AROMATIC HYDROCARBON

10.

24.

25.

26.

27.

28.

29.

30.

31.

HINTS & SOLUTIONS

EXERCISE - 1
Single Choice

OH
@
O!O +H" (-H,0) OQO (Aromatic carbocation)
_—
(H2S0y4)

In the presence of +M effect, the rate of mononitration is increase and in the presence of — M effect, the rate of
mononitration is decrease.

In presence of +M effect rate of mononitration increase and in presence of —M effect rate will decreases.

An hydrous AICl,

Benzene +CH,Cl > gives toluene.

Highly deactivating and highly activating rings do not undergo Friedel craft acylation.
0 CH,+H 0 CH,

| I
@—c +cH,cl A%, @—c
CH, CH, CH,
Rate of electrophilic substitution oc Stability of arenium ion.
Br Br Br

Cl . cl
(i) Cl,/Fe (i) H,0/A
_H,S0,

SO.H SO,H

OCH, (+ M) CH, OCH,

\ C(CH
CH-C=CH~+H' _ (CHy),

CHré‘ILCH}
CH, CH, CH,

If both +M group are present on benzene ring then electrophilic attack in the influence of more +M group.

Br
(1eq.)
T ¢ —NH

Tl COOH NH2 Br
0]

Brlee
N 1eq)

Br
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CHEMISTRY FOR JEE MAIN & ADVANCED

H,C
HC HNO, _
35 SO,
O,N
Br Br Br Br
Br B
36. conc. HNO3 +conc. HoSO4 ' + Br + ON Br
NO, O,N
Br Br Br Br
CllH3 (|:H3 CH,
CH,~C—H CH,—C—O—OH CHré_ BH,
— H3PO 0=0 @
38. [::]+(ng—CHCHzIéA:L» - Hy
(i) Migration of Ph
(i) H,0°
PhOH + CH,COCH, <
OH
NaOH/CaO H.O* /Br
39. decarboxylatlon (B) CéHs MgBr —s C6H6+ Mg\OH
N,CI OH
NaOH H,0
@ TORYO
CH,
Br, / CCl, OH
41. — R
<:>_ . Br CH,
CH,
Me OH Me OH
i) CHCI /NaOH/A Br,/ Fe
42. _—
(iDH; O X) CHO Br CHO
(O ﬁ CH,
OH
AICI OH I,/NaOH
46. % Fries rea_[r:n @ Tods f2 Reacti @[ + CHI
gement odoform Reaction 3
COCH, COONa
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48.

53.

58.

60.

61.

I
g CH3 CH, OH

@0
NaNO, +HCI CuCN H* /H,0
—_— E—
CeHNH, — —oo CeHs NoCl — - C(H,CN ———2=— C(H,COOH

Ph—NH, + CH,COCI — X%, p, _ NH - COCH, (acetanilide)

KOH
Ph—-NH,—— Ph—N=SC
2 CHC -

I3

__ChL/Ca OH)

CH,COCH, (CH COO) Ca+CHCI,

+ -—
NH.CI NH,
@ +AgNO; —— @ +AgCl | (white ppt)

NHCOCH, NH,

Ph—NH, — €O ph_ NHCOCH, __HNO; __OH /H0 |

NO,

_H0*A @ NaNOZ/HCI @ KNO, /Cu” @
.
N,CI C c
—2
Ni

NH, N
NaNO,
HCI
@f

NHCOCH,

H,NH,

CuCN HNO,
—

H,~OH

NaNO, +HCl H,0
ST —
CeHyNH, — = > CHN,Cl — > CH,OH
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CHEMISTRY FOR JEE MAIN & ADVANCED

+ _

N=NBF,
62. —2 5 CHF

NH,
CH;
66. Phenol prefer coupling in sligtly basic medium.
67.  Ph-NH, _HNO2  phN I —F, pp
0°C BF;/A

®

NZCI@ OH
ORCEREOSEE)

SCH,CH;

0. /©/ _ CeHsCHySK_ /©/

74. Because rate of S 2AI‘1$*F>*C1>*BI’>*I

CN
CH;), NH
75. @ () @ (A1S2)
CuZOA
F

NMe,

NO, NO,
EtONa(1mol)
76. cl A cl [~ M effect of — NO, group at para position]
Cl OEt

79. (A) @‘rm +AgNO, — 5 No. Reaction

double bond character
due to resonance

0
O Il

Il
CH, 1: Wl ? _CH, C—CH, C-CH, —_— CH,—CH,
30. Cl, / AlCl, n-Hg ;

AICI
Cl
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81.

