School of Medical & Allied Sciences
Course Code : BP-401T Course Name: Organic Chemistr

R

r
-

HETEROC L@ POUNDS

GALGOTIAS

UNIVERSITY

Name of the Faculty: Mr. Prem Shankar Mishra Program Name: B.Pharm.




SYLLABUS

Heterocyclic compounds:
» Nomenclature and class
 Reactions and medicina 0 ' pounds/derivatives:

* Pyrrole
* Furan

T GALGOTIAS

UNIVERSITY




CONTENT

e Introduction

« Classification

* Nomenclature

* Introduction and synthes
 Physical- Chemical Propert

e Introduction and synthesis Of Furan

» Physical- Chergfcal P i"fbfAS
 Introduction an
 Physical- Che I Npeltle\[ (Rms uks T Y




COURSE OBJECTIVE

* At the end of the course,

e Understand the method
compounds.

 Explain the mechanism o nic compounds

* Know the synthetic applicati al importance of organic
compounds

.« Use of heteroc@MG OT I_AS

UNIVERSITY




COURSE OUTCOME

CO No. CO STATEMENT LEVEL OF
TAXONOMY

CO3.1 Define and identify the Levell
basic concept of (Remembering)
nomenclature of
heterocyclic compounds.

Classify the various Level Il
heterocyclic compounds  (Understanding)
on the different bases.

Explain the method of Level lll
preparation of different (Applying)
heterocyclic compounds.




CO-PO MAPPING

The CO-PO mapping has been done w1th cO sof 3,2, 1 and -°. The notation of 3, 2
and 1 denotes substantially (high), moderately (medium) and slightly (low). The meaning of *-‘is

—
s por
_

no correlation between C@ an

UNIVERSITY




PO 2

PO 3

PO 4

PROGRAMME OUTCOMES (POs)

Planning Abilities: Demonstrate effective planning abilities including time management, resource
management, delegation skills and organizational skills. Develop and implement plans and organize
work to meet deadlines

Problem analysis: Utilize the principles of scientific enquiry, thinking analytically, clearly and
critically, while solving problems and making decisions during daily practice. Find, analyze, evaluate
and apply information systematically and shall make defensible decisions.

Modern tool usage: Learn, select, and apply appropriate methods and procedures, resources, and
modern pharmacy-related computing tools with an understanding of the limitations.




PROGRAMME OUTCOMES (POs)

PO 6 Professional Identity: Understand, analyze and communicate the value of their professional roles in
society (e.g. health care professionals, promoters of health, educators, managers, employers,
employees).

PO 7 Pharmaceutical Ethics: Honour personal values and apply ethical principles in professional and social

contexts. Demonstrate behavior that recognizes cultural and personal variability in values,
communication and lifestyles. Use ethical frameworks; apply ethical principles while making
decisions and take responsibility for the outcomes associated with the decisions.



PROGRAMME OUTCOMES (POs)

PO 9 The Pharmacist and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety and legal issues and the consequent responsibilities relevant to the professional
pharmacy practice

PO 10 Environment and sustainability: Understand the impact of the professional pharmacy solutions in
societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable
development

PO 11 Life-long learning: Recognize the need for, and have the preparation and ability to engage in
independent and life-long learning in the broadest context of technological change. Self access and
use feedback effectively from others to identify learning needs and to satisfy these needs on an
ongoing basis.



PREREQUISITE AND RECAP

 This organic chemistry subject is

* In this subject we have discu
IS used for various pharmac

 This subject is the backbo
synthesis of the compound

e pharmaceutical chemistry.

, d their synthetic application which
al areas.

medicin

to study the structures and

GALGOTIAS
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HETEROCYCLIC COMPOUNDS

* INTRODUCTION:

» Heterocyclic compounds are organi
other atoms — heteroatoms — in n

» Heterocycles exist as three-, four-,

* Heterocyclic systems are importan
electronic, mechanical or biological

»Many pharmaceuticals and agrochemic

pounds
| ‘hetero

K rings composed of carbon and
s mostly nitrogen, sulfur, and oxygen.

bered rings.
aterials possessing interesting

one heterocyclic unit.

GALGOTIAS
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HETEROCYCLIC COMPOUNDS
* CLASSIFICATION:

*In there heterocyclic compounds are
* On the basis of cyclic rings:

1- Monocyclic Ring: 1-cyclic ring +
« Example:

Fuzxxramn
/4 RN
S~

@(j »TIAS

Ut‘lVLl\SITY

2-Bicyclic Ring: 2- cyclic ring + 1 or more heteroatoms



HETEROCYCLIC COMPOUNDS

3- Pol lic Ring: 3- or more than 3 cycl +1or
olycyclic Ring y at m

mere heteroatoms
== -
=
N

. &

* On the basis of aromaticity and

» Nonaromatic heterocycles — cycli and sulfides behave like their acyclic
analogs with the same functional group and do not require special discussion.

» Aromatic heteroc@M@T@fT@ered double bonds) are
much more importar

UNIVERSITY




HETEROCYCLIC COMPOUNDS

On the basis of heteroatoms m \

Hetero-atom Saturated LInsaturated
N itrogen Aziridine Azirine N
H
N ‘ \5
X
().\'}'gcn Etl‘l_}'l('llt‘ oxide O xirenc O
Sulfur Thiiranc Thiirene

Fal Fa¥

\ :



HETEROCYCLIC COMPOUNDS

 Nomenclature of heterocycles
« Common names for many ring
—rings with maximum double b

y the IUPAC rules:

»furan, pyrrole, indole, pyridin
—saturated ring systems

»>either prefixes dihydro-, t
»or In five-membered rings pyrrolin

»In six-membered rings Pipg’_idineI Eiperazine

P WS AW SN

Fuxran T hiophaene Pyrrole

—_—

o 27 N\ A\

H



Size of Rings containing nitrogen
ring

Unsaturated'

3-irine

4 -ete

S5 -ole

6-ine

7 -epine

8 -ocine

9 -onine
10-ecine

Saturated

-iridine

-etidine

-olidine
(b)
(b)
(b)
(b)
(b)

Rings containing no
nitrogen

Unsaturated®©’

-iren
-et




HETEROCYCLIC COMPOUNDS

* PYRROLE (INTRODUCT

» It has a five-membered ring.
» Molecular formula- C.HsNH.
 Chemical Structure




HETEROCYCLIC COMPOUNDS

ran and ammonia over

2. It can be obtained by heating 2-butyne-1, Ith ammonia under pressure

2butyne lolN I V E R Srrol T Y



HETEROCYCLIC COMPOUNDS

//anﬂ/aMy Red hot tube

3- It can be prepared by passing acetyl

HC
m + NH,
H ammoni
acetylene

4. It can be obtained by heating 2-butyne-1, Ith ammonia under pressure

2butyne lolN I V E R Srrol T Y



HETEROCYCLIC COMPOUNDS

e CHEMICAL PROPERTI

» Pyrrole Is aromatic and more reacti
» Pyrrole behaves both as a weak a
 Reduction reactions

« Oxidation reactions

* Ring expansion reactions

« Reimer-Tiemann reactions
 Ring opening reactions

» Electrophilic Substitution Reaction occurs at C, and C’Z_fgsition

GALGOTIAS

UNIVERSITY




HETEROCYCLIC COMPOUNDS

1- Reduction reactions
Pyrrole on reduction with zinc and acej4
with HI and Red phosphorus gives p

H Zn
\; /; CH3COOH>

Pyrrole
2- Oxidation reactions

Pyrrole 1s oxidises to maleGdeq IDIG @TTRSn acetic acid.

< 7 - U°N FVERSI

Nasant Oxygen
Pyrrole atom

ropyrrole which on reduction

Pyrrolidine

NMaleinimide
Imide of acetic acid



HETEROCYCLIC COMPOUNDS

4- Ring expansion reactions
Pyrrole ring expands on heating potass}

$ /o

Potassium Pyrrole

oform and sodium ethoxide.

ine
5- Reimer-Tiemann reactions
In presence of a strong base and chloroform pyrrole undergoes Reimer-Tiemann reaction to form

pyrrole-2- aldehyde G G OT
N %

U N EERRSS

Pyrrole Intermediate

Pyrrole-2-aldehyde



HETEROCYCLIC COMPOUNDS
* MEDICINAL USES OF PYRROLE

> Antibiotics re— N

> Antiinflammatory £ 7%

> As fungicides &
» Antitumor agents % ¥

« Some examples of pyrrole derivative

» Atrovastatin

»Ondansetron

GALGOTIAS

» As preservatives
~Enalpril UNIVERSITY

» Cholestrol reducing agents ( Antihy
ugs:



HETEROCYCLIC COMPOUNDS

> Atrovastatin

» Ondansetron

Wm

UNI¥ERSITY




HETEROCYCLIC COMPOUNDS
« BASICITY OF PYRRO

yrrole is a weak base: Protonation bre

and thus }
LY o g = /. \
oN\
z H H
Aromatic compound Non-aromatic cation
« ACIDITY OFPYRROLE;

£ NTTT A OO

» Acidity

»pKa =175
</ \s — - {/ B \s + H+ » Pyrrole is a weak acid
E N

» Pyrrolyl anion is a strong base



HETEROCYCLIC COMPOUNDS

* EURAN (INTRODUCTIOMZZ" i,

> Furan is a heterocyclic aromatig@oanic ¢
» It has a five-membered ring.
» Molecular formula- C4sH4O.

 Chemical Structure

GALGOYIAS
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HETEROCYCLIC COMPOUNDS

ﬁ ral by dexarboxylation.

e SYNTHESIS OF FURAN
1- Industrially Furan obtained by p

g,

o i o e
CHO
Q/ —_— @+ CO,
2. From Furoic acid- Furoic acid othacid and after decarboxylation it

produces furan

- _a——— AN, Dy “w A N

O
COOH
COOH(CHOH),COOH —» + CO, + 3H,O —» \ / + CO,



HETEROCYCLIC COMPOUNDS

/o

9

Barium pywromucate

2- Paal- Knorr Furan Sy?(biiSA I GnTI A q

) HzPO4,/Hz20
1, d-diketone = Furan

O IN 1 V L IN VDV 1L 1 1

* SYNTHESIS OF FURAN
3- By the distillation of barium pyr

O

Distillation :;_*’ ]

~J




HETEROCYCLIC COMPOUNDS

* PROPERTIES OF EWRANIM,
QPHYSICAL PROEERTIES;

e Colour & State- Itis colourle
* Boiling point- 131°C

e Melting point- -85°C
 Solubility-Slightly soluble in wate
 Furan is weakly basic in nature.

 Toxic and may be carci&enii. G : TIAS

UNIVERSITY

ether and ethanol.



HETEROCYCLIC COMPOUNDS

TN

il benzen
d exi 1bi

e CHEMICAL PROPERTI

» Furan 1s aromatic and more reactiv
» Furan behaves both as a weak aci
* Reduction reactions

« Oxidation reactions

* Ring expansion reactions

* Reimer-Tiemann reactions
 Ring opening reactions

» Electrophilic Substitution Reaction occurs at C, and C’Z_fgsition

GALGOTIAS

UNIVERSITY

e following chemical reaction-




HETEROCYCLIC COMPOUNDS

1-Reduction reactions

Furan obtained by decarboxylation of Wmtion of furan gets
; . % ‘
0

tetrahydrofuan.

NG .CO y 0
/\f/ 7N H; f{“\;

,I'II ||-".I ' =

(A decarbonylation  * / C=C hydrogenation

2-Oxidation reactions V
Furan is oxidises to Succinaldehyde in the form of 1,4- peroxide
A

UNedVERSATY

-lll




HETEROCYCLIC COMPOUNDS

* Nitration

o Acetylation

 Sulphonation

3

b

[

o

HM O (dil)
CHaCO5H, 0

|[CH2CO)50
BFa

GOTIAS

VERSITY




HETEROCYCLIC COMPOUNDS

« MEDICINAL USES OF FURAN

» Antimicrobial

» Antiinflammatory
» Antiulcer

» Antidiuretic

» Antihistamins

» Analgesic
»Muscle relaxant

« Some examples of furan derivatives used as salt of drugs:

»Pragocin
o (GALGOTIAS

» Furosemide UNIVERSITY




HETEROCYCLIC COMPOUNDS

.
Pragocin S rw'rﬂ\\|

Furosemide

_O

UNIVERSITY ™"

O



HETEROCYCLIC COMPOUNDS

« BASICITY OF FU

Furan Is not more basic than pyrrole
This is because nitrogen(in pyrrole
However, oxygen in furan has two
IS localised in an sp2 hybrid orbital

e pair which is delocalised.
pairs Is delocalised while the othe

- ALdCltly A(d(lllly
R
U +H0 )K/Y g - Hy0 : =
\ O\

2-MF 4.oxo-pentenal 5,5-bis(S-methyl-2-furyl)pentan-2-one



HETEROCYCLIC COMPOUNDS

« THIOPHENE ( INTRODUCT )
» Thiophene is a heterocyclic aro rganic;):rﬁnd.

> It has a five-membered ring. =
&

» Molecular formula- CsHa4S.

 Chemical Structure

G

UNIVERSITY




HETEROCYCLIC COMPOUNDS

phonathm succinate.

()
HE'T fi.;j._ MNa Fasn / \
Ti——
HEC—%D M a ::"

=

e SYNTHESIS OF THIOPHE
1- Industrially thiophene obtained b

disodium succinate

2. From mucoic acid in the presence of lawesson 5 reagents-

b h




HETEROCYCLIC COMPOUNDS

3- Industrially thiophene obtained by p a mi’xtu@ f n- butane

!

560 1
(HyeCH,CH,CH; + 4§ —— = / \ + 3H,5
S

- butane

GALGOTIAS

UNIVERSITY



HETEROCYCLIC COMPOUNDS

« PROPERTIES
dPHYSIC

* Colour & State- Itis colourle
* Boiling point- 84°C

« Melting point- -38°C
 Solubility-Slightly soluble in wate
 Pleasant odor.

ether and ethanol.

GALGOTIAS
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HETEROCYCLIC COMPOUNDS

e CHEMICAL PROPERTI

» Thiophene is aromatic and more re
» Thiophene behaves both as a wea
 Reduction reactions

« Oxidation reactions

* Ring expansion reactions

« Reimer-Tiemann reactions
 Ring opening reactions

» Electrophilic Substitution Reaction occurs at C, and C’Z_fgsition

GALGOTIAS

UNIVERSITY




HETEROCYCLIC COMPOUNDS

1-Reduction reactions

2-Oxidation reactions

R3 R* -
H,0.. CH3COLH
Dal o O
& 2

Yields not given




HETEROCYCLIC COMPOUNDS

3-Electrophilic substitution reaction of thiophene _

* Nitration

o Acetylation

CH,COC|
5ﬂC|4

 Sulphonation

ERSITY



HETEROCYCLIC COMPOUNDS
* MEDICINAL USES OF THIOPHENE

> Antimicrobial ﬁjl\
> Anti inflammatory '
» Anticancer

» Anticoagulant

» Antileprotic

» Antihypertensive
»Muscle relaxant

» Some examples of thiophene derivatives used as salt of drugs:

» Cephalothin
GALGOTIAS

» Tenoxicam U N IV E RS I TY




sSummary

» Heterocyclic compounds possess a cyclic s
the ring.

