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Principles of Organic Chemistry

What is pencil lead made of if it isn't lead?

Pencil lead is a mixture of graphite and clay.

Graphite is one form of the element carbon.
Other forms of carbon are diamond - the hardest naturally occurring substance

on the earth, soot, charcoal and coke.

Pencils used to be made with lead, many years ago. Lead is poisonous and
so sucking the end of your pencil could be quite dangerous.
We now use graphite and clay because it is safer and because we can make

pencils of different hardness.

Chemistry of Living Things:

Living things are a lot like laboratories...
There’s some serious chemistry going on inside.
Your body is an incredibly complex chemical machine taking in chemicals &

food, and causing countless reactions to occur every second.
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Principles of Organic Chemistry

Biochemistry is the study of substances & processes occurring in all living
organisms.

I’m made of what???

Guess how many elements your body is made up of?

25 elements make up all living things

About 97% of your body’s mass is made of just 4 elements: oxygen, carbon,
hydrogen, & nitrogen.

Two other major elements are phosphorous & sulfur.

Other
7”“;»
Hydrogen

7o~ 10%

-

gen Carbon
N 18%

,_/5|

Human body

Minor Elements:

Of course, other elements are also important, but they’re often found in small
amounts.

They may seem insignificant, but they’re not.

For example, iron makes up only 0.004% of your body mass, but you can’t live
without it!

Major Compounds:

The human body also relies on many compounds, especially water & salt.

The human body typically consists of 60-65% water.
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In other words, 2/3 of your body weight is water.

Water is important because many of our body’s chemical reactions can only
occur in solutions containing water.

Blood, sweat, urine... all mostly water!

Salt is also important because of how it can separate into its two ions: Na* and
Cl.

Sodium ions regular the amount of water in our cells, while chlorine ions help

our body digest food.

The most important element is...
Carbon

If you take away the water, the rest of the human body is 53% carbon.
It may not be the most abundant element in living things, but it certainly is the
most important. At one time, scientists thought that the chemical reactions that
took place inside of living things could not occur outside of them.
The carbon molecules were so complex, scientists thought they must have been
made in some unknown way. They called these carbon compounds organic

compounds.
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The word “organic” has lots of meanings. Eventually, scientists realized
that the reactions occurring inside the body could occur outside it as well.
They also learned how important carbon is in all living things, because of its

ability to bond with other atoms.

Forms of Carbon

Charcoal

Not all substances made of carbon are living. Diamonds & graphite are pure

forms of carbon.

Non-organic carbon compounds, and compounds without carbon, are called

inorganic compounds.
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What is organic chemistry?
We used to describe organic chemistry as the chemistry of living things.
Since the chemistry of living things is based on carbon, the chemistry of carbon

compounds has come to be known as organic chemistry.

It now includes the study of carbon compounds which are not found in living

things and so is an incredibly large branch of modern chemistry.

Why is life based on the element carbon?
There are two important properties of carbon that make it a suitable element to
form the compounds in living things:

Firstly, carbon atoms can link together to form stable chains of great length.

Carbon atoms bind strongly to each other and form very large molecules which

are built around this carbon 'backbone’.
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The covalent bond between two carbon atoms is strong so that the

backbones are stable. In all of these compounds simple sub-units called

monomers are linked together by condensation reactions.

What makes carbon so special?

It has a “central” role in all living organisms.
It has 4 valence electrons.

It makes 4 covalent bonds.

It can bond with any element, but really loves to bond with other carbon atoms

and make long chains.

o |
® c o - c —
. |
L4 valence electrons means... 4 bonds
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Hydrogen Oxygen Nitrogen Carbon
(Valence=1) (Valence=2) (Valence=3) (Valence=4)

3 Types of Carbon Bonds

H H H H

Single Bond Double Bond Triple Bond

Single Bond Double Bond .\\ Triple Bond
-
Y H-C=C-H
H ] H: zH £
L. 3l | - C=C_ 3 ’
H-p-5-g-H "
H H H
£
The propane in this Fruits make ethene, Ethyne is better known
camping stove contains which is a compound as acetylene. It is burned
only single bonds. that helps ripen the fruit. in this miner's lamp and

in welding torches.
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H H
‘ | H H
L P
H—C—c —H /C—C\ H C=—=C H
| | H H
H H
[ ] L] L]

Simplified Structural Formulas
CH3——CH3 CH2 — CH>» CH == CH
3 Types of Carbon Backbones:

ad-m ;
H-C-H H-G-H ufl Ay
I H-C-H H v Co
H-C-H | I H-C C-H
| H-C——C-H I
HogH H-C-H H RO H
H—LF—H | H Hx \H H
H_LF_H H—E—H
H
Straight chain Branched chain Ring
Carbon atoms are con- The chain of carbon atoms The chain of carbon
nected one after another. branches when a carbon atom atoms forms a ring.
bonds to more than two other
carbon atoms.
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Carbon forms long chains:

Straight Chain Eranched Chain
CH3
I
CHy—=CH;—=CH; —=CH; —CH; —CH3 CH;

|
CHy—CH—CH;—CH5

One carbon chain may contain hundreds of carbon atoms.

Unlike other elements, carbon atoms can bond to each other to form very long

chains.

One carbon chain may contain hundreds of carbon atoms. Notice how the CH,

units repeat.

A very large carbon-based molecule made of repeating units is called a polymer.

Each unit of a polymer is called a monomer.
Polymers can be thousands of atoms long.

Carbon forms Rings:
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Carbon-based molecules also can be shaped like rings. Most carbon rings

contain 5 or 6 carbon atoms.
One of the most important carbon rings is benzene.

It has 6 carbons & 6 hydrogens, with alternating double bonds.

|
H 20 H
~c% ¢~

Benzene Ring Simplified Benzene Ring

Many compounds are based on Benzene.

They often have very strong smells or aromas, so they are called aromatic

compounds.
An example of one aromatic compound is a molecule called vanillin.

Guess what that smells like!
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Silicon is similar to carbon. Why is there no life forms based on silicon?

Silicon is unsuitable because, although it is a valence IV element like carbon (4
electrons to share),
BUT the silicon-silicon covalent bond is not strong enough for it to form long

stable chains.

So, it cannot form molecules of the complexity needed to make up cells

like carbon can!
Long Chain Hydrocarbons & their Names:

The alkanes make up a series of saturated hydrocarbons, called a homologous

series because they have similar properties and have the same general formula:

The first four members of the series are gases at room temperature and are

called:
methane, CH,
ethane, C;H¢

propane, CsHs

butane, C4H1
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Alkanes
methane ITI
H—-C—H
CHy; Ill
H H
ethane |
H-C—-C—H
oM
)
ropane
EHP A
e H H H
H HH H
butane I 1
CHy LT TT
o H HHH

Alkanes with increasing numbers of carbon atoms have names are based on the

Greek word for the number of carbon atoms in the chain of each molecule.
So you can get, for example,
pentane (5),

hexane (6),
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heptane (7)
and octane (8).

From pentane onwards, approximately the next thirty alkanes in the series are

liquids.
Alkanes with even longer chains are waxy solids.

They are typical covalent compounds, insoluble in water but able to mix with

each other. Alkanes burn in oxygen to produce carbon dioxide and steam.

[Type text]



Principles of Organic Chemistry

Classification of organic compounds

Related compounds that have the same functional group (groups of

atoms found within molecules that are involved in the chemical reactions

characteristic of those molecules).

Functional Class of Structural
group compounds formula

Hydroxyl Alcohols R— OH

OH

Carbonyl Aldehydes

—CHO
Carbonyl Ketcnes

R_

Ball-and-
Example stick model
H H
H—-—I::--l;l.‘---ﬂH \“
H H E 3
Ethanol

H o

i &
H—C—«¢

i ,

H H

Acetaldehyde

H O H
T

H—C— L —C—H
H H .

Acetone
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] ]
! i ;
=R 4 R—C" TH |
R—0O—H | R—C—3 R—T=7—R
R I
R
acyl halides alcohols aldehsades alk¥l halides alkwmnes
(X =F Cl,EBr, Il (X =F Cl,EBr, Il
]
R I H
H‘*-I .--':E .--':N._:E ""c“ it
o= R RN-R
- o
R R R
alkenes amines aniides aromatic ringz  arvl halides
(X=F ClEr,I)
] R E ]
s R—t_s—s—G—r & T E
R “0O—H | | R “0—C—R R—C—0—C—R
R R | I I
=] E R
carbox¥lic acids disulfides esters ethers
Em R Iﬁl = Iﬁl
Z=H VoD S R—J=H R—HQ, R—0O—PFP—0OH
-~ -
| I oH
_y | =] R
Hiines nitriles nitro groups phosphate esters
ketones
)
R—?—S—?—H R—E—H
R R
thioethers thials

differ from each other by a CH, unit can be represented by a general
formula

— examples: C,H2n+2 (alkanes) or C,H2, (alkenes) or...
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MNumber of | Word IUPAC Structure rMolecular
root name
O atoms formula
1 Meth rMethane CH4 CH4g
2 Eth Ethane CH3—CH3 CzHg
3 Prop Propane CH3—CH>—CH=3x CaHg
4 But Butane CH3—{CHz)>—CH3 C4H1O
5 Pent Pentane CH3—{CH=z)3—CH=3 CzHi12
o Hex Hexane CH3—«{CH=z)34—CH=3 CgH14
ra Hept Heptane CH3—«{CHz)5—CH=3 CzxH1e
8 Oct Octane CH3—{CHz)g—CH3 CaHis
o Mon Monane CH3—{CH=)}>—CH3 CaH=g0
10 Dec Decane CH3—{CHz)sp—CH3 CigHzz
# Carbons MName Strwactare
H
1 methane u—d o
i
H H
2 ethane -4—-4'—.]':—-4
H H
1L ]
H—o—C—o—H
3 propane T 7
H H H
H H H H
<4 butanie a—d L L L,
Ao
H H H H H
o pentane H—JI—JI:—.J:—.JI:—AI—H
H H -|4 H H
H H H H H H
f hesmane H—JI—JI:—.J:—.JI:—AI—JI—H
H H -|4 H Hd H
H H z H H H H
i heptane Y S Y A N S S
4H H H Hd H H H
H H H H H H H H
A octate H—él—'Jl—“—'J—“—'%—él—él—'%—'J—“—H
U H -|4 H d d H -|4
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Isomerism

Uhat is Isomerism?

The organic compounds having the same molecular
formula but different structures are RKnown as Isomers.
This phenomenon is RKnown as Isomerism.

In other words, the organic compounds having the
same molecular formula but different arrangements of

carbon atoms in them, are kKnown as Isomers.

CLASSIFICATION OF ISOMERISM

ISOMERS

STRUCTURAL ISOMERISM STEREOISPMERISM

N | | e | ' |

Functional Metamerism Geometrical Optical

Positional Ring Chain Tautomerism
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B L —

STRUCTURAL ISOMERISM

This type of Isomerism is classified into 6 types-

1. Chain Isomerism.

(R}

. Positional Isomerism.

W

. Functional Isomerism.
. Ring Chain Isomerism.

. Metamerism Isomerism.

b

. Tautomerism Isomerism

1. CHAIN ISOMERISM -

e The same molecular formula represents two or more

compounds.
e [t differs in the nature of carbon chain(straight or branched)
e Example, C,H,, (Butane) has two isomers namely butane and 2-

methylpropane.

H H H H N
H H H H i s
BUTANE 2-METHYLPROPANE
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2. POSITIONAL ISOMERISM
e The same molecular formula represents two or more
compounds.
e It differs in the position of the same functional group
e Example, Butene has two isomers namely But-1-ene and
But-2-ene.

H H H HooH H

| | gl | | |

Ce=e—=C—C —C —H H—C—C—C—C——H

| | | |F=

H H H H H H
BUT-1-ENE BUT-2-ENE

3. FUNCTIONAL ISOMERISM
e The same molecular formula represents two or more

compounds.
e It differs in the nature of the functional group.
e Example, C;H,0, has two isomers namely Propanoic acid and

Methyl ethanoate.

H O H
L O NI
H-Cal=lS H—C—C—O—CIS—H
| | \
4 H O-H ! H
PROPANOIC ACD METHYL ETHANOATE
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Resonance versus tautomerism

Tautomerism is a type of isomerism in compounds contains carbonyl

group beside methylene group.

These compounds present in a balance between two forms are keto form

and enol form, these forms known as tautomeric isomers (tautomerism).

Ha H
C R C R
R/ \C/ R/ \T/
o) OH
keto form
enol form
Example (1): acetone:
OH
O
H3C/ \CH3 H,C CH;
keto form enol form
Example (2): phenol:
OH Q
H
H
enol form keto form
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Resonance:

Is a type of isomerism present in compound in more than one form in its

structural formula differs in the position of it electrons.

Example: benzene:
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Naming Organic Compounds

The name of any organic compound is comprised of three portions:
PREFIX + ROOT + SUFFIX

The root name of the compound is determined from the number of C
atoms in the longest continuous chain. The suffix indicates the type of organic
compound, and is placed after the root. The suffix for an alkane is —ane. The
prefix identifies any groups attached to the main chain.

Numerical Roots for Carbon Chains and Branches

Roots Number of C Atoms
meth- 1
eth- 2
prop- 3
but- 4
pent- 5
hex- 6
hept- 7
oct- 8
non- 9
dec- 10
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Rules for Naming an Organic Compound

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

1. Naming the longest chain (root)

(a) Find the longest continuous chain of C atoms.
(b) Select the root that corresponds to the number of C atoms in
this chain.

2. Naming the compound type (suffix)

(a) For alkanes, add the suffix -ane to the chain root. (Other
suffixes appear in Table 15.5 with their functional group and
compound type.)

(b) If the chain forms a ring, the name is preceded by cyclo-.

. Naming the branches (prefixes) (If the compound has no

branches, the name consists of the root and suffix.)

(a) Each branch name consists of a subroot (number of C atoms)
and the ending -y/ to signify that it is not part of the main chain.

(b) Branch names precede the chain name. When two or more
branches are present, their names appear in alphabetical order.

(c) To specify where the branch occurs along the chain, number the
main-chain C atoms consecutively, starting at the end
closer to a branch, to achieve the lowest numbers for the
branches. Precede each branch name with the number of the
main-chain C to which that branch is attached.

CH,

CH,—CH,
6 carbons = hex-

hex- + -ane = hexane

CH; methyl
CHS—CH—CliH—-CHQ—CHz—CHs

CH,—CHj; ethyl
ethylmethylhexane

CH,§
1 2 3 4 5 6
CH3—CH—C|)H—CH2—CH2—CH3
CHZ_CH3

3-ethyl-2-methylhexane
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Functional groups

Functional Class of Structural Ball-and-
group compounds formula Example stick model
i i
Hydroxyl Alcohols - H—C—C—OH \‘ﬁ
OH e oo i S
Ethanol
O P S
Carbonyl Aldehydes R—C‘? H—e—c,
—CHO Y H ™

H Acetaldehyde

Cftrbunyl Ketones {I:E, H_E_E_E_H L'
i R— C —R h " - ’

Acetone
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] ]
! i ;
=R 4 R—C" TH |
R—0O—H | R—C—3 R—T=7—R
R I
R
acyl halides alcohols aldehsades alk¥l halides alkwmnes
(X =F Cl,EBr, Il (X =F Cl,EBr, Il
]
R I H
H‘*-I .--':E .--':N._:E ""c“ it
o= R RN-R
- o
R R R
alkenes amines aniides aromatic ringz  arvl halides
(X=F ClEr,I)
] R E ]
s R—t_s—s—G—r & T E
R “0O—H | | R “0—C—R R—C—0—C—R
R R | I I
=] E R
carbox¥lic acids disulfides esters ethers
Em R Iﬁl = Iﬁl
Z=H VoD S R—J=H R—HQ, R—0O—PFP—0OH
-~ -
| I oH
_y | =] R
Hiines nitriles nitro groups phosphate esters
ketones
)
R—?—S—?—H R—E—H
R R
thioethers thials
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]
-
-

b gy GaeSis Aiaas baylg) S (8 Bole Alada A bl Jeldnl) dale
LA Ayl (g gl Adyl ) eSS gy oy AN A g g g 19,

E
b

Cleavage of Covalent Bonds (Axedlud dday) 5 i 4388
a- Homolytic bond Cleavage: 48! Jildia juss

S
A:B—— A + B Homolytic bond cleavage

Radicals

b- Heterolytic bond Cleavage: 4/l Jildia p& jauss

(3

AtB——= A" + ‘B~ Heterolytic bond cleavage

Ions

Bond making (A ¢ sS5 4u8s
a- Homogenic bond making (4 U Jilaia ¢y 9S5)

b- Heterogenic bond making (4l Jilaia j& (4 oS5)

Types of Reactions and Their Mechanisms
el &Uﬁ\ é:ﬁJ‘ ) A gl Ce W) asds (Say dale ddiay
1- Substitution reactions J)aiux) cle il

H,C—CI + Na*OH —> H,C—OH + Na*CI

A substitution reaction



2- Addition reactions 4Ll e

H H Hi H

\ /
C—=C 4 Br—Bp 4 H—(]T c|:—H
/ \

H H Br Br

An addition reaction

3- Elimination reactions & <l

Pll Pll H\ /H
H—C—C—H ——=— (=C

| | (—HBr) ; '\

H Br H H

An elimination reaction

4- Rearrangement reactions s sals ) cdle il

H H H,C CH,
(:‘[-[ \C C‘f acid cat. c—cC
x. of ’\ / 0\
/ S H H.C CH,
LHJ

A rearrangement
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Common Functional Groups (4dll cile ganall)

R H alkane 0
RHC CHR alkene ///Jl\\\ carboxylic
R O -H acid
R-C ———C -R alkyne O
////U\\\\ ester
R O-R
arom atic 0O
////JJ\\\\ amide
R—O-H alcohol R NHR

R O-R ether .
acid
chloride
% R Cl
///JI\\\ ketone R ——NH, amine

o RHC ——NH imine
///Jl\\\ aldehyde
R-C ——N nitrile
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HYDROCARBONS

You have studied inthe previous|esson that hydrocarbons are the compounds containing
carbon and hydrogen. You also know that they are classified as aiphatic, alicyclic and
aromatic hydrocarbons. They constitute a very important class of organic compounds
and are widely used as fuels, lubricants and dry cleaning agents. They are also used as
important ingredientsin medicinesand in dyes. Petroleum and coal are the major sources
of various types of hydrocarbons. The products obtained from fractional distillation of
petroleum and destructive distillation of coal are used almost in every sphere of life.
Hydrocarbons are considered to be the parent organic compounds, from which other
organic compounds can be derived by replacing one or more hydrogen atomswith different
functional groups. In thislesson, you will study about the preparation, important physical
and chemical properties of hydrocarbons.

D), Objectives

After reading thislesson, youwill beableto:

e listdifferent methods of preparation of alkanes;

e explainthereasonsfor variation in physical properties of akanes;
e  describedifferent chemical properties of alkanes;

e listdifferent methods of preparation of alkenes;

e explainthephysical propertiesof alkenes;

e  describethe chemical properties of akenes;

e listdifferent methodsof preparation of alkynes;

e explainphysical and chemical propertiesof alkynes;

e discussthe cause of greater reactivity of alkenes and alkynes over alkanes;
e  distinguish alkanes, alkenesand alkynes,

e listvariousfractions obtained by destructivedistillation of coal;

e explainthestability of variousorganic compounds using resonance;
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e  describe methods of preparation, physical properties and chemical properties of | Chemistry of Organic
benzene, and Compounds

e listvarioususesof hydrocarbons.

26.1 Alkanes (Paraffins)

Alkanesare saturated hydrocarbons. They are very |essreactive towards various reagents,
hence, they are also referred to as paraffins (parum means little, affins means affinity).

26.1.1 Methods of Preparation

Some important methods of preparation of alkanes are asfollows:

Notes

1. From Haloalkanes(Alkyl Halides): Monohal oalkanes can be converted to alkanes
by following three methods:

a) By reduction of haloalkanes: Thereplacement of halogen atom of hal oalkanes
with hydrogen is called the reduction and can be carried out by the following
reagents :

(i) Zinc and dilute HCI

CHBr + Zn + 2HCI —— CH, + ZnCl,+ HBr
Bromomethane M ethane

(i) HI in the presence of red phosphorus

red phosphorus

Hel + HI
CaoHs 423K

lodoethane

> C2H6 ZnCI2 HBr
M ethane

(iii) Catalytic reduction

CHaCl  + H, bty oy

Chloromethane Methane

b) By using Grignard’s Reagent : A Grignard reagent is a compund of the type
RMgX whichis prepared by reacting a hal oal kane with magnesium metal in the
presence of dry ether.

CoH&Br + Mg — I ethel o i MgBr

Bromoethane Ethyl Magnesium Bromide

The Grignard’s reagents are used to prepare various compounds like hydrocarbons,
ethers, alcohols and carboxylic acids. It reacts with the compounds containing
active hydrogen and formsakanes. An easily replaceabl e hydrogen atom present
in the compoundsis called active hydrogen. An active hydrogen ispresent in (i)
acoholsand (ii) water and (iii) acids.

CHMgBr + CH.OH - CH, + Mg(OCH,)Br

CHMgBr + H,O - CH, + Mg(OH)Br

¢) ByWurtzReaction: Inthisreaction, an akyl halidereactswith sodium metal in
the presence of dry ether and forms the higher alkanes.

147
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CHs— Br+2Na+ Br — CHz — Y | cp — CHg + 2 NaBr

Bromoethane Ethane

From Unsaturated Hydrocarbons : The unsaturated hydrocarbons (i.e. alkenes
and alkynes) can be converted to alkanes by the addition of hydrogen in the presence
of acatalyst like nickel, platinum or palladium.

CH, =CHy + H, —oX P CH, - CH,

_ Ni or Pt
CH=CH +2H, — 52~ CH; - CH,
Thisreaction is aso caled hydrogenation and is used to prepare vegetable ghee
from edible oils (by converting unsaturated fats to saturated ones.)

From Alcohols, Aldehydes and Ketones : Alcohols, aldehydes and ketones on
reductionwith HI, in presence of red phosphorus, give akanes.The general reactions
are as shown below.

ROH +2HI —2P/42K , RH 4+ 1, + H,0
Alcohol Alkane

RCHO + 4H| —P/9ZK , RCH, + 21, + H,0
Aldehyde Alkane

RCOR! + 4H| —P145K_, pCH,R' + 21, + H,0
Ketone Alkane

From Carboxylic Acids : Carboxylic acids can produce akanes in a number of
ways as shown below :

i) Heating with soda lime : RCOONa + NaOH %) RH + Na,CO,
In this reaction, an alkane with one carbon less than those present in the parent

carboxylic acid isobtained.

i) By Reduction of carboxylic acid:

RCOOH + 6HI —®4P/428K  peH, +31, + 2H,0

Here, an akane with same number of carbon atoms asin the starting carboxylic acid
isobtained.

iii) Kolbe’s Electrolysis: Sodium or potassium salt of a carboxylic acid, on
electrolysis, gives a higher alkane. The reaction takes place asfollows.

RCOONa dectrolyss | pcoo™ + Nat

Sodium salt of carboxylic acid Anion  Cation
At Anode :

RCOO™ —— RCOO" + e~

RCOO* —— R* + CO,
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R*+R*—— R-R
Thus, ethane can be obtained by the electrolysis of sodium ethonate.

2CH3COONa —— CH3-CHgj
Sodium ethanote Ethane (at anode)

Note that the alkanes with even number of carbon atoms can easily be prepared by this
method.

26.1.2 Physical Properties of Alkanes

Physical State: The physical state of alkanes depends upon the intermolecular forces of
attraction present between molecul es which in turn, depend upon the surface area of the
molecules. As the molecular mass of the alkanes increases, their surface area also
increases, which in turn, increases the intermolecular forces of attraction, and
accordingly, the physical state of alkanes changes from gaseous to liquid, and then
to solid. The alkanes containing 1 to 4 carbon atoms are gases, whereas those containing
5t0 17 carbon atomsare liquids, and the still higher onesare solids. In the case of isomeric
alkanes, the straight chain alkanes will have maximum surface area, and hence, stronger
intermolecular force of attraction. As the branching increases, surface area decreases.
Hence the intermolecular forces of attraction decrease. Let us consider the isomers of
pentane (CH,,).

CH3— CHz— CH2— CHz—CH3
n-Pentane

P
CH;—CH,—CH —CH,
2-Methylbutane
(Isopentane)

CH,
|
CH, —C —CH,

CH,

2,2-Dimethylpropane
(Neopentane)

Amongst these threeisomeric compounds, neopentanewill havetheweakest intermol ecular
forces of attraction due to the smallest surface area of its molecules.

Density: The density of alkanes increases with the increase in molecular mass which
increases with the increase in the number of carbon atoms. All alkanes are lighter than
water i.e. their density islessthan 1.0 g/cmé. The maximum density in the case of alkanes
is 0.89 g cm®. The lower density of alkanes than water is due to the absence of strong
intermol ecul ar attractionsin alkanes.

Boiling Point: The boiling points of alkanes also increase with the increase in the
molecular mass. In straight chain a kanes, theincreasein boiling pointsdueto theincrease
in surface area of the molecules. Branching in a chain reduces the surface area and

Chemistry of Organic
Compounds

Notes

149




MODULE -7

Chemistry of Organic | therefore, decreasesthe boiling point of alkanes. Thus, in the above example, isopentane
Compounds || and neopantane have alower boiling point than pentane.

M elting Point: Similar to the boiling points, the melting points of alkanes also increase
withtheincreasein their molecular mass, but thereisno regul ar variationin melting point.
The melting points of alkanes depend not only upon the size and shape of the molecules,
but also on the arrangement (i.e. the packing) of the moleculesin the crystal lattice.

Notes In alkanes, each carbon atomis sp® hybridized which resultsin abond angle of 109°28'. In
straight chain hydrocarbons the carbon atoms are arranged in a zig-zag way in the chain.
If the molecule contains an odd number of carbon atoms, then the two terminal methyl
groups lie on the same side. So the interaction between the alkane molecules, with odd
number of carbon atoms, islessthan the molecule with even number of carbon atoms, in
whichterminal methyl groupslieon the opposite sides.

CH, CH, CH, CH, CH, CH, CH, CH,
YN /N N/ SN NN
CH, CH, CH, CH, CH, CH, CH; CH, CH, CH,

n-Pentane n-Hexane n-Heptane

(Carbon atoms=5, m.p.142 K) (Carbon atoms=6, m.p. =179 K) (carbon atoms=7, m.p.=183K)

Inthe above structures, wefind that alkanes contai ning even number of carbon atomsare
more symmertical and can be more closely packed as compared with alkanes containing
odd number of carbon atoms and can be more closely packed. Van der Waal’s force of
attraction is stronger, dueto which they have higher melting points. Therefore, the alkanes
with odd number of carbon atoms have lower melting point than those having even
number of carbon atoms.

26.1.3 Chemical Properties of Alkanes

1. Halogenation reactions: The chemical reactions in which a hydrogen atom of an
alkane is replaced by a halogen atom are known as halogenation. Alkanes react with
chlorinein thefollowing way.

CHg4 + Cls lefuﬁil:n“ght » CHCl

M ethane Chloromethane

CH3C| + C|2 TCI) CH2C|2

Dichloromethane
(:HZC:I2 + C|2 TCI) CHC|3
Trichloromethane

CHC'3 + C|2 ——ha CC|4

Tetrachloromethane

Chlorination of methane takes place viathefreeradical mechanism. When thereaction
mixture is exposed to sunlight, chlorine molecul es absorb energy from sunlight and get

converted to freeradicalsi.e. chlorine atomswith an unpaired electron (é|) . Thechlorine

radical s then combine with methane and form methyl radical [C.2H3] . Themethy! radical
150




MODULE - 7

further reacts with chlorine molecule and produces chloromethane. This reaction | Chemistry of Organic
continuously takes place till it is stopped or the reactants completely react to form the § Compounds

products. Thefree radical mechanism involves the following three steps.

(i) ChainInitiation Step: It involvesthe formation of free radicals.

cl,—™ s2cI*  (hv=energy of light)

(i) Chain Propagation Step : The free radicals give rise to the formation of more free Notes
radicalsasis showninthefollowing reaction.

CH, +Cl —— CH; + HCI

CH;+Cl, —— CH4Cl+ClI
(i) Chain Termination Step : In this step, free radicals combine with one another and
the further reaction stops.
CH; +Cl —— CH4CI

Cl+Cl —> Cl,

CHz; +CH; —— CH3;-CH;,
The reactivity of halogensisin the order of F,>Cl,>Br, > ..

2. Oxidation: Alkanesundergo oxidation (combustion) in excess of oxygen and produce
carbon dioxide and water. Thisreaction ishighly exothermicin nature.For example:

CH, +20, —> CO, + 2H,0 + 890KJmol

If the combustionis carried out in the presence of aninsufficient supply of air or O,
then incomplete combustion takes place forming carbon monoxide instead of
carbon dioxide.

2C,Hg +50, —" 5 4CO + 6H,0

3. Cracking or Pyrolysis. At very high temperature and in the absence of air, the
akanes break apart into smaller fragments. For example,

CH5 — CH, — CHy —32K 5 CH.CH=CH, + H,

or CH,=CH, + CH,
4. lsomerisation : n-Alkanes, inthe presence of aluminium halideand HCI, are converted
to their branched isomers.

CH,

|
CH3 -CHy - CH» —CH3 M) CH; —CH—CH,

n-butane isobutane

26.1.4 Uses of Alkanes

Alkanes are used as fuel gases, solvents, drycleaning agents, lubricants and in ointments
(paraffinwax). Methaneisused for illuminating and domestic fuel and asofor the production
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of other organic compounds such as hal oalkanes, methanol, formal dehyde and acetylene.
Propaneis used as afuel, refrigerant and as raw material in the petrochemical industry.
Butane and its isomer—isobutane, are the major constituents of LPG .

sy
S'f_.. Intext Questions 26.1

1. Listfour important uses of hydrocarbons.

4.  What makesthe physical properties of various hydrocarbons different?

5.  Name two alkanes which are gases and two akanes which are liquids at room
temperature.

26.2 Alkenes

These are unsaturated hydrocarbons containing at least one double bond between two
carbon atoms. The hydrocarbons of this class are also called olefines (olefiant = ail
forming).

26.2.1 Methods of Preparation

Inthelaboratory, akenesare generally prepared either from haloalkanes (alkyl halides) or
acohals.

1. From Haloalkanes: Halaoal kanes are converted to alkenes by dehydrohal ogenation.
The process of removal of halogen acid like HCI, HBr or HI from the adjacent carbon
atoms of akyl halides, when reacted with a coholic solution of potassium hydroxide, is
called dehydrohal ogenation.

CH, — CH, — Cl + KOH(alc.) — CH, = CH, + KCl + H,0

Chloroethane Ethene
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CH,CH,CHCH, —2KOH(@EC) 5 CH,CH = CH CH, + CHLCH,CH = CH,

ol But-2-ene (Major) But-1-ene (Minor)
2-Chlorobutane

The major product is formed according to the Saytzeff’s Rule.

Saytzeff’s Rule : It states that when an alkyl halide reacts with alcoholic solution of
potassium hydroxide and if two alkenes are possible, then the one which is more
substituted, will be the major product. In the above example, but-2-ene is the major
product because it contains two alkyl groups attached to the —-C=C- group.

2. From Alcohols: Alkenescan be prepared from al cohol s by dehydration in the presence
of a suitable dehydrating agent such as (i) Al,O, or (ii) concentrated H,SO,.

CH3 — CH, — OH 62‘3\'26032K CHy = CHy + Ho0
Ethanol - Ethene
B B conc. H,S0, _

CH3 - CHo - OH 133K > CHo =CH» + HyO

Ethanol Ethene

In the dehydration of higher acohals, the major product obtained is according to the
Saytzeff’s Rule.

26.2.2 Physical Properties of Alkenes

Some important physical propertiesof alkanesare asfollows:

Physical State : Unbranched alkenes containing upto four carbon atoms are gases and
containing five to sixteen carbon atoms are liquids whil e those with more than 16 carbon
atoms are solids.

Boiling Points: The boiling points of akenesincrease with molecular mass asis shown
inTable26.1.

Table 26.1: Boiling pointsof Alkenes

Alkene Ethene Propene  But-l-ene Pent-1-ene Hex-1-ene
b.p. (K) 169 26 267 303 337

Theincreasein boiling point can be attributed to the van der Waal sforceswhich increases
with number of carbon atoms of the alkene. The branched chain akenes have lower
boiling pointsthan those of straight chainisomers.

Melting Point : In alkenes, there is increase in the melting point with the increase in
molecular mass. In the case of isomeric alkenes, the cis and trans isomers have different
melting points.

For example
CHs_ _ H CHa _ CH,
/C =C c=C
-~
H e, H S
trans-But-2-ene cis-But-2-ene
(m.p. 167 K) (m.p. =134 K)
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26.2.3 Chemical Properties of Alkenes
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Addition Reactions: The chemical reactionsin which amolecul e addsto another
molecule are called an addition reaction. These reactions are characteristic of
unsaturated compoundslike alkenesand alkynes. Thefollowing reactionsillustrate
the addition reactions of alkenes.

(i)

(i)

(iii)

(iv)

Addition of Hydrogen : Addition of hydrogen to unsaturated hydrocarbons
takes place in the presence of a catalyst like Ni, Pt or Pd.

CHy=CHy 4+ Hy —N (5';‘3?}2 Pd) , CH, - CH3

Ethene Ethane

Addition of Halogens : Halogens on addition to alkenes, form 1,2-
diha oalkanes.

CH, = CH, + Br, (in CCl,) ——> CH,-CH,

Ethene | |
Br Br

1, 2-Dibromoethane

As aresult of this addition reaction, the reddish-brown colour of Br, gets
discharged. Thisreactionisalso used astest for unsaturation in hydrocarbons.

Addition of Halogen Acids (HX) : When halogen acids are added to alkenes,
hydrogen adds to one carbon atom whereas halogen atom adds to the second
carbon atom of the double bond.

CH,=CH, + HBr —— CH,-CH,-Br

Ethene Bromoethane

In case of unsymmetrical alkenes (which contain unequal number of H-atoms
attached to the carbon atoms of the double bonds), the addition of HX takes
place according to the Markownikoff’s rule. This rule states that in the
addition of halogen acids to unsymmetrical alkenes, the halogen of HX
goes to that carbon atom of C = C bond which already hasless H-atoms
attached toit. In other words, hydrogen atom of HX goesto the carbon atom
with more number of H-atoms attached to it.

CH,CH = CH, + HBr —— CH,CHBr CH,
Propene 2-Bromopropane

If the addition of HBr is carried out in the presence of peroxides such as
benzoyl peroxide, then the reaction takes place contrary to Markownikoff’s
rule. Thisisalso known as Anti Markownikoff’s addition or peroxide effect.

benzoyl peroxide

CH,CH = CH, + HBr > CH,CH, - CH,- Br
Propene 1 - Bromopropane

Addition of Water : Addition of water takes place in the presence of mineral
acids like H,SO,.
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H,SO, Chemistry of Organic

CH,=CH,+H,0 —.~— CH,-CH, - OH Compounds

Ethene Ethanol

(v) Addition of H,SO,

CH,=CH, + conc. H,SO, —— CH, - CH,-HSO,
Ethene Ethyl hydrogen sulphate Notes

(vi) Addition Polymerization : The processin which many moleculesof an akene

add together to form alarger moleculeis called addition polymerization.

n (CH,=CH,) 4 CH, - CH, )=

Ethene Polyethene

hest , pressure

Oxidation : Theoxidation of alkenescan be done by using different oxidizing agents
like KMnO,, oxygen and ozone.

(i)

Oxidation with KMnO,

Alkenesare unsaturated hydrocarbons having Pi (p)-bond(s) between the carbon
atoms, so they are easily oxidized by cold dilute alkaline solution of KMnO,.

CH CH,-OH
I 2 KMnO,
_——
CH cold alkaline CH2 _OH
Ethene Ethanediol

When an akainesolution of KMnO, (Baeyer’s Reagent) is added to an alkene,
the purple colour of KMnO, gets discharged. This reaction is used to test
unsaturationin hydrocarbons. On treatment with hot alkaline KMnO, the alkene
gets oxidized to ketones or further to acids depending upon its structure. This
happens due to the breaking of carbon-carbon double bond.

(l:Hs CH,
CH,—C= CH,+30] —ZEM%:,  %c=0 + HCOOH
2-Methylpropene 3 (Acetone) (Formic Acid)

Propanone Methanoic acid

(ii) Oxidation with Oxygen : Ethene on oxidation with oxygen in the presence of

silver (Ag) gives epoxyethane. The reaction is shown bel ow:

1
CHp =CHz + 502 —_>5ng CH, - CH,
Ethene N O
Epoxyethane

(iif) Combustion : The oxidation reaction, in which carbon dioxide and water are

formed along with theliberation of heat and light, iscalled combustion.
CH,=CH,+30, —® , 2CO,+2H,0  AH=-1411 KJ mol:
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(iv) Oxidation with Ozone : Ozone adds to the alkene forming ozonide. The
ozonide when further reacted with water in the presence of zinc dust, forms
aldehydes or ketones, or both.

H\.(;'“/O\';.C _H
H-[ 7 | H

CH,=CH,+0O; — oO——oO
Ethene

Zn/H,0 2 HCHO

Methanal

Ozonide

This process of addition of ozone to an unsaturated hydrocarbon followed by
hydrolysisiscalled ozonolysis.

Ozonolysiscan be used for the determination of the position of double bondsin
alkenes by analysing the products formed i.e. aldehydes and ketones. Thisis

explained bel ow.

4 3 2 1 o O
CH,-CH,-CH=CH, — > CH,CH-C" -~ CH,
But-1-ene o

O O

_ZNH20 , CH,CH,CHO+ HCHO
Propanal Methanal

When but-1-eneis oxidized with ozone and the ozonide formed is hydrolysed,
we get one mole of propana and one mole of methanal, showing that the double
bond is between carbon atom 1 and 2. Whereas but-2-ene on oxidation with
ozone, followed by hydrolyss, givestwo molesof ethanal, showingthat the double
bond is present between carbon atoms 2 and 3 as shown bel ow.

4 3 2 1 O Zn/H,0

(@)
CH,CH,=CH-CH, —2>CH,- cH  -clH ~CH,—————2CH,CHO
But-2-ene [ Ethanal
0———0

26.2.4 Uses of Alkenes

Ethene is used for making mustard gas, which is a poisonous gas used in warfare. It is
also used for artificial ripening of fruits, as ageneral anaesthetic and for producing other
useful materials such as polythene, ethanal, ethylene glycol (antifreeze), ethylene oxide
(fumigant) etc.

]
h@"_ . Intext Questions 26.2
1. Which one has higher boiling point: cis but-2-ene or trans but-2-ene?

2. Name the products formed when ethene is oxidized with cold alkaline solution of
KMnO,.




Hydrocarbons

3. Writethe conditionsfor hydrogenation of alkenes.

26.3 Alkynes

These are also unsaturated hydrocarbons which contain atleast one triple bond between
two carbon atoms. Some examples are as follows::

CH=CH, CH;-C=CH, CH;-C=C-CH,4
Ethyne Propyne But-2-yne

26.3.1 Preparation of Ethyne (Acetylene): Some important methods for
preparation of ethyne are explained below.

1. From Calcium Carbide: Ethyne can be prepared in the laboratory, as well as on a
large scale, by the action of water on calcium carbide.
CaC + 2HO — H-C=C—H+Ca(OH),

2
Calciumcarbide Water Ethyne

Ethyne prepared by this method generally contains the impurities of hydrogen sulphide
and phosphinedueto theimpurities of calcium sulphide and cal cium phosphidein calcium
carbide.

2. Preparation of Ethyne from Dihaloalkanes

Ethyne can be prepared by refluxing geminal dihal oalkanes (having both hal ogens attached
to the same carbon atom) or vicinal dihal oakanes (having hal ogen atoms attached to the
adj acent carbon atoms) with a coholic solution of KOH.

CH,Br CH, ﬁ —H

| heat | ac. KOH
1,2-Dibromoethane Vinyl Bromide Ethyne

CH, CH, ﬁ —H

| heat [ ac. KOH

CHBr, +adc. KOH —— CHBr Pt C—H
1,1-Dibr omoethane Vinyl Bromide Ethyne

3. Preparation of higher alkynes: Higher alkynes can be prepared by the reaction of
alkynides of lower alkyneswith primary alkyl halides.

R-C=CH+Na—%"Hs o cocNat

R-C=C Na" + CH3l — > R-C=C-CH3 + Nal

MODULE -7
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26.3.2 Physical Properties of Alkynes

4.

First three members of alkynes are gases, the next eight members are liquids and
members having more than twelve carbon atoms are solids.

They are colourless and odourless, except ethyne which has agarlic odour.

Themelting points, boiling pointsand densities of alkynesincreasewith theincreasing
molar mass. In alkynes, there are n(pi)-electrons due to which these molecules are
dlightly polar. So charge separation takes place in alkynes, and hence dipoles are
formed. The presence of dipoles increases the inter molecular force of attraction,
and hence the boiling points of alkynes are higher than those of the corresponding
alkanes.

Alkynesarevery dlightly solublein water and solublein acetone.

26.3.3 Chemical Properties of Alkynes

1.

2.

Addition Reactions: Some of the addition reactions of alkynes are as follows.

(i) Addition of Hydrogen : Addition of hydrogen to alkynes takes place in the
presence of a catalyst like Ni, Pt or Pd.

Ni or Pt or Pd _ .
E3K ﬁCHZ_CHZ H, + Ni or Pt or Pd CH?’_CH3

CH=CH +H,

(ii) Addition of Halogens : When halogens are added to alkynes, they form 1,2-
dihaoalkenesand 1,1,2,2-tetrahal oal kanes.

CH=cH _B2NCCl  cypr = cHBr —B21NCCla , cHBr - CHBY,
Ethyne 1,2-Dibromoethene 1,1,2,2-Tetrabromoethane

(iii) Addition of Halogen Acids (HX) : Addition of HBr to ethyneisasfollows:

CH=CH —™, CH,=CHBr —2" CH, - CHBr,
Ethyne Bromoethene 1,1-Dibromoethane

(iv) Addition of Water : Addition of water takes place in the presence of mineral
acids like H,SO, and in the presence of Hg** as the catalyst.

40% H»SO4 Rearrangement
1% HgSO, [CH, = CHOH] <

Ethyne Vinyl Alcohol Ethanal
(Unstable)

CH=CH +H,0 > CH,CHO

(v) Addition of H,SO,: Conc. H,SO, adds to ethyne as shown below.

CH=CH M50 | opy = chHso, _P2%% [ cH - cH (Hso)),
Vinyl hydrogen sulphate Ethylidene hydrogen sulphate

Oxidation : Alkynes undergo oxidation with oxygen, KMnO, and ozone.
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(i) Oxidation with KMnO, Chemistry of Organic

Compounds

, COOH
CH = CH + 4[O] Cold akalineKMnO, |

Ethyne COOH
Ethanedioic acid

The colour of alkaline solution of KMnO, is discharged on reaction with alkynes.

Alkynes on heating with alkaline KMnO, give carboxylic acids.

KMnO,4 + KOH
heat

However, ethyne, on similar treatment, gives carbon dioxide and water.

Notes

=C-R RCOOH + R" COOH

KMnO, KOH
CH = CH + 4[O] e (COOH), —1OL > 2.CO, + H,0

Combustion : Combustion of ethynein excessof oxygen or air gives carbon dioxide
and water as shown below :

2CH,+50, —™ , 4C0O,+2H,0 AH =-1300 KJ mol-

Ozonolysis: On ozonaolysis, alkynes give dicarbonyl compounds at the position of
C=C without breaking the chain of carbon atoms as shown below :

CH = CH H—?ll—(HZ—H

O 0) (ONN®)

3. Formation of Acetylides: Ethyneforms precipitates of copper and silver acetylides
when passed through ammonical solution of cuprous chloride and ammonical silver
nitrate, respectively.

CH=CH + 2Cu(NH,), — CuC=CCu + 2NH*, + 2 NH,
Cuprous acetylide (red)

CH=CH +2Ag(NH,), —>AgC=CAg+2NH", + 2 NH,
Silver acetylide (white)

26.3.4 Acidic Nature of Ethyne

The acidic nature of hydrocarbons can be determined with the help of the percentage (%)
of s-character of the hydrocarbon. The greater the percentage of s-character of a
hydrocarbon, the more will beitsacidic nature.

Table26.2: % s-Character of hyrid orbitalsin Hydrocarbons

Hydrocarbon Typeof hybridization (%) s-character
Alkanes sp? 25%
Alkenes sp? 33.3%
Alkynes sp 50%

As alkynes have 50% s- character, they are the most acidic in nature. An sp-hybridized
carbon atom is more electronegative than sp? or sp® carbon atoms. Due to greater
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Chemistry of Organic | electronegativity of sp hybridized carbon atom in ethyne, hydrogen atom is less tightly
Compounds || held by the carbon and hence, it can be removed as a proton (H*) by a strong base like
sodium metal and sodamide. The following reactions of ethyne with sodium and
sodamide confirm itsacidic nature. In these reactions, disodium acetylide is formed.

H-C=C-H+2Na —*, Na-C=C-Na+H,

Ethyne Disodium Acetylide
(Acetylene)

H-C=C-H+2NaNH, —®, Na—C=C-Na+2NH,
Ethyne Sodamide Disodium Acetylide

26.3.5 Uses of Alkynes

Ethyne (acetylene) isused for producing oxyacetyleneflame (2800°C) whichisused for
for welding and cutting of iron and stedl. Itisalso used for artificial ripening of fruitsand
vegetables. It also finds use in the production of a number of other organic compounds
such as ethanal, ethanoic acid, ethanol, synthetic rubbers and synthetic fibre orlon.

26.3.6 Distinction Between Alkanes, Alkenes and Alkynes

The folloiwng table shows different tests for distinction between alkanes, alkenes and

akynes:
Table26.3: Testsfor identification of alkanes, alkenesand alkynes
S.No Test Alkanes Alkenes Alkynes
1 Add bromine dissolved in No change Reddish brown Reddish brown
carbon tetrachloride. colour of Br, colour of Br, is
is discharged  discharged
2 Add akaline solution of No change Purplecolour  Purple colour of
KMnO, (Baeyer’s reagent) of KMnO,is  KMnQ, is
discharged discharged
3 Add ammonical solution of No change No change White ppt. of
silver nitrate silver acetylide
isformed
4, Add ammonical solution of No change No change Red ppt. of
cuprous chloride (Cu,Cl.) cuprous acetylidg
isformed

FaY
S"- Intext Questions 26.3

1. How isethyne prepared from calcium carbide?
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Alcohols, Phenols and Ethers

o Alcohols, phenols and ethers may be viewed as organic derivatives of water.

o Alcohols and phenols have a common functional group, the hydroxyl group, -OH.

.
H-O-H R ArOH) ROR R-O-Ar Ar-O-Ar o, g™ ﬁ‘
cohol - °

Water Al Phenol Ether

o Alcohols are compounds whose molecules have a hydroxyl group attached to a
saturated carbon atom.

o Phenols are compounds that have a hydroxyl group attached directly to a benzene ring .

o Ethers are compounds whose molecules have an oxygen atom bonded to two carbon atom.
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Classification of Alcohols and Ethers

o Alcohols are classified as primary (1°), secondary (2°), or tertiary (3°), depending on whether
one, two, or three organic groups are connected to the hydroxyl-bearing carbon atom.

R
R— CH,;OH R— CHOH R

R

primary (1°) secondary (2°) tertiary (3°)
= Methyl alcohol, which is not strictly covered by this classification, is usually grouped with the primary alcohols.
o Ethers are classified as
= Symmetrical ethers;

When the organic groups attached to the oxygen are identical.

Unsymmetrical ethers (mixed ethers);

When the organic groups attached to the oxygen are different.

Nomenclature of Alcohols

o The common names for the simplest alcohols consist of alkyl group attached to the
hydroxyl function followed by the word alcohol: Alky| alcohol .

o In the IUPAC system, alcohols are named according to the following rules.

1. Select the longest continuous carbon chain that contains the -OH group.
Drop the —e ending of the parent alkane and replace it by the suffix -ol: Alkanol

2. When isomers are possible, the chain is numbered so as to give the functional
group (-OH) the lowest possible number.

3 2 1 1 2 3
CH,0H CH3;CH,OH CH,CH,CH,OH CH,CHCH;
OH
methanol ethanol 1-propanol 2-propanol
(methyl alcohol) (ethyl alcohol) (n-propyl alcohol) (isopropyl alcohol)
i e
CH,;CH,CH,CH,0H CHSL“HCHZCH3 CH;CHCH,0OH CH;*(‘If OH
OH CH;
1-butanol 2-butanol 2-methyl-1-propanol 2-methyl-2-propanol
(n-butyl alcohol) (sec-butyl alcohol) (isobutyl alcohol) (feri-butyl alcohol)
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Nomenclature of Alcohols

3. When alkyl side chains or other groups are present; they are named alphabetically and their
positions are indicated by a number.

The position of the functional group (-OH) is always given the lowest possible number at the end of the name.

CH,CH, Cl CH,
CHSCHZ(JJHCHZCHCHJ CHacHchjHCHZCHQJ:HCHZOH
H
4-Ethyl-2-hexanol 5-Chloro-2-methyl-1-heptanol
(not 3-Ethyl-5-hexanol) (not 3-Chloro-6-methyl-7-heptanol)

For cyclic alcohols, numbering always starts from the carbon bearing the -OH group.

OH OH
CoH,
CH, Br
3-Methylcyclohexanol 3-Bromo-2-phenylcyclopentanol
(not 1-Methyl-3-cyclohexanol) (not 1-B 2-phenyl-3-cycl 1)

Nomenclature of Alcohols

4. With Unsaturated Alcohols; If a molecule contains both an -OH group and a C=C or C-C triple
bond, the -OH group takes preference before the double or triple bonds in getting the lower
number.

The name should include (if possible) both the hydroxyl and the unsaturated groups, even if this does not make
the longest chain the parent hydrocarbon.

CH,CH,
CH,=CHCHCH HC=CCH. =
R ;=CHCHCH, CCH,CH,0H CH,CHC=CH,
2-propen-1-ol OH OH
¥ 3-Buten-2-0l 3-Butyn-1-ol 3-Ethyl-3-buten-2-ol
(allyl alcohol) (not 1-Buten-3-ol) (not 1-Butyn-t-ol) (longest, chain including C—C)
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Nomenclature of Alcohols

o Alcohols with More Than One Hydroxyl Group
» Compounds with two adjacent alcohol groups are called glycols.
The most important example is ethylene glycol.
» Compounds with more than two hydroxyl groups are also known, and several, such
as glycerol and sorbitol, are important commercial chemicals.

OH OH OH OH  OH OH OH OH
b, ot —CH—C
CH,—CH, CH,—CH—CH, CH,—CH—CH,
i - i 1,2,3-Propanetriol oH
IUPAC name: 1,2-Ethanediol 1,2-Propanediol 2, )
Common name: Ethylene glycol Propylene glycol Glycerol or Glycerin S s P

= FEthylene glycol is used as the “permanent” antifreeze in automobile radiators and as a raw
material in the manufacture of Dacron.

= Ethylene glycol is completely miscible with water.

= GClycerol is a syrupy, colorless, water-soluble, high-boiling liquid with a distinctly sweet taste. Its
soothing qualities make it useful in shaving and toilet soaps and in cough drops and syrups.
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Physical Properties of Alcohols and Ethers

o Physical State

* The simplest alcohol, methanol, is a liquid at room temperature.
In contrast, alkanes from methane to butane are gases.

* Phenol is a colorless, crystalline, and low-melting solid and other phenols also are solids, .

* Ethers are colorless compounds with characteristic, relatively pleasant odors.

o Boiling Points

ether’s oxygen.

Ethers have lower boiling points (bp's) than alcohols with an equal number of carbon atoms.

Ether has nearly the same b.p. as the corresponding hydrocarbon in which a -CH,- group replaces the

Because of their structures (no O-H bonds), ether molecules cannot form hydrogen bonds with one another.

Alkanes: No hydrogen
bonding between
molecules; low
boiling points

R\.. R\..
I
R R
Ethers: No hydrogen
bonding betwaen
molecules; low
boiling points

R\": Rz

AN
%

Alcohols: Hydrogen
bonding between
‘molecules; high
boiling points

Water solubility

Compound Formula bp mol wt  (g/100 mL, 20°C)
1-butanol CH3CHZCH,CHz0H 118C 74 7.9
diethyl ether CHsCHp;—0—CHzCH3 35°C 74 75
pentane CH;CH,—CH,—CH,CH; 36°C 72 0.03
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Physical Properties of Alcohols and Ethers

o Boiling Points
¢ Series of normal alcohols; The boiling points increase with increasing molecular weights.

* A comparison of boiling points among isomeric alcohols; The boiling points decrease as the number of
alkyl branches from the carbinol group increases.

i
CH,CH,CH,CH,0H CH,CHCH,0H
1-Butanol ’ 2-Methyl-1-propanol
{mol wt = 74; bp = 118°C) {mol wt'= 74; bp = 108°C)
Cl)H ’ OH
CH,;CH,CHCHj, CHa(!jCH‘;
CH,
2-Butanol 2-Methyl-2-propanol
(mol wt = 74; bp = 99.5°C) (mol wt = 74; bp = 83°C)

* Phenol and most other phenols have high boiling points.

Physical Properties of Alcohols and Ethers

o Solubility
* The lower alcohols are completely miscible with water.
* As the number of carbons in the alcohol increases, the solubility in water decreases.

* Low-molecular-weight ethers, such as dimethyl ether, are quite soluble in water.

Ether molecules can form hydrogen bonds to water.

Structure Name Mol.wt. Bp(°C) Soluzlll% zl::HZO
0 - o CHCH,CH, propane 44 —42 insoluble
R\s_ 5/ \H 3= 3%/ \H CH,OCH, methyl ether 46 —24 soluble
R 0 /0...H /Of-H CH,CH,OH ethanol 46 78 soluble
>CH2 g H R H CH,CH,CH,CH, n-butane 58 ~05 insoluble
CH,CH,OCH ethyl methyl ether 60 8 solubl
R sCH,0CH, e
Alkanes: No hydrogen Ethers: Hydrogen  Alcohols: Hydrogen CH,CH,CH,0H 1-propanol 60 P soluble
bonding with water; bonding with water; bonding with water; CH,4(CH,);CH, n-pentane 72 35 insoluble
insoluble soluble soluble CH,CH,0CH,CH, ethyl ether 74 36 7.58/100 g
CH,4(CH,),CH,0H 1-butanol 74 18 7.98/100 g
CH,(CH,),CH, n-heptane 100 98 insoluble
CH,4(CH,),0(CH,),CH, n-propyl ether 102 91 0.2g/100g
CH,(CH,),CH,0H 1-hexanol 102 157 0.6g/100 g

* Phenol and most other phenols are slightly soluble in water .
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Hydrogen Bonding in Alcohols and Ethers

o The boiling points (bp’s) of alcohols are much higher than those of ethers or hydrocarbons with similar
molecular weights.
CH,CH,OH CH,OCH, CH,CH,CH,

mol wt 16 46 44
bp +78.5°C —24°C —42°C

Why? Because alcohols form hydrogen bonds with one another.

The O-H bond is polarized by the high electronegativity of the oxygen atom and places a partial
positive charge on the hydrogen atom and a partial negative charge on the oxygen atom.

R\‘V s R\ﬁ_f s R\57 ._7R\57 = Two or more alcohol molecules thus become
O—H + O—H — O0—H-—0—H loosely bonded to one another through

two separate alcohol molecules ¥
- e a hydrogen bond hydrogen bonds.

o Consequently, alcohols have relatively high boiling points because they must supply enough heat to
break the hydrogen bonds before each molecule.

o Hydrogen bonds are weaker than ordinary covalent bonds.

Hydrogen Bonding in Alcohols and Ethers

o The lower molecular-weight alcohols and ethers can form H-bond with water molecules.

o This accounts for the complete miscibility of the lower alcohols and ethers with water.

R 0 R o
s= S o= 3
R 0 o m o4t “H
N il \H s H/
o, H R
R
: No hydr Ethers: Hydrogen .Aluu{xals' Hyd.rogen
Akftfxﬁg w;:.h ywas:}e;n bonding with water; bonding with water;

insoluble soluble soluble

o However, as the organic chain lengthens and

. Table 7.1  Boiling Point and Water Solubility of Some Alcohols
the alcohol becomes relatively more

Solubility in H,0

hydrocarbon like, its water solubility Name Formula bp,°C /100 g at 20°C
decreases. methanol CH30H 65 completely miscible
ethanol CH5CH,0H 78.5 completely miscible
1-propanol  CH;CH;CH,OH a7 completely miscible
1-butanol CH4CH,CH,CH,0H 117.7 7.9
l-pentanol  CH;CH,CH,CH,CH,0H 137.9 27

l-hexanol  CHiCH,CH.CH.CH.CH,OH 155.8  0.59
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The Acidity of Alcohols and Phenols

o Like water, alcohols and phenols are weak acids.

The hydroxyl group can act as a proton donor, and dissociation occurs in a manner
similar to that for water

RO__H + Base .__...> RO e + Base_'_H
Alcohol Alkoxide ion
as acid (conjugate base
of alcohol)

ArO—H + Base —> ArO:— + Base—H

Phenol Phenoxide ion
as acid (conjugate base
of phenol)
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The Acidity of Alcohols and Phenols

o Alkoxides, the conjugate bases of alcohols, can be prepared by the reaction of an
alcohol with sodium or potassium metal.
2RO—H + 2K —~ 2RO+ K* + H,

llkoxide

o Treatment of alcohols with sodium hydroxide does not convert them to their alkoxides.

This is because alkoxides are stronger bases than hydroxide ion, so the reaction goes in the reverse direction.

Since alcohols are weaker acids than water, it is not possible to form the salt of an alcohol in aqueous
alkaline solutions.

o Treatment of phenols with sodium hydroxide converts them to phenoxide ions.

ROH + NatHO™ == RO™Na* + H,0

g
@OH +NatHO™ — QO“N;\* + HOH
xide

phenol sodium phen
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Preparation of Alcohols

1. Hydration of Alkenes

a. Addition of water to a double bond in the presence of an acid catalyst, H*.

RCH=CHR + H—O0H —— R(i:H?HR

H OH
b. The addition follows Markovnikov’s rule.
(l)H
CH,CH=CH, + H—OH == CH,CHCH,
Propene 2-Propanol

(major product)
c. It is not possible to prepare primary alcohols except Ethanol.

2. Oxidation of Cycloalkenes
Alkenes react with alkaline potassium permanganate to form glycols.

KMnO, / OH qu
—_—
OH

Cyclopentene cis-Cyclopentane-1,2-diol

Preparation of Alcohols

o Nucleophilic Substitution of Alkyl Halide
Aq KOH
~" q " 0u

O Reduction of Ketones, and Aldehydes
Aldehydes and ketones are easily reduced to primary and secondary alcohols,

respectively. 0 OH

)J\H 1) LiA1H, /1\H

2)H™, H;0

Aldehyde 17 Aleohel
0 OH
)j\ 1) LiAlH,
K etone REHD e

10
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Preparation of Alcohols

o Addition of Grignard’s Reagent to Aldehydes and Ketones

General equations

| o4 HoQ, H™
RMgX + H—C=0 —= RCH>0OMgx - RCH2CH
Fommaldehwde 1° alcohol
' R R'
s | -+ 20,HT
RMgX 4+ H—_p=0 ——= RCHOMQX —w» RCHOH
Aldehyde 2° alcohol
1 RI 1
R T
RMQ)-’. + Ri— =0 —= R(ler'v'lg}\ R(ljclH
RII RII

Ketone 3° alcohol
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Reactions of Alcohols, Phenols and Ethers

o Alcohols undergo two kinds of reactions:
" Those that involve the breaking of the oxygen-hydrogen bond (CO-H).

= Those that involve the rupture of the carbon-oxygen bond (C-OH).

o Phenols do not participate in reactions where the C-OH bond is broken.

o Ethers are quite stable compounds.
= The ether linkage does not react with bases, reducing agents, oxidizing agents, or active metals.

= Ethers react only under strongly acidic conditions.

Reactions of Alcohols

A) Those that involve the breaking of the oxygen-hydrogen bond (CO-H).

1) Reactions of Alcohols and Phenols as Acids: Salt Formation.
R—OH + Na+* OH- — No reaction

2 CH,0—H + 2Na — 2 CH;0:~ Na* + H,!

Methanol Sodium methoxide
O0—H O:~ Na*
+ Na*tOH- — @ + H—O0H
Phenol Sodium hydroxide Sodium phenoxide
as an acid) (a base) (a salt)

14
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Reactions of Alcohols

A) Those that involve the rupture of the carbon-oxygen bond (C-OH).

1) Nucleophilic Substitution Reaction; The Reaction of Alcohols with Hydrogen Halides:

Alkyl Halides
Alcohols react with hydrogen halides (HCI, HBr and HI) to give alkyl halides.

R—OH +H—X — R—X + H—OH
alcohol alkyl halide
2) Dehydration of Alcohols: Formation of Alkenes
Alcohols can be dehydrated by heating them with strong acid.
H*, 180°C

H—CH,CH,— OH CH,=CH, + H—OH

ethanol ethylene

Reactions of Alcohols

B) Oxidation Reactions
Alcohols with at least one hydrogen attached to the hydroxyl-bearing carbon can be oxidized
to carbonyl compounds.

o Primary alcohols give aldehydes, which may be further oxidized to carboxylic acids.

OH 0
‘ oxidizing Il o odiiig Il
Rf‘cfH e R—C—H i R—C—OH

H

primary alcohol aldehyde carboxylic acid

= Primary alcohols, oxidation can be stopped at aldehyde stage by special
reagents, such as “pyridinium chlorochromate (PCC)”.

Il
CH,(CH,),CH,0H % CH,(CH,).C—H

1-octanol octanal

\// \/N"'fH Cro,cl=

pyridinium chlorochromate
(PCC)

15
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Reactions of Alcohols

B) Oxidation Reactions
= Primary alcohols yield aldehydes when treated with mild oxidizing agents such as
hot metallic copper or CrO; in pyridine.

H H
R-vé—OH Cu or CrO,/pyridine ‘R—éz‘o
] heat
H :
1° alcohol Aldehyde
H
CH,CH,0H S Crov/pymdine, CH,J:=0
cat :
Ethanal

Ethanol
(Acetaldehyde)

= Primary alcohols; when treated with stronger oxidizing agents, such as chromic acid,
H,Cr,O,, or neutral potassium permanganate, KMnO,, the intermediate aldehydes
formed initially are oxidized further to carboxylic acids.

H H OH
R—{:J—OH B8, R—C=0 — R—&jJ——-O

H
1* alcohol Aldehyde Carboxylic acid

Reactions of Alcohols

B) Oxidation Reactions
o Secondary alcohols, when treated with any of the oxidizing agents mentioned previously,

yield ketones.

OH 0
RAéJ—R ©, &R

|

H

2° alcohol Ketone
0H 0
CH3+CH3 S CHSéCH, + Cr¥*

H
2-Propanol (orange)  Acetone (green)

o Tertiary alcohols, having no hydrogen atom on hydroxyl-bearing carbon, do not undergo oxidation.

16
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ALDEHYDES AND KETONES

¢ Inaldehydes, the carbonyl group is linked to either two hydrogen atom or one hydrogen
atom and one carbon containing group such as alkyl, aryl or aralkyl group Examples

H\ CgHsCH2
c=0 c=0
formaldehyde  phenyl acetaldehyde
CeHs R
\ AN
C=0 CcC=0
H” H”
henzaldehyde AIERSOR

e In ketones, the carbonyl group is linked to two carbon containing groups which may be
same or different alkyl, aryl group. If two R and R’ groups are same, the ketone is called
simple or symmetrical ketone and if R and R’ are different, then ketone is known as mixed
or an unsymmetrical ketone.

CH CoH
R\C-O 3\C-O 25(: 0
V4 / B
R CHs3 CH3/
ketone dimethyl ketone ethyl methyl ketone
(simple ketone) { mixed ketone)

STRUCTURE

e Carbonyl carbon of both aldehyde and ketones is sp? — hybridised, One of the three sp?
hybridised orbital get involved in - bond formation with half —filled p-orbital of oxygen
atom whereas rest of the two are consumed in o-bond formation with hydrogen and carbon
depending on the structure of aldehyde or ketone.

e Unhybridised p-orbital of carbonyl carbon form m-bond with another half-filled p-orbital of

ISOMERISM IN ALDEHYDES AND KETONES
(a) Chain isomerism: Aldehydes ( with 4 or more carbon atoms) and ketone ( with 5 or more

carbon atoms) show chain isomerism. Example
i) C4HgO
CH3-CH2-CH,-CHO ( butanal)




ALDEHYDES AND KETONE

CHs - (|3H - CHO

CHs3
2-methylpropanal

ii) CsH100
0

Il
CH3 - C- CHz - CH2- CH3

pentan-2-one

o)
I
CH3-C-CH-CHs

F-methylbutan-2-one
(b) Position isomerism: aliphatic aldehydes do not show position isomerism, because —CHO

group is always present at the end of carbon chain.
Aromatic aldehyde show position isomerism. Example

(c) Metamerism: Higher ketones show metamerism due to presence of different alkyl
groups attached to the same functional group

CsH100

CHO RS CHO

©/CH3 |
: "CHs3
2-methylbenzaldehyde or CH3
0 - tolualdehyde 4-methylbenzaldehyde 3-methylbenzaldehyde
or p-tolualdehyde or m-tolualdehyde
8]

Il
CH3 - C- CHz - CH2 - CH3

pentan-2-one

0]

I
CH3-C-CH-CHs

F-methylbutan-2-one
(d) Functional isomerism : Aldehydes and ketones show functional isomerism in them. In
addition, they are also related to alcohols, ethers and other cyclic compounds. Example
C3HeO
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CH3CH2CHO  propanal

CHs3 - % - CHs  propanone

CH>=CH- CH» - OH Prop-2-en-1-ol

CH> =CH- OCH3 methoxy ethene

(e) Tautomerism : Aldehydes and ketones also show tautomerism

(1) C,H4O
T QH
CH3-C-H and CHy=CH
acetaldehyde vinyl alcohol
(1) C3HeO
’ 4
CH3-C-CH3 and CHo=C-CH3
(keto form) { Enol form)

GENERAL METHODS OF PREPARATION OF ALDEHYDES AND KETONES

1. From alcohol

(i) Oxidation of alcohol
R-CH5- OH + [0O]——=R-CHO + H20
HoS04
R KaCrp07
CH-OH +[0]—=—=R-C-R+H20
R s Hy S04
29 alcohol ketone

e Since the oxidizing agent used in the above reactions is a strong oxidizing agent, it oxidizes
aldehydes and ketone further to carboxylic acids

e To prevent further oxidation, a mild oxidizing agent such as pyridinium chlorochromate
(pcc), CrOs.CsHsN-HCl or CrOsNH*CrOsCl- are used Collin’s reagent [ (CsHsN)2 -CrOs] can also

used.

pec,
R - CHoOH—————= RCHO

i collin's reagent
17 alcohol aldehyde
(ii) Catalytic dehydrogenation of alcohols
Cu
RCHy0OH —%—+=RCHO +H2
300°C
19 alcohol Aldehyde
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R R
M C N
CH-OH——=> C= O+Hp
R’ 300°c R
2%alcohol ketone
2. From alkenes
(i) Reductive ozonolysis of alkenes.

AN

CCly v o
RCH=CHR + 03—? RCH, rR(|:H
oy

2R - CHO +Zn0 (Z“_H20|
(ii) Wacker process.

1 PdCl2 CuCly
CHp = CH2 + - 0) —————=CH3 -CHO

2 air or O
1 PdCly CuCls ?
CHg - OH = CHp +707 ——o—=CH3-C-CHy
propanone

(iii)  OXO process [Carbonylation / Hydroformylation]

« | [CoHCOy,] |
C=C+CO+H2——D——:" -C-C-CHO
7 100°¢c I
pressure

3. From alkynes

Dil HpS04
CH= CH+H20——=CHy =CH-OH
HgS0y

tautomerism

CH3 - CHO
acetaldehyde

Dil HyS04
_—

CH3-C=CH+H20 CHs - C- CH2
HgSO4 I
OH
I ,
CH3 -C- CH3 tautomerism
propanone

4. From Grignard reagent
(1) By addition to ester




ALDEHYDES AND KETONE

g
H- C - OC2Hg + RMgX— H- C- OC2H5

O

Il #9C2Hs
H-C-R + Mg
aldehyde

0 OMgX
CHa- L. OC5Hg + RMgX— CH3 - c 002H5

0]
Il /OC2H5
CH3-C-R + Mg

ketone

(iii) By addition to nitriles
H-CEN+RMgX—>H-(|3=N-MgX

0
Il
H- C - R +NH3 + Mg(OH)X

aldehyde
CH3-C =N + RMgX —= CH3- (I: =N - MgX

0
I}
CH3- C - R + NH3 + Mg(OH)X

ketone

5. From carboxylic acids

(i) Catalytic decomposition of carboxylic acid.
MnO, 300°C
HCOOH + HCOOH ;—HCHO +CO5 +H20
formic acid Al903, 400°C
I
MnO, 300°C
CH3CO-CH — > CH3-C-CH
acetic acid AlaOg ,400°C 3 3

acetone

+CO9 +H20
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(ii) From calcium salt of carboxylic acids

HCO .
Cal_2 . HCHO +CaCO3
7"
HEOO formaldehyde
calcium formate
CH3COD_ 9
Cd—= CH3-C-CH3
CH3COO/ acetone
+CaCOj3

6. From derivatives of carboxylic acids
(i) Reduction of acid chlorides ( Rosenmund’s reaction)

O
] Pd, BaS04.,5
R-C-Cl+Hy— RCHO +HCI

aldehyde
e Above reaction is known as Rosenmund’s reduction and is applicable for preparation of
aldehydes
e BaSO0g4, sulphur act as poison for Pd catalyst and prevents reduction of RCHO into RCH,0OH

(ii) Reduction of acid chloride with dialkyl cadmium.
0

I
2CH3 - C-Cl + (CH3),Cd ——=

Il
2CH3 - C - CH3 + CdCly
acetone

Reduction of acid chloride into ester can also be carried out by lithium tri--butoxy
aluminium hydride, LIAIH[OC(CHs3)s]
@)

[
R - C- Cl+LiAIH [ OC(CH3)3 ]3—=>

R -CHO +AI[OC (CH3)3 13 + LiCl
(iii)  Reduction of esters

I NaAlHg
R-C-OR'——= RCHO +R'-OH
aldehyde  alcohol
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7. From gem-dihalides by hydrolysis

,Cl “INaCl M
R-CH +2NaOH — R - CH

N\
Cl l
H>0O +R - CHO
Cl 0
| - 2NaCl |
R-?-R+2NaOH R-CIJ-R
Cl OH

O *‘
H>O + R - C R

ketone

8. From nitriles by reduction
(i) Stephen’s reduction.
sncip+Hot  H o4
R-C=N —— R-C=NH2CI

Aldimine
hydrochloride

@]

Il HpO

R - C-H+2NH4CI
(ii) Reduction with LiAlH4
R-C=N+ LIAIH4 —= (R-CH=N )3AI

repe e 229 |

aldehyde
R-C=N+ LiAH4 — (R-CH=N),Al

rene w220 |

aldehyde
9. Preparation of aromatic carbonyl compounds.
(i)
OCrCIZOH

CHO

200,00 OCrCIZOH

ccly

This is known as Etard reaction
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(ii) By side chain chIorination foIIowed by hydrolysis

CHCI2
CIQ h HQO
el + 2 HCI
Benzal Benzaldehyde
Chloride
(iii)  Gatterman — Koch reaction
CHO
CO, HCI
Anhyd. AICI3 /CuCl
Bezaldehyde
(iv)  Friedel Craft Acylation
@]

O Il

Il Anhyd. AICIq C-R
+R-C-Cl——

aromatic ketone

)
I}
. Cl-C — Anhyd. AIClq
e

O
Il

o (O *TO)

benzophenone
(v) Reimer — Tiemann reaction

OH O Na'

CHCI
SN @
iNaOH

OH O Na

CHO Ht CHO
-
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PHYSICAL PROPERTIES OF ALDEHYDES AND KETONE
1. Physical state
e Lower members of aldehydes and ketones (upto Cio) are colourless volatile liquids except
formaldehyde which is gas at ordinary temperature
e Higher members of aldehyde and ketones are solids with fruity odour
e Lower aldehydes have unplesent odour but ketones posses pleasant smell
2. Boiling point
e Boiling point of aldehyde and ketones is slightly lower than corresponding alcohol due to
lack of hydrogen bonding. However their boiling point is slightly higher than that of
corresponding non-polar hydrocarbon or weakly polar ether. This may attributed to reason
that aldehydes and ketones are polar compounds and thus possess intermolecular dipole-
dipole interaction
SCRO e B B
4 > 7

e Among isomeric aldehydes and ketones, boiling point of ketones is slightly higher than that

of aldehydes due to the presence of two electron donating alkyl groups making them more
polar.
3. Solubility

e Lower members of aldehydes and ketones ( upto Ca) are soluble in water due to H-bonding
between polar carbonyl group and water.

e However, solubility decreases with increase in molecular weight

e Aromatic aldehydes and ketones are much less soluble than corresponding aliphatic
aldehydes and ketones due to large benzene ring. However all carbonyl compounds are
fairly soluble in organic solvents.

RELATIVE REACTIVITY OF ALDEHYDES AND KETONES
Aldehydes are more reactive than ketones on account of the following facts:

(a) Aliphatic aldehydes and ketones
(i) Inductive effect:

The reactivity of the carbonyl group towards the addition reaction depends upon the
magnitude of the positive charge on the carbonyl carbon atom. Hence, any
substituent that increases the positive charge on the carbonyl carbon must increase
its reactivity towards addition reactions. The introduction of negative group ( -I
effect) increases the reactivity, while introduction of alkyl group (+1 effect) decreases
the reactivity, therefore, greater the number of alkyl groups attached to the carbonyl
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group and hence, lower is its reactivity towards nucleophilic addition reactions. Thus,
the following decreasing order of reactivity is observed

CH3
H

\ =0 > \c,:o > RN
H/ H/ /

formaldehyde acetaldehyde acetone

CoHg CoHs
> GEE B o -

CoHs

Ethyl methyl ketone Diethyl ketone

(ii) Steric effect

¢ Informaldehyde there is no alkyl group while in all other aldehyde there is one alkyl group
so here the nucleophile attack is relatively more easy but in ketones there are two alkyl
groups attached to carbonyl group and these causes hinderance, to the attacking group.
This factor is called steric hinderance (crowding). In other words the hindrance increases,
the reactivity decreases accordingly. Thus order of reactivity is

CH3 CH
H\ =0 > \c =0 > 3\
. . C=0
H H/ /{
CH3
formaldehyde acetaldehyde acetone

(b) Aromatic aldehydes and ketones
e Ingeneral, aromatic aldehydes and ketones are less reactive than the corresponding
aliphatic aldehydes and ketones. It is due electron releasing resonance effect of bezene ring

\\/9: ot
e
H ) Q,—
\& H o

C
I

0

10
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e Due to electron withdrawing resonance effect (-R effect) of benzene ring, the magnitude of
positive charge on carbonyl group decreases and consequently it becomes less susceptible
to nucleophilic attack.

R

R¥Z  R& SO
C (% c
® ®H @

+
N 3
+
R o C—
\ Q:
C \C
1l
g

The order of reactivity of aromatic aldehydes and ketones is
CgH5CH2CHO > CgHgCHO > CgH5COCH3
phenyl acetaldehyde henzaldehyde

e

acetophenone

> CgHgCOCeH5

henzophenone

CHEMICAL PROPERTIES OF ALDEHYDES AND KETONES
Nucleophilic addition reaction

\ s & - \C/O_ H \C/OH
C=0 +Nu — = \
/ >4 \Nu_ tast Nu

In this reaction carbon atom of carbonyl group changes from sp?to sp> hybridised
(i) Addition of hydrogen cyanide (HCN)

OH
R\C O +HCN R\C/
=0+ e
e H \CN
cyanohydrien
R\C O +HCN R\C/OH
=0+ e
R/ R \CN
cyanohyrin
Mechanism

Step | : The hydrogen cyanide interacts with the base to form nucleophile

11




ALDEHYDES AND KETONE

£y

HO  +H=CN—=H50 +:CN~

nucleophile
Step Il : The nucleophile attacks the carbonyl carbon to form an anion

CN
\5+ &- = \| s
C=0 +CN —= C=0

&z /

Steplll: The proton from the solvent (usually water) combines with the anion to form
cyanohydrin.

\' \|CN
= fi HoO
C=0 + H+L2> C= OH
/ or HCN
cyanohydrin

Cyanohydrins are formed by all aldehydes but in ketones, only acetone, butanone, 3-
pethenone and pinacolone form cyanohydrins.

(ii) Addition of sodium bisulphate (NaHSO4)

o+ o- ONa*
C=0 + Na HSO; — e
SN
SO3H
OH proton
\C/ /lL transfer
Tk .
SO3H

e All ketones do not undergo this reaction only methyl ketone form addition product with
sodium bisulphate

e Onreacting the crystalline solid bisulphate derivative with dilute HCI or alkali, these adducts
decompose to regenerate the original aldehyde or ketones. Hence, this reaction is used in
the separation and purification of aldehydes and ketones from non-carbonyl compounds.

AN
L c=0+503
+NaCl +H»0
. ~S03 Na
C M
NaOH e —
| NGO °C = 0 + NapS03 +Ho0

/
(iii)  Addition of Grignard reagent

12




ALDEHYDES AND KETONE

Miix " \C/R HOH , H'
OH / \OH

Formaldehyde form a primary alcohol
o H
I ether ' Hy0 /OH
H-C-H+RMgl=—=R - (IZ - OMgl—— RCH20H + Mg
H

primary \|

alcohol

e Higher aldehydes give secondary alcohol
) H

I | Ho0
R-C-H+RMgﬁ@1R-?-OMQ—%+
H

R

_OH

RCH-OR' + Mg

secondary \|

alcohol

e Ketone give tertiary alcohols
R’
R\ I
C=0 + R"Mgl —>R - C - OMg|
R/ . | ¢
R™ | H50
' +
_JOH R lH
Mg ¥ R- (ID -OH
I R"
SOaIcohol
(iv)  Addition of alcohols
R\ _ : - R\ /OR _,REH R\ /OR'
/C—O+R OH=— /C\ = C
R H oH H/ \OR'

Hemiacetal Acetal

+H20

Dry HCl protonates the oxygen atom of the carbonyl compounds and therefore, increases the
electrophilicity of the carbonyl carbon and hence facilitating the nucleophilic attack by the alcohol

13




ALDEHYDES AND KETONE

molecule. Dry HCl gas also absorbs the water produced in these reactions and thereby shifting
equilibrium in forward direction.

Ketals can be prepared by treating the ketone with ethyl ortho formate

R R\ /DC2H5
R/C =0 + HC (OCoHg)3—> /{:\ +HCOOC2Hs
thyl ortt
T R™  "OC2Hg
ketal
(v) Addition of ammonia derivative
R g R =
el B % 70 % A2
/C=O +NH» -Z —= /C\ T (6
R NH2-Z R/ \NHZ

-HQO H+
HyO+ ,C=N-Z

/ imine derivative

Z = 0OH, NH2, NHCsHs , NHCOCH; etc.
The reaction of ammonia derivatives to aldehydes and ketones is called by acids
Mechanism

Step I: In acidic medium, the carbonyl oxygen gets protonated.

AN . + +
C=0+H=—=| C=QH+<— )
/ form / /

acid

Step Il : In ammonia derivatives, the nitrogen atom has a lone pair of electrons, which attack the
positively charged carbonyl carbon and results in positive charge on nitrogen atom

OH
H
0 ./ \C/ H
H NQZ
e H —

Step Il : The unstable intermediate loses a proton, H* and water molecule to form stable product
(imines)

14




ALDEHYDES AND KETONE

OH OH
T v 4
— — C=N-Z
Ay Py,
N-Z N-Z product

“H “H

(vi)  Addition of alkynes

H _ H_ OH
>C=0+RCECH&> <
H H C=CR

This reaction is also known as ethinylation

2. Reduction reactions

I.  Catalytic reduction to alcohol

R

N .

/C=O+H2 Ni, Pt or Pd R-CHQ-OH
H 1Oalcohol
R'\ R’

/C=O+H2 Ni, Pt or Pd \CH-OH
R /

QOalcohol
II.  Clemmensen reduction

Zn-Hg, HCI
C=0 +4[H]——— /CH2+H20

Zn-Hg, HCI
CHaCHO+4[H] -~ CH3CHg+H20
acetaldehyde ethane
CH3 CH3
Zn-Hg, HCI
C=0 +4[H] ——— CH>2 +H->0O
. [H] P
CH3 CH3
Acetone Propane
lll.  Wolf-Kishner reduction
R\ KOH
C=0+NH2-NH? —= C=NNH> — N2+ R-CH2-R
R~ ethylene il
glycol

CH3CHO + NH2 - NHo—> CH3 - CH = NNH2

KOH

N2 + CH3 - CH
2 3 3 ethyenel glycol

15




ALDEHYDES AND KETONE

NH3-NH9 + KOH
CH3COCH3 CH3 - CHo - CH3 + Ho0
ethylene glycol

IV.  Reduction with HI + P (red)

CHg - CHO +4HI 22 .. CH3-CH3 + H20 + 2l
1507 C

CH3COCHS3 + 4H % CH3 - CHa - CH3 +Ho0 + 215

V.  Reduction to pinacols

CH3 CHa CHg CHs
Mg - H I
CH3-C+ C-CH3+2[H]——> CH3-C—C-CH3
i i HoO [ [
0 OH OH
pinacol

3. Oxidation reactions

i.  Oxidation with mild oxidizing agents

O O

I |
R-C-H+[O]—>R-C-OH
aldehyde carboxylic acid

Ketones are not oxidized by mild oxidizing agents
(a) Aldehydes reduces Tollen’s reagent to metallic silver which appears as a silver mirror on
wall of test tube. Thus the reaction is also known as silver mirror test.

RCHO +2[ Ag (NH3),]" +30H —

RCOO +2Ag |+ 4NH3 + 2H20

silver mirror

(b) Reduction of Fehling’s solution
Fehling’s solution is an alkaline solution of CuSO4 mixed with Rochelle slat i.e. sodium
potassium tartarate. Aldehydes reduces cupric ion (Cu?*) of Fehling’s solution to cuprous
ions (Cu®) to form red precipitate of cuprous oxide

RCHO +2Cuj +5 OH——> RCOO™ +Cu 0 +3H20

Fehling’s solution is reduced by aliphatic aldehydes only. Aromatic aldehydes and ketones
so not give this reaction.

ii.  Oxidation with strong oxidizing agent

MNHOg (conc.)
RCHO +[ O] ———= RCOOH

aldehyde carhoxylic acid
T
CH3-C-CH3+3[0]——=CH3COOH + HCOOH

iii.  Haloform reaction
16




ALDEHYDES AND KETONE

NaOH
CH3 - CHO + 3Clo— CCI3CHO —=
-3HCI

HCOONa + CHCI3

sodium formate  chloroform

0
I NaOH I
CH3-C-CH3 + ’~’>Br2ﬁ4B CBrg -C-CH3
-HEr

NaOH
hydrolysis

CH3COONa + CHBr3

sodium acetate Bromoform

4. Condensation reactions
(1) Aldol condensation

@) @] OH
I o I dil NaCQH 1l
CH3-C-H +H-CH2-C-H——=CH3-CH- CH2- CHO
acetaldehyde 3 - hydroxy butanal | 0
A

CH3- CH=CH-CHO

But- 2 -enal
: Q Ba(OH), i i
CH3-C-CH3 + H-CH2-C-CHs CH3-CI3-CH2-C-CH3
CH3
(0]
CHs & -H20
CH3-C=CH-C-CHs A
Mechanism
O ...—
AN 9 NP %
HO +H-CHz-C-H—|:CH»—=C-H<—>CH2=C-H
carbanion Enolate ion
+H>0
O 0 O
NP |
CH3-CI: + :CH2-C-HFACH3-C-CH2-C-H
[
H H
1 [H2O
(IDH
CH3-(I3-CH2-CHO+OH
H

17




ALDEHYDES AND KETONE

Aldehyde or ketones which do not contain a-hydrogen atom like formaldehyde (HCHO),

benzaldehyde (CéHsCHO) and benzophenone (CsHsCOCsHs) do not undergo aldol
condensation.

(2) Cross aldol condensation
CH3 -CHO + CH3 - CH2- CHO
(A) (B)
dil. NaOH

CH3-CH=CH-CHO +CH3-CH>-CH= C CHO
But-2-en-1-al CH3

2-methylpent-2en-1-al
- o CH3-CH=(I3-CHO

CH3
2-methyl but - 2-en-1-al

+ CH3 - CH2-CH3-CH=CH- CHO
pent-2-en-1-al

# A- A Condensation

OH
I dil. NaOH
CH3-C-H+ H- CH2 CHO ———=CHs3 - CH CH2- CHO

l-HQO
CH3-CH=CH-CHO
But-2-en-1-al
# B-B Condensation
dil. NaCH
CH3-CH2-CH=0 +CH3 - CH2 CH=0 ———=
?H
CH3-CH2-CH- (I:H - CHO
CHs
J( -Hy O
CH3-CH2 - CH= (|3 CHO
CHs

2-methylpent-2-en-1-al

18




ALDEHYDES AND KETONE

# A-B Condensation

O , OH
[l dil NaOH |
CH3-C-H + (|3H2 - CHO———> CH3-CH - (i?H - CHO
CHs3 CH3
J -HzO
CH3-CH=(I3-CHO
CH3

2-methyl but - 2-en-1-al

# B-A Condensation

0
I o dil NaCH
CHg3-CHo-C-H + H-CHo-CHO

OH

|
CH3-CH2-CH-CH2-CHO
A i' Ho QO

CH3-CH2-CH=CH-CHO

pent-2-en-1-al

(3) Claisen — Schmidt condensation

(u) ? dil NaOH
CeHg-C-H+CH3-C-CH3 ——

i 2
CgH5 - CH-CHa - C - CH3

l

0]

I CgH5-CHO
CgHs-CH=CH-C-CH3 +H>20

dil NaOH
\

@)
]
CeHg-CH=CH-C-CH=CH- CgHsg
Dibenzal acetone
5. Cannizzaro reaction

H\ H\ conc KOH ﬁl //O
/C=O+/C=Oﬂ‘*H-C|3-OH+H-C\
H H H oK
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ALDEHYDES AND KETONE

CH20H COONa

conc. NaOH
2
Benzaldehyde Benzvl sodium
Alcohol benzoate
Mechanism
Step | : The OH" ion attacks the carbonyl carbon to form hydroxyl alkoxide
O O_
fast
CgHs - C +OH —= CgHg - C OH
H H

anion (1)
Step Il : Anion (1) acts as hybride ion donor to the second molecule of aldehyde. In the

final step of the reaction, the acid and the alkoxide ion transfer H* to acquire stability.
7y O
@)

| | hydride O
C6H5-C-OH + C-CgHg——= CegHs5 - C OH
{ | transfer
H H { slow ) _
i
+H- ? -CgH5
H
O O
Il fast I &5
CgH5-C-OH HT:» CgHs-C-0O
) salt of benzoic acid
3 OH
| fast I
H-?-C6H5 HT?'"H-Cll-CBHS
H
henzyl alcohol
6. Reaction with chloroform
CH{ CH3 CCls
C=0+CHClz M, N
/ 2%
CH3 CH3 OH
chloretone

Chloretone is used as hypnotic.

7. Reaction with primary amine

RCH|O +H> NR'——»,» R CH=NR' +H>0

schiff's hase




ALDEHYDES AND KETONE

CH=0 H2N —
S O-0" e

Benzaldehyde Aniline

8. Electrophilic substitution reaction of aromatic carbonyl compounds

CH=0 CH=0
anhyd. AICI3
+ Br2 —_——
Br
Benzaldehyde
CH=0 CH=0
conc. HpS04
+ HNO3 —————=
NO»
Benzaldehyde
BH=R CH=0
+ H2S04( conc.) —
SO3H
Benzaldehyde

USES OF ALDEHYDES AND KETONES
(a) Uses of formaldehyde
i. The 40% solution of formaldehyde in water ( formaline) is used as disinfectant,
germicide and antiseptic. It is used for the preservation of biological
specimens
ii. It is used for silvering of mirrors
iii. It is used for making synthetic plastics, like Bakelite, urea- formaldehyde resin
etc
(b) Uses of acetaldehyde
i. It is used in preparation of acetic acid, dyes, drugs, etc
ii. As an antiseptic inhalant in nose troubles
(c) Uses of benzaldehyde
i. As flavouring agent in perfume industry
ii. In manufacture of dyes.
(d) Uses of acetone
i As a solvent for cellulose acetate, resin etc.
ii. As a nailpolish remover
iii. In the preparation of an artificial scent and synthetic rubber
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Chapter 16: Carboxylic Acids, Esters, and Other Acid
Derivatives

In Chapter 15, we discussed the carbonyl group and two families of
compounds -aldehydes and ketones—that contain C=0 group. In this
chapter, we discuss four more families of compounds in which the carbonyl
group is present: a) carboxylic acid, b) esters, c) amides, d) acid chlorides,
and e) acid anhydrides and f) carboxylic acid salts.

16.1 Structure of Carboxylic Acids and Their Derivatives
A carboxylic acid is an organic compound whose functional group is the
carboxyl group. What is a carboxyl group? A carboxyl group is a carbonyl
group (C=0) with a hydroxyl group (—OH) bonded to the carboxyl carbon
atom. A general structural representation fit a carboxyl group is

O

Il
——C—OH
Abbreviated linear designations for the carboxyl group are
—COOH and —CO,H

Although we see within a carboxyl group both a carbonyl group (C=0) and
hydroxyl group (—OH).

& W o

I | |
H—C—OH CH,—C—OH CH,—CH,—C—OH

Methanoic acid Ethanoic acid Propanoic acid
16.2 IUPAC Nomenclature for Carboxylic Acids

The naming of carboxylic acids is fairly simple. You simply find the longest
carbon chain which includes the carboxylic group. Use that as the stem for
the name, cross off the -e on the ending of the alkane name and replace it
with -oic acid.

I think you can see how that works, if 0)
you look at this example (which is
also shown in Example 1-a in your CH,—CH,—C—OH

workbook). It gives you, in this case
(with a three-carbon-atom chain), the
name propanoic acid.

propanoic acid
(from propan + oic acid)



As with aldehydes, it is not necessary to indicate where the acid
functional group is because it has to be at the end of the molecule, on the
#1 carbon. There is no way that this functional group can be anywhere else.
Therefore, if there is any numbering to be done, it will be to show where
additional alkyl groups or other groups are attached to the carbon chain. The
numbering starts from the carboxylic group.

Carboxylic acids Formula

methanoic acid HCOOH

ethanoic acid CH,COOH
propanoic acid CH,CH,COOH
butanoic acid CH1(CH;),COOH
pentanoic acid CHy(CH;)»:COOH
hexanoic acid CHy(CH»),COOH
octanoic acid CH+(CH3)¢COOH
decanoic acid CH1(CH,)sCOOH
hexadecanoic acid CH:(CH>»),sCOOH
octadecanoic acid CH1(CH3);sCOOH

16.3 Common Names for Carboxylic Acids

Carboxylic acids are another example of a situation where the compounds
were known and named long before anyone thought of the IUPAC method of
naming compounds. Consequently, many carboxylic acids have their own
common name which is distinct from the IUPAC name. The two most
important of these (and the only two you will be held responsible for in this
course) are shown below. They are formic acid and acetic acid. (These are
also shown in Examples 1b and c in your workbook.)

Here is the structural formula for

formic acid. Its IUPAC name is 9]
methanoic acid, using the meth- |
stem because it has one carbon H—C—OH

atom.



formic acid
methanoic acid

O

Acetic acid has two carbon atoms. (‘}{1_IC!_(-),,,
Therefore it can also be called '
ethanoic acid. acetic acid

ethanoic acid

Structural Latin or Greek Common
Formula Root Name*
H—COOH form- formic acid
CH,—COOH acet- acetic acid
CH;—CH,—COOH propion- propionic acid
CH;—(CH,),—COOH butyr- butyric acid
CH;—(CH,);—COOH valer- valeric acid
CH;—(CH,),—COOH capro- caproic acid

Naming using Greek letters ¢ 6 y B a

There are two ways to identify substituent carbons in carboxylic acid:
numbers or Greek letters.

Using numbers, the carboxyl group carbon is given the number one.

& ¥ B a 0
—C—C—C—C—C—OH
!

6 54321
C-C-C-C-C-COOH
€0 vYP a

When Greek letters are used, Greek letters are used to designate the
position of substituent relative to the carbon of the carboxyl group. The
carbon of the carboxyl group is NOT given a Greek Iletter.
6) A special group of carboxylic acids are those that also have a keto group.
They are called alpha-keto carboxylic acids

16.4 Polyfunctional Carboxylic Acids



Dicarboxylic acids are organic compounds that are substituted with two
carboxylic acid functional groups.They are important metabolic products of
fatty acids when they undergo oxidation.

Common IUPAC Name Condensed Structural Fromula
Name Formula
Oxalic acid ethanedioic acid HOOC-COOH DHDH

HO 8]

Malonic acid | propanedioic acid | HOOC-(CH,)-COOH U
HO OH

Succinic acid | butanedioic acid HOOC-(CH,),-COOH /L
HO YOH
i i ioi id | HOOC-(CH,);-COOH 0 O
Glutaric acid | pentanedioic acid (CH,)s Hg'u‘«ﬂwADH
Adipic acid hexanedioic acid | HOOC-(CH,),-COOH 0
OH
Ho” SN
)
Pimelic acid | heptanedioic acid | HOOC-(CH,)s-COOH O o)

16.5 "Metabolic" Acids

Metabolism is the set of chemical reactions that occur in a cell, which enable
it to keep living, growing and dividing. There many acids involved in
metabolic processes and a basic understanding of their structures and
properties are necessary to understand the biochemistry.

Metabolic acids are polyfunctional acids formed as intermediates of
metabolic reactions in the human body. There are eight such acids that will
appear repeatedly in the biochemical pathways.

Metabolic acids are derived from:

Propionic acid, (C3 mono acids):

lactic, glyceric, and

pyruvic acids

Succinic acid (C4 diacid): fumaric, oxaloacetic, and malic acids
Glutaric acid (C5 diacid): a-ketoglutaric and citric acids

16.6 Physical Properties of Carboxylic Acids

Carboxyl groups exhibit very strong hydrogen bonding. A given carboxylic acid
molecule form two hydrogen bonds to another carboxylic acid molecule,
producing a “dimer”, a complex with a mass twice that of a single molecule.

Compounds with carboxyl groups have higher boiling points than alcohols.
This is because the carboxyl groups hydrogen bond more strongly than
alcohols.
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Carboxyl groups make molecules very soluble in water because the group
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Physical Properties of carboxylic acids derivatives

Depending upon the substituent replacing -OH of the caboxylic functional
group the physical properties could change.

However, they have lower boiling and melting points than parent acid.

16.7 Preparation of Carboxylic Acids

Carboxylic acids are easily by oxidation of primary alcohols and aldehydes.
When the oxidation process begins with an alcohol it is difficult to stop at the

aldehyde stage of oxidation.

Oxidation of primary alcohol to carboxylic acid.

Chemical equations



CHsCH>CH,OH ---> CH3CH>CHO ---> CH3CH,COOH
primary alcohol aldehyde acid

Ar-CH,-OH ---> ArCHO ---> Ar-COOH

() 9

[ i)

R—CH-OH — R—A H + R—C—OH

Primary alcohol Aldehvde Carboxvylic acid
H O O
i H,CrO, . Il Continued . . N
CH,CH,—C-—-0QOH ——— CH;CH,—C—H --—‘-,—"—> CH:CH,—C—O0H
T ‘ oxidation

H
}-Propanol Propanal Propanoic acid
{propyl aicohotl) (propionaldchyde) {propionic acid)

Oxidation using basic Ag(NHs),"
A basic Ag(NHs),"* in agueous ammonia reduces to metallic silver
(mirror) with aldehyde oxidized to carboxylic acid.
O @)

I
R—C—H * AgINHg)y'—» R—C—OH * AgY(s)

The commercial manufacture of silver mirrors uses a similar process.

Oxidation of alkyl side chain substituted on a benzene ring to an acid
functional group.

Ar- CH, -CHs ---> Ar- COOH

O
—_—
OH

hydrolysis of esters.
acid-catalyzed hydrolysis is the exact reverse of Fisher esterification (same
mechanism)

0 I
I Ha0 Hy G (H
O G L% S e
Gy (07 TCHy el CHy CH ~OH G

Reactions of Carboxylic Acid



Reaction with strong bases to form acid salts (described below in preparation
of acid salts)

Reaction with strong alcohols to form esters (described below in preparation
of esters-esterification)

Reaction with halogen compounds to form acid chlorides(described below in
preparation of acid chloride preparations)

Reaction with ammonia and amine compounds to form amides (described
below in preparation of amides chapter 18)

Reactions of B-keto acids.
B-keto acids are readily decarboxylated.

L e
CHy (-CH-COOH~> CHy-(-CH, + CO,
0 0

16.8 Acidity of Carboxylic Acids

Carboxylic acids are weak acids.

{ OH - + R ( {) . i+

Carboxylic Carboxvlate Hydrogen
acid anion ion

HCl + H,0 ~---» H' + Cl°  (100%)
CH,-COOH (95%) <__. CH,-COO" (5%) + H

Acid base reactions:


http://en.wikipedia.org/wiki/File:SimpleAmideFormationByCondensation.png

Carboxviic Strong Carboxylic Wates

acid base¢ acid salt

16.9 Carboxylic Acid Salts

Naming carboxylic acid follows certain pattern for example the structural formula for the
0O compound. Since this sodium salt of propanoic acid - so start from
CHS_CHz_C’? propanoic acid is a three carbon acid with no carbon-carbon
“~o~ nat double bonds and this negative ion without the H* atom is called
propanoate. There this salt is named: sodium propanoate

When the carboxylic acids form salts, the hydrogen in the -COOH group is replaced by
a metal. Sodium alkanoate (propan-oate) is therefore:

/?O
CH3—CH2—C\
07 hat

Sodium propancals

Preparation of acid salts
Acid salts are prepared by the reaction of acid with a base such as sodium
hydroxide.

Carbosyviic Strong Carboxylic Wates

wid base acid salt

16.11 Preparation of Esters
Naming Esters:

. Identify the alkyl group that is attached to the oxygen atom

. Number according to the end closest to the -CO- group regardless of where
alkyl substituents are.

. Determine the alkane that links the carbon atoms together. If there is a
separation of a continuous link of carbon atoms due to the oxygen atom,
individually name the two alkanes before and after the oxygen atom. The
longer structural alkane is the one that should contain the carbonyl atom.



carbony)(parent chain)
Example:

CH3COOC7H14CH3
octyl ethanoate

Common Esters

0 ? 0 CH;,
I |
H—C—OCH,CH4 Rum H—C— OCHg(‘:HCH‘; Raspberries CH3—C—OCH,CH,CHCH,
Etr:];.fll r'nethanoale CH; 3-Methylbutyl ethanoate
t 150
(o formaiel Isobutyl methanoate (oG} aashss)
(isobutyl tormate)

0 o
CH;—C—OCH,CH;CH,CH,CH,CH,CH,CH;  Oranges CH;CH.;CH,—C—OCH;  Apples
Octyl ethanoate Methyl butanoate
{octyl acetate) (methyl butyrate)

(0] o)
CH4CH,CH,—C—OCH,CH;  Pineapples CH3CH,CH,—C—OCH,CH,CH.CH,CH,  Apricots
Ethyl butanoate Pentyl butanoate
(ethyl butyrate) {pentyl butyrate)
O
C—OCH3 ¢

I
_OH CH3CH,CH,—C—SCH,4
Oil of wintergreen Methyl thiobutanoate
(methyl thiobutyrate)

Methyl salicylate

Esterification form acid and alcohol

acid + alcohol ----> ester +
g 0
CH v CHy  H0* ol & o 0
CH3/ %Hg \OH CHﬁ/ O —— CH3/ %H; \O/ 2CH3 P

Esterification from acid chlorides and alcohol

0O CH;CH;OH O

/\/“\01 i /\)J\o/\

. Change the parent chain -e ending and replace it with an -oate.

Strawberries

H>,O

+ HCI

The format is as follows: (alkane further from carbonyl) (alkane closest to

Bananas

Note: the acid loses an -OH units and the alcohol loses a -H in this reaction.



16.14 Isomerism for Carboxylic Acids and Esters

16.16 Chemical Reactions of Esters

Hydrolysis

1) acid-catalyzed hydrolysis is the exact reverse of Fisher esterification
(same mechanism)

O H; o' @]
+
A)J\ - /\)J\ CHACHOR
o7 - OH

2)
base-catalyzed hydrolysis is often called saponification (soap-making)
saponification is irreversible because a carboxylate salt is formed.
Saponification of triglycerides and action of soap in the emulsification of
grease and oils.

Soap has been around for hundreds of years. In it's simplest form, soap is
made by heating fat in boiling water that also has

sodium hydroxide (NaOH)or potsssium hydroxide (KOH) ions in it. Each fat
molecue breaks down into three molecules of

fatty acids. The molecules of fatty acids then react with the sodium or
potassium ions to form soap molecules and glycerin.

triglyceride

?

C NaOH

NN NN
9 H—.>20 j\/\/\/\/\/\ 4

Eo_g\/\/\/\/\/\ ’ Na\y(b . HO\/K/OH

o_ AN NSNS

(o

Il

O

glycerol
If the triglyceride had three different fatty acids following products with
three fatty acids are formed.



f
CH,—O—C—R'

O CH,—OH ¢ O 0
. Mo | _ | B o ] l
CH—0—C—R? ——— CH—OH + R'—C—0"M'+ R*~C—0"M'+ R*—C—0"M'

0 heat CH,—OH

CH,—0—C—R?

Fat or ol Glycerol Soap
(triglyceride) (Mixture of carboxylic
acid salts)

where M* = Na™ or K
Soaps are water-soluble sodium or potassium salts of long-chain (fatty)
acids ( C8-C20 ). Fats are the esters of fatty acids and glycerol (1,2,3-
propanetriol ). Base-catalyzed hydrolysis is often called saponification (soap-
making) saponification is irreversible because a carboxylate salt is formed.
How does soap work?
In the cleaning process, surface tension must be reduced so water can
spread and wet surfaces. Chemicals that are able to do this effectively are
called surface active agents, or surfactants. They are said to make water
"wetter." Soap perform other important functions in cleaning, such as
loosening, emulsifying (dispersing in water) and holding soil in suspension
until it can be rinsed away. Soap can also provide alkalinity, which is useful
in removing acidic soils.

16.18 Polyesters

Polyesters are formed by condensation polymers are any kind of polymers
formed through a condensation reaction, releasing small molecules as by-
products such as water or methanol, as opposed to addition polymers which
involve the reaction of unsaturated monomers. Types of condensation
polymers also include polyamides, polyacetals.

Condensation polymerization

Q /=N O HOCH,CH;O Na" or H’
n CH;CH.O—C | >~ C—OCH,CH; + nHOCH,CH.OH — Eem——— e e
Diethyl terephthalate Ethylene glycol
{excess)
[O 0] (8] . O
“CHCH—~0-+C—(( )}—C—OCH;CH;01-C—(( ) )~C—OCH;CHz— + 2n CHyCH,OH

Dacron
{polymeric ester)
The polymerization process for ditunclional compounds (shown for Dacron)



16.19 Acid Chlorides and Acid Anhydrides
Preparation of acid anhydrides

Acid chlorides are prepared by the rection of acid with PCl3, PCls or SOCIs..
Acid anhydrides are prepared by the rection of acid chlorides with its sodium
salt.

O O O 0
CH3—&—C| + CH3—&—-O‘ Na* —hCH3——&—O——&—CH3 + NacCl
ethanoyl chloride  sodium ethanoate ethanoic anhydride sodium chloride
O O O O i
+ + Na
/\)}\Cl /\)J\o‘ Na+ /\)ko)k./\
Butanoyl chloride sodium butanoate butanoic anhydride

16.20 Esters and Anhydrides of Inorganic Acids

Adenosine triphosphate (ATP) consists of the nitrogenous base adenine
bonded to the sugar ribose, which is connected to a chain of 3 phosphate
groups.

i
“denine 3 /"//C\C"f \C
| I ) —H
g 9 0 H
O—II?—O—II?—O—IIT—O—CH
0 0 0 Ribose

Phosphates OH OH
ATP hydrolysis releases energy

Phosphate groups are negatively charged, and repel in ATP. Release of
phosphate gives a large positive entropy change. We synthesize an amount
of ATP equal to our body weight every day.

The first step in glycolysis is the formation of glucose-6 phosphate from
glucose. The direct reaction of inorganic phosphate (Pi) with glucose is
unfavorable. However, the hydrolysis of ATP is extremely favorable. In a
cell the enzyme hexokinase catalyzes the coupled reaction of ATP with
glucose favoring the formation of glucose-6-phosphate.



Thioesters : Acetyl CoA

Thioesters are more susceptible toward nucleophilic attack than are esters
and acids. Thioesters are intermediate in reactivity between acid chlorides
and esters making them perfect functional groups for biological systems.

NH,

\N

m ’><\]JL
o_l|'— o
0—1’— 13 }{0
N""""\,
D’X\HJ\ .
oM /é HS\J 2 amino ethane
Activated acyl >/ s\’J

Pantothenic acid
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What are Aromatic Compounds?

Aromatic compounds are chemical compounds that consist of

conjugated planar ring systems accompanied by delocal

i-
electron clouds in place of individual alternatin*@m and
single bonds. They are also called aroma@ nes. The best
examples are toluene and Dbenzepe. romatics  require
satisfying Huckel’s rule. Plants a fcro-organisms have an
exclusive route to benzene- %ounds. The great majority of

aromatic compounds i , therefore, are produced by plants

and micro-orga animals are dependent upon plants for

many ar<atiw'pounds either directly or indirectly.


https://byjus.com/chemistry/benzene/

Aromatic Compounds Examples

o o
Il

Sales g @M’@ \

Toluene Phenol

O/CHD O/COOH CN
CH,
Benzaldehyde Benzonii: ‘e Ortho-xylene

Acetophenon

CH

3




CHEMISTRY OF BENZENE

Benzene-orbitals \
It was also found that benzene was a flat (planar) mo@yb

delocalised

a | E orhital clouds



CHARACTERISTICS OF AROMATIC
COMPOUNDS

A delocalized conjugated & systemg<maest
commonly an arrangement of alternating

single and double bonds: Conjugated

Coplanar structure, with~ all the

contributing atoms in thie same plane

Contributing atomgsarranged in one or

more rings

A number ofyw delocalized electrons that
1S, 4t 2anumber of w electrons, where
n=0,.1, 2,3, and so on. This 1s known as

Huckel’s Rule.

Naphthalene

n=1 n=2 n=3
(4x1+2)=6n (A4x2+2)=10n (4x3+2)=14n
Electrons Electrons Electrons



Huckel’s Rule: The 4n+2 Rule

Planar monocyclic rings with a continuous system
of p

orbitalsand 4n + 2p electrons are aromatic(rr=o, 1,
2, 3 etc)

Aromatic means substantial resonance
stabilization

Benzene is aromatic:

planar

Cyclic

orbital at every carbor 6)p electrons (n=1)
Benzene has 3 bonding and 3 antibonding orbitals

All the bondingnorbitals are full and there are no
electrons in“antibonding orbitals; benzene has a
closed shellyof delocalized electrons and is very
stable.



Aromaticity and the Huckel 4n+2 Rule

Unusually stable - heat of hydrogenation 150 kJ/mol
less negative than a cyclic triene

Planar hexagon: bond angles are 120°, carban—
carbon bond lengths 139 pm

Undergoes substitution rather than electrophilic
addition

Resonance hybrid with structure betweew two line-
bond structures

Benzene
/4
Three double bonds; Pyridine
” six  electhqps \N

Huckel’s rule, baseds0On calculations — a planar cyclic
molecule with,alternating double and single bonds
has aromaticstability if it has 4n+ 2 - electrons (n Is
01,2,34)

Fornn=1:¥4n+2 = 6; benzene Is stable and the
eléctrons are delocalized.



BENZENE : Resonance description

» Later spectroscopic evidence showed all bond lengths
in benzene to be equal and intermediate betwe
single and double bond lengths (1.39 A). e&

» Resonance instead considers such molecules t
intermediate or average (called a resonan
between several structures that differ &m the
placement of the valence electrons ‘@"

ol

\ 1
Q’& H’ \\CH Ho” CH

|| > |
HC\C//CH HCy CH
1

A C™D
©



Compounds With 4n &t Electrons Are Not
Aromatic (May be Antiaromatic)

« Planar, cyclic molecules with 4 n x electronseare

much /essstable than expected (antiaromatic) &

« They will distort out of plane and behav
ordinary alkenes

* 4- and &-electron compounds are not @Ilzed
(single and double bonds)

« Cyclobutadiene is so unstable th
self-Diels-Alder reaction at low

|zes by a
ure

has four dgubleybonds, reacting
with Br,, KMnO,, and HCI E%t were four alkenes

-
-
-
-
-

K

©2007 Thomson Higher Education

Q Cyclooctatetraene
Four double bonds;

eight  electrons

192007 Thomeon tper Educaten 10




« The 4n + 2 rule applies to ions as well as
neutral species .

 Both the cyclopentadienyl an/on and
cycloheptatrienyl cation are aromatic

« The key feature of both iIs that they;ﬁI In

6 m electrons In a ring of us p
orbitals %

tadienyl anion Cycloheptatrienyl cation

&\ Six  electrons; aromatic ions

Q

11



Aromatic compounds

@'&
SRS C)
n=1 ‘§5

Non Aro \Qcompounds

S
H




* Aromaticwas used to described some
fragrant compounds in early 19t century

— Not correct: later they are grouped by
chemical behavior (unsaturated compo a\
that undergo substitution rather than %,
addition) @

» Current: distinguished from a/ip A%
compounds by electronic cc% n

@\15
.@ e Benzaldehyc Toke

13



Sources and Names of Aromatic Hydrocarbons

* From high temperature distillation of ¢
tar

« Heating petroleum at high temper @)
and pressure over a catalyst

@@ @é

Benzene Toluene Xylene Indene
(bp 80 °C) (bp 111°C) (bp ortho, 144 °C; (bp 182°C)
meta, 139 °C; para, 138 °C)

chalene Biphenyl Anthracene Phenanthrene
(mp 80 °C) (mp 71°C) (mp 216 °C) (mp 101°C)

©2007 Thomson Higher Education

A

14



Naming Aromatic Compounds

« Many common names (toluene =
methylbenzene; aniline = aminobenze ')\

 Monosubstituted benzenes system
names as hydrocarbons with ben@

— CgHsBr = bromobenzene

— CzHNO, = nitro
CsH:CH,CH,CHj; Is propy

\15
O & o

Bromo e Nitrobenzene Propylbenzene

Q{mh&it

15



Table1 | Common Names of Some Aromatic Compounds
I >

Structure Name Structure Name \
CHs Toluene CHO Benz%b
bp 111°C) &

Y

/ OH Phenol C Benzoic acid
‘ (mp 43°C) (mp 122°C)
N\

NH, Aniline CHs ortho-Xylene

lbp 184° @ (bp 144°C)

Q” VM
mophenone H Styrene
[ (mp 21 °C) é (bp 145 °C)

4
=—o
N
==

g TC
\C g
© 2007 Thamson Higher Educatin

16



The Phenyl Group

 When a benzene ring is a substituent,

the term phenyl is used (for C4Hs-) '\
— You may also see “Ph” or “p” in pI@'
of “CgHs”

« “Benzyl” refers to “C;H-CH," (b:&
o &

C ,CHyCH CHy
O( ‘@w[ - %

A phen\iroug 2-Phenylheptane A benzyl group

ozonan ation

17



Disubstituted Benzenes

Relative positions on a benzene ring
— ortho- (o) on adjacent carbons (1,2)

— meta- (m)separated by one carbon (1,3)

— para- (p)separated by two carbons (1
Describes reaction patterns (“occurs at

position™)

X
Ortho — «——Ortho
Meta — — Meta FeBr3

Pa
Toluene

©2007 Thomson Higher Edu

i S H3CEU1CH3

ortho Dichlorobenzene  meta-Dimethylbenzene
12 disubstituted (meta-xylene)
13 disubstituted

©2007 Thomson Higher Education

p-Bromotoluene

/01
para-Chlorobenzaldehyde
1,4 disubstituted

b\

18



Naming Benzenes With More Than
Two Substituents

« Choose numbers to get lowest &

possible values
 List substituents alphabetically

hyphenated numbers (q,
« Common names, such asi ”?
aswn T
C

e
can serve as root name
H

NT)
N

Hy

3

4-Brom&1\2-dimealbenzene 25-Dimethylphenol ~ 2,4,6-Trinitrotoluene (TNT)

19



Structure and Stability of Benzene: Molecular
Orbital Theory

» Benzene reacts slowly with Br, to gi\E \

bromobenzene (where Br replaces H

« This is substitution rather than th
rapid addition reaction commo &
compounds with C=C, sugg lTl@that
In benzene there is a highex barrier

\L&- HBr

7\
o, catalyst t Her
NN

\OQ H

Benzene Y*r Bromobenzene (Addition product)
\ (substitution product) NOT formed

20



Heats of Hydrogenation as Indicators of Stability

« The addition of H, to C=C normally gives off about
118 kJ/mol — 3 double bonds would give off
356kJ/mol .

— Two conjugated double bonds in \

cyclohexadiene add 2 H, to give off 230 kJ/

« Benzene has 3 unsaturation sites but gives &
206 kJ/mol on reacting with 3 H, molecul

» Therefore it has about 150 kJ more & t@than

an isolated set of three double bonds

Bonzene Nmeagr! ciciiiogsipais s {---
Q 150 kJjmol
c (difference)

Q 36 kJmol |
(expected)
O -=== =230 kJ/mol

Cyclohexene =206 kJ/mol

&’ (actual)
-118kJimol {
Cyclohexane O ---------- e E LR EE LR EEL EEEE LR EEt
21

©2007 Thomson Higher Education




Molecular Orbital Description of Benzene

« The 6 p-orbitals combine to give
— Three bonding orbitals with 6 = electrons,
— Three antibonding with no electrons

* Orbitals with the same energy are
degenerate @
Antibonding

******kﬁst ----------------------- i

g
N

A

'l

Bonding

Six benzene molecular orbitals 22
©2007 Thomson Higher Education



* Cycloheptatriene has 3 conjugated double
bonds joined by a CH,

« Removal of “H” leaves the cation o

 The cation has 6 electrons and Is aron@

H H , ST
+ Br
H
ﬂ, + HBr
H

Cyclohepta- Cyclohepta-

triene trienylium
bromide heptatrienyl cation
0 six 7 electrons

©2007 Thomson Higher Education

ks

&

23



Aromatic Heterocycles: Pyridine and Pyrrole

« Heterocyclic compounds contain
elements other than carbon in a ring,
such as N,S,0O,P

« Aromatic compounds can have
elements other than carban jmthe
ring

« There are many heterocyelic aromatic
compounds and manysare very
common

« Cyclic compoungds that contain only
carbon are(called carbocycles (not
homocycles)

 Nomenelature is specialized

24



Pyridine

« A six-membered heterocycle with a nitrogen atom in
its ring

« 7 electron structure resembles benzene (6 electrons)e

- The nitrogen lone pair electrons are not part of \
aromatic system (perpendicular orbital)

 Pyridine is a relatively weak base compar

normal amines but protonation does no
aromaticity &

Pyridine

(Sixns sp? orbital
(s
Lone pair in / P

sp2 orbital

H

Lone pair in
sp2 orbital

Pyrimidine (Six 7 electrons)

“—Lone pair

(sz) 25

©2007 Thomson Higher Education



Pyrrole

« A five-membered heterocycle with one nitrogen

« « electron system similar to that of cyclopentadienyl
anion ©

 Four sp?-hybridized carbons with 4 p t@@
perpendicular to the ring and 4 p electrons

« Nitrogen atom is sp?-hybridized, and lo r of
electrons occupies a p orbital (6 = electrons

« Since lone pair electrons are in the @ tic ring,
protonation destroys aromaticit ing pyrrole a

very weak base

Lone pair
in p orbital

lone pair
(p)

Lone pair
A

'

Lone pairin
sp2 orbital

Imidazole (Six  electrons)

lone pair
(p) 26

©2007 Thomson Higher Education



Polycyclic Aromatic Compounds
« Aromatic compounds can have rings that
share a set of carbon atoms (fused ring§)

- Compounds from fused benzene or \
aromatic heterocycle rings are them
aromatic

Naphthalene
©2007 Thomson Higher Education
H b
3
]
6 b N 5 AL
] 6 N 1 9N 4 N)
7\
H H

Quinoline Isoquinoline Indole Purin’

© 2007 Thomson Higher Education



Naphthalene Orbitals

Three resonance forms and delocalized electrons

0- 08468

o Naphtlmle&t&
O
O

alene

Q\f

28



Nomenclature of Aromatic Compounds

1. Monosubstituted Benzenes
a. IUPAC name

CH,CH,

tButylbenzene  Ethylbenzene  Nitrobenzene,” Chlorobenzene Benzyl grouy

b. Common name

Benzyl Chioide ~ Toluene  Styrene Phenol Benzaldehyde ~ Benzoicacid  Aniline

¥4



2. Disubstituted Benzenes

All disubstituted benzenes, can give rise to three possible
Isomers. The differentiate between the isomers, the
relative positions of the substituents are designatediy

number or, more commonly, by the prefixes ortho(e: 172),
meta (m:1,3) or para (p:1,4).

Br
By Br
@Br @
Br B
1,2-Dibromobenzene 1,3-Dibromebenzene 1,4-Dibromobenzen
o-Dibromobenzene m-Dibiomobenzene p-Dibromobenzene

When the substituents are different, they are listed
In alphabeticahorder

F
C Hs O,N
Br |

1-Chloro2-ethylbenzene ~ 1-Bromo-3-nitrobenzene 1-Fluoro-4-iodobenzen

0-Chloroethylbenzene m-Bromonitrobenzene p-Fluoroiodobenzenso



If one of the substituents is part of a parent
compound, then the disubstituted benzene
IS named as a derivative of the parent

compound.

O,N COOH
OH
Cl
Br
H,C
2-Chlorophenol 4-Nitrotolugre 3-Bromobenzoicacid
o-Chlorophenol pNitfOtOlyene m-Bromobenzoic aci

Certain disubstitutedNaenzenes are referred to by
their common pames.

CH,
CH, H,C
[::ﬁ:]//CH3 [:f::l\\
CH,

CH3 31
0-Kylene m-Xylene p-Xylene



Reactions of Benzene

« Even though benzene is highly unsaturated, it

does not \
 undergo any of the regular reactions of

alkenes @

«23’“&

BryCCl,
dark, 235°C

KMnO/H0 @d |
e : 0 oxidation

Benzene — Q
@H No hydration

Slow addition
at high temperature
and pressure

32



Reactions of Benzene

* Benzene can be induced to react with bromine

If a Lewis acid catalyst is present \
« The reaction is a substitution and not an

addition! (b'&@

FeB
CﬁHn + Brj _rIP (‘hHﬁBT + HBr Fel

CH, + Br, - C HBr, + C H,IF@ of oserved
Qy one

Benzene prod
monobromi mpound
All 6 carbo drogen bonds are equivalent
in ben?*

&

33



Specific Electrophilic Aromatic : Substitution Reactions
Xy, FeXs
. T HX (X CI
Halogenation
RO A|C|3
Allylation + HC

2

T

HON 4

SO
E 7 |s0,, 80,

Sulfonation

34



Side-Chain Reactions of Aromatic Compounds

a. Halogenation of an Alkyl Side
Chain

CH, CHBr
Br,

> + HBr
UV light

Toluene Benzyl Bromide

b. Oxidation of an Alkyl Side Chain

CH, COOH
KMnO,
>

Toluene Benzoic acid

CH,CH,4 COOH
KMnO,
> + co, + H,0

35

Benzoic acid



Disubstituted Benzenes : Orientation

Orientation Effects of Substituents In
Electrophilic Aromatic Substitution :

Q
AL
-OH, -OR ‘NO2 Yy
NH2, -NHR, - -SO3

NR2 -CG(%;, .
-C6H5 C?
_CH3, -R (alkylN-GHO, -COR
F, -Cl, -Br, -\ J*CN

OH
on OH
NO,
nitration . +
| NO,
o-Nitrophenol p-Nitropheno

NQ5 53 NO, 47

nitration
> 36

NO,




Substitution Reactions of Benzene and Its Derivatives

Benzene does not undergo electrophilic

addition 2
It undergoes electrophilic a @tic
substitution maintaining the a mﬁ;‘%\:ore

Electrophilic aromatic ubstitution

replaces a proton @enzene with

another electrophile ;

electrophilic aromév ubstitution

+E* — + H*

»& H H H
H

004 Thomson - Brooks/Cole

37



Electrophilic Aromatic Substitution
0
| N
Hal Co

Halogenation \ / ion

NO,
P

Nm% Alkylation
SO3H OH
Sulfonation Hydroxylation 38

©2007 Thomson Higher Education




Halogenation of Benzene

* Benzene's n electrons participate
as a Lewis base in reactions with
Lewis acids

— Lewis acid: electron pair accéeptor

— Lewis base: electron pair denor

« The product is fonmed by loss of a
proton, which’is'replaced by a
halogen

39



Bromination of Aromatic Rings

* Benzene's & electrons participate
as a Lewis base Iin reactions with
Lewis acids

* The product is formed by loss‘of a
proton, which is replacedhy
bromine

* FeBr; Is added as\afcatalyst to
polarize the broming reagent

FeBrs 4

+B|‘2 — ‘ +|_|Br

40



Bromine Polarization

- o

FeB
Br—Br —=,

Br3Fe Br-- %{\

Bromine Polar %‘%’eﬁ’nlne

(a weak electrophile) (a str ctrophile)

©2004 Thomson - Brooks/Cole

Chlorination of Aroma\@?

qw o

;me mechanism as Br, with FeBr,

41



lodination of Aromatic Rings

O = Or
cucl, ©/ s

lodine IS unreactive towards
aromatic rings

*Oxidizing agentS\smust be added to
make reactionge (H,O, or CuCl,)

*Oxidizing\agents oxidize |, to a
usable \\form (electrohphillic) that
reacts as if it were |*

42



Mechanism : lodination of Aromatic Rings

o
0
O
S
O



Nitration of Aromatic Rings

HN03 N\ NOZ .\
e U2
H2804 J @(b
Electrophile is the nitrenium ion (NO,)
Generated"@(NO3 by
protonation an s of water
“OQ

v

&

44



Mechanism : Nitration of Aromatic Rings

* An electrophile must first be &

generated by treating concentr
nitric acid with concentrated

acid «2{5

ric

\ E NO; + Hzo

nitronium ion

45



Mechanism : Nitration of Aromatic Rings

« The nitronium electrophile ®

attacked Dby the benzene

(nucleophile) ‘b$
0 (@R O
O
=

0

&

46



Sulfonation of Aromatic Rings

o SO,0H .
SETNe AN
Fuming sulfuric acid - comb@g of SO,
and H,SO,

Electrophile is HSO,* O\E&
Reaction Is reversib
Favored i& ard direction with

strong acid

F reverse direction with hot
dilute Qqu S acid

47



Mechanism : Sulfonation of Aromatic Rings

48



Conversion of sulfonic acids

« Heating with NaOH at 300 °C

followed by neutralization with ao%}
replaces the SO;H group with aé

OH

OSOBH 1. NaOH, 300° OOH @

2H0"

No mechanism

Friedel-Crafts Re@

O
.

|
Cl CHCH,

+ | AlC;
CH3CHCH3 + Hcl

benzene 2-chloropropane isopropylbenzene

49



Mechanism : Friedel-Crafts Reaction

L A
S
fh ¥



Friedel-Crafts Reaction (Alkylation of Aromatic Rings)

 the electrophile is a carbocation, R*

« only alkyl halides can be used

— aryl halides and vinylic halides dogagt
react.

« will not occur on aromatic fNgs
substituted by electron withdrawing
substituents

« can't eatjust one! It's hard to stop after
one substitution

« skeletal*rearrangements of the alkyl
group Jeften occur when using primary
alkyl halides

51



Non-reactive

Cl /\
An aryl halide O A vinylie halb’\
NOT reactive (b'

S
&

QQ«

v

€2004 Thomson - Brooks/Cole

&

52



Ring Deactivators

T

©+R X 2% NOreaction where V- —NR3 —NO, = %b

— 80,1, —CHO

" %&'
[~ H2 — ,_NRQ)

Q«
"OQ

&

53



Friedel-Crafts Reaction

* Multiple substitutions:

— Reaction of benzene wﬂhé}
chloro-2methylpropane.

— Polyalkylation «8@

Cf

AlCl ‘bu
CH3

Major
product

54



Friedel-Crafts Reaction

« Skeletal rearrangements in Friedel-

Crafts reactions (hydride shift): '\

— Will rearrange to form more stablz
carbocation intermediates ,&

CHg
HCH,CHs
@ CH3CH,CH,CH,CI ajor
> product
AICl,

Ibenzene

+
QQ CH,CH,CH,CH3
QO U b Ko
Q Butylbenzene

Y’

&

55



Friedel-Crafts Reaction

Skeletal rearrangements in Friedel-

Crafts reactions (alkyl shift): &

— Will rearrange to form more stable
carbocation intermediates @

@ + &m NG

1-Chloro-2,2- Q ,1-Dimethylpropyl)-
dimethylpropa% benzene

\OQ

Y’

T HC

&

56



Friedel-Crafts Alkylation Summary

Only alkyl halides can be used!!

Will not occur on aromatic rings
substituted by electron withdrawiag
substituents

— Carbonyl and amino groups
Will have polyalkylation

Will have rearrafigement to form
more stable easbocation
Intermediate

— Hy@dride shift or methyl shift

You néed to know the
mechanism!!!

57



Friedel-Crafts Acylation

* Reaction of benzene with a
carboxylic acid chloride, RCOCI In
the presence of AICl,

* Note: the acyl cation does not
undergo rearrangementalt also is
not prone to multiple,substitutions.

O
ll

I " ChycH
@ + CHaCH{CE™-28 s 7

+ HCl

58



Friedel-Crafts Acylation

« After acylation we can do a

hydrogenation to get desired b\

alkylated product

\Q g

59



Mechanism : Friedel-Crafts Acylation

e .
Acyl cation b\
Ay, Ao,
/& t HO—C!
— | 3 N\ CH
0 0 > MM

b

60



Substituent Effects in Aromatic Rings

e Substituents can cause a
compound to be (much) more or
(much) less reactive than benzene

« Substituents affect the orientation
of the reaction — the pesitional
relationship is controlled

— ortho- and pata-directing
activatorss, ertho- and para-
directing ‘deactivators, and
meta=directing deactivators

61



Ywi&aw lectrons; Y donates electrons;

% on intermediate carbocation intermediate
9 stable, and ring is more stable, and ring
less reactive. I8 more reactive.

©2004 Thomson - Brooks/Cole
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Benzene
0 0 PY
H | & —CH,
—NO, —S0,H —COH —CH —Bry —F; (alkyl) —0C

Reactivity

+
—'NR:; —CEN (ﬁ (Il)

-CCH, -COCH; E‘g —NHCCH,
Meta-directing Ort ﬁbi Ortho- and
deactivators Nireing para-directing
@1&% activators
© 2004 Thomson/Brooks Cole Q

O
&

ks
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Origins of Substituent Effects

* An interplay of /naductive effects and
resonance effects

* Inductive effect - withdrawal or
donation of electrons through a o
bond (comparative
electronegativity)

« Resonancgeffect - withdrawal or
donation, of electrons through a =
bond\dte to the overlap of a p
orbital’on the substituent with a p
orbital on the aromatic ring
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Inductive Effects

« Controlled by electronegativity and
the polarity of bonds in functional
groups

» Halogens, C=0, CN, apd NO,
withdraw electronsathrough ¢ bond
connected to ring

« Alkyl groupssdonate electrons
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T
5* CPQ C =N \

(X=TF,CLBr,I) &

The groups attached to the aromatic ri uctively electron-
withdrawing because of the poldn onds.

©2004 Thomson - Brooks/Cole 0

Y : CH,
Q Alkyl group; inductively electron-donating
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Resonance Effects — Electron Withdrawal

C=0, CN, NO, substituents
withdraw electrons from the '\
aromatic ring by resonance b

the substituents

° T electror_ls flow from the«rg@

Rings substituted

with an e tron-witzfawing
resonangeetfect have this
sefenal Shctire.

2004Th0 Brooks Cole
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Resonance Effects — Electron Donation

 Halogen, OH, alkoxyl (OR), and
amino substituents donate \
electrons b’

71 electrons flow from the (b'&
substituents to the ring

« Effect is greatest at o;&o nd para

X | @&@“o o

Rings substituted b Halogen
with an electron- dona
resonance effact have thi

general s}% .
ks Cole
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Contrasting Effects

« Halogen, OH, OR, withdraw
electrons inductively so that they
deactivate the ring

« Resonance interactions ate
generally weaker, afféeting
orientation

* The strongesteffects dominate
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An Explanation of Substituent Effects

* Activaling SR
groups

donate .
electrons to @.Y @H N
the ring,
stabilizing
the Wheland & & »& |
intermediate : (b, ;
(carbocation) H
& - @LY

» Deactivating ¥ ithe ns, Y donates electrons;
groups arhoCh ermediate carbocation intermediate
withdraw ta ¢, and ring is more stable, and ring
electrons eactlve s more reactive.
from the rin
destabili o
the e
Inter jlate
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Ywi drawgeleztrons; Y donates electrons;
cation intermediate carhocation intermediate

ca
Qfgstable, and ring is more stable, and ring
¢

§ reactive, 1S more reactive.

©2004 Thomson - Brooks/Cole
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Ortho- and Para-Directing Activators: Alkyl Groups

 Alkyl groups activate: direct
further substitution to positions
ortho and para to themselves

» Alkyl group Is mgst effective In
the ortho and _paxa positions

12



Ortho 630

Toluene

Para

&\ 34%

Q

2004 Thomson/Brooks Cole

CH,

NO,

Most stable

&

H NO,

H;
+

)

C
H NO,

Most stable

"—

H NO,
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Ortho- and Para-Directing Activators: OH and NH,

» Alkoxyl, and amino groups
have a strong, electron-
donating resonance effect

* Most pronounced-at'the ortho
and para pasiions
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:6H COH
<-' H H
Ortho 50% NOZ — NO‘; —
attack .

Most stable ‘b

Ol 00 N
S
© — 0 @H — % @H
NO, \0 , " NO,
N

Phenol

CaH :6H

>
+
H™ "NO, H" "NO,
Most stahle

® mson/Brooks Cole
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Ortho- and Para-Directing Deactivators: Halogens

Electron-withdrawing inductive
effect outweighs weaker
electron-donating resénance
effect

Resonance.effect is only at the
ortho and para positions,
stabilizing carbocation
iIntermediate
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Cél: Cﬁl:
' : \
Orth
o 3 NO, — NO, | — No2 —

Most stable (b

+
Meta 19
attack H

4 NOZ

Chloro-
henzene :
+d: @ ©
‘&\ H N0, H N0, H O,
Most stable
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Meta-Directing Deactivators

 |nductive and resonance
effects reinforce each other

» Ortho and para inteimedrates
destabilized by deactivation
from carbocationfintermediate

* Resonance‘eannot produce
stabilization
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CHO CHO CHO
H H H
(l 0l °
Ortho 199 — . C\
attack
+
Least stable &
i+
A\l CHO C CHO
+
Meta i
attack 120 H‘b H H
Cl + (O
Benzaldehyde 0
'\O: CHO CHO CHO
+
ra
\ Stk 9% — oo
& + +
Q H Cl H Cl H Cl
[ east stable

©2004 Thomson - Brooks/Cole
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Summary Table: Effect of Substituents in Aromatic

Substitution
o
Substituent Reactivity Orientation Inductive effect Resonance
CH; Activating Ortho,para ~ Weak; None
) electron-donating @
-OH, Activating Ortho, para Weak; D g
—NHE electron-withdrging e donating
-, ~Cl: Deactivating ~ Ortho,para  Strong Weak:
B T elv@hdm ving  electron-donating
¢ 1
-N(CH,), Deactivating ~ Meta % rong; None
electron-withdrawing
~NO,, —CN, Strong; Strong;

“OQ

© 2004 Thomaonioon Cole

&

_ Deactivating m
~CHO,—C0,CH,,
~COCH; —CO,H

electron-withdrawing

electron-withdrawing
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Tl Orientation of Nitration in Substituted Benzenes

v

HNO,
1,50, 55°C

Product (%)
Ortho Meta Para

<\/ =
p—t
=

Meta-directing deactivators Ortho- gudhpar [ngdeactivators

—N(CH,) 2 81 i F ) 1 8
NO, 7 91 2 (&« 30 1 64
COH 2 76 2 % 43 1 36

~CN 17 61 = 45 1 M

~CO,CHCH, 28 66 @ Ortho- and para-directing activators
—(COCH; 26 ?2Q ) ~CH; 63 3 34
~CHO 19 Q 9 00 50 05

~NHCOCH, 19 2 19
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 All ortho- and para- directors
have a lone pair of electrons
on the atom directly attached
to the ring (with the exception
of alkyl, aryl, and CH=CHR

groups).

« All meta- directors have a
positive charge or a partial
positivescharge on the atom
attackied to the ring.
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In Summary:

 All activating substituents are
ortho/para directors

* The weakly deactivating
halogens are ortho/para
directors

 All othendeactivating
substituents are meta directors
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Trisubstituted Benzenes: Additivity of Effects

* If the directing effects of the two&
groups are the same, the res I@}

additive (b‘
Methyl group directs here &
CH

Nitro group directs here

3

NO,

HNO.% HZSO4 .

»&\ NO, NO,

Q p-Nitrotoluene 2,4-Dinitrotoluene

©2004 Thomson/Brooks Cole
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Substituents with Opposite Effects

* If the directing effects of two gro@
oppose each other, the more
powerful activating grou (&
the principal outcome

» Usually gives mixtu@of products

O
OH QQ OH

Br

CH,

0

Q p-Methylphenol 2-Bromo-4-methylphenol
(p-Cresol) (major product)

62004 Thomson/Brooks Cole
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Meta-Disubstituted Compounds Are Unreactive

« The reaction site Is t00Q
hindered

 To make aromatic4rngs with
three adjacent substituents, It
IS best to startb\with an ortho-
disubstituted comypound
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CH3 Too hindered i CH,

Cl
N\ O @ .
FeCl3
S

_NOTfonrd& J@

m-Chlorotoluene 2,5-Dichlorotoluene  3,4-Dichlorotoluene ‘b
CH, |
O,N NO, |

trotoluene 2,4-Dinitrotoluene

But;

CH,
HNO,
——
Hy80,
NO,
o-Nitrotoluene Q
02004 Thomsoimks/cv

Q‘K

0y

6-Dini
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Nucleophilic Aromatic Substitution

* Aryl halides with electron-withdrawing
substituents ortho and para react with
nucleophiles

* Form addition intermediate
(Meisenheimer complex) thais(stabilized
by electron-withdrawal

« Halide ion is lost

Cl OH
O5N NQ OyN NO
2 21."OH 2 2
e
2. H;0"
NO-» NO,
2\4,6-trinitrochlorobenzene 2,4,6-trinitrophenol
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Mechanism : Nucleophilic Aromatic Substitution

e = e

NO,

>

OH
@ + O
NG,

89



cl 130¢ OH o
t 0 ——> 1 Cl’t\
O,

NG,

o-chloronitrobenzene (b$

Cl
130C 0
O+ Aé b o
b D Ve
p-chloronitrobenzene §

m “OQ

Y’ 130C

NG,

Qchloronitrobenzene
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Nucleophilic Aromatic Substitution




Electrophilic and Nucleophilic Substitution

 Electrophilic Sub

— Favored by electron donating
substituents

« Stabilize carbocation
Intermediate

* Nucleophilic Sub

— Favored by ‘electron withdrawing
substituents

e Stahilize carbanion
mtermediate
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Bromination of Alkylbenzene Side Chains

* Reaction of an alkylbenzene with -
N-bromo-succinimide (NBS) and \
benzoyl peroxide (radical initi%@
Introduces Br into the sid CJE

CH2CH3 0 CHZCH3 , -
(PhC02)2

Propylbenzen (1-Bromopropyl)benzene L
Yw 7%
© 2007 Thomson Higher Education
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Bromination of Alkylbenzene Side Chains

» Abstraction of a benzylic hydrog \
atom generates an intermediate%v

benzylic radical Q)

» Reacts with Br, to yield o@!

+ Br- radical cycles backﬁ%veaction
to carry chain ,&

H H n - Br H

g

N Cy N
R " R B R y
t 9 t HBr| — + B
\ Z Benzylic radical
S o

: ; -
Mechan
HBr + N-Br — B + N—H 'S
94
L O O o

©2007 Thomson Higher Education




Oxidation of Aromatic Compounds

 Alkyl side chains can be oxidize e\

—CO,H by strong reagents su
as KMnO, and Na,Cr,0. if t @
have a C-H next to the{?@-

» Converts an alkylbenzene into a
benzoic acid, ArAéArACOZH

N

Q&\’"Butylbenzene Benzoic acid (85%)

95



Reduction of Aromatic Compounds

* Aromatic rings are Inert to catalytic
hydrogenation under conditions that
reduce alkene double bonds

« Can selectively reduce an alkeneg,double
bond in the presence of ancarematic ring

* Reduction of an aromatic ring requires
more powerful reducig=conditions (high
pressure or rhodium gatalysts)

0 0

Hy, Pd

_—

Ethanol

4-Phenyl-3-buten-2-one 4-Phenyl-2-butanone (100%)

© 2004 Mhomson/Brooks Cole
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Reduction of Aryl Alkyl Ketones

« Aromatic ring activates neighboring
carbonyl group toward reduction

« Ketone is converted into a
by catalytic hydrogenation over d
catalyst

: CH,CH,CH,
CH,CH,CCl 1,
/ AlCls
Q Propiophenone (95%) Propylbenzene (100%)

(‘:H:l
\ CH,CH,CH, CHCH,
CH,CH,CH,(Cl
Q AIC) 1

Mixture of two products

62004 Thomson/Brooks Cole

>

,@J

nzene
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Reduction of Aryl Nitro Compounds

NO, \H, .

Fe, H:0" N b\
OH

!
2 e ho NH,
>

IS

98



Reduction of Aromatic Ring

H»/Pt in ethanol °

2000 psi, 25°C b

sor:
H.,/(Rh/C) in ethanQ»
1 atm, 25°C :&
O
O
QQ«
O

Y,

&
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Synthesis Strategies

These syntheses require
planning and consideration af
alternative routes

* |It's important to pay attention to
the order in which=substituents
are placed,on.the'ring

— meta ook ortho/para directing

 When should an added
substituent be modified?

100



Reactions of benzyl bromide

" CH20H+ § A
/[ @ @b
>

CHyBr - CHC=N @
(j - O + Br

benzyl bromide phenylacetonitrile

\ CHNH,
@ T HzO + Br

benzylamine

Q

101



Reaction with Substituent of Benzene

 Oxidation of toluene to benzoic acid

PO

CH; COO0
1. KMnOg, A &
Ui (S
toluene benzoiC\aci
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Reaction with Substituent of Benzene

« Any alkyl group, except tertiary alkyl «

groups, on the benzene is oxidized to @
carboxylic acid

« 1-Butylisopropylbenzene is ox@z@
Isophthalic acid

CH,CH,CH,CH, 1;& COOH
e
C CH Q COOH
m-benzenedicarboxylic acid

m- butylﬁ@py Zene

103



Electrophilic Aromatic Substitution

» Electrophilic aromatic substitution:.

@H+E+_> @*b\
&

« We study severé&@'\on electrophiles

— how eac ‘r&enerated.
— the Ism by which each

\ ydrogen.
Q’&

104



* A general mechanism
slow, rate +

/\ . . ||
E

Elehqtlro- ResonanCe-stabilized
pniie gatiomintermediate

+

H
Step 2: @ fast , OE +H
E

« General question®™™What are the electrophiles
and how areAthey generated? Look at
particular reactions.

105



Chlorination

Step 1: Generation of the electrophile: a chloronium

lon.
(l 5 (I:| +
=G+ el <=0 C-Ferol <= g8LFeCl;
Cl " k Cl y

Chlorine Ferricchloride ~ Amolecular cofiplex -~ An ion pair
(@alewis  (alews with a positivescharge contalmng_a
base) acid) on,chloring chloronium ion

Step 2: Attack of the'@hldronium ion on the ring.

Slow Tate

wt OBtEYMINIng
+
H H H
N <> | '4_} N
Cl. Cl . O

Resonance-stabilized cation intermediate; the positive
charge is delocalized onto three atoms of the ring0é




Step 3: Proton ejection regenerates
the aromatic character of the ring,

+ N
(X o = 0)5 18
Cl

Cation Chlorobenzeie (bd

Intermediate

107



Addition vs Substitution

* Energy diagram for the brominati
of benzene.

2 e

Unfaveied st
itio

Favored step:
elimination of H'

....................

-------------------------------------------------------------------------------------------------------------------------------------

108

Reaction coordinate

@ Brooks/Cole, Cengage Leaming



Synthesis, Nitro - Amines

* The nitro group can be &
reduced to a 1° amino gr

COOH
+3\@®; + 2H,0

@gwd 4Am|noben20|caC|d

4N
: Q\uice the carboxylic was untouched.

109



Sulfonation

« Carried out using concentrated
sulfuric acid containing
dissolved sulfur trioxide.

H
0 + ot o

Benzene Benzenesulfonic acid

110



Friedel-Crafts Alkylation

* Friedel-Crafts alkylation forms*a
new C-C bond between an
aromatic ring and an alkyhgroup.

AlCk
+ (l > + HCl

Benzene 2-Chlomprepane Cumene
(Isoprepyl.chlonde) (lsopropylbenzene)

111



Friedel-Crafts Alkylation

Step 1: Formation of an alkyl cation as an ion pair.

L b
R—q:/?*Al

C

+ C
By RQC]—AI\

C

-0 <== R AICI}

Amolecular  An Ompak containing
complex acarbocation

Step 2: Attack of the alkyl cation,

X +H H H
(e T
R R +R

A resonance-stabilized cation

Step 3Rrotortransfer regenerates the aromatic ring.

.|.
H”” )\ - .
@ ®A|Q3 —> @—R + AlCl, +HQ:
R

112



Friedel-Crafts Acylation

* The electrophile is an acyliu ‘\

10on.

<
Q. & ‘b"&
R-C-Clf” + “AlCl <=

Cl &
Anacyl  Aluminum
chloride  chloride ‘b\j"

0 z"{P 2. 9
RCrGISAFCl <= RC" AlCl;
e
\?mcular complex An ion pair
ch

a positive charge containing an
arge on chlorine acylium ion

&
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Friedel-Crafts Acylation

— An acylium ion is represented,as
a resonance hybrid of two major
contributing structures.

complete valence

shells
AN

+ A
R-C=0: *—»R-C=0:

\he"more important
sentributing structure

* FriedelcGrafts acylations are
free\ofymajor limitation of
EFriedel-Crafts alkylations;
acylium ions do not rearrange,
do not polyacylate (why?), do
not rearrange.
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Friedel-Crafts Acylation

* preparation of unrearranged
alkylbenzenes.

0

).k

2-Methylpro

s Ay

nanoyl

chloride

@JY NoH,, KOH
i ylene

2-Methyl-1- glycol Isobutylbenzene

phenyl-1- propancne <o

could be used
here?
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Di- and Polysubstitution

 Orientation on nitration of
monosubstituted benzenes.

Substituent ortho  meta para NP meta

Favor
ortho/par
a
substitut
jon

Favor
meta
substiiut
1N

—OCH, |
CH,
—(C
—By

—(O0H
—(N
_N02

£
20

10
3

18

19
b4

1

1

80

60
%3.2

oitho
2y 9
B %
0 100
62 9
2 0
1
03 67

trace
4

trace
l

80

80
%3.2
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Directivity of substituents

E’ ortho and para, appear together

X 15 0,p director

meta
X 15 m director
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Di- and Polysubstitution

« Two ways to characterize the substituent

— Orientation:

« Some substituents direct preferéntially
to ortho & para positions;_oOthers to
meta positions.

 Substituents are classified as either

ortho-para directingaor meta directing
toward further substitution.

— Rate

« Some substituents cause the rate of a
second Stibstitution to be greater than
that\fon benzene itself; others cause
thestate to be lower.

e Supstituents are classified as
activating or deactivating toward
further substitution.
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Di- and Polysubstitution

— -OCH; Is ortho-para directing.

OCH; OCH, OCH,
NO,
> + +
+ HNO, 01, 000F H,0
NO,
Anisole o-Nitroanisole > p-Nitroanisole
(84%) (55%)
— -COONH is nmieta directing.
COOH COOH COOH COOH
Q™)
+\F NG, ; > U U
100°C 0,
Benzoic NO,
acid

o-Nitro-  m-Nitro-  p-Nitro-

benzoic  henzoic  henzoic
acid acid acid |,
(18% (80%) (2%)



Di- and Polysubstitution

Strongly 3 3 3 S
o | ativating ~NH, ~ —-NHR  —NR, —OH "50R
-
é Moderately - |(|) ¥ 9 |(|) 9
Q| activating ~NHCR ~ —NHCAr  —QCRC \7OCAr
g‘ We-akly Recallthe polysubstitution in
f_-D aCtlvatmg R RC alkylation.
O | Weakly . ¥ ; )

deactivating —F: “NCCN™ —Br: —I:

Q 0 0 0

3 JOH -CR -CoH  —~COR
£ | Moderately
| deactivaling O
» —CNH,  =SO;H  —C=N
2\ Strongly .
2 | deactivating -NO,  —-NHy  -CFy  —CCls
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Di- and Polysubstitution

— The order of steps is importan ‘\

CHj COO)-)&@

N NO
?Zb\j-r p-Nitrobeznzoic

\0 acid
QVCOOH COOH
H
29V O,

m-Nitrobenzoic
acid

121



Theory of Directing Effects

 The rate of EAS is limited by the
slowest step in the reaction.

 For almost every EAS, the, (ratée-
determining step Is attack of E* on
the aromatic ring <o\ give a
resonance-stabilized cation
Intermediate.

« The more , stable” this cation
Intermediate, o the faster the rate-
determiningsstep and the faster the
overallxeaction.
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Theory of Directing Effects

* The orientation is controlled @
the stabllity of the carboc

being formed by att e
electrophile.
\1.'5
* Products are@bhed under
Kintic contr@,
\QQ

&
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Theory of Directing Effects, ortho-
para director.

—-OCHj: assume ortho-para

attack. Here enbppacarattackis
S n.

OCH, OCH,
N, Slow X ©

NO,

OCH3 CH3 (OCH?) OCH3
fast
<—> H

0, H N02 NO;

Very stable resonance s%ructure Why?
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Theory of Directing Effects , ortho-
para director.

—-OCH;; look at meta attack. &
< 0,p director @
OCH,8 ‘sty

gy 4(2:sy
2
&

OCH3 OCH3 3
PN - fast,
H<_> H _H+
NO
NO NO,  *NO, :
[ Z (0 o
& No corresponding resonance
structure putting positive charge

on oxygen.
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Theory of Directing Effects, meta
director.

—-CO,H : assume ortho-para
COOH

attack. Meta director
@ +N02+ SlOW»

COOH 000H ooo|-| COOH
_ H NO, 0, H NO NO,
(d) (e) (f)
The most disfavored
contributing structure

Disfavored because
CO,H is electron

withdrawing 196



Theory of Directing Effects, meta
director.

—-CO,H; assume meta attack. &
OOH—————— Meta direct

{Q)

@ N0, Slow, «2{}
- COOH COOH O COOH
@; t fast,@
H(—b H T
NO
' (a)\Q
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Activating-Deactivating
Resonance Effects

* Any resonance effect, such %.\
that of -NH,, -OH, and -OR;

that delocalizes the f@'
charge on the Catior%has an
activating effeth\@Sgard further
EAS. \ch,
Q\»
° Anyﬁnance effect, such as
that of -NO,, -CN, -C=0, and -

;H, that decreases electron
ensity on the ring deactivates
the ring toward further EAS.

128



Activating-Deactivating Inductive
Effects

» Any inductive effect, such as that&
CH,; or other alkyl group
electron den3|ty to

ring the ward
further EAS.

* Any inductiv \ such as that of
halogen, -NR CI3, or -CF,, that
decreases on density on the
ring tes the ring toward
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Activating-Deactivating: Halogens

— For the halogens, the inductive and
resonance effects oppose each ether.
Inductive Is somewhat stronger.

— Result: halogens are deaCtivating but
ortho-para directing:
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Nucleophilic Aromatic Substitution

« Aryl halides do not undergo
nucleophilic substitution by eithex
Syl or Sy 2 pathways.

 They do undergo nuelegphilic
substitutions, but _ Ry TwoO
mechanisms.

— Benzyne using_strong base.

— Addition/elimination typically with
nitro actiyating groups.

131



Orientation

* The methyl group is essentially just
a marker to allow the observation of
the mixture of products.

 Consider the methoxy.group;, -
OCHs,, stabilizing of positive charge
via resonance but‘also’inductively
withdrawing.

* The methoxy, group Is not In
resonapce with the negative charge
of the-anten, Inductive Effect
dominates. Next slide.
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