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PR PAY
Q1: Define the following terms

Organic chemistry, Electronegativity, hybridization

Q2: Choose the correct answer for the following sentences:

1- The type of Bonding is covalent when the difference in electronegativity
between two atoms are -------------- .

A-(0-0.6) B- (0.7-1.6) C-(1.7-4)
2- Organic compounds are held together by------------------- bonds.
A-lIonic B-Coordinate C- Covalent

Q3: Answer True or False of the following sentences:

1- Most organic compounds are flammable, while most inorganic compounds
are nonflammable.

2- Inorganic compounds generally a complex structure contain many atoms,
while organic compounds usually a simpler structure contain relatively few
atoms.

3- Hydrogen bonding can be considered a special case of dipole - dipole
bonding between the hydrogen atom of one group and another
electronegative group.

Q4: Fill in the blanks to complete the meaning of the following sentences:

1- The ------- is defined as the concept of mixing two atomic orbitals with the
same energy levels to give a degenerated new type of orbital.

2- The resulting bond is also an electron pair or covalent bond; but because both
electrons are furnished by the nitrogen, called a --------- covalent bond.



Introduction to Organic Chemistry

In the eighteenth century it was believed that a "vital force" was needed to make
the compounds produced by living cells. These compounds were said to be
organic compounds. However, this belief was overthrown by a German chemist,
Fredrick Wohler, in 1828. He prepared urea, a compound generally found in the

blood and urine, by heating a solution of ammonium cyanate, an inorganic

compound.
0
heat
NH4CNO - e HN—C—NH,
ammonium cyanate Urea

Importance of Organic Chemistry

Organic chemistry is important in that it is the chemistry associated with all
living matter in both plants and animals. Carbohydrates, fats, proteins, vitamins,
hormones, enzymes, and many drugs are organic compounds. Wool, silk, cotton,
linen, and such synthetic fibers as nylon, rayon, and Dacron contain organic
compounds. So do perfumes, dyes, flavors, soaps, detergents, plastics, gasoline,

and oils.

Definition of organic chemistry

Organic chemistry is a branch of chemistry that studies the structure, properties,
and reactions of organic compounds and materials that contains the element
carbon atom in covalent bonding to other atoms.

Comparison of Organic and Inorganic Compounds

Organic compounds differ from inorganic compounds in many ways. The most
important of these are listed below.
1. Most organic compounds are flammable, while most inorganic compounds

are nonflammable.




2. Most organic compounds have low melting, boiling points, while most
inorganic compounds have high melting , boiling points.

3. Most organic compounds are insoluble in water, while many inorganic
compounds are soluble in water.

4. Organic compounds are held together by covalent bonds, while many
inorganic compounds contain ionic bonds.

5. Organic reactions usually take place between molecules, while Inorganic
reactions usually take place between ions.

6. Organic compounds generally a complex structure contain many atoms, while
Inorganic compounds usually a simpler structure contain relatively few

atoms.

Bonding in organic compounds:

Organic compounds-compounds of carbon-are held together by covalent bonds.
Recall that covalent bonds are formed by sharing electrons. In organic
chemistry, the term bond is used to designate a shared pair of electrons. Thus,
the statement is made that carbon forms four bonds; it has an oxidation number
of -4. Bonds are usually represented by a short, straight line connecting the

atoms. Each carbon atom in the following compounds forms four bonds.

H— ?_ H H—C=C—H H—C=C—H

H
four single double bond triple bond
bonds to carbon between carbons hetween carbons

Chemical bonds

Ionic Bonds:
These arise from the electrostatic force which exists between two groups of

opposite charge.



Na* + €I — — — ——> [Na™][Ccl~ ] Sodium chloride
Ca*™?+ 2H™ — — — ——> [Ca*?][ H™ ], Calcium hydride
Hydrogen Bonds

Hydrogen bonding can be considered a special case of dipole - dipole bonding

between the hydrogen atom of one group and another electronegative group.

N B s
- R o H -~ 0 =CR2

R— C\ ///,C R ot 5.
O—H------ 0 RN—— H -+ O = CR2
----- hydrogen bond
Covalent Bond

In these, electrons are shared between atoms, and this bond is much more
powerful than the other types discussed above. Drugs which combine covalently

are very persistent in their action.

Electronegativity (x ): of an atom in a molecule is a measure of the ability of
the atom to attract electrons bonds to itself.

Covalent bonds, formed by sharing of electrons between the two atoms, may be

of two types: non-polar and polar.

= Non-polar covalent bonds: A covalent bond formed by two atoms having
equal electro negativity.

= Polar covalent bonds: A covalent bond formed by two atoms having
unequal electronegativity. The electrons pair is shared unequally by the two

atoms with the result the atoms have some partial charges.



(o Vo Nonpolar covalent
‘Q \") &=—ctong

& : . Polar covalent

Hydrogen atom  Hydrogen atom

(@) Hydrngen molecule {(Ho)

How to Predict Bonding Type Using Electronegativity

The difference in electronegativity between two atoms of organic compound

0-0.6 the bond is covalent bonds
0.7-1.6 the bond is polar covalent bonds
1.7-4 the bond is ionic bond

Coordinate Bonds

The resulting bond is also an electron pair or covalent bond; but because both
electrons are furnished by the nitrogen, the bond is sometimes called

acoordinate covalent bond.

Co 3CI°




Hybridization

Hybridization is defined as the concept of mixing two atomic orbitals with the

same energy levels to give a degenerated new type of orbital. This intermixing

is based on quantum mechanics. The atomic orbitals of the same energy level
can only take part in hybridization and both full-filled and half-filled orbitals
can also take part in this process, provided they have equal energy.

During the process of hybridization, the atomic orbitals of similar energy are
mixed such as the mixing of two ‘s’ orbitals or two ‘p’ orbitals or mixing of an

‘s’ orbital with a ‘p’ orbital or ‘s’ orbital with a ‘d’ orbital.

Types of Hybridization

Based on the types of orbitals involved in mixing, the hybridization can be
classified as sp’, sp’, sp, Let us now discuss the various types of hybridization,

along with their examples.

Methane (CH,) sp® Hybridization

When one ‘s’ orbital and 3 ‘p’ orbitals belonging to the same shell of an atom
mix together to form four new equivalent orbitals, the type of hybridization is
called a tetrahedral hybridization or sp’ The new orbitals formed are called
sp> hybrid orbitals.

Methane (CH4) Hybridization

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

As seen in methane (CHy), carbon can form 4 bonds. The rationale behind this
phenomenon is hybridization. Supporting evidence shows that 1 s and 3p

orbitals are being combined to form hybrid orbitals, allowing the polyatomic




molecule to have 25% s character and 75% p character. Thus, we call methane a

sp>-hybridized molecule.

[Hybridization . | =
t |t l‘ 1s 25 2P 3§ 3P 4S 3d 4P
4 | 2px 20y 29z
12 | A |25  Ground state
C,—_ 1S 1'.\(it.uiun 1
12 X 2
GhiTdes | | c
" |t| H H O ‘ as
2s 1 353 Hybriduation 1S
Sp3 Sp3 Sp3 Sp3 1§z zs2 2& —
" Sp3

B IED » Shape : Tetrahedral “Pyrimidal™
E‘.‘ 3 109%28"1 |, - o

2p ‘ Bond Angle: 109.5

) Qo

~ C / . o

M W OW H Bondlength: 1.5A

T by
%" hybricizason > + S character : 25%
(4 o-bonds) H
har. r: 75%
Tetrahedral structure of methane

Ethylene (C,H,) sp” Hybridization

Let us look at how the hybridization of ethene (ethylene) occurs. When we look

at the molecules of C,Hy it has 2 C atom and 4 H atom. The carbon atom

consists of 6 electrons and hydrogen has 1 electron.

During the formation of CH,=CH,, the electronic configuration of carbon in its

ground state (1s 2s* 2px' 2py' 2pz’) will change to an excited state and change

to 1s® 2s' 2px"2py' 2pz'. In the excited state, since carbon needs electrons to

form bonds one of the electrons from the 2s* orbital will be shifted to the empty

2pz orbital to give 4 unpaired electrons.

——T [
1 | 2Px 2Py 2Pz
12 2S Ground State
@ |/|L Excitation
6 1S
t | : ¢
T + 2Px 2Py 2Pz
H H C ) 1S /Il, 2s 18p2|—|ybridization
0 |
t|e]le |2r=
1S |']l, Sp2 Sp2 Sp2




Sp2

» Shape : Trigonal “plannar”
* Bond Angle: 120° \
* Bond length: 1.3A°
* S character : 33.3%
» P Character : 66.7%
:jc —— :

Ethylene

Acetylene (C,H,) sp Hybridization
The hybrid orbital concept applies well to triple-bonded groups, such as
alkynes. Consider, for example, the structure of ethyne (another common name

is acetylene), the simplest alkyne.

H—C=C—H

Ethyne
“Acetylene”

This molecule is linear: all four atoms lie in a straight line. In the hybrid orbital
picture of acetylene, both carbons are sp-hybridized. In an sp-hybridized
carbon, the 2s orbital combines with the 2px orbital to form two sp hybrid
orbitals that had oriented at an angle of 180°. The 2py and 2pz orbitals remain
non-hybridized.




[t | t | I 2Py 2pz 2Py 2Pz

A | 2px 2py 2pz (\,
c12 L"_I/_ 2S Ground State \' s

< 1s Excitation

ST (3 2 SC oG s SC w8

T t [2Px 2Py 2Pz H \
HC 1s 1, 2s lap Hybridization
t | t |

4 [¢ 2Py 2Pz

S T H—C=C H

Sp

@
* Shape : Linear a

* Bond Angle: 180°
* Bond length: 1.2A°
* S character: 50%

* P Character: 50%




Questions after the lecture duany) ALY

Q1: Choose the correct answer for the following sentences.

1- Hybridization in methane is sp® shape Orbitals is ------------------ :
A- Tetrahedral B- Tigonal plannar C- linear

2- The----- bonding can be considered a special case of dipole - dipole bonding
between the hydrogen atom of one group and another electronegative group

A- Tonic B- Hydrogen C- Covalent
Q2: Fill in the blanks to complete the meaning of the following sentences:
1- The ---- bond formed by two atoms having equal electro negativity.

2- The hybridization can be classified as , ,

3- Hybridization in methane is sp? shape Orbitals is -------=----=----- :

4- Hybridization in methane is ------- , shape Orbitals is Tetrahedral.

Q3: Answer True or False of the following sentences:

1- Most organic compounds have low melting, boiling points. While inorganic
compounds have high melting, boiling points.

2- The type of bonding is polar covalent when the difference in electronegativity
between two atoms are (0.7 - 1.6).

3-Organic reactions usually take place between molecules, while Inorganic
reactions usually take place between ions.

Q4: Enumerate the types of hybridization and explain sp briefly.

QS5: Enumerate the difference between Organic and Inorganic Compounds.
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doLaY) Aty
Q1: Define the following terms
Hund's Rule, Pauli Exclusion principle
Q2: Choose the correct answer for the following sentences:
1- Pauli exclusion principle states no ----- electrons in an atom can have the

same 4 quantum numbers.
A-1 B-2 C-3

2-Compounds having the same number and kind of atoms but having different
bonding arrangements between the atoms are called---------------- isomers.

A- Position B- Functional C- Geometric

Q3: Answer True or False of the following sentences:

1- The distribution of electrons among the orbitals of an atom is called the
electron configuration.

2- Compounds having the same number and kind of atoms but having different
bonding arrangements between the atoms are called Position isomers.




Electron Confiqurations of atoms:

The distribution of electrons among the orbitals of an atom is called the
electron configuration. The electrons are filled in according to a scheme
known as the Aufbau principle (“building-up”), which corresponds (for the
most part) to the increasing energy of the subshells:

- no two electrons in the atom will share the same four quantum numbers (n, /{ ,
ml, and ms).

Principal Quantum Number (n) ; Secondary quantum number (/{ ); Magnetic
Quantum Number (ml ) ; Spin Quantum Number (ms)

- electrons will first occupy orbitals of the lowest energy level.
- electrons will fill an orbital with the same spin number until the orbital is
Flled before it will begin to fill with the opposite spin number.

Start here and move along
the arrows one by one.

22

L

Fig(3): Filling order of principal levels and sublevels

p Tt
d Tttt
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15?, 25%, 2p°, 352, 3p°, 4s?, 3d™, 4p®, 557, 4d™®, 5p°, 6s%, 4F* 50", 6p°, 752, 5
When electrons are placed in a set of orbitals of equal energy, they are spread

Out as much as possible to give as few paired electrons as possible (Hund’s
rule).




Hund's Rule states when filling orbitals the orbitals of the same energy put one
electron in each orbital until all orbitals are half filled then go back and pair
them.

Pauli Exclusion Principle - no 2 electrons in an atom can have the same 4
guantum numbers.

Examples :

= 15 2s% 2p° means "2 electrons in the 1s subshell, 2 electrons in the 2s

subshell, and 5 electrons inthe 2p subshell”.

= 15? 25%2p® 3s? 3p® is an electron configurations with 15 electrons total ; 2
electrons have n=1 (in the 1s subshell); 8 electrons have n=2 (2e in the 2s

subshell and 6e in 2p subshell); and 5 electrons have n=3 (2e in the 3s subshell

and 3e in 3p subshell).

The elements are stable when subshell orbitals are empty or half-filled or
filled.

Write the electron configurations for the elements:

sLi 115?25t ;oL :1s?

6C 1 1s? 25%2p ; (C :1s? 25°2p° ; C*:1s? 25%2p!

Mg : 1s? 257 2p° 3¢?

Al 1 1% 2572p°® 3s% 3p*

oCa: 1s22s% 2p° 3s? 3p° 4s?

