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Organic chemistry (Dr. Rana Akram )

Organic chemistry is the study of carbon and the study of
the chemistry of life . Since not all carbon reactions are
organic, another way to look at organic chemistry would

be to consider itthe  study of molecules  containing the
carbon -hydrogen (C - H) bond and their reactions

. Methane, CH4 is the simplest organic molecule. It is a gas
at standard temperature and pressure and is a carbon atom
with four hydrogen atoms bonded to it in a tetrahedral shape.
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Why Is Organic Chemistr y Important?

Organic chemistry is important because it is the study of
life and all  of the chemical reactions related to life.
Several careers apply an understanding of organic

ch emistry, such as doctors, veterinarians, dentists,
pharmacologists, chemical engineers , and
chemists. Organic chemistry  plays a part in the
development of common household chemicals, foods,
plastics, drugs, fuels... really most of the chemicals part
of dail

chemical bonds:
Chemical bonding describes a variety of interactions that hold
atoms together in chemical compounds

Types of chemical bond:

1. lonic or electrovalent bond - due to transfer of
electrons,the electrostatic force is developed between
positive and negative ion.Thus an electrovalent bond is
formed .ex.Na + CI*"+3" YNaNa C|

2. Covalent or molecular bond -Bond formed between two
atoms by sharing of electrons equally

1 A covalent bond can be of two types:
1 Polar Bond like HCI
1 Non-polar Bond

1 In a Polar bond, electrons are shared unequally and they
tend to be closer to one atom than the other.

17 Due to this uneven distance between the electron and
atom, there is charge difference created in the different
parts of the atom.
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1 One end of the molecule will be slightly positively charged
and one end slightly negatively charged.

1 Water is an example of a polar molecule.

3.Non polar covalent bond -When the constituting
atoms have slight or no difference in their
electronegativities,they form non polar covalent type of
bond .

4 .Coordinate or dative bonds -The chemical bond between

two atoms in which a pair of electrons belonging to one of
them is shared by both the atoms

\ example

ee + H
e X @
HENsH [ H]| — HilzH
H H
H
[ 1 + .T.
H-N—H [ H] —> H—N—H
H H



Hydrogen Bonds

hydrog en-bonding occurs when an atom of hydrogen is
attracted by rather strong forces to two (groups of) atoms
instead of only one, such that it may be considered to be
acting as a bond between them.

—— Hydrogen bond———

f
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Electron Configuration and Valence Electrons
Electron Configuration

The electrons in an atom fill up its atomic orbitals according

to the Aufbau Principle; "Aufbau,” in German, means

"building up." The Aufbau Principle, which incorporates the

Pauli Exclusion Principle and Hund's Rule prescribes a few

simple rules to determine the order in which electrons fill

atomic orbitals:

: Electrons always fill orbitals of lower energy first. 1sis filled
before 2s,and 2s before 2p.

: The Pauli Exclusion Principle states no two electrons
within a particular atom can have identical quantum numbers.

In function, this principle means that if two electrons occupy
the same orbital, they must have opposite spin.



1.

Electrons always fill orbitals of lower energy first. 1sis
filled before 2s,and 2sbefore 2p.

The Pauli Exclusion Principle states no two electrons
within a particular atom can have identical guantum numbers.
In function, this principle means that if two electrons occupy
the same orbital, they must have opposite spin.

Hund's Rule states that when an electron joins an atom and
has to choose between two or more orbitals of the same
energy, the electron will prefer to enter an empty orbital rather
than one already occupied. As more electrons are added to
the atom, these electrons tend to half-fill orbitals of the same
energy before pairing with existing electrons to fill orbitals.
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Hund's Rule:
Electrons occupy separate
1s orbitals rather than pair.
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Hybridization

Hybridization is the idea that atomic orbitals fuse to form
newly hybridized orbitals, which in turn, influences molecular
geometry and bonding properties. Hybridization is also an
expansion of the . In order to explore this
idea further, we will utilize three types of hydrocarbon
compounds to illustrate sp3, sp?, and sp hybridization.

Methane

first and foremost, it is important to note that carbon has the
electron configuration of 1s2 2s2 2p2. This means that carbon
would have 2 unpaired electrons in its p orbitals.
Theoretically, this means that carbon will only form 2 bonds,
but that is definitely not the case.

