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ORGANIC CHEMISTRY

» Organic chemistry is very important branch of chemistry and it study
the compounds which contain carbon (C) and hydrogen (H), in
general, and may contains other atoms such as oxygen (O),
nitrogen (N), sulfur (S),...etc.

Classification of organic compounds

—

allphatlo compounds

Allphlatlc Arorriatio

j ()
Alkane Alkene Alkyne | ~—— o AR

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ ne Cyclohexane
F E CHHQH"'Z CHHQH CHH2ﬂ
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‘DRAWING ORGANIC MOLECULES

Molecular formulae: A molecular formula simply counts the numbers of
each sort of atom present in the molecule, but tells you nothing about
the way they are joined together.

Example:
the molecular formula of butane is C,H,,, and the molecular formula of
ethanol is C,HO.

Structural formulae: A structural formula shows how the various
atoms are bonded.

Example:
ethanoic acid would be shown in a fully displayed form and a
simplified form as:

H
| _-___":-"'l::l .d-__:.'-'--"[::l
H_C_C:'x C:HE—CE
! O —H H




« Skeletal formulae: all the hydrogen atoms are removed from
carbon chains, leaving just a carbon skeleton with functional groups
attached to it.

« Example:

* butan-2-ol Cyclohexane, C4H,»
NN CH?

Chs—CH—Cho—Chs Y N\ Cha  CH
OH | |
OH CHz  CH

CHa

cyclohexans

STRUCTURAL ISOMERISM:

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

Types of structural isomerism

(A) Chain isomerism: due to possibility of branching in carbon chains.

Example: m %

there are two isomers of

B bUtane, C4H1 O ~Hs3
=3 Wl | 4
Fﬁ “Hz—CHa—CHy—CH3 Hy—CH—1CH:
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(B) Position isomerism: the basic carbon skeleton
remains unchanged, but important groups are moved
around on that skeleton.

Example: CH3—CHz—CHa—Er CH3—CH—CH;3

there are two structural isomers 'E“,

with the molecular formula C;H-Br.

1-Brormopropa ne 2-Drormopropa ne

Functional group isomerism

The isomers contain different functional groups, and they belong to
different families of compounds

Example

molecular formula C4H;O could be either propanal (an aldehyde)
or propanone (a ketone).

e 3
CH3—CHa—C" c=0
" /
CHz
= ropanal 5
| F = propanone




Aliphatic hydrocarbons

 Alkanes:

« they are saturated hydrocarbons, because all the carbon
atoms are bonded with 4 single covalent bonds.

« General formula: C H,,.,

Bonding in Alkanes

So, alkane (four single bonds) have
sp3 hybridization, where four sp3
orbitals are produced which can
form sigma (o) bonds, with an angle
of 109228’ between bonds.

=
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Nomenclature:a chemical name has three
parts:

prefix, parent, and

prefix: Tells #, types & where side groups
attached

parent: Tells # of Cs in longest continuous
chain

. Tells which functional group is present

Straight chain alkanes are named by counting
the number of carbon atoms in the longest chain
and adding the suffix -ane.



Number Compourdl Alkane Application
of carbon T e

1 [Meth)] CHa methane | found in natural gas

3 (Prop) CaHs propane | heating and barbecues

T [Hept CrHi g heptane | part of gasoline
o
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How to nhame open chain compounds?

 To name alkanes and any other organic compounds:

6 (_I‘,H3
5 (i“,|—|2
4 CH,
CHs; - CH, - CH - CH. - CH;
3 N 2

ethyl hexane

« 1. Find the longest continuous chain of carbon atoms; this is a
hexane (6 crabo atoms).

« 2. Alkane groups as substituent’s are named as follows:

« -CH3 methyl
« -CH2CH3 ethyl
« -CH2CH2CH3 propyl

« 3. Number the long chain so that the substituents are at the lowest
numbers,and the substituent at carbon number 3.

FE The name for this alkane is: 3-ethylhexane

U vemltyCI stry
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Draw the structures for n-butane and isobutene
n-butane
n means normal chain (straight), and but means 4 carbon atoms.

put 4 carbon atoms beside each other and make each one connected
to 4 single bonds:

isobutane

iIso means branched chain, and but means 4 carbon atoms.

put 3 carbon atoms beside each other and connect the forth C atom
to the middle carbon, and make each one connected to 4 single
bonds:

CH;
CH, - CH - CH,

A

= 10
F=




Aliphatic hydrocarbons

» Alkenes:
« Alkenes are unsaturated hydrocarbons (contain at least
one C=C double bond)

 General formula: CH Cata ethene (ethylene)
n"72n CsHg propene (propylene)
‘Naming Alkenes: count the number of the s butene
carbon atoms in the longest chain, and add C=C.C.C C.C=C.C
the suffix -ene at the end. NS %
cis-trans isomerism 1-butene 2-butene

Alkenes have two different geometrical isomerism, cis and trans.

