product i.e.

o— c 0—CH, —OCH,

@ +Br, @ + HBr
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17. PLAN This problem can be solved by using the concept of synthesis of
dye using electrophilic aromatic substitution reaction.

In basic (alkaline) solution naphthol exists as naphthoxide ion
which is a strong o, p-directing group.

Thus, formation of dye can be shown as

N=N—Ph
OH R OH
[Ph—N=N]CI-
Alkaline solution
Thus, (d) is the correct choice.
H;C_ pBr H;C_ SPh
F F
18' Ph87
—_
DMF
NO, NO,

Sy2 reaction bring about inversion of configuration.
19. CH;OH + C,H,O© —— CH,O"

C,Hl
—> CGHs—

lig. NH3
© +KNH, ——

+ BI“2
1000 temp. Br

In carbon disulphide, no phenoxide ion exist, therefore only
monobromination takes place.

OH OH
Br. Br
+ Br,—H,0 —_—>
Br

precipitate
Br, + H,0—— HBrO + HBr

It is a reversible reaction, but equilibrium is significantly shifted
to left, also indicated as Br,(ag).

OC,H,

CH;

(Benzyne mechanism)

NH,
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effect on reactivity of organic compounds.

23. PLAN This problem includes concept of effect of steric and electronic Oj) 0 OH
Steric effect of halogens are as follows Cl, <Br, <1, H CHCl,
Electronic effect of phenolic group directs the approaching +:CCly, —> 8C12 L>
electrophile towards ortho and para positions. Tertiary butyl HY
group has large size so it causes steric effect around aromatic
nucleus. On the basis of above factors the products of the given CH;4 CH; CH;

reactions are as follows:

OH OH o iﬁ
I
_ CHO C
X2 B I2 OH \H
C(CHz)s or
OH OH
X2 _ Br2 Br. CH3 CH3
— ()
C(CHz)3 C(CHy); Major as stable due to intramolecular H-bonding.
Br
OH
- Cl Cl
X =Cl, CCly |
C(CHy); f
cl cH, CCl CH; CHCL,
Hence, orientation in electrophilic substitution reaction is O (minor)
decided by
(a) The steric effect of the halogen Thus, (b) and (d) are correct.
(b) The steric effect of the fert-butyl group 26. —OH in phenol is ortho/para directing group.

(c) The electronic effect of the phenolic group

So, (a), (b) and (c) are correct choices

,(a), . (O Oj) (6]
24, PLAN —OH group is activating group and iso- and p-directing. Br, 3
Also —SO;H is a better leaving group and is knocked out by > > >
OH Br Br
Br, water Br Br
(3 equivalents) Br, water
—_—
SOs;H

SOz;H
ortho-attack

OH

OH _ _
0 (0) (0] (O
Br Br Br. Br Br
®0 - +SO3 + —> +
g
S Br Br Br Br

(0] (major)
para-attack

27.
25. PLAN Phenolic compounds in alkaline solution react with chloroform
(CHCIy) at a temperature lower than that of CHCl; to form 0—CH; +HI — OH +
ortho-isomer as the major product (due to greater stability
resulting from intramolecular hydrogen bonding).
TR ©  -a . . H,1
HO +H—CCy =— H,0—CCl; — HEE? QC 2
N

dichloro
carbene



28.

29.

30.

31.

32.

33.

34

35.
36.

37.

o

+ CClL

dichlorocarbene

(0]
H
— CCl,
o
CHCl,
—

Above resonance makes X- a poor leaving group. Also, the
carbon bearing X is sp’- hybridised.

Bromo group is deactivating due to dominance of inductive
effect over resonance effect. However, orientation is determined
by mesomeric effet of —Br.

O—H

+ E+—>©<E “—> ©<

resonance stabilisation
of intermediate carbocation

OH

Statement [ is incorrect, aryl halides do not undergo
nucleophilic substitution reaction with ease. Cyanide ion (CN")
is a strong nucleophile.

Statement I is incorrect, aryl halides do not usually undergo
nucleophilic substitution with ease. Statement II is correct,
resonance introduces partial double bond character to C—X
bond

Na

CHCI,
+:cCL,— CClZ —

Intermedlate
Dichlorocarbene is the electrophile as shown above.

CHCl; + NaOH — [ CCl,
electrophile

%’“

(Dichlorocarbene)
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O

Ry

“ “ *"(v

All the above shown nine resonance structures are different.

38. Ortho-nitrophenol : Due to intramolecular H-bonding.

O\
H Intramolecular H-bonding in
i 07 ortho-nitrophenol
N/
O

39. Phenoxide ion
41. Phenoxide ion :
OH (0N

H +

A S—

40. Nucleophilic

Resonance stabilised
conjugate base

OH (On OH
COO~ COOH
) NaOH H*
42. (i) —
CO,
Kolbe’s reaction OCOCH;
COOH
(CH;3CO),0
Heat
Aspirin
COOH COOH COOH
. HNO; Sn/HC1
(i) —>© —>©\
H,SO4
NO, NH,
COOH
NaNOz/HBF4
A
F
meta-fluorobenzoic acid
Br Br OCH;
43 HNO; CH30Na Zn/HCl
’ H,S0, " Heat
NO,
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OCHj3; OCHj; OCHj;

NaN OZ/HCI
NaOH
NLCI™
OCHj,
CH;ONa
+ NaF
heat

Nucleophilic aromatic substitution occur which is assisted by
electron withdrawing —NO, group from para position.

4- methoxyphenol

45.  OCH, OCHj OCH,;
Br NH; NHZ
+ NH, ——
Benzyne more stable

carbanion is formed

. MOI EIN
Heat
CH3CH3 +2Cul

Ullmann’s reaction

NO,
47. + Conc. HNOs/conc.H,SO;, ——> ©

Download Chapter Test
http://tinyurl.com/y2xlovfc

NO, NH,
Bl’z SnClz NaN02
Fe HCl HCl/0°C
Br Br

48.

49,

50.

51.

N;CIo

Q=0

m-bromoiodo- benzene
Phenol is weaker acid than carbonic acid.

OH OH
. CHO
H
+ CHCl; + NaOH ———>
H,0

Reimer-Tiemann reaction

The compound must contain a hydroxy group on the ring with
all three ortho/para positions vacant :

OH OH
Br. Br
+ Brszzo _—>
CH; CH;
Br

Intramolecular H-bonding in ortho-nitrophenol lowers its
boiling point. No such intramolecular H-bonding is possible
with p-nitrophenol and rather it is associated together by
intermolecular H-bonding which increases the boiling point.

O
(0]
ortho-nitrophenol

[=]#=[m]
or ]
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Aromatic Aldehydes,
Ketones and Acids

Objective Questions I (Only one correct option)

1. The major products of the following reaction are

(2019 Main, 12 April I)

OH

(1) CHClg/ag. NaOH
(2) HCHO, NaOH (conc.)
(3) HzO*

OH
COOH COOH
and methanol  (b) and methanol
©/\nd formic acid ©/\nd formic acid

2. The major product of the following reaction is

(2019 Main, 12 April I)

(i) CrOg
HO (i) SOCI,/A
T e———

(iii) A
0
o)
(a)
HO

HO
0

cl % E

o]

0
(©)

3. Compound 4(Cy H,,0) shows positive iodoform test.
Oxidation of 4 with KMnO,/KOH gives acid B (CgH;O, ).
Anhydride of B is wused for the preparation of
phenolphthalein. Compound 4 is (2019 Main, 10 April II)

i

CH,—C—H CHs
(@) @i (0)

CHj

07 CH,
CH3 CH3
d

© o, @

( 0—

o]

4. The major product Y in the following reaction is
(2019 Main, 10 April 1)

CHj
K NaOC] (1) SOCL, _0socl,
(11) Aniline

o]

N%K Ph HN)kPh

RS
NHe
QO
Ph

5. Major products of the following reaction are
(2019 Main, 10 April I)

CHO
(i) 50% NaOH
+ —>
@ HCHO o7
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(8 CHz0OH and HCO,H
COOH
(b) CH3OH and

(c) HCOOH and

CH,OH COOH
" Y

6. The major product of the following reaction is
(2019 Main, 12 Jan )

©/CH OH
o

0]

NaBH,
“Eon
OH Q
() G ) é

OH OH

© (d)

OEt

7. Inthe following reactions, the product S is

® 05 (i) NHy s
(i) Zn H20

(2019 Main, 12 Jan|)

3
(2) (b) h
= =
H,C Z H,C Z
8. The major product of the following reaction is

i) DIBAL-H
—>
i) H,0*

(2019 Main, 12 Janl)

(@) (b)

q/o
CH=NH CHO
(© (d)
OH OH
OH CHO

9. The major product obtained in the following conversion is
(2019 Main, 11 Jan|l)

CH 0
g
o Br; (1 eqv.)
‘ MeOH
0 0 CH;_ 0
cH; ’ \(/
3 0 OMe
(b)
OMe Br
0
CHy_ O CHy;_ 0O
Br \(/ \(/
0 0
© | @ |
Br
o) 0

10. The major product of the following reaction is
(2019 Main, 11 Jan)

COCH3
/©/ __(KMnO/KOHA |
T @Hso,dn
: _COOH : _COCHj
HOOC HOOC
COOH COCOOH

L

HOOC

o

11. The major product formed in the following reaction is
o O\ CHj
) )kH

Dil. NaOH

(2019 Main, 9 Jan 1)

0 () )
OH

(c) H3C

@ H H;C
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12. The major product obtained in the following reaction is 16. Which of the following reactants on reaction with
O conc. NaOH followed by acidification gives following
lactone as the main product ? (2006, 5M)
DIBAL-H
DIBAL-H 0
COOH (2017 Main)
OH 0
(®) CHO
COOCH;4 COOH
COOH CHO (a) (:( (b) (:(
@/\ @ Q/\CHO COOH CHO
COOH COOH
13. In the following sequence of reaction, © (:( @ (:(
COOH
Toluene M4 4 SOCI> H, S/ (l)’d ‘
BaSO4 (2015 Main) 17. 4-methyl benzene sulphonic acid reacts with sodium acetate
The product C is to give (2005, 1M)
(a) C(H;COOH (b) C4H;CH,4 COONa
(c) C¢HsCH,OH (d) C¢gH;CHO
14. Sodium phenoxide when heated with CO, under pressure at
125°C yields a product which on acetylation produces C. 5 CH;COoH

ON —)
@ ¢ COZ 5 atm ywad Ac O ¢ SO3Na
OCOCH; SOsH
The major product C would be (2014 Main)
OCOCH;, OH (c) ; SO;3 (d) ; NaOH
COOH COCH
(a) @ (b) 3 CH; CH;

Hg2+/H+ )
18. Ph—C=C—CH; ———— 4, 4 s (2003, 1M)

COCH,

0
OH OCOCH; o
COOCH; @ .
d H
9 @ COOH 3
.

( H3_C>:
15. Compound (4), CgHyBr gives a white precipitate when Ph Ph
warmed with alcoholic AgNO;. Oxidation of (4) gives an \ \ OH
acid (B), CgH4zO,. (B) easily forms anhydride on heating. (© (d)
Identify the compound (A4). (2013 Main) H;C H;C

CHzBI'
CHO OHC
(a) (b)
19. (i) NaOH/100°C
CH; (il) H'/H,0
CHzBr

CHO OHC
CH2BI"
(d) @ Major product (2003, 1M)

C,Hs
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COOH  HOOC 22. m-chlorobenzaldehyde on reaction with conc. KOH at room
temperature gives (1991, 1M)
(a) potassium m-chlorobenzoate and m-chlorobenzyl alcohol
@ (b) m-hydroxy benzaldehyde and m-chlorobenzyl alcohol
(c) m-chlorobenzyl alcohol and m-hydroxy benzyl alcohol
COOH HOOC (d) potassium m-chlorobenzoate and m-hydroxy benzaldehyde
CHOH  HOOC Objective Questions II

(One or more than one correct option)
23. Compound P and R upon ozonolysis produce Q and S,

~
=3
~

respectively. The molecular formula of O and § is CsH¢O. QO

COOH  HOH,C undergoes Cannizzaro reaction but not haloform reaction,

0 whereas S undergoes haloform reaction but not Cannizzaro
0 reaction. (2017 Adv.)
0 (i) O3/CHyCl o 0 (ii) R (i) O5/CHCl o
© Q Q (i) Z0/HpO (¢ 4 40) (i) Zn/HyO ~ (CgHgO)
The option(s) with suitable combination of P and R,
0 respectively, is(are)
o CH,

/ CH,
CH,OH HOH,C
CH3

and H;C 4©—</
CH

(d)

Z

CH,0OH HOH,C (b) HC

20. In Cannizzaro’s reaction, the intermediate which is the best

hydride donor is (1997) (©) HiC @J

H H
|
(a) C¢H, —|c— o (b) CoHs— |c— o
3
H
o
C|* 0 24. Positive Tollen’s test is observed for
(© 0N
O,N H-_ _O CHO Ph o
| = H 0 NN
C—0O Ph Ph
d | "
@ o @ (b) © @
MeO

25. The aldehydes which will not form Grignard product with

21. In the Cannizzaro’s reaction given below : one equivalent Grignard reagents are (2019 Main 12 Jan 1)

CHO
2Ph—CHO 298 ph—CH,0H + PhCO, " @/CHO ) /@
HO,C

The slowest step is (1996, 1M)
(a) the attack of —OH at the carbonyl group

CHO CHO
(b) the transfer of hydride to the carbonyl group (© /©/ (C) /©/

(c) the abstraction of proton from the carboxylic acid
(d) the deprotonation of Ph—CH,OH



Passage Based Questions
Paragraph X

Treatment of benzene with CO/ HCl in the presence of anhydrous
AICl; / CuCl followed by reaction with Ac,O/NaOAc gives
compound X as the major product. Compound X upon reaction
with Br, / Na,COj; followed by heating at 473 K with moist KOH
furnishes Y as the major product. Reaction of X with H, / Pd -C,
followed by H;PO, treatment gives Z as the major product.

26. The compound Y is (2018 Adv.)
OH
X~ COBr Br
(@) ©/\/ (b)
HO 0
Br
// COBr
(©) (d)
Br
27. The compound Z is
OO
(0] (0]
OH
© ©i‘§ & ©i>
(0]

Paragraph A
An organic acid P (C,H;,0, ) can easily be oxidised to a dibasic
acid which reacts with ethylene glycol to produce a polymer
dacron. Upon ozonolysis, P gives an aliphatic ketone as one of the
products. P undergoes the following reaction sequences to furnish
R viaQ. The compound P also undergoes another set of reactions to

produce S. (2018 Adv.)
(1) Hy/Pd-C
(2) NHg/A (1) Hy/Pd-C (1) HCL
s (3) Bry/NaOH (2) SOCly (2) Mg/Et50
(4) CHCI/KOH, A~ (3) MeMgBr,CdCly — (3) COg(dry ice)
(5) Hy/Pd-C (4) NaBH, (4) H3O+

28. The Compound R is

CO,H
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29. The compound S is

NH,

NH, H

Passage

In the following reactions sequence, the compound J is an
intermediate.

(CH,C0),0
CH;3COONa

(i) Hy» Pd/C

(i) SOCl,
(iii) anhyd. AICI,

J (CyH30, ) gives effervescence on treatment with NaHCO,
and positive Baeyer’s test. (2012)

30. The compound X, is

o "0
© @Q @ ()0

0)
31. The compound /, is

O H OH

(a) (b) é
0 CH; B <1

(©) (d) 5

Fill in the Blanks

32. The structure of the intermediate product formed by the
oxidation of toluene with CrO; and acetic anhydride, whose
hydrolysis gives benzaldehyde s ............... (1992, 2M)

True/False

33. Benzaldehyde undergoes aldol condensation in an alkaline
medium. (1982, 1M)
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Subjective Questions

34. Five isomeric para-disubstituted aromatic compounds
A to E with molecular formula CgHgO, were given for

identification.
Based on the following observations, give structures of the
compounds : (2002, Main, 5M)

(i) Both 4 and B form a silver mirror with Tollen’s reagent; also,
B gives a positive test with FeCl; solution.
(i1) C gives positive iodoform test .
(iii) D is readily extracted in aqueous NaHCOj; solution.
(iv) E on acid hydrolysis gives 1, 4-dihydroxy benzene.

35. An organic compound 4, CgH4O;, in dry benzene in the
presence of anhydrous AICl; gives compound B. The
compound B on treatment with PCls, followed by reaction
with H,/Pd/(BaSOj,) gives compound C, which on reaction
with hydrazine gives a cyclised compound D (C;4H;(N,).
Identify 4, B, C and D. Explain the formation of D from C.

(2000, 5M)

36. Explain, why o-hydroxy benzaldehyde is a liquid at room
temperature while p-hydroxy benzaldehyde is a high melting
solid? (1999, 2M)

Matching Type Questions

Column 1 Column 2 Column 3
) Toluene (i)  NaOH/Br, (P) Condensation
(II)  Acetophenone (ii)  Bryhv (Q) Carboxylation
(IIT)  Benzaldehyde (iii) (CH,;CO),0/  (R) Substitution
CH,COOK
(IV)  Phenol (iv)  NaOH/CO, (S) Haloform
37. The only CORRECT combination in which the reaction
proceeds through radical mechanism is
(a) AV) () (Q) (b) (II) (i) (P)
(c) (D) (iii) (R) (d) (D (ii) (R)
38. For the synthesis of benzoic acid, the only CORRECT
combination is
(@ 1) () (3) (b) (1) (i¥) (Q)
() AV) (i) (P) (d) (II) (iv) (R)
30. The only CORRECT combination that gives two different

carboxylic acids is
(a) AV) (iii) (Q) (b) (1) (iv) (R)
() (M @) () (d) (1) (iii) (P)

Integer Type Questions

40.

Among the following the number of reaction(s) that

Answer Q. 22, Q. 23 and Q. 24 by appropriately matching the produce(s) benzaldehyde is (2015 Adv.)
information given in the three columns of the following table. CHCI,
Column 1, 2 and 3 contain starting materials, reaction conditions, CO. HCI - H,0
and type of reactions, respectively. (2017 Adv.) ! Anhydrous AICl; / CuCl 100°C
CoCl CO,Me
H, DIBAL-H
M. PaBaso, » Toluene, -78°C
H,0
Answers
1. (d) 2. (b) 3. (¢) 4. (b) 21. (b) 22. (a) 23. (b,c) 24, (a,b,c)
5. (c) 6. (a) 7. (a) 8. (d) 25. (b,d) 26. (c) 27. (a) 28. (a)
9. (b) 10. (a) 11. (C) 12. (a) 29. (b) 30. (C) 31. (a)
13. 14. () 15. (d) 16. (c) 32. C.H,— CH(OAc), 33. False 37. (a)
17. 18. 1 20.
7. (@) 8 @ 9 ® 0- (&) 38. (d) 39. (b) 40. (4)



Hints & Solutions

The major products of the given reaction are as follows:

OH
(1) CHCI3/aq NaOH OH
) HCHO conc. NaOH and HCOOH
(3) HgO ™"

Cl

In step-I, substituted phenol undergoes Reimer-Tiemann
reaction in presence of CHCl; / ag. NaOH

OH OH

i i _CHO
(1) CHClg/ag. NaOH
e ——

Cl Cl

The aldehyde obtained in above equation does not possess
o-hydrogen. In presence of formaldehyde and conc. NaOH it
undergoes Cannizaro reaction. In this reaction, one molecule of
aldehyde is reduced to alcohol while another molecule is
oxidised to salt of carboxylic acid.