As seen in methane (CH.), carbon can form 4 bonds. The
rationale behind this phenomenon is hybridization.
Supporting evidence shows that 1 s and 3 p orbitals are being
combined to form hybrid orbitals, allowing polyatomic
molecule to have 25% s character and 75% p character. Thus,
we call methane a sp3-hybridized molecule.

A A

2p hybridization ’ r ’ r

Energy >
{ r 2(sp?)
2s
unhybridized carbon Sp3 hybridized carbon
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Ethylene

Unlike methane, ethylene is shaped differently, despite the
fact that the carbon in ethylene has the same electron
configuration. What accounts for this difference? Supporting
evidence shows that the carbon in an ethylene molecule is
sp2 hybridized. This means that 1 s orbital is being mixed with
2 p orbitals.

C 1s*25"72p*

N\ /TN
11 % — R

| ] —> q_ :)_x sp2
-1-{;— 2s
% 1s q-b 1s

the energy diagram setup is different because only 2 p
orbitals are being mixed. While creating your energy diagram,
however, be sure that you do not make the mistake as shown
above. By placing two electrons in the same orbital, you have
broken , Which states that all orbitals among the
same energy levels have to be filled with at least one electron
before being paired up again. The 2p orbital here is
considered low enough energy to be classified within the
same energy level as the sp2 orbitals. The figure below
portrays the correct way to distribute your electrons.
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C 1s*2s2p*

Notice how that lone electron in the 2p orbital is separate
from the electrons in the sp2 orbitals. This is what influence
ethylene's shape. The lone electron from each carbon will
remain in its respective p orbital and form a pi bond with the
other p orbital electron. Thus, ethylene is a planar molecule,
with orbitals spaced 120 degree angles apart.



b H lls
: )120-
(-]
H §is w H 1s
Acetylene

supporting evidence shows that acetylene is an sp molecule.
This means that 1 s orbital is being mixed with 1 p orbital.
Thus, the energy diagram setup would look like this:

C 1s°2s%2p?
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C 1s*2s2p*
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reviously discussed, the lone electrons in the 2p orbitals are
not part of the sp orbitals. Instead, each electron is in its
respective p orbital, and will bond with its respective p orbital
of the other carbon. This in itself will create a sigma bond
and two pi bonds, leading to the formation of a linear
molecule!

Thus, in a lewis structure, acetylene is comprised of 2 triple-

bond carbons: As you can see, the
bond angle is 180 degrees, indicative of a linear molecule.

This information is consistent with what was explained
earlier.

HOME WORK ?

1- Types of chemicdlonds?
2 -Types ofHybridization
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STRUCTURAL ISOMERISM

What is structural isomerism?
What are is omers?

Isomers are molecules that have the same molecular formula,
but have a different arrangement of the atoms in space.

Structural formulas Molecular
formulas

H H H H
I I I I
Butane H—C—C—C—C—H C.Hp
I I I I
H H H H

H H
| I
Isobutane H—C—C—C—H CqHo
| |
H H

13



Structural isomerism is of five types

Chain isomerism

Position isomerism
Functional group isomerism
Metamerism

Tautomerism

arONE

1. Chain isomerism

Chain isomerism is a type of structural isomerism where the isomers
have same molecular formula but they differ in the order in which
the carbon atomsare bonded to each other. Thus the isomers arise
with different types of branching in carbon chains. For example,
Pentane, GH1,, has three chain isomers. These arepentane,
iIsopentane and neopentane.

CH3—CH>—CH3—CH>—CHs

Prentans

[r-pentaneg)

CH; CHs

| d
CH3—CH-CHp—CH3  CHs=§CHs
CH+
methvwlbutane dirmethylpropans

lizopentane) (heopentane)

2. Position isomerism

Position isomerism is a type of structural isomerism where the main
carbon skeleton are same but they differ in the position of functional
group attached to it. For exampe, there are two structural isomers
occurs in nbutanol with the molecular formula CsHsOH. In one of
them the functional group-OH is on the end of the chain, whereas in
the other it is attached to the second carbon of the main carbon
chain.

14



MDH \/J\OH

Butan-1-ol Butan-2-ol
3. Functional group isomerism

Functional group isomerism is a type of structural isomerism where
iIsomers have same molecular formula but differ in functional group.
Thus they belong to different families of compounds or different
homologous series-or example, there are two functional group
isomers found with the molecular formula GHeO. Ethanol and
dimethyl ether are those two functional group isomers. Here ethanol
contains alcohol as functional group and dimethyl ether contains
ether.

