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Geometrical isomerism 



























 

Stereochemistry of Alkanes 

and Cycloalkanes  
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The Shapes of Molecules 

 The three-dimensional shapes of molecules result 
from many forces  

 A molecule may assume different shapes, called 
conformations, that are in equilibrium at room 
temperature (the conformational isomers are called 
conformers, emphasis on the first syllable) 

 The systematic study of the shapes molecules and 
properties from these shapes is stereochemistry 

 The field of stereochemistry is one of the central 
parts of organic chemistry and includes many 
important topics 
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Conformations of Ethane 

 Conformers interconvert 
rapidly and a structure is 
an average of conformers 

 Molecular models are 
three dimensional 
objects that enable us to 
visualize conformers  

 Representing three 
dimensional conformers 
in two dimensions is 
done with standard types 
of drawings  
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Conformations of Ethane 

staggered 

conformation 

eclipsed 

conformation 
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Conformations of Ethane 

staggered conformation eclipsed conformation 
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Representing Conformations 

 Sawhorse representations show 
molecules at an angle, showing a 
molecular model 

 C-C bonds are at an angle to 
the edge of the page and all 
C-H bonds are shown 

 

 Newman projections show how 
the C-C bond would project end-
on onto the paper 

 Bonds to front carbon are 
lines going to the center 

 Bonds to rear carbon are lines 
going to the edge of the circle 
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Newman Projections 
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Ethane’s Conformations 
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Ethane’s Conformations 
 There barrier to rotation between conformations is small (12 

kJ/mol; 2.9 kcal/mol) The most stable conformation of 
ethane has all six C–H bonds away from each other 
(staggered) 

 The least stable conformation has all six C–H bonds as close 
as possible (eclipsed) in a Newman projection – energy 
due to torsional strain 
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Ethane’s Conformations 
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Conformations of Propane 

 Propane (C3H8) torsional 
barrier around the 
carbon–carbon bonds 14 
kJ/mol 

 

 Eclipsed conformer of 
propane has two ethane-
type H–H interactions 
and an interaction 
between C–H and C–C 
bond 
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Propane conformations 
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Conformations of Butane 

 anti conformation has two methyl groups 180° away 
from each other 

 Rotation around the C2–C3 gives eclipsed conformation 

 Staggered conformation with methyl groups 60° apart is 
gauche conformation 
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Conformations of Butane 
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Conformations of Butane 
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Eclipsed Conformations of Butane 
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Gauche conformation: steric strain 
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Stability of Cycloalkanes: The Baeyer 

Strain Theory  

 Baeyer (1885): since 
(sp3) carbon prefers to 
have bond angles of 
approximately 109°, 
ring sizes other than 
five and six may be 
too strained to exist 

 

 Rings from 3 to 30 C’s 
do exist but are 
strained due to bond 
bending distortions 
and steric interactions 
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The Nature of Ring Strain  

 Rings larger than 3 atoms are not flat (planar) 

 Cyclic molecules can assume nonplanar 
conformations to minimize angle strain and 
torsional strain by ring-puckering 

 Larger rings have many more possible 
conformations than smaller rings and are more 
difficult to analyze 
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Angle Strain 
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Types of Strain 

 Angle strain - expansion or compression of 
bond angles away from most stable 

 Torsional strain - eclipsing of bonds on 
neighboring atoms 

 Steric strain - repulsive interactions 
between nonbonded atoms in close proximity 
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Torsional Strain  
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Steric Strain 
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Cyclopropane: An Orbital View  

 3-membered ring must have planar structure 

 Symmetrical with C–C–C bond angles of 60° 

 Requires that sp3
 based bonds are bent (and 

weakened) 

 All C-H bonds are eclipsed 
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Conformations of Cyclobutane and 

Cyclopentane  

 Cyclobutane has less angle strain than cyclopropane but 
more torsional strain because of its larger number of ring 
hydrogens 

 Cyclobutane is slightly bent out of plane - one carbon atom 
is about 25° above 

 The bend increases angle strain but decreases 
torsional strain 
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Cyclopentane 

 Planar cyclopentane would have no angle strain but very 
high torsional strain 

 Actual conformations of cyclopentane are nonplanar, 
reducing torsional strain 

 Four carbon atoms are in a plane 

 The fifth carbon atom is above or below the plane – looks like 
an envelope 
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Cyclopentane 
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Conformations of Cyclohexane  

 Substituted cyclohexanes occur widely in nature 

 The cyclohexane ring is free of angle strain and torsional 
strain 

 The conformation is has alternating atoms in a common 
plane and tetrahedral angles between all carbons 