2uCr ;152 25% 2p° 3s?3p°4s?3d* — 1s?2s% 2p°® 3s%3p° 4s' 3d®
uCr*? . 1s% 2s% 2p° 3s%3p° 3d*

ssFe s 1s22s? 2p°® 3s23p°4s?3d° ;,6Fe™: 15?25 2p® 3s%3p° 3d°
2oCU : 152 25? 2p°® 3s?3p°4s? 3d° — 1% 2% 2p° 3s? 3p° 4s' 3d™
2oCu*? : 152 2s% 2p° 3s% 3p° 3d°

1oNe : 1s? 25? 2p°

18AT T 10[Ne] 35% 3p° 1 56K 1s[Ar] 3d™ 45%4p°




Chemical formulas

Chemical formulas are representations of chemical compounds using symbols
for elements and numbers indicating the ratio of atoms in the compound. They
provide concise and standardized ways to describe the composition of

substances in chemistry. Here are some key points about chemical formulas:

1. Element Symbols: Chemical formulas use symbols to represent
elements. For example, "H" for hydrogen, "O" for oxygen, "Na" for
sodium, etc.

2. Subscript Numbers: These numbers are used to indicate the number of
atoms of each element in a molecule or formula unit. For example, H,O
represents water, where there are two hydrogen atoms and one oxygen
atom.

3. Empirical Formula: Shows the simplest whole number ratio of elements
in a compound. For example, the empirical formula for hydrogen
peroxide is H,O,.

4. Molecular Formula: Indicates the actual number of atoms of each
element in a molecule. For example, the molecular formula for hydrogen
peroxide is H,0,, indicating two hydrogen atoms and two oxygen atoms
per molecule.

5. Structural Formula: Shows the arrangement of atoms within the
molecule, typically indicating the connectivity between atoms using lines
and the number of bonds.

6. lonic Compounds: Involves the use of positive and negative ions held

together by electrostatic forces, such as in table salt (NaCl).

Chemical formulas are fundamental in chemistry as they convey essential
information about the composition and structure of substances, aiding in

understanding their properties and behavior in chemical reactions



Isomerism in organic compounds

Isomerism refers to the phenomenon where compounds with the same
molecular formula have different arrangements of atoms, leading to different
chemical and sometimes physical properties. There are several types of
isomerism:

1- Structural isomerism

2- Stereoisomerism

3- Tautomerism

Structural isomerism

More than one stable substance can correspond to a given molecular formula.
Examples are butane and 2- methylpropane (isobutane), each of which has the
molecular formula C4H;o . Similarly, methoxymethane (dimethyl ether) and

ethanol have the same formula, C,HgO :

C|?
C—C—C—C C—C—C
continuous chain branched chain
CH3;
|
HyC= CIJ =CHs H3C ==CH, == CHy ==CHy==CHj3
CHa pentane
2,2-dimethyl-propane
CH,
CHg_Cﬁz_CHg_CHs CH3—(|:_CH3
H
butane C.Hio 2-methylpropane



1-Position Isomers

Compounds having the same number and kind of atoms but having different

bonding arrangements between the atoms are called position isomers
CHj

o CqHg |

C CH
/ \ / \
HC = CH

HC == C —— CHj,

1-Methyl-cyclopropene 3-Methyl-cyclopropene
HE HEC — 'CHE
C
/\ C4He | |
HaC == C == CH; HC == LA
Methylene-cyclopropane cyclobutene
Buta-1,3-diene
H.C = CH H = CH :
2C c C CH, (1,3-butadiene)
HEG C CH GHS Buta-1 _.E-dli'E ne
(1,2-butadiene)
HC == € —— CH, = CHjy But-1-yne
(1-butyne)
— But-2-yne
HsC C=C¢C CHs (2-butyne)

Cq4Hg

These molecules are structurally different, accordingly, do not have the same
chemical and physical properties. They cannot be converted one into the other
without breaking and remaking C-C and C-H bonds.

2-Functional isomerism

Methoxymethane and ethanol are also position isomers because the oxygen

clearly is connected differently in the two molecules:



CH;—0O—CH; CH,—CH,—OH
methoxymethane ethanal
{ dimethyl ether) CaHs

L mer v awen g

(n-butyl alcohol)

OH 2-butanol
(butan-2-ol)

1
HaC=CH;=CH=CH, (sec-butyl alcohol)

C4H, O

2- Stereoisomerism: Isomers with the same connectivity of atoms but differ in
The spatial arrangement of atoms or groups. This can be further divided into:

A- Geometric (Cis-trans) Isomerism: Occurs due to restricted rotation

around a double bond or ring structure, resulting in different spatial

arrangements.

Examples:

« Cis-2-butene: In cis-2-butene, the two methyl groups (-CHs) are on the

same side of the double bond.

1 4
H;;C\2 B/CH3

« Trans-2-butene: In trans-2-butene, the two methyl groups are on

opposite sides of the double bond.




B- Optical Isomerism: Arises from the presence of chiral centers, where
molecules are non-superimposable mirror images (enantiomers) or have

different spatial arrangements (diastereomers).

3-Tautomerism: Involves isomers that rapidly interconvert through
the migration of a hydrogen atom and a double bond. This results in different

functional groups or bonding patterns.

Types of Tautomers:

A- Keto-Enol Tautomerism: This is the most common type where a keto
tautomer (containing a carbonyl group, C=0) and an enol tautomer
(containing an alcohol group, C-OH) interconvert. The equilibrium favors

the keto form due to the stability of the carbonyl group.

0 K OH
)I\ - )\
Keto form Enol form

B- Amino-Imine Tautomerism: Involves the reversible migration of a

hydrogen atom between an amino group (NH;) and an imine group (C=N).

O~ = O

enamine imine



Questions after the lecture duany) ALY

Q1: Choose the correct answer for the following sentences.

1-The ------- formula indicates the actual number of atoms of each element in a
molecule.
A- Molecular B- Structural C- Empirical
2-The ------- formula shows the arrangement of atoms within the molecule,

typically indicating the connectivity between atoms using lines and the
number of bonds.

A- Molecular B- Structural C- Empirical

3-Ethoxymethane and ethanol are examples of---------------- isomers.
A. Geometric isomers B. Optical isomers C. Functional isomers

4-Cis-trans isomerism is a type of ------------ isomerism.
A. Optical B. Position C. Geometric
5- The type of isomerism arises from the presence of chiral centers is --------- :
A. Geometric isomerism B. Optical isomerism C. Position isomerism
Q2: Answer True or False of the following sentences:

1- Keto-Enol Tautomerismt this type where a keto tautomer contains a
carbonyl group and an enol tautomer containing an alcohol group.

2- Geometric (Cis-trans) Isomerism occurs due to restricted rotation
around a double bond or ring structure, resulting in different spatial
arrangements

3- Compounds having the same number and kind of atoms but having different
bonding arrangements between the atoms are called position isomers.

4- Position isomers have the same chemical and physical properties because
they differ only in the spatial arrangement of atoms.

5- Cis-trans isomerism occurs due to unrestricted rotation around a double bond
or ring structure.

Q3: Enumerate the types of Isomers and give example of them.
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duLal) ALy
Q1: Define the following terms
Hydrocarbons, Hydrocarbyl , Alkanes
Q2: Choose the correct answer for the following sentences:
1- Organic compounds consisting entirely of --------- and hydrogen
A- Oxygen B- Carbon C- Sodium
2- The characterizes------------ hydrocarbons composed entirely of single bonds

and are saturated with hydrogen
A- Saturated B-Un saturated C- cycloalkanes

3-The compound which containing one or more carbon rings are called ----------
Hydrocarbons.

A- Saturated  B-Un saturated C- cycloalkanes
4- Each carbon atom in an alkane can form ----- bonds.
A-Four B-One C-Two
5- Which type of hydrocarbon is also known as arenes ------ :
A. Aromatic hydrocarbons B. Cycloalkanes C. Saturated hydrocarbons
Q3: Answer True or False of the following sentences:
1- Alkanes are unsaturated hydrocarbons.
2- The general chemical formula for alkanes is CnH2n+2.
3- Alkanes can contain double or triple bonds between carbon atoms.

4- Alkanes belong to a homologous series where each member differs by a
molecular mass of 14.03.

5- Alkanes are highly reactive compared to unsaturated hydrocarbons.




Hydrocarbons
In organic chemistry, a hydrocarbon is an organic compound consisting
entirely of hydrogen and carbon.

Types of hydrocarbons

The classifications for hydrocarbons defined by structure ,JUPAC
(International Union of Pure and Applied Chemistry) nomenclature of organic

chemistry and physical and chemical properties are as follows:

I-Saturated hydrocarbons are the simplest of the hydrocarbon species and
are composed entirely of single bonds and are saturated with hydrogen.

2- Unsaturated hydrocarbons have one or more double or triple bonds
between carbon atoms.

3- Cycloalkanes are hydrocarbons containing one or more carbon rings to
which hydrogen atoms are attached.

4- Aromatic Hydrocarbons, also known as arenes, are hydrocarbons that

have at least one aromatic ring.

Hydrocarbons
Aliphatic Aromatic
H::lr.l'” ‘::‘{lIH
HC.\C{:,EH
H
' '
Saturated Unsall:uralcd Cycloalkanes
Alkanes '_EI:
Alkenes Alkynes H.C”~ \CHI
I |
H.C.. CH
22
H;

Schemel: classifications for hydrocarbons




Hydrocarbons from which one hydrogen atom has been removed are

functional groups, called hydrocarbyls.

Hydrocarbyl (An alkyl )

In organic chemistry, an alkyl group is an alkane missing one hydrogen with
the general formula C,H,,:;. where n is some integer. For example, a methyl
group (CHs) is a fragment of a methane molecule (CH4); n =1 in this case. "The
-yl ending means a fragment of an alkane formed by removing a hydrogen". In

structural formula, the symbol R is used to designate a generic alkyl group.

Number of
(ane (single bond) | Alkene (double bond)| Alkyne {triple bond) Alkyl
carbon aton..
l Methane Methyl
2 Ethane Ethene (ethylene) Ethyne (acetylene) | Ethyl
3 Propane Propene (propylene) | Propyne (methylacetyiene)| * Propyl
4 Butane Butene (butylene) Butyne -But
5 Pentane Penteng Pentyne n-Pentyl
b Hexane Hexene Hexyne -Hexyl
7 Heptane Heptyne  |7-Heplyl
8 Octane Octene Octyne LY
9 Nonane Nonene Nonyne n-Nonyl
10 ecane e(ene Decyne n-Decyl

Table 1: Simple hydrocarbons and their variations



https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Alkane
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Structural_formula

Alkanes

In organic chemistry, an alkane, or paraffin, is a saturated hydrocarbon.
Alkanes consist only of hydrogen and carbon atoms and all bonds are single
bonds. Alkanes ( always acyclic or open-chain compounds) have the general
chemical formula C,H,n.,. For example, methane is CH,4, in which n=1 (n
being the number of carbon atoms).

Alkanes belong to a homologous series of organic compounds in which the
members differ by a molecular mass of 14.03 (mass of a methanediyl group, —
CH,—, one carbon atom of mass 12.01, and two hydrogen atoms of mass ~1.01
each). Each carbon atom has 4 bonds (either C-H or C-C bonds), and each
hydrogen atom is joined to a carbon atom (H-C bonds). They are normally very
stable compounds and relatively un-reactive in comparison with their
unsaturated counterparts.

Wumberof| jupaAcC Structure Molecular
"Bt atoms name formula
I Methane CH4 LHy
Ethane CH3—CH3 C2Hg

3 Propamne CH3—CHzp—CH3 L3Hg

! Butane CH3—{CHz)2—CH3 L4Hio
Pentane CH3—(CHz)3—CH3 CsHyz

& He xane CH3—{CH2)4—CH3 CeH14

7 Heptane CH3—(CHz)s—CH3 CyH16

] Detane CH3—{CHz)g—CH3 CaHig
Honane CHz—{CHz)7—CH3 CgHazn

10 Decane CH3—(CH2)p—CH3 CigHz2

Table 2: Name and structure of hydrocarbons

Common names of alkanes

% The prefix n-, has been retained for any alkanes in which all carbons form
a continuous chain with no branching :

CH:CH;CH;CH;CH; CHz(CH;)4CH;3

n-Pentane n-Hex ane



https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Saturation_%28chemistry%29
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Single_bond
https://en.wikipedia.org/wiki/Single_bond
https://en.wikipedia.org/wiki/Open-chain_compound
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Homologous_series
https://en.wikipedia.org/wiki/Molecular_mass
https://en.wikipedia.org/wiki/Methylene_bridge
https://en.wikipedia.org/wiki/C-H_bond
https://en.wikipedia.org/wiki/C-C_bond

¢ The prefix iso-, is used when a compound has a single carbon branch on
the carbon adjacent to the last carbon on the chain.

CHs

|
CH;—CHCH,CH;3
iso- pentane

¢ The prefix neo- , has been retained for any alkanes in which carbon

attached by four alkyl groups.

CHo

|
CHz— li:‘ — CHS3
CH5

neo- pentane

The IUPAC System of nomenclature :

IUPAC: International Union of Pure and Applied Chemistry

1-Select at the parent structure the longest continuous chain and consider the
compound have been derived from this structure by the replacement of

hydrogens by various alkyl substituents .

1 2 3 C[d 5 4
CH3—CHo—CHACH;—CH; | |CH;—CHy—CH—CHy—CHj
4 ' I
7 CH; ! TH,
longest 5/ I 2/
continnous chain ?Hz : Not CH:
6 : |
CH , ! 'CH,
3-ethylhexane 4-ethyl hexane

2- In numbering the parent carbon chain ,start from whichever end will give the
lowest number for the side of attachment of the substituent .