H H H H
| |

H—C—C—0O—H H—F—O—F—H
H H H H
Ethanol { Alcohol) Dimethylether

15



Hydrocarbons:

Hydrocarbons

Aliphatic Aromatic

]

Alkanes  Alkenes  Alkynes  Cyclic
aliphatic

A hydrocarbon__is an organic compound made of nothing
more than carbons and hydrogen. It is possible for double or
triple bonds to form between carbon atoms and even for
structu res, such as rings, to form

Hydrocarbons that have 4 bonds to every carbon atom are
calledalkanes. These are the least reactive of the hydrocarbons.

Hydrocarbons that have a double bond between two carbon
atoms are caled alkenes. These are more reactive than alkanes.
Electron-poor molecules react at the pi bond of alkenes.

Hydrocarbons that have a triple bond between two carbon atom:

are calledalkynes. These are the most reactive. Electrepoor
molecules react at thepi bond of alkynes.

16



 atoms

| 1'1:1!&:!_3['1:%TI

2 eth

3 prop ane
i | but OF
3 pent ~ 4+ ene
6 hex oF
7 hept Ve
= OCt

Q nor

1 dec _/

17



Properties of Alkanes

(a) State :

(i) All are colourless & possess no characteristic odour.

(i) Lower alkanes (C  1to C4) are gases, middle one (C 3 to
C17) are liquids and higher are solids.

(i) The boiling point of alkanes increases with increase
in molecular weight due to increase in van der waals
forces with increase in molecular weight i.e.,

(iv) Also the branching in alkanes gives a decrease in
surface area (as the shape approaches to spherical) which
results in decrease in van der Waals forces. That is why
b.pt. of isomeric alkanes who the order : pentane >
isopentane > neopentane

(v) The melting points of alkanes do not show a regular
trend. Alkanes with even number of carbon atoms have
higher m.pt. than their adjacent of odd number of carbon
atoms.

(b) Density

The density of alkanes increases with increase in
molecular weight and becomes constant at 0.76 g/ml.
Thus all alkanes are lighter than water.

(c) Solubility :

(i) Alkanes being non polar and thus insoluble in water

but soluble in non polar solvents e.g., C eéH e, CCl 4, ether
etc.

(i) The solubility of alkanes decreases with increase in
molecular weight.

(i) L iquid alkanes are themselves good, non polar
solvents.

18



Preparation of Alkanes
FROM ALKYL HALIDES (By Wurtz Reaction)

Dry ether
2R—X + 2Na y R-R + 2NaX
For example,
Dry ether
2CHy—I +2Na y CH,—CH, + 2Nal
Methyl iodide Ethane
CH CH CH
2" >CH1+ 2Na—> 3>CH—CH< 4+ 2Nal
CH; CH, CH,

FROM UNSATURATEDHYDROCARBONS

Ni
CH, =CH, + H, »CH, -CH,
Ethene B-IBR  pipane
Ni

Bikyne B

19



FROM CARBOXYLICACIDS:

Ca0
RCOONa + NaOH —— RH +Na,CO,
Sodium salt of Heat  Alkane
carboxylic acid
CaO
CH3COON8+NHOH cmaasia) CH4 + Na2C01
Sodium Heat  Methane ;
ethanoate
CaO
C2H5CO0N3+NdOH _:He?) C2H6 +N32C03
Sodium Ethane
propanoate

Reactions of Alkanes

1-Combustion of Alkanes . Alkanes burn in air at
elevated temperatures to carbon dioxide and water

2-HALOGENATION

Diffused
sunlight

CH, + CL, »CH,Cl + HCI

or Heat Chioromethane

CH,Cl + Cl,——— CH,Cl, + HCI

Dichloromethane

W

CH,CL, + Cl, CHCl 4 + -H

Trichloromethane

GHCL #+ QL - CCL ¢4 HA

Tetrachloro-
methane

20



The Mechanism of HalogenationS

steps: initiation, propagation and termination

Step 1: Initiation

Step 2: Propagation

H H
| - |
=C1'{\—‘I— {\(Ij H — C1H + ~(|3—H
H H
AN EL 1
Cl 1 —+-C—H —»’C1~—I—’C1—C H

|
H I—I

21



Step 3: Termination

Ol Q—H —»:QI—CIZ—H
H H
AW H 4
H=C-+ CH—HC—CH
Hof o om o
H H

Pharmaceutical uses of alkane?
The pharmaceutical use of alkane is often used in general
anesthesia. Alkane is a compound of halothane which is a
general anesthetic agent ?

mechanism of free radical of

H.W (Halogenation of alkane)?

22



Alkenes: Structures and Names:

alkenes are hydroc arbons with carbon  -to-carbon double
bonds (R 2C=CR2 . The alkenes are another group of
hydrocarbons that forms a homologous series where all

members conform to the general molecular formula CnH2n.

Structure of Alkenes

In alkenes, carbon atoms which form the double bonds use
sp? hybridization. l.e., the one 2s orbital is mixed with two of
the three 2p orbitals to form three atomic orbitals of equal
energies.

2s_ 2p

1] [1]1]

| |
Hybridized (sp2)

Unhybridized

One of the 2p orbitals is unhybridized.

The simplest hydrocarbon carbon can form with this type of
hybridization is one having two carbon atoms with the same
type of hybridization - spZ.

The three hybridized orbitals are used to form real bonds
known as sigma (s) bonds - one with the adjacent carbon
atom (sp?- sp?), and the other two separately with the s orbital
of two hydrogen atoms (in ethene).

The unhybridized 2p orbitals of the two atoms overlap with
each other to form a kind of bond called pi (p) bond - the
presence of this bond (electrons in a plane above and below
the single bond) gives rise to the unsaturability in alkenes.

orbital diagram in ethene:

23



( ~\L ,f_—_l, n
GN= H « H
\’g‘___f___ =— N\ / /\
/ S — C — C 2
L/ / /‘_ .. o(sp™-s)

SIS o M Gt /o(sp’-sp’) H
. ',.// H

Unnybridlzed 2p-orbitals

Ethene is the simplest and the most important member of the
alkenes. It is used in illustrating the structure, methods of
preparation and chemical reactions of members of the group.
The structure of ethene is again given below.

Ethene is trigonal planar in shape, with bond angle 120°.

H 120 H

o

/
/
/
/

N

.-"/ \ H
H

Preparation of Alkenes:

1-By the elimination of halogen and hydrogen
(dehydrohalogenation) -

KOH
CH,CH.CI > CH,=CH,
C,H,OH Ethene

From secondary alkyl halides:

KOH

CH,CH,CHCH, CH,CH=CHCH, + CH.CH,CH=Cl
Cl CQHSOH Internal alkene Terminal alkene

24



Mechanism of reaction:

H
|

i
CH3-(|3-C—CH3

HCW

and

H H

I
> CH,-C=C-CH,

Internal alkene

HH

||
> CHg-CI:-C=CH2

H

Terminal alkene



2.By elimination of halogen (dehaloge- nation)

Zn
CH,CHCICH,CI m) CH.,CH=CH, + ZnCl,

1,2-dichloropropane

Physical properties:

1.1tis agas at room temperature, colorless and with a faint
sweetish smell.

2. AlImost insoluble in water.
3. Slightly less dense than air (v.d. = 14).

4. Neutral to litmus.

Common Addition Reactions of Alkenes

1. Hydrogenation of Alkenes

ity +H, DO o e

2. Alkenes with Bromine

HQC = CHQ(Q)‘l' Brz(g) o CHQBT‘CHQBT(C,

26



3. Alken es with Concentrated Sulphuric Acid

CHy = CH; + HyS04 fﬂ’ CH3CH,050,0H

CH:CH:050,0H + H:0 - — CH:CH0H + Ha504

4. Alkenes with Hydrogen Halide

CHy=CHy +HX —P CHiCHX

Nomenclature of Alkenes

InternationalUnion of Pure and
Applied Chemistry (IUPAC )

1. The longest chain of carbon atoms con taining the
double bond is considered the parent chain. It is
named using the same stem as the alkane having the
same number of carbon atoms but ends in -ene to
identify it as an alkene. Thus the compound
CH 2=CHCH 3 is propene .

2. If there are four or more car bon atoms in a chain,
we must indicate the position of the double bond.

The carbons atoms are numbered so that the first of
the two that are doubly bonded is given the lower of

the two possible numbers. The compound
CH3CH=CHCH ,CH 3, for example, has the dou  ble
bond between the second and third carbon atoms.
Its name is 2 -pentene (not 3 -pentene).

27



3. Substituent groups are named as with alkanes, and
their position is indicated by a number. Thus,

Draw the structure for each compound.?