 This is called a chair conformation 
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Chair Conformations 
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How to Draw Cyclohexane 
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Axial and Equatorial Bonds in 

Cyclohexane  

 The chair conformation has 
two kinds of positions for 
substituents on the ring: 
axial positions and equatorial 
positions 

 Chair cyclohexane has six 
axial hydrogens 
perpendicular to the ring 
(parallel to the ring axis) 
and six equatorial 
hydrogens near the plane of 
the ring  
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Axial and Equatorial Bonds 
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Axial and Equatorial Positions 

 Each carbon atom in cyclohexane has one axial and 
one equatorial hydrogen 

 Each face of the ring has three axial and three 
equatorial hydrogens in an alternating arrangement 
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Drawing the Axial and Equatorial 

Hydrogens 
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Axial and Equatorial Hydrogens 



Conformations of Cyclohexane  

 Chair Conformation 

 Boat Conformation 

 Twisted Boat Conformation 

 Half Chair Conformation 
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Chair Conformation of  Cyclohexane  

 Chair conformations readily interconvert, resulting in the 

exchange of axial and equatorial positions by a ring-flip  
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Boat Cyclohexane 

 Cyclohexane flips through a 
boat conformation 

 Less stable than chair 
cyclohexane due to steric 
and torsional strain 

 C-2, 3, 5, 6 are in a plane 
 H on C-1 and C-4 approach 

each other closely enough 
to produce considerable 
steric strain 

 Four eclipsed H-pairs on C- 
2, 3, 5, 6 produce torsional 
strain 

 ~29 kJ/mol (7.0 kcal/mol) 
less stable than chair 



Twisted Boat Conformation 
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Boat & Twist-boat conformations: 



Half Chair Conformation 
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Stability of Cyclohexane 
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What are carbocyclic compounds?  

 

 

WHAT IS HETEROCYCLIC 

CHEMISTRY? 

cyclohexane benzene 

http://en.wikipedia.org/wiki/File:Cyclohexane-2D-skeletal.svg
http://upload.wikimedia.org/wikipedia/commons/d/d8/Benzene_bonds.svg


Carbocyclic Compound 

Carboxylic Compound 

Aromatic Compound Cyclic Compound 



 

 

 

 

 

 

 

What’s aheterocyclic compound? 

If the ring system is made up of carbon atoms and at least 

one other element, the compound can be classified as 

hetero cyclic. 

 

The elements that are found most commonly together with 

carbon in a ring system are Nitrogen (N), Oxygen(O), and 

Sulfur(S). 

x =N, O, S



 

Heterocyclic compounds  

are organic compounds that contain a ring structure 

containing atoms in addition to carbon, such as 

sulfur, oxygen or nitrogen, as the heteroatom. 
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It can be classified into  

 

 

Heterocyclic classification 

Heteroaromatic 

Heteroalicyclic 

Heterocyclic compounds 

X X 

X X 

Heterocyclic Chemistry 



1- Aliphatic heterocycles :- 

Heterocyclic classification 

Oxirane Piperidine 

Heterocyclic Chemistry 

http://upload.wikimedia.org/wikipedia/commons/1/14/Ethylene_oxide.svg
http://upload.wikimedia.org/wikipedia/commons/5/54/Piperidin.svg


2- Aromatic heterocycles :- 

 

 

a- six-membered aromatic hetrocycles 

Pyrimidine  Pyridine 

Heterocyclic Chemistry 

http://en.wikipedia.org/wiki/File:Pyrimidin.svg
http://de.wikipedia.org/w/index.php?title=Datei:Pyridin.svg&filetimestamp=20070204112550


2- Aromatic heterocycles :- 

Thiophen 

b- five-membered aromatic hetrocycles 

Furan 

Heterocyclic Chemistry 

http://upload.wikimedia.org/wikipedia/commons/a/af/Thiophen.svg
http://de.wikipedia.org/w/index.php?title=Datei:Furan.svg&filetimestamp=20071129194532


2- Aromatic heterocycles :- 

c- bicyclic heteroaromatic compounds 

Indol 
Quinoline 

Heterocyclic Chemistry 

http://de.wikipedia.org/w/index.php?title=Datei:Indol2.svg&filetimestamp=20070203150336
http://de.wikipedia.org/w/index.php?title=Datei:Chinolin.svg&filetimestamp=20111101123140


Importantce and uses of Heterocyclic compounds:- 
•Biosynthesized 
•Essential for life ( haem, chlorophyll) 
•Their metabolitis used as 
 - toxin towords off predators 
 - colouring agents to attact mates 
In general various important compounds such as:- 
alkaloids, vitamins, antibiotics, essential amino acids, 
hormones, drugs and dyes contain heterocyclic 
structure. 
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• in general: nucleic acids, amino acids (proteins),  

• feeding: proteins, carbohydrates, vitamins 

• alkaloids: nicotine, caffeine 

 

Application: 

• antibiotics (penicillins, sulfonamides) 

• insecticides (triazoles) 

• herbicides (triazines, pyridines) 

Heterocyclic Chemistry 



HETEROCYCLIC NOMENCLAUTURE 



Heterocyclic Chemistry 

Nomenclature of  heterocyclic compounds 

 There are three systems for naming heterocylic 
compounds: 

 

1) The common nomenclature:   which convey 
little or no structural information but it still 
widely used.  

 

2) The Hantzsch-Widman (IUPAC or 
Systematic) method which in contrast is 
designed so that one may deduce from it the 
structure of the compound.  

 

 

 



Heterocyclic Chemistry 

I-Common Nomenclature 

1) Each compound is given the corresponding trivial 

name (which should be memorized, see the following 

slides). This usually originates from the compounds 

occurrence, its first preparation or its special properties. 

  

2) If there is more than one hetroatom of the same type 

numbering starts at the saturated one, e.g. imidazole.   

 
 
 
 
 

 

N
H

N

1

2

34

5



Common Nomenclature 

Heterocyclic Chemistry 

3) If there is more than one type of the heteroatoms, 

the ring is numbered starting at the hetroatom of the 

higher priority (O>S>N) and it continues in the 

direction to give the other hetroatoms the lower 

numbers as possible. 

 

O

N1

2

3
4

5

Br

H2N

5-Amino-4-bromoisoxazole



Heterocyclic Chemistry 

Common Nomenclature 

4) If substituents are present, their position should 

be identified by the number of the atoms 

bearing them and then they should be listed in 

alphabetical order.  
 

O

N1

2

3
4

5

Br

H2N

5-Amino-4-bromoisoxazole



Common Nomenclature 

Heterocyclic Chemistry 

5)  The words dihydro,  or trihydro,  or tetrahydro 

are used if two or three or four atoms are 

saturated. These words are preceded by numbers 

indicate the position of saturated atoms as low as 

possible and followed by the corresponding fully 

unsaturated trivial name. 

H
N

1,2-Dihydro-pyridine
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Trivial names 

1) 5-membered heterocycles with one or two heteroatoms 

2) 6-membered heterocycles with one or two heteroatoms 

O O N N
N

N

N

N

N

These are tautomers

Both are not aromatic

DNA/RNA bases

Common azines-six-membered aromatic nitorgrn heterocycles

2H-Pyran 4H-Pyran Pyridine Pyridazine Pyrimidine Pyrazine
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Trivial Names 

3) Fused heterocycles 

N N

N
NH

O

NH
2

Guanine
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Trivial Names 

O O
O

O

Coumarine

O

O

Ph

Flavone

Chromen-2-one
Chromen-4-one

N

H

N

H
1

2

9H-Carbazole

3

4
5

6

7

8 9

9,10-Dihydro-acridine

1

2

3

45

6

7

8 9

10
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Trivial Names 

4) Saturated heterocycles  



Heterocyclic Chemistry 

 Hantzsch-Widman nomenclature is named after the 
German chemists Arthur Hantzsch and Oskar Widman, 
who proposed similar methods for the systematic naming 
of heterocyclic compounds in 1887 and 1888 respectively. 

 
 According to this system three to ten-membered rings are 

named by combining the appropriate prefix (or prefixes) 
that denotes the type and position of the heteroatom 
present in the ring with suffix  that determines both the 
ring size (depending on the total number of atoms in the 
ring) and the degree of unsaturation (note that fully 
saturated and fully unsaturated have certain rules for 
nomenclature while partially unsaturation will be indicated 
in certain ways). In addition, the suffixes distinguish 
between nitrogen-containing heterocycles and 
heterocycles that do not contain nitrogen 

 
 IUPAC name = locants +Prefix + suffix 
 

II-Hantzsch-Widman nomenclature (IUPAC) 
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Hantzsch-Widman rules for fully saturated and 
fully unsaturated heterocycles 

1) Identify the hetroatom present in the ring and choose 
from (table 1 on slide 11) the corresponding prefix (e.g. 

thia for sulfur, aza for nitrogen and oxa for oxygen).   

 

 

 

 

2) The position of a single heteroatom control the numbering 
in a monocyclic compound. The heteroatom is always 
assigned position 1 and if substituents  present are then 
counted around the ring in a manner so as to take the 
lowest possible numbers. 