3 2 1

6 5 4
'CHz—(ng—lCHg—ltle—CHg—ucH3
CH,
3-methylhexane not 4-methylhexane



https://en.wikipedia.org/wiki/International_Union_of_Pure_and_Applied_Chemistry

3- If the same alkyl substituent occurs more than once on the parent carbon
chain , the prefixes di-, tri- , tetra- , penta- ,etc.. are used to indicate whether
are two, three ,four ,or five substituents . The position of these substituents on
the parent carbon chain are indicated by various number separated by
commas. If substituents occurs twice on the same carbon, the number is

repeated.
i
GH:—CH—CH— C—CH
CH, CH,

2,2,4 - trimethylpentane

If there are several different alkyl groups attached to the parent chain, name
them in alphabetical order .

cy
| i 8 T 3 ) 4' | 1
%Hz —CHa—~C = CH_I CH, : CH3-CHz—CH3—(|':H —CH—S(fH 2CH-CH,
al ol CH CH;
2 ,3. dichloro- 3- methylpentane , CH; (lej
(ll'Hq c ') m > p
C X 1 13- diethyl -4- methyl - 5- propyloctane

Physical properties of alkanes

1- All alkanes are colourless & possess no characteristic odour.

2-The straight — chain alkanes, C; to C,4 are gases, Cs to Cy;are liquids , and the
remaining higher homologous are all solids at 20°C .

2- Boiling points and melting points increase with increasing molecular weight.

3- The density of alkane's increases with increasing molecular weight, and the
branching contributes to reducing this factor.

4- Alkanes being non polar and thus insoluble in water but soluble in non-polar
solvents e.g., CéHs, CCl4, ether etc. The solubility of alkanes decreases with
increase in molecular weight. Liquid alkanes are non-polar solvents



Chemical Properties of alkane:

Alkanes are inert compounds towards many acids and bases, and they are not
affected by oxidizing agents such as potassium permanganate and reducing
agents such as lithium aluminum hydride (LiAlH4). The reason for this
resistance is due to the non-polarity of the bonds in alkanes and the fact that
they do not contain atoms that possess free electron pairs such as oxygen or
nitrogen.

The characteristic of resistance is these have made them widely used and good
solvents. The non-polarity of the bonds (C-C) leads to their breaking in a
homogeneous manner when they gain enough activation energy to break them.
Therefore, these compounds react when heated to high temperatures. They also
react with oxygen, chlorine, and bromine as well, or in the presence of light.
These reactions include Homogeneous fission of the bond and the formation of
free radicals at high temperatures.

Preparation of alkanes

1-Hydrogenation of alkenes :

CnHan +H, H—hCﬂHEH +2
Or Mi
Alkene Alkane
Pt
ex: CH:;CH =CH; + H, —— CH3;CH;CH;
Or Ni
propene propane

2-Reduction of Haloalkanes (alkyl halides ): ( by metal and acid )

Haloalkanes may simple be hydrogenated at room temperature using a zinc-
copper couple in aqueous alcohol :

Zn—Cu/f

IRX + Zn+2H — o JRH + 7o +X
] ay. alcohol
alkyl halides alkane



Br

+

|
ex: CH:CH;CHCH: 4 74 H—,.. CH:;CH;CH,CH; +lez++Br_

2_bromo butane butane

3- Grignard Reaction :

The Grignard reagent is prepared by adding a dry ether solution of an
haloalkane to metallic magnesium:

Dry
R-X + Mg —= RWMgX
ether

alkyl halide alkyl magnesium halide
Then this reagent will treatment with aqueous hydrochloric or sulphuric acid,
liberates the alkane:

ag. HC1
RMgX + Hald

R-H + Mg (OH)X
H,S804

" ether Ha0
ex CH:CH:-Br + Mg — o CH-CH> MgBr—..CHgCH3 + Mg (OH)Br

ethyl hromide ethyl magnesium ethane

4-Wurtz Reaction:

The alkane is prepared by the reaction of metallic sodium and the Haloalkane
in a dry ether solution :

Dry
IRX +2Na — m R.R + 2NaX

ether
Dry
ex. 2CHz:—1I +2Na———a CH-CH= + 2INa1
ether
methyl Iodide ethan




Reactions of alkanes :

1- Cracking Alkanes :

The starting alkanes are broken down into a mixture of smaller alkanes , alkenes
and some hydrogen :

_ o
Alkane m smaller alkanes + Alkenes +Hy

400 -700 °C
CH:CH:CH; ——______, CHy +CH;:CH=CH; +CH:=CH> + Hy

Propane Propene Ethene

2-Combustion:

Alkanes burn exothermically in excess oxygen with a non-smoky flame ,
producing carbon dioxide and steam :

3ntl
Culyty +— e O —PU | 1COy (1) 3O A=-Q
2

fl
ex. CsHig +80; e o 5CO; + 6H;0 AH= -845 keal

3- Nitration of Alkanes:

Vapor phase nitration of alkanes using nitric acid takes place at 150-400 °C via a
free-radical mechanism, forming the nitroalkane :

150-400°C
RH + HNO; ———— ENO; + H2O

150-400°C
CH; + HNO; ————= CH:;NO;+ H;0

methane nitromethyl

Reactions involving higher alkanes yield a mixture of smaller nitro products
which result from the "cracking " of the larger molecules ... Nitroalkane are
useful commercial solvents .




4- Chlorination of Alkanes:

Alkanes undergo chlorination in the presence of ultra-violet light or at a
temperature of 250- 400 °C , yielding a mixture of products . For example,
methane yields a mixture of chloromethane , CH;Cl ,dichloromethane CH,Cl, ,
trichloromethane CHCl; ,and tetrachloromethane CCl, .

Cl, )
CH4 = Mixture of CH:Cl, CH;CLy ,CHCL: and CCly

hv (light energy)

5- Halogenation using Sulphur Dichloride Dioxide (Sulphuryl chloride) :

The alkane is refluxed with Sulphur dichloride dioxide at 40-80C° using
di(benzene carbonyl) peroxide as a catalyst :

o

di(benzene carbonyl) peroxide

dibenzoyl peroxide

O
|

S

Catal yst
RH + 850:Cl; ———» RCl +HCl+ S0O;

dichloride dioxide Haloalkane

Sulphur  40-80°C —
p Orj"’ \C|C|




Alkanes uses in pharmacy

Alkanes, which are saturated hydrocarbons with single bonds between carbon
atoms, have various uses in pharmacy:

1. Solvents: Alkanes like hexane and heptane are often used as non-polar
solvents in pharmaceutical laboratories for extracting compounds from
natural sources, such as plants.

2. Excipients: Some alkanes, particularly longer-chain ones like paraffin
wax (solid alkanes), are used as excipients in pharmaceutical
formulations. They can be used in ointments, creams, and suppositories
as bases or carriers for active ingredients.

3. Lubricants: Alkanes such as mineral oil are used as lubricants in various
pharmaceutical processes and formulations. They can help in tablet
coating, capsule manufacturing, and as a coating for pills.

4. Inhalation Therapy: Some alkanes, such as isopentane and isohexane,
are used in inhalation therapy formulations. They are employed as
propellants in metered dose inhalers (MDIs) and as constituents of
aerosol sprays.

5. Standard Substances: Short-chain alkanes like methane and ethane are
used as standard substances in gas chromatography, a common analytical
technique used in pharmaceutical quality control.

6. Preservatives: Certain alkanes, like those found in essential oils (e.qg.,
decane), can have antimicrobial properties and may be used as

preservatives in pharmaceutical preparations.

These applications illustrate the versatility of alkanes in pharmacy, where they
serve various roles from solvents and excipients to active ingredients and

preservatives.




Questions after the lecture dganyt) dliny)

Q1: Answer True or False of the following sentences:

1- Alkanes are colorless and possess no characteristic odor.

2- C;y to Cy4 1s solids, Cs to Cy7 are gases, and higher are liquids.
3- Alkanes increase with increasing molecular weight.

4- Branching in Alkanes contributes to reducing the density.

5- Unsaturated hydrocarbons have one or more double or triple carbon bonds.

Q2: Fill in the blanks to complete the meaning of the following sentences:

1. All alkanes are and possess no characteristic

2. The straight-chain alkanes, C; to Cy, are , Csto Cy7 are
and the remaining higher homologs are all at 20°C.

3. Boiling points and melting points with increasing molecular
weight.

4. The density of alkanes with increasing molecular weight, and
branching contributes to this factor.

5. Alkanes are non-polar and thus in water but soluble in non-polar
solvents such as , CCly, and

6. Alkanes are compounds towards many acids and bases and are not

affected by oxidizing agents such as
7. The non-polarity of the bonds in alkanes leads to their breaking in a
manner when they gain enough activation
8. Alkanes react with , chlorine, and bromine, especially in the

presence of
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ALY Adi
Q1: Define the following terms
Alkenes; Polymerization
Q2: Choose the correct answer for the following sentences:
1- The general chemical formula of alkene is---------------------- :
A' CnH2n B' CnH2n+2 C' CnH2n+1

2- Dehydration of alcohols is method for preparing----------------- :
A-alkenes B- alkanes C- alkynes

3-The physical state of the first three members of the alkene group are ------ :
A-solids B- liquids  C- gases
4- The solubility of alkenes is ------- in water due to nonpolar characteristics.
A-Soluble B- Insoluble C- Slightly soluble
5- Boiling points of alkenes ------- with the number of carbon atoms.

A-Decrease B- Remain constant regardless C- Increase

Q3: Answer True or False of the following sentences:

1- Alkenes are saturated hydrocarbons containing a carbon-carbon double bond.
2- The general formula for alkenes is CnH2n

3- The first three members of the alkene group are gases.

4- Alkenes are soluble in water due to their nonpolar nature.

5- The boiling points of alkenes increase with the number of carbon atoms.


https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen

Alkenes

The alkenes form a homologous series of unsaturated hydrocarbons containing

a carbon-carbon double bond , they have the general formula C,H,, , and their
names end in "ene".

Naming alkenes :

The following additional rules apply when naming alkenes:
1- Choose the longest chain of carbon atoms that contains the double bond.
2-Number the carbon atoms in the chain from the end nearest the double bond.

3- Pick the carbon atom with the lowest number to describe the position of the
double bond.

Example :

4 3 2 1
CH:CH.CH—CH; is called 1- butene

i
4 2 1
CH;C—CH=—CH; iscalled 3,3 dimethyl -1-butene

|
CH,

3 2 1
BrCH;CH=CH, 1iscalled 3-bromo-1-propene

1
4 3l 2 1
CH:;-C-CH;—CH; iscalled 3-chloro-3-methyl-1-butene
|
CH,
i i
CH:-C=CH; CH:-C—-CH=CH:
I
CH.
2-methyl propene 3,3-dimethyl-1-butene
CH:CH=CHCHz CH:CH=CH;
2-butene propene




Structure:

1. General Formula: Alkenes follow the formula CnH,n, where n is the
number of carbon atoms.

2. Geometry: The carbon atoms in the double bond have a trigonal planar
geometry with a bond angle of about 120 degrees.

3. Hybridization: The carbon atoms in the double bond are sp? hybridized,

leading to one sigma bond and one pi bond.

Physical properties of alkenes:

1) These double-bonded compounds are colourless and odorless in nature.

2) The first three members of the alkene group are gaseous in nature, the next
fourteen members are liquids and the remaining alkenes are solids.

3) The alkenes are insoluble in water due to their nonpolar characteristics.

4) The boiling points of the compounds increase as the number of carbon atoms
in the compound increases.

5) The boiling point of straight-chain alkenes is more that branched-chain

alkenes just as in alkanes.

Chemical Properties of alkenes:

Alkenes are characterized by the fact that they participate in many reactions
quite easily without the need for a catalyst. Their reactions are called addition
reactions, and most of the reagents that react with them are symmetrical
electrophilic reagents, that is, searching for negative charges, such as halogens,
or asymmetrical, such as halogen acids.

Alkenes also react with oxidizing and reducing reagents and with water in the
presence of a catalytic amount with sulfuric acid. Addition reactions to alkenes
are explained by adding to the double bond.




Addition reactions in alkenes lead to the breaking of a m bond in the alkene, a 6
bond in the reagent, and the formation of two ¢ bonds in the product. Such a
transformation is usually acceptable and preferable, that is, exothermic.

Preparation of alkenes :

1-Dehydrohalogenation of alkyl halides:

Dehydrohalogenation of alkyl halides is carried out by heating them in an
alcoholic solution of potassium hydroxide

| | heat | |

—_ C_C— e C—C—+HX
| |
H X alc. KOH
heat
eX. CH;CH;C1 ———= CH,=CH:; + HCI
alc. KOH
Chloroethane ethene

a mixture of alkenes is usually produced when preparing higher homologous
,the relative proportion of which depends on the respective stabilities of the
individual alkenes.

A mixture of alkenes is usually produced when preparing higher homologous ,
the relative proportion of which depends on the respective stabilities of the
individual alkenes .

?H
CH,CH,CHCH, 29 . CH,CH=CHCH, + CH,CH,CH=CH, + H,0
heat
zec-butyl alcohol 2-butene 1-butene

major product

2-Dehydration of alcohols:

In this reaction ,a molecule of water is eliminated from an alcohol molecule by
heating the alcohol in the presence of a strong mineral acid , A double bond
forms between the adjacent carbon atoms that lost the hydrogen ion and
hydroxide group.

H OH
| U heat
CHE(]j—C—H + HESO-’-I _""CHECH=CH2 + HEO
|
H H




A mixture of alkenes is usually produced when preparing higher homologous ,
the relative proportion of which depends on the respective stabilities of the
individual alkenes .