O Na™

Conc. H
<j/ * HCHO o <j/\o +HCOO Na™
Cl

Upon hydrolysis, following reaction takes place
ONa® OH

OH Hs0? OH
+ HCOO Na™ + HCOOH

Cl Cl

The major product formed in the reaction is as follows :

(1) Cr03
(&) SOCIZ/A
3)A
HO

Primary alcohol readily oxidised to corresponding carboxylic
acid with oxidising agent, chromium trioxide (CrO,) in acidic
medium.

COOH//\T
HO CrOg /@
-
HO HO

—OH group of carboxylic acid get substituted by —CI in
presence of SOCI, (Thionyl chloride).

COOH COCl

SOCIy/A
+ S0,T + HCIT

HO HO

Further, heating of product leads to intramolecular cyclisation.

COCI
C=0

A
—

HO HO

3. (i) CgH,,O shows positive iodoform test thus, —C—CHj
|

group is present.

(0]

(ii) C4H,;,O on strong oxidation (KMnO, /KOH), gives acid
(CgHgO,), indicating it can be a dicarboxylic acid. So, ‘4’
contains —COCH; and one —CH,; group which get
oxidised into —COOH and —COOH respectively.

(iii) In the preparation of phenolphthalein from phenol, phthalic

anhydride is used. So, ‘B’ can be phthalic acid (benzene-1,2-
dicarboxylic acid) which readily forms anhydride.

Thus, the reaction sequence is as follows :

1,/NaOH

———>
CH, (Iodoform test)
@: c” CHs

L rCHL |

@: -
COONa Yellow ppts.

0 . C
ACHg0)  LDO1 +CO,
KMnO4/KOH 0
(ii) H;0° ﬁ
(0]
Phthalic acid
B(CgHgO4)
H A lszo
(2 mol)/
Conc. H,SOy4 (‘)‘

0 Phthalic anhydride

OH OH

(Phenolphthalein
an indicator)

4, NaOCl (sodium hypochlorite) is the reagent of haloform

(chloroform formation) reaction.

2NaOH +Cl,— NaOCl+NaCl+H,0
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The given reaction takes place as follows :

——

-

7 N
‘, (0} \\ ‘ ‘
| o @
Ph—rC—CH3 ) NaOCL, by € ONa + CHCI,
o H,0%t is missing in the
Keto-methyl statement of the question)
group
(0}
Ph—C—OH
Benzoic acid
X)
] s0Cl, ]

Ph—C—OH 4>Ph CCl
) 7HC21 Benzoyl\

chloride N@

NH—C—Ph
Benzanilide
(04]

5. The given reaction is a crossed Cannizzaro reaction which is a
redox reaction too. Oxidation number of carbon atom of the
—CHO groups of Ph—CHO and H—CHO are +1 and zero
respectively. So, HCHO is the stronger reducing agent than
PhCHO. As a result, HCHO is oxidised to HCOONa (by
donation of hydride, H") and PhCHO (H™ acceptor) is reduced
to PhCH,OH.

[Acyl SN2
pathway]
-HCl

1 0 o Na
Ph—CHO + HCHO % N0t

-1 2  _ +
Ph—CH,0H+ HCOONa
L0
PhCH,OH + HCOOH

(Major products)
The reaction proceed via following mechanism.

OH

|\/‘9 Slowest
HQCT;‘O Slower H—C=0 Py
5t & | Ph—CHZ0
b (—
More polar and less
crowding for H™ shift
nucleophilic addition OH

|
H—C=0 + Ph—CH,—0°
O@ HFast
H—C=0 + PhCH,OH

6. Reducing agents like LiAlH,, NaBH,, i.e. complex hydrides
usually does not affect olifen(i)c or m-bonds. Thus, if NaBH, is

applied to a compound like é then its > C = Obond will be
OH

reduced only and we get as the
final product.

Thus, option (a) is correct answer.

7. | Key Idea Grignard reagent usually attacks on > C = O group
as:

>C=O+RMgX—>

\ C/OMgX Hydration \C/OH

—_—
/TN\R Mg ©H) x / \R
(Ionicsalt)

The question is related to above reaction only with the condition
that the consumption of RMgX will be more than 1 equivalent in
Among the given compounds B, i.e.

some of the given cases.
CHO : CHO
HO,C and D, ie. HOH,C

contain additional groups which can give active hydrogens.
Grignard reagents produce alkanes whenever come in contact
with any group or compound which can give active hydrogen as:
D gl

ether A X

These reactions are equivalent to acid-base reactions. So, in both
of these compounds more than one equivalent will be required to
form Grignard products. Remember these compounds will give
2 type of products as:

(i) from the >C = O group

ROH + R'MgX

(i1) from the group which release active hydrogen
The additional reactions involved are:

CHO CHO
(i) /@/ +RM9XWRH+/@/

HO,C 5+ &
XMg0” |
0
CHO CHO
(ii) /@/ + AMgX ——— ether /@/ o
HOH,C XMgOH,C

8. DIBAL-H (Diisobutylaluminium hydride) is a reducing agent
with formula [A-Bu,AlH]. At ordinary temperatures, nitriles
give imines which are readily converted in aldehydes by
hydrolysis whereas lactones are reduced directly to aldehydes.

)V k)\(DIBAL H) )V

\ Cm (DIBAL-H) Y k\)\

—H
0
o 0
CHO . CHO CHO
=+, ]
DI(]I3_IAeL H
OH o o
H )
0 0 u o)

aO=z—7p



9.

10.

11.

In presence of Br,/EtOH, the reactant containing double bond
undergoes electrophilic addition reaction via the formation of

bromonium ion. On further attack of — O Me on bromonium

ion gives the addition product.

HiC o COMe
Br,(1 eqiv) O MeOH
0] in MeOH Br'é
‘ (Protic solvent)
0]
O
O
Y
O
OMe
Br
O
(Major)

In presence of alkaline KMnO,, vigorous oxidation of alkyl or
acyl benzene takes place. During oxidation, aromatic nucleus
remains intact but the entire chain is oxidised to —COOH group
irrespective of the length of carbon chain.

| _—» Oxidative cleavage o®
O=C—CH; in strong 0=C—O0K
! (MnO, /OH /)
KMnO,/KOH/A
Strong oxidation, [O]
od
CH, COOK
(also b
oxidisable) H30 (dil. HySOy)
COOH
COOH

In aldol condensation, generally aldehydes react at a faster rate
than ketones towards base. In the given case CH;CHO will lose

0
|
C

“CH
o-hydrogen faster than 3 due to one more

reason, i.e. conjugation between benzene ring and >C=O

group. Along with sterically less hindered nucleophile of
CH;CHO will also add to the major product formation.

Following four products are possible in the reaction:

I
(i) CH3—C—CH,—CHO (Self Aldol condensation
| of CH;CHO)
OH
H O (Cross Aldol condensation of
| I CH;CHO and CH3COC4Hs

(i) CHy—C—CH,—C—CgH; in which >C=0 group of
| CH;3CHO is carbanion
OH acceptor).
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12.

13.

14.

(Cross Aldol condensation of
CH;3CHO and CH;COC¢Hj5
in which >C=0 group of
C¢HsCOCH; is carbanion
acceptor).

(|)H
(iii) CH3—|C—C6H5
CH,
_c/

|
0

OH i
. (Self Aldol condensation
@) C6H5*|C*CH2*C*C6H5 product of CgH;COCH;)
CH;

O H of base will prefer to attack on —CHj group of CH;CHO
for the formation of carbanion and as among the >C =0 groups
available, the >C =0 group of CH;CHO is the best carbanion
acceptor. Hence, self condensation product of CH;CHO will be
the major product.

DIBAL-H (Di-isobutyl aluminium hydride) is a reducing agent
with formula. This is generally used for the preparation of
aldehydes. Using DIBAL —H, Lactones are reduced directly to

aldehydes.
(6]

OH

DIBAL-H CHO

COOH
COOH

Toluene undergoes oxidation with KMnO,, forms benzoic acid.
In this conversion, alkyl part of toluene converts into carboxylic
group. Further, benzoic acid reacts with thionyl chloride
(SOCl,) to give benzoyl chloride which upon reduction with
H,/Pd or BaSO, forms benzaldehyde (Rosenmund reduction)
The conversion look like,

COOH

KMnO4 soc12
+ S0, + HCl1

(Toluene) (Benzmc Acid) (Benzoyl chlorlde)
lH2/Pd BaSOy,
(¢} H
%
+ HCl
(Benzaldehyde)
<
It is a Kolbe Schmidt reaction.
+
ONa COONa COOH
o oc CH,4
+C0, 125°C Cz
5 atm
Aspirin
(pain killer)
<

The second step of the reaction is an example of acetylation
reaction.
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15. Compound A gives a precipitate with alcoholic AgNO;, so it 20. Dioxoanion is better hydride donor. Electron donating group at
must contains Br in side chain. On oxidation, it gives CsH,O,, ortho/para position further promote H™ transfer.
which shows the presence of two alkyl chains attached directly o
with the benzene nucleus. Since, compound B gives anhydride |
on heating, the two alkyl substituent must occupy adjacent (1, 2) (@N C—< H 0
position. Thus, A must be | "
™\ o + (lj—R E—
CHzBI' pag —
ex WS
CHjy
C
and the reactions are as follows : |
0]
CH,Br _ CH,—OR pa -
Alcoholic H3CO _
AgNO; @[ TAgr | 0
. CH; CHy |
+ H—C—R
J'Oxidation (e} |
H

COOH
QL0 0L :
COOH Q Q

||

(0] _
Phthalic anhydride 21. Ph—C—H+HO —> Ph—(|J—H
16. CHO COOH OH
OH™ I
Intramolecular B 0
CHO Canlzlizzaro rel;ction CH,OH ﬁ) /‘\ ”
Ph—C—H + ™C— Slow

| | hydride transfer

O
OH H
+ I —
- b ] 7
Ph—C—OH + Ph—|C—H

Ester formation

17. H
7 H;C SOsH + CH3COONa ——>
Base 22. Cl

Cl Cl
4-methyl benzene sulphonic
acid
H3COSO3Na + CH3COOH +KOH—> +
CHO COOK CH,OH

t N Cannizgaro’s
18. Ph—C=C—CH; —> Ph—C=CH—CH, reaction
Stable carbocation 23
' (b) CH @CH—CH 2 CH @cmm co
H,0 I 3 2 ZnH,0 -3 ® )

—— Ph—C—CH,CH,

(P) Gives Cannizzaro
but not haloform reaction

CHO OHC
0
NaOH o, Il
19. E— @—( ZoHo" @—c—cn3+H2co
(S)
CHO OHC ©

Gives haloform reaction
but not Cannizzaro reaction

COOH HOH,C
—_ — 0,
o (© CH==CH—CH; 75" CHO+CH;CHO
N P ®)
H0 CH, CH;
Gives Canni
CHon HOOC bl}:’re'l?)t ﬁzﬁgﬁ)ﬁoreaction
The above reaction is an example of intramolecular Cannizzaro
reaction.



_OH  RCOOH+ 2Ag

Silver mirror

24. RCHO+  AgO

(Tollen's reagent)
Tollen’s test is given by all aldehydes and all reducing sugars as
glucose, fructose and a-hydroxy ketones.
T

—CH—C—

H 0]
H having an aldehyde group gives Tollen's test.
"
Br

(0]
CHO (C) I
OO0
H
Aldehyde ©
a-hydroxy ketone

give positive Tollen’s test.

25. 0
I
C—H
(‘) wo, | CHO
(11) Zn—-H,0
R
H;C CHO
NH; | CH=NH
Y]
In the above reaction, NH, prefer to attack at aliphatic aldehyde
group than an less reactive aromatic aldehyde group.
7 Y
H,C Coe HC N—H
. H
Tautomerism \_" E— _
X—=— / “NH,
l- H,0
i
%
‘S’
26. Given,
@® @
Benzene CO+HCl A0
anhy. AlCl3/CuCl  NaOAc , (Major)
Br, +
Oy ® L\Ielzco3
© o» Moist KOH
Q‘V @ 473k
Z Y

(Major product)
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For this question we require only reaction 1 to 4 written above.
Let us explore them one by one.

Reaction 1 It is called formylation or Gatterman Koch reaction.
A — CHO group is introduced to benzene ring through this

reaction as

Benzene Benzaldehyde

CO+HC1

In anhyd
AlCl3/CuCl

"
The attacking electrophile is H—C = O which is generated as
(1i)CO+HCl =— H—C—l
()
¥

(ii) H—ﬁ—cl + AlCl; =— H—ﬁ + AlCl,

() ()
Reaction 2 It is Perkin condensation which results in a, 8
unsaturated acid as

CHO CH=CHCOOH
Cit;CO0Na™ + CH,COOH
+ (CH3CO),0 180°C 3
Cinnamic acid
Note Besides CH3COO'Na+, quinoline, pyridine, Na,CO;,

triethylamine can also be used as bases in this reaction.
Reaction 3 It is simple addition of bromine to unsaturated acid
formed through reaction 2.

CH =CHCOOH CHBr — CHBr

Br COO Na*
2
_—
Na,CO5

Cinnamic acid
Na,CO; works as a base in the reaction to trap H' to be released
OH

|
CH—CH—Br

COONa*

by — COOH of the reactant. is also formed

in the reaction as the minor product.
Reaction 4 It is decarboxylation and dehydrohalogenation of
product produced by reaction 3 as

CHBr— CHBr C=CH
COONa* .
Moist KOH, + Na,CO; + KBr
437K
C=CH
Hence, Yis i.e., (c) is the correct answer.
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27. Reaction 5 The Perkin condensation product X is
CH —=CHCOOH

@ i.e., cinnamic acid (Ref. Q. 15)

This compound on hydrogenation with H, in the presence of Pd
activated with charcoal (Pd —-C) gives

CH =CHCOOH CH,CH,COOH

Som

3-Phenyl propanoic acid

Reaction 6 The product of reaction 5 on heating with H;PO,
dehydrates to give
H,COOH —CH

CH,C
H, P C

28. (a) Given,
(i) CyH,,0, —2N , Hihasic acid
(An organic acid ‘P’)

This indicates the presence of alkyl or alkenyl branch in P
along with —-COOH group.
(i1) Dibassic acid produced by oxidation of P
CH, — CH,
! O

OH OH
(Ethylcnc glycol) ”
— —(CH,),—O

Dacron

This indicates presence of benzene ring in P; as concluded from
the structure of dacron given below.

I
{O—C@ﬁ—O—CHZ—CHZ—O}
0

Dicarboxylic Ethylene
acid component glycol component

Dacron

Attachment of —COO group in dacron also confirm the para
position of branch with respect to —COOH group in P.

(iii) P—2220lsIs 5 Aliphatic ketone + other oxidised products.

This reaction confirms the presence of multiple bonded
branch i.e., alkenyl group in P.

Thus P can be

COOH

CH
g
AR
CH; CH,

ITUPAC name : 4-(2-methyl) prop-l-enyl benzoic acid
Now look for the reactions

COOH

COOH COOH
Oxidation
_—
& COOH
Terephthalic
(P) acid

(0] CHO

Ozonolysis )J\ |
—_— +
CHO

Aliphatic ~ Glyoxal

= ketone
(Acetone)
(P)
1. Hy/Pd-C
. 2. S0Cl1
Given, P 2 (0]
3. MeMgBr, CdCl,
4. NaBH,
So,
COOH COOH

H2/Pd C SOC12
MeMgBr,
Cdcl,

—C—OH

COOH CHO

+ C=0 + C=0

| CHO

CHO

other oxidised

Cl

products

O

C—Me

NaBH4
[Here, Me = CH;]

Further,

0

1. HCI
2. Mg/Et,0

3. CO, (Dry ice)
4. H;0"



l\l/le I\lfle Me
H—C—OH H—C—Cl —CMg *ar
HCl
—_— —»
Et,0 ;
(Dry ether)
(Q)
Grlgnard s reagent
(Carboxylatlon)
I\l/le Me
H— C—COOH — C COOMgCl
Mg(OH)CI +

H3OJr
( Hydroly51s )

(R)

29. Given (In connection with Q. 17)

1. H,/Pd-C
2. NH3/A
p 3 Bry/NaoH
4. CHCl3/KOH,A
5. H,/ Pd-C
So,
COOH COOH CONH,

H,/Pd-C NH;/A
—_—— —_—
/

(P)

I
NH N=C NH, Br,/NaOH
(Hofmann
bromamide)
H,/Pd—C CHCl3/KOH
-~ «~—

(Carbylamine)

I

(S)

Passage

Sol for (Q. Nos. 30 to 31) The first step of reaction is
Perkin’s condensation.

CHO
H N
©/ +(CH;C0),0 w}
C6H5 —CH =CH — COOH
! J

J being a carboxylic acid gives effervescence with NaHCO;.
Also, J has olefinic bond, it will decolourise Baeyer’s
reagent.
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32.

33.

34.

In the second step, J on treatment with H, /Pd/C undergo
hydrogenation at olefinic bond only as :

J +H, /Pd — C,H;—CH,— CH,— COOH
The hydrogenated acid, on treatment with SOCI, gives acid
chloride.

C4H;— CH,— CH,—COOH + SOCIl, —>
C,H; — CH, — CH, — COCI + HCl + SO,

In the final step, acid chloride formed above undergo
intramolecular Friedel-Craft acylation as:

C
Cl” ¢ " 0

CH CH(OAc
3 0, (OAc),
(CH3C0O),0
Intermediate
CHO
H,O
H+

For aldol condensation, presence of at least one a-H is essential,
which is not available to benzaldehyde.

CHO

—> Gives positive Tollen’s test but does not
give FeCls test.

CH,OH
A

OHCOOH — Gives positive Tollen’s test
and FeCls test.
I
CH3—C4©70H—> Gives positive iodoform
test.

C

HOOCOCH3 —— Can be extracted with
NaHCOs.
HOOOCH:cH2—> On hydrolysis give
1,4-dihydroxy benzene.