=

3-methyl-2-pentene
2. cyclohexae

40=CH-CH-CH-CH

1-pentene or pent-1-ene
H H

s P

C
[
CH3-CH,;-C —CH;-CH,-CH,- CH,

2-ethyl-1-hexene or 2-ethylhex-1-en
CHsl CH=CHi CH.I CHs
3-heptene

28



Alkyne:

3D model of ethyne (acetylene), the simplest alkyne

In organic chemistry, an alkyne is

an unsaturated hydrocarbon containing at least one carbond
carbon triple bond.[! The simplest acyclic alkynes with only
one triple bond and no other functional groups form

a homologous series with the general chemical

formula CnHani 2

Chemical properties

Alkynes are in gaseous form and they are soluble in organic
solvents, like benzene and acetone. They are, however,
insoluble in water. Another property of an alkyne is that, if
you try to burn it

R—C=C IT’

Rl
| |
CHj
HQC_‘_CEC_‘_CHQ
/
HaC
I

—— R

29
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Ethyne H—ec=c—n

Propyne H—ec=c t:: H
H

| |
|

BUT}"HE‘ H—ocC c=—2cC tl:: H
! !

EXAMPLE S7??
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Methods of Preparation of Alkynes:

1. By the Action of Calcium Carbide and Water

(aC, + H0—— CilOH), + C
CaJniult‘n : | Ethjz;ﬂ2
narl;ide

2. Dehydrohalogenation of Dihalides

Heal
BrCH,~CH, Br + 2KOH (ale) —

| ’lemmocthanc
HCSCH + 2KBr+ 28,0
Elyne
3. Formation of Higher Alkynes from Acetylene
Diethyl
HC=CH+NaNH, — HC=CNa +NH,
Sodamnde Sodium

ethynide

HC= CH + Na—— JHC = CNa” 41,

31



Preparation of Alkynes

Dihaloalkane Elimination

Br

+
Na NH,

Br

+

)
R-C-C-R — RCLCR
H H
or
LR
R‘_(I;-(I';-R — R*CzC-R
H X
the Mechanism:
Br
?Blr Br Br¢
g 20 1.
CHS-CH;CI-,;?-CH, -—}CH;CH,-(l);C-CH, ——  CHrCHxC=C-CH,
H H He 4
Y Na N,
t Bl
t=  NalH, o,
NaNH,

32
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Cycloalkanes are cyclic , meaning that the
carbons of the molecule are arranged in the form of aring

/':HE HET—CHE
HaC Ha Ha & ——CHz
cydopropane cyclobutane

CHa
/_/_//"JI:Q%\\\ Hgl:ﬂ \\\CHE

HaC CHa i i
\ Hz Hza

HaC— C'Ha2 \\\Cﬁlz—'/

cydopentane cydohexxane

Rules for Naminqg Cycloalkanes

Cycloalkanes are ring structures with the general formula:
CnHen). Following are basic rules for naming cycloalkanes.
1. Parent Chain

a. Use the cycloalkane as the parent chain if it has a
greater number of carbons than any
alkylsubstituent.

b. If an alkyl chain off the cycloalkane has a greater
number of carbons, then use the alkyl chain as
the parent and the cycloalkane as a cycloalkyl-

substituent.
33
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2. Numbering the Cycloalkane

a.When numbering the carbons of a
cycloalkane, start with a substituted carbon
so that thesubstituted carbons have the
lowest numbers (sum).

b.When two or more different substituents are
present, number according to alphabetical
order.

3. Halogen Substituents

a. Halogen substituents are treated exactly
like alkyl groups

Cycloalkanes: Physical Properties

Cyclopropane and cyclobutane are gases at
room temperature while cyclopentane is already
liquid at this temperature. Only van der Waals
Interactions play an important role in saturated
hydrocarbons. Generally, alkanes are not very
reactive. However, protonations, oxygenations,
pyrolysis, radiolysis, and photolysis are
possible under drastic conditions. Oxidation of
alkanes can be carried out electrochemically.
Lower cycloalkanes are especially flammable
and form explosive mixtures with air

(oxygen). Solubility in water is very low.

34
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Svynthesis of cyclo alkanes

Ni,200°C
+3H, ——

benzene cyclohexane
OH
Ni,200%C Zn dust
+3H; —— o R L
P
phenol cyclohexanol cyclohexane

Chemical Properties of Cycloalkanes

a) Free radical substitution : Cycloalkanes are halogenated in
presence of sun light or UV light like alkane.

