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Hydrocarbons

Hydrocarbons are Organic Compounds, which contain only the two elements

carbon and hydrogen.

Hydrocarbons
| | I 1
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|
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Aliphatic Hydrocarbons

Names and Molecular Formulas of the First Ten Alkanes

Number of Molecular Number of
Name carbons formula Structural formula structural isomers
methane 1 CH, CH, 1
ethane 2 C-sHg CH3CHs3 1
propane 3 CsHs CH5;CH-CH5 1
butane 4 CasH 1o CH:CH-CH-CH4 2
pentane 5 CsH - CH3(CH5)sCH4 3
hexane 6 CsH1a CH2(CH5)4,CH4 5
heptane 7 CsH g CH2(CH5)sCH4 9
octane 8 CgH g CH2(CH5)gCH4 18
nonane o CgHsg CH3(CH,)-,CH4 35
decane 10 CioHoo CH3(CH,)gCH4 75



Alkyl Group Nomenclature

An alkyl group is formed by loss of a hydrogen atom from the corresponding alkane. o

General formula C H,, .. ©

The letter R is used as a general symbol for an alkyl group. o
An alkyl group is named by replacing the suffix —ane of the parent alkane by —yl. o

i.e. Alkane —ane + yl = Alkyl



Alkyl Group Nomenclature

Examples: o

Derived from methane by removing one of the hydrogens, a one-carbon =
substituent is called a methyl group.

i 1
|

H—(|3—H H—(|3— or CH,— or Me—
H H

methane methyl group

Thus the two-carbon alkyl group is called the ethyl group, from ethane. =

-

ethane ethyl group



Alkyl Group Nomenclature

When we come to propane, there are two possible alkyl groups, depending on =
which type of hydrogen is removed.

If a terminal hydrogen is removed, the group is called a propyl group.
T i

H_(‘:_(‘:_(E_H H_(|:_(|3_(‘3* or CH;CH,CH,— or Pr—

H H H H H H
propyl group

If a hydrogen is removed from the central carbon atom, we get a different isomeric
propyl group, called the isopropyl group.

P T
H—(|3— | —(|3—H H—(|3—(|I—(|3—H or CH3(|IHCH3 or i-Pr—
H H H H

N

propane isopropyl or 1-methylethyl* group



Alkyl Group Nomenclature

For four-carbon alkyl group, there are four different butyl groups. =

The butyl and sec-butyl groups are based on n-butane. -

The isobutyl and tert-butyl groups come from isobutane.

H H H H

. (|: B ‘|:_ {l:_ (|:— . CH;CH,CH,CH,— and CH3(|3HCH2CH3
Bowonon
butyl sec-butyl
n-butane (or 1-methylpropyl)
CH; CH CH;
| N |
CH3—$—H /CH —CH,— and CH3_(‘:_
CHj; ks CH,
isobutane isobutyl tert-butyl

(or 2-methylpropyl)

(or 1,1-dimethylethyl)



Classes of Carbons and Hydrogen

A primary (1°) carbon is one that is bonded to only one other carbon.

A secondary (2°) carbon is one that is bonded to two other carbons.

A tertiary (3°) carbon is one that is bonded to three other carbons.
1° Hydrogen atoms
|

Y
o
H,C— CH—CH,—CH,
3° Hydrogen atom— A 20 Hydrogen atoms

Hydrogens are also referred to as 1°, 2°, or 3° according to the type of carbon they
are bonded to.



Nomenclature of Saturated Hydrocarbons
Nomenclature of Alkanes

2) Number the carbons in the parent chain
starting from the end which gives the lowest number for the substituent

1 oH2 H5 Hs H> H, Ho
HsC—~C—C3-C—CH, H,C—2C—C4-C—CH;
4CH; not CH,
5GH> 2CH,
6CH; ICH,

3- Ethyl hexane 4- Etilhexane

To name the compound;

1) The position of the substituent on the parent carbon chain by a number.
2) The number is followed by a hyphen (-).

3) The combined name of the substituent (ethyl).
4) The parent carbon chain (hexane).
3- Ethylhexane

10
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Nomenclature of Saturated Hydrocarbons

Nomenclature of Alkanes

3) If the same alkyl substituent occurs more than once on the parent carbon chain,

the prefixes di-, tri-, tetra-, penta-, and so on
are used to indicate two, three, four, five, and so on.

Ha

3 H C
g 2 H 221 71
—C 3c —2C—CHj
CH3 CH3
2,2,4- Trmethylpentane
CH, CH
CHg A
CH3CH— CHCH; CHyCHCHCHCH;8 CHCCHECRs
| | L] CHy CHy
CH; CHjs CH; CH,

2,3-Dimethylbutane 2,3,4-Trimethylpentane 2,2,4,4-Tetramethylpentane



Nomenclature of Saturated Hydrocarbons

Nomenclature of Alkanes

7) If substituents other than alky groups are also presents on the parent carbon chain;

all substituents are named alphabetically
-F fluoro -ClI chloro -Brbromo -liodo
-NO2 nitro -NH2 amino -CN cyano .

Br
H 5 . H
H:?C—4C ‘’c—C ]CH3 2- choro
cH.H (':| 3-bromo
3 4- methyl

3bromo -2- chloro-4-methylpentane

12



Nomenclature of Saturated Hydrocarbons

Nomenclature of Alkanes

Examples
Common name: IUPAC name:
CH;CH,CH;CH,CH3 Nl n-Pentane Pentane
CHs
HC \C /CH ~CH 3 \)\ Isopentane 2-Methylbutane
Ho

i
H3C .—-cl: “"CHS /\\ Neopentane 2,2-Dimethylpropane

CH;,

13



Nomenclature of Unsaturated Hydrocarbons

Common Names

The simplest members of the alkene and alkyne series are frequently referred to by
their older common names, ethylene, acetylene, and propylene.