» Organic heterocyclic compounds iIn
other than carbon are considered
atom In heterocyclic compounds,
known compounds has increased
Include the expanding domain of i
from three-membered upwards, and can be drawn in almost any
combination from a large number of th h nitrogen, oxygen, and sulfur are still
by far the most common), the number of possible heterocyclic systems is almost limitless. An

enormous number of h yclc camp ' higihugmer continues to increase
very rapidly. t ; I

UNIVERSITY

_Q.tum%m or more different kinds of atoms in

at least one carbon atom; all atoms
on is still by far the most common ring
of heteroatoms In the rings of
there Is a steady transition to
ms. Since rings can be of any size,



https://www.sciencedirect.com/topics/chemical-engineering/heterocyclic-compound

Daily Quiz

Question-4: what Is the correct order of reactivity ( most reactive first) of pyrrole , furan &

thiophene T

« thiophene>pyrrole> furan
« furan> thiophene> pyrrole
« furan> pyrrole> thiophehe
Question-5: which of the following s
« DMSO

« THF

« DMF

Question-6: Electrophilic @M@@@{AS
- Caatom UNIVERSITY

e O atom

pound



Weekly Assignment

* Why pyrrole is weak basic in nat

* Pyrrole is weak acidic in nature. Why?

» Write the synthesis o@ALGO I I_AS

* Why are pyrrole, thiolh]neNurIn BM ar(EatR S I T Y



MCQ s

Question-1: Five membered rings come under WhICh category of heterocycle classification on
the basis of chemical behaviour?

* excessive heterocycle

« deficient heterocycle
Question-2: What is the product w
* 2,5-dibromothiophene

* 3,4- dibromothiophene
Question-3: What is the product when p
o 2.3-dibromopyrrole

G ALGOTIAS
« 2,5-dibromopyrrole

UNIVERSITY

r2 in benzene?

Br2 in benzene?



MCQ s
Question-4: Which of the following reagents will react with pyrrole to form 2-formylpyrrole?
« HCOOH '
* H,0,
* CHCI;/ KOH
Question-5: Which product is form
e furan
» furoic acid
* pyrrole

Question-6: how many resonatln structure forms_in p rrole when ESR occurs at C2 positon

| UNIVERSITY

hen |



Question-7: which statement is true
* pyrrole is a weak base
* pyrrole is a weak acid
 botha&Db

* pyrrole is a strong base

Question-8: What iIs the name of reac
of HCN / HCI

o Gattermann Reaction
e Riemer Tiemann Reac@ A I ( iO‘ I 'IAS
* None of the above

* Friedal craft Reaction U N I V E R S I T Y

2-formylpyrrole in the presence



MCQ s
Question-7:Which of the following is not true about the five membered rings?
» Five membered rings are more stable Méﬁﬁiegﬂngs.
 Five membered rings are more sta h 6 mem b0 0S.
* Five membered rings are more st
* Five membered rings are more st

Question-8: What iIs the name of re
of CHCI; / KOH

 Gattermann Synthesis
« Riemer Tiemann Reaction

* Friedal craft Reaction GALGO ' I_AS
* None of the above

UNIVERSITY

-formylpyrrole in the presence



Expected Questions for University Exam

Furan is not stable to acid although it has aromatic character

are all heterocyclic compounds ar;
non-aromatic heterocycles?

Explain, why pyrrole is more

Write method of synthesis, ch
thiophene.

 Give the synthesis of pyrrole an
properties with examples.

« Discuss with examples the rules of nomenclature and classification of heterocyclic

compounds.

* Give the relative arﬂticNofPrthiEJheRargpy[rolT- Y

s chemical and physical



References and Books to be followed

1- Organic Chemistry- by Morrison R.T. a
Dorling Kindersley (India) Pvt. Ltd.

2- Organic Chemistry- by Finar I.L.
Ltd (Pearson Education)

3- An Introduction to the Chemist
Edition, Wiley (India) Pvt. Ltd.
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