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Q.Discuss stability _of benzene on
pasis _of)  Resonance enerdy:
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‘ H '1(..”'7‘\'.’('”. \O
Benzene Maleic anhydride
This is commercial method for the preparation of maleic anhydride. Benzene is not ox
‘)) ‘\ h'lll(); Oy ]{\::(:1 ;.t( )’I. ’| ,'/1{" oy . ;< J' :
— . ‘ S 4 v —OH
(1) Combustion ¢ H &

, ; . ' ® . 258 . . e
When benzene is burnt in the presence of air or oxygen, CO; and H,O are produced, jus
other aliphatic hydrocarbons

)

+ 15 O, —= 12C0, + 6H,0
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(1i4) (7/(\Hu|} wis

penzene reacts with ozone and gives glyoxal, passng through tnozonide as an intermedire

o

,',’/’/
i (. Hr)
+ 30, Dry cthet = CH,0, (0 o v 200
\ o Ozone I riszonde 100°C (HO
Benren Clyoeal

av) Sede chain Oxidation:
When alkaline or acidic solution of KMnOyor K,Cr,0; is added to alkyl benzene, alky [ gromgs

present in the benzene ring are oxidized inm carboxylic groups.
JCH, \’H 1 ;-A COOH

4.
! Alk aline KMn0O),

Toluene Renzow acid

2H,CH, COOH

. Alkaline KMnO,
+ 6[0] s #._H,0O

Benzow acud

Ethyl benzene

Electrophilic Aromatic Substitution Reactions ( -ve s rema=c

Introduction
The pi-electrons of benzene are highly stabilized due to resonance. They are not readily
au'ailable for Lhe elcctrophilic attack like the electros of alkenes. A wcak clcctrophilc cannot

(o penetrate .md break the continuous sheath of electron cloud in bcn/cnc. Subantuuon is
preferred over addition in order to preserve the stable aromatic character

General reaction

Benzene on reaction with an electrophile in the presence of Lewis acid catalyst gives substituted
benzene.
+3
Hy
5 .o FeX,
+ Nu—E 3
Rengent

+ NuH

Mechanism / siereochemicol evidence
" consists of the following three steps.
Fermation of a strong electrophile (X*)
2Fe + 38X, —» 2FeX,
O 9FeX, + NuE—— [FeX,Nu]' + E*

(nio'(‘{t + feodeot
E" is a strong electrophile

JIVN A2 O1aVe
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2. Formation of phenoniom ion /h | - |
s - N - yenzene r m ph
[he electrophile E' thus produced attac ks on f" l Enoniyy bon

AR
N Flectrophile

Phenonium ion |

3. Regeneration of catalyst .
is removed to give substity
The phm(mmm ion is unsml)le therefore H' ion 1s remo g ¢ substitutigy, Prody,,

+ ch 3+ HN
Nitration

The substitution of NO, group to a benzene ring in the presence of conc. H,S0;, g 5.-
form nitrobenzene is called Nitration reaction.

H,SO
+ HNOg lf t‘* + H2O
nO N0, sgac

benzene nitrobenzene

.33 f,(:

Mechanism
Sulphuric acid reacts with nitric acid to generate nitronium ion.

50°C
HONO, + H,S0, _P—TT—* NO, + HSO, + H,0
N‘{Yo\\ﬂ{] Mixtuve Nitvonidm
[ NO, |
/_-l_\‘@ H
NO, — + Hy,0
Electrophile @ J

NO,

FN
, ®

‘;‘ulphonalion

The substitution of sulphopje

acid group t
» o s O s »
benzene is heated with fnmulg }125()4 or cl ; a be
oncentry

ted H,S0, it yields benzene sulphO’“Ca

Nzene ring is called Sulphonation- wh
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E‘ 16 Hydrocarbons \ m

Fuming HeSO, has free sulphur m()xldc which is electron deficient (electrophile)and causes
substitution.