 
 For example: 

N

CH3

1

2
3

4



Heterocyclic Chemistry 

Hantzsch-Widman rules 

3) A multiplicative prefix (di, tri, ect.) and locants are used 
when two or more similar heteroatoms contained in the 
ring( two nitrogen indicated by diaza) and the 
numbering preferably commenced at a saturated rather 
than an unsaturated atom, as depicted in the following 
example: 1,3-diaza….  

1
2

34
N

N
H

5

4) If more than one type of hetroatoms present in the ring 
the name will include  more than one prefix with locants 
to indicate the relative position of the heteroatoms.  

  Atom prefixes have a strict order of priority (preference) in 
which they are to be listed. For example,‘’Oxa’’(for oxygen) 
always comes before ‘’aza’’ (for nitrogen) in a name (see 
table 1). 

 When combining the prefixes (e.g. oxa and aza) two 
vowels may end up together, therefore the vowel on the 
end of the first part should be omitted (oxaza). 



Heterocyclic Chemistry 

Hantzsch-Widman rules 

 
 The numbering is started from the heteroatom of the 

highest priority in such a way so as to give the smallest 
possible numbers to the other heteroatoms in the ring (the 
substituents are irrelevant). For example the prefix 
corresponding to the following compound is 4-Methyl-1,3-
Thiaza…. 

1
2

3
4

N

S

5

5) Choose the appropriate suffix from (table 2) depending 
on whether or not nitrogen atom is present in the ring, 
the size of the ring and presence or absence of any 
double bonds 

 

6) Combine the prefix(s) and suffix together and drop the 
first vowel if two vowels came together. 

 



Heterocyclic Chemistry 

Hantzsch-Widman rules 

Unsat Unsat sat sat 

N-present N-absent 

irine iridine irene irane 

ete ete etidine 
etane 

ole olidine ole olane 

ine a in ane 

ocine 

epin 

ocane 

Table 2 

a 

Ring size  

epine 

a 
ocin 

epane 

9 

10 

onine 
a 

ecine a 

onin 

ecin 

onane 

ecane 

a: means use the prefix perhydro followed by the fully 
unsaturated name 
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Hantzsch-Widman rules 

 Examples 

 

 

 

• This ring contains (N)                Prefix is aza 

• The ring is 3-membered and fully saturated  

 suffix is iridine 

• By combining the prefix and suffix, two vowels 

 ended up together (azairidine), therefore the vowel 
on the end of the first part should be dropped. This 
gives the correct name:  Aziridine 

 

 

H
N



III-Hantzsch-Widman nomenclature 
(IUPAC) 

Example 2: 

 

 

 

This ring contains nitrogen = aza- 

 And oxygen = oxa- 

 And is a fully saturated four-membered 

ring  = -etidine 

Drop the vowels in oxa & aza 

  The name = 1,2-Oxazetidine 

 Heterocyclic Chemistry 



III-Hantzsch-Widman nomenclature 
(IUPAC) 

Example 3: 

 

 

This ring contains nitrogen = aza- 

 And oxygen = oxa- 

 And Unsaturated five-membered rings 
with nitrogen = –ole  

Oxygen is higher priority than nitrogen, 
so it is in position 1.  

The two nitrogens are therefore at 
positions 2 and 5   

The name = 1,2,5-Oxadiazole Heterocyclic Chemistry 



III-Hantzsch-Widman nomenclature 
(IUPAC) 

Example 4: 

 

 

This ring contains sulpher= thia- 

 And oxygen = oxa- 

 And saturated five-membered rings 
without nitrogen = –olane  

Oxygen is higher priority than sulpher, so 
it is in position 1.  

Drop the vowel in thia 

The name = 1,3-Oxathiolane 
Heterocyclic Chemistry 
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Hantzsch-Widman rules 

N
H

The ring is 6-memberd, fully saturated with N  
Prefix perhydro followed by the name of fully unsaturated 6-
memberd ring with nitrogen                       azine 

 
Thus the full name is perhydroazine 
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Hantzsch-Widman rules for partially 
unsaturated heterocycles 

 Partial unsaturation in  heterocyclic 
compounds can be indicated by one of the 
following methods:  

a) The position of nitrogen or carbon atoms which bear 
extra hydrogen atoms must be indicated by numbers 
and italic capital H (e.g. 1H, 2H, etc.) followed by the 
name of maximally unsaturated ring. 

