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WHAT IS HETEROCYCLIC
CHEMISTRY?

What are carbocyclic compounds?
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benzene cyclohexane


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

Carbocyclic Compound

Carboxylic Compound

Cyclic Compound Aromatic Compound
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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 Chemistry

Heterocyclic classification

It can be classified into
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Heterocyclic classification

1- Aliphatic heterocycles :-

®r
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Oxirane Piperidine


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

a- six-membered aromatic hetrocycles

® ()
N/ Nf)
Pyridine Pyrimidine


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

b- five-membered aromatic hetrocycles

S 0

Thiophen Furan


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

c- bicyclic heteroaromatic compounds
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uinoline
Indol Q


http://de.wikipedia.org/w/index.php?title=Datei:Indol2.svg&filetimestamp=20070203150336
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
http://de.wikipedia.org/w/index.php?title=Datei:Chinolin.svg&filetimestamp=20111101123140
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Importantce and uses of Heterocyclic compounds. -
* Biosynthesized
« Essential for life ( haem, chlorophyill)
« Their metabolitis used as
- toxin towords off predators
- colouring agents to attact mates
In general various important compounds such as.-
alkalords, vitamins, antibiotics, essential amino acidas,
hormones, drugs and dyes contain heterocyclic

@ucz‘ure.




Heterocyclic Chemistry

* in general: nucleic acids, amino acids (proteins),
» feeding: proteins, carbohydrates, vitamins
« alkaloids: nicotine, caffeine

Application:

« antibiotics (penicillins, sulfonamides)
* insecticides (triazoles)

* herbicides (triazines, pyridines)

h:
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HETEROCYCLIC NOMENCLAUTURE

D




@,
EQ omenclature of heterocyclic compounds
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% 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.
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Eg 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.

Heterocyclic Chemistry



Eg Common Nomenclature

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.
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Eg 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.
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Eg Common Nomenclature

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.
|
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(X Trivialnames.

1) 5-membered heterocycles with one or two heteroatoms

common azoles - five-membered aromatic nitrogen heferocycies

furan thiophene pyrrole imidazole pyrazole isoxazole oxazole thiazole

2) 6-membered heterocycles with one or two heteroatoms

Common azines-six-membered aromatic nitorgrn heterocycles

D Q0 Q@ ¢

@) (@)
2H-Pyran 4H-Pyran Pyridine Pyridazine Pyrimidine Pyrazine
These are tautomers DNA/RNA bases

Both are not aromatic

Heterocyclic Chemistry



(X Trivial Names

3) Fused heterocycles

common ring-fused azoles
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N N
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indole isoindole
{found in the amino
acid tryptophan)

indazole

M = N\ " —
U\/:EN> = M 7
No 4

purine indolizidine
(DNA/RNA base)

common ring-fused azines
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quinoline isoquinoline

quinazoline

“?J [Nf N"’iJ

pteridine
(found in the

B vitamin

riboflavin)

Heterocyclic Lhemistry
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(X Trivial Names
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Trivial Names

4) Saturated heterocycles

Q0N O

H H

pyrrolidine piperidine piperazine morpholine
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E. Ii=Hantzsch=Widman nomenciature (IUPAC)

% 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

< TUPAC name = locants +Prefix + suffix

Heterocyclic Chemistry



Hantzsch-Widman rules for fully saturated and

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 @ 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:

Heterocyclic Chemistry



Eg 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.... 4 § 3

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.

» Atom prefixes have a strict order of priority (preference) in
which they are to be listed. For example,'’Oxa”(for oxygen)
aIvB/Iayi)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



Eg 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
_cl_cr)]ljresponding to the following compound is 4-Methyl-1,3-

iaza....

N 3

ry

S

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
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Eg Hantzsch-Widman rules

% Examples

H
|

JAN

e This ring contains (N): Prefix is aza

e The ring is 3-membered and fully saturated :
suffix is iridine

e 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

Heterocyclic Chemistry



C. III-Hantzsch-Widman nomenclature

< Example 2:

HN—-O
LI . 1.2-oxazetidine

“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



C. III-Hantzsch-Widman nomenclature

“ Example 3:
O | 1.2.5-oxadiazole

% 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-Oxadiazoleisy



C. III-Hantzsch-Widman nomenclature

< Example 4: —

O3 . 1.3-oxathiolane

< 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



E: Hantzsch-Widman rules

N
H

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

“Thus the full name is perhydroazine

Heterocyclic Chemistry



Hantzsch-Widman rules for partially

4110CILUE C iml L

< 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.