6o Sulphnianighar

SO > e )
HOSOzH . ofp i
+ Hy,SO, 80°C + H,0
Benzenesulphonic acid ). Ve SR iy ¥

SOH 3
+ 50, H,SO,
Furning 25°C

H:£0u move

veackive Benzenesulphonic acid

Mechanism

When sulphuric acid alone is used, the actual electrophile in this reaction is SO,
HySO, + H,S0, TR H40" + SO, + HSO,
"“ZO r, L0
H&Q

' H
? b(g}de,\\( ﬂ_o- GET ADMISSION IN OUR ONLINE INSTITUTE
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Benzene Bcnzcncsulphonicacid

;fﬁ/\
ﬁ—o' _HSO,
0
+

— allod< oy H\idmmumlon '

Il . SO4H

5—0

§ +HG — + H,0
Halogenation

Tha rrihattbutinn afhalamnam ¢60 o bhoacamne o Wt o0 ) &

(7]

|_° + H,S0,

o

o
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Halogenation
The substitution of halogen to a benzene ring in the presence of a Lewis acid catalyst to form

nlobenzene is called halogenation reaction.
Halogenation of benzene occurs with halogens (Xs) in the presence of a Lewis acid

atalyst FeXs. Chlorination- and bromination are normal reaction but fluorination is too
iigorous to control. Iodination gives poor yield.

»Single  Step Rxn ¥ X
- FeXqy , A
2
X = Be, C3
. GET ADMISSION IN OUR ONLINE INSTITUTE
Fe or FeBrg BADLO By MAK
s ‘t + HBr Contact WhatsApp Number: 492 331 5014353
imilar: . Bromobenzene
Similarly, al
el =, + HCI

Chlorobenzene

CamScanner
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Mechanism M fovm atfon f\f g .
Xo + FeXy — X* + FeX

Cly + FeCly , = CI* + FeCl,
Pq(\(]c‘nf (nlnl\JS

NU- Cosxoly st
/3 tvophile : +CF ——»
2 Attack 0{ electvophi phenoniumion
3) \ess of Prton ©< R ©/
+

+ FeCl, —» HCI + FeCl,

Halogenation of alkyl side chain

When alkylated benzene is treated with chlorine or bromine in the presence of sunlight, ol i
the alkyl groups are substituted.

CH, CH,CI

4 Clg sunlight + HCl

GET ADMISSION IN OUR ONLINE INSTITUTE

Benzyl chloride

BADLO By MAK ' CHCI,

Contact WhatsApp Number: +92 331 5014353 + Cl, ZoEh + HCl

Benzal chloride

CHCI, cCly
L S - PR—— + HC

) ,Sr(‘? Benzotrichloride

" Friedel-Crafts Alkylation Q-.Give Fedal crall akylation vxn of Benzene! |
The substitution of an alkyl group in the benzene ring in the presence of'a Lewis acid cataly®

AlCl, to form an alkylated benzene is called Friedel Crafts alkylation reactions.

Q. Conveyt penzene inlo 1olouene ?

CamScanner m
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‘ Benzotrichloride

Aot
" Friedel-Crafts Alkylation Q-Give Fdedal cvoft mkylatiom, %" <

The substitution of an alkyl group in the benzene ring in the presence of'a Lewis acid caz

AICl, to form an alkylated benzene is called Friedel Crafts alkylation reactions.
3. Convert benzene inlo tolouene?

o+
o- _H R
8+ S—A.lX3
+ R X S + HX

Alkyl halide
Benzene . Alkylbenzene

General reaction

Examples /One.-tiep &« n:

. &t
o~ _H CH,

6 + o - >
+CH;—d —ibAlLl + Hx'

Methyl chloride

Benzene Toluene

GET ADMISSION IN OUR ONLINE INSTITUTE
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O 4
/ S- _H /\\ CHy~——CH,
+ CHqy— GH, Cl I + HCI
Benzene Ethyl chloride Ethylbenzene
yMechanism X
(H3 3
(i) R——Cl+ AlCl; ——»= K + AICI, i
R
o H =
(i1) + AICI,
®
R(AZ
(iii) + HCI + AlCl,
— Alkyl benzene N
4& . —4 n ? fs s i = - 4

CamScanner
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Alkyl benzene

lCrafthc)lntlon Q- Give friedal cvaf{t acylation Rer !

,bgnmuon of an acyl group (RCOZ2) to a benzene ring in the presence of a Lewis acid
s o such as AlCls to form an acetylated benzene is called Friedel Crafts Acylation

- eral reaction
\

fhe

N 9
ey § AICI, = GET ADMISSION IN OUR ONLINE INSTITUTE
+ R._g;r(g! —_— + HCI

Acid Chloride

Benzene fi(@“a L OJ;’\'O'(I‘_/JQ
jample [0ng - S1€P Rxn:

BADLO BY MAK
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Acylbenzene

i
O —_—
" AlCl4 C—CH; + HCI
+ HyC—C—Cl ——»
Acetylchloride

Benzene Acetophenone (Methyl Phenyl ketone) .
. = ‘(‘ e
iechanism Q- Coni2it wenzene
) o a7
o) Acetoonenone v
8% & (Hy ” ’ * Lo X g A
(BR—C—Cl + AICl; —— R—C, + AICl, Q. Converl &
AC\IL%)DUF . = s I~y a2l 8]
i . curnene oY 9
I 3 3 i - ‘.’x"
0 C—R| @. (onvevt benzineg
/—\ "+ H +~0 (o ' C‘ \l./ 'P ~,‘rj.:'— :
+ R—C i ——> e
“® ® chlovnde
1 CH3
C—R

C—R CH3
W\

A (("{opn(’HOH e
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ketone)

Q- Conveyt benzene o

Acetophenone? i
A Q- Conveyl bRrnNzENE Nlo
A mmene b\/ a\\(\"\_dtl‘bﬁz
| A3 ‘ ‘4o
:—R| @. (onvevt benztne 'n
~H ‘F-oymald\/h “’O\Qf ?
L toke formyl
chionae

—R CH3

+. AlCl; + HCI
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The Effect of Substituents (orienting effect) \"q
When an electrophilic substitution reaction takes place on benzey,,. fin _
i

N - . vy T 1 » i . Ay We
monosubstituted benzene because all the six positions in the ring are H|n'n..l.-‘mM o
position of a second group nto the -

ring depends on the nature of the .
) : L .- . ‘.‘
substituted may enter at ortho, para o1 meta position. Theg 1
On statistical basis the proportion of disubstituted products woulq y,, 1

. . Wy
meta and 20% para disubstituted products. C Ol '
' X
t

X X
Y .
(
' x———_-’@ T @ @ (\
Ortho ‘Meta Y
; P
Y

A e

first ;;u..,"

Monosubstituted benzene
1

1-2
LiO'/. 1o l""'lb\li!lnr:lI,,h"," 4

l*',\;nnplv
chlor

ination of nitrobenzene in the presence of Lewis acid catalyst fo, :
i / ' 3
chlorobenzene as the main product. ,

However, the results do not agree with chance substitution ratio, €.g. m-nitro-chlorohe,,
the main product of the following halogenation reaction. 1
NO, NO,

FeClg

= + HCl

+ Clp
cl

m-chloronitrobenzene
However, nitration.of chlorobenzene gives a mixture of o-nitrochloro-benzene ax
nitrochloro-benzene is obtained.

Cl ‘Cl Cl
NO,
2(HNOy+H,S0,)
9 P + + 2H,0
= 2
(o)
MinoY NO2 .
Classification of substituent on benzene ring
THkre are o types of groups: GET ADMISSION IN OUR ONLINE INSTITUTE
a. Ortho- and para- directing groups BADLO BY MAK
b. Meta- directi
ot rrhomie L i Contact WhatsApp Number: +92 331 5014353

1. Ortho and para directing groups ¢ :
These groups release electrons towards the benzene ring, at ortho and pard Pmlf
Because these positions are electron rich, therefore the second group is substitu! b |
and para positions. They also enhance the reactivity of benzene ring.
Example
The electron releasing effect of methyl groups is significant and it makes the
good nucleophile. Due to this increased reactivity, more nitro groups can enter !

o
e

cs'cs

p—— & ——
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- positions.
ral CH,

S
=y HNO, + HS0,

0 -0

/,/
NO,
CH, CH, CH,
N(,‘I N”‘, Nn,
ZHNO, + HSO,
2 30 - 40°C " t t2H,0
NO,
g NO, M No,
2HNO, + H,S0, . :
100°C v + 3H,0
i ‘\1'02 - GET ADMISSION IN OUR ONLINE INSTITUTE
‘ 2,4 6-trinitrotoluene ‘M“ BADLO By MAK
Examples of ortho and para directing groups are Contact WhatsApp Number: +92 331 5014353
Q(CHs)z, .NH,, -OH, -OCHj3, -Cl, -Br, -I and R-
:][hough .F, -Cl, -Br and -I are ortho-para directing groups.but they deactivate the ring for
%unher substitution.

9. Meta-Directing Groups |
These groups withdraw the electrons of the benzene ring from ortho and para positions.

Therefore the ortho and para positions are more electrons deficient than the meta position.
Thus, the incoming electrophile will prefer to attack on meta position rather than ortho and
para positions. These groups are called meta-directing groups. These groups decrease the
chemical reactivity of benzene. '

NO, : NO,

HNO; + HySO, .
3y + H,0
95°C

NO,

The substitution of third nitro groups is not possible because nitro group has deactivated the

ring, other examples of meta directing groups are
-NO, ,.=COOH, -CHO, -SO3H, —CN,-COR etc.