35



/CH2 . /CHZ\

CHz +C|2 — CHz CH—CI
CH; 1-chlorocyclopropane
cyclopropane
CHg\ . /CHCI
H,C CH, +Clh — HyC CH;
CH; CH, H,C H,C
\C/ \c/
Hz H2
cyclohexane chiorocyclohexane
(b)Addition

reactions : Cyclopropane being the most strained ring and
more reactive undergoes addition reactions like alkenes.

Bry
- BercCHQCHQBr
1. 3-dibromopropane
H,C CHa
HBr
> CH3CH2CHQBI'
CHz propyl bromide
cyclopropane
(i) Conc.H,50,
» CH2CH2CH,0OH
(ii) H20 (propanol-1)
H, Ni
» CH3CH;CHa2
g00ocC (propane)
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c) Oxidation : Cycloalkanes are oxidized by alkaline
potassium permanganate to dicarboxylic acids involving ring
fusion

P
CH; CH; - CH,CH,COOH
0

CH, CH,  AkKino: CH,CH,COOH

\ / (adipic acid)
CH

37



Aromatic compound

Aromatic compound, any of a large class of unsaturatedhemical
compoundscharacterized by one omore planar rings

of atomsjoined by covalent bondsof two different kinds.like
Benzene

_ ¥ ¥ _
H H H H
H H H H

H
H H
H H
H
Physical Properties of Aromatic
Compounds:

Aromatic compounds are generally nonpolar and immiscible
with water. As they are often unreactive, they are useful as
solvents for other nonpolar compounds. Due to their high

ratio of carbon to hydrogen, aromatic compounds are
characterized by a sooty yellow flame.
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THE NAMES OF AROMATIC COMPOUNDS

The benzene ring :

All aromatic compounds are based on benzene, C  sHs, which
has a ring of six carbon atoms and has the symbol

You get a phenyl group, C ¢Hs, by removing a hydrogen from a
benzene ring, C sHs. Like a methyl or an ethyl group, a phenyl
group is always attached t o something else

Aromatic compounds with only one group attached to the
benzene ring

Chlorobenzene Bromobenzene lodobenzene
NO,
Nitrobenzene Ethylbenzene
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toluens
methylbenzene

NH2

J

;""J::Q'Am

S
b

.t

aniline
aminobenzene

'E|3 Ha (|: Hs CHs
LHH__F_____..-* w:bq#.# RGHB |\h"*l.""f
CH;

artho-xylene meta-xylene para-xylene

1,2-dimethylbenzene 1,3-dimethylbenzene 1.4-dimethylbenzene

?H H. G,;D (‘LJDGH
|
{;ﬁﬁx“-" H.-"'-:-;ﬁ r—fsT H‘“\|—~
-t."?«:- - H-H:-?.: = %U-"'j
phenol benzaldehyde benzoic acid
hydroxybenzene

Bromobenzene Iodobenzene

2-Chlorotoluens
(o-Chlorotoluene)

3-Chlorotoluene
i m-Chlorotolusne)

4-Chlorotoluens
(p-Chlorotolusneg)
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Which compounds are aromatic?

Cl

Cl

Polycyclic Aromatic Hydrocarbons

OO0 O

Naphthalene Anthracene Phenanthrene

41



Electrophilic Aromatic Substitution:
Introduction

Quick summary: Electrophilic Aromatic Substitution

* Unlike alkenes, benzene + other aromatics do not generally undergo
addition reactions

+ Addition of electrophiles (such as Cl,) tends to result in substitution instead
+ These reactions are greatly facilitated by addition of a Lewis acid catalyst

+ Key reaction pattern is electrophilic aromatic substitution:

Key Key
Bonds Bonds
Formed Broken

H  Electrophil E
(Y 2 e o
Lewis Acid
benzene (calalyst)
(or other aromatic)

electrophilic aromatic
substitution product
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The bromination of benzene

All electrophilic aromatic substitution reactions share a
common mechanism. This mechanism consist s of a series of
steps.

Step 1 Er:ﬁrmﬂﬁh — B + Ffib,

H I i

1R By i
& &

A

H ,
Br \ Br
4 - ™, HEr
. ;ﬂ br—Feflry ‘ t .
S * v )

Hw

-mechanism of Nitration of ben zene and
Sulfonation-???
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