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Introduction

CHM421: Heterocyclic Chemistrys a 2 -credit course for B.Sc.
Chemistry.

The course is broken down into 3 modules of 15ystudts. At the end
of this course, a student is expected to be coamersith the chemistry
and mechanistic aspects of fused heterocyclesy wheithesis and
applications in drug synthesis. This course furgpr@vides insight into
the design of synthetic routes for related heterlhcxompounds.

What You Will Learn in This Course

You will learn about the chemistry and synthesis soime fused
heterocyclic systems such as Quinolines, Iso-gurias] Benzofurans,
Benzothiophenes, Indoles, Benzopyrilium salts, Cawums and
Chromones. You will also learn about their applmas in drug
synthesis.

Course Aims

The aim of this course is for you to understand chemistry of some
fused heterocyclic systems and so you will be ablepredict the
chemistry of other compounds containing similagrstructures. Also
you will have an in-depth knowledge on how to ssike various fused
heterocyclic structures and you will also be aldeappreciate why
heterocyclic chemistry is so important to mankind.

Course Objectives

In order to achieve the course aims, there are smiebjectives for the
course. Besides, each module and each unit has tbspective

objectives which you and your facilitator must damsly refer to, so

that no objective is skipped. All the modules amdt wbjectives are
specifics of the course objectives. At the endhef ¢ourse, you should
be able to:

. identify the structures of different types of fuskdterocyclic
structures

. explain the chemistry and mechanistic aspects aofedu
heterocyclic structures particularly those of qlones,
Isoquinolones, benzofurans, benzothiophenes, Isdole
Benzopyrilium salts, Coumarins and Chromones

. describe the synthesis of fused heterocyclic systand design
synthetic routes to the synthesis of similar conmaisu

. explain the application of heterocyclic systemsdring synthesis

. identify heterocyclic structures in certain biolcglly active

compounds.
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Working through This Course

This course contains some packages that you willgiven at the
beginning of the semester: one of them is thesmuraterial. Your full
participation in both the continuous assessment taedfinal written
examination are two areas expected of you to fdfiithe end of the
course. Stated below are the components of thissecand what you
have to do.

Course Materials

Major course materials for the course are as falow

1. Course Guide

2. Study Units

3. Assignment Files

4. Presentation Schedule
Study Units

There are 3 modules and 15 study units in thisssouiThey are:

Module 1  Benzopyridines

Unit 1 Reactions of Quinolines

Unit 2 Synthesis of Quinolines

Unit 3 Application of the Quinoline Ring System iDrug
Synthesis

Unit 4 Synthesis and Reactions of Iso-quinolines

Unit 5 Application of the Iso-quinoline Ring System Drug
Synthesis

Module 2  Benzofuran, Benzothiophene and Indoles

Unit 1 Reactions of Benzopyrrole (Indole)

Unit 2 Synthesis of Benzopyrrole (Indole)

Unit 3 Application of Indole in Drug Synthesis

Unit 4 Synthesis and Reactions of Benzofuran and
Benzothiophene

Unit 5 Applications of the Benzofuran and Benzofiiene Ring

System in Drug Synthesis
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Module 3  Dibenzopyrones, Pyrilium  Salts and  Other

Benzopyrones
Unit 1 Synthesis and Reactions of Coumarins
Unit 2 Reactions of Chromones
Unit 3 Synthesis of Chromones
Unit 4 Synthesis and Reactions of Dibenzopymli8alts
Unit 5 Application of the Coumarin and Chromon&ing

Systems in Drug Synthesis

From all indications, you should be able to congleto credit units
about 15 weeks in a semester. Well spread out th amit is:

Introduction to the unit, specific objectives, baafythe unit, conclusion,
summary, Tutor-Marked Assignments and References.

Details of the study units have earlier been priesknt is spelt out in
modules with corresponding units and titles. Youl we expected to
spend 2-3 hours in studying a unit.

Textbooks and References
These texts will be of immense benefit to this seur

Norman, R. O. C. & Coxon, J. M. (1993Frinciples of Organic
Ynthesis (39 ed.). Glasgow: Blackie Academic & Professional.
An Imprint of Chapman & Hall, pp. 696-723.

Olaniyi, A. A.; Ayim, J. S. K.; Ogundaini, A. O. &lugbade, T. A.
(1998). Essential Inorganic and Organic Pharmaceutical
Chemistry. Shaneson C.I. Limited, pp. 363-450.

Sainsbury, M. (2001).Heterocyclic Chemistry. Royal Society of
Chemistry, pp. 142.

Assignment File

The assignment file will be given to you in due is&u In this file, you
will find all the details of the work you must sulinto your tutor for
marking. The marks you obtain for these assignmaittgount towards
the final mark for the course. Altogether, there 45 tutor-marked
assignments for this course.
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Presentation Schedule

The presentation schedule included in this coursdegprovides you
with important dates for completion of each tutcarked assignment.
You should therefore try to meet the deadlines.

Assessment

There are two aspects to the assessment of thisecokirst, there are
tutor-marked assignments and second, the writtamaation.

You will be expected to complete at least ten assgnts by the end of
the course. Some of these will be in the form pf@ect and continuous
assessment (CA). You will be expected to writenalfiexamination in
the course. The overall score in the course wilalsim of 40% of CA
and 60% of written examination.

Tutor-Marked Assignment

There are 15 TMAs in this course. You need to stlathithe TMAS.
The best 4 will therefore be counted. When you haw@pleted each
assignment, send them to your tutor as soon asbp@ssid make sure
that it gets to your tutor on or before the statiecdline. If for any
reason you cannot complete your assignment on tor@act your tutor
before the assignment is due to discuss the pbssibf extension.
Extension will not be granted after the deadlingless on exceptional
cases.

Final Examination and Grading

The end of course examination for this course lallfor about 3 hours
and it has a value of 60% of the total course wdHe examination will
consist of questions, which will reflect the typieself-testing, practice
exercise and tutor-marked assignment problems yaue Ipreviously
encountered. All areas of the course will be asskss

The time between the last unit and the final exatmm can be used for
revision. You might find it useful to review youel&test, TMAs and
comments on them before the examination. The ehdoarse
examination covers information from all parts of tourse.
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Course Marking Scheme

HETEROCYCLIC CHEMISTRY

Assignmen

Marks

Assignments 1-15

15 assignments, 40% for the best 4
Total = 10% x 4 = 40%

End of Course Examination

60% of overall courseksar

Total

100% of course materials

Course Overview

This table indicates the units, the number of weelgsiired to complete
them and the assignments.

Unit | Title of Work Weeks | Assessment
Activity | (End of Unit)
Course Guide
Module 1 Benzopyridines
1 | Reactions of Quinolines Week 1  Assignment
2 | Synthesis of Quinolines Week 2  Assignment
3 | Application of the QuinolineWeek 3 | Assignment 3
Ring System in Drug
Synthesis
4 | Synthesis and Reactions |diVeek 4 | Assignment 4
Isoquinolines
5 | Application of the Week 5 | Assignment 5
Isoquinoline Ring System in
Drug Synthesis
Module 2 Benzopyrrole (Indole), Bemduran and
Benzothiophene
1 | Reaction of Benzopyrroleweek 6 | Assignment 6
(Indole)
2 | Synthesis of Benzopyrro Week © | Assighment
3 | Application of Indole in Drug Week 8 | Assignment 8
Synthesis
4 | Synthesis and Reactions |diVeek 9 | Assignment 9
Benzofuran and
Benzothiophene
5 | Applications of the Week 10| Assignment 10
Benzofuran and
Benzothiophene Ring System
in Drug Synthesis
Module 3 Dibenzipyrones, Pyrilium 8ts and Other
Benzopyrones
1 | Synthesis and Reactions |dVeek 11| Assignment 11

Coumarins

H
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2 | Reactions of Chromones Week [1&ssignment 12

3 | Synthesis of Chromon Week 1 | Assignment 1

4 | Synthesis and Reactions |0lVeek 14| Assignment 14
Benzopyrilium and

Dibenzopyrilium Salt

5 | Application of the CoumarinWeek 15| Assignment 15
and Chromone Ring Systems
in Drug Synthesis

How to Get the Most from This Course

In distance learning, the study units replace thigarsity lecturer. This
is one of the huge advantages of distance leammiode; you can read
and work through specially designed study mateaalgour own pace
and at a time and place that suit you best. Thinkas reading form the
teacher, the study guide tells you what to readgrwto read and the
relevant texts to consult. You are provided exesigt appropriate
points, just as a lecturer might give you an irsslaxercise.

Each of the study units follows a common formate Tinst item is an

introduction to the subject matter of the unit dioav a particular unit is
integrated with the other units and the course wbhale. Next to this is

a set of learning objectives. These learning ohjestare meant to guide
your studies. The moment a unit is finished, youstmgo back and
check whether you have achieved the objectivethidfis made a habit,
then you will significantly improve your chances mdssing the course.
The main body of the units also guides you throulé required

readings from other sources. This will usually ber from a set book
or from other sources.

Self-assessment exercises are provided throughwutunit, to aid

personal studies and answers are provided at tle oénthe unit.

Working through these self-tests will help you thigve the objectives
of the unit and also prepare you for tutor markedignments and
examinations. You should attempt each self tegtoasencounter them
in the units.

The following are practical strategies for workithgough this course:

1. Read the course guide thoroughly

2. Organise a study schedule. Refer to the coursevievefor more
details. Note the time you are expected to speneach unit and
how the assignment relates to the units. Importatails, e.qg.
details of your tutorials and the date of the fidgty of the
semester are available. You need to gather togettethese

vi
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10.

11.

information in one place such as a diary, a wadlrcbalendar or
an organiser. Whatever method you choose, you dltmdide on
and write in your own dates for working on eacht uni

Once you have created your own study schedule vdoything
you can to stick to it. The major reason that stisldail is that
they get behind with their course works. If you geto
difficulties with your schedule, please let youtotuknow before
it is too late for help

Turn to unit 1 and read the introduction and thgctives for the
unit

Assemble the study materials. Information abouatwou need
for a unit is given in the table of content at begyinning of each
unit. You will almost always need both the studyt your are
working on and one of the materials recommendedfifdher
readings, on your desk at the same time

Work through the unit, the content of the unit litdeas been
arranged to provide a sequence for you to follow.yAu work
through the unit, you will be encouraged to reamfryour set
books

Keep in mind that you will learn a lot by doing afbur
assignments carefully. They have been designed|myou meet
the objectives of the course and will help you pdke
examination

Review the objectives of each study unit to confihat you have
achieved them. If you are not certain about anghefobjectives,
review the study material and consult your tutor

When you are confident that you have achieved a’suni
objectives, you can start on the next unit. Proceeid by unit
through the course and try to pace your study sb ybu can
keep yourself on schedule

When you have submitted an assignment to your tédor
marking, do not wait for its return before startmgthe next unit.
Keep to your schedule. When the assignment is nmetijrpay
particular attention to your tutor's comments, bothn the tutor
marked assignment form and also written on thegassent.
Consult your tutor as soon as possible if you hawe questions
or problems

After completing the last unit, review the coursad gorepare
yourself for the final examination. Check that ywave achieved
the unit objectives (listed at the beginning oflreaait) and the
course objectives (listed in this course guide).

Facilitators/Tutors and Tutorials

There are 8 hours of tutorials provided in suppmdrthis course. You
will be notified of the dates, times and locatidrtlese tutorials as well

Vii
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as the name and phone number of your facilitaters@n as you are
allocated a tutorial group.

Your facilitator will mark and comment on your agsments, keep a
close watch on your progress and any difficultiesi ynight face and
provide assistance to you during the course. Yeueapected to mail
your Tutor-Marked Assignment to your facilitatorftwee the schedule
date (at least two working days are required). Thédlybe marked by
your tutor and returned to you as soon as possible.

Do not hesitate to contact your facilitator by pdlene or e-mail if you
need assistance. The following might be circum&ana which you
would find assistance necessary, hence you wouwd t@contact your
facilitator if you:

. do not understand any part of the study or theyassi readings.
. have difficulty with the self-tests
. have a question or problem with an assignment, yotlr tutor’s

comments or with the grading of an assignment.

You should endeavour to attend the tutorials. Thike only chance to
have face to face contact with your course fatditaand to ask
questions which are answered instantly. You caserany problem
encountered in the course of your study.

To gain much benefit form course tutorials, prepareuestion list
before attending them. You will learn a lot fronrgpapating actively in
discussions.

Summary

Heterocyclic chemistry is a very vast subject 9e tourse has focused
on fused heterocyclic systems such as Quinolingsguinolines,
Benzofurans, Benzothiophenes, Indoles, benzopygrisalts, Coumarins
and Chromones. The synthesis of drug moleculesaoong these
heterocyclic structures has also been covered.nldpmpletion of this
course, you will be equipped with the basic knowkaf heterocyclic
chemistry of fused systems. You will be able tsveer the following
questions:

. What is a fused heterocyclic system?

. How are quinolines synthesised?

. What are the major reactions of quinolines?

. How are Isoquinolines synthesised?

. What are the major reactions of Isoquinolines?
. How are indoles synthesised?

viii
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. What are the major reactions of indoles?

. How are benzothiophenes and benzofurans synth@sised

. What are the major chemical reactions that benapti@nes and
benzofurans undergo?

. How are benzopyrilium salts, Coumarins and Chromone
synthesised?

. What are the major reactions of benzopyrilium saltsumarins
and Chromones?

. What are the advantages of the various synthetitesofor each
class of heterocyclic compound?

. What are the importance/applications of the chewnist these
compounds?

Of course, the list of questions that you can anssvaot limited to the

above list. To gain the most from this course, ghauld endeavour to
apply the principles you have learnt to your unterding of the

chemistry of similar heterocyclic compounds.

| wish you success in the course and | hope thatwi find it both
interesting and useful.
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MODULE 1 BENZOPYRIDINES

Unit 1 Reactions of Quinolines

Unit 2 Synthesis of Quinolines

Unit 3 Application of the Quinoline Ring System iDBrug
Synthesis

Unit 4 Synthesis and Reactions of Iso-quinolines

Unit 5 Application of the Iso-quinoline Ring System Drug
Synthesis

UNIT 1 REACTIONS OF QUINOLINES
CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1 General Physical and Chemical Properties ohQune
3.2 Electrophilic Substitution
3.3 Nucleophilic Substitution

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Quinolines are a class of organic compound of #terearomatic series
characterised by a double-ring structure compodelleozene and a
pyridine ring fused at two adjacent carbon atoms (Figure 1). The
benzene ring contains six carbon atoms, while th&lime ring contains
five carbon atoms and a nitrogen atom (compare thighstructure of
Naphthalene below). The simplest member of the aluia family is
guinoline itself, a compound with molecular struet@;H-N.

5 4

6©\/j3
7 N
N 2

8 1
Quinolione Naphthalene

Fig. 1: Structures of Quinoline and Naphthalene (the
Hydrocarbon Analogue)
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. identify the quinoline ring

. explain how the presence of the benzene ring intlas the
chemistry of quinolines compared to that of pyrelin

. write at least three reactions of quinolines withes compounds.

3.0 MAIN CONTENT
3.1 General Physical and Chemical Properties of Quoline

Quinoline is a colourless hygroscopic liquid withsaong odour. It
becomes yellow on exposure to light and later tlmasvn. Quinoline is
only slightly soluble in cold water but dissolvesdily in hot water and
most organic solvents. Quinoline is a slightly werakase (pKa 4.9)
than pyridine (pKa 5.2).

The general properties are based on those of tHeidoal ring
structures forming that system. It can be preditied the benzene ring
in quinoline would undergo electrophilic substituti by electrophiles
but be resistant to oxidation and reduction whils#¢ pyridine ring
would act as a base, undergo nucleophilic substiti#nd reduction but
be resistant to oxidation and electrophilic substn since electrophilic
substitution of the benzene ring is easier. Funtioee, by comparison
with its aromatic analogue naphthalene, one woxfibet position 3 to
be relatively unreactive.

In practice, quinoline is a weak base (pKa 4.9)udtally undergoes
electrophilic substitution at positions 5 and 8 tbe benzene ring.
Nucleophilic substitution occurs mainly at posiso2 and 4 of the
pyridine ring. Reduction of the pyridine ring isnasparatively easy but
reduction of the benzene ring is comparativelyiclift. Oxidation of
both rings is difficult. (Scheme 1).



CHM421 HETEROCYCLIC CHEMISTRY

@(} ij oH @ij

NOZ(EIectrophlllc substitution) ’ (Nucleophlllc substitution)

HNO,/H,SO, NaOH KNV
50-70°C

\ N N COOH

\ (oxidation) N

—_—

_ =< K,Cr,0, | _

H.SO, COOH
Brle S0, H,/Ni ¢
Sn/HCI (Reduction) Heat
(Base) (-COZ)

+'C|’ H N

Y oh o G

Schemel:  Examples of the General Types (in brackets) efd®on
of Quinoline

3.2  Electrophilic Substitution

Acids and Lewis acids react with quinoline at tlasib nitrogen atom to
form quinolinium salts, and there is a questionrave nature of the
substrate for electrophilic attack, i.e. is it quline or the quinolinium
substrate for electrophilic attack. The answeras a simple one and
appears to depend upon the reagents and reactiaditions. Thus
whereas acetyl nitrate at P0gives 3-nitroquinoline (Scheme 2), fuming
nitric acid in concentrated sulphuric acid contagnsulphur trioxide at
15-20C yields a mixture of 5-nitroquinoline (35%) andioquinoline
(43% - Scheme 3). In the case of acetyl nitrate réaction may proceed
by the 1,4-addition of the reagent to quinolindlofwed by electrophilic
attack upon the 1,4-dihydro derivative.

Ho O H.__OAc
Xy HNO,, Ac,0 NO,+ NO, NO
| — | — =

N7 | 2" THoac | —

| N N

NO, NO,

AcO-
Scheme2:  Reaction of Quinoline with Acetyl Nitrate
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NO,
® b
7w $
90°C
SO \ HNO,
l>2500c | X, H,S0, 4
=
SO_H AN N N
» |
N N
NO

Sheme 3:  Reaction of Quinoline with Fuming Nitric Acid in
Concentrated Sulphuric Acid

However, the rate of nitration of quinoline in 8998 sulphuric acid is
of the same order as that of N-methylquinoliniuriissasuggesting that
here the quinolinium cation may be the target ftack.

Sulphonation with oleum at %0 affords mainly the 8-sulphonic acid,
but as this product is sterically hindered, at bighemperatures it
rearranges into the 6-sulphonic acid (Scheme 3)is flearrangement is
similar to that shown by naphthalene-1-sulphoniad,athe kinetic
sulphonation product of naphthalene, which isonesrisn heating into
the thermodynamically favoured (less hindered)d2rier.

Alkyl and acyl halides react directly with quinadirto give N-alkyl or
N-acylquinoliniumm salts (Scheme 4), whereas thalkyt salts are
stable and can often be isolated as crystallinedsolthe N-acyl
analogues are unstable and undergo rapid hydralysisoist air or in
aqueous solution.

R & OG-
=
+

Sheme4:  Reactions of Quinoline with Acyl and Alkyl Haéd

+

_Zg\ /;

Py
x

3.3 Nucleophilic Addition/Substitution

N-Acyl- or N-sulphonylquinolinium salts can be tpsgal by cyanide ion
to form what are known generally as Reissert addUdie easy removal
of the N-substituent in a subsequent reaction witlase provides access
to 2-cyanoquinoline(Scheme 5).
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| N Ko, Hopem base
N (R =S0,Ph or CGPh) PhSO H or PhCHO
|

R

Scheme5:  Reaction of Qumollne with Potassium Cyanide

There is a strong similarity between the reactiohspyridines and
guinolines towards nucleophiles. Addition occursimtyaat C-2 giving
1,2-dihydroquinolines, but the locus of the reacian be diverted to C-
4, particularly if there is a good leaving groupdted at this position.

In a Chichibabin-type reaction quinoline reacts hwipotassamide
(KNH,) in ligud ammonia at -7C to give 2-amino-1,2-
dihydroquinoline and this is oxidised by potassiparmanganate
[manganate(VIl)] at the same temperature to yieldnmnoquinoline
(Scheme 6). If the temperature is allowed to iaseeto -4& the
adduct rearranges into 4-amino-3,4-dihydroquinglinend upon
oxidation this product gives 4-aminoquinoline.

H NH2
KNH,/LiNH, KNH, [LiNH,
S orlE -
N e = s0c
KMnO
450G KMnO,
-709C
NH,
X | X
B )
N N~ NH,

Scheme 6: Reaction of Quinoline with Potassamide

4.0 CONCLUSION

In this unit, we have learnt that the quinolinegris bicyclic consisting
of the benzene ring fused to a pyridine ring. Weehalso learnt that
quinolines can undergo electrophilic substitutiotNucleophilic
addition/substitution, and oxidation and reductieactions. You will be
exposed teynthesis of quinolines in the next unit.
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5.0 SUMMARY

In this unit you have learnt that quinoline ringbisyclic consisting of
the benzene ring fused to the pyridine ring. Quitels a weak base and
hence reacts with strong acids to give salts. teugoes electrophilic
substitution at positions 5 and 8 of the benzemg.riElectrophilic
substitution reaction at position 3 can take plége nitration with
acylnitrate via 1,4-addition of the reagent to aqlime followed by
electrophilic attack upon the 1,4-dihydro derivatobtained.

You also learnt that nucleophilic substitution ascmainly at positions
2 and 4 of the pyridine ring. Reduction takes plandhe pyridine ring
while oxidations of both rings are difficult.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the physical properties of Quinoline?

2. Explain why nitration of quinoline with acetyl rdtie yields 3-
nitroquinoline, while nitration with fuming nitricacid and
sulphuric acid yields 5 and 8-nitroquinoline. Writee equations
for the reactions.

3. Write 2 nucleophilic addition/substitution reactsoof quinoline.

7.0 REFERENCES/FURTHER READING

Olaniyi, A. A.; et al. (1998). Essential Inorganic and Organic
Pharmaceutical Chemistry. Shaneson, C.I. Limited. pp. 363-450.

Sainsbury, M. (2001). Heterocyclic Chemistriroyal Society of
Chemistry, pp.42-49.
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UNIT 2 SYNTHESIS OF QUINOLINES
CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1  Skraup Synthesis of Quinoline
3.2  Dsbner-von Miller synthesis
3.3 Conrad-Limpach Synthesis of Quinolones
3.4  Friedlaender Synthesis
3.5  Pfitzinger Synthesis

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Quinoline was first extracted from coal tar in 1884 Friedlieb
Ferdinand Runge. Coal tar remains the principatoof commercial
quinoline. It can be synthesised by various metrsad$ as the Skraup,
Dobner-von Miller Synthesis, Conrad-Limpach, Frastider and
Pfitzinger synthesis.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. explain the synthesis of quinolines
. design synthesis of quinoline derivatives.

3.0 MAIN CONTENT
3.1 Skraup Synthesis of Quinoline

Aniline, glycerol, nitrobenzene, iron (lI) sulphaead sulphuric acid are
mixed and gently heated. A vigorous exothermic tieacoccurs which

is completed by further heating. After removal difet residual

nitrobenzene by distillation in steam, quinolinelilzerated from the
reaction mixture by basification and is isolatedsbyam-distillaton. The
yield of the purified product is 84-91%.
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The reaction involves dehydration of glycerol togenal (Acrolein),

Michael-type addition of aniline to propenal, aciatalysed cyclisation
and dehydrogenation by nitrobenzene (Scheme 7).(Ifpsulphate acts
to moderate the reaction. Propenal itself is nopleyed because of its
tendency to polymerise. The successs of the reaclpends on the
rapid addition of aniline to the propenal as itosmed.

OH
O
HZSO4 /Y
—_—
OH OH H
Glycerol Acrolein (propenal)

: on )
= GH—> 5_4 |5H
e T =0,

L O
R
1
.

Scheme7:  Skraup Synthesis of Quinoline

The synthesis is of wide application especiallydpnthesis of quinoline
substituted in the benzene ring. The aniline mawntaia nuclear
substituents: ortho- and para-substituted aniligpge 8- and 6-
substituted quinolines, respectively, and metatsulbsd anilines give
mixtures of 5- and 7-substituted quinolines, th#elapredomination
with activating substituents such as methoxyl arde tformer
predominating with deactivating substituents sushnéro. Propenal
may be replaced by 2-butenal giving 2-methylquimedi and by
butanone, giving 4-methylquinolines.

3.2 The Dsbner-von Miller Synthesis

The reaction uses pre-formegd B-unsaturated carbonyl compounds
instead of acrolein. It is used to provide alkytlamyl substituents in the
“pyridine” half of the quinoline.
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The intermediatg3-aminocarbonyl compound can be isolated and this
shows that the mechanism starts with a conjugatditia. The
intermediate may then be subsequently cyclised ruade&ariety of
conditions (Scheme 8).

Overall transformation

R3 R3
o R2 X R2
NH2 R1 N R1
H (o]
O‘A\\L\ H | S
—
NH2 CH3 l‘\l CH3 N CH3
H

2-butenal 2-Methylquinoline

(quinaldine)
CH3

CH, 0

\ P

NH2 N
thyl vinyl ket

methytvinyl ketone '\\I 4-Methylquinoline

H (lepidine)

Scheme8:  Dsbner-von Miller Synthesis

3.3 The Conrad-Limpach Synthesis

B-keto esters react with aniline in each of two watdow temperatures
reaction occurs at the keto-group to give an imamed at high

temperatures reaction occurs at the ester groupv an amide. The
resulting compounds can each be cyclised to quiesl{see Scheme 9).

(@]
EtO,C
L —7
—
N Me N/ Me
|
H

<100°C
-H,0

o Me
Me
L —Cr
|
W o o
) |
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[::::L\ EtO,C
NHZ ;\
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Scheme9:  The Conrad-Limpach Synthesis
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3.4 The Friedlaender Synthesis

An o-aminobenzaldehyde is treated with an aldehydéetone in a
basic medium; formation of the imine is followed lehydrative
cyclisation (Scheme 10).

(0]
I
R’ . '
O Lo Qe OO
NH, 07 'R NT R N~ R
Scheme 10:  Friedlaender Synthesis

The main problem with this synthesis is that o-ashenzaldehydes are
very unstable, readily undergoing self-condensati@Qme way of

overcoming this is to start instead with an o-ignzaldehyde: acid- or
base-catalysed reaction gives an intermediate whmytlises

spontaneously on reduction (Scheme 11 cf. the Ewissdole

synthesis).

CHO Me H* or OH- \ Sn-HCI \
e
)\ -H,0 O —— o
no, O Me NO, “Me NH, ~Me
_ MO0 | AN
—
N Me

Scheme 11:  Variation of Friedlaender Synthesis
3.5 The Pfitzinger Synthesis

This is a modification of Friedlaender’'s method ardploys isatin in
place of 0-aminobenzaldehyde. Reaction with theebgs/es o-
aminobenzoylformate ion which reacts with an aldehpr ketone to
give a 4-carboxyquinoline from which the carboxylogp can be
removed thermally (Scheme 12).

fe) COH COH
. R'
o ont O RCOCH,R N
N -H,0, -OH- | _
| NH
H 2 N R

R'
heat
-CO,
R

Scheme 12:  Pfitzinger Synthesis
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4.0 CONCLUSION

In this unit we have looked at the various methasksd in the synthesis
of quinoline and its derivatives. These methodsnmadly start from
phenylamines or similar compounds with an intactze@e ring.

5.0 SUMMARY
In this unit, you have learnt the following.

. Quinolines are synthesised from phenylamines ollaimitrogen
containing benzenoid compounds.

. Skraup synthesis, Dobner-von Miller and Conrad-lactp
synthesis involves the use of phenylalanine and-aarBon
fragment as starting materials.

. Friedlaender and Pfitzinger synthesis involve thee wf o-
aminobenzaldehydes and o-aminobenzoylformate régplc
and a two carbon fragment as starting materials.

. Conrad-Limpach synthesis is used to synthesise otpne
derivatives.

6.0 TUTOR-MARKED ASSIGNMENT

1. Devise a synthesis of 1-benzyl-1,2,3,4-tetrahydimgjine from

quinoline.
2. Provide synthetic routes to the following quinoliderivatives
(@)-(c)-
a) CO,Et Me
b) c)
RO Cfi C@
N/ N/ Me N o

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

Quinoline is used principally for the manufactufenotinic acid which

prevents pellagra in humans and in the manufaati@her specialty
chemicals. Approximately 4 tonnes are produced alfiywaccording to

a report published in 2005. It is used as a precur® 8-

hydroxyquinoline, which is a versatile chelatingeagand precursor to
pesticides. Its 2- and 4-methyl derivatives arecyrsors to cyanine
dyes. Oxidation of quinoline affords quinolinic dc(pyridine-2,3-

dicarboxylic acid), a precursor of the herbicidddsonder the name
‘Assert’. The quinoline nucleus is contained in ex@ groups of
alkaloids (e.g. quinine), in a number of synthetmaterials with

important physiological properties such as thenaafarial plasmoquin
and chloroquine, in the cyanine dyes and in théytinal reagent, oxine
(8-hydroxyquinoline).

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. identify some biologically active compounds coniagn the
quinoline nucleus
. describe the synthetic routes to some quinolinevatives of

medicinal importance.

12
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3.0 MAIN CONTENT
3.1 Quinine

Quinine is a natural white crystallinalkaloid having_antipyretifever-
reducing), _antimalarial analgesic (painkilling), anti-inflammatory
properties and a bitter taste. It is_a stereoisoafequinidine which,
unlike quinine, is an anti-arrhythmiQuinine contains two major fused-
ring systems; the aromatguinolineand the_bicycliqquinuclidine The
aromatic part of the quinine molecule is_a quin®lmith a methoxy
substituent. The amineomponent has a quinuclidirsikeleton and the
methylenebridge in between has_a hydroxigeoup. The substituent at
the carbon-3 position is a vingroup. The molecule is optically active

with four stereogeni¢Figure 2).

O
H,C”

Fig. 2: Structure of Quinine (the Asymmetric Centres &hewn
as*)

Though it has been_ synthesis&d the laboratory, the bark of the
cinchona tree is the only known natural source of quiniriégne
medicinal properties of the cinchona tree wereioaidy discovered by
the Quechuandians of Perand_Bolivig later, the Jesuitaere the first
to bring the cinchona to Europe.

Quinine was the first effective treatment for meacaused by
Plasmodium falciparum, appearing in therapeutics in the 17th century. It
remained the antimalarial drug of choice until &##40s, when other
drugs replaced it. Since then, many effective aatanals have been
introduced, although quinine is still used to trde disease in certain
critical situations.. Quinine is also used to trégtus and _arthritis
Quinine is very sensitive to ultraviolet light (U\&nd will fluoresce in
direct sunlight, due to its highly conjugated remuce structure

Quinine is a flavour component of tonic waserd bitter lemonQuinine
is also used in_photochemistgs a common fluorescence stangard
because of its relatively constant and well-knoWwerescenceuantum

yield.

13
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Synthetic quinine

Cinchona trees remain the only economically practtisource of
quinine. However, under wartime pressure, reseamhards its
synthetic production was undertaken. A formal cluaisynthesis was
accomplished in 1944 by American chemists R.B. Waard and W.E.
Doering. Since then, several more efficient quirtmt@l syntheses have
been achieved, but none of them can compete inoatsianterms with
isolation of the alkaloid from natural sources. Tingt synthetic organic
dye, mauveine, was discovered by William Henry Renk 1856 while
he was attempting to synthesise quinine.

3.2 Chloroquine

Chloroquine (CQ), N'-(7-chloroquinolin-4-yl)-N,N-ethyl-pentane-1,4-
diamine was discovered in 1934 by Hans Andersagcandorkers at
the Bayer laboratories who named it "Resochin'wdis ignored for a
decade because it was considered too toxic for huose. During
World War 1l United States government-sponsoredicdl trials for
anti-malarial drug development showed unequivoctiigt CQ has a
significant therapeutic value as an anti-malarraigd It was introduced
into clinical practice in 1947 for the prophylactieatment of malaria

Uses

a. It has long been used in the treatment or preverdiomalaria
After the malaria parasit€lasmodium falciparum started to
develop widespread resistance to chloroquimesv potential
utilisations of this cheap and widely available glfnave been
investigated. Chloroquine has been extensively usethss drug
administrationswhich may have contributed to the emergence
and spread of resistance.

b. As it mildly suppresses the immune systatns used in some
autoimmune disorderssuch as_rheumatoid arthritend lupus
erythematosus

C. Chloroquine is in clinical trials as an investigaial antiretroviral
in humans with_HIV-1/AIDSand as a potential antiviralgent

against chikungunygever.

d. The radiosensitising and _chemosensitisingproperties of
chloroquine are beginning to be exploited in amosa strategies
in humans.

e. Synthesis
Chloroquine can be synthesised using the Conragaim
guinolone method as shown below:

—h

14
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(0]
| OEt
co Bt
Ho¥Passiewc Jen
CI
CO,Et COEt N~ "COEt
H
2500C
-EtOH
(0]
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27°°C -CO, KOHag/EtOH |
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N COOH '
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J\/\/

180°C

/
Cl N
Chloroquine

Scheme 13:  Synthesis of Chloroquine

3.3 Nicotinic Acid

Niacin (also known asitamin B3, nicotinic acid andvitamin PP) is an
organic_compoundvith the formulaCsHsNO, and, depending on the
definition used one of the forty to eighty essdrttiaman nutrientsThis
colourless, water-soluble solid is a derivative mifridine, with a
carboxyl group(COOH) at the 3-position. Other forms of vitamin B
include the corresponding amjdeicotinamide("niacinamide™), where
the carboxyl group has been replaced by a carbaeagroup (CONH),
as well as more complex amides and a variety adresfThe terms
niacin, nicotinamide, and vitaminzBre often used interchangeably to
refer to any member of this family of compoundsicsi they have
similar biochemical activity.

Niacin is one of five vitamins associated with aag@mic deficiency
disease niacin deficiency (pellagya vitamin C deficiency (scurvy,
thiamin deficiency (beribeji vitamin D deficiency (rickety vitamin A
deficiency

Niacin has been used to increase levels of HDLedtefol in the blood
and has been found to modestly decrease the ristamfiovascular
events in a number of controlled human trials. Heevein a recent trial
AIM-HIGH, a slow-release form of niacin was found to haweeffect
on cardiovascular event and stroke risk in a grafupatients with LDL

15
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levels already well-controlled by a statin drugdahe trial was halted
prematurely on evidence that niacin addition atyumcreased stroke
risk in this group. The role of niacin in treatirmgrdiovascular risk
remains under debate.

Nicotinic acid is synthesised by the oxidation ofiirgpline with
Chromium (vi) oxide. Quinoline oxidises to pyriéu2,3-dicarboxylic
acid which readily loses the 2-carboxyl-substituentbeing heated to
form nicotinic acid (Scheme 14).

SN HO,C HO,C

N 2
| ﬂ» | heat | N
NG pZ co, _
HO,C N N
Nicotinic acid

Scheme 14:  Synthesis of Nicotinic Acid from Quinoline

3.4  Other Applications of Quinoline

The quinoline nucleus is also contained in plasmogan antimalarial
agent), in cyanine dyes and in the analytical reggexine (8-
hydroxyquinoline).

4.0 CONCLUSION

This unit has shown that Quinolines are importaetduse their
derivates exhibit useful biological activities. Serf these derivatives
like quinine have been recognised for centuries.

5.0 SUMMARY

In this unit, you have learnt that many derivativésguinolines show

very useful biological activities and some haverbegeuse for decades
e.g. quinine. Quinine can be obtained naturallymfrthe bark of

Cinchona trees.

You also learnt that antimalarial agents such asirg, chloroquine and
plasmoquine are quinoline derivatives. Chloroquae be synthesised
via the Conrad-Limpach synthesis. Nicotinic acidbwn as niacin is
used in the treatment of pellagra and hyperchal@siemia and it can
be synthesised by the oxidation of quinoline. Théngline nucleus is
also contained in cyanine dyes and in the analygent, oxine (8-
hydroxyquinoline).

16
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6.0 TUTOR-MARKED ASSIGNMENT

1. Write briefly on two medicinal agents containing tuinoline

nucleus.

2. Outline the synthesis of chloroquine via the Cortadpach
synthesis.

3. Outline the synthesis of nicotinic acid from quinel What are

the medicinal uses of nicotinic acid?

7.0 REFERENCES/FURTHER READING

Norman, R. O. C. & Coxon, J. M. (1993). Principles Organic
Synthesis (3rd ed.Blackie Academic & Professional, Glasgow.

An Imprint of Chapman & Hall. pp. 703-706.

Olaniyi, A. A.; et al. (1998). