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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).
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Heterocyclic Chemistry

—

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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Heterocyclic classification

It can be classified into
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Heterocyclic compounds Heteroaromatic
b o X

Heteroalicyclic



1- Heteroalicyclic or aliphatic heterocyclic
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Oxirane Piperidine

2- Aromatic heterocyclic :

A- Six-membered heteroaromatic compounds :

® ()
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Pyridine Pyrimidine



B- Five-membered heteroaromatic compounds :

Thiophen Furan

C- Bicyclic heteroaromatic compounds :

N
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Quinoline
Indol
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Nomenclature of heterocyclic compounds

e Three systems for naming heterocylic compounds:

1- Common name
2- Replacement methaod
3- IUPAC or systematic method



- Common Nomenclature

» Each compound is given the corresponding trivial name.

This usually originates from the compounds occurrence, its
first preparation or its special properties.

** If there is more than one hetroatom of the same type
numbering starts at the saturated one, e.g. imidazole.



% 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. .
|
[

1.2-Dihydro-pyridine



< If there is more than one type of the heteroatoms, the ring
iIs 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.

Br

If subsituents present, their position should be identified
by the number of the atoms bearing them and then they
should be listed in alphabetical order. Sr

3
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S-Amaino-d-bromoisoxazole



Trivial names

1) 5-membered heterocycles with one or two heteroatoms
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e thiophene pyrrole
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2) 6-membered heterocycles with one or two heteroatoms
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2H-Pyran 4H-Pyran

These are tautomers
Both are not aromatic
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Pyridine Pyridazine Pyrimidine Pyrazine



3) Fused heterocycles

commaon ring-rused azoles
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indole Isoincole indazole purine indolizidine
(found in the amino (DNA/RENA base)
acld tryptophan)

common nng-fused azines
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quinoline isoquinoline quinazoline pteridine
(found in the

B vitamin

riboflavin)




4) Saturated heterocycles

»

H

pyrrolidine
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Coumarine
Chromen-2-one

()

N
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piperidine

@

piperazine

o

Chromen-4-one

»

morpholine



ll- Replacement nomenclature

Heterocycle’s name is composed of the corresponding carbocycle’s

name and an elemental prefix for the heteroatom

introduced (if

more than one heteroatom is present they should be listed

according to the priority order shown in
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Table 1

(table 1).




Replacement methods

N
@ Benzene [: | 1. 4-Diazabenzene
N
@ Cyclopentadiene f? [:;"} O=xacvclopenta-2.4-diene
Cyel di N
@ yclopentadiene é_ P 1-Oxa-3-azacyclopenta-2.4-diene
O
v Cyclopropane N/ Oxacvyclopropane
O
Cwvclopropens —N
v \ / Oxazacvclopropene
O
@ Cyclopentadiene U S?N 1-Thia-2-azacyclopenta-2 4-diene
Cwclohexane ©
' [ ] 1-Oxa-4-azacyclohexane
M
H

Naphthalene | HN 2-Azanaphthalene



IUPAC method

1) Identify the heteroatom present in the ring and choose from the
corresponding prefix.
e.g. thia for sulpher, aza for nitogen and oxa for oxygen.

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

For example:

CHs



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

.5 example: 1,3-diaza...

()

H

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.

e 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).



e 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....

CH3

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.
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Examples 3
This ring contains (N) s Prefix is aza

The ring Is 3-membered and fully saturated n——f-
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




HN—/—O

* This ring contains (O ,N) and (0) has higher priority than (N) and by
starting numbering the ring at (O) =) Prefix is 1,2-Oxaaza, but the
first vowel must be omitted to give

1,2-Oxaza
* Thering is 4-membered and fully saturated g suffix is etidine

+ By combining the prefix and suffix, two vowels ended up together (1,2-
oaxazaetidine), therefore the vowel on the end of the first part should be
dropped. This gives the correct name:

1,2-o0xazetidine
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This ring contains (O) sl prfix1 (oxa), and two
(N) m— prfix2 diaza
Locants, since (O) is higher priority than (N) so it is in
position 1 by default and the two (N) are therefore at
positions 2 and 5, this gives the combined prefixes as
1,2,5-oxadiaza (note that the a in oxa is not dropped)
It is 5-membered,fully unsaturated ring with (N) m—
the suffix is ole
By combining the prefixes and the suffix and dropping the
appropriate vowels we get the correct name as
1,2,5-Oxadiazole



)

0.
7

<+ 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



.

< The ring is 6-memberd, fully saturated with N E—=——=>>
Prefix perhydro followed by the name of fully unsaturated 6-

memberd ring with nitrogen EE=——="> azine

% Thus the full name is perhydroazine



Partial unsaturation in heterocyclic compounds can be

indicated by one of the following methods:

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.
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2H. 3H-Oxole  1H-Azepine 5H-1.2.3-Oxathiazole AH-0Oxin



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.