H5C ~CH H CH
Sc=c Sc=c
H H H,C H
A=) cis-2-butene trans-2-butene "



Bonding in alkene

In alkene (one double bond and two single bonds)
have sp? hybridization, where three sp? orbitals are
produced which can form three sigma (o) bonds, with
an angle of 120° between bonds, and one pi (1) bond
from the pure p orbitals.

bond formed by
sp2-s overlap

bond formed by
sp2—sp? overlap

(a) {b)

b2 -
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Aliphatic hydrocarbons
« Alkynes:

« Alkynes are unsaturated hydrocarbons (contain at least
one C=C triple bond)
« General formula: C H,,

Naming Alkynes: count the number of the carbon atoms in the longest
chain, and add the suffix -yne at the end.

C,H, Cc=C ethyne (acetylene)
CH, Cc-c=cC propyne
C,Hg c—Cc=Cc-C butyne




Bonding in alkyne

In alkyne (one triple bond and one single bonds)
have sp hybridization, where two sp orbitals are
produced which can form two sigma (o) bonds, with
an angle of 180° between bonds, and two pi (m)
bond from the pure p orbitals.

o bond formed by
sp-s overlap

6 bond formed by
sp—sp overlap

(a) (b)

FE 14
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H H

T c=C

—C—C— — — —C=C— F

c-6— —e=C— —eme— | STy
H H F_Ex
alkane alkene alkyne H H
phenyl
! ki 4 ]
—C— —C— —C—  —C-0—C—
| | | | |
alkyl halide amine alcohol ethel

{(X=F, Cl, Br, I}

i P P i
—C—H c C—OH —C-—0—-C— —C—NH;
aldehyde ketone carboxylic estel | amide

acid

F=
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Aromatic Hydrocarbons and their Nomenclature

Benzene is the most common aromatic parent structure

ﬁl '0-0

C —C—H
The benzene ring is named as a phenyl
group when it is a substituent. phenylethyns Y
ortho
Multiple substituent's on a benzene ring:
1,2-dichlorobenzene 1,3-dichlorobenzene 1,4-dichlorobenzene
Cl Cl Cl
Cl meta
©/ ©\C para
A ”
. m ortho o-dichlorobenzene meta m-dichlorobenzene parap-dichlorobenzene
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Some common names involving benzene rings

CH
3 Gh T CHy-CH. -
@ @/CHS CHQ_ CH= CH2

benzyl group styrene

toluene ortho-xylene
polystyrene

Biphenyl: involve two benzene 3
rings bonds together and follow “
the numbering system.

2.3 -dimethylb iphenyl

Polycyclic aromatic

hydrocarbons, which

contains fused benzene

rin gs naphthalene anthracene phenanthrene

= 17
E=
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Number of bonds

For each single bond count one sigma
bond, for each double bond count one
sigma bond and one pi bond, and finally
for each triple bond count one sigma bond
and two pi bonds.

Name the following compounds and count the total
number of bonds:

The longest chain contains 8 carbons, so it is
CH,CH, oct
| All single bonds, so it is octane
CH,CH,CH,CH,CHCHCH,CH; Ethyl branch at carbon number 4, and methyl
branch at carbon nhumber 3, so its name is: 4-
CH, ethyl- 3- methyl-octane
Fm Bond: all are single bonds, 34 sigma bonds.



The longest chain contains 5 carbons, so it is pent

CH, One double bond = at carbon number 2, so it is 2-

| pentene.

CH,CHCH=CHCH;  Methyl branch at carbon number 4, so its name is:

4-methyl-2-pentene
Bond: One double bond =, counts as 1 sigma and
1 pi, 16 other single (sigma). 17 sigma and 1 pi
bond, so the total number of bonds is 18.

CH. The longest chain contains 8 carbons, so it
| ) is oct
CH,CH,C=CCH,CH,CHCH, _One triple bond = at carbon number 3, so it
~ Is 3-octyne.
Methyl branch at carbon number 7, so its
name is: 7-methyl-3-octyne
Bond: One triple bond =, counts as 1 sigma
and 2 pi, 23 other single (sigma) bonds. 24
sigma and 2 pi bond, so the total number of
bonds is 26.

o 19
F=



Cl

It is benzene, with two chloro substitution at position 1, 2.
Its name is 1,2-dichlorobenzene or ortho- dichlorobenzene.

Bond: three double bond =, counts as 1 sigma and 1 pi, 9 other

single (sigma) bonds. 12 sigma and 3 pi bond, so the total number
of bonds is 15.