s Sne=(? s
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HIHOde IHAapre 1,23 Odhiazde AHOGr
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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.
O 0 0O
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Hantzsch-Widman rules for partially
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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 Al,
A2, A3, etc.. Which indicates 1 and ; 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)

Heterocyclic Chemistry



Heterocyclic Chemistry



Furan




Eg 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  [Hl

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

[N, wom [} o [}
—_—
o NO, SO;H
Di’IF//PGé N



© Reactionsoffuan [

Reactions of furan-2-carboxylic acid: «




O pyrrote

- 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
= (e ()

N (0)
H
T(NHDzCOs

OHC CHO

succinaldehyde




© preparation of pyrrole I

Knorr synthesis:

R, OEt
Ry o
OEt
- S
R; Rs
R NH, [0} R;



&

Basicity:




[e3

Reduction of pyrrole:

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

2,5-dihydro-1H-pyrrole



Electrophilic substitution:

N N

H H
2-sulfonic-1H-pyrrole

Brz/CZHsoH

heat Br Br

/ \ O Br /N\ Br

H

CH, 2,3,4,5-tetrabromo-1H-
2-formyl-1H-pyrrole 2-acetyl-1H-pyrrole pyrrole




Thiophene




E: Preparation of thiophene

_ H,S / \ 5
HC=CH ——% __ » /O\
heat/AL,O; R: R4 heat



© Reactions of thiophene [
1- addition reactions.

2- reduction reactions.
3- oxidation reactions.

o
BN =\ »
R L
S

s
o// \0

ed.

\R
// \ QNa/CH,OHY _H,Pd / \
s
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@ Reactions of thiophene [l

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

s

S NO,

@\CHO S g O,N /@\CHO

S S



@ Reactions of thiophene [l

Electrophilic substitution reactions:

S SO3H

‘ H,SO,

BN
| ~ Acylation Alkylation . / \ oh
S ‘ Ac20 Ph- CHZ-OH /
S C

CH3 S H2
\Brz or N.B.S.

Br




Pyridine




Eg 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.



Eg Preparation of pyridine

1- from acetylene:

HCN ‘
>

2 HC=—CH
heat g




2- Hantzch synthesis:

(O] o

(o] (o] NH, (o]
T )J\/U\ = - /‘\/U\
H1C OEt H3C OEt H4C ~ OEt
Ethylacetoacetate .
HC ~ (Z£)-Ethyl 3-aminobut-2-enoate
CHj

Ethyl 2-acetylbut-2-enoate

o CH; O o CH, O CH,
[E— - a -
HNO = il

H3

Diethyl 2,4,6-trimethyl pyridine-3,5-dicarboxylate 2,4,6-trimethyl pyridine



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

\ \
| L Ha | HyPt
@~ =
N N N
| o ¥
HCl1
CH3B1‘

\
®
N

| e
CH;Br



© Reactionsofpyridine [l

Electrophilic substitution reactions:

NO, B
A A X
| ~ HNO; | Br, |
— H,S0, —
N N =
|H2SO4

X

IN/

SO;H



Indole

S =

Benzene Pyrrole Indole

N
H




[65
- 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

CH,
9 KOH N \ CcH
)k o } N 3
N CHj H

N-o-tolylacetamide 2-methyl indole



2- Reissert Synthesis

o
CHs |
O_CZHS
4 C,HsONa
O——C,Hs -C,H;OH
NO» |
o

o-nitro tolune

OH

H

Ethyl 2—hydroxyilgloline-Z—carboxylate

-H,O

\ OC,H5

] o

Ethyl 1 H-indole-2-carboxylate

o
Hy
C
— OC,H5
o
\NO

2

Zn/CH3;COOH
Y o
Hy
C
o
NH,



o .

Reduction of indole:

Zn/H;P0O, @
N
H
@ indoline

N

H
N
H

octahydro-indole



[

Electrophilic substitution reactions:

S

3-formyl-1H-indole

NO, DMF/POCI; Br
\ C2H5N02 Brz/CszoH \
N EtONa N
H N H
3-nitro-1H-indole H 3-bromo-1H-indole
H,$0,
SOsH

A\

N
H

3-sulfonic-1H-indole
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