CH,=CH, HC=CH CH;CH=CH,
ethylene acetylene propylene
(ethene) (ethyne) (propene)

Two important groups also have common names;
They are the vinyl and allyl groups and are used in common names.

CH,=CH— CH,=CHCI CH=CH,
vinyl vinyl chloride
(ethenyl) (chloroethene)
CH,=CH—CH,— CH,=CH—CH,(I 5
allvl allvl chloride Common name: Vinvl cvclohexane
(2-propenyl) (3-chloropropene) [UPAC name: Cyclohexvlethene

14



Nomenclature of Unsaturated Hydrocarbons

The IUPAC Rules

The IUPAC rules for naming alkenes and alkynes are similar to those for alkanes, but a
few rules must be added for naming and locating the multiple bonds.

The ending -ene is used to designate a carbon—carbon double bond. .\

The ending -yne is used to designate a carbon—carbon triple bond.

CH3CH3 CHzZCHz HCECH

ethane ethene ethyne

2. Select the longest chain that includes both carbons of the double (triple) bond.

C=C|3—C—C not C=C|3—C—C

? %
C C

15



The IUPAC Rules
Nomenclature of Unsaturated Hydrocarbons

3. Number the chain from the end nearest the double (triple) bond so that the carbon atoms
in that bond have the lowest possible numbers.

1 2 3 4 5 5 4 3 2 1
C—C=C—C—C not C—C=C—C—C

If the multiple bond is equidistant from both ends of the chain, number the chain
from the end nearest the first branch point.

30 4 4 3 2 1
=C—C not C—(|3=C—C
C

4. Indicate the position of the multiple bond using the lower numbered carbon atom of that bond.

1
C—

O—QOw

1 2 3 4
CH,=CHCH,CH; 1-butene, not 2-butene

16



Nomenclature of Unsaturated Hydrocarbons

The IUPAC Rules

NOTES

The root of the name (eth- or prop-) tells us the number of carbons, o
and the ending (-ane, -ene, or -yne) tells us whether the bonds are single, double, or triple.

No number is necessary in these cases, because in each instance, only one structure is o
possible.
CH3CH3 CHzZCHZ HCECH

ethane ethene ethyne

CH3CH2CH3 CHZZCHCHg, HCECCHg,

propane propene propyne

With four carbons, a number is necessary to locate the double bond. o

1 2 3 1 1 2 3 4
CHzZCHCHz(:Hg CH3CH:CHCH3

1-butene 2-butene
17



The IUPAC Rules

Nomenclature of Unsaturated Hydrocarbons

Branches are named in the usual way. o

1 2 3 1 2 3 4 1 2 3 4
CH, :(|:—CH3 CH, :(|: —CH,CH, CH3—(|2:CHCH3

CH, CH, CH;
methylpropene 2-methyl-1-butene 2-methyl-2-butene
(isobutylene)

1 2 3 4 5 1 2 3 4
CH,—CH=CH —(|:H —CH, CH, —(|:—CH2(:H3

CH, CH,CH;
4-methyl-2-pentene 2-ethyl-1-butene
(Not 2-methyl-3-pentene; (Named this way,
the chain is numbered so even though there
that the double bond gets is a five-carbon
the lower number.) chain present,

because that chain
does not include
both carbons of the
double bond.)



The IUPAC Rules

Nomenclature of Unsaturated Hydrocarbons

Example: Write the structural formula of 4-Isopropyl-3,5-dimethyl-2-octene.

1) The parent carbon chain is an Octene.
The double bond is located between the 2" and 3™ carbons.

1 2 - 5 T8
c—tc=c—c—=c—c—c—tc
2) Two methyl groups are attached on the parent carbon chain, one on carbon

3 and the other on carbon 5.
o
12 13 78
C—C=C—C—C—C—C—C
3) An isopropy! group is attached on carbon 4.
T
lc—zc=30—4H(|3—5c—ﬁc—'c—Sc

CH CHs CH2
HzC  CHs 1 2 3l uH sl He2 Ha
C—C

4) Put the missing hydrogens to get the correct str 3 H |



Nomenclature of Cycloalkanes  _ _, Cycloalkenes

Cycloalkanes are saturated hydrocarbons that have at least one ring of carbon atoms.

Cycloalkanes are named by placing the prefix cyclo- before the alkane name that
corresponds to the number of carbon atoms in the ring.

A]@Q

cyclopropane cyclobutane cyclopentane cyclohexane

If only one substituent is present, no number is needed to locate it.

If there are several substituents, numbers are required.
With different substituents, the one with highest alphabetic priority is located at carbon 1.

CH, CH, CH,
5 2 3 lfl
\_ \a 3/ \a_5/

methylcyclopentane 1,2-dimethylcyclopentane 1-ethyl-2-methylcyclopentane
(not 1-methylcyclopentane)  (not 1,5-dimethylcyclopentane)  (nof 2-ethyl-1-methylcyclopentane)
AV

Nomenclature of Cycloalkanes

©)

(@)

O

(@)



Nomenclature of Cycloalkanes

Nomenclature of Cycloalkanes  _ _, Cycloalkenes

If there are more than two substituents on the ring, they are cited in alphabetical order.

o

The substituent given the number 1 position is the one that results in a second substituent o
getting as low a number as possible.

If two substituents have the same low number, the ring is numbered in the direction that o

gives the third substituent the lowest possible number.
Examples, o

CH;CH,CH, ¢t

CHy
CH; CH,CH; —J ‘

4-ethyl-2-methyi-1-propylcyclohexane 1.1.2-trimethylcyclopentane
not not

1-ethyl-3-methyl-4-propylcyclohexane
because 2 <3
not
5-ethyl-1-methyl-2-propylcyclohexane
because 4 <5

1.2,2-trimethylcyclopentane
because 1 <2
not
1.1,5-trimethylcyclopentane
because 2 <5

21



Nomenclature of Cycloalkanes

Nomenclature of Cycloalkenes  __, Cycloalkenes

We start numbering the ring with the carbons of the double bond. o

A number is not needed to denote the position of the functional group, because the o
ring is always numbered so that the double bond is between carbons 1 and 2.

Put the lowest substituent number into the name not in the direction that gives the o
lowest sum of the substituent numbers.

2 ° 5 CH; £ 3. OHs
o e, O
2 4 6 4
58— 4 5 o e Tert
Oyclopentere 3-HEthyloyclopentene  4,5-Dinrethylcyclonexene  4-Bihyl-3-rethylcyclohexere
20/ Pertere  5-Ehyiopertere

22
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Isomerism

Isomers are different compounds with identical molecular formulas. o

The phenomenon is called isomerism. o

Types of Isomerism

$

2

Structural
Isomerism

|

Alkanes

L 2

Geometrical
Isomerism

|

@ Alkenes
® Cycloalkanes




Structural Isomerism in Alkanes Isomerism

are isomers which differ in the sequence of o

Structural or constitutional isomers
atoms bonded to each other.

Examples: =

Butanes, C,H,, - H
I el
| | |
L A A
H H H H H H H
n-Butane Isobutane

Pentanes, C.H,,

CH- CHs
Hy Ho |~ Hs I
H,C—C—C—CH5CH, H3C—E—C—CH3 H3C—{_|_:—CH3
CHj
1n-Pentane [sopentane Neopentane

24



Geometric Isomerism in Alkenes Isomerism

In alkenes, geometric isomerism is due to restricted rotation about the carbon - carbon o

double bond.
W Y X Y
\C_C/ No /
— o=
}(/ \Z W \Z

Geometric isomers

A) when W differs from X and Y from Z, Alkenes exist as geometric isomers

H H Cl H H H H CH H H Br H
N / N / / s N e
C=C C=C \C:C \C:C C—=G \\C:C/
e ™ d N / N / AN e kY e “,
Cl Cl H Cl CH; CH; CH; H Br | H Cl
cis-1,2-dichloroethene trans-1,2-dichloroethene cis-2-butene trans-2-butene
bp 60°C, mp —80°C bp 47°C, mp —50°C | bp 3.7°C, mp —139°C bp 0.3°C, mp —106°C ||cis-1-Bromo-2-chloroethens irarw -1-Bromo-2-chloroethens

cis isomer; when two similar groups are on the same side of the double bond. =

trans isomer; when two similar groups are on the opposite sides of the double bond. =

They have different physical properties and can be separated by fractional crystallization or distillation. *

25



Preparation of Alkanes

1. Hydrogenation of unsaturated hydrocarbon:
H

H 2
H,C—C=—CH, H,C—C—CH,
Propene Propane
H,
5
HiC—C=CH —5 HiC—C—CH;
Propyne Propane

2. Hydrolysis of Grignard reagent

CHCHBr 4 g™ —2 e CHyCH,MgBr
Grignard reagent
H:0"
CH;CH,MgBr » CH3;CH; + Mg(OH)BI

3. Reduction of Alkyl halides By lithium dialkyl cuprate

(CH3CH,),CulLi + CH3Br — ™ CHsCH,CH;




Preparation of Unsaturated hydrocarbons

Unsaturated hydrocarbons are prepared by Elimination of an atom or group of o
atoms from adjacent carbons to form carbon-carbon double or triple bond.

(A=H or halogen;
B=0OH or halogen)

27



Preparation of Unsaturated Hydrocarbons

Preparation of Alkenes
1) Dehydration of Alcohols

When an alcohol is heated in the presence of a mineral acid catalyst, It readily loses a molecule of o

water to give an alkene.

H,C—CH, % H.C=—CH, + H,0 The acid catalysts most commonly

L1 used are mineral acids as sulfuric

[UPAC name: Ethanol Ethene acid, H,50, and phosphoric acid,
Common name: Ethy1 alcohol Ethylene H.PO
3rYg

Removal of OH group and a proton from two adjacent carbon atoms using mineral acids. o

H H
H;C—C—CH; — = H;C—C—7/CH> + H>O
|| A o

H OH
ITUPAC name: 1-Propanol

Propene
Common name: #n-Propyl alcohol

Propylene

[UPAC name: Cyclohexanol

Cyclohexene
Common name: Cyclohexyl alcohol



Preparation of Unsaturated Hydrocarbons

Preparation of Alkenes

Which Alkene Predominates?; Saytzeff’s Rule

The loss of water from adjacent carbon atoms, can give rise to more than one alkene.

Example: the dehydration of 2-butanol.

H

—-FZ H30—CE—(H3=CH2 £ HO

H H 1-Butene 2-butene is the major (with two

H3C-C—C—CH; ' alkyl substituents attached to C=C)

H OH H H,C-C=C—CH; + H0
H O H A ’
P 2-Butene

Saytzeff’s Rule
applies . , :
PP In every instance in which more than one Alkene can be formed

The major product is always the alkene with the most alkyl substituents attached on the double-
bonded carbons.

29



Preparation of Unsaturated Hydrocarbons
Preparation of Alkenes

Classes of Carbocations o

r r T+
R—C—H R-C—H R-C—R
H R R

1° carbocation 2° carbocation  3° carbocation

according to the number of carbon atoms attached to the positively charged carbon.

The ease of formation and the stabilities of carbocations follow the order

39=20=1°

=af-

Ease of formation and stabilities of carbocations

Generally o
1. The dehydration of alcohols requires an acid catalyst.
2. The predominant alkene formed follows Saytzeffs rule.
3. The reaction proceeds via a carbocation intermediate.

4. The stabilities of carbocations and the ease of dehydration of alcohols follows
the order 3° > 2° > 1°,



Preparation of Unsaturated Hydrocarbons

Preparation of Alkenes

2) Dehydrohalogenation of Alkyl Halides

Alkenes can also be prepared under alkaline conditions. o
heating an alkyl halide with a solution of KOH or NaOH in alcohol, yields an alkene.

Br

\/\ KOHorNaOH,_ .~ o~

alcohol / heat

2-Bromobutane 2-Butene 1-Butene

(major product) (minor product)
(81%) (19%)
HaC. H
KOH orMaOH
H  dcohol heat
1-Methvlcvclohexene  3-Methvlcyclohexene
(major produ ct) (mmur prod'u ct)

3) Dehalogenation of Vicinal Dibromides

Zn/AcOH

/\/\Brgh/\v//'

Br 31



Preparation of Unsaturated Hydrocarbons

Preparation of Alkynes

1) Dehydrohalogenation of Alkyl dihalides

Alkynes can be prepared under alkaline conditions via deydrohalogenation of alkyl dihalides.

heat heat
Br 1-Bromo-1-butene 1-Butvne

Br  KOH NaNH,
\/\(r KOH/4l cohol Py, /\\_f//;

1.1-Dibromebutane
(geminal dialdehyde)

Excess NalWH-
M B - //\\////_?

heat

. bBr
1.2-Dibromobutane 1-Butvne
(vicinal dialdehvde)

32



Preparation of Unsaturated Hydrocarbons

Preparation of Alkynes

2) Reaction of Sodium Acetylide with Primary Alkyl

Acetylene o Halides

H—C=—C—H + Na% H—C=cC:~ Na~ =+ 1.-’2H3T

Acetylene Sodium acetylide

ST T
H—C=c."Na~ + RX H—C=C—R + NaX
Sodium acetylide  1° alkyl halide Higher alkyne
with terminal triple bond

H—C=C:" Na° + CH,Br — > H—C=—C-CH; + NaBr
Sodium acetylide Methyl bromide Propyne

Monosubstituted Acetylenes o
HiC-C=CH =+ Na 2% || o c=—=c.- Na= + CH,CH,Br
Propyne Ethyl bromide

|

ch—C:C— CHECHg + NaBr

2-Pentyne 33



Reactions of Saturated Hydrocarbons

Reactions of Alkanes

Saturated hydrocarbons undergo very few reactions, so they are called Paraffinic hydrocarbons.
(Latin parum, little; affinis, affinity)

Halogenation

The halogenation of an alkane appears to be a simple free radical substitution in which a C-
H bond is broken and a new C-X bond is formed

RH + X, %  BRX + HX X=ClorBr

© or UV light
Alkyl halide

Reactivity X,: Cl, = Br,

: H:3%>2°>1° >CH,-H
Combustion

heat
an alkane T O2 i» CO,+H,O + heat

34



Reactions of Saturated Hydrocarbons

Reactions of Alkanes

A) Halogenation

Substitution reaction of alkanes, o

i.e. replacement of hydrogen by halogen,
usually chlorine or bromine, giving alkyl chloride or alkyl bromide.

Flourine reacts explosively with alkanes o
It is unsuitable reagent for the preparation of the alkyl flourides.

lodine is too unreactive o
It is not used in the halogentaion of alkanes.

Halogenation of alkanes take place at o

high temperatures or under the influence of ultraviolet light

35



Reactions of Saturated Hydrocarbons
Reactions of Alkanes

A) Halogenation

Chlorination of an alkane usually gives a mixture of products o

sunligl
CH, + Cl—cl .l.l.-n|-?L-:: CH,Cl  + HC
methane N chloromethane
(methyl chloride)
cH.Cl . CH,Cl, Lk cHa, Gk CCl,
dichloromethane trichloromethane tetrachloromethane
(methylene chloride) (chloroform) {carbon tetrachloride)

With longer chain alkanes, mixtures of products may be obtained even at the first step. o
For example, with propane,

light
CH,;CH,CH; + Cl, |ghht CH,;CH,CH,Cl + CH3{|:HCH3 + HCI
or nea
Cl
propane I-chloropropane 2-chloropropane

(n-propyl chloride)  (isopropyl chloride)



Reactions of Unsaturated Hydrocarbons

(1) Electrophilic Addition Reactions
\ / |
C=C_+A—B — —(|:—$—
A B

Addition of Symmetric and Unsymmetric Reagents to symmetric Alkenes.
1. Addition of Hydrogen: Catalytic Hydrogenation
2. Addition of Halogens: Halogenation

Addition of Unsymmetric Reagents to Unsymmetric Alkenes; Markovnikov’s Rule.
1. Addition of Hydrogen Halides
2. Addition of Sulfuric Acid
3. Addition of Water: Hydration
4. Addition of HOX: Halohydrin Formation
(2) Oxidation Reactions
1. Ozonolysis
2. Oxidation Using KMnO, 37



Reactions of Unsaturated Hydrocarbons
Electrophilic Addition Reactions

1. Addition of Hydrogen: Hydrogenation
Addition of a mole of hydrogen to carbon-carbon double bond of Alkenes in the
presence of suitable catalysts to give an Alkane.

e ™ ;‘T ~—TN

1-Butene

Butane
o\\\\
——
Pt o /
1.2-Dimethyleyclohexene cis-1,2-Dimethyleyclohexane

With an ordinary nickel or platinum catalyst, Alkynes are hydrogenated all the way to

alkanes.

H CH; - H
3c;c=cf 2P pe c=c-cH; 1“‘_"'}“1;‘., B
H H 2 Bulyne TagNH; — 7 Ten,
ci-2-bulyne trans-2-butyne

Hy /Ni

Hy Hy
HC-C—C-CH; 38

Buiane



Reactions of Unsaturated Hydrocarbons
Electrophilic Addition Reactions

2. Addition of Halogen: Halogenation

When an alkene is treated at room temperature with a solution of bromine or chlorine in ©
carbon tetrachloride to give the corresponding vicinal dihalide (two halogens attached to

adjacent carbons)
CH,CH=CHCH; + Cl, — CH3C‘H—C|:HCH3
Cl Cl
2-butene 2.3-dichlorobutane

g Br
Br2
—_—

CC|4 I”“"Br

1.2-Dimethyleyclohexene trans-1,2-Dibromocyclohexane

Bromine adds to alkynes as follows; In the first step, the addition occurs mainly trans. o
) Br Br
H—C=C—H 2= >c:c/ 2. H—C—C—H

Bt H Il’r 1|>1-

ethyne trans-1,2-dibromoethene 1,1,2,2-tetrabromoethane 39



Alcohols
Methods of preparation:

RCOOR + KOH —= RCOOK + R'OH

CH, =CH, + H,SO, - CHs -CH, -O-SO;H

HOH

H,SO, *+ CHj-CH,-OH
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e®

0 Ell-I.'IgElr i
HJLH + CHyCH MgBr ——= H—|:|3—H — = CH,yCH,CH,OH
GHGH;
a R
O MgB
L [0 K0 )
HyG™ “H  *+ CHyMgBr —l-r|-|3|;—||:—|-1 —_— |-|ﬂ,1'::—::|:—1:|r1:l
CH, OH
e a
O O MgBr Ho0 {I.‘.HE,

|-|3,r:'Jl“|:|-|EI * CHyMgBr —= H3|::—||:—r:H3—- HyC=L~CH;
CH: o



Reactions

1- Reaction with metals (salt formation)

ROH + M——> ROM + H,
Metal alkoxide

CH3CH20H + Na —» CH3CH2ONa + H2

Sodium ethoxide

Slow
CH3CH20H + CH3I _— CH3CH20CH3 + HI

Ethyl methyl ether

Fast
CH3CH20N3 + CH3I _— CH3CH20CH3 + Nal
Ethyl methyl ether



3- Ester formation

H,S0,

CH;0H + CH;COOH CH;COOCH;

- H,O
2 Methyl acetate

CH;CH,0OH + CH,COCl —> CH3COOCH,CH; + HCI
Ethyl acetate

CH;OH + CH;3;COOCOCH; » CH;COOCH; + CH3COOH
Acetic anhydride

-H,0
CH;COOH + CH;COOH ——— CH;COOCOCH;

Acetic anhydride



4- Dehydrogenation

a- Primary alcohols Cu-Ni
RCH,OH ——— RCHO + H,
300 °C
Aldehyde
Cu-Ni
CH;OH ——— HCHO + H, Formaldehyde
b- Secondary alcohols 300 °C
R Cu-Ni/300 °C R\
\CH—OH _ _ C =0 Ketone
R/ -H2 R
H;C Cu-Ni/300°Cc  H3C
. \CH—OH - o - \C —(O Acetone or dimethyl ketone
_H2
H;C H;C
2- Propanol or isoprpanol
c- Tertiary alcohols
R
i Cu-Ni/300 °C |
(Dehydration) R-CH _é_OH - ~ RCH==C Alkene
? - H,0 |
R R
CH; . CHj;
Cu-Ni/300 °C | .
CH;CH,C—OH = - CH3CH:(|Z 1,1- Dimethylpropene
| -H20
CH; CH;

Tertiary pentanol



Reactions

CH; -CH, -OH +HCI + CH; -CH,-Cl +H,0

0 0
0
R-CHy-O0H — R=C=H —— = R-C-OH

lodoform Reaction

2 | cH..cHo —F
Ox 3"

Y

Cl; -CHO + 3HI

CH3-CH,-OH

NaOH

CHI3 + HCOONa



Ethers

1- Synthesis
From alkyl halides

RX + RONa

——

ROR (ethers) -+ NaxX

CH;Br + CH3ONa

- CH;OCH; + NaBr
Dimethyl ether

= CH;OC>,Hs; + NaBr
Ethyl methyl ether



2- Reactions
1- Cleavage by halogen acids

high temp.
ROR + HX (conc.) = RX + ROH
high temp.
(CH3CH2)2O + HI (COHC.) o CH3CH21 + CH3CH20H
high temp.
(CH,CH,),O0 + 2HI (conc.) —er P 2CH,CH,I + H,0

2- Reaction with phosphorus pentasulphide

A
5C,H.OC,H, + P,S. = 5C,H;SC,H; + P0Oq

(diethylthioether)




Thioethers
Synthesis

From alkyl halide and sodium mercaptide
RX + R'SNa —> R-S-R'" + NaX

C2H5C1 + CH3SNa o CzHSSCH3 + NacCl
ethylmethyl thioether

Reactions
1- Desulphurization

(CH3CH2)28 + H2 L 2CH3CH3 + NIS

2- Oxidation

H,O H,O
(C,Hs),S —=——» (C,H;),S=0 > (C,H;),S0,

diethylsulphoxide diethylsulphone




Aldehydes

Synthesis
1- Via dehydrogenation of alcohols

Cu/325°C
RCH,OH ~ RCHO

-H, (aldehydes)

(prim. alcohols)

2- From acid derivatives
From acetyl chlorides

H,/Pd
CH,COCI > CH,CHO + HCI




Reactions
1- Addition of hydrogen
Reduction to alkanes:- v/ia Clemensen reduction

Zn[Hg]/HCI
CH,CHO = H,C—CH;, + H,0

2- Addition of hydrogen cyanide
OH
/
CH,CHO + HCN —— CH,CH (acetaldehyde cyanohydrine)

AN
CN



3- Addition of hydrazine (H,N-NH,)

CH;CHO + H,NNH, — CH,CH=NNH, + H,0

CH,CHO

CH,CH=N-NCHCH,
4- Oxidation

K,Cr,0O~/ conc H,SO
RCHO —— 2 2 RCOOH

K,Cr,0~/ conc H,SO,4
CH;CHO > CH;COOH




Synthesis
1- From alcohols
a- Via oxidation

Ketones

oxidtion
(R),CHOH = (R),C=0
(sec. alcohols) KyCr0:/H,50, (ketones)
oxidtion
CH;CHCHj; » CH;COCH;
KzCI’zO7/H2804
OH acetone
isopropyl alc.
b- Via dehydrogenation
Cu/325°C
(R),CHOH > (R),C=0
-H
(sec. alcohols) i (ketones)
Cu/325 °C
CH3$HCH3 > CH;COCH;4
- H,
OH

1sopropyl alc.

acetone



Reactions
1- Reduction to alkanes

3\
H,C H,NNH,  HiC NaOEt CH, + N,
o - >:NNH2 — /
180°C H,C
H,C H,C
(propane)

2- Addition of ammonia derivatives
a- With hydroxyl amine

(CH,,CO + H,NOH —= (CH,),C=NOH (acetoxime)

b- With hydrazine

(CH,),CO
(CH,),CO + H,NNH, —= (CH,),C=NNH, ——— = (CH,),C=NNC=(CH,),

(hydrazone) (azine)



Carboxylic acids

1- Synthesis
1- From primary alcohols:- (via oxidation)

i oxidn. oxidn.

R— C—OH ~ RCHO —= RCOOH
! K,Cr,0,/H,S0, (aldehyes) (acids)

(prim. alcohols)

2- From aldehydes :- (via oxidation)

K,Cr,0O-/ conc H,SO,
RCHO > RCOOH




3- Hydrolysis of acid derivatives:-
CH,cOCl + H,0 — CH,COOH + HCI

(acetyl chloride)
2- Reactions

1- Salt formation:-

Acids react with metals, metal oxides, hydroxides, carbonates to form salts of carboxylic
acids.

2CH,COOH + 2Na ——>= 2CH,COONa + H,}
2CH,COOH + cu0 — (CH;CO0),Cu + H,0
CH,COOH + NaOH — CH;COONa + H,0
CH,COOH + NaHCO, —= CH,COONa + CO, + H,0



2- Esterification:-

CH,COOH + HOCH, — CH,COOCH, + H,0

3- Halogenation:-

Cl,/P Cl,/P Cl,/P
CH,COOH ——» CICH,COOH ——= CI,CHCOOH —— CI,CCOOH
(monochloroacetic acid) (dichloroacetic) (trichloroacetic acid)

4- Oxidation:- (only formic acid)
oxidn.
HCOOH ——> CO, + H,0



Reactions on carboxylic acid salts
1- Silver salts:-

RX + RCOOAg R'COOR (esters) + AgX

2- Heating of ammonium salts:-

A
RCOONH, ——= RCONH, + H,0

(amide)



Esters
1- Synthesis

1- From acids:-
conc. H,S0O,

CH,CH,OH + CH,COOH = = CH,COOC,Hy + H)0
(ethyl acetate)

2- From acylhalides:-

ROH + RCOCI —— RCOOR + HCI

(acid chloride) (estrers)



2- Reactions

1- Ammonolysis:-

CH,COOC,H. + NH; — CH,CONH, + C,H;OH
(acetamide)

2- Aminolysis:-

CH,COOC,H; + CH,NH, — CH;CONHCH, + C,H;OH
(acetanilide)

3- Transesterfication:- (with lower alcohols)

CH,COOC,H, + C,HOH — CH,COOC,H, + C,H;OH



Acid halides
1- Synthesis

From acids:-

CH,COOH + PCl, —= CH,COCl + POCIl, + HCI

2- Reactions

1- Hydrolysis to acids:-
CH,cOCl + H,0 — CH,;COOH + HCI
(acetyl chloride)

2- Alcoholysis to esters:-

ROH + RCOC] ———= RCOOR + HCI

(acid chloride) (estrers)



Anhydrides
1- Synthesis

From acyl halides:-

RCOCI + RCOONa — (RCO),0 + NaCl
(anhydrides)

2- Reactions

Hydrolysis to acids:-

JAN
RCOOCOR + H,0 ——= 2RCOOH



Amides

Synthesis
1- From ammonium salts. (via pyrolysis)
A
RCOONH, ——= RCONH, + H,0
(amide)

2- Partial hydrolysis of nitriles.

HCI
RC =N + H,0 — RCONH,

Reactions

1- Dehydration to nitrils

PZOS
RCONH, — RC=N + H,0



Amines

Synthesis

1- Synthesis of primary, secondary and tertiary amines from
alcohols (mixture)

pressure

ROH + NH, = RNH, + H,0
pressure

ROH + RNH, > R,NH + H,0
pressure

ROH + R,NH =~ RN + H,0




2- Reactions

1- Acylation
RNH, + RCOCI — RNHCOR + HCI
l RCOCI
RN(COR),

2- Oxidation

1- Primary amines:-

KMHO4 H+
RCH,NH, > RCH=—=NH —— RCHO
(i1mine)
2- Secondary amines:-
KMDO4

3- Tertiary amines:-
H,0,

R3N R3N — 0 (amine OXide)



Aromatic Compounds

Aromatic compound: A hydrocarbon that contains one
or more benzene-like rings.

Arene: A term used to describe aromatic compounds.

> Ar-: A symbol for an aromatic group derived by
removing an -H from an arene.

- Kekulé structure for benzene (1872).

+'1 o
|
/C\ éC\
H (I: H
H Q O
A Kekulé structure A Kekulé structure

showing all atoms as a line-angle formula O



Benzene

» General properties:
« Display aromaticity.
» The carbon-hydrogen ratiois high.

¢ Theyburn with a sooty yellow flame because of the high carbon-
hydrogen ratio.

* Theyundergo electrophilic subsitution and nucleophilic
substitution

* Give both pleasant and unpleasant odors



Benzene

Resonance structure for benzene
(1930s) -—>
> The theory of resonance developed
by Linus Pauling provided the first
adequate description of the Resonanance contributor fbsonsumce nodliiiiioe
structure of benzene. PR :

According to the theory of
resonance, certain molecules and
ions are best described by writing
two or more Lewis structures. The
real molecule or ion is a resonance
hybrid of these structures.

Resonance hybrid
Each individual Lewis structure is The real structure
called a contributing structure.

> We show that the real molecule is a
resonance hybrid of the two or
more Lewis structures by using a
double-headed arrow between
them.

<>

electron delocation



Benzene

- Here are two contributing structures for benzene;

H H
Hy oG Hg=CupH
(: e B I
"N oot
H H

- The resonance hybrid has some of the characteristics of each
Lewis contributing structure.

- The length of a carbon-carbon bond in benzene, for example,
is midway between that of a carbon-carbon single bond and a

double bond.



Benzene and its derivatives

Nomenclature

- The common names for these monosubstituted benzenes are
alsoretained

OCHs C-OH

58S S

Phenol Anisole Aniline Benzaldehyde Benzoicacid



Benzene and its derivatives

Nomenclature

Monosubstituted alkylbenzenes are named as derivatives of
benzene; for example, ethylbenzene.

The IUPAC system retains certain common names for several
of the simpler monosubstituted alkylbenzenes.

CH>CHs3 CHs CH=CH>

Ethylbenzene Toluene Styrene



Nomenclature

e Phenyl group (C¢H - or Ph-): The substituent group derived by
removal of an H from benzene.

4 2
O C AN

Phenyl group 1-Phenylcyclohexene 4-Phenyl-1-butene

\

Ph

3-methyl-2-phenyvl-2-pentene



Nomenclature

When two substituents occur on a benzene ring, three isomers
are possible; they may be located by:

- numbering the atoms of the ring or
- usingthe locators ortho (o), meta (im), and para (p).

2-Bromobenzoic acid  1,3-Dimethylbenzene  1-Chloro-4-ethylbenzene
(o-Bromobenzoic acid) (m-Xylene) (p-Chloroethylbenzene)



Nomenclature

For three or more substituents:

- If one of the substituentsimparts a special name, name the
molecule as a derivative of that parent.

- If none of the substituents imparts a special name, number
the substituents to give the smallest set of numbers, and list
them in alphabetical order before the ending "benzene".

CH3 OH NOZ
L2 _-NO> Br< 2-Br N3
2
|4 . : - ; 1 Br
Cl Br CH, CH3

4-Chloro-2-  2,4,6-Tribromophenol 2-Bromo-1-ethyl-4-
nitrotoluene nitrobenzene



Examples

= Draw the structure of the following compounds

2-phenyl-g-hexyne

b. m-ethylphenol

Name the following compounds

H NO,

3
CHj Cl

NO,

H,C

Hs

CH;



PAHs

Polynuclear aromatic hydrocarbon (PAH)

- A hydrocarbon that contains two or more benzene
rings, with each pair of rings sharing two adjacent
carbon atoms.

0 oo o oY

N aphthalene Anthracene Phenanthrene Benzo[a]pyrene



Reactions of Benzene

By far the most characteristic reaction of aromatic compoundsis
substitution at a ring carbon.

> This reaction is called aromatic substitution.

> Some groups that can be introduced directly on the ring are
the halogens, the nitro (-NO,) group, and the sulfonicacid (-

SO,H) group.
Halogenation:
H Cl
- al, + HC
e —
FeC 13
Benzene Chlorobenzene

Hydrogen from the bezene is replaced by Cl



Reactions of Benzene

NO-
¥ HI\(); + H-O
H-SOy4

Benzene

Nitration:

Nitrobenzene

—NOs7 replaces one of the Hydrogens from the ring

> Avalue of nitroarenes is that the nitro group can be reduced to
a primary amino group.

Ni
O,N / \ COOH + 3H, Tt H,N COOH
— + 2H,0

4-Nitrobenzoic acid 4-aminobenzoic acid
(p-nitrobenzoic acid) (p-aminobenzoic acid)

——NO; is reduced to ——NH,



Reactions of Benzene

Sulfonation: N A -S0H
T + H»,O

St |

Benzene Benzenesulfonic acid

——803H replaces one of the Hydrogens from the ring

> An application of sulfonationis in the preparation of
synthetic detergents.

1. HZSO4>
2. NaOH

CH3(CH2 )1 0CH2‘©’SO§ Na™

Sodium 4-dodecylbenzenesulfonate, SDS
(an anionic detergent)

CH3(CH2)10CH;

Dodecylbenzene



The effects of subsituents on
Reactivity of a Benzene ring

What if benzene is a monosubsituted with one —R group?

R
Nucleophilic substitution
2
0 0 —#—OH
—NH, —OR  —R —F —8r —(H o —NO;

H o

- ~— —H — ‘ ks
- RY — - —N-R
07/'_ g r ‘OR R i
Activating o,p-directors coizigtixzacggfs Deactivating m-directors
Make benzene more Make benzene less
reactive toward reactive toward

substitution substitution



Example

« What product(s) would result from the following compounds

Cl
= H,SO,
1ca
\.
chlobenzene
COOH
+ Cl,
e e
FcC']}x
Benzoic acid
OCH;
H,S0,



Preparation of benzene

COONa




polymerization
3 CH _—QCH ——>»

MgBr
Br




Chemical properties
Reactions lead to break the ring

« OXidation
* A- By Vandium Oxide
* B - Oxidation by Ozone

V,0
a- © 273 . HOOC——C=——=C——COOH +CO, +H,0
¥ H
CHO
b +30; » CcHOy — > 3 3 H0,
) CHO




 Addition reactions

3 H,
>
Cl
Cl cl
).
Cl Cl
Cl




Sulfonation
Alkylation I

Nitration I 803H
©/N02 T 0 ©/

Halogenation /
I AcyIatlon
©/ —_—

aromatic substitution of benzene




SO;H

CH,
@ t CHBr &, + HBr ‘ + H,SO, (J\

O //
©/H b cHlcl =A% —CCHs 4 He

excess benzene
O,
80C

0, §
Q)+ oy 22 Y H0 + 150



Alkylbenzene



Synthesis of alkylbenzene

1- Via Friedel-Crafts reaction

RCI
AICI,

CH,Cl
AICI,

Toluene



2- Wurtz-Fittig reaction

Br CHj;
2 Na
+ CH3;Br ——— Toluene
ether
Br CH,CH,CH,CH;
2 Na
+ CH3CH2CH2CH2BT E—
ether

n-Butylbromide
n-Butylbenzene



MgBr CH;

CH3BI' n MgBr2

_—_—

Phenyl magnesium bromide
Grignard reagent

4- Via Clemensen reduction

COCH,4 CH,CH;

[Zn-Hg]/HCl

+ 2[H] Ethyl benzene

Acetophenone



Phenols

The functional group of a phenol is a hydroxyl ( -OH) group
bonded to a benzene ring.

- Name substituted phenols either as derivatives of phenol or by
common names.

OH OH OH OH OH
O A U Q
OH
OH
Phenol 3-Methylphenol 1,2-Benzenediol 1,3-Benzenediol 1,4-Benzenediol
(m-Cresol) (Catechol) (Resorcinol) (Hydroquinone)



Phenols

« Most phenols are weak acids, with pK, values approximately
10.

« They are insoluble in water but react with strong bases, such
as NaOH and KOH to form water-soluble salts.

QOH + NaOH ——M» QON?f + H,0

Phenol Sodium Sodium phenoxide Water
pK, 9.95 hydroxide (weaker base) pK, 15.7
: (stronger base) (very soluble in water) (weaker acid)

(stronger acid)
(only slightly
soluble in water)



Phenols
Synthesis
From salicylic acid

COOH OH

OH
NaOH/CaO

y

- CO,

Reactions
1- Ester formation

OH COcCl coo@

NaOH

- HCl1

Benzoyl chloride Phenyl benzoate



2- With phosphorous pentachloride

OH Cl

NO, NO,
PCl;

—_—

NO, NO,
2,4-dinitrophenol

3- With bromine

OH OH
Br Br
M 2,4,6- tribromophenol
- HBr
@ Br2/C82 © ©/ + 2Br



4- Alkylation

OH OH OH
CH;
CH;Cl L
AlCl4
o-cresol
_ _ CH;
5- Nitration p-eresol
OH OH
O,N NO,
Conc. HNO; .
> 2.,4,6- trinitrophenol
Conc. H,SO,4 (picric acid)
] NO,
6- Reduction
OH
3H,/N1




Aryl thiols

OH SH
@ PS5 @ + PO,

SH
2 @ ©)_ @S_S@ phenyldisulphide

2- With strong KMnQO,
SO;H

SH
@ Mﬁ @ benzensulphonic acid

Synthesis
From phenols

Reactions



Aromatic alcohols

Synthesis
CH,CI CH,OH
H,0
Reactions - HCI
1- Oxidation COOH

@ (0) (0) @

2- Esterformation
CH,OCOCH,;

CH,OH
CH3COOH
benzyl acetate
H3C\C

acetic anhydrlde




Aromatic aldehydes
Synthesis
1- From benzyl chloride

CH,CI CHO

Hzo/MnOZ

2- From benzoyl chloride
COoCl CHO

H,/Pd

+ HCI
Reactions

CHO COOH

2 +2(0) ar .2
Fe or Mn salts




2- Cannizaro reaction

CH,OH COONa

CHO
=0

3- With hydrazine

CH=NNH,

CHO
NH,NH, . hydrazone
- H,O

4- With phenylhydrazine

CH=NNHPh

CHO
PhNHNH, _ phenylhydrazone
TH,0




5- With hydroxyl amine

CH=NOH

oxime

6- With semicarbazide

—=NNHCONH,

@ NHzNHCONHz @ semicarbazone

7- With amines
CH=NR

RNH
© 2 © Schiff's base




Aromatic ketones

C —NMgBr

By the reaction of Grignar reagents benzonitrile
oy
@ + RMgBr — ij

@ ketone
Reactions
1- With bromine FOCH; FOCH:Br

+ HBr

phenacyl bromide

COCH, COCHj

Br,

> + HBr
excess AlCl,

Br




2- With hydrazine

IﬁINHz
COCH, C—CH;
NHLNH, > hydrazone
- H,O
3- With phenyl hydrazine
IﬁINHPh
COCH,4 C—CH;
PhNHNH, > phenylhydrazone
- H,O
OH
COCHj; NC— C CH;

@ @ cyanohydrine



Aromatic carboxylic acids
Synthesis
From toluene

CCl, COOH

Clz/heat
basic med1um

benzotrichloride

Reactions
1- With NaOH
COOH COONa

COOH COONa

Na,CO




3- With lithium aluminium hydride
COOH CH,OH

LiAlH,

4- With ammonia
COOH COONH,4 CONH,

ammonium benzamide

benzoate

COOH COOC,H;

+
C,H;OH/H -~ ethylbenzoate
- H,O

COOH COOH

[:i:] HNOy/H,SO, [:f:l\
NO,

6- Nitration