=
s ) 20
=



B H Methozgy
Ether ROR —=I 0= A—I——C2—E Dimethyl ether
= = methane
RNH o FOE
Amine Ez;NH 'Lll L I—I—C—Nf_ Methanamine Methylamine
EzM r E
E C
o] D ,
Aldehyde _ —J“—I-' o oz CI Ethanal Acetaldehyde
I—C—E = -
c - Tl
Ketone ﬂ A H—l—i——H Fropanone Acetone
I—"—F% | | | I
H H
0 T
Carboxylic Acid o b === Ethancic acid Acetic Acid
E—0_—0UH ——(0F -
. [j T m
Ester L T B _[-l_[-\_[L_ E—l—L_"—-:—-:'—H Methvl ethancate Methyl acetate
L = e
| 1 n
_ .
E _- - I'”'.lj — III i:|1 4
Amide L lL - l_l' s I f A Ethanarnide Acetamide
oo -, 1L -
J:l—i_li—_‘-ll:‘{j

=
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Family General Formula Functional Group Example IUFPAC Name Common Name
:II I
Alkane EH C-H and C-C bonds C CIZ c I Ethane ethane
o1
ECH=CH;
RCH=CHR 5 . L. Ethene or
— =
Alkene R.C-CHE /C C\ LT sthylene ethvlens
RQC= CR2
EC=CH _ - Ethyne or
Alkyne RO=CT —O=C— F=ii=0-- acetylene Acetylens
E
Mmooz T
Arene ArH Aromatic Ring _'Lq__j] Benzens Benzens
W=y
E
| ES E[f Brome
Haloalkane RX —o—X E—i— =3 Ethylbromide
[ im ethane
H H
I
Alcohol ROH If o7 = Jlj (S Ethanol Ethyl alcchel
H H

=
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Biochemistry

« Biochemistry is the chemistry of living organisms.

 ltis the application of chemistry to study the different biological
processes at the cellular and molecular level.

- In general, Chemistry deals with objects at the molecular scale and
the fundamental unit of living organisms is the cell (macroscopic
scale), so, consequently, biochemistry tries to span both of these

worlds (molecules and cells).

Basic Structures and Mechanisms
The basic structures of biochemistry are biomolecules, which are

molecules created by living organisms. There are four main

categories of biomolecules:

1) Proteins

2) Carbohydrates

3) Lipids

4) Nucleic Acids
B 23
| o



Proteins

« Proteins are macromolecules made up of amino acids. Amino acids:
consist of an amino group, a carboxyl group, a hydrogen atom and a

distinctive R group bonded to a carbon atom.

Amino acid (1) H Amino acid (2) H

Water
Dipeptide

b e
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There are twenty different types of side chains (20 amino acids).

14 ’ Vo ¥ o i
| il ) oo e s 1 4P
q H;M‘—;—c{’p H N'—tl‘.r—cfo Hau'—$—cfﬁ H;N'—(I:—cfa H;N—:I:—cfo_ u,u—vlz—cf_ el S TS T S
| e o CH o cu a 'I:Hﬂ o "3‘:_"3"' o 'I:HI o CHy CHg G Mg
CH
o) CHy CHy CH CHa CHy D g
0 Y I I
CHy CHg CHy 8 Q
I
Z CHy
0 Glycine (Gly) Alanine (Ala) Valine {(Val) Leucine (Leu} Isoleucine (lle} Methionine (Met) Tryptophan (Trp) Phenylalanine (Phe} Proline {Pro)
rd
HyN=C—C tvl-_.,r~.|+—-::—u:"';jI HyN=C—C H ru*'—c—c’f/o HyN—C—C H ,.*_E_ <
-} . “ 3 . 3 . 3
o Il o I e | e | o | e | o
< ‘l'-“"z ,P!: "I-'-"': CHy ‘-'I“'z ‘I“"n
oH OH CHg
| &H fc%o ‘Ii""z
D NHz /C‘Q\.
0 OH HHp O
Serine (Ser) Threenine (Thr}  Cysteine (Cys) Tyrosine (Tyr]  Asparagine (Asn)  Glutamine (Gln)
> 2 » P I 2 I~
- HgN—C—C HN—C—C HgN=—C—C HN—C—¢ HiN—C—¢
iy 7N o 7% . o
m o THI CIH_Z (l:Hz |'|:-Hz H
So A o e g g
L = e c CHg CHz
m - | |
- o o CHg HH
0L [ |
"Xe NHg* T= NHg*
- MNHz
w Acidic Basic
Azpartic Acid (Asp) Glutamic Acid [Glu) Lysine (Lys) Arginine (Arg) Histidine (His)

25



 NUCLEIC ACIDS

DNA and RNA are used to direct the activity of cells.
Cells look and function a certain way because of
directions contained in the DNA. They have 3 Parts: a
Carbohydrate (pentose, a 5 carbon sugar), a single
Base (one of five possibilities), a Phosphorous Here is
what they look like all put together.

26
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Nucleic acids are
linked together to
form long chains,
and DNA is made of
two parallel chains.
These parallel
chains have a twist
to them so DNA is
often called a
Double Helix
making the DNA
molecules.

A

Ho 3" hydroxyl

Fig. 8.7 DNA structure and the formation of the double Helix.

27
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