-‘.|)H

CH,CH,CHCH, 299 . CH,CH=CHCH, + CH,CH,CH=CH, + H,0
heat

sec-butyl alcohol 2-butene 1-butene

major product

Chemical reactions of Alkenes :

1-Addition of hydrogen:

Alkenes are hydrogenated by passing them over a finely divided platinum,
palladium or nickel catalyst in an atmosphere of hydrogen :

Pt, Pd | |
Or Ni | |
H H

| |
—C = — -+ Hz

Mi
ex: CH:CH —CH:+H, — = CHzCH;CH;

propens pPropangs
2- Addition of halogens:

| | | |
—C =C — + X —_— . O — C— XQZCIQ,BI'Q

|
X x
in CCl,
ex: (CH:CH—=CH; +Brs — 4 CH3(|3H qu
Br Br
propene 1.2-dibromo propane

3- Addition of Sulphuric acid :

Simple alkenes react with cold (0-15 °C) ,concentrated sulphuric acid to form
alkyl hydrogen sulphate , which dissolve in the acid later to form a colorless
solution :

[ | | |
—C=C — + H;S0, —— —(l‘;—CI:—
H OS50:H
conc. H;S O,
ex : CH-CH —CH; — CH=zCHCH:=

OSO.H
propene Iso- prop¥l hydrogen sulphate



4- Polymerization :

The process obtain by which many simple molecules join together to form very
large molecules is known as polymerization ,Simple alkenes polymerize to form
a family of long — chain "addition polymers ".

nCH~-CHy —=»  — . CH:—CH:—CH;—CH,——
ethene poly(ethene)
peroxide
HCH2=(|3H — = — CH;—CH - CH;—CH— CH;;-—(EH;F“‘“—»—’

I |
1l Cl 1 Cl

vinyl chloride poly (vinyl chloride)

5- Addition of hydrogen halides :

Hydrogen halide, generated by the reaction of an alkkali metal halide with
concentrated sulphuric acid ,which react rapidly with alkenes at room temp.
yielding the alklhalides :

2KBr(s) + H2804 (1) —— K3804(s) + 2HBr(g)

1
—C='.':I:— + HX —— —{5—(5— . HX}X=HCIl, HI, HBr
1 1
H X

CH:CH=CH: + HBr ——> CHg(IjH—(Isz

Br H
propene Z2-Bromopropene

6- Combustion :
Alkenes burn in a plentiful of oxygen to form carbon dioxide and water :

H2C=CH2(g) + ZOQ(g) — COz(g) + 2H20 (1)
7- Oxidation :

Alkenes can be oxidized by cold ,slightly alkaline potassium permanganate to
make substances called 1,2-diols .containing two OH groups on adjacent
carbon atoms .The potassium permangate solution turns from purple to brown,
this is a test is often used to detect unsaturation in a hydrocarbon (baeyer test).

OH OH
| |
CH;—CH; EMPO4 Sy, CH, + KOH + MnO,
H;0 .
ethane ethane -1,2-diol



Alkenes uses in pharmacy

Alkenes, which are hydrocarbons containing at least one carbon-carbon double

bond, also find several important uses in pharmacy:

1. Drug Synthesis: Alkenes serve as starting materials or intermediates in
the synthesis of various drugs. Organic chemists utilize alkenes in
reactions such as hydrogenation, hydrohalogenation, and addition
reactions to create pharmaceutical compounds.

2. Polymerization: Ethylene, the simplest alkene, is crucial in the
production of polyethylene, which is used extensively in pharmaceutical
packaging materials (e.g., plastic bottles, bags) and medical devices.

3. Excipients and Delivery Systems: Polymers derived from alkenes, such
as polyethylene glycol (PEG), are used as excipients in drug
formulations. PEG is known for its solubilizing properties and is used in
formulations to enhance drug delivery and stability.

4. Surfactants: Alkenes and their derivatives are used as surfactants in
pharmaceutical formulations. For instance, certain alkenes can be used to
stabilize emulsions or act as wetting agents in ophthalmic solutions.

5. Co solvents: Some alkenes, like propylene glycol and polypropylene
glycol, are used as co solvents in pharmaceutical preparations. They can
enhance the solubility of poorly soluble drugs and improve their
bioavailability.

6. Inhalation Therapy: Alkenes such as ethylene and propylene are used as
propellants in aerosol formulations for inhalation therapy, where they
help deliver medication in a fine mist form.

7. Antioxidants and Preservatives: Some alkenes and their derivatives
have antioxidant properties, which can help preserve the stability and

efficacy of pharmaceutical formulations.



Questions after the lecture doand) Al

Q1: Write structural formula for the following:
2-methyl propene ; 2,3-dimethyl-2-hexene
Q2:Complete the following eqations :

CH,CH,CH=CH, + Br, -4

butene

CH,CH=CHCH,CH; + H, — %

2- hexene

Q3: Choose the correct answer for the following sentences:

1- One method for preparing alkenes is ---------- :
A- Hydrogenation of alkanes ~ B- Dehydrohalogenation of alkyl halides
C- Hydrolysis of esters
2- Dehydration of alcohols is method for preparing----------------- :
A-Alkenes B- Alkanes C- Alkynes
3- Haloalkanes may simple be hydrogenated at room temperature using -------
couple in aqueous alcohol to prepared alkane.
A- zinc-copper B- zinc-sodium C- zinc-nickel
4- The product of the combustion of alkenes in excess oxygen is ---- and water.
A- Carbon monoxide B- Carbon dioxide C- Carbon trioxide
5- When alkenes are oxidized by cold potassium permanganate formed is ----- :
A-Ketones B-) 1,2-diols C- Aldehydes

Q4: Fill in the blanks to complete the meaning of the following sentences

1-These double-bonded compounds are and in nature.

2-The first three members of the alkene group are in nature, the
next fourteen members are , and the remaining alkenes are

3-Alkenes are insoluble in water due to their characteristics.

4-The boiling points of the compounds increase as the in the
compound increases.

5-The boiling point of straight-chain alkenes is more than alkenes
just as in alkanes.
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A,La Adi
Q1: Define the Cycloalkanes
Q2: Choose the correct answer for the following sentences:
1- The general chemical formula of Cycloalkanes is---------------------- :
A- CnH2n B- CnH2n+2 C- CnH2n+1

2- The states can cycloalkanes exist in at room temperatureare ----- :

A-Only gases B- Gases, liquids, or solids C- Only liquids
3-The boiling and melting points of cycloalkanesare ----- compare to their

straight-chain counterparts.
A- Lower B- Higher C-The same
4- The solubility of cycloalkanes is -------- in water
A-soluble B-insoluble C-partially soluble
5-The density of cycloalkanes is ----- compare to water.

A-Typically denser ~ B-less dense C- The same density

Q3: Answer True or False of the following sentences:
1- Smaller cycloalkanes, like cyclopropane, experience less ring strain than

larger cycloalkanes.

2-Cycloalkanes can be gases, liquids, or solids at room temperature depending
On the number of carbon atoms in the ring.
3-Cycloalkanes have lower boiling and melting points than their straight-chain

counterparts due to increased van der Waals forces.
4-Cycloalkanes are soluble in water because they are polar compounds.

5-Cycloalkanes typically have a density greater than that of water.


https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen

Cycloalkanes

The cycloalkanes with one ring have the general formula CnH2n, and are named
by adding the prefix cyclo- to the name of the corresponding continuous-chain

alkane having the same number of carbon atoms as the ring

CHQ CHQ CH
HC” CH,  H,c” cH,  HC—CH; .
| | / | H,C—CH,
HECR ,CHE CH2CH2 HQC_CHQ
CH-
Cyclohexane Cyclopentane Cyclobutane  Clclopropane

Structure and nomenclature

Add the prefix cyclo- to the name of the open-chain alkane containing the same
number of carbons. If only one substituent, no need to give it a number. If two
substituents, number from the substituent of lower alphabetical order. If three or
more substituents, number to give them the lowest set of numbers and then list

substituents in alphabetical order.

CHy CH,
N 3 CH: ; 5 CHj
4 4
=T t-
1, 3-Dimethylcyvclohexane 1, 5-Dimethyvlcyclohexane
CH, CHs
1 = 4 CH
6 3 5 3
) 2 3
5 G
3 2
4| 3 1]
cHa {:'HE
- =not-
1.2 4-Trimethylcyclohexane 1.3, 4-Trimethylcyclohexane
[l+2+4-?} |:_|'|'3'I'"|-H-_:'




Physical Properties of Alkanes and Cycloalkanas:

Density,

Compounds Bp, °C Mp, °C di®, g mi~?
QrOEne —dg =187 05804
cyclopropane —33 —127 0.689%
butane —{(.5 —135 0.579°
cyclobutans 13 —an {.689¢
pentane 36 —130 0.626
cyclopentane 49 —a4 0746
hexane 69 —95 0.658
cyclohexans 81 7 Q778
heptane a8 ~&1 0.684
cycloneptane 119 —8 0.810
actane 126 —57 0703
cyclooctane 151 15 0.830
nonane 151 —54 0718
cyclononane 178 i1 0.845

Physical Properties of Cycloalkanes:

1. State: Cycloalkanes can be gases, liquids, or solids at room temperature,
depending on the number of carbon atoms in the ring.

2. Boiling and Melting Points: Cycloalkanes generally have higher boiling
and melting points than their straight-chain counterparts due to increased
van der Waals forces. The boiling point increases with the number of
carbon atoms.

3. Solubility: Cycloalkanes are non-polar and insoluble in water, but they
are soluble in organic solvents like hexane and benzene.

4. Density: Cycloalkanes are typically less dense than water, similar to

alkanes.




Chemical Properties of Cycloalkanes:

1. Reactivity: Cycloalkanes are relatively stable due to their saturated
nature, but they can undergo reactions similar to alkanes.

2. Substitution Reactions: Cycloalkanes can participate in free radical
halogenation, leading to substituted products (e.g., chlorinated or
brominated cycloalkanes).

3. Ring Strain: Smaller cycloalkanes (e.g., cyclopropane, cyclobutane)
experience ring strain due to bond angle deviations from the ideal
tetrahedral angle (109.5°), making them more reactive than larger
cycloalkanes (e.g., cyclohexane).

4. Cyclohexane Chair Conformation: Cyclohexane adopts a chair
conformation, which minimizes strain and is more stable than other

conformations (like boat).

These properties are essential for understanding the behavior of cycloalkanes in

chemical reactions and their applications in various fields.

Preparation of cycloalkanes

1. From dihalogen compounds : From dihalides having halogen atoms on two

ends of carbon chain with Na or Zn gives rise to the formation of cycloalkanes.

Br — (CHz)r —Br +Zn —» (CHz)n + ZnBr:

CH:
CH:X Eth 2
H.C{ + ONa T, ch’/| + 2NaX
CH:X N‘“CH-;
1,3 dihalopropane cyclopropane



2. From alkenes : Alkenes on treating with CH:I2 in presence of Zn-Cu couple

or by diazomethane (CH:N2) in presence of U.V. light gives derivatives of

cycloalkanes.
Zn - Cu couple H2C CH—CH,
HiC—=CH=CH2 + CH,l, >
propene o CH:
Methylene iodide Methyl cyclopropane
Zn - Cu couple H3C = HC——CH—CH
HiC-CH=CH-CHs; + CH,L >
2- butene Methylene iodide CH:

1,2 dimethyl cyclopropane

3. From aromatic compounds: cyclohexane can be prepared by the catalytic

hydrogenation of benzene.

Ni S 2HEC
F3H, ——»

Benzene cyclohexane

Reactions of cycloalkanes

1- Free radical substitution : Cycloalkanes are halogenated in presence of

sun light or UV light like alkane.

Cltl
CH
2 CH
H2C|3 C|3H2 cl, H2C|:/ C|:H2
HZC\ /CHZ Light H2C /CHZ
CH; S CH,
Cylcohexane Clorocylcohexan




2-Addition reactions: Cyclopropane being the most strained ring and more

reactive undergoes addition reactions like alkenes.

Brg

» BrH,CCH,CH-Br
1,3 -dibromopropane

B, CH.CH,CH,Br

HEC\—/CHE propyl bromide
CH, (i) Conc.Hy30,
- > (CH;CH,CH-OH
(11)H;0 (1- propanol )
H, Ni
: > CH3CH,CH,
80C ( propane )

3- Oxidation: Cycloalkanes are oxidized by alkaline potassium permanganate to

dicarboxylic acids involving ring fusion

CH,
H C/ \CH
2‘ | 2 . H2(|3—CH2COOH
2



Questions after the lecture doant) Adic

QI : Enumerate the methods for preparing Cycloalkane and give an
example for each method

Q2: What is the result of the reaction of cyclopropane C;Hg with the
following substances:
Br,, HBr, con.H,SO4 H,O H,; Ni

Q3: What is the result of oxidation of cyclohexane CcH;, by alkaline
potassium permanganate.

Q4: Fill in the blanks to complete the meaning of the following sentences:

1-Cycloalkanes can be gases, liquids, or at room temperature,
depending on the number of carbon atoms in the ring.

2-Cycloalkanes generally have boiling and melting points than their
straight-chain counterparts due to increased van der Waals forces.

3-Cycloalkanes are non-polar and in water, but they are soluble in
organic solvents like hexane and benzene.

4-Cycloalkanes are typically dense than water, similar to alkanes.

5-Cycloalkanes are relatively stable due to their nature, but they can
undergo reactions similar to alkanes.

QS5: Answer True or False of the following sentences:

1-Smaller cycloalkanes, like cyclopropane, experience torsional strain due to
bond angle deviations from the ideal tetrahedral angle (109.5°).