82.

83.

84.

cm
T i
C-CH,- CH COOH
CH,—CH—C
" | \O ACL ‘ Zn/Hg—HCI
CH—C~
ol
° !
CH,
CH, O |
AICI, CH —CH, - C|)H lcl: Cl SOCl, ©/CH2 — CH, - CH - COOH
2 2 %
Cl

~S0, —H
—Cl
Zn/Hg ©ij\ Pd/C,A
( 2H,) CH
(S)

Br / F
@D = Qoo @-w g proncwro O

O
Nm _Zn/Mg | ()@ml
Conc HCI

[A] O
®)
CH;
| H,0° c-C
ON C-0-0_-1 —5 ON ” H, + C.H,OH
|
C.H, ©
O O
\ 0 P 0
° O
’ o) - C-0 e COOH
— H — E—
Lén H,0
salicylic acid
OCOPh
PhOH / H,80,/A  PhCOCI/Py COOFh

- 7 7z

Phenoxide ions are so strongly activated that they undergo electrophilic aromatic substitution with CO,, a weak
electrophile.

B Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035

+91-9350679141
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O-CH,~C—~OH O-CH,-G-C

I I Q
86. _ NaOH __CI-CH,~COOH _socl, | __ACl
O
: . : CH=0

CH Cl NBS
NCI
(i) BH, / THF
[::j CH~CH=CH,  (jj)H,0,/OH®

87.

88 +CH,=CHCH,Cl —*%— [::]/ ]
CH,~CH,~CH,-OH
o) O
—
O —CH,—CH=CH, OH
H.C CH, H.C CH,
89. A,
%
CH, - CH = CH,
OH
NaOH
Fuswn
OH
X)
CN COOH
o1. _Br | ) NaNO, / HCI,0°C  Br Br HO®HO Br Br
>
THO (i) CUCN A
Br Br
OH oH
. NO NO
93. @ dil. HNO3 ‘ + Steam distillation 2

[Interamolecular H-Bonding low B.P.]
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94.

96.

98.

99.

100.

101.

102.

104.

105.

OH
1. CCly /KOH/A, 2. H®
(D) i |4 i i @ @
Reimer-Tiemann Reactlon
COOH
(pKa = 2.98) pK? 5 4.58)

(Ka) =x >y (Carboxylate anion stabilized By H-bonding)
(Sol.) =y>x (Intermolecular H-bonding in y)

(Vol.) = x>y (Intramolecular H-bonding in x)

(MP) =y>x (More Symmetrical Structure of'y)

Since the compound dissolves in NaOH, and gives a characteristic colour with FeCl,, it must be a phenol. Now three
phenols having the M.F. C.H,O are o-, m- or p-cresol. Since the compound on treatment with Br, gives a
tribromoderivative, therefore, two o- and one p-position w.r.t. OH group must be free. That is the phenol is m-cresol.

OH OH

Br,—HO = Br
— 27

CH, CH,
m-Cresol Br

(M.F. C,H,0Br,)

Nitrobenzene reduced into aniline by metal/acid and electrolytic reduction.

C,—C, - is shorter because it is double bond in two of three resonance strucutre ; C~C, is a single bond in two
of three resonance strucutres.

OCH, OCH,
SOCI, DryAlCI
—_—
? Pyridine tautomerlses OH
I
CH,~CH=CH-C-OH CH,—CH=CH C Cl

Mustard oil reaction given by 1° amines because it has 2 active -H atoms.

Substitution reaction of benzene diazonium salt.

NH,
f r\©/8r
Br2
Br

ciN=sc — 120 CHNH, + HCOOH

For (A) — Kinetic isotopic effect is present in sulfonation.