(@)
0 + —
O
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(0) (0]
HOOC ”
o

Cl—C
B
0 ()
H, N,Hy
Pd/BasSO, If =
H—C N
|| -

C

36. Intramolecular H-bonding in ortho hydroxy benzaldehyde is
responsible for decrease in melting and boiling points.

O\H

=0

H

Intramolecular
H-bonding

p-hydroxy benzaldehyde molecules are associated by
intermolecular H-bonding, has higher melting and boiling
points.

Download Chapter Test
http://tinyurl.com/y4tw8a24 or

87. CH,— CH,—2» C,H,— CH,Br + HBr

hy (Free radical bromination)

(0]
|| NaOH/ Bry

38. CH,— C — CH;— > C;H,COONa + CHBr, (P)
an @ Bromoform

| Tl)
39. CH.CHO+ CH,— C — O — C— CH,
LK, ¢ H,— CH= CH— COOH

Perkin's condensation (Cinnamic acid)

Cinnamic acid shows cis-frans isomerism.

40. 1. Gattermann-Koch reaction.

II.
CHCI, CH(OH),
H,0
100°C (S ) CHO
gem-diol
-H,0

III. Rosenmund’s reduction.

IV. Acid chloride, anhydride and ester undergo controlled
reduction with di-iso-butylaluminium hydride (DIBAL-H) at
— 78°C to give aldehydes.

00
=]
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Biomolecules and Chemistry

in Everyday Life

Topic1 Biomolecules

Objective Questions I (Only one correct option)

1.

Which of the given statements is incorrect about glycogen?
(2019 Main, 12 April 1I)

(a) It is straight chain polymer similar to amylose

(b) Only oa-linkages are present in the molecule

(c) It is present in animal cells

(d) It is present in some yeast and fungi

Which of the following statement is not true about RNA?
(2019 Main, 12 April I)

(a) It controls the synthesis of protein

(b) It has always double stranded o-helix structure

(c) It usually does not replicate

(d) It is present in the nucleus of the cell

Number of stereo-centers present in linear and cyclic
structures of glucose are respectively (2019 Main, 10 April 1)
(a) 4and 5 (b) 4and 4
(¢) 5and 4 (d) Sand 5

Amylopectin is composed of (2019 Main, 10 April I)
(a) B-D-glucose, C,-C, and C,-C, linkages
(b) a-D-glucose, C,-C, and C,-C, linkages
(c) B-D-glucose, C,-C, and C,-C; linkages
(d) a-D-glucose, C;-C, and C, -Cylinkages
The peptide that gives positive ceric ammonium nitrate and
carbylamine tests is (2019 Main, 09 April 11)
(a) Lys-Asp (b) Ser-Lys
(c) Gln-Asp (d) Asp-Gln
Which of the following statement is not true about sucrose?
(2019 Main, 09 April 1)
(a) It is also named as invert sugar.
(b) The glycosidic linkage is present between C, of
a-glucose and C, of B-fructose

(c) It is a non-reducing sugar
(d) On hydrolysis, it produces glucose and fructose
Fructose and glucose can be distinguished by

(2019 Main, 08 April 11)
(b) Barfoed’s test
(d) Seliwanoff’s test

(a) Fehling’s test
(c) Benedict’s test

10.

11

Maltose on treatment with dilute HCI gives

(2019 Main, 08 April 1)
(a) D-glucose and D-fructose (b) D-fructose
(c) D-galactose (d) D-glucose

The correct structure of histidine in a strongly acidic
solution (pH =2)is (2019 Main, 12 Jan I1)
® o ®
(a) HsN—CH—CO0 (b) HsN—CH—COOH
® ®
NH, NH,

[ TN)

@ <) @
(¢) H;N—CH—COO (d) HsN—CH—COOH
NH N
N
[ ) [~
N®
H

The correct match between Item I and Item II is

Item I Item IT

A. Ester test P. Tyr
B. Carbylamine test Q. Asp
C. Phthalein dye test R. Ser
S. Lys

(2019 Main, 11 Jan I1)
(a) A>Q;:B>S;C>R (b)) A>R,B—>Q;C—P
(c) A R;B>S; C>Q(dA—>Q;B>S;C—>P

Among the following compounds, which one is found

in RNA? (2019 Main, 11 Jan 1)
0 0
NH CHs
@ | () | j‘\\H
H \
NH, o "
© Nl N @ ﬁl l Me
C
o | o
H Me
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12. Which of the following tests cannot be used for identifying
amino acids ? (2019 Main, 10 Jan 11)
(a) Barfoed test (b) Ninhydrin test
(c) Xanthoproteic test (d) Biuret test

13. The correct sequence of amino acids present in the
tripeptide given below is (2019 Main, 9 Jan II)

)@r AHL/

(a) Thr - Ser - Leu (b) Leu - Ser - Thr

(c) Val - Ser - Thr (d) Thr - Ser - Val
14 The increasing order of pK, of the following amino acids

in] aqueous solution is Gly, Asp, Lys, Arg

(2019 Main, 9 Jan 1)

(b) Arg <Lys <Gly <Asp
(d) Asp <Gly <Lys < Arg
(2018 Main)

(a) Asp <Gly <Arg<Lys
(c) Gly <Asp <Arg<Lys

15. Glucose on prolonged heating with HI gives
(a) n-hexane (b) 1-hexene
(c) Hexanoic acid (d) 6-iodohexanal

16. The predominant form of histamine present in human blood
is (pK ,, Histidine = 6.0) (2018 Main)

H H
N N @
\ NH \ NH;
NN
N N
H
N N
NH, Nt
© 4\3/\/ @ &\3/\/ }
N N
H

17. Which of the following compounds will behave as a
reducing sugar in an aqueous KOH solution? (2017 Main)

HOH2 CH,0H HOH,C CH,OH
COCH, :‘ ;
HOH,C
HOH2 CH,0H Q_ CH,0CH;
DK on
OCH3
H

18. Thiol group is present in (2016 Main)
(a) cystine

(c) methionine

(b) cysteine
(d) cytosine
19. Which of the vitamins given below is water soluble?

(a) Vitamin C (b) Vitamin D (2015 Main)
(c) Vitamin E (d) Vitamin K

20. Which one of the following bases is not present in DNA?
(a) Quinoline (b) Adenine (2014 Main)
(c) Cytosine (d) Thymine

21. Synthesis of each molecule of glucose in photosynthesis
involves (2013 Main)
(a) 18 molecules of ATP (b) 10 molecules of ATP
(c) 8 molecules of ATP (d) 6 molecules of ATP

22. The following carbohydrate is

H
o1 o
HO OH
HO
H
o HOH

(b) an aldohexose
(d) an a-pyranose

(2011)
(a) a ketohexose
(c¢) an o-furanose

23. The correct statement about the following disaccharide is
CH,0OH
Hf—O 4 H,COH O_ H

H
OH H H HO

HO OCHZCHzmH ,OH
H

OH OH H

(a) (b)

(a) Ring (a) is pyranose with a-glycosidic link
(b) Ring (a) is furanose with a-glycosidic link
(¢) Ring (b) is furanose with a-glycosidic link
(d) Ring (b) is pyranose with B-glycosidic link

(2010)

24. Two forms of D-glucopyranose, are called (2005, 1M)
(a) enantiomers (b) anomers

(c) epimers (d) diastereomers
25. Which of the following pairs give positive Tollen’s test ?
(2004, 1M)
(b) Glucose, fructose
(d) Fructose, sucrose

(a) Glucose, sucrose
(c) Hexanal, acetophenone

Objective Question II
(One or more than one correct option)

26. The Fischer presentation of D-glucose is given below.

CHO
H —— OH
HO ——H
H —— OH
H —— OH
CH,0H
D-glucose

The correct structure(s) of B-L-glucopyranose is (are)

(2018 Adv.)

H H

—O0 —O0

HO OH HO
(a) CH,OH (b) CH,OH
H HO H H
H H H H

OH H OH OH



27.

28.
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CH,OH H
0} —O
H i OH HO
OH HO H HO
HO H H OH
H H OH H

For ‘invert sugar’, the correct statement(s) is (are)

(Given: specific rotations of (+) - sucrose, (+) - maltose,

L-(-)-glucose and L-(+) -fructose in aqueous solution are

+66° +140°, — 52 °and 92° , respectively) (2016 Adv.)

(a) Invert sugar is prepared by acid catalysed hydrolysis
of maltose

(b) Invert sugar is an equimolar mixture of D-(+) -glucose
and D-(-)- fructose

(c) Specific rotation of invert sugar is — 20°

(d) On reaction with Br, water, invert sugar forms
saccharic acid as one of the products

The correct statement(s) about the following sugars X and ¥

is/are: (2009)
CH,OH
H,—o0 I 0. g
HOH,C
H
OH H
H HO /' ¢y,0H
OH) 0
H OH OH H
X
CH,OH
H 0 H
H
CH,OH o H
i o o OH
H
oH H H OH
OH H
OH
H Y

(a) Xis areducing sugar and Y is a non-reducing sugar
(b) X is a non-reducing sugar and Y is a reducing sugar
(c) The glucosidic linkages in X and Y are o and f3, respectively
(d) The glucosidic linkages in X and Y are 3 and a., respectively

Assertion and Reason

Read the following questions and answer as per the direction
given below :

29.

(a) Statement I is correct; Statement II is correct;
Statement 11 is a correct explanation of Statement I.

(b) Statement I is correct; Statement II is correct; Statement
II is not the correct explanation of Statement I.

(c) Statement I is correct; Statement II is incorrect.

(d) Statement I is incorrect; Statement II is correct.

Statement I Glucose gives a reddish-brown precipitate
with Fehling’s solution.

Statement II Reaction of glucose with Fehling’s solution
gives CuO and gluconic acid. (2007, 3M)

g~

31.

32.

33.

34.

Integer Answer Type Questions

30. The total number of distinct naturally occurring amino acids

obtained by complete acidic hydrolysis of the peptide
shown below is (2014 Adv.)

AT '“IWV
JE 'Y )

o

A tetrapeptide has — COOH group on alanine. This produces
glycine (Gly), valine (Val), phenyl alanine (Phe) and alanine
(Ala), on complete hydrolysis. For this tetrapeptide, the
number of possible sequences (primary structures) with
—NH, group attached to a chiral centre is (2013 Adv.)

The substituents R, and R, for nine peptides are listed in the

table given below. How many of these peptides are
positively charged at pH=7.0? (2012)
HsN—CH—CO—NH—CH—CO—NH—CH
H R, Ry
—CO—NH—CH—COO

Peptide R, R,
I H H
11 H CH,
I CH,COOH H
v CH,CONH, (CH,),NH,
\ CH,CONH, CH,CONH,
VI (CH,),NH, (CH,),NH,
VII CH,COOH CH,CONH,
VIII CH,OH (CH,),NH,
IX (CH,),NH, CH,
When the following aldohexose exists in its
D-configuration, the total number of stereoisomers in its
pyranose form, is (2012)
?HO
i
CHOH
I
ICHOH
CHOH
CH,OH

A decapeptide (Molecular weight 796) on complete
hydrolysis gives glycine (Molecular weight 75), alanine and
phenylalanine. Glycine contributes 47.0% to the total
weight of the hydrolysed products. The number of glycine
units present in the decapeptide is (2011)
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35. The total number of basic groups in the following form of

lysine is (2010)
H 1(3 CHy—CH,—CH,—H,C O
3INT 2— 2— 22— 12
N4
s
H,N o’

Subjective Questions
36. Which of the following disaccharide will not reduce

Tollen’s reagent? (2005, 2M)
CH,OH CH,OH
HO O H H O_ OH
(a)
H HO 0 H HO
H H
OH H OH H
CH,0OH CH,0OH
OH O H H (0] OH
(b)
H HO o OH H
H H
OH H H OH

37. The structure of D-glucose is as follows :

CHO
H——F—O0H
HO——F—H
H———O0H
H “oH OH

38.

39.

40.

41.

Topic2 Chemistry in Everyday Life

Objective Questions I (Only one correct option)

1. Which of the following is a thermosetting polymer?
(2019 Main, 12 April I)
(a) Bakelite (b) Buna-N
(¢) Nylon-6 (d) PVC

2. The correct match between Item-1 and Item-II is

Item-I Item-II
A.  High density polythene 1. Peroxide catalyst
B.  Polyacrylonitrile II.  Condensation at high
temperature and pressure
C. Novolac III.  Ziegler-Natta catalyst
D. Nylon-6 IV. Acid or base catalyst
(2019 Main, 10 April 1I)
Codes
A B C D A B C D

@O 1 IV I
(I IV 1 1I

M IvVv T I II
(m 1 I IV

3.

(i) Draw the structure of L-glucose.
(i1) Give the reaction of L-glucose with Tollen’s reagent.
(2004, 2M)

Following two amino acids lysine and glutamine form
dipeptide linkage. What are two possible dipeptides?
(2003, 2M)

H,N— CH— COOH
(|?H2CH2CH2CH2NH2

H,N— CH— COOH
CH,CH,COOH

Aspartame, an artificial sweetener, is a peptide and has the
following structure
?HZCéHS
H2N—$H—CONH—CH—COOCH3

CH,— COOH

(1) Identify the four functional groups.
(i) Write the Zwitter ionic structure.

(iii) Write the structures of the amino acids obtained from
the hydrolysis of aspartame.
(iv) Which of the two amino acids is more hydrophobic?
(2001, 5M)

Give the structures of the products in the following reaction

.
Sucrose L) A+B (2000, 2M)

Write the structure of alanine at pH = 2 and pH = 10.
(2000, 2M)

Which of the following is a condensation polymer?

(2019 Main, 10 April I)
(b) Neoprene
(d) Buna- S

(a) Nylon-6, 6
(c) Teflon
Noradrenaline is a/an

(a) antidepressant
(c) neurotransmitter

(b) antihistamine
(d) antacid
(2019 Main, 9 April 11)

Which of the following compounds is a constituent of the

|
polymer +HN — C— NH — CHt; ?
(2019 Main, 9 April 11)
(a) N-methyl urea
(b) Methylamine
(¢) Ammonia
(d) Formaldehyde



10.

11.
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The structure of nylon-6 is

0O H 0 H
I I I

(@) +(CHy)e—C—N47 (b) +C—(CH,;—N+7
0O H 0 H

[ I |
() +-(CHy);—C—N-; (d) ‘[_C(CHQ)G_N_]F
(2019 Main, 8 April I1)

The two monomers for the synthesis of

nylon 6, 6 are (2019 Main, 12 Jan I1)
(a) HOOC(CH,),COOH, H,N(CH,),NH,,

(b) HOOC(CH,,);COOH, H,N(CH,),NH,

(¢) HOOC(CH,),COOH, H,N(CH,){NH,,

(d) HOOC(CH,),COOH, H,N(CH,),NH,
Poly-B-hydroxybutyrate-Co-B-hydroxyvalerate (PHBV) is a
(2019 Main, 12 Jan I)
(a) 3-hydroxybutanoic acid and 2-hydroxypentanoic acid
(b) 2-hydroxybutanoic acid and 3-hydroxypentanoic acid

(¢) 3-hydroxybutanoic acid and 4-hydroxypentanoic acid
(d) 3-hydroxybutanoic acid and 3-hydroxypentanoic acid

copolymer of ......

The homopolymer formed from 4-hydroxybutanoic acid is

i T
(a) OC(CH2)s—0, (b) C(CH2)C—,
(C) CH2 3—0 (d) CH

(2019 Main, 11 Jan II)

The correct match between Item I and Item II is

Item I Item IT

A. Allosteric effect P. Molecule binding to the active site
of enzyme.

B. Competitive Q. Molecule crucial for

inhibitor communication in the body.

C. Receptor R. Molecule binding to a site other
than the active site of enzyme.

D. Poison S. Molecule binding to the enzyme

covalently.

(@ A->P;.B>R;C—>S;D—>Q
(b) AP, B>R;C—>Q;D—>S
(c) A>R;B>P; C>S;D—->Q
(d A->R;B>P;C>Q;D—>S
The polymer obtained from the following reaction is:

(2019 Main, 11 Jan I)

NH (i) NaNO,/H;0"
—)
HOOC NN (ii) Polymerisation

[ H

(a)i (CH, 4Nl (b)i —(CHy) 4—4
O

(0 oc CH,) (d) HNC CH24—C N

(2019 Main, 11 Jan II)

12,

13.

14.

15.

16.

17.

The correct match between item (I) and item (II) is

Item -1 Item - IT
(A) Norethindrone (P) Antibiotic
(B)  Ofloxacin (Q) Antifertility
(C) Equanil (R) Hypertension

(S) Analgesics

(2019 Main, 11 Jan )
@) (A)—(Q); (B) > (R); (C) > (S)
(b) (A) = (Q); (B) > (P); (C) = (R)
(©) (A) > (R); (B) = (P); (C) > (S)
(d) (A) = R); (B) = (P); (C) = (R)

The correct match between Item - I and Item - 11 is

Item I (Drug) Item II (Test)

A.  Chloroxylenol P Carbylamine test

B.  Norethindrone Q. Sodium hydrogen carbonate test
C.  Sulphapyridine R.  Ferric chloride test

D. Penicillin S Bayer’s test

(2019 Main, 9 Jan |)
(A A>R;B—>P;C>S;D->Q
b)) A->R;B>S;C—>P;D—>Q
(c) A>Q;B—>P;C—>S;D—>R
(d A—>Q;:B—>S;C—>P;D—>R

The formation of which of the following polymers involves
hydrolysis reaction? (2017 Main)

(a) Nylon-6

(b) Bakelite
(c) Nylon-6, 6
(d) Terylene

Which of the following statements about low density

polythene is false? (2016 Main)

(a) It is a poor conductor of electricity

(b) Its synthesis required dioxygen or a peroxide initiator
as a catalyst

(c) It is used in the manufacture of buckets, dustbins etc.

(d) Its synthesis requires high pressure

Which of the following is an anionic detergent?(2016 Main)
(a) Sodium lauryl sulphate

(b) Cetyltrimethyl ammonium bromide

(c) Glyceryl oleate

(d) Sodium stearate

On complete hydrogenation, natural rubber produces
(2016 Adv.)