2- Cyclopropane has bond angles of approximately 60°, which deviate
significantly from the ideal tetrahedral angle, causing torsional strain.

3- Cycloalkanes are halogenated in presence of sun light or UV light like
alkane.
4- Cyclohexane can be prepared by the catalytic hydrogenation of benzene.
5- Alkenes on treating with CH:l2 in presence of Zn-Cu couple or by
diazomethane (CH2N:2) in presence of U.V. light give derivatives of

cycloalkanes.
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Q1: Choose the correct answer for the following sentences:
1- Alkynes are -------- in water.

A. Highly soluble. B. insoluble but quite soluble in organic solvents like
benzene and ether.  C. equally soluble and organic solvents.

2- How do alkynes generally compare to water in terms of density?
A. Alkynes are more dense than water. B. Alkynes are less dense than water.
C. Alkynes have the same density as water.

3-What happens to the boiling point of alkynes as their molecular weight
increases?

A. The boiling point decreases.  B. The boiling point remains constant.

C. The boiling point increases.
4- Alkynes more reactive than alkenes and alkanes Due to the presence of----.
A. Double bonds. B.Triple bonds. C. Both double and triple bonds.

5- Which reaction allows alkynes to react with hydrogen in the presence of a
catalyst to form alkenes or alkanes?

A. Halogenation B. Hydrogenation C. Hydration
Q2: Answer True or False of the following sentences:

1- Terminal alkynes can react with hydrogen halides to form haloalkenes or
haloalkanes, often following Markovnikov's rule.

2- Aromatic alkynes are more acidic and can react with strong bases to form
acetylide anions.

3- In the presence of acids and water alkynes be oxidized to form carbonyl
Compounds like ketones.
4- Alkynes are highly soluble in water due to their polar nature.

5- Alkynes are less reactive than alkenes and alkanes due to the presence of the
triple bond



Alkynes

The alkynes are a family of hydrocarbons that contain a carbon-carbon triple
bond, with the general formula C,H;,., , The first member of the family is
ethyne (old name acetylene ). Ethyne (C,H,) is linear molecule :

H—C=C—H

Naming alkvnes :

The IUPAC names of alkynes are afforded by taking the stem of the name of
the corresponding alkane and replacing the ending "ane" of the alkane with the
suffix "yne" .The position of the triple bond is the stem and the ending .

1 23 4 1 2 7 4 3 11
CH =CCH,;CH;(Cl CH=C{CH;),CH; CH;C=C-CH;

4-chloro-1-butyne 1-heptyne 2-butyne
CH,
s 4 3 11 6 5 4 3 121 1 2 34 s5ls__7
CH;CHg ':FHCECH CH-CH;, (_T‘HCECCHg CH;C=CCH; (? CH;CHs
CH;CH; CH- CH:

3-ethyl-1-pentyne  4-methyl-2-hexyne  3,5-dimethyl-2-heptyne

Physical properties of Alkynes :

The alkynes have physical properties that are essentially the same as those of
the alkanes and alkenes .They are :

1- In soluble in water but quite soluble in the usual organic solvents such as
benzene ether ,and carbon tetrachloride.

2- Alkynes are less dense than water ..
3- Their boiling point increase with increasing molecular weight .

4- Alkynes from C, to C4 are gases , Cs to Cyg liquids, and those with more than
eighteen carbons are solids

Chemical Properties of Alkynes:

1. Reactivity:
o Alkynes are more reactive than alkenes and alkanes due to the

presence of the triple bond.



2. Addition Reactions:

o Hydrogenation: Alkynes can react with hydrogen (H;) in the
presence of a catalyst (e.g., Pd, Pt) to form alkenes or alkanes,
depending on the extent of hydrogenation.

o Halogenation: They can react with halogens (e.g., Br,, Cl,) to
form dihaloalkenes or dihaloalkanes, depending on the reaction
conditions.

o Hydrohalogenation: Alkynes react with hydrogen halides (e.g.,
HCIl, HBr) to form haloalkenes or haloalkanes, often leading to
Markovnikov's addition.

o Hydration: In the presence of acid and water (often with a catalyst
like HgSO,), alkynes can be hydrated to form ketones or
aldehydes, depending on the structure of the alkyne.

3. Acidity:

o Terminal alkynes (alkynes with the triple bond at the end of the
carbon chain) are more acidic than alkenes and alkanes, allowing
them to react with strong bases (e.g., sodium amide, NaNH3) to
form acetylide anions.

4. Polymerization:

o Some alkynes can undergo polymerization reactions to form

polymers, though this is less common than with alkenes.
5. Oxidation:
o Alkynes can be oxidized to form carbonyl compounds (like

ketones) under certain conditions, such as with ozone (ozonolysis).

These properties make alkynes versatile in organic synthesis and industrial

applications.



Preparation of alkynes :

Alkynes are synthesized by three methods:
1-Dehydrohalogenation of alkyl halides:

This reaction is ageneral method for the conversion of alkenes to alkynes :

Br Pr H

B | KoH _
CH,;CH,CH=CH, + Br; CH; CH;CH—CH, ——= CH;CH;CH=C-Br
1- butene 1,2-dibromobutane 1-bromo-1-but ene
l NaNH,

CH;CH,C=CH
1-butyne

Home work :

Starting with 1-pentene ,show how would you prepare 1-pentyne .

Br Br H
CCly | KOH |
CH;CH;CH,CH=CH; + Br; ——— CH,;CH, CH,CH-CH, ——— CH;CH; CH;CH=C-Br
1-Pentene 1,2-dibromopentane 1-bromo-1- pentene
NaNH,

CH;CH,CH,C=CH
1-Pentyne

2-Dehalogenation of Tetrahalides :

Reaction of zinc with 1,1,2,2-tetrahalides yields alkynes :

}lc =X

1

R-CIT-(F—R + Z2Zn ————— e R-C=C-R + 2 Zn>,
X X

A trtra halide An alkvne

IBr B

CH3CI'—CH + 2ZNn — s CH=zC=CH + 2 ZnBir
|
Br Br

1.1.2 Z2-tetrabromo propane pPropyne




3-Reaction of Sodium acetylide with primary alkylhalides :

Acetylene and monosubstituted acetylenes , R-C =C-H,contain ahydrogen
atom attacked to atriple —bonded carbon atom.such acetylenic hydrogenes are
found to be

acidic , and may be replaced by certain metaals to form salts known as metal
acetylides.

For example , sodium in liquid ammonia reacts with acetylene to form a
sodium acetylide salt and hydrogen.

liquid — ¥ 1
H-C=C-H+ Na ——— H-C=C: Na +_—H,$
NH; 2

sodium acetylide

This sodium salt can react with primary alkyl halides to form higher alkynes
with the triple bond at the end at of the chain.

ex: H-C=C: Na'+ CH:Br H-C=C-CH; + NaBr
methyl bromide propyne

H-C=C: Na' + CH;CHJ] — H-C=C-CH,CH; + Nal
ethyl 10dide 1-butyne
Reactions of Alkynes :
1-Addition of Hydrogen:

Alkynes may add hydrogen in the presence of suitable cataysts ,such as
platinum, palladium, or nickel the final product is always an alkan.

HH

~c=c- 2 L&

Ni [
HH
alkyne alkane
2H,
exe CHg_ C=C —CH3 Ni CH3 CH2 CHQ CH3

i

2-butyne n-butane
2- Addition of halogen :

Alkynes react with two molecules of halogen to give tetrahalides , this reaction
is restricted to chlorine and bromoine .



~C=C-+ X, -E=6-+X, ~¢—¢-
X X X X
where 2;= Cl; , Bry trira halide
El’.r Br
ex: CH;-C=C-H +Br; —e CHyC=C -H +Br;—~CHy-C— # -H
Br Br Br Br
propyne 1,2— dibromopropene 1.1,2,2-tetrabromo-
propane
Homework
Starting from 1-butyne , prepare 1,1,2,2-tetrachlorobutane .
Cl Cl
||
CH,-CHy-C=C-H + Ch—s CH;- CHz-(I?:flf H+Ch—s (H,- CHy- (Ij_(lj H
Cl ¢l Cl Cl
L-butyne 1,2-dichlorohutene  1,1,2,)-tetrachlorobutane
3- Addition of hydrogen halide :
H X
-C=C- +HX “F=¢- +HX — —(EL‘—E::—
H X H X
haloalkane gem -dihalide
exX
T
CH;-C=C-H IE!‘ CH3_(I: =C-H E-CH3—1;:—CH3-
Cl Cl
NO ]|3r
CH;CH;C-CH
peroxide ]I3 I
CH:CH;C=CH+ HPr — = CH3CH2(|:=(|3H + HBr —= 2,.2-di hru:nll;]-:hutane
BrH
1-butyne 2-bromo-1-butene III :|Br
—~ CH3;CH,C-CH
peroxide | ]
BrH

1,2-di bromo butane




Questions after the lecture 4l ddic)
Q1: Write structures for the following compound :
3-Octyne ; CH3-CH2-CH2-CHZ-CHZ-CHZ-CECH

Q2: Complete the following eguations :

1- CH;-C=CH+ ? —— CH;-CCI=CHCI]

(ljl (ljl
2- (:ng.]:--::-CH3 +27Zn—="?
|
C1Cl
2H,
3- CH;C=CH + - ?
™1

Q3; Fill in the blanks to complete the meaning of the following sentences

1-Alkynes are in water but quite soluble in organic solvents such
as benzene and ether.

2-Alkynes are dense than water.
3-The boiling point of alkynes with increasing molecular weight.
4-Alkynes from C2 to C4 are , C5to C18 are , and

those with more than eighteen carbons are

5-Alkynes are more reactive than alkenes and alkanes due to the presence of the
bond.

6-Alkynes can react with hydrogen (H;) in the presence of a catalyst (e.g., Pd,

Pt) to form or , depending on the extent of hydrogenation.

7-Alkynes react with halogens (e.g., Bry, Cl;) to form or ,
depending on the reaction conditions.

8-Terminal alkynes (alkynes with the triple bond at the end of the carbon chain)

are more than alkenes and alkanes, allowing them to react with
strong bases to form anions.
9- Alkynes can be oxidized to form compounds under certain

conditions, such as with ozone (ozonolysis).

10- Alkynes react with two molecules of halogen to give tetrahalides , this
reaction is restricted to and
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Q1: Choose the correct answer for the following sentences:
1- What general property describes aromatic compounds regarding their
interaction with water?
A. They are highly soluble in water. B. They are immiscible in water.
C. They form a colloidal solution in water.
2- Why are aromatic compounds useful as solvents for other nonpolar
compounds?
A. Due to their high reactivity  B. Because they are highly polar
C. Due to their nonpolar nature and low reactivity
3- What characteristic flame color is exhibited by aromatic compounds due to
their high ratio of carbon to hydrogen?
A. Blue B. Yellow C. Red
4- What is the physical state of benzene under normal conditions?
A. Solid B. Gas C. Liquid
5- At what temperature does benzene boil?
A. 60.3°C B.70.5°C  C.80.1°C

Q2: Answer True or False of the following sentences:

1-Toluene undergoes nitration using nitric acid in a 1:2 mixture with sulfuric
acid, resulting in a mixture of 2-, 3-, and 4-nitromethylbenzenes.

2-Benzene can undergo halogenation to form polyhalocyclohexanes under
strong irradiation.

3- Alkylation of alkylbenzenes typically utilizes aluminum chloride as a
catalyst.

4-Sulfonation involves substituting a sulfonic acid group (—SO3H) for a
hydrogen atom in an aromatic hydrocarbon using concentrated or fuming
sulfuric acid.

5-Nitration of benzene yields a single nitromethylbenzene isomer due to the
nature of the benzene ring.




Aromatic hydrocarbons

Aromatic compound, any of a large class of unsaturated chemical compounds
characterized by one or more planar rings of atoms joined by covalent bonds of

two different kinds. Like Benzene.

e g (]
H H H H
H H H H
H
H H
H H
y

Physical Properties of Aromatic Compounds:

Aromatic compounds are generally nonpolar and immiscible with water. As they
are often unreactive, they are useful as solvents for other nonpolar compounds.
Due to their high ratio of carbon to hydrogen, aromatic compounds are
characterized by a sooty yellow flame.

Nomenclature of aromatic hydrocarbons

All aromatic compounds are based on benzene, which has a ring of six carbon

atoms and has the symbol: C¢Hg

All C-C bond lengths are equal in this structure, whose symmetry is consistent
with many studies showing that in benzene all carbon atoms are chemically

equivalent.
IlI
H . A - H N
C C o =
| | - | |
C O ~ _
H” C “H T




Aromatic compounds with only one group attached to the benzene ring:

Br
Cl I
Chlorobenzene Bromobenzene lodobenzene
N{'_")__,
MNitrobenzene Ethylbenzene
CHa, CH, CH, CH,
CH,
CHs
CHs
toluene ortho-xylene meta-xylene para-xylene

methylbenzene 1.2-dimethylbenzene 1.3-dimethylbenzene 1. 4-dimethylbenzene

NH> OH H c O COOH
|
|
aniline phenol benzaldehyde benzoic acid
aminobenzene hydroxybenzene

2-Chlorotoluens F-Chlorotoluens 4-Chlorotwoluene
(o-Chlommoluene) ({m-Chlorotoluene) {(p-Chlorotmluens




PROPERTIES OF BENZENE

1. Benzene is a colourless compound, and the physical state of benzene is

liquid.
2. Benzene boils at 80.1° C.
3. Benzene is not miscible in water and soluble in organic solvents.
4. It has an aromatic odour.
5. The density of benzene is 0.87 gm/cm3 and is lighter than water.