(B) Heating p-Xylene with AICI, and HCI results in the conversion of the majority of it into more stable
m-Xylene

(C) Electron withdrawing group retards the Fries rearrangement.
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CHEMISTRY FOR JEE MAIN & ADVANCED

H @ )
106 NaNO,+HCl — gy HNO, —— H-0-N=0—N=0 + H,0
H
®NO ® 0O
Ph-NH, ——— PhN,Cl
HCI (0-5°C)
H,SO,
107. NH-NH earrangement” H:N NH,
(hydrozobenzene) (Benzidine)
NH, NC CH,NH, CH,NC
CH, CH,
108. CHCI, /KOH and CHCI, /KOH
CH;, , CH, CH,

+ .. +
109. R-C=0 «—R-C=0
(A) (B)
These ions are stabilized by a cannonical form containing a triple bond (B), though the positive charge is principally
located on the carbon, so that (A) contributer more than (B).

110. Etard reaction.
CHs oy crocn, cs,a CH=0
(i) H,0"

®
111. Nitration of benzene takes place by electrophilic substitution (Electrophile is N O, )

112. Ion formed by dissociation of C—H bond in toluene, is resonance stabilised.

EXERCISE -2
Part # I : Multiple Choice

BrZ/H O Zn/A Br Br
OH
CH 0]

Br
OH
(X)

CHCI #/NaOH/A
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AROMATIC HYDROCARBON

CH CH
[ | CH,
CH~C-H CH-C-O-OH CH3—(1)— _%Hz (i) Migration of Ph  OH
_ @ (i) H,0°
3 (A) 0=0 | H > +CH,COCH,
OH OH OH
Etj Con. H,SO, NaOH (fuse) = H®
—_c iy _ >
SO,H OH
@ Sn/HCI @ NaNO, /HCI @ steam
i
O-C—CH, OH OH
D)@ LiAIH, @ HI (1 mol) @
OCH, OCH, L
OH
CHO
4 (i) CHCI3+NaOH, A
(i) H*
CHO
Q)
EXERCISE -3

Part # I : Matrix Match Type

i
C_QH __ Conc.HgPO; @ c° @‘@
—
__ Zn-HglHCl ”
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QT e, QO e OO0
—

CH, CH,

=
© ne  Chs _Pd-ClA

(D)©/\|L vk, @/\LO o

2. (A) -CH=CHCOOH is deactivating due to —I of -COOH group, but o,p-directing due to stability of carbocation.
(B) —CCl, is electron withdrawing group due to —I nature.
(C) —OH is electron donating due to +m.
-NO, is electron withdrawing due to —m.

Part # II : Comprehension

Comprehension#1 :

OH

C
I 0,/ H,0"
CH;—CH,—CH,ClI (|3H S > @ + CH,-C—CH,
Sol. (1 to 3) ACI, ? CH 5
5

(Y) )

CO JOH™

OH

CHCI, + CH,CO0"

) @ COOH

(Q) Salicylic acid

CH,~C-0-C—CH,
O O

O-C—CH,
(0]
COOH

Aspirin
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AROMATIC HYDROCARBON

Comprehension #2 :

(More stable o complex)

[

2.
NO,
NO,
3. —
/ \+NO —/ f ( K
(Morestable
o—Complex
A H e xNO,
4. | 2 +NO, —> | pZ NO: _>U
N N N
More stable

(o —Complex)

Comprehension #3 :

Cl Cl Cl Cl
@ Sn/HCI @ CH;COCI CH3;—CH=CH, /H* CH/CH3
\CH,
NO, NH, NHCOCH, NHCOCH, cl
HZO/H+ CH3
A CH<
CH,
NH,
G
Br
KCN,A nucleophilic Br, /Fe
substitution reaction electrophilic substitutionreaction
NO, NO, NO,
(H)
l Br,/Fe
Cl CN ;
Br r

KCN,A nucleophilic

substitution reaction

NO,

NO, )
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EXERCISE - 4
Subjective Type
3. Position (1) is most nucleophilic as well as least stearically hindered.
5. An aromatic electrophilic substitution reaction with NaNO, / HCI will be observed in those compound which have

+1, +M, HC group. Due to more electron density.

OH
OH

SO,H , ) . .
7. : o-isomeris formed at low temperature, and the p- isomer at high temperature.