(a) ethylene-propylene copolymer

(b) vulcanised rubber

(c) polypropylene

(d) polybutylene

Which polymer is used in the manufacture of paints and

lacquers? (2015 Main)

(a) Bakelite

(b) Glyptal

(c) Polypropene

(d) Polyvinyl chloride
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19. Match the polymers in Column I with their main uses in
Column IT and choose the correct answer:
Column I Column IT
(A) Polystyrene 1. Paints and lacquers
(B) Glyptal 2. Raincoats
©) Polyvinyl chloride 3. Manufacture of toys
D) Bakelite 4.  Computer discs
Codes
A B C D A B C D
(@2 1 3 4 31 2 4
©2 4 3 1 @3 4 21
20. OCOCH;
COOH is used as
(a) Insecticide (b) Antihistamine
(c) Analgesic (d) Antacid
21. Which of the following is not an antacid? (2015 Main)
(a) Aluminium hydroxide (b) Cimetidine
(c) Phenelzine (d) Ranitidine
22. Which one is classified as a condensation polymer?
(2014 Main)
(a) Dacron (b) Neoprene
(¢) Teflon (d) Acrylonitrile
23. Among cellulose, poly (vinyl chloride), nylon and natural
rubber, the polymer in which the intermolecular force of
attraction is weakest is (2009)
(a) nylon
(b) poly (vinyl chloride)
(c) cellulose
(d) natural rubber
24. Cellulose upon acetylation with excess acetic anhydride/

H,SO, (catalytic) gives cellulose triacetate whose structure
is (2008, 3M)

AcO
(6]
H\ /H O%
OAcH
0 i /\H
- 0)

AcO
(a)
AcO H o
AcH c
w 0. o H
+ AQACH /Ay H OAc
H OAc
AcO
0
AcO H A OF
®) OH HA
AcO H\/H o
H H
it 0. o H

AcO AcO AcO
W/ OH H ‘- OH H i 00+
(©
% OAcH 0 OAcH o OAcH
0 H

H OAc H OAc H OAc
AcO AcO AcO
g/—OH Hf—OH Ht—00+}
(d) H H H
% 0 H H 1) H H 10) H H A
OAcOAc OAcOAc OAcOAc

Objective Question II
(One or more than one correct option)

25. Under hydrolysis conditions, the compounds used for
preparation of linear polymer and for chain termination,
respectively are (2012)
(a) CH,SiCl, andSi(CH,),  (b)(CH,),SiCl, and (CH,), SiCl
(¢) (CH,)SiCl, and CH,SiCl, (d) SiCl, and (CH,), SiCl

26.

The correct functional group X and the reagent/reaction
conditions Y in the following schemes are (2011)

(i)Y

X—(CHjy)4—X Condensation polymer

//o

. 4
(i1) C—(CH,),—C
HO heat OH

N,

(a) X = COOCH,, Y = H,/Ni/heat
(b) X = CONH,, Y = H,/Ni/heat
(c) X = CONH,, Y = Br,/NaOH
(d) X = CN,Y = H,/Ni/heat

Match the Columns
27. Match the chemical substances in Column I with type of

polymers/type of bond in Column II. (2007, 6M)
Column I Column IT
A. Cellulose p. Natural polymer
B. Nylon-66 q. Synthetic polymer
C. Protein T. Amide linkage
D. Sucrose S. Glycoside linkage

Subjective Questions

28. Monomer 4 of a polymer on ozonolysis yields two moles of
HCHO and one mole of CH;COCHO. (2005)

(a) Deduce the structure of A.
(b) Write the structure of ‘all cis’ — form of polymer of

compound 4.
29. Name the heterogeneous catalyst used in the polymerisation
of ethylene. (2003)
30. Give the structures of the products in the following reaction.

(2000, 2M)
NOH

H+

Polymerisation
c Tmetn [ 1.
n
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1. (a) 2. (b) 3. (a) 4. (d)
5. (b) 6. (b) 7. (d) 8. (d)
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Topic 2
1. (a) 2. (a) 3. (a) 4. (c)
5. (d) 6. (b) 7. (¢ 8. (d)
9. (¢ 10. (d) 11. (b) 12. (b)
13. (b) 14. (a) 15. (¢) 16. (a)
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25. (b) 26. (a, b, c, d)
27. A>p,s; B>qr;, Copr; Dos

Hints & Solutions

Topic 1 Biomolecules

1.

Statement (a) is incorrect. Glycogen is not a straight chain
polymer similar to amylose. It is highly branched structure
similar to amylopectin. It is known to be the storage material of
animals. It is found in liver, muscles and brain. It breaks down to
glucose by the action of enzymes when body needs a glucose. It
is also found in yeast and fungi.

RNA does not have double stranded a-helix structure. Helixes
present in RNA are single-stranded but sometimes they fold
back on themselves to form a double helix structure. RNA
usually does not replicate.

It is present in the nucleus of the cell. It controls the synthesis of

protein. RNA molecules are of three types, i.e. messenger’s
RNA (m-RNA), ribosomal RNA (*RNA), transfer RNA (--RNA).

Key Idea Chiral centre is also called stereo-centre or
stereogenic center.

Linear structure of glucose is as follows :

CHO
H—>—OH
HO—*——H
H—5——OH
H—5%——OH
CH,OH

Fischer formula Number of stereo-centre (C* )=4.
Cyclic structure of glucose are as follows :

H  OH

a-D-glucose B-D-glucose

Haworth formula Number of stereo-centre (C* )in each anomer = 5.

Amylopectin is the water-soluble component of starch. It is a
branched-chain polymer of o-D-glucose. The main chain
consists of an o —1, 4~ glycosidic linkages between o -D-

o - D- glucose units and the branches are connected to the main
chain by o -1,6- glycosidic linkages. Its structure can be
represented as:

6
% 4 CHZOH (o)
¢ 2
5
HO /M
3 OH/ « a-1, 6"-glycosidic linkage (Branch)
6 6
4 CHp o 4 CHOH
5 2 H 5 2\ H
HO HO
3 OH Y 3 OH 1O/§r

s
a-1, 4'-glycosidic linkage (Chain)
Structure of Amylopectin

The peptide that gives positive cerric ammonium nitrate and
carbylamine tests is ser - lys. The structures of serine and lysine
are,
HO—CH, —(|] H—COOHH,N—(CH,), —C| H—COOH
NH,
Lysine
Statement-(b) is not true for sucrose. It is linked through a
glycosidic linkage between C-1 of a-glucose and C-2 of
B-fructose. Since, the reducing groups of glucose and fructose are
involved in glycosidic bond formation, sucrose is a non-reducing
sugar.

NH,

Serine

Glycosidic
linkage

OH

OH H
B-D-fructose

a-D-glucose

On hydrolysis with acids or enzyme, sucrose gives equimolar
mixture of D-(+)-glucose and D-(—)-fructose.

HCI
C,H»0,,+ H,0 —— C(H,;,04 + C¢H;,04

D-(+)-glucose  D-(—)-fructose
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7.

Both fructose and glucose give following test positive.
(1) Fehling’s test (red ppt. of Cu,O1is obtained).
(11) Barfoed’s test (red ppt. of Cu,0 is obtained)

(111) Benedict’s test (red ppt. of Cu,0O is obtained)
Fehling’s solution : CuSO, + Na, K-tartrate (Rochelle salt)
Barfoed’s reagent (CH;COO),Cu + CH;COOH + H,0

(7%) (1%) (92%)
Benedict’s solution : CuSO, + Na-citrate + Na,CO;

Seliwanoff’s test is used to differentiate between ketose and
aldose. The reagent is a solution of resorcinol in concentrated
HCI. The reagent when heated along with a sugar will produce
furfural or hydroxy-methylfurfural, which further reacts to give
red color. Ketose (fructose) reacts more quickly than aldose
(glucose).

Maltose on treatment with dil. HCl gives D-glucose. Hydrolysis
of maltose yields two moles of a- D-glucose. Thus, it is
composed of two a.-D-glucose units in which C-1 of one glucose
unit (I) is linked to C-4 of another glucose unit (II). The free
aldehyde group can be produced at C-1 of second glucose in
solution and it shows reducing properties. So, it is a reducing
sugar.

CHoOH

Dil. HCI
e

H OH

Histidine has following structure in

Lone pairs of /&

both of these N These lone pairs are
nitrogen are N .~ not free for donation as
freely available N—H these are delocalised

for donation with-rt bonds.

Athighly acidic pH, i.e. 2 both the nitrogens with lone pairs will
accept one H* each and —C—OH will not loose its H" . Thus,

(0]
the final structure of histidine at pH = 2 will be
+
HaN— ‘CH — ﬁ— OH
CH, O
H—N
N+

Thus, option (d) is the correct answer.
Note Amino acids have following generalise structure:

10.

11.

12.

\
R— (‘3 —COOH
NH,
They have the tendency to loose H" of their —COOH group at
alkaline (higher) pH while the — NH, group present in them
have the tendency to gain H" at acidic (lower) pH.

The correct match is :
A— Q) B> ) (©O)— (P)

(®= CH,—COOH CHOH
. . oHsOH/H.SO,/A
,(Ag)p [Aspartic acid] [Ester tes] ()
Sweet smell
of ester
®2|(_CH2)L4—_NH2 CHCly/alc.KOH
S] gs [Lysine] [Carbylamine test] (B)
o0c © Foul smell
CH—@®) out smetl
[©)
H3N/ o of isocyanide
General
formula of 0, Conc. H,SO4/A
amino acid
® = —CHQ@ OH o
- -
Tyr [Tyrosine] [Phthalein dye test] (C)
P) Resultant colourless

solution turns pink

(A) Ester test confirms the presence of
— COOH group.
(B) Carbylamine test confirms the presence of
—NH, group (1°).
(C) Phthalein dye test confirms the presence of phenolic
—OH group.

RNA contains, adenine (A), guanine (G), cytosine (C) and uracil
(U). In the given options,

o)
NH . .
d is uracil (present in RNA only)
N
o 0

0
HyC
\ A is thymi ( t in DNA)
18 thymine (present 1n
N/K‘O
iy

NH,

NT X
M S is cytosine (present in both DNA and RNA)

N™ “o
H
0

N—Me, Lo L .

‘ /& is not a pyrimidine base but a derivative of uracil.
N" "o

Ve

(i) Barfoed test is used for detecting the presence of

monosaccharides like glucose, fructose etc. Barfoed reagents is

Cu (IT) acetate solution.
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CHO COOH
H———0OH H—r—O0H
HO——— 1
DTyt Cwt 2H,0— PO TR 4 cu0 tane
(Cu (Il)-acetale) H (Red ppt.)
H——+—O0OH H——OH
CH,OH CH,OH
(D-glucose) (D-gluconic acid)
(i1)
(Ninhydrin Test) Violet
- - iole
Ninydrin/ A colouration
Amino acid (Xanthoprotic Test) Yellow
(Protein) | Conc. HNOg colouration
(Biuret Test) .
Violet
CuSO; (ag)+NaOH colouration

13. Formation of the tripeptide (Val-Ser-Thr) can be shown as:

Me\CH/Me O Me\CH/OH
|
CH HN OH
H2N/ \ﬁ/ \HN/ \C/
CH
JL 2\OH JL J
Valine (Val) Serine (Ser) Threonine (Thr)
—2H,0
Me\CH/Me J 02 Me\CH/OH

| H |
OH
HN/ \ﬁ/ \cle/ N / \ﬁ/
CH
“NoH

J1 JL J

Val Ser Thr

14 Amino acid molecules can be represented as,

Nature of the ‘R’ group will determine the basicity (hence, pK )
of an amino acid.

Nature of
D - . Nature .
'R’ in the amino group of R the amino
acids
1. NH Basic More basic (due
ks to the presence
—(CHg)g—NH— C\ of acetamidine
NH»
group)
(Arginine : Arg)
2. /O Acidic Acidic
—CH C
2 \ _
(Aspartic acid: Asp)
3. —H (Glycine) : Gly Neutral Neutral
4. Basic Basic

:
—(CH,),—NH;,
(Lysine : Lys)

15. HI is a strong reducing agent. It reduces both primary and
secondary alcoholic groups of glucose along with the carbonyl
group to produce n-hexane as

«~—— Carbonyl gro
CHO 1 group CH,4
| Slecciqn(}ary HI |
<« alcoholic _—
(CHOH)— &eoh A (CHy),
(Prolonged) |
CHon <+ Primary CH3
alcoholic
Glucose group n-hexane

16. Our blood is slightly basic in nature with pH range from
7.35-7.4. The structure of histamine is given below :

Aliphatic
amino group

Imidazole
ring \~<

Basic nitrogen oflmldazole ring

It is produced by decarboxylation of histidine having following
structure. It is clearly visible from the above structure that
histamine has two basic centres namely aliphatic amino group
and basic nitrogen of imidazole ring. The aliphatic amino group
has pK, around 9.4. In blood with pH around 7.4 the aliphatic
amino group of histamine become protonated to give a single
charged cation as shown below

E\}\/ﬁm

17. Sugars that have an aldehyde, a ketone, a hemiacetal or a
hemiketal group is able to reduce an oxidising agent. These
sugars are classified as reducing sugars.

HOH,C O
aq-KOH

E—
HO _CH,COO0K OH/
OCOCH, 0

HOH,C O CH,0H CH,OH

H H
Hemiacetal

[

CH,OH
HO ~O

HOH,C

OH
(a-hydroxyketone)

Hemiacetal can be easily reduced by oxidising agent such as
Tollen’s reagent.

o
HOH,C CH,OH
Tollen’s

reagent positive silver
OH

mirror test.

OH
(Reducing sugar)



462 Biomolecules and Chemistry in Everyday Life

18.

Cysteine

NH,
Cystine HO~_ )\/S\ COOH
c S /\/
]
COOH
Hs /Y
NH,
NH, 0 Cytosine
| NF

L S
Methionine
H3C/ \/Y \OH, O/ N
NH,

19.

20.

21.

22.

23.

24.

25.

26.

Q

H
Thiol group (SH) is present in cysteine.

Vitamin B and C are water soluble while vitamin A,D,E and
K are fat soluble or water insoluble.

Quinoline is an alkaloid, it is not present in DNA. DNA has
four nitrogen bases in adenine, guanine, cytosine and
thymine.

18 ATPs are involved in the formation of 1 glucose molecule
as shown in the reaction below :

6CO, + 12NADPH+ 18 ATP —
C4H,,0 + 12NADP + 18 ADP

Here, the — OH of hemiacetal group is equatorial therefore, it
is a B-pyranose of an aldohexose.

The six-membered cyclic ether is known as pyranose while
the five membered cyclic ether is known as furanose. Hence,
ring (a) is a pyranose and it has ether linkage at o.-position
that is known as oa-glycosidic linkage in carbohydrate
chemistry.

[TPEL)

o” and ‘B’ cyclic hemiacetals of D-glucose having
difference in configuration at C-1 only are called anomers.

Both glucose and fructose are reducing sugars, reduces
Tollen’s reagent to metallic silver.

(d) A pyranose ring is a 6 membered ring having 5 carbon
atoms and one oxygen atom. In glucose, it is formed by the
reaction between >C=0 group at position 1 and —OH group
at 5th carbon atom. In general reaction between >C=0 group

and %C—OH looks like

OH
e SR RN
O—C<
Carbonyl Alcoholic Hemiacetal or
group group Hemiketal

The product formed in called hemiacetal

(if>C=0 group belongs to an aldehyde) or hemiketal (if
>C=0 group belongs to a ketone). L- glucose has the mirror
image configuration of D-glucose i.e.,

H (0] H (0]
N N
C Cll
H—C,— OH HO_C|2_H
HO—C;—H H—C|3—OH
H—C,—OH HO—C|4—H
H—Cs—OH HO—Cs—H
«CH,OH «CH,OH
D-glucose L-glucose

So, B-L glucopyranose is formed as

B-L-glucopyranose

The a-L-glucopyranose has configurational change at C; only and
looks like

" HO: Configuration at
: . this carbon atom
; ©is opposite in o
L.t and B-forms

OH H
a-L-glucopyranose

27. If there is inversion of specific rotation from (+)to (=), then invert
sugar is formed.
(a) C\,H»,0,, + H,O —> G%lCOSC
+

(+)Maltose .
140° 52
(b) C\,H,,0,, + H,O —— Glucose + Fructose
(+) Sucrose D(+) L(-)
1660 52° -92°

—40° for 2 moles mixture
—20° for 1 mole mixture
There is formation of invert sugar. Thus, correct.
(c) Specific rotation of invert sugar is —20° per mole. Thus,
correct.
(d) Br, water is a weak oxidising agent. It oxidises —CHO to
—COOH. —CH,OH group is not affected.

COOH CHO COOH
| | |

(|CHOH)4 HNOs (|CH0H)4 B I, (CHOH),
COOH CH,0OH CH,OH

Gluconic acid
(one of the products)

HNO; (a strong oxidising agent) oxidises invert sugar to
saccharic acid. Thus, incorrect.

Saccharic acid
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28. X is acetal, has no free hemiacetal, hence a non-reducing sugar
while Y has a free hemiacetal group, it is reducing sugar. Also,
glucosidic linkage of X'is ‘o’ while that of Y is B-linkage.

29. Statement I is correct Presence of — CHO group in glucose is
tested by Fehling’s solution test where a reddish-brown
precipitate of Cu,0 is formed.

Hence, Statement II is incorrect.

30. PLAN This problem can be solved by performing hydrolysis of peptide
and deciding the nature of product.
Chemical reaction and product formed after hydrolysis of given
peptide can be represented as

ﬁé‘\(NmkcL XJ‘I ﬁiﬁl\cgz ﬁ)

CH2

+
H0 CMey

+ |
Hy;N— CH2—C02 +02C—CH—NH3
0)
HN o,
R S% HO—C—CHNH— CH,—C—OH

O CH,

A

(o] (D)

CH, +

(A4) is glycine which is only naturally occurring amino acid. While
(B), (C) and (D) are not the naturally occurring amino acids.
Hence, correct integer is (1).

31. PLAN A peptide Ilnkage is hydro\ysed to two free amino acids.

,N—CH— C—NH-—CH—COOH
\ A
R _____ Rv
T
Peptide
0

* *
H,N— CH—%—OH + H,N—CH— COOH
| \
R R’
C’ is chiral carbon tetrapeptide has four amino acids joined by
three peptide linkage.
— COOH group is on alanine part, thus it is at fixed C-terminal
position in each combination.
Glycine is optically inactive thus it cannot be on the N—
terminal side. Thus, possible combinations are
Phe-Gly-Val-Ala, Phe-Val-Gly-Ala,
Val-Gly-Phe-Ala, Val-Phe-Gly-Ala

Thus, in all four combinations are possible.

32. The amino acid remain completely in Zwitter ionic form at its
isoelectric point. Amino acids with additional acidic group have
their isoelectric pH less than 7.0 and increasing pH above
isoelectric point makes them anionic.

On the other hand, amino acids with additional basic group have
their isoelectric pH greater than 7.0 and decreasing pH below
isoelectric point (by adding acid solution) makes them cationic.
The given peptide with followings R, and R, are basic, will
remain protonated (cationic) at pH =7.0.

Peptide R, R,
v CH,CONH, (CH,),NH,
VI (CH,)4NH, (CH,),NH,
VIII CH,OH (CH,),NH,
IX (CH,),NH, CH,

Thus, 4 is the correct integer.

33. The D-form of given sugar is

CHO
CH,OH
CH,
| H O on
CHOH Cyclisation H
— 0 *
CHOH OH H
H OH :
H
CH,0H D-Pyranose
D- Sugar

Configurations at the three chiral carbons (starred) can be changed
maintaining D-configuration. Hence, the total number of
steroisomers of D-pyranose = 2’=38

Thus, the correct integer is 8.
34. A decapeptide has nine peptide (amide) linkage as
_O
o \O/O\ ~o~ \O/O

—CONH—
bond

Therefore, on hydrolysis, it will absorb nine water molecules.
Hence, total mass of hydrolysis product = 796 +18 x 9 =958

= mass of glycine in hydrolysis product = M =450

= number of glycine molecule in one

molecule of decapeptide = % =6

35. —0O0™ and —NH, are two basic groups in lysine.

36. In structure (a), one ring has a free hemiacetal group, will
hydrolyse into open chain in aqueous solution and therefore will
reduce Tollen’s reagent. Structure (b) has only acetal groups,
will not hydrolyse in aqueous solution into open chain, will not
reduce Tollen’s reagent
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37. (i) D-glucose and L-glucose are enantiomers, hence

Mi
CHO ot CHO
H———OH i HO——F—H
HO————H i H———OH
H—f——OH | HO———H
H——OH | HO—+—H
CH,OH ' CH,OH
D-glucose L-glucose
CHO COOH
H——F——O0OH H——F—O0OH
1 + 1
Ho H Ag(NH;), HO H
(11) —_—
H———OH H———OH
H——F——O0OH H——F——O0OH
CH,0H CH,OH

gluconic acid
38. The dipeptides are
HOOC— (CH,),— CH— CO—NH—C|H—(CH2)4—NH2

NH; COO~
A

and
HOOC—(CHZ)Z—C|IH— NH—CO—CH—(CH,),—NH,

COO™ Isz
0 CH,CH;
39. H,N—CH—C—NH—CH—COOCH,

CH,—COOH
Aspartame
(i) Aspartame has amine, acid, amide and ester groups.
0] CH,CgHj

.
(ii) HyN—CH— C—NH—CH—COOCH,4

CH,—COO~
H+
(iii) Aspartame o H,N—CH—COOH +
2
CH,COOH
1
CH,CeH;s

H,N— CH—COOH + CH;0H
11

(iv) IIis more hydrophobic due to the presence of phenyl group.

+

H
40. Sucrose o’ D-glucose + D-fructose
2

CHO
CO,0H
H———O0H
C=0
HO————H
HO————H
H———O0OH
H———O0OH
H———O0OH
H———0H
CH,OH
CH,OH
pH=10
41. H,N—CH—COO™ —— HzN—(|3H— COOH
CH;4 CH;4
Alanine
pH=2 +

—> H;N—CH— COOH

CH,

Topic2 Chemistry in Everyday Life

1. Bakelite is a thermosetting polymer. These polymers are
cross-linked or heavily branched molecules which on heating
undergo extensive cross linking in moulds and become
infusible. Once they get set, they cannot be reshaped and reused.

2. (A) nCH,=CH, DO @A ¢ oy 4

Ziegler-Natta catalyst High density

Ethylene m polythene (HDPE)

CN CN
| 03710 |
(B) nCH, = CH [CH,—CH}-
L (Catalyst) Polyacrylonitrile
Acrylonitrile () (PAN)
(C) OH OH
. CH,0H
+ HCHO %) Polymeris@ation/
Formaldehyde baseCIcc;toe:Iyst H30
Phenol )
OH OH
CH,
n
Novolac
D) 0
NH H
C):o 0K, - C—NH—(CHy)s
—H,0 !
Caprolactum (ﬁ) Nylon-6 n

Thus, the correct match is as follows :
(A)— (1), (B) = (), (C) > (IV), (D) — (II)
3. Nylon-6, 6 (an amide) is a condensation copolymer because it is

obtained by condensation between adipic acid and
hexamethylenediamine.
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@) 0
I I
AHO—IC—(CHy)4—C nN (CHy)s—NHH
Adipic acid Hexdell;nrﬁltgglene Wano
0 0
| I
C—(CHy)4—C—NH—(CHy)s—NH
n

1 mol
nylon-6,6
Neoprene, teflon and buna-S are addition polymers.

Noradrenaline is one of the example of neurotransmitters. It
plays a major role in mood changes. If the level of noradrenaline
is low for some reason, then signal-sending activity becomes
low and the person suffe{)s from depression.

[l
Monomer of —|NH—C—NH—CH{;-
The polymer is also known as urea-formaldehyde resin. It is
made from urea (NH,CONH,) and formaldehyde (HCHO).

NHQCONH o, + HCHO Polymerisation
Formaldehyde

is formaldehyde.

Urea

0
|
—(NH—C—NH—CH,}—

Urea-formaldehyde resin

It is used for making unbreakable cups and laminated sheets.

@)
NH Polymerisation
Caprolactum
I 1
MM —C—NH—(CH,)s —C—NH—(CHg)s—
or

I
NH—(CH,)s—C ,
Nylon-6

Nylon-6 is prepared by ring opening polymerisation of
caprolactum. It is heated about 533 K in an inert atmospheric
nitrogen about 4-5 hrs. Nylon-6 fibres are tough, possessing
high tensile strength, as well as elasticity and lustre. They are
wrinkle proof and highly resistant to abrasion and chemicals
such as acids and alkalis.

Nylon-6,6 has following structure:

| I
N—(CHy)g—N—C—(CHy),—C
H H n
6 C-atoms 6 C-atoms

As it is a condensation polymer hence, each of its monomeric
unit must contain 6 carbon atoms in them. Hence, a combination

10.

11.

of adipic acid and hexamethylene diamine is the correct answer.
Both of these units react as follows to form nylon-6, 6.
O

I/
(CH);—C-~OH

H-—N—(CHy)g —lil —H+ OH+—C—
H H J’”HZO H Adipic acid
Hexamethylene
diamine ”
T—(CHZ)G—T—ﬁ—(CHQM—C
H H O
Nylon-6, 6 "

Poly-B-hydroxy butyrate Co-B-hydroxyvalerate (PHBV) is a
copolymer of 3-hydroxybutanoic acid and 3-hydroxypentanoic
acid. It is used in speciality packaging, orthopaedic devices and in
controlled release of drugs. PHBV undergoes bacterial degradation
in the environment. The reaction involved is as follows :

OH OH

| |
CH, —CH— CH,COOH + CH,CH, CHCH,COOH—>

3-hydroxybutanoic acid 3-hydroxypentanoic acid

0 CHZCH 5

I
0—|CH—C H,C—O0—CH— CHZ—(ﬁ
CH, O

(PHBV)

On polymerisation, 4-hydroxy butanoic acid will produce a
condensation homopolymer by loss of H,O molecules.

4-hydroxy butanoic acid
-H,0

i i
---r-—C—(CHp)pCHp—0—C—(CHy),CH—O0-

Ester linkage

The homopolymer obtained can also be represented as

|
£C—(CH,); 04,

(A) Molecule binding to a site other than the active site of
enzyme is called allosteric effect.

(B) Molecule binding to the active site of enzyme is called
competitive inhibitor.

(C) Molecule crucial for communication in the body is called
receptor.

(D) Molecule binding to the enzyme covalently is called poison.

Thus, the correct matchis: A—>R,B—>P,C—>Q,D—> S

Given amino acid on reaction with NaNO,/H;0" gives
diazotisation reaction which further evolves —N, gas along
with formation of carbocation. On further reaction with water, it
form HOOC—(CH,) — OH that undergoes polymerisation to
give polymer.
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NaNO,/H;0*

(Diazotisation)

@
HOOC—(CHy)4—N,
Aliphatic diazonium ion

(Unstable)
N

HOOC—(CHs)5—CH,
()
o “H'|-H,0
I l

C—(CHy—O E Polymerisation HOOC—(CHy),—OH

HOOC—(CH,)4—NH,

| | |
----- 0O—(CH,);—C—0—(CH,)4—C---- or O—(CH,),—C n
(An ester group) (Polymer)

12. The correct match is:
A—>(QB—->P)C—>([R)
(A) Norethindrone It is an antifertility drug(Q) containing
synthetic progesterone derivative. [Other similar drug, is
ethinylestradiol (novestrol)].
(B) Ofloxacin It is an antibiotic (P),

i.e produced wholly or partly by chemical synthesis with low
concentration of microorganism.[Some other similar drugs :
Penicillin, chloramphenicol, salvarsan etc.]

(C) Equanil (meprobamate) It is a mild tranquilizer for
relieving hypertension. It relieve anxiety, stress, excitement by
inducing a sense of well being.

(Other similar drug is chlordiazepoxide.)

13
V/\Phenolic
OH —OH group
FeCly
Ferric chlorid
(A) % Violet colouration
HSC CHS
Cl
Chloroxylenol (Dettol)
=CH

Dil. KMnO,/5°C/OH™ .
— = "~ 5 Pink colour of

(Baey?Sr’)s test) Kl\/an4 gets
discharged

Norethindrone

C=C
(Double bond)

o]

©) ?“@Sﬂ s

Primary Sulphapyridine
amine (-NHy) CHCl, + KOH (alc))
Foul smell
(Carbylamine . .
test) (P) of isocyanide

CH) HoH 5 CHs
D —_—
(D)R—C—NH CHs
N COOH

(0]
H
Penicillin
NaHCO4(aq)
- Becomes soluble
(Sodium X
hydrogen with effervescence
carbonate) of C02 gas
@

Thus, the correct matchis: A—>R;B— S;C—>P; D—> Q

14. Nylon-6 or perlon is prepared by polymerisation of amino
caproic acid at high temperature. Caprolactam is first
hydrolysed with water to form amino acid which on heating
undergoes polymerisation to give nylon-6.

O
NH s ot [
Hydrolysis HiN—(CH,)s—C—O
Caprolactam D POlymer(i)sation
[

Nylon-6

15. High density polythene is used in the manufacture of buckets,
dustbins etc.

16. Sodium lauryl sulphate [(CH;(CH,),,CH,0SO;Na")] =
Anionic detergent

etyltrimethyl ammonium

+

i
CHy(CHy)ys—N— CHy

CH;
Glyceryl oleate [(C;; H;,COO0);C;H5] =Non-ionic detergent
Sodium stearate [C,, H3;COO Na* ] = Anionic soap

Br™ = Cationic detergent

17. Natural rubber is formed by polymerisation of isoprene.

7\ ® °
CHZQC—CH:CHz — CHy C=—CH-CH,

CHj CH;
Polymerise
Ethylene
T /

2 +“CHp—CH—CH;—CH, CH)—C=—=CH—CH>

23 ‘ ," H,/Pt ‘

2 CH, CH;

P n n

Ethylene-propylene copolymer Natural rubber

This co-polymer is formed from propylene and ethylene.

nCH, — ‘CH + nCH,=CH, —> CHZ—‘CH—CHQ—CHz

CH,4 CH3
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19.

20.
21.

22.

23.

24.

25.

26.

__\C/ C‘)H }‘I\C‘ C\/ \/_ [ (CH;C0),0
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(a) Bakelite is used for making gears, protective coating and electrical fittings.

(b) Glyptal is used in the manufacture of paints and lacquers.

(c) PP is used in the manufacture of textile, packaging materials etc.

(d) Polyvinyl chloride (PVC) is used in the manufacture of rain coats, hand bags, leather clothes etc.

(a) Polystyreme- manufacturing toys  (b) Glyptal- Paints and lacquers
(c) Polyvinyl chloride (PVC)- Raincoats (d) Bakelite- computer discs
Thus, the correct matchis A— (1), B— (1), C—>(2), D—>4)
The given structure is of aspirin which is used as analgesic.
Aluminium hydroxide AI(OH),, cimetidine and ranitidine are antacids while phenelzine is not.

H 7 CH(NOy)
| Me,N N C
<\ S C 2 \/@\/ D NN
N NHM
N SN SNHeN 0 0 ¢
H
Ranitidine
Cimetidine
Phenelzine is a tranquilizer, not an antacid.
H
N—NH,

Phenelzine is used as antidepressant drug.

Dacron is a condensation polymer of ethylene glycol and methyl terepthalate. Formation of dacron can be shown as

MeO —C @ C—OMe + nHO — CH,—CH,—OH —omersaton OC@COCHzCHz
I I (n-1) MeOH [ I
0 0O (0] (6]

Dacron

Here, elimination of MeOH occurs as a by product. So, this reaction is known as condensation polymerisation.

n

467

Cellulose and nylons have H-bonding type of intermolecular attraction while poly (vinyl chloride) is polar. Natural rubber is hydrocarbon

and has the weakest intermolecular force of attraction, i.e. van der Waals’ force of attraction.

u _
}‘1 (‘) (llHQOH CH,0Ac CH,0Ac CH,0Ac

C
| Lo\ OH H /| H
e
L (leOH H OH |

Tri-acetylated cellulose Tri-acetylated cellulose

CHj3 CH; CH; CH; |CH3 |CH3 CH;4 CH; CHj3
(CH;),SiCl, + H,0 —> HO—Si—OH olymerisationy HO—éi—O sio|si—op L ASICL oy 7ISFO —Si—0}8i—0}-Si—0 —Ti—CH3
CHj3 CH, CH; | CHj CH;, CH; CH3 |, CH; CH,
n
Linear chain polymer Chain terminated linear chain silicone
(a) When X=COOCH;
H,/Ni HOOC—(CH,) 4—COOH
CH,00C— (CH,), — COOCH; ——— HOCH, — (CH,), — CH,0H + 2CH;0H
Heat Heat

I
O—(CHy)g—0—C—(CH,)y—C

Ester, condensation polymer

0
|

n
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(b) When X' = CONH,

I
i HOOC—(CH;)4—COOH HN—(CH,)¢—NH—C—(CH,),—C
H,NOC — (CH,), — CONH, — 2™, H N— (CH,), — NH, > { (CHas (CHa)s }n
Heat Heat Nylon, condensation polymer
B HOOC—(CH,) 4—COOH ”
(¢c) H,NOC— (CH,), — CONHZN—ZH> H,N—(CH,),—NH, o {HN(CHz)A;NHC(CHz)A;CiL
2 Hofmann's bromamide Heat ) n
reaction Nylon, condensation polymer

0
|

: HOOC—(CH3,)4—COOH ”
(d) When X =CN NC— (CH,), — CN —HHZ/L> H,N(CH,);NH, (s JIEHN(CH2)6NHC(CH2)4C
eat

Heat n

In author’s opinion (a) and (b) should also be the answer. Nylon, condensation polymer

| | |
(a) HOCH,—(CH,);—CH,0H + HO—C—(CH,),—C—OH _Heat, ~|EO—(CH2)6 —O—C—(CH2)4—CE|»
n
Polyester, a condensation polymer

H,/Ni
(b) HyN—C—(CHy)y—C—NH; —2— H,NCH,—(CH,);—CH,NH,

O
I | |
H,NCH,—(CH,);—CH,NH, + HO—C—(CHy),—C—OH 25 | NH(CH,), NHC(CH2)4C}
Nylon, a condensation polymer !
27. (A) Cellulose—a natural polymer of a.-D-glucose, linked by glycoside linkage.
(B) Nylon-6, 6—a synthetic polymer of adipic acid and 1,6-diaminohexane. The diacid is linked with diamine through amide linkage.

(C) Protein—a natural polymer of o.-amino acids where individual amino acid units are linked by amide linkage.
(D) Sucrose—has glycoside linkage, a disaccharide.

CH,
o
28. (a) H,C =C— CH=CH, —— 2HCHO + CH;— C—CHO
‘4’ Isoprene Zn-H,0
ANVHZC\ Y, CH,— CH2\ / CHpynn
(b) Isoprene —> /C=C\ / C=C\
H,C H  HC H

natural rubber
29. Zeigler-Natta catalyst, which is a mixture of triethylaluminium ‘(C,H;), Al’ and TiCl ,, is used as heterogeneous catalyst in polymerisation of

ethylene.
30. N—OH
O 0]
+ st |
H NH Polymerisation +C_(CH2)5_NH_]7
Nylon-6 (D)
Caprolactum
©
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Environmental Chemistry

Objective Questions I (Only one correct option)

1.

The primary pollutant that leads to photochemical smog is
(2019 Main, 12 April 11)

(b) nitrogen oxides

(d) sulphur dioxide

(a) acrolein
(c) ozone

The correct set of species responsible for the photochemical
smog is (2019 Main, 12 April 1)

(a) N,, NO, and hydrocarbons

(b) CO,, NO,, SO, and hydrocarbons
(c) NO, NO,, O, and hydrocarbons
(d) N,, O,, O; and hydrocarbons

Air pollution that occurs in sunlight is(2019 Main, 10 April 11)
(a) acid rain (b) oxidising smog
(c) fog (d) reducing smog

The regions of the atmosphere, where clouds form and
where we live, respectively, are (2019 Main, 10 April I)
(a) stratosphere and stratosphere
(b) troposphere and troposphere
(c) troposphere and stratosphere
(d) stratosphere and troposphere

The layer of atmosphere between 10 km to 50 km above the
sea level is called as (2019 Main, 9 April 11)
(a) stratosphere (b) mesosphere
(c) thermosphere (d) troposphere

Excessive release of CO, into the atmosphere results in

(2019 Main, 9 April 1)
(b) depletion of ozone
(d) global warming

(a) formation of smog
(c) polar vortex

The maximum prescribed concentration of copper in
drinking water is (2019 Main, 8 April 11)
() 5 ppm (b) 0.5 ppm

(c¢) 0.05 ppm (d) 3 ppm

Assertion (A) Ozone is destroyed by CFCs in the upper
stratosphere.

Reason (R) Ozone holes increase the amount of UV

radiation reaching the earth. (2019 Main, 8 April I)

(a) Assertion and Reason are incorrect.

(b) Assertion and Reason are both correct and the Reason is the
correct explanation for the Assertion.

(c) Assertion and Reason are correct, but the Reason is not the
explanation for the Assertion.

(d) Assertion is false, but the Reason is correct.

10.

11.

12

13.

14.

15.

16.

Which is wrong with respect to our responsibility as a
human being to protect our environment?

(2019 Main, 8 April 1)
(a) Restricting the use of vehicles
(b) Avoiding the use of floodlighted facilities
(c) Setting up compost tin in gardens
(d) Using plastic bags

The upper stratosphere consisting of the ozone layer
protects us from the sun’s radiation that falls in the
wavelength region of (2019 Main, 12 Jan 11)
() 600-750 nm (b) 400- 550 nm
(c) 0.8-15 nm (d) 200-315 nm

The compound that is not a common component of
photochemical smog is (2019 Main, 12 Jan 11)
(a) CECI, (b) H,C—C—OONO,

I
0

(c) CH, = CHCHO d) O,

Water samples with BOD values of 4 ppm and 18 ppm,
respectively, are (2019 Main, 12 Jan 1)
(a) clean and clean

(b) highly polluted and clean

(c) highly polluted and highly polluted

(d) clean and highly polluted

The molecule that has minimum/no role in the formation of
photochemical smog, is (2019 Main, 12 Jan 1)
(a) N, (b) CH,= O

(c)NO (d) Oq4

Taj Mahal is being slowly disfigured and discoloured. This
is primarily due to (2019 Main, 11 Jan II)

(a) water pollution (b) soil pollution
(c) global warming (d) acid rain

The higher concentration of which gas in air can cause
stiffness of flower buds? (2019 Main, 11 Jan 1)
(a) SO,
(c) CO,

(b) CO
(d) NO,

Peroxyacetyl nitrate (PAN), an eye irritant is produced by

(2019 Main, 11 Jan I)
(a) organic waste
(b) acid rain
(c) classical smog
(d) photochemical smog
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17.

18.

19.

[

© -

1.

The concentration of dissolved oxygen (DO) in cold water

(b) 4 is suitable for drinking, wherease B is not

can go upto (2019 Main, 11 Jan I) (c) Both 4 and B are suitable for drinking

(a) 14 ppm (b) 10 ppm (d) B is more polluted than A

() 8 ppm (d) 16 ppm 20. The pH of rain water, is approximately (2019 Main, 9 Jan 1)

The reaction that is not involved in the ozone layer depletion (a)7.5 (b) 6.5

mechanism in the stratosphere is (2019 Main, 10 Jan 1) (¢)5.6 ()70

(2) CHy +20; —> 3CH, = O + 3H,0 21. The condition for methemoglobinemia by drinking water is

(b) C10(g) + O(g) — Cl(g) + Oy(g) (2019 Main, 9 Jan I

. . (a) > 50 ppm nitrate (b) > 50 ppm chloride

(¢) HOCI(g) "> OH(g) + Cl(g) (¢) > 50 ppm lead (d) > 100 ppm sulphate

(d) CE,Cl,(g) 2> Cl(g) + CF,Cl(g) 22. A water sample has ppm level concentration of the
. following metals: Fe=02, Mn =350 ; Cu=3.0; Zn =5.0.

Water filled in two glasses 4 and B have BOD values of 10 .

420 velv. Th dine th The metal that makes the water sample unsuitable for
and 20, respectively. The correct statement regarding them, drinking is (2019 Main, 9 Jan 1)
1S (2019 Main, 10 Jan 1) (a) Cu (b) Fe
(a) 4 is more polluted than B (¢) Mn (d) Zn

Answers
(b) 2. (c) 3. (b) 4. (b) 13. (a) 14. (d) 15. (a) 16. (d)
(a) 6. (d) 7. (d) 8. (o) 17. (b) 18. (a) 19. (d) 20. (c)
(d) 10. (d) 11. (a) 12. (d) 21. (a) 22. (c)

Hints & Solutions

The primary pollutant that leads to photochemical smog is
nitrogen oxides. Burning of fossil fuels such as petrol and diesel
in automobiles, reaction between nitrogen and oxygen and other
such reactions result in a variety of pollutants, two main of
which are hydrocarbons (unburnt fuel) and nitric oxide (NO).

Ny(8) + 05(8) —geergnes> 2NO(2)

diesel engines

When the concentration of these pollutants is sufficiently high, a
chain reaction initiate because of the interaction of sunlight with
oxides of nitrogen.

2NO(g) + O,(g) — ", INO,(g)
NO,(g) —> NO(g) + [O]

Nascent
oxygen

0;(2) + NO(g) —> NO,(g) + 0,(2)

. Brown gas .
The correct set of species responsible for the photochemical

smog is NO, NO,, O, and hydrocarbons. Photochemical smog
appears in warm, dry and sunny climate which are obtained by
the action of sunlight on unsaturated hydrocarbons and nitrogen
oxides. Following reactions are involved during the formation
of photochemical smog.

(i) Ny(g) + O5(g) —— 2NO(g)

(Originates from
burning of fossil fuels)

(if) 2NO(g) + 0, (g) —™, 9N O, (g)
NO,(g)—™— NO(g) + 0]

Nascent oxygen
(i) O (g)+ 0,(g) = 0Os(2)
Reacts rapidly with NO

0;(2)+NO(g) —>  NOy(g) + O,(g)
Brown gas_ (in high
concentration form haze)

3CH,(g) +205(g) —> 3CH,=0(g)
(Unburnt hydrocarbon) Formaldehyde
+ CH,= CHCH= 0+ H,0
Acrolein

In sunlight oxidising smog or photochemical smog or
Los-Angeles smog is formed. This smog is brown in colour. It
occurs in warm, dry and sunny climate. In presence of sunlight,
NO, (N-oxides), O, and unburnt hydrocarbons of air combine to
produce photochemical smog which mainly contains peroxyacetyl

|
nitrate (PAN). CHy; —C—0—0—NO, (PAN)

The lowest region of atmosphere is troposphere which extends
upto the height of 10 km (approx) from sea level. We live in the
tropospheric region. It contains air, water vapour and dust which
can form clouds with the help of strong air movement.

Above the troposphere, stratospheric region extends upto 50 km
from sea level. It contains mainly N,, O,, O, and little water
vapour. O, in the stratosphere absorbs 99.5% of the sun’s harmful
UV raditions and thus protects the lives on the earth.

The atmosphere between the heights 10 to 50 km above the sea
level is stratosphere. Atmosphere is not of the same thickness at
heights.

The effect of release of CO, gas into atmosphere is global

warming.



7.

8.

10.

11.

According to W.H.O. and US environmental protection agency
guidelines, maximum allowable concentration of metals in
drinking water are as follows :

Metal Maximum concentration
(ppm or mg dm ™)

Cd 0.005

Mn 0.05 (option-c)

Al 0.2

Fe 0.2

Cu 3.0 (option-d)

Zn 5.0 (option-a)

Ozone is destroyed by CFCs in the upper stratosphere.

These compounds ultimately reach the stratosphere where they
get broken down by powerful UV radiations and release
chlorine free radical. The chlorine free radicals react with ozone
and cause its depletion by converting it into chlorine monoxide
radical and molecular oxygen.

hv .
CFECl,(g) — Cl(g) + CECl(g)

hv .
CFCl,(g) — CFCl,(g) + Cl(g)

Clig) + 0y(g) —> C10(g) + Os(g)

Ozone holes increase the amount of UV radiation reaching the
earth. These radiations can cause skin cancer, sunburns, ageing of
skin.

Using plastic bags is wrong with respect to responsibility as a
human being to protect our environment. Plastic bags are
non-biodegradable in nature. It remains in the environment as
such and does not degraded by bacteria. If it is not disposed
properly then it may lead serious threat to the environment. The
activities that can be used to protect our environment are as
follows:

Restricting the use of vehicles.
Avoiding the use of flood lighted facilities.
Setting up compost tin in gardens.

Sun emits UV-radiations, which according to following EM
categorisation have the wavelength range from 1 nm to 400 nm.

Type Wavelength range
Radio wave >0.1m
Microwave 0.1 mto 1 mm

1 mm to 700 nm
700 nm to 400 nm

400 nm to 1 nm

Infrared wave

Visible rays

Ultraviolet rays

X-rays 1 nmto 10 nm

Gamma rays <1073 nm

Thus, option (d) with 200-315 nm range is the correct option.

Freons or CFCs or chlorofluoro carbons, i.e. CELl, is not the
common component of photochemical smog. This smog is
produced as the result of tropospheric pollution while freons are
the components of stratospheric pollution. These are infact
considered as the major cause of ozone layer depletion.

12.

13.

14.

15.

16.

17.
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The amount of oxygen required by bacteria to break down the
organic matter present in a certain value of a sample of water is
called biochemical oxygen demand (BOD). The amount of
BOD in the water is a measure of the amount of organic material
in the water, in terms of how much oxygen will be required to
break it down biologically. Clean water would have BOD value
of less than Sppm whereas highly polluted water would have
BOD value of 17 ppm or more.

BOD value of clean water =4 ppm

BOD value of highly polluted water = 18 ppm

N, molecule has minimum role in the formation of photochemical
smog. While CH, = O, O; and NO has major role. When
fossil fuels are burnt, a variety of pollutants are emitted. Two
of them are hydrocarbons (unburnt) and NO. When these
pollutants build upto high levels, a chain reaction occurs from
their interaction with sunlight. The reactions involved in the
formation of photochemical smog are as follows:
h
NO,(g) —— NO(g) + O(g)

O(g) + 0,(g) == 0s(g)
NO(g) + O5(g) —> NOy(g) + O4(g)
O, reats with unburnt hydrocarbons to produce chemicals such
as formaldehyde, acrolein and PAN.
3CH, + 20, —> 3CH,=0 + 3H,0

+ CH, =CCH =0+CH;,4 (”300N02

(0]
(PAN)

Acid rain (pH = 3.5 — 5.6) constitutes strong acids like HNO;,

H,SO, and H,SO; which slowly react with marble (CaCO5;) of
Taj Mahal and make it disfigured and discoloured. Here, CaCO,
(marble) gets dissolved in acids.

2H®
CaCO5(s) @

Ca’* (ag)+ H,0()) + CO,(g) T
(Acid rain) a”" (aq) ,0() 2(2)

Organic pigments (colourents) present in flower buds retain
their colour in the oxidised form of the pigment as their nature is
itself oxidising in nature. When they comes in contact with
moist SO, (acid rain) of higher concentration, they get
decoloured and stiff.

SO, + H,0 — H,SO,
H,S0, —> H" + HSO,
HSO, —> H" +S0;~
Due to the release of H" ion (acid), the flower get decoloured
and stiff.

As aresult, flower eventually falls off from plants.

Molecular nitrate

0
|

formula of peroxyacetyl (PAN) is

CH; —C—O0—O0—NO,, It is a secondary pollutant. It is

present in photochemical smog (oxidising or Los Angeles
smog). PAN is a powerful lachrymator or tear producer and it
also causes breathing troubles.

Dissolved oxygen (DO) is the oxygen dissolved in water either
from atmosphere or by photosynthesis. The lower the
concentration of DO in a water sample, the more polluted is the
water sample.
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18.

19.

The concentration range of dissolved oxygen (DO) in cold water
reaches upto 10 ppm, but that in normal water (at room
temperature) is within 5 ppm.

CH, is not present in the stratosphere and also it cannot diffuse

or escape into the stratosphere like freon-12 (CECl,) from the
atmosphere.

In the stratosphere, ozone layer depletion take place mainly by
chlorofluorocarbons (CFCs) like CE,Cl, and the mechanism of
ozone layer depletion can be shown as:

(i) CECLy(g) —"— Cl(g) + CECl(g) [Option, (d)]

(i) Cl(g)+ 04 (g) —> CIO"(g) + O,

(iii) C1O"(g) + O(g) —> CI'(g) + O,(g) [Option (b)]
(v) Clg)+  H,0()
[Present in the
stratosphere]

—— HOCl(g) + H*(g)

(v) HOCl(g)—"> OH(g)+ CI*(g) [Option (c)]
= One Cl* can destroy or deplete 10° O, molecules.

As (i) reaction is involved in the formation of photochemical
smog, not in ozone layer depletion. So option (a) is correct.

BOD is defined as the amount of oxygen required by bacteria to
break down the organic matter present in a certain volume of a

20.

21.

22.

sample of water. Clean water or drinking water has a BOD value
<S5 ppm.

So, water filled with 4, BOD =10 ppm is polluted and water
filled with B, BOD =20 ppm, is also polluted. But, B is more
polluted than A.

In clean air, rain water picks up some acidic oxides like CO, and
SO, (obtained from volcanic eruptions). These substance make
the rain slightly acidic (pH = 5.6 — 6).

According to EEC (European Environment Commission),
excess of NO3 (> 50 ppm) in drinking water may lead to
methemoglobinemia (‘Blue baby syndrome’). It also may cause

stomach-cancer.

For drinking water, the maximum recommended levels of some
metals, set by European Environment Commission (EEC) is

Metal Max. concentration in ppm
Zn 5

Mn 0.05

Fe 0.2

Cu 3

As the concentration of Mn in the given water sample is more
than the recommended concentration. Thus, it makes water
unsuitable for drinking.
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[Section 1 (Maximum Marks : 12)j

This section contains FOUR (04) questions.

Each question has FOUR options. ONLY ONE of these four options is the correct answer.
For each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +3 If ONLY the correct options is chosen.
Zero Marks .0 If none of the options is chosen. (i.e. the question is unanswered)
Negative Marks : —1 In all other cases.

1. The correct order of acid strength of the following

carboxylic acids is

o
i Meo@
OH

@H=>1=>1>IN
o)y I>1>1l>IV
) >1>IV=>Il
@Ir>1=I=>Iv

. The green colour produced in the borax bead test of a
chromium (III) salt is due to

(a) Cr,0, (b) CrB

(c) Cr(BO, ), (d)Cr,(B,0,),

. Calamine, malachite, magnetite and cryolite,
respectively, are

() ZnCO,, CUCO,, Fe,0,, Na ;AIF,

b) ZnSO,, CuCO4, Fe,04, AlF,

ZnS0O,, Cu(OH),, Fe;0,, Na ;AIF;

(
(©)
(d) ZnCO,, CuCO, -Cu(OH),, Fe,0,, Na ,AIF,

4. Molar conductivity (A ,) of aqueous solution of sodium

stearate, which behaves as a strong electrolyte, is
recorded at varying concentrations (C) of sodium
stearate. Which one of the following plots provides the
correct representation of micelle formation in the
solution?

(critical micelle concentration (CMC) is marked with
an arrow in the figures)

Am \/ Ay cMe

@ 1 )

CMC
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(Section 2 (Maximum Marks : 32)J

This section contains EIGHT (08) questions.

Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s) is (are) correct options(s).
For each question, choose the options(s) corresponding to (all) the correct answer(s).

Answer to each question will be evaluated according to the following marking scheme:

Full Marks . +4 If only (all) the correct option(s) is (are) chosen.

Partial Marks

Partial Marks
both of which are correct.
Partial Marks
Zero Marks
Negative Marks : —1 In all other cases.

. +3 If all the four options are correct but ONLY three options are chosen.
. +2 If three or more options are correct but ONLY two options are chosen, both of which are correct and

. +1 If two or more options are correct but ONLY one option is chosen and it is a correct option;
0 If none of the option is chosen (i.e., the question is unanswered);

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers, then

choosing ONLY (A), (B) and (D) will get + 4 marks
choosing ONLY (A) and (D) will get + 2 marks
choosing ONLY (A) will get + 1marks

choosing ONLY (D) will get + 1marks

choosing ONLY (A) and (B) will get + 2 marks
choosing ONLY (B) and (D) will get + 2 marks
choosing ONLY (B) will get + 1marks

choosing no option (i.e., the question is unanswered) will get 0 marks; and

choosing any other combination of options will get — 1mark.

5. Choose the reaction(s) from the following options, for

which the standard enthalpy of reaction is equal to the
standard enthalpy of formation.

(2) 2C(g) + 3H,(g) —> CaHs(9)
(6) 2H,() + O,(g)—> 2H,00)
© Sog@ —04(9)

(d) %&;(s) +0,(g) —>S0,(g)

. A tin chloride Q undergoes the following reactions (not
balanced)
Q+Cl —X

Q+ Me;N—— Y

Q+ CuCl,— Z + CuCl
X is a monoanion having pyramidal geometry. Both Y
and Z are neutral compounds.
Choose the correct option(s).
(@) There is a coordinate bond in Y
b) The central atom in Z has one lone pair of electrons

(
(c) The oxidation state of the central atomin Z is + 2
(d) The central atom in X is sp® hybridised

. In the decay sequence.

238 —X1 234 X2 - X3
92 U 90 Th

234
01 Pa

- X
2342 4 g(})OTh

X, X5, x5 and x4 are particles/radiation emitted by the

respective isotopes. The correct option(s) is(are)
(@) Z is an isotope of uranium

(b) x, is B~

(c) x, will deflect towards negatively charged plate
(d) x5 is y-ray

8. Which of the following statement(s) is(are) correct

regarding the root mean square speed (U,,,,;) and

average translational kinetic energy (E,,) of a molecule

in a gas at equilibrium?

(@ U is inversely proportional to the square root of its
molecular mass

(D) U, is doubled when its temperature is increased four times

(c) E,, is doubled when its temperature is increased four times
(d) E,, at a given temperature does not depend on its molecular
mass

. Choose the correct option(s) for the following set of

reactions.
(i) MeMgBr Conc. HCI
CgH100
e (i H20 9 (major)
20 % HqPO,, 360 K
(') Ho, Ni R HBr, benzoyl peroxide U
(major) ) Br2: AV (major) A (major)
CHs pc o Br HC. Br  Cfs
Cl Cl
(a) (b)
S T U S
CHjy
ch Cl CH3 5 Hsc Br
Br r
(©) (@
S U U T



10.

11.

13.

14.

15.

Which of the following statement(s) is(are) true?

(@ The two six-membered cyclic hemiacetal forms of
D-(+)-glucose are called anomers

(b) Oxidation of glucose with bromine water gives glutamic acid

(c) Monosaccharides cannot be hydrolysed to given
polyhydroxy aldehydes and ketones

(d) Hydrolysis of sucrose gives dextrorotatory glucose and
laevorotatory fructose

Fusion of MnO, with KOH in presence of O, produces

a salt W. Alkaline solution of W upon electrolytic
oxidation yields another salt X. The manganese
containing ions present in W and X, respectively, are Y
and Z. Correct statement(s) is (are)

12.
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(a) Both Y and Z are coloured and have tetrahedral shape

(b) Y is diamagnetic in nature while Z is paramagnetic

(c) In both Y and Z, m-bonding occurs between p-orbitals of
oxygen and d-orbitals of manganese

(d) In aqueous acidic solution, Y undergoes disproportionation
reaction to give Z and MnO,,

Each of the following options contains a set of four
molecules. Identify the option(s) where all four
molecules posses permanent dipole moment at room
temperature.

(@) SO,, CgH:Cl, H,Se, BrFg
(c) NO,, NH,, POCI,, CH,CI

(b) BeCl,, CO,, BCl,, CHCI,
(d) BF,, O, SF,, XeF,

[Section 3 (Maximum Marks : 18)]

« This section contains SIX (06) questions. The answer to each question is a NUMERICAL VALUE.

« Foureach question, enter the correct numerical value of the answer using the mouse and the on-screen virtual numeric keypad
in the place designated to enter the answer. If the numerical value has more than two decimal places, truncate/round-off the

value to TWO decimal places.

» Answer to each question will be evaluated according to the following marking scheme:

Full Marks

Zero Marks 0 In all other cases.

Among B,H,, B;N;H,, N,O, N,O,, H,S,05 and H,S,04,
the total number of molecules containing covalent
bond between two atoms of the same kind is .............

On dissolving 0.5 g of a non-volatile non-ionic solute to 39 g
of benzene, its vapour pressure decreases from 650
mmHg to 640 mmHg. The depression of freezing point
of benzene (in K) upon addition of the solute is ............
(Given data : Molar mass and the molal freezing point
depression constant of benzene are 78 gmol™! and

512 K kg mol™ !, respectively).

Consider the kinetic data given in the following table
for the reaction A + B + C —— Product

Experiment [A] [B] [C]

Rate of
reaction

(mol dm™23) (mol dm=3) (mol dm=3) (mol dm-3s- )

No.

1 0.2 0.1 0.1 6.0x 107 °

2 0.2 0.2 0.1 6.0x10°°

3 0.2 0.1 0.2 12 x 107 *

4 0.3 0.1 0.1 9.0x107°

The rate of the reaction for[A4] =015 mol dm™?,
[B]=0.25 mol dm™ > and[C] =015 mol dm™ > is found
tobe ¥ x10”° mol dm™*s™'. The value of Y is ............

16.

17.

18.

- + 3 If ONLY the correct numerical value is entered.

For the following reaction, the equilibrium constant K,
at298 K is 16 x10".
Fe’ " (ag) + S*~ (aq) =—FeS (s)
When equal volumes of 0.06 M Fe? * (ag) and
0.2 M S$*~ (ag) solutions are mixed, the equilibrium

concentration of Fe? * (ag) is found by ¥ x10™'7 M. The
value of Y is ...........

At 143 K, the reaction of XeF, with O,F, produces a

xenon compound Y. The total number of lone pair(s) of
electrons present on the whole molecule of Y is ............

Schemes 1 and 2 describe the conversion of P to Q and
R to S, respectively. Scheme 3 describes the synthesis of
T from Q and S. The total number of Br atoms in a
molecule of T is ..............

Scheme 1
NH,
) Bro(excess), Ho,O
i) NaNO,, HCI, 273 K

(i
(i
(iii) CUCN/KCN
(v) HsO, A (mgor)
(v) SOCl,, pyridine I
P
Scheme 2 () Oleum
(i) NaOH, A
T E—
© (iiiy H* S
(iv) Bry, CSp, 273 K (Majon)
R
Scheme 3
(i) NaOH, A
S T



Paper 2

[Section 1 (Maximum Marks : 32)]

This section contains EIGHT (08) questions.

Each question has FOUR options for correct answer(s). ONE OR MORE THAN ONE of these four option(s) is (are) correct
options(s).

For each question, choose the correct options(s) to answer the question.

Answer to each question will be evaluated according to the following marking scheme:

Full Marks . +4 If only (all) the correct option(s) is (are) chosen.

Partial Marks : +3 If all the four options are correct but ONLY three options are chosen.

Partial Marks : +2 If three or more options are correct but ONLY two options are chosen, both of which are correct
options.

Partial Marks . +1 If two or more options are correct but ONLY one option is chosen and it is a correct option.

Zero Marks ;0 If none of the options is chosen (i.e. the question is unanswered).

Negative Marks : —2 In all other cases.

For example: in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answer, then

choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks; choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1mark; choosing ONLY (B) will get +1mark;

choosing ONLY (D) will get +1mark;
choosing no option (i.e. the question is unanswered) will get 0 marks; and
choosing any other combination of options will —1mark.

1. Choose the correct option(s) for the following reaction 2. Choose the correct option(s) that give(s) an aromatic
sequence compound as the major product.
CHO () Hg2*, dil. H,SO, (i) SOCl, Br
n ) AgNO3, NH,OH Q p”yndlne @ i NaOEt
(ili) Zn-Hg, conc. HCI (i) AICI5
Zn-Hg
conc. HCI UV, 500 K
R——>58 (©) © + Cly (excess) ———
Consider @, R and S as major products. (i) Ale. KOH

H3C Br (i) NaNH,

©
/@ij K (iii) Red hot iron tube, 873 K
(a) MeO MeO
R o)

s @ @ NaOMe
/©/\/\ CO,H
® 11e0 MeO 3. The ground state energy of hydrogen atom is

—136 eV. Consider an electronic state ¥ of He* whose

@) . .
Q R energy, azimuthal quantum number and magnetic
quantum number are 3.4 ¢V, 2 and 0, respectively.
O /@ij Which of the following statement(s) is(are) true for the
€ MeO MeO state ¥?

(@) ltis a 4d state
(b) The nuclear charge experienced by the electron in this state

is less than 2e, where e is the magnitude of the electronic
COH charge
C) MeO (c) It has 2 angular nodes
MeO e

s (d) It has 3 radial nodes

R S

T
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4. Consider the following reactions (unbalanced). (b) Natural rubber is polyisoprene containing trans alkene units
(c) Cellulose has only o-D-glucose units that are joined by
Zn + Hot conc. H,S0, — G+ R+ X glycosidic linkages
Zn +conc. NaOH — T+ Q (d) Nylon-6 has amide linkages
G +H,S + NH,OH — Z (a precipitate) + X + Y ) o
Choose the correct option(s) 7. The cyanide process of gold extraction involves
(a) The oxidation state of Zn in T.is + leaching out gold from its ore with CN™ in the presence
(b) R is a V-shaped molecule of Q in water to form R. Subsequently, R is treated with
(c) Bond order of Q is 1 in its ground state T to obtain Au and Z. Choose the correct option(s).
(d) Z is dirty white in colour (@) Qis O, (b) Z is [Zn(CN), I~
c) TisZn d) Ris[Au(CN), T
5. Wwith reference to aqua-regia, choose the correct option(s). ) @ [AU(CN), ]
(a) Aqua-regia is prepared by mixing conc. HCI and conc. HNO, 8. Which of the following reactions produce(s) propane
in3:1(v/v)ratio as a major product?
(b) theflello(\j/vcclolour of aqua-regia is due to the presence of (@ HsC--Cl zn,di.HCi
and Cl,
(c) Reaction of gold with aqua-regia produces an anion having Br
Au in +3 oxidation state (b) HsC Jy Br 7n

(d) Reaction of gold with aqua regia produces NO, in the

absence of air (€) HzgC~~"~COONa NaOH, Ca0, &
—_—

6. Choose the correct option(s) from the following.
(a) Teflon is prepared by heating tetrafluoroethene in presence (d) HsC~~">COONa + HyO Electrolysis
of a persulphate catalyst at high pressure
[ Section 2 (Maximum Marks : 18)
This section contains SIX (06) questions. The answer to each question is a NUMERICAL VALUE.
For each question, enter the correct numerical value of the answer using the mouse and the on-screen virtual numeric keypad
in the place designated to enter the answer. If the numerical value has more than two decimal places, truncate/round-off the
value to TWO decimal places.
Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +3 If ONLY the correct numerical value is entered as answer.
Zero Marks ;0 Inall other cases.
9. The decomposition reaction 11. Total number of hydroxyl groups present in a molecule

10.

A . . of the major product Pis .........
2N,05(9) — 2N,0,(9) + O,(g) is started in a closed

cylinder under isothermal isochoric condition at an
initial pressure of 1 atm. After ¥ x10° s, the pressure

(i) Ho, Pd-BaSOy, quinoline
(ii) Dil. KMnQOy, (excess), 273 K

inside the cylinder is found to be 1.45 atm. If the rate
constant of the reaction is 5 x10™*s™!, assuming ideal
gas behaviour, the value of Yis .........

12. Total number of ¢is N— Mn—Cl bond angles (that is
Mn—N and Mn—Cl bonds in cis positions) present in
a molecule of c¢is [Mn(en),Cl,] complex is .........

(en = NH,CH,CH,NH,)

13. The amount of water produced (in g) in the oxidation of
1 mole of rhombic sulphur by conc. HNO; to a
compound with the highest oxidation state of sulphur
is ...... (Given data : Molar mass of water =18 g mol ™)

The mole fraction of urea in an aqueous urea solution
containing 900 g of water is 0.05. If the density of the
solution is 1.2 g cm ™, then molarity of urea solution is
...... (Given data : Molar masses of urea and water are
60 g mol ™' and 18 g mol ™, respectively)

14. Total number of isomers considering
both structural and stereoisomers of cyclic ethers with
the molecular formula C,;HgO is .........
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( Section 3 (Maximum Marks : 12))

This section contains TWO (02) List-Match sets.

Each List-Match set has TWO (02) Multiple Choice Questions.

Each List-Match set has two lists : List-I and List-II

List-1 has Four entries (1), (Il), (Ill) and (IV) and List-IT has Six entries (P), (Q), (R), (S), (T) and (U).

FOUR options are given in each Multiple Choice Question based on List-I and List-II and ONLY ONE of these four options
satisfies the condition asked in the Multiple Choice Questions.

Answer to each question will be evaluated according to the following marking scheme :

Full Marks . +3 If ONLY the option corresponding to the correct combination is chosen:
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered).
Negative Marks : -1 In all other cases.
Answer the following by appropriately matching the lists Which of the following options has the correct
based on the information given in the paragraph. combination considering List-I and List-II?
15. Consider the Bohr’s model of a one-electron atom 8 E:;) (El.F;) Eg; E:i) ((Fg)
where the electron moves around the nucleus. In the ' ’
following List-I contains some quantities for the nth 17. List-I includes starting materials and reagents of
orbit of the atom and List-II contains options showing selected chemical reactions. List-II gives structures of
how they depend on 7. compounds that may be formed as intermediate
List-l List-Il products and/or final products from the reactions of
List-1.
() Radius of the n th orbit (P) o<n?
List-I List-II
() Angular momentum of the electron inthenth  (Q) o< n™'
orbit () CN O (P) CHO
() Kinetic energy of the electron in the nth orbit ~ (R) o< n° o W’ COLH
(iv) Conc. HoSO
(IV)  Potential energy of the electron in the nth (S) oen' OJ o
orbit ) Z )0 Q) OH
M o N2 (i) Zn, H,O
CO.H (iii) NaBH,4 OH
) «<n'? 2 (iv) Conc. HpSO,
Which of the following options has the correct (I ©\ﬁ Cl Si)ﬁig* \ R) ©©
combination considering List-T and List-11? COXCH, W) 0
@) (I, (P) (b) (), (S) (i) Cono, HpSO,
() (V). (U) d (v), (Q)
. (V) COMe ) OH
16. Consider the Bohr’s model of a one-electron atom iy LiAR,
where the electron moves around the nucleus. In the CO,Me (M Cone. #2504 COuH

orbit of the atom and List-II contains options showing

following List-I contains some quantities for the nth
e d M ©?COQH
how they depend on . COH

List-I List-Il )
() Radius of the nth orbit (P) en? o
() Angular momentum of the electronin =~ (Q) e n™'
(0]

the nth orbit

(I Kinetic energy of the electron inthenth (R) o n

orbit Which of the following options has correct
(V) Potential energy of the electron inthe  (S) o ' combination considering List-I and List-11?
nth orbit (@ (), (S), (R)
M wn? (b) (IV), (Q), R)
(c) (I, (T), (V)
Q) =n" (@ (V) @), (V)
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18. List-I includes starting materials and reagents of List-I List-1l
selected chemical reactions. List-H. gives structures of V) CO,Me ©) OH
compounds that may be formed as intermediate products ('") LiAIH,
and/or final products from the reactions of List-I. COzMe () Cone. HyS0, COH

2

iii) NaBH, H
iv) Conc. HoS0, CO,

List-| List-1l @ ©\ﬁ coH
(i) DIBAL-H
() ©§CN 0 DAL ®) CHO COM

(@]
r\g) O
T \ (@]
2|53
o
(@)
G
o T i
G
O
CiE

OH
@)

iii) NaBH,
iv) Conc. HoSOy4

Which of the following options has correct
combination considering List-I and List-II?

" .
(ii) H;;OJr a Y Y
COLCH, WA (©) (0. (P), (S). () @ 0. 9. @) R

(@ (), (P), (5), (V) (®) (), (@), (M), (V)

Answer with Explanations
Paper 1

1. (b) Acidic nature depends upon nature of electron Na,B,0,—2> B,O, + 2NaBO,
withdrawing group and electronegativity. Electronegativity Bo;licd » smn;)m
further depends on % s character. Higher the s-character, dohydnde  metaborate

greater will be the electronegativity and hence tendency to glassy bead

loose H increases thus acidic character also increases. Boric anhydride is non-volalite. When it react with Cr(III) salt
0 then deep green complex is formed.
0 2Cr** 4 3B,0;,— 2Cr(BO,);
(I) Hé< (II) H>7 k OH Deep green
Hence, option (c) is correct.
sp- hybridisation sp? -hybridisation 3. (d) ZnCO;-Calamine (zinc ore)
(50% s character) (30-33% s character)
(pK, = 1.86) (pK, = 4.3) CuCO; - Cu(OH),-Malachite (copper ore)
o Fe;0,-Magnetite (iron ore)
() MeO©J< av ch/\H/OH NagAlFé-C.ryolite .(aluminium ore)
OH ‘ 0 Thus, option (d) is correct.
sp? -hybridisation sp® -hybridisation 4. (b) | Key Idea The aqueous SO|EItIOI] of ionic surfactant, i.e.
(Resonance effect) (25% s-character) sodium stearate (C,,H;,CO ONa) acts as a strong univalent
(pK, = 4.5) (pK, = 4.8) type of electrolyte in the concentration range below the CMC
and the linear function of dependence of A, on~/C has a
Hence, acidic order I > II > III > IV. small negative slope.

II is more acidic than III since electron donating group
(—OCH,) is attached to benzene ring in III which decreases the
acidic character. - CMCof Ay onVC has a

On the other hand, pK, value also determined acidic nature, small negative slope.

lower pK, value gives maximum acidic character.
Hence, option (b) is correct.

2. (c) Borax bead test is performed only for coloured salt. Borax Ve
(sodium pyroborate), Na,B,0,-10H,0 on heating gets fused At
and lose water of crystallisation. It swells up into fluffy
white porous mass which melts into a colourless liquid
which later form a clear transparent glassy bead consisting
of boric anhydride and sodium metaborate.

normal or low concentration, sodium stearate
[CH5(CH,),,COO™Na*] behaves as strong electrolyte and for

strong electrolyte, molar conductance (A,) decreases with
increase in concentration.

Na,B,0,-10H,0 —~5Na,B,0, +10H,0 T
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Above particular concentration, sodium stearate forms
aggregates known as micelles. The concentration is called as
CMC. Since, number of ions decreases and hence A, also
decreases.

Hence, option (b) is correct.

. (¢, d) The standard enthalpy of formation is defined as
standard enthalpy change for formation of 1 mole of a
substance from its elements, present in their most stable
state of aggregation.

302(5)—>03(g);
25409 + 0,9 50,9

In the above two reactions standard enthalpy of reaction is
equal to standard enthalpy of formation.

. (a, d) )
Sn
SnCl,+ CIT —— SnCly cri|ci
Tin chloride 154) Cl
@) sp3 (pyramidal)

SnClj has (36 + 1/p) and exist in pyramidal structure.

Me\ Cl
SnCly+Me;sN —— SnCly-NMe; | Me— N— s
(3°amine) [0 Me Cl
@
Y complex has coordinate bond in between nitrogen and Sn metal.
Reduction
[ i
+2
SnCl, + ZCuCI2*> SnCl4 + 2CuCl
@ 2)
| Oxidation 1

Z is oxidised product and oxidation state of Sn is +4 in Z
compound. Structure of SnCl,(2) is

Cl

Sn
cl
a’

Thus, options (a, d) are correct.

. (a,b,c) | Key Idea The lose of one a-particle will decrease the
mass number by 4 and atomic number by 2. On the
other hand, loss of B-particle will increase the atomic
number by 1.

In decay sequence,
U2 0oTh?* + ;He? (or o)
L X; particle

24 4 (B or _ye)

X particle

02U + (B or 1% «—— o1Pa
is isotope X3 particle
of uranium

\—> 90Th230 + 2H64 (or o)

X, particle

Z234

X, particle will deflect towards negatively charged plate due to
presence of positive charge on a- particles.

Hence, options (a, b, c) are correct.

8. (a, b, d) The explanation of given statements are as follows:

(a) U, is inversely proportional to the square root of its
molecular mass.
3RT
Urms =
M

Hence, option (a) is correct.
(b) When temperature is increased four times then U,

become doubled.
3R
Uns = ” x 4T
3RT
s = 2%

U,
Hence, option (b) is correct.

(c) and (d) E,, is directly proportional to temperature but does
not depends on its molecular mass at a given temperature as

E, = 5KT. If temperature raised four times than E, becomes

four time multiple.
Thus, option (c) is incorrect and option (d) is correct.

9. (c, d) The given road map problem is

6 H-—OH
k\ Hs 0 MgBr
N
CHSMgBr @ Hy0 | Hydrolysis
(C6H100)
CH, CH; OH
H Br
Conc HCI + Mg<
—Hzo OH
Ma]or @
CH; Br CH;3
(i) Hg Ni 20% H3POy,
(Reductlon) 360K
+ H2O
(11) Brz hv - Dehydration
major (free radical ~major of alcohol

substitution)  (R)

et

Benzoyl peroxide
(anti-Markovnikov's rule) ma]or

Hence, options (c, d) are correct.

10. (a, ¢, d) The explanation of given statements are as follows:

(a) Two six membered cyclic hemiacetal form of
D-(+)- glucose are called anomers.

CH,OH CH,OH

H O oH H N

[x-D(+)-glucopyranose B-D(+)-glucopyranose

Both are anomers.

TID S



(b) Oxidation of glucose in presence of Br, water gives
gluconic acid.

CHO COOH
H—— OH H——— OH
HO————H B, HO—f——H
_—
H———— OH Water H————0OH
H————0OH H————OH
CH,0H CH,0H

D-(+)-glucose Gluconic acid

(c) Monosaccharides can not be hydrolysed into polyhydroxy
aldehydes and ketones.

(d) Hydrolysis of sucrose gives D-glucose and L-fructose.

Invertase
CIZHZZOII + HZO — C6H1206 + C6H12O6
L-fructose

D-glucose
or dextrorotatory  or laevorotatory

Hence, options (a, ¢, d) are correct.