6. It is inflammable.

Electrophilic aromatic substitution
1. Nitration: The nitration of methylbenzene (toluene) is a typical example of
a nitration that proceeds well using nitric acid in a 1: 2 mixture with sulfuric

acid.The nitration product is a mixture of 2-, 3-, and 4-nitromethylbenzenes:

CH, CH, CH, CH,
NO,
“n.,.‘_"
@ HNO,, H,50, ©, N @\ .
= NO,
B2 5%

NO,
33%

2. Halogenation: Benzene itself can be induced to add halogens on strong

irradiation to give polyhalocyclohexanes.

H CI
H

H
hv C'il ~—(l
H— H

Cl

Cl
H ClI




Light is excluded and with presence of Lewis acids (FeCls, AICL;).

Er

FeCl; or AlC4

©+Br2—h O+HEir

3. Alkylation: An important method of synthesis of alkylbenzenes utilizes an
alkyl halide as the alkylating agent and a metal halide, usually aluminum

chloride, as catalyst:

_\-‘\\ | * W
1 + CH,CH,Br -2k, + HBr
_ 80
benzene ethyl bromide ethylbenzene
(large excess) 83%

4. Sulfonation: Substitution of the sulfonic acid (—SOz;H) group for a
hydrogen of an aromatic hydrocarbon can be carried out by heating the

hydrocarbon with a slight excess of concentrated or fuming sulfuric acid.

) H,S0,,80; : el
» BT | benzenesulfonic acic
~ it Z
/(i CH,
l e H,SO, __H,S80, | | N 4r'|ehvlb=-r/ene=‘ulfornc acid
> 110-120° (para-toluenesulfonic acid)
SO4H




Questions after the lecture doanyt) ddicy
Q1: Give the name of the following compounds

CH» CHa CHa CH4

Q2: Enumerate Properties of Benzene

Q3 :What is the difference between the halogenation of benzene in the
presence of light and the absence of light? Explain this with equations.

Q4: What is the purpose of the Friedel-Craft reaction? Explain this with
the equations

QS5: Choose the correct answer for the following sentences:
1-How does benzene interact with water?

A. Highly soluble  B. Completely miscible C. Insoluble
2- What is a notable sensory characteristic of benzene?

A. Odorless B. Sweet-smelling  C. Aromatic odor
3- What is the density of benzene compared to water?

A.1.00 gm/cm® B. 0.87 gm/cm* C. 0.95 gm/cm?

4-Which reaction involves the substitution of a sulfonic acid group (—SO3H)
for a hydrogen atom in an aromatic hydrocarbon?

A. Nitration B. Halogenation  C. Sulfonation

5-What is the typical catalyst used in the alkylation of alkylbenzenes?
A. Nitricacid  B. Sulfuric acid C. Aluminum chloride

6-Under what conditions does benzene undergo halogenation to form
polyhalocyclohexanes?

A. Strong acid  B. Strong base C. Strong irradiation
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Q1: Choose the correct answer for the following sentences:
1-What solvents are alkyl benzenes typically soluble in?
A. Water B. Polar solvents
C. Non-polar solvents like ether and carbon tetrachloride

2- How do the boiling points of alkyl benzenes change with increasing
molecular weight?

A. They decrease B. They remain constant C. They increase

3-Which isomer of disubstituted benzenes generally has the highest melting
point?

A. Meta (m-)  B. Ortho (0-) C. Para (p-)

4- Which method is commonly used for the attachment of alkyl groups to
benzene rings?

A. Friedel-Crafts alkylation B. Nitration C. Oxidation

5- Halogenation of toluene predominantly occur in the side chain Boiling
toluene ---------- :

A. without any additional B. with bromine C. with chlorine and exposure
to ultraviolet light
6- Which catalyst promotes the ring halogenation of alkylbenzenes?

A. Ultraviolet light B. Aluminum chloride C. Ferric chloride




Arenes
Aliphatic-aromatic hydrocarbons Many important compounds are not just
aliphatic (alkane, alkene, or alkyne) or just aromatic (benzene) but contain both

aliphatic and aromatic units; hydrocarbons of this kind are known collectively
as arenes. Ethylhenzene, for example, contains a benzene ring and an aliphatic

side chain.
@L‘H;CH 3

Ethylbensene

Structure and nomenclature

The simplest of the alkylbenzenes, methylbenzene, is given the special name of
toluene. Compounds containing longer side chains are named by prefixing the
name of the alkyl group to the word -benzene, as, for example, in ethylbenzene,
npropylbenzene, and isobutylbenzene.

CH3
CH, C2Hs CHyCH,,CH, CH,CHCH;
Toluene Ethylbenzenec n-Propylbenzene Isobutylbenzene

The simplest of the dialkylbenzenes, the dimethylbenzenes, are given the
special names of xylenes; we have, then, o-xylene, m-xylene, and p-xylene.

Hs H H
H
Hs

CH
o-Xylene mr-Xylene o-Xylene

Dialkylbenzenes containing one methyl group are named as derivatives of
toluene, while others are named by prefixing the names of both alkyl groups to
the word - benzene. A compound containing a very complicated side chain
might be named as a phenylalkane (C¢Hs = phenyl).
CH;
CHj CaHs CH,—(':H—CH—CH;CH;

@ @iHCHJ
2Hs Hs

p-Ethyltoluenc m-Ethylisopropylbenzence 2-Methyl-3-phenylpentane




Physical properties

As compounds of low polarity, the alkyl benzenes possess physical properties
that are essentially the same as those of the hydrocarbons.

e They are insoluble in water, but quite soluble in non-polar solvents like ether,
carbon tetrachloride, or ligroin. They are almost always less dense than water.

e Boiling points rise with increasing molecular weight, the boiling point
increment being the usual 20-30°for each carbon atom.

e Since melting points depend not only on molecular weight but also on
molecular shape, their relationship to structure is a very complicated one. One
important general relationship does exist, however, between melting point and
structure of aromatic compounds: among isomeric disubstituted benzenes, the
para isomer generally melts considerably higher than the other two.

Preparation of alkyl benzenes

Although a number of the simpler alkylbenzenes are available from industrial
sources, the more complicated compounds must be synthesized in one of this
ways:

1. Attachment of alkyl group: Friedel-Crafts alkylation

R
@ + RX Leesid, @ + HX R may rearrange

Lewis acid: AICly, BFy, HF, etc.
Ar-X cannot be used in place of R-X

If a small amount of anhydrous aluminum chloride is added to a mixture of
benzene and methyl chloride, a vigorous reaction occurs, hydrogen chloride gas
is evolved, and toluene can be isolated from the reaction mixture.

@ + CHyCl A, @C”J + HC

Toluene



2. Conversion of side chain.

Zn(Hg), HOY, hea
@-C— “N,:; mlhu: @CH;R Clemmensen or Wolff -Kishner

Reduction

@CH=CHR 28, @CH;CH;R

A kclonc

Reactions of alkyl benzenes

Except for hydrogenation and oxidation, The reactions of the alkylbenzenes are
either electrophilic substitution in the aromatic ring or free-radical substitution
in the aliphatic side chain. The experimental conditions determine which portion
of the molecule aromatic or aliphatic is attacked, and each portion of the
molecule modifies the reactions of the other portion.

1. Hydrogenation.

@cri,(:l-l, b, MAN OCH;CH;

Ethylbenzene Ethyleyclohexane

2. Oxidation

CH,CHy;  KMn0 COOH (+C0y)
O™ " sz O
ot dil. NO,)

Ethylbenzene Benzoic acid



3. Substitution in the ring. Electrophilic aromatic substitution

CHj; CHj
HNO,, H,SO, @Noz - @
NO;
o-Nitrotoluene p-Nitrotoluene
Chief products
CHj3; CH;

H,S0., SO, @SO L

CHJ SosH R: ac’?ua".'
o-Toluenesulfonic p-Toluenesulfonic and directs
— acid acid ortho, para
Toluene H; "Hj
CH;X, AICL CH
| —— } and
CH;4
o-Xylene p-Xylene
Temperature may affect orientation
CH; CH;
x;, Fex, x
X = CI, Br * and
X

Halogenation of alkylbenzenes: ring vs. side chain

Alkylbenzenes clearly offer two main areas to attack by halogens: the ring and
the side chain. We can control the position of attack simply by choosing the
proper reaction conditions. Halogenation of alkanes requires conditions under
which halogen atoms are formed, that is, high temperature or light.
Halogenation of benzene, on the other hand, involves transfer of positive
halogen, which is promoted by acid catalysts like ferric chloride

CH, + Cl, —==2%__, CH,C1 + HC

FeCl, , cold
Cey + Cly —=u8M_, .04+ HO
H 3/"\(‘ - Atom: attacks side chain
Ct+ lon: attucks ring



We might expect that the position of attack in toluene would be governed by
which attacking particle is involved, and therefore by the conditions employed.
If chlorine is bubbled into boiling toluene that is exposed to ultraviolet light,
substitution occurs 12 almost exclusively in the side chain; in the absence of
light and in the presence of ferric chloride, substitution occurs mostly in the
ring.

Like nitration and sulfonation, ring halogenation yields chiefly the o- and p-
isomers. Similar results are obtained with other alkylbenzenes, and with
bromine as well as chlorine

Hj; Hj Hj
O Cly, Fe, or FeCly Cl Zhia
1
Toluene o-Chlorotoluenc p-Chlorotoluene

58%. 42%




Questions after the lecture doant) Adic
Q1: Fill in the blanks to complete the meaning of the following sentences:

1-Arenes, also known as hydrocarbons, contain both aliphatic and
aromatic units in their structures.

2- The boiling points of alkyl benzenes increase with molecular
weight, typically rising by 20-30°C for each additional carbon atom

3- Friedel-Crafts alkylation is a method used for the attachment of
groups to benzene rings

4- Under conditions involving chlorine and ultraviolet light, halogenation of

toluene primarily occurs in the chain
5- chloride acts as an acid catalyst promoting the ring halogenation
of alkylbenzenes

Q2: Answer True or False of the following sentences:
1-Alkyl benzenes are typically soluble in water due to their low polarity.

2-The boiling points of alkyl benzenes decrease as the molecular weight
increases.

3- Among isomeric disubstituted benzenes, the ortho (o-) isomer generally melts
considerably higher than the para (p-) isomer.

4- Friedel-Crafts alkylation is a method used to attach alkyl groups to benzene
rings.

5- Halogenation of toluene predominantly occurs in the ring when chlorine is
bubbled into boiling toluene exposed to ultraviolet light.

6- Ferric chloride is an acid catalyst that promotes the ring halogenation of
alkylbenzenes.
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Q1: Choose the correct answer for the following sentences:

1- Alkyl halides are compounds in which one or more hydrogen atoms in

an alkane have been replaced by --------- atoms.
A- Cl, Br B- He,F C- Na,Cl
2- The carbon and halogen in compound Alkyl halide always share a -----
bond.
A- Single B- Double C- Triple
3- In ------- alkyl halides the carbon bonded to the halogen atom is only
attached to one other alkyl group.
A- Primary B- Secondary C- Tertiary
4- In ------- alkyl halides the carbon bonded with the halogen atom is

joined directly to two other alkyl groups.
A- Primary B- Secondary C- Tertiary

5- In a primary haloalkane, the carbon bonded to the halogen atom is
only attached to ----- other alkyl group.

A-one B- two C- three

6- Why are alkyl halides insoluble in water despite their polarity?

A. They lack hydrogen atoms  B. They are non-polar
C. The attraction between alkyl halide molecules is stronger than between
alkyl halide and water molecules

7- Which halogen compound is typically the most dense and has the highest
boiling point?

A. Fluoro compounds B. Chloro compounds C.lodo compounds

8-What factor contributes to the increasing boiling point order among alkyl
halides (F < Cl < Br<1)?

A. Molecular weight B. Number of carbon atoms
C. Degree of halogenation



Organic halogen compound

Compounds containing halogen atoms , F , Cl, Br, I are classified as 1°, 2°,
3° alkyl, benzyl , or alkynyl depending upon the organic group to which the
halogen is attached . Halogen atoms are considered substituent , not functional

groups , in naming organic compounds.

H]C\_\ H;C -\
CH:Cl _CH—Br H.C — C—I
H,C™ 1/
1°- methyl chloride  2°- isopropyl bromide 3°- tert-butyl iodide
chloromethane 2-bromopropane 2-iodo-2-methyl propane

F CH:Cl1
@ H-—C=C—1

Fluorobenzene Benzyl chloride
aryl a-chlorotoluene

benzyl

Iodo acetylene
alkynyl

Applications

Both carbon tetrachloride CCl4 and trichloroethylene CHCI = CCl: are used
in the dry cleaning industry fats, greases are soluble in these nonpolar solvents.
Carbon tetrachloride is also used in fire extinguishers but may generate

phosgene COCI:z an extremely toxic gas , if used in conjunction with water.

A
cCl, + H,0 » COCL, + 2HCI

Ethyl chloride, CH3CH2Cl is used as a local anesthetic. Chloroform CHCIls has
been used as an anesthetic but is extremely toxic. lodoform CHIsis used as an

antiseptic and has a characteristic odor



Alkyl halides

Alkyl halides are also known as haloalkanes. Alkyl halides are compounds in
which one or more hydrogen atoms in an alkane have been replaced by halogen
atoms (fluorine, chlorine, bromine or iodine).

Cl
I
CH3-CHa-1 CH3-CH-CH3 CH3-CH-CHa-Br
I
CHsz
iodoethane 2-chloropropane 1-bromo-2-methylpropane

Classified of Alkyl halides

Alkyl halides fall into different classes depending on how the halogen atom is
positioned on the chain of carbon atoms. Alkyl halides can be classified as
primary, secondary, or tertiary. The carbon and halogen always share a single
bond. Alkyl halide classification is determined by the bonding pattern of the
carbon atom bonded to the halogen as shown in the diagram below.