SO.H

Reason : Sulfonation is reversible. At higher temperature the rate controlled ortho product reverts to phenol which
then reacts to give the thermodynamically controlled para product.

OH OH
N 0 ©
(e
H+
s : o 1, O g
O 0

Phenophthelene

NH, CH=0
CH=N

Aniline Benzaldehyde Benzalaniline (schiff's base)

CH;
SOCI
12. 0-HOOC-C(H,~CH,~C H; ———=— ;@ __anhydrous @ @
AICI
cocl ’ c

H

CH, — CH,0OH
O 5® 5© 2 2
QN Q.- AICI, ALO,/A
13. AICL+CH—CH, __, 7\

CH—CH, ———

HO - CH-CH, - Cl CH = CH

Ph NaOH ’
C CH, <_a ®
H o = HOCI/H
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o NO2 O

(less activating)  (more activating)
(o/p directing)

NaOH
19. (a) Amol)a’
OCH, I
— D
I
/[:::r/\I::] [ +CHONa —2 + [fj
O,N
— NO,

(b)
CH.—CI CH,—OH
20. @ __AGKOH @
(A)
CH, COOH
. @ @
__HNOg+HzSO, . __KMnO,
Cl
(B)
Cl
21. Clis o-, p-directing but deactivating group, hence nitration before S reaction will decrease extent of nitration hence,

further yield of picric acid is decreased in path I. By S reaction —OH group. introduced will activate benzene ring for
nitration hence path II would give better yield.

OH OH

SN ¢ O

25. @H@ @ NaOH, M

OH
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28.

o]

32.

G G: G
—| (2)
NN o, e

I (II) N
Il

: !
Wheland

intermediate

ERG in I and EWG in II will increase the rate of reaction.

Zi .
Phenol L Benzene Conc HNOs Nitrobenzene ~ EELEN hydrazobenzene
distillation Conc.H,SO, at60°C NaOH
(electrophilic substitution) (Reduction)
EXERCISE - 5

Part#1: AIEEE/JEE-MAIN

In aryl halides the C—X bond has partial double bond character due to resonance so it will not give S reaction.

@ .
@NHZ NaNO, + dil.HCI N=NCI _HBF, N NBF,”
— osc — + N,+ BF,

~NO, group in benzene ring shows — I and — M effect, which deactivates the ring towards electrophilic substitution
but activates towards nucleophilic substitution.

o—chlorotoluene

CH,

p—chlorotoluene

The reaction proceeds by electrophilic substitution mechanism. The CH, group is o/p directing.

N CI
_ NaNO,+HOI HBF"’
T ok

KBr (aq.) + KBrO; (aq.)—> Br, (aq.)

OH OH
Br Br
+ Br,aq ——»
Br

2, 4, 6-tribromophenol
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AROMATIC HYDROCARBON

10. NaNO CuCN
HCI 278 k

Benzene diazonium chloride Benzonitrile

(A) (B)
O/ H ~-._Oe
gﬂ
11. %o intra-molecular H-bonding.
Il
12. By reaction with one mole of CH,~C—Cl with one -NH, group the molecular mass increases with 42 unit. Since the
mass increases by (390 — 180) = 210 hence the number of -NH, groups is 5.
0] 0]
R—-NH,+ CH,-C-ClI m R—-NH-C - CH,
CH,-Br CH,—OR
alcoholic
CH, CH,
Oxidation
0
COOH
A
O, —— CL>
COOH
(0]
(Phthalic anhydride)
® O
NH, N,Cl CN
NaNO,/HCI CuCN/KCN AN
0-50C A
14.
CH, CH, CH4
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15.

W

CH COOH

KMnO4

(A)
SOCI

cocl

H,/Pd
BaSO,

Part #1I : IIT-JEE ADVANCED

Itis ArS 2 reaction, N has lone pair so it is activating and subtitutions accurs at most activated position.

CH,H CH, CH,H CH,

__aq. acetone | acetone
Q1O OO 2
Cl
CH,H CH,
L H,O CH,0 @ rearrangement|
—H* .@ ‘ ‘ .
H

CH,

(A) Due to presence of p-NO, group, (- I, -m group) the S 2 Ar reaction is accelerated (due to stabilization of
intermediate carbanion). In the second case NO, can not exert its — m effect to stabilize the carbanion.

Reaction involved are
(HhA—— B

3H,S0, *2NaBr+MnO, ——> Br, +MnSO,+2NaHSO,+2H,0

(A) (B)
(2)A — C
2H,80,+ H-O-N=0 —— (H=O—=N=0 + HSO,” + H,SO,) — > H.O%* NO, + 2HSO,
5 0o
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Note :

10.

ON
/ _Con.HiNO, O O
NH \Q Con. H§O N
|
H

(-NH-part is p-directing).

Me Br Me ‘\\\\SPh
F o6 F
PhS Na
dimethylformamide ~
NO, NO,

It is S, 2 reaction so back side attack is possible.

o (¢}
CH —Cl
\H (1) KOH > N — CH, Br
Amd base SN’ reaction
reaction
0 O

(.) NaNO,/HCI
CH3 NH o o ) =N
1

+ NaOH Colored dye
Cl
AICI A ~
o
= Al (e ()
Aromatic ,
(P) Arczrg)atlc
(NH“)Z & 100-11 /
NH + H,CO, O NA, NoH HO N OH N
|
Y [
Aromatic
0 OH (R)
.rd O cf
Aromatic
()
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- QEQeET =

CH, CCl, CH, CHCI,

OH
Repllons
CH, CHCI,
Q=Y
—SO
_0O

n\
o)

H,/Ni
13. HOOC-CH=CH-COOH ————* O
Q o

Anhydrous AICI, Zn — Hg
HCI

CHO
CO, HCI
14, L Anhydrous AICIB/CuCI'

(Gatterman Koch.
synthesis)
/O H

CHCI,
y ©/ 1000c @
l Ho
C

HO

©

CHCI,

—

CH, CHCI,

alo
e

O

O

OH
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cocl CO,Me
©/ P850 BaSO, @ ©/

(Rosenmund)
CH,_ CH;
CH
15. CH, = CH-CH,,H"* R
high pressure, heat
Cumene

radical initiator, O,

CH,_ CH;
C-0-0-H
(0]
H,C CH, & 5
i. 0, N
ii. Zn, H,0 C\

H3
27FN
17. | “H I
l OH Og
o
? OH

DIBAL H
Toluene -78°C

50

NNo2 HCl
- O==0”
OHlNaOH

o0

=z= 2—

[ Z]
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CH=CH,
e Ne)l
PdBaSO4

B .H/H,0,,
NaOH H,0

e

19. cli_CH3
(0]
lEtMgBr
OlH
CH;-C-CH,-CH, i CH,
H* CH,
—_
@ -
CH,—Cl
25. @ Bry /hv @ Free radical substitution
|| . . Il )
6. CH—C _NOWBE o CHBr, + Ph— C—O Na'

Haloform Reaction
Acetophenone

CH,C0O),0/CH,CO
. @_CH:O (CH.C0)O CHEOOK | @_CH=CH—COOH
. Condensation cis and trans

Benzaldehyde (Perkin's reaction)

OH
COOH
@OH +NaOH + CO,——>

Kolbe-schmidt reaction
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CH, CH,

O
H.C
28. ConcH)pSO4 /Heat N H3C =CH Heated Iron tube / 873K N
CH

H}C CH; HBC CH;

Zn, Hg, / HCI
— =

H

3

CH,
C /©\CH
O Br
O, HO 0
N\ /' on
29. CO/HCI CH3COONa Bry /NayCO3 OH
X

AICI3 /CuCl (CH3C0), 0

Br CH
HO 0 | |

OH Moist KOH/473K

0 0
z cH=cH~cZ
OH

O
=z
C CH=CH—C
\H CH3COONa \OH

__ CH;CCONNE H, /Pd
30. (CH3C0)20 —

H,PO,/A
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CH,
COOH OH Cl
Br Br
23. (i) (i) ) (iv)
3
O,N CO,H NO,
Br CH,

COCH,

(OO OO
2. ()HC @;E (i) HOZCQCOZH (i) @\E

25. (i) ; because —CHj is an activating group hence toluene is most reactive.
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