?Etermining the directive, activating and deactivating effects of the substituents
- All alkyl groups, phenyl group and groups having one or more non bonding electron pairs
: Onblh'e atom adjacent to the ring are ortho-para directing. -R, -OH, -OR, -NH,, -X.
. substituent having a positive (or partial positive) charge on the atom adjacent to the ring
are meta directing groups.
0
o —sny, — &8
5. Al —N=—0" —Niy —E&N etc.
o_nho-para directing groups activate the ring except halogens which are partially
eacuvators.

1 Pl '
¢ directing groups are deactivators.


https://v3.camscanner.com/user/download

. tinP“ like CN.,-CHO, *NH,, *NR., which decrease the 1o

ad direct the incoming group at m- position AClvity of Begge

w1 LSS ARRY
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' he rwht answer from the choices given with each quest i SBIRCHERES > MATERG SRS A5 s
;, The molecule of ethane posses which hybridization; H
) A sp’ b. sp* C. sp d. sp"d
i. The sp hybrid orbitals are oriented in Space at one angle;
~-{ ’

o 109.5 b. 180 c. 100" ~d. 120"
ul.  The geometry of acetylene is,
‘ a. angular b. bent c.arigonal™ -d. linear
%.  Which reaction is used as test for the presence of alkene;

4. reaction of cold diluted alkaline KMnO, b. Combustion
‘ ; Polymerization d. Catalytic hydrogenation
. he general formula of alkane is;

ZC.H. b.C H AL b b
. In+2 p n n [ (J H;’,l (l- ('ull.'n».' i
" “Sodalime is; " -
i 4. NaOH b. KOH .c. Mixture of Na and Ca hydroxide d. CaO and NaOH

The marsh gas is
4. Ethane beMethane c. Propane  d. Butane
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viii. Acidic hydrogen is present in
_a’ Acetylene b. Ethane  c. Benzene d. Ethene

<.  The electrophile in aromatic sulphon ion is;
| a. HeSO4 b. HSO, . SO d. SO,

, N Catalyst used for Friedal Craft’s reaction is;

a. HNO; b. MgCl, c. BeCl, deC

xi.  Benzene can not undergo ¥
4. Elimination b. Substitution c. Oxidation dvAddi:
xii. Shape of benzene molecule is \ Y
| ;.‘:K;zrlmldal b. Liner planar c. Trigonal d. Hexagong] g

2

xiii. The isomers of a substance must have P
(a) same chemical properties \(b) same molecular weight l

(c) same structural formula (d) same functional groups |
Xiv. v]*3?:1!101 and dimethyl ether are best considered: ]
a

) structural isomers  (b) stereosierms  (c) enantiomers (d) diasteromer; |
x<v. Alkenes show geometrical isomers due to !

(a) asymmetry (b) rotation around a single bond

(c) resonance led) restricted rotation around a double bond |

xvi. Geometrical isomerism is shown by

(a) lactic acid \,(H{ maleic acid (c) 1-butene (d) 1,1- !
dichloroethylene

vii. A molecule is said to be chiral - |
f it contains plane of symmetry (b) it contains center of symmetry |

|

()}
u(é{;f it cannot be superimposed on its mirror image
(d) if it can be superimposed on its mirror image
xviii. Which of the statements is false regarding chiral compounds

v
=
&
o
a
P

L
|
| o
= o
- =
= R
wl i
= o
= o
+ . .
8 % (a) rotate the plane of polarized light have cis and tans isomers
S = (c) exist as enantiomers . (d) can be detected with a polarimete
g EN ix. Anoptically active compound
= o (a) must contain at least four carbons _
o <§ _{) when in solution rotate the plane of polarized light
@ B = (c) must always contain an asymmetric carbon atom
'g- o = (d) in solution alvyays give a negative reading in polarimeter
= % xx. Plane po.larlnzedlllght is affected by
= 2 (a)/l_dtltr‘llllca llno t;cules (b) all polymers
O (e) chira 'rl?lo f:Cl:iffS o (d) all biomolecules
xxi. It lsbposs'l e l0 l‘S(l;lglllsh between optical isomers
3 using chemical test
(a) b)’ Yo s!fcclrosco S (b) by mass spectrometry
y () by LSERGS SIS y {d) by polarimetry
1 9; Answer the l(.)llowm;,' quc..sl!(ms briefly.
1 : |, what is cis-trans isomerism?
. | ‘ . Wwhy alkanes are relatively chemically inert?

1L anes usually undergo addition reactions while alkanes do not why?
‘ S ; 4
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