?
I -
?_?_25‘:

rd 7
/'-'

-
Alkyl hahde classification is determined by
the carbon bonded to the halogen

1-Primary alkyl halides
In a primary (1°) haloalkane, the carbon bonded to the halogen atom is only

attached to one other alkyl group. Some examples of primary alkyl halides
include thecompounds below.

ZHz — CHa2—Br CHsCHa—CHa2—C| CH3IZ|3H—GH2—I
CHsg



2-Secondary alkyl halides:

In a secondary (2°) haloalkane, the carbon bonded with the halogen atom is
joined directly to two other alkyl groups that can be the same or different. Some
examples of secondary alkyl halides include thecompounds below.

CHg—(llH—CHS CHg—(llH—CHECHg
Br i

3-Tertiary alkyl halides:
In a tertiary (3°) halogenoalkane, the carbon atom holding the halogen is

attached directly to three alkyl groups, which may be any combination of same
or different. Some examples of tertiary alkyl halides include thecompounds

below.
CHz I|ZH3
CH3—(|:—CH3 CH3—(|}—CH2CH3
Br i
Nomenclature:

Nomenclature According to IUPAC, alkyl halides are treated as alkanes with a
halogen (Halo-) substituent. The halogen prefixes are Fluoro-, Chloro-,
Bromo- and Iodo-. Examples:

CH;CH, Cl1 CH;CH, F CH;CH,CH,CH,Cl

Chloroethane Fluoroethane 1-chlorobutane

Physical properties:

1- Alkyl halides have higher boiling point than alkane of the number of carbon
because the greater M.wt., Also iodide compound have higher b.p than Br >
CI>F

2- Alkyl halides insoluble in water in spite of their polarity soluble in most
organic solvent. The attraction between the alkyl halide molecules is stronger
than the attraction between the alkyl halide and water. Iodo , bromo, poly
chloro compound are more dense than water .



Preparation of Alkyl Halides :

Numerous ways to make alkyl halides.
1- Halogenation

Free Radical Halogenation Usually this method gives mixtures of mono-, di-
, tri- etc halogenated compounds, which is considered an inefficient method
for the synthesis of a desired compound. Consider propane:

h y
HiC—CH-CH, + Cl, —— CHy=CH-CH,Cl + CH3CHCI-CH
CH3-CH,-CHCI, +CH4-CCl,-CH; and others

CH3 C|>H3
H;C—C ——CHsz + 11,0 E— H;C—C——CHz + HBr
|
Br OH

—C=C— + HX ——= —C—C— + HX=HCLHBrHI

no peroxides o i | |
CH;CHBrCH 3 Markonikov's addition CH;—C—C—H

I|l lll 2- bromo propane Br H
CH,—C=C—H . HBr | or isopropylbromide

CH,;CH,CH,Br H H

oxides | |
ey |-bromo propanc - anti Markonikev's  CH;—C—C—H
oF IprOpYDIOMICE addition a L
3- Addition of halogens to alkenes and alkynes:
| xa | ] ax T3
— << - c— —c=—c—— ——— =™ —Cc—C——
LI 1 1
Cl Cl
]
CH,-CH;-C=C-H + Cl—~ CH;- CHz—(IT: (F -H + Ch—a CH,- CHz- (Ij_ (I: _H
Cl Cl Cl cl
1-butyne 1,2-dichlorobutene  1,1,2,2-tetrachlorobutane

4- Addition of hydrogen halide to alcohol

Reaction alcohol with hydrogen halide some time the reaction require catalyst




for least reactive hydrogen halide with 1° and 2° alcohol:

HX or PX3

R OH —— R——X
con.HBr
CH;CH,CH,OH —————— =  CH3;CH,CH,Br
n-Propyl alcohol n-Propyl bromide
P+ 1
CH;CH,OH — 2 e CH;CHL,I
Ethyl alcohol Ethyl iodide

Reactions of Alkyl Halides:

1-Nucleophilic substitution

Halide ion is weak base, so readily displaced by other stronger bases

CH; CHs
H;C—C—~CH; + H,0 — H,C—C—CH; +HBr
Br OH

2- Elimination reaction:

Secondary and tertiary alkyl halides prefer elimination reactions with hot
bases, and the alkyl halide HX molecule is removed from two adjacent
carbons, producing the alkene.

Cl
3- Preparation of Grignard reagents:

dry ether
RX + Mg — 3= RMgX

CH,CH,Cl + Mg —>» CH,CH,MgClI

4- Reduction : J)J33)

RX + M+ H® — 3 RH+M + X _

CH, CH; CH;

Mg l D,0
CH,CCl —»CH3(|3 MgCl —» CH3T D
| CH; CH;

CH,




Alkyl halide uses in pharmacy

Alkyl halides have several important uses in the pharmaceutical industry,

including:

1. Synthesis of Drugs: Alkyl halides serve as key intermediates in the
synthesis of various pharmaceuticals. They can be used in nucleophilic
substitution reactions to introduce alkyl groups into drug molecules.

2. Antimicrobial Agents: Some alkyl halides have antimicrobial properties
and are used in the development of antiseptics and disinfectants.

3. Anesthetic Agents: Certain alkyl halides are utilized in the formulation of
inhalation anesthetics due to their volatility and pharmacological effects.

4. Chemical Probes: Alkyl halides can be used as chemical probes in
research to study biological processes and molecular interactions.

5. Solvents and Reagents: They are often used as solvents or reagents in

laboratory synthesis and medicinal chemistry.

Overall, their reactivity and ability to modify molecular structures make alkyl

halides valuable in drug development and research.




Questions after the lecture doant) Adic

Q1: Starting from 1-butyne, prepare (1-butene and 1 -bromobutane)
Q2: Starting from 1-butyne, prepare (1- butene and 2-bromobutane)

Q3: What is the difference between Nucleophilic substitution and the
Elimination reaction of the alkyl halides, support your answer with
examples

Q4:Complete the following equations:

con. HEBEr
CH 3z CHCHOH —_—

n-Propwvl alcohaol

P 0
CHIC T, 0] 2

Ethwv]l alcohaol

QS5: Choose the correct answer of the following sentences
1- In a secondary haloalkane, the carbon bonded with the halogen atom is joined

directly to ------ other alkyl groups

A-One B-Two C- Three
2- Secondary and tertiary alkyl halides prefer ----------- reactions with
hot bases.
A- Elimination = B-Substitution C- Exchange

3- Alkyl halides have higher boiling point than alkane of the number of carbon
because the greater ------ .

A-Molecular weight B- Volume C-Weight

4- Alkyl halides insoluble in ----------- in spite of their polarity soluble in
most organic solvent.

A- Water B- Ethanol C- Methanol

5-Halides generally have higher boiling points compared to alkanes of the same
number of carbon atoms?

A. They have a lower molecular weight B. They are less polar
C. They have stronger intermolecular forces due to dipole-dipole interactions
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ALt At
Q1: Choose the correct answer for the following sentences
1- Alcohols are compounds of general formula--------- :
a- R-OH b- R=0OH c- R-O2H
2-In ------- Alcohols have one carbon atom directly attached to the carbinol
carbon.
a- Primary b- Secondary c- Tertiary
3-In ------- Alcohols have two carbon atom directly attached to the carbinol
carbon.
a- Primary b- Secondary c- Tertiary
4- In a primary Alcohols, the OH directly attached to the carbinol carbon with --
--- alkyl group.
a-one b- two c- three

5- In a secondary Alcohols, the OH directly attached to the carbinol carbon with

-- alkyl group.
a-one b- two c- three
6- Alcohols posses high boiling points due to ---------- bonding.
a- hydrogen b-ionic c-coordinate

7- The boiling points in Alcohols increases with increasing ------ :
a-Molecular weight b- Volume c-Weight

8- The first three primary alcohols (C;-Cz)are miscible with ------ ,because of
their ability to form hydrogen bonds.

a- Water b- Ethanol c- Methanol
9- The first three primary alcohols (C;-Cj)are ------- with water ,
a- miscible b- non miscible c- insoluble

10-Alcohols are compounds of general formula--------- :

a- CnH2n+1O b- CnHZnO C- CnHZn—ZO



Alcohols (C,Hn::0)
Alcohols are compounds of general formula R-OH ,where R is alkyl or
substiuted alkyl group , R may be 1°,2° ,3° alochols .It may be open chain or
cyclic , it may contain adouble bond ,a halogen atom or any aromatic ring .

1 = 3 < = 1
CI—Ig(?I—I—CH=CH2 CIJH;--(ICHQ
OFL <1 OFEXL
3 -butene-2-0l 2 chloro ethhanol
OH ‘(?HB
C:‘I—Ig—('l_?—CI—Ig
OEL
Cyvclohexanol Z-methyl - 2-propanol

Classification of Alcohols :

Alcohol are classified into three different types depending on the nuber of
carbon atoms that are attached to the carbinol carbon (or alcoholic).

The carbinol carbon is the carbon that holds the — OH group.

—C—O0OH

N

carbinol carbon

1- Aprimary alcohols (1°) have one carbon atom directly attached to the
carbinol carbon .The general formula for primary 1° alcohols is :

H H | H H H H| H
R—C——CH H—':|3——t|3—OH H—é—(|3—t|3—(|3—DH
T

primary 1% alcohols ethanol 1-butanol

2-Secondary alcohols (2°) have two carbon atom directly bonded to the
carbinol carbon :




2-pentariol

3- Tertiaary alcohols (3°) have threecarbon atom directly attached to the
carbinol carbon :

]

B
CHs
R ——C— O =
R\ ZH

where B . R' and BR" = C groups

Nomenclature :

For the simpler alcohols the common names are most often used .These
consist simply othe name of the alkyl group followed by the word alcohol.

ex: CH;CH;OH CHs—tFH—CHs CH-(HOH
OH CH:
ethyl alcohol Isopropy!l alcchol Isopropyl alcohol
or 1sopropanal
CHz
| OH
CH:—-CHCH;OH OH

Isobutyl alechol
or izobutanol cyclo hexyl alcohol cyelo pentyl aleohal

This method can be used only used only for simple alcohols .

more complex alcohols are named accord to IUPAC rules.These rules are :

1-Select the longest continuous carbon chain that contains the - OH group
,the ending "-e

"

of the name of the parent alkane ,alkene ,or alkyne is




replaced by "-OlI".The position of the hydroxyl group,side chains,are
indicated by the lowest possible arabic numerals:

4 3 2 1 1 2 3
CH:—CHx— (le— CH: CH:— (le— CH-
OH OH
2- butanol 2- propanol

A main functional group of alcohols ,the hydroxyl group takes preference in
getting the lower numbers double or triple bonds :

3 = = 1
CEL, CH—IICH— CHE=
OFEL
Z-butene-2-ol

2- when another substituent is present specify its position on the chain by
a number and name the substituent .The position of the (-OH)group is
always at the end of the names :

& 5 4 3 2 1 5
CH:;CH>- (IZH—CHg -CH-CHz é}h—%HCHzCIHzDH
I
(I3H1 OH Cl
CHs
4-ethyl-2-hexanol i-chloro-1-pentanol

3- If several substituents are present ,follow rule (2) and list the susbstituents
alphabetically :

o 5 4 = =2 1
CH3—(|3H—CH—(I3H —(I__:H— CH=
|
CH= Br 1 OH

4-br0mo-3-c_hlor0 -5-methyl-2-hexanol

4- When two or three hydroxyl groups are present ,the suffix "-diol" or
"triol" is added to the name of the parent alkane , alkene or alkyne :

OH
4 3 2 1 1 3 3 q 5
CHE—(FHCHECHEC'H HO-CH;-CH-CH-CH—CH;
OH CHs-
1,3- butane diol 2-methyl-3-pentene-1,2-diol
3 =2 1
CH3—(|3H— (|3H.2 (le.z— (le—(lez
OH OH OH OH OH
1,2 -propanediol 1,2,3 propanetrial



Physical properties of alcohols:

1- Alcohols posses high boiling points due to hydrogen bonding.

¢ The boiling points increases with increasing carbon number (M.Wt).
CH;CH,0OH > CH;0OH

¢ branching decrease the boiling points of alchols .
CH,

|
b.p CH;CH;CH,CH,CH;0H > b-p CHg-F-CHgOH
CH,

2- The first three primary alcohols (C;-Cs)are miscible with water ,because
of their ability to form hydrogen bonds with the water molecules .

H — D '5 3 -
H_C‘) """" H _? """ H _C‘) """" H _? """ water molecules ~ F1 v O — 1
i |
H H R
hydrogen honds alcolo]l molecules

Preparation of Alcohols :

1- Hydration of Alkenes :

Addition of sulphuric acid to an alkene and subseguent decomposition of the
addition product with steam :

H H

H H
>c=c<+ H2804——w H—C|—C:+ H20— (CHyCH,OH +H2504
+ - 4.

H H H 0SOsH H H OH
H :
ethene . ﬁ
HO=S=0H
CH;

I
K30, i H0 | 0
HaC=CH=CHy —b HZC_T_EHJ e Hyl = 1_“3 t H2304

propene H 0S0:H Slllphlll'ic acid

OH



2- Hydroboration :

Addition of diborane to an alkene (hydroboration)followed by oxidation of
the addition product with hydrogen peroxide :

(BH3)2 Hz 02

CH;CH=CH; CH;CH-CH,O0H
OH~ 1!1
propylene n-propyl alcohol(1%)
CH;
| (BH3), H,0 G
CH,CH=C-CH, 272 - B —C—Ela
OH"™ ! I
OH H
2-methyl-2-butene 3-methyl-2-butanol (2°)

Reactions of alcohols :

1- Reactions with hydrogen halides :

— + —

R-OH + HX R-X +H,0

Examples :
HC1
CH,CH;CH,;CH,CH,O0H ——— CH;CH,CH,CH;CH,Cl + H;O
ZnCl; / heat
n-pentyl alechol n-pentyl chlornde
con. HBr

HyC —CH—CH, HyC—CH—CH;3 + H;0

OH ér
Lso-propyt aleahol Isa- propyl bromide

2- Dehydration:

In this reaction ,a molecule of water is eliminated from an alcohol molecule
by heating the alcohol in the presence of a strong mineral acid , A double
bond forms between the adjacent carbon atoms that lost the hydrogen ion
and hydroxide group




| I acid | l
S C_.T ~—C=—C— + H20
U ¥
H,S0,
CH;CH,CHCH, ~ CH;CH=CHCH; + CH;CH,CH=CH,
eat
H 2-butene 1-butene
2-butanol major product
CH,CH=CHCH; CH,CH,CH=CH,
RC=CR RC=CH,
H H H
OH
Obsa-2 O sa-1
H2S04 /41203 O aplas e 2Led SN aaalae (0 1 L6
250° B Aa 53 30l 3 el s il h}“)‘“ 3 yual JP
el g s 055y Ul z st 58
cyclohexanol cyclohexene

Alcohols usea in pharmacy

Alcohols, which are organic compounds characterized by the presence of a
hydroxyl (-OH) group attached to a carbon atom, have diverse uses in

pharmacy. Some of the key applications include:

1. Antiseptics and Disinfectants: Alcohols such as ethanol (ethyl alcohol)
and isopropyl alcohol (isopropanol) are widely used as antiseptics and
disinfectants. They are effective against a broad spectrum of
microorganisms and are commonly used to sterilize surfaces, medical
instruments, and skin before injections or surgeries.

2. Solvents: Alcohols serve as versatile solvents in pharmaceutical
formulations. Ethanol, for example, is used to dissolve active ingredients
and other components in liquid formulations such as syrups, elixirs, and
oral solutions. Isopropyl alcohol is also used as a solvent in certain
formulations and for cleaning purposes in pharmaceutical facilities.

3. Cosolvents: Alcohols are often used as solvents in injectable
formulations to improve solubility of drugs that are poorly soluble in
water. They can help enhance the bioavailability of drugs and ensure
uniform distribution of active ingredients.

4. Preservatives: Certain alcohols, such as benzyl alcohol and phenylethyl

alcohol, are used as preservatives in pharmaceutical preparations. They




help prevent microbial growth and extend the shelf life of multi-dose
formulations like nasal sprays and topical solutions.

5. Tinctures and Extracts: Alcoholic solutions (tinctures) are commonly
used to extract and preserve active compounds from medicinal plants.
These tinctures are used in herbal medicine and homeopathy.

6. Excipients: Alcohols like glycerol (glycerin) and propylene glycol are
used as excipients in various pharmaceutical formulations. Glycerin is a
common component in ointments, creams, and suppositories due to its
moisturizing and emollient properties. Propylene glycol is used as a
solvent, humectant, and stabilizer in oral, topical, and injectable
formulations.

7. Denaturants:Ethanol is sometimes used as a denaturant in
pharmaceutical preparations to render them unfit for consumption,

especially in products like rubbing alcohol or certain topical solutions.

These applications demonstrate the importance of alcohols in pharmaceutical

science, where they contribute significantly to formulation stability, efficacy,

and safety.




Questions after the lecture doant) Adic

Q1: Enumerate of method to prepare alcohols, giving an example for each
method

Q2: Enumerate of types of alcohols, giving an example for each

Q3: Fill in the blanks to complete the meaning of the following sentences:

1-Alcohols possess high boiling points due to bonding
2-The boiling points of alcohols increase with increasing
3-Branching in alcohols tends to the boiling points.

4- of alkenes involves addition of sulfuric acid followed by
decomposition of the addition product with steam.

5- is a process where diborane is added to an alkene followed by
oxidation of the addition product with hydrogen peroxide.

6-In the dehydration of alcohols, a molecule of water is eliminated to form
between the adjacent carbon atoms.

7-The first three primary alcohols (C1-C3) are miscible with water due to their
ability to form with the water molecules.

Q4: Answer True or False of the following sentences:

1-Alcohols have low boiling points because they lack intermolecular forces.

2-Branching in alcohols increases their boiling points.

3-Hydration of alkenes involves the addition of water to form alcohols.

4-Hydroboration is a process where alcohols are converted to alkenes by
removing water.

5-Dehydration of alcohols results in the formation of a double bond between
adjacent carbon atoms.

6-Primary alcohols (C1-C3) are generally soluble in water due to their ability to
form hydrogen bonds with water molecules.
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Q1: Choose the correct answer for the following sentences
1-General formula for phenol is ----------- :
A-C¢HeO  B-C¢H¢OH  C- CsHqO
2 -The ------- acid is another name for a phenol compound
A-Carbolic B- picric C- Carbonic
3- Phenol is produced synthetically industrially from a compound----------- :
A-Chlorobenzene B- Cumene C- Benzene

4- Phenol reacts with dilute nitric acid at low temperatures to give a mixture

of ------------- form
A- meta and para B- ortho and para  C- ortho and meta
5- Phenol reacts with concentrated nitric acid to produce ---------- acid.
A- picric B-Carbolic C-Carbonic
6-Phenol reacts with concentrated sulfuric acid to give an ortho-form at ------
temperatures
A- low B- high c- middle

7-Phenol reacts with concentrated sulfuric acid to give a para-form at -----
temperatures

A- low B- high c- middle




Phenols

Organic compounds whose molecules are characterized by the presence of a
hydroxyl group attached directly to a benzene ring,It is considered
hydroxylated derivatives of aromatic hydrocarbons

Nomenclature:

Phenols are named as derivatives of the phenol compound, following the rules
for naming benzene, Examples

OH
OH
OH OsM NO5 OH
MNO5 CHs
MO,

Benzenol
Phenol 2-Nitre phenol 2.4.6-Trinitro phenol 2-Methyl phenol
[Carbolic acid ] [o-Mitro phenol] [ Picric acid ] [o-Cresol]

Classification of Phenols
Phenols are classified according to the number of hydroxyl groups into:
1- Monohydroxy phenols

They are phenols that contain only one hydroxyl group, such as:

H OH

1 1

6 2 O zN 2 N Hz
6

5! 3 5 3

4 4

HN—CH; NO,
2.4-Diamino phenol 4-(N-Methyl amino) phenol 2-Amino-4,6-dinitro phenol

2- Dihydroxyl phenols

Its molecules contain two hydroxyl groups such as

OH
OH OH
1? 2 OH ©\
OH
H

2-Hydroxy phenol

or 1.2-Benzenediol Hydroquinone
[Catechol] [Resorcinol] [ or Quinol ]
Jen gy Jesils O g5 h JeS (shgs g
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3-Trihydroxyl phenols

H OH
1 ¥
s 5 " - OH
S 3 3
=1
OH HO 4 OH P OH
1,2, 4-Trihydroxy benzene 1.3,5-Trihydroxy benzene 1,2 3-Trihydroxy benzene

Physical properties of phenols

1-Boiling point

Phenols have high boiling points due to their ability to form hydrogen bonds
between their molecules, and compared to the alcohols corresponding to them in
molecular weight, we find that the boiling points of phenols are higher due to
the phenyl ring, which withdraws electrons, which increases the polarization of
the OH bond in the hydroxyl group, so hydrogen bonds are stronger than those
formed by alcohols An example of this is phenol and cyclohexanol, which have
boiling points of 182°C and 161.5°C, respectively.

OH OH
Phenol Cyclohexanal

0182 »°161.8
2- Solubility :

Phenols have low solubility in water because their carbon structure contains at
least six carbon atoms. The solubility of phenols increases by increasing the
hydroxyl groups on the ring. The solubility of phenol is: 9.3 g/100ml H,O and
the solubility of catechol: 45

g/100ml H,O

OH OH

©/0n

Fhenol Catechol

Preparation of phenol

1- Addition of sodium hydroxide to Chlorobenzene
Phenol is prepared industrially from chlorobenzene according to the
following Dow_process:




Cl O™ Na OH
NaOH , 360°C HCI
Pressure

chlorobenzene Sodium phenolate phenol

2- Cumene

Most phenol is present time made from cumene, where cumene is treated with
acid in atmospheric air at high temperatures.

|
CHzC-CH, CHyGC—CH, OH

Oz H+ 7
A’ —HO" + H3(:—ll—t:;H3

Cumene Cumene hydroperoxide Phenol Acetone

3- Benzene

It is prepared from benzene by converting it to sodium benzene sulfonate, then
melting it with alkali and treating it with hydrochloric acid as follows:

SO, Na'

OH
@ NaOH @ NaOH , 350°C
H?_SC_}JI- Ff)" HCI
Benzene sulfonic aciud Sodium benzens
sulfonate

4- Ethers

Catechol is prepared from 2-Methoxy phenol as follows

OH H

HEr + CH4Br

2-Methoxy phenol Catechol
Ractions of Phenols

Electrophilic substitution reactions

1- Halogenation
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Phenol reacts with bromine in an aqueous solution(H,O) polar solvent gives a
three-substituted phenol

oOH
Br Br

HaO
+3Bra——  » + 3HBr

When the reaction is carried out using a non-polar solvent such as chloroform,
a mixture of para and ortho forms is produced

OH
CHClz
@ +2 Brzapcularﬁnlvenl ©/ ? + 2HBr

Phenol reacts with dilute nitric acid at low temperatures to give a mixture of

2- Nitration

ortho and para form, and it reacts with concentrated acid to produce picric acid.

OH
dlh.ne
+ HNO; ———— + H20

OH OH
OLN NO,
conc.
+ NGy — + H>O
NO.
picric acid

3- Sulfonation:

Phenol reacts with concentrated sulfuric acid to give an ortho-form at low
temperatures and a para-form at high temperatures.

OH

SO H
259C
OH
HoSOy
Comc.
OH

100C

A /150,
Tone

SO4H
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4- Hydrogenation

The aromatic ring is hydrogenated by using rhodium with carbon as a catalyst in
the presence of hydrogen gas.

OH OH

Ho | ethanol
1 atmn , 25°9C
(Rh{C)
(CH3) C(CHz)=

phenols usea in pharmacy

Phenols, which are aromatic compounds characterized by a hydroxyl (-OH)
group attached directly to a benzene ring, have several important uses in

pharmacy:

1. Antiseptics and Disinfectants: Phenol itself and its derivatives, such as
chloroxylenol (used in Dettol), have strong antiseptic properties. They are
used in solutions for disinfecting skin and wounds, as well as in surgical
scrubs and sanitizing solutions.

2. Preservatives: Some phenolic compounds, like thymol and phenol itself,
are used as preservatives in pharmaceutical formulations. They help
prevent microbial growth and extend the shelf life of multi-dose
preparations like oral syrups and nasal sprays.

3. Topical Antimicrobials: Phenolic compounds are used in topical
preparations to treat skin infections and conditions such as acne. They
possess both antibacterial and antifungal properties, making them
effective against a wide range of pathogens.

4. Local Anesthetics: Some phenolic compounds, such as phenol
derivatives like cresols, have local anesthetic properties. They can be
used topically to numb minor skin irritations and relieve pain.

5. Antioxidants: Phenolic compounds like alpha-tocopherol (vitamin E) are

used as antioxidants in pharmaceutical formulations. They help protect

Y &



drugs and other ingredients from oxidative degradation, thereby
maintaining their stability and efficacy.

6. Expectorants: Certain phenolic compounds, such as guaifenesin (a
derivative of guaiacol), are used as expectorants in cough and cold
preparations. They help loosen mucus and facilitate its removal from the
respiratory tract.

7. Antioxidant Preservatives: Phenolic antioxidants like butylated
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are used as
preservatives in pharmaceuticals to prevent oxidation of active
ingredients and extend shelf life.

8. Anti-inflammatory Agents: Some phenolic compounds exhibit anti-
inflammatory properties and are used in formulations for treating

inflammatory conditions, such as arthritis and dermatitis.

These diverse applications highlight the significance of phenolic compounds in

pharmaceuticals, where they contribute to antimicrobial efficacy, formulation

stability, and therapeutic benefits.
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Questions after the lecture dgannt) dliny)
Q1: Fill in the blanks to complete the meaning of the following sentences:

1-Phenols have high boiling points due to their ability to form
between their molecules.

2- The phenyl ring in phenols withdraws electrons, increasing the of
the OH bond in the hydroxyl group

3- Phenols typically have solubility in water due to their carbon
structure containing at least six carbon atoms.

4- The solubility of phenols can be increased by adding more
groups on the ring.

5- The solubility of phenol in water is approximately g/100ml H,O.

6-Catechol, with a solubility of g/100ml H,O, demonstrates higher
solubility than phenol due to its structure.

Q1: Starting from cumene, prepare phenol
Q2: Starting from benzene, prepare phenol

Q3: Enumerate of method to prepare phenol and its derivatives, giving an
example for each method.

Q4: Enumerate of types of phenol, giving an example for each.

QS5: What is the result of reacts bromine Br, with phenol in an aqueous
solution (H,O) and a non-polar solvent (chloroform) Support your
answer with equations.

Q6: What is the difference between the reaction of phenol with diluted and
concentrated nitric acid? Support your answer with equations.

Q7: What is the difference between the reaction of phenol with sulfuric acid
at low and high temperatures? Support your answer with equations

Q8: What is the result of reacts 2-hydroxy benzensulfonic with
concentrated sulfuric acid at high temperatures.
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