1

11. (a, ¢, d) MnO, + 2KOH +-0,—25 K,MnO, +H,0
(W) potassium
manganate

KyMnO, (ag) —=2K"(ag) + MnO % (aq)
W 69)
Oe 3 L. .
| sp-" hybridisation,
Mn tetrahedral (manganate ion)

2N
o 1o
0

Green coloured

complex
MnO? ion has one unpaired electrons, therefore it gives
d-d transition to form green colour. Y complex has
paramagnetic nature due to presence of one unpaired electron.
In aqueous solution,

Electrolytic oxidation
K,MnO, + HO —— > H, + KOH + KMnO,
(W) (X)

©

3
A + R \ sp”, tetrahedral
KMnO,(aq) K"+ MnO, Mn (purple coloured

ZN .
2) ol o complex ion)
(6}
MnOy ions gives charge transfer spectrum in which a fraction of
electronic charge is transferred between the molecular entities.
5 Electrolytic _ _
MnOj MnO, +e
(Y) oxidation (2)

In acidic medium, ¥ undergoes disproportionation reaction.
3MnO? (aq) + 4H" — 2MnOj + MnO, + 2H,0

(Y) (2)
MnO;" and MnO, both ions form n-bonding between

(Y) (2)
p-orbitals of oxygen and d-orbitals of manganese.
Thus, options (a, ¢, d) are correct.

12. (a,c) | Key Idea Dipole moment of a bond depends on the
difference in the electronegativities of bonded atoms.
More is the difference in the electronegativities, greater
will be the dipole moment. Also,

For symmetrical molecule,pu = 0

For unsymmetrical molecule, i # 0
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The molecules which gives permanent dipole moment are
polar in nature.

Cl
8 e
VN VAN
(6] (6]
w#0 w#0 w#0
(polar) (polar) (polar)
F
F T F
Br M % % Mg
s Cl— Be Cl
F F Upet= 0
0
tlp;;lar) (non-polar)
Cl
[al % % ) ) \\
Hnet=0 Cl / u=0
(non-polar) (non-polar)
0
AN N a
AP AN o
Cl 0 Cl
u=0 u=0 u=0 w#
(polar) (polar) (polar) (polar)
F
H\ \ 0 F Y
o B 0
H /C Cl / \ 5 / \ > Xe
H FoF o0 0
w#0 w=0 F F
(polar) (non-polar) =0
(polar) F
w=0

(non-polar)
Thus, options (a, ¢) are correct.

13. (4.00)N,0,N,0,, H,S,0; and H,S,04 molecules are
containing covalent bond between two atoms.

S
N=N—5o0, ! 0 \N N/ 0
(0 1o’ || Von o’ Ng
0 (N3Oy)
(HgS203)
0 0 H H
H
S‘ ! NN
HO/ ‘\O—O/H\OH H/ Sy \H
0 (HgS90g) 0 (BaHe)
H
! H
Ho B~
o
e B‘\ P
0 SNy
(BgN3Hg)

B,H, and B;N H, have polar bond, but do not have same kind
of atom.
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14. (1.02) | Key Idea First calculate, molar mass of solute using the

o
formula, 2~ Ps _ Dsolute
, =
p° +n

and then calculate AT

Nsolute solvent

by applying the formula; AT; = K; xm.

When 0.5 g of non-volatile solute dissolve into 39 gm of
benzene then relative lowering of vapour pressure occurs.
Hence, vapour pressure decreases from 650 mmHg to
640 mmHg.

Given, vapour pressure of solvent (p°) = 650 mmHg
Vapour pressure of solution (p,) = 640 mmHg
Weight of non-volatile solute = 0.5g

Weight of solvent (benzene) =39¢g

From relative lowering of vapour pressure,

po — P = Xy _ Nyolute
— “*Solute —
po nsolutc + nsolvcnt
0.5
650 - 640 _  molar mass
650 0.5 + 22
molar mass 78
0.5
10 molar mass
N 0.5
650 % + 0.5
molar mass

0.5+ 0.5 x molar mass = 65x0.5
.. Molar mass of solute = 64 g
From molal depression of freezing point,
AT, = K, xmolality
I<f X Wsolute

(MW)solute ><Wsolvent
0.5 x1000
AT, = 512x — 2 AT, =1.02K
64 x 39

15. (6.75) Rate = k[A]'[BY[CT

(Rate), _ [0.2]" [01 [01F _ 6x107
(Rate), [0.2] [0.2]" [0IF  6x107°
= y=0

(Rate), _ [0.2]" [01] [01F  6x10°°
(Rate);  [0.2]° [01] [0.2f 1.2x107*
= z=1

(Rate), _ [0.2]' [01] [01F _ 6x107°
(Rate),  [0.3]° [01] [01]> 9x107°
= x=1

So, rate = k[A]'[C]

From exp-Ist,
Rate = 6.0 x10°mol dm s~}

6.0 x10™> = k[0.2]'[01]"
k=3x10"

[4] = 015mol dm™
[B] = 0.25 mol dm™
[C]= 015 mol dm™

Given,

~Rate = (3x107) x [015]'[0.25]°[015] = 3 x10™> x 015 x 015
Rate = 6.75 %107 mol dm ™~ s
Thus, Y = 6.75

16. (8.9) Given, equilibrium constant (K ) at 298 K = 1.6 x10"”

Fe®* (aq) + S (aq) == FeS(s)

At initial concentration 0.06 M 02M

(Before mixing)

At initial concentration 0.03 M 0.1 M -
(After mixing)

At equilibrium 0.03-X 0.1 -0.03 = 0.07 _

[Here, K, >>10°, thus limiting reagent will be consumed

almost completely, 0.03— X =0 .. X = 0.03]
From equilibrium constant,

_ [FeS]
C = oo
[Fe*" ][S]
1
Ko=—— [For FeS(s) =1molL™]
X x0.07 (Pure solid)
1
1.6x10"7 = ———
X % 0.07
1
= =89x10"
1.6 x10'7 x 0.07
Given, X =Y x1077 =89x10""7

Y =89

17. (19) XeF, reacts with O,F, to form XeF,-O,F, is fluoronating

reagent.

XeF, + 0 F, 255 XeF, +0,

(Y)

The structore of XeF is

Y compound (XeF,) has 3 lone pair in each fluorine and one
lone pair in xenon.
Hence, total number of lone pairs electrons is 19.

18. (4) Scheme -1

NH, NH,
Br Br
(1) Bry(excess) (i1)) NaNO, +HCl
_—
H,0 273K
Aniline (diazotisation
P Br of aniline )
2,4,6-tribromoaniline .
N CI™
CN
B B Br Br
Y r (iif) CuCN/KCN
+Np T e
CI” is displace
by CN ion Br
Br 2, 4, 6 tribromo
. (complete hydrolysis of diazonium chloride salt
(iv) H30 | — CN group which
convert into —COOH) (H)
COOH Cc—cl1
Br Br (v) SOCl, Br Br
Pyridine
—
Br Br

Major
@
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Scheme-2
SO3H SOSNa OH
i NaOH, A (iii) "
(i) Oleum (11) al Hydrolysis +NaHSO, — 2
H,S,0; CSZ, 273K
R (HyS04+ SOy) (Bromination)
@ (Sulphonation) 2 b minor
romophenol ma]or )
4- bromophenol
Scheme-3 0]
(H Br
c—cl 0 Q
Br H /O
Br Br
(1) NaOH, A
R (@ Br + NaCl
Br
(S) D
(Major)
T compound has total number of Br atom =4
Paper 2
1. (a, b)
C=C—CH,—CHO () Hg*, dil. H,S0, ‘C CH—CH,— CHO
_
Hydration of Alkyne
CH,0 CH40
Keto—enol
Tautomerism
_ _ N~ (i) AQNO3+NH,OH . _ .
‘C‘: CH;— CH; ﬁ © (Tollen's reagent) ﬁ CH2 CH2 CHO
(0] (0] (—CHO converts into COO™) O
CH50 CH;0

CHZ\ CHZ N
(iiiy Zn-Hg + Conc. HCI CH2 (i) SOCl,+Pyridine CH2
St SHE SN
(Clemmensen reduction) ‘ (i) AICI3 | _
CHy0 CH, CHO H

< ﬁ)—reduce to —CH2> o | C|\C/CH2
0 COOH I
@)
CH, CH
N A
/@i ?Hg Zn-Hg/Conc. HCI /@/\ ?Hz Electrophilic
- DT e —r—
Clemmensen reduction CH2 substitution reaction
CH,0 on,~ CHe CH,0 ﬁ/
S
) X
(R)
2. (c, d) ‘ Key Idea An aromatic compound must be cyclic and planar. It must follow (4n + 2)e™ rule and have the conjugated system in it.
(a) Br OFEt
D/ NaOE: D/ co ] == [T
Substitution product  Ellimination product (Non-aromatic)

(b) Benzene react with Cl, (excess) in presence of UV light and 500 K of temperature to form benzene hexachloride (non-aromatic).

Cl

Cl Cl
uv
@ + Cl, (excess) 0ok
Cl

Cl

Cl
(Non-aromatic)
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(c) CHs (i) Alo. KOH e (iii) Red hot iron tube
Y\Br (i) NaNH, CHSC* CH 873 K (Trimerisation)

Br CH,

CHg CHs

(Aromatic)

oNa't

(d) NaOMe
—MeOH

(Aromatic ion)

Thus, (c) and (d) options are correct.

. (a, c¢) Given, ground state energy of hydrogen atom = —13.6 eV
Energy of He™= - 34eV,Z =2

136 x 72

Energy of He', E = - ———eV
n

—-136 x (2)* 136 x 4

—s = n= = n=4
n 34

Given, azimuthal quantum number (/) = 2(4 — subshell

Magnetic quantum number (77 = 0

—34eV=

. Angular nodes (/) = 2

Radial node=n-1-1=4-2-1=1
nl = 4d state

Hence, options (a), (c) are correct.

. (b, ¢, d) When Zn react with hot conc. H,SO, then SO, is
released and ZnSO, is obtained.

Zn + 2H,S0, — ZnSO, + SO, T + 2H,0

(Hot + Conc.) (G) (R) (X)

R(SO,) molecule is V-Shaped

g
/™
(0] (0]
Thus, option (b) is correct.
When Zn is react with conc. NaOH then H, gas is evolved and

Na,ZnO, is obtained.

Zn + 2NaOH (conc) —> Na,ZnO, + H,T
(T) (Q
In ground state, H—H (Q) (bond order =1)

Thus, option (c) is correct.
The oxidation state of Zn in T(Na,ZnO,) is +2
Thus, option (a) is incorrect.

ZnSO, + H,S + NH,OH — ZnS{ + 2H,0 + (NH,),SO,
(G) 2 (X) ()
ZnS (Z) compound is dirty white coloured.

Thus, option (d) is correct.

. (a, b, ¢) The explanation of given statements are as follows:

(a) Aqua-regia is prepared by mixing conc. HCl and conc.
HNO; in 3:1 (v/v) ratio and is used in oxidation of gold
and platinum. Hence, option (a) is correct.

(b) Yellow colour of aqua-regia is due to its decomposition
into NOCI (orange yellow) and Cl, (greenish yellow).
Hence, option (b) is correct.

(c) When gold reacts with aqua-regia then it produces AuCl;,
anion complex in which Au has +3 oxidation state.

0 +3
1?u+ HNO; +4HCl —>1}uC1; +H,0" +NO + H,0

Oxidation

Hence, option (c) is correct.

(d) Reaction of gold with aqua-regia produces NO gas in
absence of air.

Hence, option (d) is incorrect.

. (a, d) The explanation of given statements are as follows:

(a) Teflon is prepared by heating tetrafluoroethene in
presence of persulphate catalyst at higher pressure.

nCF, — CF,—oatP®s —{ OF;—CFp -

catalyst

Thermoplastic Polymer
(PTFE)

Thus, option (a) is correct.
(b) Natural rubber is polyisoprene containing cis alkene units.

o)

CHK
nCH,=C—CH=CH, — c=—cC

AN
cHy” H
CH, cis-ployisoprene unit
Isoprene (natural rubber)

Thus, option (b) is incorrect.

(c) Cellulose has only -D-glucose units that are joined together
by glycosidic linkages as shown in the following structure:

OH OH
0
OH 0
0 OH O
O Jon o
) \

(cellulose

(1, 4, B -linkage)
Thus, option (c) is incorrect.

(

d) Nylon-6 has amide linkages.

—0O

o]

O

XNH ; I
A0 1 N(CH,)sCOOH] Ljo> —éc—(CHg)5NH97
n

Nylon-6

Caprolactam

7.

Thus, option (d) is correct.

(a, b, ¢) Cyanide process of gold extraction involves leaching
out gold from its ore with CN™ in the presence of O, (Q) in

water to form [Au(CN),]~ (R).
When [Au(CN),]  reacts with Zn (T), it froms [Zn(CN)4]2’ (2)
and Au.
The corresponding reactions are as follows :
4Au(s) + 8CN(aq) 22272 4IAu(CN), | + 40H  (ag)
(R)

2[Au(CN),] (aq) + Zn(s) —> [Zn(CN)4]2' (ag) + 2 Au(s)
(R) (7)

Hence, options (a, b, c) are correct.

(a, ¢) The given reactions takes place as follows:

Cl '
A~ ZndiHa CHy— CH,— CH,
(@) CHj (Propane)



)\/ —> CH;—CH=CH, + ZnBr,
CH3

(EI|m|nat|on (Propene)
reaction)
CH NaOH, Ca0, A Ceh s
AN “Hecroyes e CHo—CHg CO,T
(c) COONa (Propane)
@3 EecO%8, Gy, — (Op)y— CH,
COONa n-hexane

Thus, options (a, ¢) are correct.
9. (2.3) Atconstant V, T

2N,05(9) —=> 2N,0,4(9) + O,(9)

Atinitialt=0 1 0 0
=Y x10’sec 1-2p p p
Protal :1_2p+ 2p+p
L4=1+p
p = 045atm
According to first order reaction,
2303 i
k= —logL
t pi—2

p; =latm (given)
2p =2x045=09atm
On substituting the values in above equation,

2k-t = 2.303log !

1
2x5x10‘4xyx103::2.30310g6I

y=2303=23
Note Unit of rate constant (k), i.e.s™' represents that it is a first
order reaction.

70. (2.98 mole)

Number of moles of solute x 1000

Key Idea Molarity (M) =

Volume of solution (in mL)

Mass

Also, volume = -
Density

Given, mole fraction of urea (y y.e,) = 0.05
Mass of water = 900g
Density =1.2g/cm’

n 900
Yurea = ——0— [+ Moles of water = —— = 50]
Nyrea + 50 18
n
0.05=—"%— = 191, =50
nurea +
Myrea = 2.6315moles
Wirea = Murea X (M- Wl) yreq = (26315x60)g
2.6315 x 60 + 900[ . Mass of solution }
=———— | Density= ————
1.2 Volume of solution
= 881.57mL

Now, molarity
1000

Volume of solution (mL)

= Number of moles of solute x

~2.6315x1000
881.57

=298 M
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11. (6)
(i) Ho, Pd-BaSO,
Quinoline (reduction)
— (Triple bond converts into
double bond)
(if) Dil. KMnO 4 _
(excess) 273K /C_ C
H H
OH
A
on o C—C— CHQO aitOH
“,
OH OH e

(P) (Major product)
Compound (P) has total number of hydroxyl groups = 6

12. (6) The structure of cis-[Mn(en),Cl,] complex is

Cl Cl
@ Cl ) @
AN
S JLen T W

Bond angles (Mn—N and Mn—Cl bond in cis positions)
Cl (@) — Mn —— N,

Cl (a) — Mn ——N|,,
Cl (a) — Mn —— N,
Cl ()) — Mn ——N;,
Cl ()) — Mn ——N;,

Cl ()) —— Mn ——N,
Number of cis CI—Mn—N = 6

13. (288) Key Idea Rhombic sulphur (Sg) gets oxidised into
sulphuric acid and water,NO, gas is released on reaction
with conc.HNO;.

When rhombic sulphur (Sg) is oxidised by conc. HNO; then
H,S0O, is obtained and NO, gas is released.

Sg + 48HNO; — 8H,SO, + 48NO, + 16 H,0
1 mole of rhombic sulphur produces =16 moles of H,O
". Mass of water =16 x18 (molar mass of H,O)

=288¢g

14. (10.0) The structure of cyclic ether with molecular formula,
C,HO are as follows:

(chiral carbon)

@Eﬁ

h |somer = 2 isomer
S |somer -
R isomer| _ 5 isomer
O S isomer

(1 chlral carbon)
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0 0
) ©®)

* * f

R, R isomer
R, S isomer| = 3 isomer
S, S isomer

(2-chiral carbon)

Total number of isomers of cyclic ether with molecular
formula, C;HgO are 10.

15. (a) (111) Kinetic energy of the electron in #th orbit,

2

KE. = +136 x 2
n

1
or K.E.«— or KE. ocn?

P
From list-1I, correct match is (III P).

(IV) Potential energy of the electron in the nth orbit,

2

P.E.=-2x136 x%
n

1

PE. <« —
)

PE.ocn?

From List II, correct match is (IV P).
Hence, correct matching from list-I and list-II on the basis of
given option is (III, P).

16. (c) (1) Radius of the nth orbit,
2
r=0529x -
Z

Here, rocn?

From list-1I, correct match is (I, T)
(II) Angular momentum of the electron,

nh

mvr=— Oor mvron

2
From list-1I, correct match (II, S)
Hence, correct matching from list-I and list-II on the basis of
given option is (I, 7).

17. (b)
(l”) Cl (i) KCN CN
Nucleophilic
substitution reaction
ﬁ OCHjg (CI” replaces by CN~ ion) —OCH,4
6]
CHZOH + COOH Hao+
g C—OH (Complete hydro\yS|s
= M ” of —CN give —COOH
and ester also get hydrolysed
into —COOH and alcohol )
CH, CH,OH

(iv) conc. HZSO4
5 > HO+
Q CH,0OH

Hence, correct match of (III) are T, Q, R.

I
C—OMe o
) (i) LiAIH, CH,OH
/C OMe
g @ “CH,0H
(i) conc. HoSO4
0 + HZO Dehydration
(R)

Hence, correct match of IV is Q, R.

Hence, correct matching from list-I and list II on the basis of

given option is (IV), Q, R.
18. (a)
C—H
0 CN _(DBALH
O (ii) Dil. HCI
CH/
(0]
—HZO
(iii) NaBH4
reductlon
O
(iv) Conc. H,SO4
(dehydration) 0
(R)
Hence, correct match of (1) are (Q, R)
0 00020+ H0 _C_
Ozono\ysws
COOH COOH
(iii) NaBH,
(iv) Conc. HZSO4 —OH
—Hzo
ﬁ
@)

Hence, correct match of IT is (P, S,U).

Hence, correct matching from list-I and list-1I on the basis of
given option is (II), P, S, U.
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