 

 

 

 

6 1
1

2

3

O

2H, 3H-Oxole

4

5

N

1H-Azepine

12

3N

S
O

4

5

5H-1,2,3-Oxathiazole

1
O

2

3
4

5

4H-Oxin

H
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Hantzsch-Widman rules for partially 
unsaturated heterocycles 

b) The words dihydro,  or trihydro,  or tetrahydro are 
used if two or three or four atoms are saturated. 
These words are preceded by numbers indicate the 
position of saturated atoms as low as possible and 
followed by the corresponding fully unsaturated 
Hantzsch-Widman name. 

 

 

 

 

1
2

3

N
H

1,2-Dihydroazine

N
H

1,4-Dihydroazine

Isomers have the same M.F.
but differ in the position of
 the double bond

N

2,3,4,5-Tetrahydroazine

111
222

333

444

555

666

O

2,3-Dihydrooxole

4

5
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Hantzsch-Widman rules for partially 
unsaturated heterocycles 

c) Alternatively, the partially unsaturated 4 and 5 
rings (i.e. rings contain one double bond) are 
given special Hantzsch-Widman suffixes as in 
table 3 and the double bond is specified as ∆1, 
∆2, ∆3, etc.. Which indicates 1 and ; 2 and 3; 3 
and 4 atoms respectively have a double bond 

 (i.e. Name : ∆x + Prefix + special suffix ) 
 ( x= locant of the double bond) 

 
 

 

-etine -etene 

With N  Without N 

-oline -olene 

Table 3 

Ring size  
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Hantzsch-Widman rules for partially 
unsaturated heterocycles 

 Examples 

S

NH

1
2

3

5


4

-1,3-Thiazoline

4

N
H

N

2

34

5
1

2
-1,3-Diazoline

HN HN


2

-Azetine

1 1

2

O
1

2


2

-Oxetene

N
H

O


3

-Azoline 2
-Oxolene

1
2 2

3 34 4

5 5
1



Furan 



Physical properties  

- Furan may be as ethers but it is 
aromatic compoud because the lone 
pair of electrons on oxygen atom 
contribute in aromaticity. 

- Furan has low melting point less than 
pyrrole because there’s no hydrogen 
bonds. 

- Furan is a liquid boiled at 31c and has 
odour as chloroform. 

- Furan is springily soluble in water but 
it is miscible with most organic 
solvents. 

 

 

 

 



Preparation of furan 

 



Reactions of furan 

Reduction of furan   



Reactions of furan 

Electrophilic substitution reactions: 

The substitution occurred in position 2 

 



Reactions of furan 

Reactions of furan-2-carboxylic acid: 

 



Pyrrole 

- Pyrrole is a colorless liquid which has 
an odour as chloroform. 

- If it is exposed to air give brown 
color. 

- The lone pairs of electrons on 
nitrogen atom contribute in aromatic 
properties. 



Preparation of pyrrole  

 



Preparation of pyrrole  

Knorr synthesis: 



Reactions of pyrrole  
 

Basicity: 



Reactions of pyrrole 

 
Reduction of pyrrole: 

 

 



Reactions of pyrrole 

 
Electrophilic substitution: 

  

 



Thiophene 



Preparation of thiophene  

  



Reactions of thiophene  

 1- addition reactions.         

2- reduction reactions. 

3- oxidation reactions. 

 



Reactions of thiophene  

Electron withdrawing groups increase 
the stability of the ring  and rate of 
reaction. 

 



Reactions of thiophene  

Electrophilic substitution reactions: 

 



Pyridine 



Physical properties  

- In case of boiling point pyridine has 
less boiling point than pyrrole because 
the presence of hydrogen bonds in 
pyrrole. 

- But in case of basicity pyridine is 
more basic than pyrrole because the 
presence of free lone pairs of 
electrons on nitrogen atom, but in 
case of pyrrole the lone pairs of 
electrons contributed in aromaticity. 

- Pyridine is used as a solvent in 
organic synthesis.  

 



Preparation of pyridine 

1- from acetylene: 



Preparation of pyridine 

 2- Hantzch synthesis: 

 



Reactions of pyridine 

1- addition reactions: 

A- reduction    b- salt formation 



Reactions of pyridine 

Electrophilic substitution reactions: 

  



Indole 



Physical properties  
 

- Indole is a solid compound has 
melting point at 52c. 

- More stable than pyrrole because of 
its molecular weight. 

- Electrophilic substitution preferred 
position 3 than  position 2. 

- It is present in dyes and proteins. 

 



Preparation of indole 

 
1- Madelung Synthesis   

 

 



Preparation of indole 

 
 2- Reissert Synthesis   

  

 



Reactions of indole 

 
Reduction of indole: 

 



Reactions of indole 
 

Electrophilic substitution reactions: 
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