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Chem 237 Basics of Organic Medicinal Chemistry 

• Texts
Hart, Craine, Hart and Hadad, Organic Chemistry,

A Short Course,13th Edition (Brooks/Cole,

Cengage Learning, CA 94002-3098 USA, 2012).

• Course description 
This is the first  year organic chemistry course, introducing basic 

concepts and principles of organic chemistry (chapters 1 – 11). 

Dr. Eyad Younes
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Chapter 1: Bonding and 
Isomerism

© R. Spinney 2013



• Organic compounds are compounds containing carbon

Organic Chemistry

• Atoms to the left of carbon give up electrons. 

• Atoms to the right of carbon accept electrons. 

• Carbon shares electrons. 

Dr. Eyad Younes
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• An atom is: the smallest particle of an element that retains all of the chemical 

properties of that element.

1.1 How Electrons Are Arranged in Atoms

Bonding and Isomerism

•An atom consists of negatively charged electrons, positively charged protons, and 

neutral neutrons

The structure of an atom
Nucleus

• Atomic number: numbers of protons in its nucleus and it’s the number of electrons in 
the neutral atom.

• Mass number: the sum of the protons and neutrons of an atom.
(Protons and neutrons are ~1837 times the mass of an e-)

•Isotopes have the same atomic number but different mass numbers ( 12C and 13C)
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• Electrons are located in atomic orbitals (S, P, d, f).

• Orbitals  tell us the energy of the electron and  the volume of space around the 
nucleus where an electron is  most likely to be found.

• Orbitals are grouped in shells .

Each orbital can hold a maximum of 2e- and the two electrons have opposite spin

1H: 

6C

Example :
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Valence electrons (VE) are located in the outermost shell. They are involved in 

chemical reactions.

VE = Group number 

VE                     Lewis symbol of atom

Examples: 1H:  Is1 1                                                    H.

8O:  IS2 2S2 2P4                               6

6C: ____________________________________________________  
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An ionic bond is an electrostatic attraction between 
positive & negative ions resulting from e- transfer.

Na-Cl

The resulting e- configuration of both ions are those of 
the nearest noble gas, Ne and Ar respectively, both 
satisfy the octet rule.

• Chemical Bonds 

1. Ionic Bonding

Dr. Eyad Younes
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• Ionic bonds occur when an e- is transferred between a metal and 

nonmetal.

• Covalent bonds are resulting from sharing e-

2 H.              H..H

The result is both atoms have a [He] e- configuration, i.e.

The bond is commonly display as a line rather than a pair of 
e- (:), i.e.  H - H rather than H : H

2. Covalent Bonding

Example 2
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A second general version of a covalent bond is 
possible. This occurs when BOTH e- come from 
one atom: a coordinate covalent bond

i.e.

NH3 +  H+
 NH4

+

N
H

H
H H N

+
H

H

H

..

+ H+
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Electronegativity (EN) : measures the tendency of an atom to attract a shared pair 
of electrons (or electron density).

Covalent bonds can be classified as 

A. Nonpolar covalent bond  (D EN = 0-0.5)  

Examples    C-C          C-H     
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B. Polar covalent bond (D EN = 0.5 1.9) 

Note : If D EN  is more than 1.9then the bond is ionic    Ex: Li-F 

O  H N   H A polar bond has a negative end and a positive end 

dipole moment (D) = m = e x d

(e) : magnitude of the charge on the atom

(d) : distance between the two charges

if The D EN increases the polarity increases   
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Bond Polarity & Electronegativity (cont’d)

The result of polar covalent bonding is that the e- pair spend 
more time near the more EN atom. This means it will acquire a 
permanent excess negative charge. The other atom acquires a 
permanent excess positive charge. This is indicated by a d+ or d-

(where d means a “partial charge”) or a dipole arrow which 
points from the positive end of the bond to the negative end.

H Cl H Cl

d+ d-
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Bond Polarity & Electronegativity (cont’d)

The more polar the molecule the stronger the dipole moment. The molecular 
dipole moment is the vector sum of the bond moments, i.e.

Net dipole moment 

Net dipole moment =0 
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Procedure for obtaining good Lewis structures: eg. CO2

1) determine total number of valence shell e- (including ionic charge if present).
CO2= 4+2(6) =16.

2)    Chose a cental atom and draw a skeleton of the molecule connected                        
with single bonds. (the central atom is usually the least electronegative element in 
the molecule or ion; hydrogen and the halogens are usually terminal.

Lewis Structures It only deals with VE 

3) determine number of remaining e-. complete the octet of the terminal atoms.

16 -4 = 12
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4) Complete the octet Use lone pair e- from terminal atoms to create 
multiple bonds.

5) determine the formal charges of all atoms.

Formal charge = 
number of valence electrons – (number of lone pair electrons +1/2 number of bonding 
electrons)

For O  6-6 =0

For C     4-4 =0
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Ex: NO3
-

1. VE= 5+6*3+1 =24
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Lewis Structures (other examples)

Example 2: AsO3
3-

1) # e-: 5 + 3(6) + 3 = 26

2) form 3 single bonds

3) 20 e- remain

4) O needs 6, As needs 2

5) All octets

6) Formal charges

O As O

O

:..

..

..

..

.. ..