4 4 4

5 X s 5 3 5 3 X
M M N ;:’
H

3
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1.2-Dihydroazine 1.4-Dihydroazine 2.3 4 5-Tetrahydroazine 2.3-Dihydrooxole



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 A!, A?, A}, etc.. Which indicates 1 and 2; 2 and
3; 3 and 4 atoms respectively have a double bond

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




+ Examples

. 4 3 3
HN— HN—— o—?2 Z 1 3 2 s 1 \5 2
N
N 0

[

fa—
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el

Ly

2 2
A -Azetine A -Oxetene
&3 -Azoline A -Oxolene
3
“/ NH N 3
5 ) 2 5 ) 2
1 1
S N
4 , _ H
A -1.3-Thiazoline A -1.3-Diazoline



« EXercise:
Explain how can you name the following heterocycles.

o) A D
~ ~F N

Oxirene 4 bromo 1,3 thiazole

. 1,3,5 tnazine
1,3-Oxathiolane



Furan




E: 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.



E: Preparation of furan




E: Reactions of furan

Reduction of furan-<



© Reactionsoffuran [l

Electrophilic substitution reactions: <
The substitution occurred in position 2 <«

-

Q\ | mosmso, O O\

DMF/BGCl, N



© Reactionsoffuran [l

Reactions of furan-2-carboxylic acid: <

|

S

@\ HNOy/H,S0, _
o COOH
-CO,
r

HOOC

(),



O 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.



E: Preparation of pyrrole

o

N
H
T(NHc;)zCO:;

OHC CHO

succinaldehyde



© preparationof pyrrole [l

Knorr synthesis:

R4 OEt

R4 o
OEt
+ I\
R R
R NH, 2 3



o

Basicity:

H
/ \ dilute acid @z H
:N: >~ \ﬁ H </ @/Jj
H H H
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Reduction of pyrrole:

@ o Ha(0A0, @ H,/Ni - O

N N
H H H
2,3-dihydro-1H-pyrrole pyrrolidine
Zn/CH;COOH
HI
N
H

2,5-dihydro-1H-pyrrole
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Electrophilic substitution:

N N
H

2-nitro-1H-pyrrole

I
I

2-sulfonic-1H-pyrrole

Br,/C;H;OH
Ac,O
heat Br Br
/ \ / 0 Br \
$s ! o
N CHO N
H H CH 2,3,4,5-tetrabromo-1H-
3
2-formyl-1H-pyrrole 2-acetyl-1H-pyrrole pyrrole



Thiophene




E: Preparation of thiophene

He=cH — 1% /@\ —
— heat/Al,O; Rz R, heat




© Reactions of thiophene [
1- addition reactions.

2- reduction reactions.
3- oxidation reactions.




© Reactions of thiophene [l

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

s,

S NO,

O\CHO S g O3N /@\CHO

S S



© Reactions of thiophene [l

Electrophilic substitution reactions:

S SO3H

‘ H,80,
0]
| ) Alkylation
~_ Acylation > Ph
S Ac,0 Ph-CH,-OH C/
S

S
CH, H,
}Brz or N.B.S.

Br




Pyridine




E: 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.



E: Preparation of pyridine

1- from acetylene:

HCN ‘
Y

2 HC==CH
heat =




2- Hantzch synthesis:

o o 0] O

H4C HaC OEt HsC ~ OEt

OEt

NH, o}

HC Ethylacetoacetate

\CH3

Ethyl 2-acetylbut-2-enoate

o CH; O
%
HNO
H,C N CH, 3 H

Diethyl 2.4,6-trimethyl

(Z£)-Ethyl 3-aminobut-2-enoate

o CH, O
=
=

,C N CH,

pyridine-3,5-dicarboxylate

OEt
CaO
KOH

CH,4
/@\
A /
H5C N CH

2,4,6-trimethyl pyridine



= Reactions of pyridine [
1- addition reactions:
A- reduction b- salt formation

X X
D= ==

(':)I/ N/

| o

N
H
HCI



© Reactionsofpyridine [l

Electrophilic substitution reactions:

\ Br
Ej/ < HNoy @ Br, Ej/
sto4 N s _
N
|H2804

X

IN/

SO3H



Indole

NS N N

H
Benzene Pyrrole Indole

=




[ S
- 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
(S

1- Madelung Synthesis

N-o-tolylacetamide 2-methyl indole



2- Reissert Synthesis

C,H;ONa
-C,HsOH

o
CHj |

O—C3yHj

+ O——C,H;
NO, |
o-nitro tolune o

OH
N OC5H5s

H

Ethyl 2—hydrnxyil(l:gln]ine—2—carb0xylate

-H,O

\ OC,Hjy

N o

Ethyl 1 H/-indole-2-carboxylate

o
HZ
C
— OC,H5
o
\NO

2
Zn/CH;COOH
Y o
HZ
C
OC,Hg
o
NH.
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Reduction of indole:

Zn/H;PO, ©j>
N
H
©j> indoline

L)

octahydro
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Electrophilic substitution reactions:

CHO
N
H
3-formyl-1H-indole
A
NO, DMF/POCI; Br
 CLHNO, ‘ /> Bry/C;HOH N\
N EtONa
H =~ TN N
3-nitro-1H-indole H 3-bromo-1H-indole
SO;H

A\

N
H

3-sulfonic-1H-indole
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