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PYRROLE

Properties

1. Aromaticity
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PYRROLE

- Pyrrole have 4 C and 1 N, all are sp? hybridized

- sp? hybridization is planar, it makes a planar pyrrole ring structure.

- Each ring atom also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

- the total nu of non bonding e- are 6 (4 of four C, 2 from one N)

- The resonance of 6 e- follows the Hiickel's rule

- So the pyrrole 1s aromatic .

Heterocyclic Compounds A Z( 2018 _Organic Chemistry *harmacy 4



PYRROLE

9. Tautomerism
- Rapid migration of hydrogen from N to the C.

(y 0y 0

H N N
1H-pyrrole 3H-pyrrole 2H-pyrrole

3. Hydrogen bonding

U U U ﬂ/@

’ H o H= g N
H
Intramolecular H-bonding Intramolecular H-bonding
(rise b.p. ) btwn N-H & - e- system
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PYRROLE

Synthesis

1. From Furans
- Industrial process

- Passing furan over ammonia i presence of alumina as catalyst at
high temp.

Q NHS,EEUS i Q

O

@ RNH2£I203= Q + Hy0
R

Pharmacy 6
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PYRROLE

2. Paal-Knorr synthesis

- 1.4 - Dicarbonyl compounds react with ammonia or primary amines
to give pyrroles.

—<_>—+RNHEW/M\

O O
1,4 - Dicarbonyl
compounds

Mechanism

- Successive nucleophilic additions of the amine nitrogen to each of
the two carbonyl carbon atoms, imine formation and the dehvdration
represent the net course of the synthesis.

Heterocyclic Compounds A Z( 2018 _Organic Chemistry_ Pharmacy ;



‘ PYRROLE ‘

2. Paal-Knorr synthesis

5 N o’ OH
e o ¥ — S
0 o/ RNH2 4 — OH —» @

HoN Hl}l R
R R
H
HO p) ’\/\6 HO OH
)
@z - OH S i
ST T T
R R
H
C HO
o
ﬂ - \69\ - OH t)@\ -
f\ll -H20 (LN I‘;l -H>0
|
R R R
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PYRROLE

3. Hantzsch Pyrrole synthesis

- Reaction of a-haloketones with f-ketoesters and ammonia results in

pyvrrole
#Hjiﬂf COOEt COOEt
ﬁ H
o~ haloketones Activated Ketone
Mechanism
COOEt COOEt COOEt

NH3 H\Qﬁ\ — ﬁ\
H,0
0 HN”) HoN

enamine

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy S)



‘ PYRROLE

3. Hantzsch Pyrrole synthesis

@

0 COOEt H,0 H COOEt COOEt
H* L\/ V/\\/ \ /
L 7.
- Cl
COOEt l COOEt
/. BRI . 7. (o
@z
N N
H H
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PYRROLE

4. Knorr synthesis

- Condensation of o- aminocarbonyl component with 24 component
containing an electron-withdrawing group (e.g. an ester) o to
a carbonyl group

S
NH2 O

N
H
a- Aminocarbonyl  Activated Ketone
compounds

Heterocyclic Compounds AZC 2018 _Organic Chemistry_ Pharmacy | |



PYRROLE

4. Knorr synthesis

Mechanism
COOEt COOEt COOEt H COOEt
— S -H O (,
I@L I KJQ)H ‘ Fj\
NHg n

COOEt COOEt COOEt COOEt
jﬁ\ -HZO ﬁ\ j'g\ j\
N
H

: . |
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PYRROLE

Reactions
1. Electrophilic substitution

Pyvrrole undergoes electrophilic substitution reaction
at 20 position

O,
Co J -
@E D
I\ € :
.. E— E
N j
N
H
2 reasons. ..

- (2 attack gives more resonance contributing structures than C3.
- Extra stable contributing structure generates upon C2 attack

- =

E NE) E
N
H

T=
N

Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy | 3



PYRROLE

Reactions
1. Electrophilic substitution

Pyrrole undergoes electrophilic substitution reaction
at 2M position

- Energy diagram shows C2 attack

forms more stable intermediate than
C3

- Hence C2 preferred over C3

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 14



PYRROLE

Reactions

1. Electrophilic substitution

0y

N
H
.
N
H

/®/

3 H- pyrrollum ion

(g

2 H- pyrrnllum ion

®

O
NO
M vor @
(HAc + HNO3) N NO-2
2- nltro 1H-pyrrole

:_ + i
(SO, pyridine) SOsH

Clo . O Cl
- N
H
acetic / \
anhydride
BF3 N 0o

Heterocyclic Compounds _

AZC_

2018

_Organic Chemistry_

Pharmacy | 5



PYRROLE

2. Reduction

N

Zn, HAc .
r.t.
N
. H
2,5-dihydro-pyrrole

Pt, H» f ‘-:

pyrrolidine
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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PYRROLE

3. Reimer Tiemann reaction

CHCl5
KOH
/) \ e @\ H0 | @\
@ N ccl, CHO
N N N
H H

1H-pyrrole- 2-carbaldehyde

%W ()

3- chlumpyrldlne

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 17



PYRROLE

N
: H e

2-ethyl-1H-pyrrole

(2) H30* N COOH

H
1H-pyrrole-2-carboxylic acid

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 18



PYRROLE

Medicinal uses
(1) Glyeopyrrolate , anticholinergic drug: used in Peptic ulcer

OH
0
+ [CH,
N, 7 Br-
0 CH,

(2) Arorvastatin used i management ot high cholesterol and high blood
pressure.

OH OH O
OH

Heterocyclic Compounds AZC 2018 _Organic Chemistry_ Pharmacy | S)



FURAN

Properties
1. Aromaticity

—
-

-
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O ‘;sp hybridyzed
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p orbital
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FURAN

- Furan have 4 C and 1 O . all are sp? hybridized

- sp? hybridization is planar, it makes a planar furan ring structure.

- Each ring atom also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

- the total nu of non bonding e- are 6 (4 of four C, 2 from one O)

- The resonance of 6 e- follows the Hiickel's rule

- So the furan 1s aromatic .

Heterocyclic Compounds A Z( 2018 _Organic Chemistry harmacy 21



FURAN

Synthesis
1. Paal-Knorr synthesis of furan

1,4 - Dicarbonyl
compounds

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry._

Pharmacy

Acid catalysed ,cyclising dehydration of 1.4 - dicarbonyl compounds.

22



FURAN

1. Paal-Knorr synthesis of furan

Mechadnism

H
e WP W SN NG &
O/ UTO -H 0
H

£

H
®
L0«
O H O
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FURAN

2. Feist — Benary Synthesis

Reaction of a- haloketones with [-ketoesters in the presence of a
base (not ammonia) to give furans.

O COOEt COOEt
€L S e T
Cl o 0
o~ haloketones Activated Ketone

Heterocyclic Compounds AZC_ 2018 _Organic Chemistry_ Pharmacy 2 4



FURAN

2. Feist — Benary Synthesis

Mechanism
COOEt COOEt
i O
HO,
o o
2 H COOEt ZZL{OH
— nf N
Cl Cl/é/—\% O
l-Hzo

COOEt
3
@)

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 25



FURAN

3. From carbohydrate

Step 1: distillation of CH with sulfuric acid

Step 2: catalytic decomposition of furfural in steam

H* @\ steam, CaO _ (/ \5
pentose —» o CHO

O

furfural

Heterocyclic Compounds AZC 2018 _Organic Chemistry_ Pharmacy
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FURAN

Reactions
1. Electrophilic substitution

furan undergoes electrophilic substitution reaction at
2nd position
®

DD
E O E NNE E
@ O 0 0
/ \ E extra stable
E E contributing structure

2 reasons. ..
- (2 attack grves more resonance contributing structures than C3.
- Extra stable contributing structure generates upon C2 attack

Heterocyclic Compounds AZC 2018 _Organic Chemistry_ Pharmacy 2 ;



FURAN

Reactions

1. Electrophilic substitution

N

&
O

7\

—_—
-

+

) T
O

S

0O
H

[/ < o |\
@ ~——= OHC CHO

O

succinaldehyde

Heterocyclic Compounds

_ AZC_

2018

_Organic Chemistry_ Pharmacy
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FURAN

Reactions
1. Electrophilic substitution

(HAC + HNO3)
@)

C— +
\ 4 N < 303'
:

(SO3, pyridine)

.
- SO3H HO3S

@\NOQ ' OzN/@\NOZ

2.5-dinitrofuran

2-nitrofuran

G @\ ¥ ﬂ
3 Cl Cl Cl
0 O
acetic @\(
anhydride
BF;, O \
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 29




FURAN

2. Reduction

@ﬂ,

O

-

O

tetrahydrofuran

Heterocyclic Compounds _ AZC_ 2018

_Organic Chemistry_ Pharmacy
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FURAN

3. Diels-Alder reaction

- O atom 1s highly electronegative, so the delocalization of lone pair e-
(1n aromatic system of furan) 1s not overly etfective.

- Thus...Furan can behave as a dienophile and gives 4 + 2

cveloaddition.
CO,CH3 CO2CH3;
- heat
O + | - =
H‘-.
CO,CH3 CO,CH3
dimethyl maleate adduct

Heterocyclic Compounds \Z( 2018 _Organic Chemistry_ Pharmacy 3 |



FURAN

3. Diels-Alder reaction

/\0 7
— 0,
\—/o \

maleic anhydride adduct
O
O 0O H
25°C -
=/ + o :
0]
exo endo
90%
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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FURAN

4. Pyrrole synthesis
\ PYRROLE \

Synthesis

1. From Furans

- Industrial process
- Passing furan over ammonia in presence of alumina as catalyst at
high temp.

{/ \5 NH3, AloO3
o A

\ + H0O

@ RNHz, AlbOs _ [/
A

@)

Q
»
R

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Ph
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FURAN

Medicinal uses

(1) Nitroturans: Nitrofurazone, Furazolidone, Nitrofurantoin ,  Anti-
infective Agents: used as an antiprotozoal agent to treat
trypanosomiasis and leishmaniasis

N O

Hoo () R

(2) Ranitidine: Antihistaminic Agents, used in peptic ulcer
NO,

N S _CHs
HsC 0 SNSNTN

H H

Heterocyclic Compounds AZ( 2018 _Organic Chemistry_ Pharmacy 34



THIOPHENE

Properties
1. Aromaticity

/ \

LN ]

S

@4@>@

0 Lsp hybridyzed

unhybridyzed orbital
p orbital
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THIOPHENE

- Thiophene have 4 C and 1 S . all are sp° hybridized

- sp? hybridization is planar, it makes a planar thiophene ring structure.

- Each ring atom also contains unhybridized p orbital that 1s
perpendicular to the plane of  bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p

orbitals 1s possible.
- the total nu of non bonding e- are 6 (4 of four C, 2 from one S)

- The resonance of 6 e- tollows the Hiickel's rule
- So the thiophene 1s aromatic .

Heterocyclic Compounds A Z( 2018 _Organic Chemistry harmacy 36



THIOPHENE

Furan is less aromatic / thiophene is more aromatic

Order of @ % ﬂ { ﬂ { @
N S
H

aromaticity 0

furan pyrrole thiophene benzene

Resonance 16 22 29 36
energy

This order depends on order of electronegativity of heteroatoms

The more e-ve 1s the atom =2 the more tightly holds its lone pair of e-
= more reduce the ease of delocalization (aromaticity).

So most e-ve O 1n furan most decrease aromaticity.
& Least e-ve S in thiophene least decrease aromaticity.

Thus ....

Heterocyclic Compounds \Z( 2018 _Organic Chemistry_ Pharmacy 3 ;



THIOPHENE

Synthesis
1. Paal-Knorr synthesis of thiophene

- The condensation of 1.4-dicarbonyl compounds with sultfur sources
gives thiophene.

P,S
0:'<_>/ &iHE;O /@\
0

S

Heterocyclic Compounds AZC_ 2018 _Organic Chemistry_ Pharmacy 38



THIOPHENE

1. Paal-Knorr synthesis of furan

Mechanism

thioketone +
lH
H
@
A LN/
-H,0
S S
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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THIOPHENE

2. From sod. succinate

- Laboratory synthesis
- Heating a mix. of sod. succinate and phosphorus trisulfide.

[\ o~
‘00C COO A

Na Na* S

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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THIOPHENE

3. Hinsberg Synthesis

- Condensation between a 1.2 - dicarbonyl compound and diethyl
thiodiacetate 1n presence of strong base give thiophene 2.5 - diacids (

- diketone)

H N Y\S/Y base / \
-2H-0 S
0] O (@] 0] 0
1,2 - dicarbonyl thiodiacetate
compound
Ph
Ph Ph C2oHs0
+CEHEO7]/\ /YOCEHE t-BuO'K" o
E? R( S -2H,0
0] O (@] (0] 0]
benzil diethyl-thiodiacetate

Heterocyclic Compounds AZ( 2018

_Organic Chemistry_ Pharmacy

thiophene-diketones

/ \

OC,Hs

substituted thiophene



THIOPHENE

Reactions
1. Electrophilic substitution

thiophene undergoes electrophilic substitution reaction

at 2M position
®

O O
E O E NE E
(ye | S
E extra stable
. E E contributing structure
C3 / - =
| K:r:gc> /Cyf

S

w

2 reasons. ..
- (2 attack grves more resonance contributing structures than C3.
- Extra stable contributing structure generates upon C2 attack

Heterocyclic Compounds AZC 2018 _Organic Chemistry_ Pharmacy 42



THIOPHENE

Reactions

1. Electrophilic substitution
Very strongly acidic  conditions lead to acid — catalysed
polymerization.

The action of hot phosphoric acid on thiophene leads to a trimer.

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 43



‘ THIOPHENE

Reactions
1. Electrophilic substitution

S

2-nitrothiophene 3-nitrothiophene
(major)

(SOs, pyridine'}r s SOszH
o, - @\ ¥ ﬂ
A S Cl Cl & Cl

(major)

acetic
anhydride @‘(
BF3 S

O

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy



THIOPHENE

2. Reduction

B

butane

H, / Pd i E

S
tetrahydrothiophene
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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THIOPHENE

3. reaction

reaction with organolithium

@ - ] @\ Li {(;; 5502+ ] @\COOH

S S
2-thiophenyllithium thiophene-2-carboxylic acid

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 46



THIOPHENE

Medicinal uses

(1) Sitaxsentan: Cardiovascular Agent ., used 1n pulmonary artery

hypertension
Cl
H
ON N\\'//S/
S\\ /
7 \ O O-N
S @)
o o
(2) Tiagabine: Anticonvulsant Agent, used in the treatment of epilepsy
O
/ \
HO N N S
7~ S

Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy 4;



THIOPHENE

Medicinal uses

(3) Articaine: Anesthetic Agent

Heterocyclic Compounds _ AZC_ 2018 _Organic

Chemistry_ Pharmacy
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PYRAZOLE

Properties
1. Aromaticity o / "
f ) ()
pyridine like N —= N _ \ - V7

N pyridine pyrrole

IN— @/0 @)O

orbital

unhybridyzed
p orbital /
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PYRAZOLE

- Pyrazole have 3 C and 2 N . all are sp° hybridized

- ? hybridization is planar, it makes a planar pyrazole ring structur
sp* hybridization 1s planar, it makes a planar pyrazole ring structure.

- Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of ¢ bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

- the total nu of non bonding e- are 6 (3 of three C, 1 from one N and
2 of other N)

- The resonance of 6 e- follows the Hiickel's rule

- So the pyrazole 18 aromatic .

Heterocyclic Compounds A Z( 2018 _Organic Chemistry harmacy 50



PYRAZOLE

2. Tautomerism

- Rapid migration of hydrogen from one nitrogen to the other.

Me Me
— T =, L\
N — -
N/ N/ Me "5 N
H H

3(5)-methylpyrazole

3. Hydrogen bonding
¢\
N, F—j LN
NN W
H--" N o
H

|
N, "
;\ // 2 Hydrogen bonding within 2 molecules (cyclic dimer)

Heterocyclic Compounds AZ( 2018 _Organic Chemistry_ Pharmacy 51




PYRAZOLE

Synthesis
1. From pyrimidine

- Pyrmdine 18 very susceptible to nucleophilic addition.
- 1t reacts with hot hydrazine solution to give pyrazole.

~ N . NH,NH =

A

Pyrimidine pyrazole

Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy
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PYRAZOLE

1. From pyrimidine
mechanism

- Mechanism follows Addition of Nucleophile Ring Opening Ring
Closure (ANRORC) sequence.

NH
HN™ 2 N2 NH
fN NHoNH, (O NH . NH o \’\fN NH,
/) nucleophilic < ) TN ) k‘k
addition N S
ring
closure
l\iH C/ NH [/ NH
+ — N
pyrazole \N "

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 53



PYRAZOLE

2. Knorr pyrazole synthesis

-  Rxn convert a hydrazine or its derivatives and a 1.3-dicarbonyl
compound to a pyrazole using an acid catalyst.

O 0 N—NH
J\/LL +  NHpNH, —catadd //K)\
R R R R
1,3-dicarbonyl compound hydrazine

Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy 54



‘ PYRAZOLE ‘

2. Knorr pyrazole synthesis
mechanism

HaoN—NH> l
N—CH B N—E\Nﬁ Az, N/NH2 -d./—\ H*
/Q@Hz ‘_MH — AL — i %
R R R R R/‘\/”\R R R
-H20 imine
N—NH N—NH
/Q\ G / /
R 'y "R H>,0O R R
W el
diimine

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 55



PYRAZOLE

2. Knorr pyrazole synthesis

Examples
/ \
0 0 | '}‘*N ) N'_'{'
M t H::N"NH —> CH /% CeH M
CGHS 615 615
1-phenylbutane-1,3-dione  methylhydrazine 1,5-dimethyl-3-phenylpyrazole  1,3-dimethyl-5-phenylpyrazole
unsymmetrical isomeric mixture

dicarbonyl compound

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 56



PYRAZOLE

3. From Nitrile Imines

- Pyrazoles are produced by the dipolar cvcloaddition btwn alkynes

with nitrile imines.

R

|\3/+\\

Heterocyclic Compounds AZC_ 2018 _Organic Chemistry_ Pharmacy
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PYRAZOLE

4. From diazo compound

- Diazo compound adds to an acetylenic derivative gives pyrazole

CeHs COOCHS3 CeHs COOCH3

|- S — ol

/y H3COOC %
eN N
COOCH;5 H

3,5-Dicarbomethoxy
-4-phenylpyrazole

N

H3COOC COOCH;

CeHs \N/N\H

4,5-Dicarbomethoxy
-3-phenylpyrazole

Heterocyclic Compounds AZ( 2018 _Organic Chemistry_ Pharmacy 58



PYRAZOLE

Reactions

1. Electrophilic addition to N
a. Protonation (basic property)

- Pyrazole accept proton, act as base.

[

I
H

aqg. acld

¥ ¥

pyrazolium cation

Heterocyclic Compounds _

AZC_

2018 _Organic Chemistry_ Pharmacy
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‘ PYRAZOLE ‘

1. Electrophilic addition to N
b. N-alkylation

5 8 —
{ \ g2 / \® { \
/ N l CH3’ / N — N / \
I

l}l '\I‘ I@ @N N:
g H | i '}‘
N-dimethylpyrazolium salt H

pyrazole as base removes proton

[ \e
\ AN~

N

S e |
|—CH:x \/’—\
\®/N\ s N /N\ .

N o N
|| o0

N-1,N-2-dimethylpyrazolium salt

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 60




PYRAZOLE

1. Electrophilic addition to N

b. N-alkylation

- Pyrazole reacts with alkyl halide and first gives N-alkyl pyrazolium
salt.

- This salt can lose an N-proton m an equilibrium with unreacted
pyrazole, generating N-alkyl pyrazole.

- N-alkyl pyrazole reacts with alkyl halide and gives N-1,N-2-
dialkylpyrazolium salt.

Heterocyclic Compounds \Z( 2018 _Organic Chemistry_ Pharmacy 6 |



PYRAZOLE

2. Electrophilic substitution to C

Pyrazole undergoes electrophilic substitution reaction at
4th position.

- Electrophilic attack at possible positions with iuterulecliﬂteq

E
4 3 < \/
C-3 5{/ j\N2 E* / /N® /N ) simie
N

N1 mtcrmedlates with
H H
+ve azomethine N

\ (highly un/ ‘avourable)
cs [N e /F /C\ o
N/
&\\,—\
N N

H

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 62




PYRAZOLE

2. FElectrophilic substitution to C

- Electrophilic attack at C-3 & C-5 generates highly unstable +vely
charged azomethine intermediate.

- Electrophilic attack at C-4 completes without any such highly
unstable intermediate.

- Thus Ts 1s much higher for C-3 & C-5 attack than C-4.

- So...

Electrophilic attack takes place readily at neutral o7 alkaline media as

pyvrazole protonated pyrazole 1s more resistant to electrophilic attack
than pyrazole.

Heterocyclic Compounds A Z( 2018 _Organic Chemistry_ Pharmacy 63



‘ PYRAZOLE

2. Electrophilic substitution to C
a. Nitration

O2N
{ \ 2 \\
/ N conc. HNO3 = / N
N~ conc. HySO4 N~
H H

b. Halogenation

H
Br
/ \ NBS E/ \\N
N""N H,O, A > N""
H H
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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PYRAZOLE

3. Oxidation
COOH

[\, _akKmno, [/ |\
N7 A f;l/
|

CgHs CgHs

4. Reduction

(/ \, _PdHp _ { \ Pd.H, _ { \
N/ /N A /NH

\

| N N
I
CeHs CeHs CeHs
1-phenylpyrazole 1-phenyl-4,5- 1-phenylpyrazolidine
dihydropyrazole
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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PYRAZOLE

5. Ring opening
- N-substituted pyrazole reacted with strong base (sodamide) cause
ring opening

H
—N
/ \N NaNH2 nng \ +
N ( N opening [ /\_NH
I |
R R R H
N-substitutedpyrazole acrylonitrile derivative
@ @/H

Na---N

\

H

Heterocyclic Compounds AZC_ 2018 _Organic Chemistry_ Pharmacy 66



PYRAZOLE

Medicinal Use

- Many synthetic pyrazole compounds are of importance as dyes and
medicines.
E.g.
Antipyrine - used as an antipyretic ,analgesic
lartrazine - as a yellow dye for food
FPhenylbutazone - an anti-inflammatory drug

@V

o phenylbutazone
antipyrine

Heterocyclic Compounds AZC 2018 _Organic Chemistry_ Pharmacy 6 ;




IMIDAZOLE

Properties
1. Aromaticity

dine like N
" .~ Pyridine like

h

1N <« pyrrole like N

0
96000
A

O unhybridyzed

p orbital
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IMIDAZOLE

1. Aromaticity

- Imidazole have 3 C and 2 N . all are sp? hybridized

- sp? hybridization is planar, it makes a planar imidazole ring structure.

- Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of ¢ bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p

orbitals 1s possible.
- the total nu of non bonding e- are 6 (3 of three C, 1 from one N and
2 of other N)

- The resonance of 6 e- tollows the Hiickel's rule
k|
- S{_-} * * * *
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IMIDAZOLE

9. Tautomerism
- Imidazole with a ring N- hydrogen are subject to tautomerism.

Me Me
N NH N
[y — [ = L3
H H

4(5)-methylimidazole

- 4 —methylimidazole equilibrium with 5 — methylimidazole
3. Hydrogen bonding

N )

\=N.
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IMIDAZOLE

Synthesis
1. Radziszewski Imidazole synthesis

- Synthesis of imidazole from a dicarbonvl, an aldehvde & ammonia.

- The reaction completes 1n two stages.

R3
R, o R4 /N Rs R1 N
- X, — T
3 aldehyde =1/ I e
R» @) Rz N R ”
Dicarbonyl diimine
compound

stage 2
diimine condenses with the aldehyde

The dicarbonyl and ammonia candense
' to give an diimine

___________________________________________________________________
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IMIDAZOLE

2. From an oa- Halo - Carbonyl Component

R 0 HoN
:/E + >—R3
HN

1 N
-
N
-

R
H,0 Re

-Br
Rg Br
a—halo ketone amidine substituted imidazole
R
R1 O HoN 1 N\
P e
Ry OH HN Rz H
a-hydroxy ketones amidine substituted imidazole
(acyloin)

Heterocyclic Compounds _ AZC_ 2018 ganic Chemistry_ Pharmacy
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IMIDAZOLE

3. From Dehydrogenation of Imidazoline

- Condensation of 1.2-diamines with nitriles grves imidazoline.
- Imidazoline reaction with barium manganate yiels 2-substituted

mmidazole.

NH; N N N
[ . ||| N \>*R3 BaMnO4 _ [ \>*R3

N N

H H

imidazoline

Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy ; 3



IMIDAZOLE

Reactions
1. Electrophilic additionto N

a.

Protonation (basic property)
imidazole accept proton, act as base.

H

0 E>H E@/>

H

|m|daznllum cation

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_
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IMIDAZOLE

1. Electrophilic additionto N
b. N-alkylation

N 5 & ®N/ N/ N

\ |—CH3 [\ N
[ > aq. acid | > [@/> [ \>

; ; ) \

H

N-methyl-imidazolium salt

imidazole as base removes proton
\ -

!

®N

r

/ [‘)

N

H

1

/
[@:,> _ I—CHs [B
2\

N

N-1,N-3-dimethylimidazolium salt
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IMIDAZOLE

b. N-alkylation

- 1mdazole reacts with alkyl halide and first gives N-alkyl
imidazolium salt.

- This salt can lose an N-proton i an equilibrium with unreacted
mudazole, generating N-alkyl mmidazole.

- N-alkyl imidazole reacts with alkyl halide and gives N-1.N-3-
dialkylimidazolium salt.

Heterocyclic Compounds \Z( 2018 _Organic Chemistry_ Pharmacy ; 6



IMIDAZOLE

2. Electrophilic substitution to C
®

3
w 4 N N
favoured i [ \>2 - C-2 substitution not favourable [ : e
5 iN as it forms highly unstable N~ N
H H
a. Nitration b. sulphonation
ON_  n \ HOsS.
\y _HNOs \ \y _H2SO4 \
E > “olium \[ > | A | >
N N N
H H H
4(5)-nitroimidazole imidazole-4(5)-sulfonic acid
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IMIDAZOLE

c. Halogenation
N Br N Br N
\ Bra, HAc N\ aq. Na;SO3 | \>
| > | D—8r A
NaAc
N N N
H 5 H H

4-bromo-1H-imidazole

- Bromunation gives 2.4,5-tribromonmidazole

- 4(5)-Bromoimidazole can be obtained by reduction of
tribromoimidazole with sodium sulfite.
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IMIDAZOLE

3. Imidazole catalyzed ester HL

0>

Imidazolyl group of histidine residue present in hydrolytic enzymes.
Functions as ester HL

(1) Imidazole as Base catalysis
Activates water for attack at carbonyl C
o O

/\ f\%L Hjéo'R o R/alcj;i\dOH T

i@f
; IN\>
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IMIDAZOLE

3. Imidazole catalyzed ester HL

(2) Imidazole as nucleophilic catalysis

- Imudazole directly attack at carbonyl C

O
o) 2
( R 2 _R : R)I\T\lﬁ
N R 0" =— R7CO7 ~ (L
B ; N
N [ “H
H N
H
N
O R &,
- Y N
N /O:\)
0y T i W
N acid "
H
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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IMIDAZOLE

Medicinal uses

(1) Azole Antifungal Agents: [\
Ketoconazole cl NN
Miconazole Cr\o
Clotrimazole o & o)
Miconazole
(2) Antihustaminic drug: Cimetidine
- used to treat and prevent peptic ulcer, gastro
esophageal reflux disease (GERD) and heartburn.
(3) Antiprotozoal agents: \/etronidazole - K\QH
: : O
- used in amoebic dysentery N N
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IMIDAZOLE

Medicinal uses

(4) Azathioprine: An immunosuppressive antimetabolite pro-drug.

- Anticancer agent Oe

Y

- Immunosuppressive Agents . N=0
N

i,
| . ,%:H
lN’# Nf>

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 82



OXAZOLE

Properties
1. Aromaticity

ridine like N
3 Py

0y

furan like O

sp? hybridyzed — ‘& < SP hyb_rldyzed
\/ orbital
orbital O O

0 unhybridyzed

p orbital
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OXAZOLE

- Oxazole have 3 C .1 Nand 1 O, all are sp° hybridized

- sp? hybridization is planar, it makes a planar oxazole ring structure.

- Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

- the total nu of non bonding e- are 6 (3 of three C, 1 from N and 2 of
O)

- So....

-  However, an O atom 1s highly electronegative, so the delocalization
1s not overly effective.
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OXAZOLE

Synthesis
1. Robinson-Gabriel synthesis

Cvelising dehvdration (acid - catalyzed closure) of an a- acylamino -
carbonyl — compound.
H
|
R N\l_rﬁz s RO N
D 'HQO I \>7R2
Ra O O

R3

a- acylamino -carbonyl-
compound
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OXAZOLE

1. Robinson-Gabriel synthesis
Mechanism

I

N’} R,

\ﬂ/pmtnnatlun I

R13

R1

pas

H
R4 H +N
cyclization Hé_\j \>7R2
O
R3
-H,0 l dehydration
H
Ri
_deprotonation ;\“/ \>7R3
+
Ro H

Heterocyclic Compounds _

AZC_ 2018 _Org
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Pharmacy
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OXAZOLE

2. From an a- Hydroxy - Carbonyl Component

R4 O

R

HoN NN

T Y=

* Rs  _2H,0 o

Rs OH O R2
a-hydroxy ketones amide substituted Oxazole
(acyloin)
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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OXAZOLE

2. From an a- Hydroxy - Carbonyl Component

E.Q.
CoH500C O HoN CoH500C N
S \>
e M ameX
CoH500C OH O C,Hs00C ©
a-hydroxy ketosuccinate formamide diethyl oxazole-4,5-dicarboxylate

ester hydrolysis
BE(OH)Q,HEO

‘00C

N
Qumullne Cu ' \
[y - I

decarboxylatlon 00C
oxazole-4,5-dicarboxylate

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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OXAZOLE

3. From Isocyanides

- Reaction of 1socyanmides with acid chlorides or anhydrides yields
substituted oxazoles.

E.Q.
cl “efls N
CﬁHs\fﬁgg + /J% n-BuLi JI \>
0 @]
(isocyanomethyl)benzene acetyl chloride 5-methyl-4-phenyloxazole
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OXAZOLE

Reactions
1. Electrophilic additionto N

a.

Oxazole 18 less reactive compare to imidazole, because presence of
more electronegative O

Protonation (basic property)
Oxazole accept proton, act as base form oxazolium salts.

; o N
\ [ «—> [ /
[O> aq. EICId %>

oxazolium cation
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OXAZOLE

2.

Electrophilic substitution to C
[ess reactive due to O present 1n hetero skeletal

Reaction is possible at 5™ position, if ring is activated by EDG.

Nitration and sulphonation are more difficult

E.g.

-0 = -0
© g~ ©

2-phenyloxazole 5-bromo-2-phenyloxazole

Hete

rrocyclic Compounds AZ(

2018 _Organic Chemistry_ Pharmacy
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OXAZOLE

3. Diels-Alder Reaction

- Act as Diene (4rcomponent)

- O atom 1s highly electronegative = so conjugated double bonds are
readily available as diene in Diels-alder reaction.

- Oxazoles readily undergo Diels — Alder type cycloaddition across the
2,5 — positions
E.g

(1) Synthesis of furan

Ph N o
\[ I SO R 1
0]
R R
oxazole alkyne furan benzonitrile
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‘ OXAZOLE

3. Diels-Alder Reaction

Mechanism

N o
g AN

| |

N G
Il - -
PN
Ph R
benzonitrile substituted furan
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OXAZOLE

(2) Kondrat'eva pyridine synthesis

- synthesizing pyridine derivatives by Diels—Alder cycloaddition
between an azadiene and a dienophile followed by an extrusion of the
resulting bridge of the bicyclic intermediate.

R1
1 2
[/O) ¥ K/Rz > ~ R

Heterocyclic Compounds A Z( 2018 _Organic Chemistry_ Pharmacy E’4



OXAZOLE

3. Diels-Alder Reaction
(2) Kondrat'eva pyridine synthesis

Mechadnism
1 1
- HOR o o, H R .
k/RZ  — o) H o g
\f/ﬂ H® - l
N N
R! |-{ H R
2y B o. YX __R?
5 [ |
NS _HZO .
N N

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 95



OXAZOLE

Medicinal uses

(1) Antifungal agent N ) 0 ] OH
) /
- Bengazoles are natural products with LO_>\'/(‘N—)\/\/|\3/
two oxazole groups 0._0 OH OH OH

Bengazole A
(2) Oxaprozin O
- 1S a non- steroidal anti-inflammatory agent .
(NSAID) | )\__coou
- Used to symptomatically treat inflammation, O N
pain, and rheumatoid diseases.
Oxaprozin

Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy 52’6



THIAZOLE

Properties
1. Aromaticity

/— pyridine like N

E\>

thiophene like S

sp2 hybridyzed —» . By <— SP hybr idyzed
orbital 0 O

O unhybridyzed

p orbital
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THIAZOLE

-  Thiazole have 3 C, 1 N and 1 S, all are sp° hybridized

- sp? hybridization is planar, it makes a planar thiazole ring structure.

- Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

- the total nu of non bonding e- are 6 (3 of three C, 1 from N and 2 of
)

- The resonance of 6 e- follows the Hiickel's rule

- Do....
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THIAZOLE

Synthesis
1. Gabriel synthesis

- Condensation of acylaminocarbonyl compound in presence of
Phosphorus pentasultide.

H
|
R N R
0 D
a- acylamino -carbonyl-
compound
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THIAZOLE

Synthesis
1. Gabriel synthesis
Mechanism
H H H
| H | R /
Riw _N_ _R R -Ma B2 NN
1:\[ \n/ ? P,Ss i/\[o]s o I >><R2
R Np © R g Ry~ S (OH
-H,0 1 dehydration
R4 N
e
R3 S
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THIAZOLE

2. From an a- Hydroxy - Carbonyl Component
( Hantzsch Thiazole Synthesis)

- condensation of a-haloketones and thioamides referred to as the
Hantzsch thiazole synthesis.

R4

R1 O HoN
\ R
' )_ Rs H0 ’
R, Cl S -HCI Ro
a-halo ketones thiamide substituted thiazole
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THIAZOLE ‘

2. From an a- Hydroxy - Carbonyl Component
( Hantzsch Thiazole Synthesis)

Mechanism
O H,N " ‘RfN
2
I ) 3 SN2 type’ H+ CI’ b O:S- >—R3 s HO:§~ >—R3
Cl S S
- R2 R2
R Ri H
NN o\ HO N\G9
I \>—R3 = E2 type H2O/)b \>'—R3 -— >_R3
-H,0 S
R S HCI R L S R
r\Cl.

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 102



THIAZOLE

3. From an thiocyanate salts

© N\ aq. acid N

: Y T T Do

o/ @ -H,O
Cl S Na -NaCl S

chloroacetone thiocyanate salt 2-hydroxy-4-
methylthiazole
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THIAZOLE

Reactions
1. Electrophilic additionto N
a. Protonation (basic property)

- H
f

ON N
[ \> aq. acld | S\> T [Sf>
®

thiazolium cation

b. N-alkylation

g N
N\ |—CHs _ [ N
[S> aqg. acid | S>

N-methyl-thiazolium salt
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THIAZOLE

2. Electrophilic substitution to C

3-1-
= 4 N
favoured [ N2 era
S 1S>

a. Nitration
N N
[\}NHQ Bra, ACSH - | \>7NH::_
s 65°C s
Br

Z2-aminothiazole 2-amino-5-bromothiazole

N N
N2Og4, BF
(o— % o=
S S

O2N

O2N

N
T
S
2. I 1

2-Methylthiazole 2-methyl-5-nitrothiazole ~ 2-methyl-4-nitrothiazole

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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THIAZOLE

2. Electrophilic substitution to C

b. Sulphonation

N N
[ N\ Olium /[ \>
Hg
S Lgpe HOgs” S

thiazole-5-sulfonic acid

c. Halogenation

N N
[ \>7NH2 Bro, AOH | \>7NH2
3 65°C S
Br
2-Methylthiazole 2-amino-5-bromothiazole

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy

1006



THIAZOLE

[\%NH NaNDz,HCI [\%N N _CuCl [N\}m
S

2-aminothiazole thiazole-2-diazonium 2-chlorothiazole
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THIAZOLE

Medicinal uses

(1) Hy-receptors blockers: famotidine, nizatidine used m Peptic ulcer

0°
'{‘@ HoN S N NH
2N- 2
N\/<_>\/S /T)\
m-andme famotidine
(2) Chlormethiazole vsed as sedative hypnotic HsC
N
/\I»
Cl S
NH,

(3) Vitamin B1 (Thiamine):

- Used in thiamine deficiency )\N H3g)\&
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THIAZOLE

Medicinal uses

Sulphathiazole Fanetinole
(Antibiotic) (Anti-Inflammatory)
N\ /\|
S/§_<NH 0 J[ s> N\ NH
|§N \N NO, >/
S Nindazole
Combendazole (Schistozomicidal)
(Fungicidal)
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PYRIDINE

Properties
1. Aromaticity

4
5~ |3
BNN 2

--1

9
00 0,
0 @ C)/O \spz hybridyzed

0 O \ orbital
i O unhybridyzed

p orbital

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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PYRIDINE

- Pyridine have 5 C and 1 N, all are sp? hybridized

- sp? hybridization is planar, it makes a planar pyridine ring structure.

-  Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.
- the total nu of non bonding e- are 6 (5 of five C, 1 from N)

- The resonance of 6 e- tollows the Hiickel's rule
- So....
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PYRIDINE

2. Basicity

Pvridine is more basic than pvrrole

pyridine B

D
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PYRIDINE

Properties
2. Basicity

Pyridine is more basic than pyrrole

pyridine
pyrrole

benzene
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PYRIDINE

Pvridine is more basic than pvrrole

- Basicity depends on availability of lone pair.

- Pyridine N have lone pair of € 1in same plane of pyridine hybridized
orbitals plane - So it 1s not participating to resonance phenomena
= lone pair 1s readily available for acid-base reaction.

- Pyrrole N have lone pair of & perpendicular to plane of pyridine
hybridized orbitals plane. -2 1t participates in resonance
(delocalization of lone pair) = not readily available for acid-base
reaction.

- Ag lone pair of é of pyridine are readily available than pyrrole...

... Pyridine 18 more basic than pyrrole
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PYRIDINE

Pvridine is less basic than aliphatic amines

="
. | K N s
pyridine N S" | Aliphatic amine
5p? sp°

(more electro-ve) (less electro-ve)

- Sp? hybridized N is more electro-ve (more s character) than Sp’ —>

lone pair of & more closelyv held toward more electro-ve N = less
available for acid-base reaction.

- As lone pair of € 18 not readily available in pyridine , 1t 18 less basic
than aliphatic amines.

Heterocyclic Compounds \Z( 2018 _Organic Chemistry_ P
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PYRIDINE

3. Tautomerism

- Tautomeric structures involve when pyridine substituted at 224 - / 4t
- position with groups such as —XH (X = O,N or S)

O H-bond donor
O H-bond acceptor

2-hydroxypyridine 2-pyridone

4. Hydrogen bonding
- Pyridine 1s water soluble
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PYRIDINE

Synthesis
1. Hantzsch pyridine synthesis

- Condensation of an aldehvde with two moles of a f-dicarbonyl
compound and ammonia.

CoHs00C ;I\ L COOC,Hs CgHﬁODCI-rOOCzHE
N

Ethyl acetoacetate dihydropyridine

[O] ] HNO3,H,SOy4

>oHs00C X COOC2H5
~ (i) KOH/CosH50H II
| - ~
_ (if) Ca0, heat, N

N - 2C0,
2,6-dimethylpyridine
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PYRIDINE

Synthesis
1. Hantzsch pyridine synthesis
Mechanism

Step 1: Knoevenagel Condensation between the -ketoester and aldehyde

H H
COOCoH5 \I—I/ O
L O s NH3
= OC5H
0 215
-H,0
O
unsaturated carbonyl

compound

Step 2: Formation of the ester enamine

CoHs00C
C,H500C

NH J\
H,O NH,
@]

ester enamine
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PYRIDINE

Synthesis
1. Hantzsch pyridine synthesis
Mechanism

Step 3: Formation of the dihydropyridine

N ) oG
(' 2

H
C2Hs00C COOC2H5 C2H500C COOCsz C,H500C COOC;Hs
¢ i Michael 5 B |) tautomerization ||
CNH; 0 adoien UNH; 0 NH O
Nucleophilic
addition

C;Hs00C COOC;Hs CHO0C. 1t COOCsHs
II ‘Dehydl' ation l OH
” H,0
b \
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PYRIDINE

Synthesis
2. The Guareschi Synthesis

- Modification of Hantzsch synthesis, use of cyanoacetamide as the
nitrogen - containing component.

CN CN

O + KoCOs3, acetone AN
A
O HoN o) N o
cyanoacetamide H
2-Pyridone
CN
CN X
=
OEt + K2COs3, acetone
‘ A = =
3 - alkoxy - enones enenitrile
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PYRIDINE

3. From 1,5 - Dicarbonyl Compounds

- Ammonia reacts with 1.5 - dicarbonyl compounds to give 1.4 -
dihydropyridines, which are easily dehydrogenated to pyridines.

R> Ro Ro
R4 R5 R4 R2 R4 R2
NH3 | | oxidation _ N
-2H-0 HNO3 -
Rs 00 R Rs H R Rs N R
1,4 - dihydropyridine substituted pyridine

1,5 - dicarbonyl
compound
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‘ PYRIDINE

Synthesis
4. From Oxazoles Kondrat'eva pyridine synthesis

OXAZOLE

3. Diels-Alder Reaction
(2) Kondrat'eva pyridine synthesis

- synthesizing pyridine derivatives by Diels—Alder cyeloaddition
between an azadiene and a dicnophile followed by an extrusion of the
resulting bridge of the bicyclic intermediate.

R1
1 2
[3 ¥ FL/R2 — [ | )
N X —~H,0 -
N

Heterocycelic Compounds cR18 R "’4
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PYRIDINE

Reactions
1. Electrophilic additionto N

a. Protonation (basic property)

— ‘E—I}f
N c®
H

pyridinium chloride

b. N-alkvlation

| N CHsl

— | @D
N N7
1-methylpyridinium
iodide
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PYRIDINE

Imidazole is approximately 100 times more basic than
pvridine.

| N o | A
. . : — ®~
- Protonation of imidazole yields N I“|~l CI@
an 1on that 1s stabilized by the H

. . pyridinium chloride
electron delocalization

0 E\>-—- E@>

|m|daznllum cation
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PYRIDINE ‘

2. Electrophilic substitution to C
Pyridine gives electrophilic substitution reaction at
3rd position.

N N ZaNC OO
N~ Ng N N\ N\
=6 £ B e
H = H o H
C3 l/ |J/ e\ X &
@
N N N N

E® E H E H E H
C4 ® ®
) —(d — 61— T
N N N N
®
- N 1s electro-ve , so tve charge on N destabilize structure = here

attack at C2 ., C4 generates N+ intermediates—> less favourable
— only (3 1s favourable as it can not generate N+ intermediate.
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PYRIDINE

a. Nitration

N HNO; X V02
| -
=~ Conc. HySO4 ~
N N
A 3-nitropyridine

b. sulphonation

- Pyridine 1s very resistant to sulfonation using concentrated sulfuric
acid or oleum, addition of mercuric sulfate in catalytic quantities
allows smooth sulfonation.

¢. H,SO, _SO4H
| N HgS04 220°C_ | Y
P 70% =
N N
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PYRIDINE

c. Halogenation

ClI Br
| AN . Cl, A|C|3 | Bro, Uleumh |

— JAN ~ AN —
N N N

- 3-Bromopyridine 1s produced in good vield by the action of bromine
in oleum.

- 3-Chloropyridine can be produced by chlorination in the presence of
aluminium chloride.
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PYRIDINE

3. Nucleophilic substitution

Why pyridine wundergoes nucleophilic substitution
reaction at 2-position.

Z ‘\ = " Nu 9 " Nu LT Nu _ NU
N | LT L S| Y
C3 2 © C\N <) C_ N/ N H \N

2 b/ Q X - Z
S ©) N ~ I -H
N U Nu N Nu (_lN Nu ('I:] Nu N Nu

[Especially stable]
-ve Charge on N

- Attack on 2™ position gives more stable intermediate containing
—ve charge on N. thus...
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PYRIDINE

3. Nucleophilic substitution

Chichibabin rxn
- Rxn of pyridine with sodamide at high temp.

BN
AN
| + NaNH, _NHs Heat _ | _ . N
= N NHo

pyridin-2-amine

Mechanism
AN
(D N B
| N, 2
N = N NH,
- N,.) H-oN LN
NHo © pyridin-2-amine
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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PYRIDINE

4. Pyridine as Nucleophilic catalyst

- Used as catalyst for acylating phenols, alcohols and amines using
acyl chlorides / anhydrides.

~
| 0
0] =
R—OH + )L N" )LO,R
Cl
ester
Mechanism o, o°
)
i AN SN
oo LU I
reactive trigonal
o intermediate

7|
Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy I 30



PYRIDINE

5. Reduction

|
H
MeOH o
piperidine
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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PYRIDINE

Medicinal uses
H
(1) Antitubercular Agent : /soniazid O N“-NH2
AN
I ~
N
(2) Antibacterial agent: Sulfapyridine, Sulfasalazine
\V Y7
< NS
N N
H

o
H,N
(3) Anticholinesterase agent : pyridostiomine

- used in myasthenia gravis |
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PYRIDINE

Medicinal uses

(4) Proton Pump Inlubitors : Omeprazole, Lansoprazole, Pantoprazole,

Rabeprazole -

used 1n peptic ulcer

PPI h
PPI X Y Z R
Omeprazole CH; CH;0 CH; CH;0
Lansoprazole CH; CF3CH,0 H H
Pantoprazole CH;0 CH;0 H CHF,0
Rabeprazole CH; CH30CH,CH,CH,0 H H
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PYRIDINE

Medicinal uses

VITAMIN B3 VITAMIN B6

0
0 0 ~ m
HO P
- 0”1 “OH
i R OH | R NH, OH
~
o v
N N N
PYRIDOXAL PHOSPHATE
NICOTINIC ACID NICOTINEAMIDE active form in mammalian tissues

niacin is collective name for these compounds
Helps make some brain chemicals; needed
Helps with digestion and digestive system health. for normal brain function. Also helps make
Also helps with the processing of carbohydrates. red blood cells and immune system cells.
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AZEPINES

Properties
1. Aromaticity

5 4 NH —
— ; g
3 _ =
N NH
A N boat conformation
|l| (with 22% chair conformation)

- Planar Azepines (N is Sp? ) have potential 8 e- systems = cyclic &
planar with 4n 7 e- is antiaromatic character = least stable.

thus ..azepines and its tautomers exist in non-planar conformation
(boat conformation , one atom with Sp?).

- Compound do not comply with Hiickel's rule of (4n+ 2 ) 7 e-
- So... azepine 18 non- aromatic compound
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‘ AZEPINES

Properties
2. Tautomerism

H H
- H_/ 74 7 N
Qv O O\
l';l N N N™ “H
H
1H-azepine  3H-azepine 4H-azepine 2H-azepine

- Stability order : 3H ~ 4H > 1H
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AZEPINES

Synthesis
1. Valence-bond Isomerization

8> Organization accompanied by change 1n atomic distance and bond

angles.
+ N=N=N—COOC,H.
1 -N2
ethyl carbonazidate

3H-azepine } | :‘tU OC:

- Bond reorganization, reorganization of o- & n- electrons without
rearrangement of atoms.
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AZEPINES

Synthesis
2. From Phenylazide

O @ : '
N—N=N N —
(CoHs)oN
A (HsC2)oNH | or \ |
N2 A N N(CzHs)
phenylazide benzazirine

1H-azepine derivative

1 iIsomerization

L
N™ "N(CsHs),

3H-azepine derivative
2-diethyamino-3-H-azepine

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 138




AZEPINES ‘

3. From Nitrobenzene

[ I ] @
NO, N:’) N ) N
7N OR  No
BU3P ROH //\ OR or \
- > -
=) Ngs) N™ “OoR

o

- Deoxygenation of nitro group by tributyl-phosphine —
L
N

- Nucleophilic addition of Alkoxy group to arylnitrine
OR

- Rearrangement 2-alkoxy-3H-azepine
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AZEPINES

Reactions

1. Thermal reaction

\ / 200°C
N

|
HN
COOCzHs ™ COOC,Hs

N-carboethoxy-1-Hazepine  N-phenylcarbamate

2. Ring contraction

- Orbatal symmetry controlled disrotatory electrocycelic process.

hv . | \
\ / methanol -
N
|‘|4 \
COOC,H
COOC,Hs 21
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AZEPINES

Reactions
3. Diels-Alder reaction

- 6+2 t electron reaction

CEH5 CEH5 N CEHE

+ 80°C .
N—COOCH; Benzene

— H3COOC COOCH;3; COOCHS3
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AZEPINES

Medicinal Uses

(1) Anticonvulsants: C'arbamazepine , Oxcarbazepine —

Carbamazepine (CB2)

(2) Tricyclic Antidepressants: O N O

Imipramine, Desipramine, KL
Clomipramine, Trimipramine i
Imipramine |
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QUINOLINE

Properties
1. Aromatic
5 4
6 X 3 1-azanaphthalene
. /),  benzo[b] pyridine
5 N

Each atom 1s sp° hybridized . planar
the total nu of delocalized e- are 10 (9 from nine C., 1 from N)

tollows the Hiickel's rule

2. Weak base

3. H bonding

eterocyclic Compounds ALC_

2018

_Organic Chemistry_ Pharmacy
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QUINOLINE

Synthesis
1. Skraup Quinoline synthesis

- Quinoline from amiline, glycerol, sulfuric acid and mild oxidizing
agent (e.g. nitrobenzene)

-  Rxn 18 exothermic and tends to be violent, thus FeSO4 1s added to
malke 1t less violent

OH
OH
Oy O
"PhNO,
NH
HO

aniline glycerol quinoline
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QUINOLINE

Synthesis
1. Skraup Quinoline synthesis
Mechanism
OH O
OH
H HySO4 H’UW
- 2H,0 |
HO ,
acrolein
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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‘ QUINOLINE

Synthesis
1. Skraup Quinoline synthesis
© H
O 0 \e 0~
'D H ’)/\ ®
| conjugate e e LA
addition @ tautomerlsm
NH N N
il DS 8
enol form keto form

Tt@

COH

OH OH
H |
‘aromatization __intramolecular _)
A ~@ J  addition —~
N
N it b
OHz
@
H - H AN
> dehydration [O] -
PhNO,, -H» ~
N

1 2-d|hydroqumollne
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QUINOLINE

Synthesis
2. Doebner-Miller Synthesis

- The organic reaction of an aniline with ¢, /f-unsaturated carbonyl
compounds to form quinolines
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QUINOLINE

Synthesis
3. Friedlander Synthesis

- Chemical reaction of 2-aminobenzaldehydes with ketones to
form quinoline derivatives.

R
_acid _ | N
- 2H20 _
Ro N R2
=2 0 . H+ | “\,\
)\ - 2H-,0 _
NH- O Ph N Ph

2-aminobenzaldehyde acetophenone 2-phenylquinoline
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QUINOLINE

Reactions
1. Electrophilic additionto N

seRen]

quinazolium salt chloride

) CHs3l | N
_ ®.~
N 'T‘ |@

1-methylquinolinium iodide

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 14!)



QUINOLINE

Reactions
2. Electrophilic aromatic substitution

- Electrophilic aromatic substitution occurs at the benzene ring at
positions 5 & 8.

NO-»

X HNOs N, A
- H2SOy - -

N N N

NO»
Br

N
—

N/ N

Br

\

SOsH
H2SO4, SO5
(oleum) N N N
~
AN > \
SO3zH
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QUINOLINE

Reactions
3. Reduction reactions

LiAIH,

/ PtO-
\ CFCOOH
N
- H

Ha, pt

1,2,3,4-tetrahydroquinoline

9%

—

N
N Ha, pt | N
- 12 N HCI ~
N N

5,6,7,8-tetrahydroquinoline

Heterocyclic Compounds ALC 2018 _Organic Chemistry_ Pharmacy
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‘ QUINOLINE

Reactions
4. Oxidation

HOOC HOOC
N k. KMnO, | N | N
- — -CO2 ~
N Hooc” N N

nicotinic acid

pyridine-2,3-dicarboxylic acid
(Unstable)
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QUINOLINE

Reactions
5. Nucleophilic substitution

Chichibabin rxn
- Rxn with sodamide at high temp.

AN N
~ ~
N N~ TNH

2-aminoquinoline

2

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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QUINOLINE

Medicinal uses

(1) Drugs Used to Prevent and Treat Malaria:
Cinchona alkaloid : Ouinine, Ouinidine

4-Aminoquinolines: Chlorogiiine, Amodiagiiine
8-Aminoquinolines: Frimacqiiine, Bulagitine

L

e~

2 Chloroquine

Cl N
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QUINOLINE

Medicinal uses

(2) Qumolone antibiotic: Ciprofloxacin, ofloxacin, norfloxacin,

lomefloxacin, and sparfloxacin R R
|
N R
Ho
F
O O R

(3) S-Hydroxyquinoline: used as topical antiseptics

OH
N
l\

=
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ISOQUINOLINE

Properties
1. Aromatic 5 .
6 AE 2-azanaphthalene
7 ~.N,  benzo[c] pyridine
8 1

- Each atom 1s sp? hybridized . planar
- the total nu of delocalized e- are 10 (9 from nine C, 1 from N)
follows the Hiickel's rule

2. Weak base

3. H bonding

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 156




‘ ISOQUINOLINE

Synthesis
1. Bischler-Napieralski Isoquinoline synthesis

- 2 - aryl - ethanamine reacts with a acvl chloride or anhydride to form
an amide

- Amide can be cyclised, with loss of water, to a 3.4 — dihydro
isoquinoline by treatment with either phosphorus pentoxide or
phosphorus oxychloride.

- Reduction of dihydro compound to 1soquinoline
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ISOQUINOLINE

Synthesis
2. The Pictet — Gams synthesis

- Modification of Bischler-Napieralski method = direct fully aromatic
1soquinoline synthesis from 2-hydroxy-substituted reagent

OH OH
@)
Catts” “Cl pock  (FOY
NH, = OYNH A\, H0 _N
2-hydroxy2-phenyl CeHs CgHs
ethanamine

1-phenylisoquinoline
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ISOQUINOLINE

Synthesis
3. Pomeranz—Fritsch synthesis

- Acid-promoted synthesis of 1soquinoline from benzaldehvde & 2.2-
dialkoxyethylamine.

_acid | =
|
O * RO TH0, _N
NH, -2ROH
H
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ISOQUINOLINE

Reactions

1. Electrophilic additionto N

AN
_N:

HCI AN -
— N\EF) Cl

H

isoquinazolium salt chloride
(isoquinoline hydrochloride)

N-methylisoquinolinium iodide

o Ok
@CI

2-acylisoquinolinium chlunde

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy

160



ISOQUINOLINE

Reactions

2. Electrophilic aromatic substitution
- Electrophilic aromatic substitution occurs at the benzene ring at
positions 5 and 8.

NO;
_HNO; N ., X
H>S0O4 _N _N
X NO2
5-nitroisoquinoline 8-nitroisoquinoline
N T (major)
=
SO3H
H2504' 803‘ N
A _N
isoquinoline-5-sulfonic acid
Br
Brz, A|C|3 A
N

5-bromoisoquinoline
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ISOQUINOLINE

3. Reduction reactions

[soquinoline can also be converted to 1.2-dihydro or 1,2.3.4-

tetrahydroisoquinoline with diethyl aluminium hydride and sodium-
cthanol, respectively

(CoHs)AH

8

H

1,2-dihydroisoquinoline

N Na
_N ethanol NH
A2, Pt 4 2 3 4-tetrahydroisoquinoline
conc. HCI _N
5,6,7,8-tetrahydroisoquinoline
Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy
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ISOQUINOLINE

Reactions
4. Oxidation

COQH HOOC

@ alk. KMnOy _ @: . | A
N
Z COOH HOOC =

phthalic acid pyridine-3,4-dicarboxylic acid

O
~
KMnOy4 _ NH
_N neutral
O
phthalimide
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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ISOQUINOLINE

Reactions
5. Nucleophilic substitution

Chichibabin rxn
- Rxn with sodamide at high temp.

N X
+ NaNH, —Hs Heat _

NH,
1-aminoisoquinoline

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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ISOQUINOLINE

Medicinal uses

(1) Neuromuscular blocking agents:
Curare Alkaloids, Atracurium, Doxacurium, Mivacuriim

O (o)
| //\l‘!l’ 0 (0] N O
0 :r ‘*\/\ér NN jo(\/! (I)

] Atracurium
Gs. _0
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ISOQUINOLINE

Medicinal uses

(3) Noscapine: used as antitussive (cough-suppressing agents)
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ACRIDINE

Properties
1. Aromatic
8 9 1
7 AN 2 + ‘
2,3-Benzoquinoline
6 N’f 3 Dibenzo[b,e]pyridine
5 10.. 4

Each atom is sp° hybridized . planar
- the total nu of delocalized e- are 14 (13 of Cs, 1 from N) follows the
Hiickel's rule

2. Weak base
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ACRIDINE

Synthesis
1. From diphenyl amine-2-carboxylic acid
0

i CDD__,.H-'"'.:::H_\_
OH + J| .. base @ | ﬂ #.; ]
CI H.-JN - 1.'--._‘_‘_::_':.-" . H - e

2-(phenylamino)benzoic acid

|
Jstm Jlﬂmt:l3

Cl

9(10H)-Acridanone 9-chloro-9,10-dihydroacridine
‘Na, methanol Ha, Ni‘

l

I
T
-~ T

- e

) ‘ [O]
—_—

-~

. s T

e L o, __,.:__,.-
N s

H
9,10-dihydroacridine
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ACRIDINE

2. Bernthsen acridine synthesis

- diarylamine heated with a carboxylic acid (or acid anhydride)
and zinc chloride to form a 9-substituted acridine

R

R
@\ /@ + )\ ZnCly, Heat ‘ x
0 OH
N —
H

N
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‘ ACRIDINE

Reactions
1. Electrophilic additionto N

~ B~
N

©

I
HCI

acridine hydrochloride

CNGHS:
@f

CH3
10-methylacridinium iodide
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‘ ACRIDINE

Reactions
2. Electrophilic aromatic substitution

Br Br Br
HAC ‘ _ ‘ + ‘ _ ‘
Z N N

2,7-dibromoacridine
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‘ ACRIDINE

Reactions
3. Reduction reactions

S Ho, PIO; | N
~ CF3;COOH ~

N N
octahydroacridine

HE? Ni .
N

H
9,10-dihydroacridine
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ACRIDINE

4. Oxidation

- Acridine 1s degraded by permanganate 1 an alkaline medium
forming quinoline-2,3-dicarboxylic acid.

COOH
N alk. KMnO; ~
s -2002, -HQO o
N N“ >CooH

quinoline-2,3-dicarboxylic acid
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ACRIDINE

Reactions
5. Nucleophilic substitution

Chichibabin rxn
- Acridine readily reacts with nucleophiles.
- The chichibabin amiation with sodamide 1n liquid ammonia leads to

O-aminoacridine.
NH,

N AN
D) - o o Y
< y;

N N

acridin-9-amine
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ACRIDINE

Medicinal uses

NH»
(1) Zacrine :

- Isareversible cholinesterase inhibitor N
that has been used in the treatment of -
Alzheimer disease N
_ NH>

(2) 9- Aminoacridine
- Ishighly fluorescent dye N
- Used as antiseptic and disinfectant. >
N
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INDOLE

Properties
1. Aromatic
4 3
5 @ 2,3-Benzopyrrole
2 1 H-benzo[b] pyrrole
B N{]
! H

- Each atom 1s sp? hybridized . planar
- the total nu of delocalized e- are 10 (8 of e1ght C, 2 from N) follows
the Hiickel's rule

2. Very weak base
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INDOLE

Synthesis
1. Fischer indole synthesis

- Acid - catalysed rearrangement of an arylhydrazone to indole with
the elimination of ammonia.

- Reaction can be carried out simply by heating together the aldehvde
or ketone and arvlhydrazine

- Formation of the arylhydrazone and its subsequent rearrangement
take place to give indole, ZnCl, 1s used as catalyst.

R2
R
R4 2 R»
R1
NH2 o N A 1
N ’ N~ ‘NH3 N
I I v
H H H
phenylhydrazine phenylhydrazone
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‘ INDOLE

Synthesis
1. Fischer indole synthesis

Mechanism

R1 R4
(3,3]- 51gmatrop1c
r\ NH, rearrangement

ene- hydrazine

Deamination, resulting in the aromatic indole.

Ro R2 R2
H
\ 2
R1 T ®R1 _ ® R
N 3 N_(.NH; N NH;
H H H H

cyclic aminoacetal
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INDOLE

Mechanism

a reversible rearrangement of hydrazone to give the reactive ene-

hydrazine

- protonation produced protonated ene-hydrazine

- |3.3]-sigmatropic rearrangement ("ene reaction" ), formation of a
new C-C bond, diimine and [oss of aromaticity.

- Rearomatization of aryl ring

- Nucleophilic addition, formation of a cyclic aminoacetal (aminal)

- Deamination ., resulting in the aromatic indole.
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‘ INDOLE

Synthesis
1. Fischer indole synthesis
E.g.
@\ (1) 2 butanone
NfNHE (2) H', ZnCly, A
H
phenylhydrazine 2,3-dimethyl- AH-indole
@\ (1) Acetnne
NfNHE (2) H', ZnCly, A
H
phenylhydrazine 2- methYI 1H'|ndDIE
Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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INDOLE

Synthesis
2. Bischler—Mo6hlau indole synthesis

- Synthesis of a 2-aryl-indole from an a-bromo-acetophenone and
excess aniline

NH N Br -H20 ‘ N O

| 5 -HBr .
H H

aniline 2-aryl-indole
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INDOLE

3. Madelung synthesis

- Intramolecular cyclization of N-phenvlamide using strong base at
high temp.

R1
Base N Ry
acyl chlonde -H-0 N
-HCI H
2-substituted aniline N-phenylamde substituted Indole

Base = BuLi, K" t-BuO", K" EthO", KOH
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‘ INDOLE

Synthesis

3. Madelung synthesis
E.Q.
K" +-BuO”_
fnrmyl chioride ) -H,0
-HCI
o-toluidine N-D-tolylfnrmamlde

BULI
benzoyl chloride )J\ -Hzo

-HCI
4-chlom-2-methylanlllne N-substltuted-benzamlde

\ ”ﬁ_
I

N
H

5-chloro-2-phenyl-1H-indole

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy
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INDOLE

Reactions
1. Electrophilic additionto N

- Indoles, like pyrroles, are very weak bases

@/

/ i

H
N\ HCI N 3H-indolium cation
® Most stable
N N
1H-indolium cation ®
\

H
2H-indolium cation
CH3|

@/

1,2,3,3- tetramethyl -3H-indolium
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INDOLE

Reactions

2. Electrophilic aromatic substitution
EAS of indole favors at 3¥d position

E E
E+
Oy =00y — Ol
N Cs N N
\ \ \
H H
®
E+ et e
Cz N =N =N
\ \ \
H H H

H
1dis’rurbe aromaticity of benzene ring

(...Less favourable)
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INDOLE

a. Nitration
Common nitrating agents cause acid - catalysed polymerization( high

reactivity of indole).
- So indole can be nitrated using benzoyl nitrate as a non - acidic

) 2 nitrating agent.
D:NJIr
W
O NO- o
\ PhJ\ONOEE \
CHsCN
N N
\ 0°C \
H H

3-nitro-1H-indole

T 186
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INDOLE

Reactions
2. Electrophilic aromatic substitution

b. Sulphonation
- using the pyridine — sultur trioxide complex in hot pyridine.

SO3H
N 503
C . A\
@ pyrldlne ]
N
A}
H

1H-indole-3-sulfonic acid

c. Halogenation

| Br
KOH pyridine
N t N, N 0°C N,
H H

!

H
3-bromo-1H-indole
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INDOLE

e. Acylation

- acetylation 1n the presence of sodium acetate, affords N- acetyl
indole.

- Indole reacts with acetic anhydride, gives 1,3 - diacetylindole

predominantly, which upon HL with aqueous sodium hydroxide at
room temperature gives 3 - acetylindole

Ac Ac
_ Acy0 N\ Ac0 \\ aq.NaOH N\
AcONa AcOH '
N, A NCTA N, N
Ac H Ac H
N- acetyl indole N-,3- diacetylindole 3- acetylindole
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INDOLE

f.  Mannich reaction : reaction with Immimum Ion

Indole reacts with a mixture of formaldehyde and dimethylamine 1n
acetic acid by substitution and converted into 3 — dimethyl
aminomethyl indole (gramine)

O

N N

H” “H T 2%

formaldehyde dimethylamine - H20
/
“@ N\
i
iminium ion AN
AcOH, rt.
N
\ \
H H
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INDOLE

3. Reduction reactions

- Lithtum/liqmid ammomnmia reduce the benzene ring; 4.7 -
dihydroindole 1s the main product

@E\\ Zn HCI @
N N

H indoline H
LiNHs m . | N
ethanol
N‘ N‘
H H
3 1
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‘ INDOLE

Reactions
4. Nucleophilic substitution

\\ _nBuli _ Ne H
ether Lit
N, 5°C N, v Ph
benzophenone
N Ph

(it) H3O™ \
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INDOLE

Medicinal uses
(1) Indole alkaloids :

A. Reserpine

1960s

- to treat agitated psychotic conditions

B. Vinca alkaloids : Iincristine, vinblastine
- Anticancer agent

C. Ergot alkaloids:
Ergometrine :
- to prevent bleeding after childbirth

( smooth muscle constriction effect ),

Ergotamine - used in migraine

- antihypertensive of the late 1950s and early

ergometrine

Heterocyclic Compounds AL 2018 _Organic Chemistry_ Pharmacy
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INDOLE

(2) TRIPTANS:
Sumatriptan, rizatriptan, naratviptan, zolmitriptan

- treatment of moderate to severe migraine and cluster headaches.
- Because of their higher affinity and selectivity for the serotonin
5-HTisnpreceptors

CH,3

) " O !

N N_
N N Z N CH
o 78\/\©j/\/ e, <N _ | 3

o O N

N |

'!' H

Sumatriptan Rizatriptan
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INDOLE

Medicinal uses

(3) Pindolol: Nonselective B-Blockers

- used 1n the treatment of hypertension and angina pectoris.

H
o M o
CH;

HN
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PYRIMIDINE

Properties
1. Aromatic

4 3
5(’\1\1:
S“NHZ‘

- Each atom 1s sp hybridized . planar
- the total nu of delocalized e- are 6 (4 of four C, 2 from Ns) follows
the Hiickel's rule

2. Weak Base
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PYRIMIDINE

Synthesis
1. From 1,3 - Dicarbonyl Compound

- Combining 1.3 - dicarbonyl component with an N — C — N fragment
such as a urea, an amidine or a guanidine.

Ry R4

R3

NH Rs
© + )J\ Base = IN
-2H-,0 ~ )\
R2 @] H2N R R» N R
1,3 - dicarbonyl
compound
E.g.
NH
O N J\ NaOC,Hs = IN
0 HNT “pho 2O SN A Ph
pentane-2,4-dione benzimidamide 4,6-dimethyl-2-phenylpyrimidine
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PYRIMIDINE

Synthesis
1. From 1,3 - Dicarbonyl Compound

OC:Hs o

OH
NH
O . /gz NaOC,Hs _ NH Z |N
HoNT S -2 CoHsOH /g ~
CoHs0 0 2 0 H 0 HO NJ\OH

diethyl malonate urea

pyrimidine-2,4,6-trione pyrimidine-2,4,6-triol
(Barbituric acid)

lpocb

Cl
(\ /IT < Zndust /g\ |N
-3 HCI
N SN
N Cl N )\a
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PYRIMIDINE

Synthesis
2. From «, - Unsaturated Ketones

Ph Ph Ph
NH
O _air SN
+ } NJJ\F’h -H0 )\ “oxidation” | #)\
Ph ’ Ph N™ Ph
chalcone benzimidamide dihydrﬂp}'ﬂmldlﬁe 2,4,6-triphenylpyrimidine

intermediate
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‘ PYRIMIDINE

Synthesis
3. From alkyl pyrimidine

COOH
=~ °N [0] ~ "N =~ "N
CNLJ Q =

4-methylpyrimidine

4. From Chloro pyrimidine

cl
Z
Z "N _ Zndust = N Pdfch(\JN
- J -3 HCI - )\ 2HCT
N o N7 a
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PYRIMIDINE

Reactions
1. Electrophilic additionto N

H
~ “N: Z AN~
C\JN 2HCI ga\ﬂ

N N
. diprotonation Ill

1-methylpyrimidinum salt
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PYRIMIDINE

Reactions

2. Electrophilic aromatic substitution
- Less reactive due to two N present 1n hetero skeletal
- Reaction is possible at 5™ position, if ring is activated by EDG.

- no nitration or sulfonation

Br
f\IN Brz, PANO, _ Z N
HN) 130°C ~ J
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PYRIMIDINE

Reactions
3. Nucleophilic substitution

PYRAZOLE

Synthesis
1. From pyrimidine

- 1t reacts with hot hydrazine solution to give pyrazole.

Z N . NH,NH —

A
Pyrimidine pyrazole

- Pyrimidine 1s very susceptible to nucleophilic addition.
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‘ PYRIMIDINE

Reactions
3. Nucleophilic substitution

Ph

Ph Ph
=~ N ,MgBr _,H
(\J PhMgBr _ f\m aq. HCI _ | N KMnOy4 X
~ ) ) -
N Nf' Nf Acetone | N')

6-phenyl-1,6-dihydro- 4-phenylpyrimidine
-pyrimidine
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PYRIMIDINE

Medicinal uses

(1) Flucytosine NH, F
- 5S-Fluorocytosine N)T
- antifungal agent O)\N
H

NH,
(2) Sulfadiazine, Sulfamethazine (\|N O, /©/
g 4 9 )\ 'S
N N
H

- Antibacterial agent A
9 Sulfadiazine
o/
(3) Trimethoprim _O NYNHz
- Antibacterial agent ~0 | ZN
NH,
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PYRIMIDINE

Medicinal uses i

(4) Pyrimethamine, Sulfadoxine
- Antimalarial drugs | SN
2N
H,N” N7 NH,
Pyrimethamine

(5) Barbiturates : Plienobarbital, Pentobarbital, Secobarbital

- Used as Sedatives and Hypnotics re I
P
N
Rs
2L
(6) Antimetabolites : 5-Fluorouracil O H
- Anticancer agent F\EKNH
o
H
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PYRIMIDINE

Medicinal uses

: : : ~ : : . NH
(7) Nucleoside Antimetabolites : Cytarabine, Trifluridine . 7‘]2

» |

- Antiviral agent o)\N

O
HO
HO  OH
Cytarabine
(8) Vitamin B1 (Thiamine):
NH,

- Used in thiamine deficiency

N7 X N?::\S
PP
ch N H 3;:
OH
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PURINE

Properties
1. Aromatic
6 : N?>
QI\N 4 NQ
H

- Each atom is sp? hybridized . planar
- the total nu of delocalized e- are 10 (5 of five C, 3 from Ny, N3, N5, &
2 from Ny ) follows the Hiickel's rule

9. weak base
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‘ PURINE

Properties
3. Tautomerism

- 7 H- and 9 H- tautomers are more stable

H
H N N /
- s N
>~ = >~ /
RN
N N N \ N N
H
| H-purine 9H -purine 7H-purine
NN
LSy
N N
I
H
7H-purine
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PURINE

Synthesis
1. Traube Synthesis

- Synthesis of purines by heating 4.5 - diaminopyrimidines with
carbonic acid / formamide

N - NH2 O N - N
| + >\—R — | \>—R
|<x - 2H,0 g
N NH> HO N N
hY
H

pyrimidine-4,5-diamine carbonic acid
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‘ PURINE

Synthesis
1. Traube Synthesis

~Z NH> O ~Z N
T, o« = Iy
)Q‘x —

HoN N NH; HaN H,NT N N
H

pyrimidine-2,4,5-triamine formamide

E.g.

NH O N

T o > A T
IQHN NHE >_0 IQHN N
H

pyrimidine-4,5-diamine  ggetic anhydride
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PURINE

Synthesis
2. From formamide

- Laboratory synthesis . formamide is heated in an vessel at 120 °C

9 N
>_H POCI3,120°C . N7 3
Sealed vessel | >
HsN N N
H-oN N \
formamide H

9H-purin-2-amine
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‘ PURINE

Synthesis
3. From substituted imidazole
0 O
OEt HN
/g + HoN \> NaOEt
EtO O
HoN o N
diethyl R R
carbonate 5-aminomidazole-4-carboxamide Xanthine
NH-
P — |
Ny * REval
N
HNT N N
formamide 5-aminomidazole-4-carboxamide 7-methyladenine
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‘ PURINE ‘

Reactions
1. Electrophilic additionto N
H H
H. ® N/
NN o NI LNy BN -
LY e LY — e h L > (e
\ \H |_|{ H H

N-1-protonation
predominant

2 CH3I k @\>

7.9- dlmethylpunmum salt

T >
o s
9H-purine 1-0X|de

Heterocyclic Compounds _ AZC_ 2018 _Organic Chemistry_ Pharmacy 213




‘ PURINE

Reactions
2. Electrophilic aromatic substitution

o) o)
HN N\ _HNO3 \
)\ | > AcOH )\ >_ NO2
07 °N ﬁ

Xanthine 8- Nltro xanthine - Reaction is possible at 8™ position.
0 - Oxy and amino derivatives react readily

than non-substituted purines
: Brz \
AcOH )\ | >_ -

Cl

o) o)

KOH, 5-0°C

)\ | \>——N N aq. NazSzO4 )\ | \>—NH2

Azo compound 8-am|no xanthine
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PURINE

Reactions
3. Nucleophilic substitution

- Nucleophilic displacement , where halides are the most popular

leaving group

N~ N N~ N
\ \
8-chloro-9-methyl-9H-purine 8-ethoxy-9-methyl-9H-purine
Cl NHNH
N= \ NHoNH = N
I\ | \> 2NH2 N | \>
e
N N
N H N H
6-chloro-9H-purine 6-hydrazinyl-9H-purine
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PURINE

Medicinal uses

(5) Nucleoside Antimetabolites: Acyclovin Talacyelovin, Ganciclovir,

. Vidarabine
- Antiviral agent

(6) Antimetabolites : 6-Mercaptopurine, thioguanine, azathioprine
- Anticancer agent

NH,
SH
NZ St
<“IN> NZ | N\>
0 N
N R

HO

HO: OH 6-Mercaptopurine

Vidarabine
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PURINE

Medicinal uses

(5) Methylxanthines . Caffeine, theophyvlline, theobromine
- Drugsused in bronchial Asthma

- Used as CNS stimulants

R4 Ro
O R,
Ris . N’ Caffeine | -CH;  -CHj
| /> Theophylline | -CH, H
O T Theobromine | H -CH3
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