: :

:
-

-

-
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Lewis Structures (cont’d)

Example 3: CH2O

1) # e-: 4 + 2(1) + 6 = 12
2) try 3 single bonds
3) 6 e- remain
4) O 6 but C?
5) Form a double bond
6) Both O & C octets
7) Formal charges

H C H

O: :
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Lewis Structures (cont’d)

Example 4: CO

1) # e-: 4 + 6 = 10
2) try 1 single bond
3) 8 e- remain
4) C needs 6 as does O short  4 e-

5) Share 4 more e- - triple bond
6) Octets
7) Formal charges

C O: :

-1 +1



C H
3

C H
2

C H
2 O H C H

3
C H C H

3

O H

1 - p r o p a n o l
( b p  9 7 . 4  C )

2 - p r o p a n o l
( b p  8 2 . 4  C )

1.8 Isomers

Structural or constitutional isomers have same molecular formula but different structural 

formula.

They have different physical and chemical properties:
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1.9 Writing Structural Formulas

write out all possible structural formulas that correspond to the molecular formula C5H12.

C - C - C -C - C

Continuous chain

C - C -C – C

C

Branched chain

C forms 4 covalent bonds 
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Bond line formula 

Dash formula

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1



CH3CH=CHCH2CH3
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1.14  The Orbital View of Bonding; the Sigma Bond

Sigma (s) bonds: are 
characterized by a 
region of high e-

density along the 
internuclear axis.

Orbitals approach each other in a head to 

head fashion
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1.14  The Orbital View of Bonding; the pi (p) bond

There is one other type of bond, a pi (p) bond. In 
contrast to a sigma bond the e- density in a pi bond is 
not located on the internuclear axis, but rather on 
either “side” of it.

p bonds are formed by the side to side overlap of 2 “p” 
orbitals
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Carbon sp3 Hybrid Orbitals

6C: 1S2 2S2 2P2

Distribution of the six electrons in

a carbon atom. Each dot stands for

an electron.

3D Structure of Methane Molecule

Q: Should the carbon form only two bonds !!!

A: We know from experience that carbon 

usually forms four single bonds, and often 

these bonds are all equivalent, as in

CH4
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Mix or combine the four atomic orbitals of the valence shell to form four identical 

hybrid orbitals
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SP2-Hybridized orbitals

One part s and two parts p in character and are directed toward the three vertices of an 

equilateral triangle.
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SP-Hybridized orbitals

• A triple bond consists of one s bond and two p bonds

Bonding in Ethyne: A Triple Bond

sp orbitals forms a sigma 

bond between the two

carbons, and lateral 

overlap of the properly 

aligned p orbitals forms two 

pi bonds
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Valence Bond Theory (cont’d)

Orbitals are combined in various portions to make 
equivalent hybrid orbitals, i.e.

AOs(#(s, p)) hybrid Angle orientation

1, 1 2 sp 180o linear

1, 2 3 sp2 120o trigonal planar

1, 3 4 sp3 109o tetrahedral 
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There are molecules (or ions) for which more than one 
correct Lewis structure can be drawn, these equivalent 
Lewis structures are resonance structures.

The assumption in these diagrams is that the atom 
positions do not change, we are only allowed to change 
the distribution of e-, i.e. the bonds and lone pairs.

Lewis structures do not always explain properties of 
molecules. Resonance theory is a second layered 
approach.

1.12 Resonance
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Resonance (cont’d)

Example 1: NO3
-

1) # e-: 5 + 3(6) + 1 = 24
2) try 3 single bonds
3) 18 e- remain
4) Each O needs 6, leave 2 short
5) Share 1 pair but which one?
6) Pick one O, octets
7) Formal chargall es

O N
+

O

O:

..
:

:

..

..

....
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Resonance (cont’d)
Example 1: NO3

- (cont’d)

Depending on your choice of the double bond to oxygen, 

there are three possible structures differing in the location 

of the double bond and charges on the oxygen.

O N
+

O

O

O N
+

O

O

O N
+

O

O:

..
:

:

..

..

....

..
:

:

.. ..

....
:

:..

....

:

:

..

:

In real the structure is hybrid of all (A, B and C)

CBA

A resonance hybrid
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The Lewis structure can be converted to other by changing the position of electrons  

Rules for drawing resonance structures :

1) Electrons only can be oved ( lone pair / p electrons )

2) Electrons move toward SP/ SP2 hybridized atom only. 

Examples: Write a second resonance structure for the following compounds? 

Exercise 
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Resonance (cont’d)

Example 2: N2O

1) # e-: 2(5) + 6 = 16
2) try 2 single bonds
3) 12 e- remain
4) 16 e- for octets – 4 

short
5) Options – 2 double 

bonds, 1 triple & 1 
single

6) Octets
7) Formal charges
8) Which is better and 

why?

N N O

N N
+

O

N N
+

O:
..

:
..

..

..

: :
..

..

..

..

..

..

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1

Anatomy 1



1.17: Classification According to Molecular Framework

 The three main classes of molecular frameworks for organic structures are acyclic, 

carbocyclic, and heterocyclic compounds.

1.17.a   Acyclic Compounds (not cyclic):  contain chains that may be unbranched

or branched.

1.17b: Carbocyclic Compounds: contain rings of carbon atoms
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1.17.c Heterocyclic Compounds (In heterocyclic compounds, at least one atom in the 

ring must be a heteroatom, an atom that is not carbon: eg. N, O,S...)
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Classification According to Functional Group

A functional group is an arrangement of atoms with distinctive physical and chemical

properties.
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Ex. What functional groups can you find in the following natural products? 

testosterone
penicillin-G
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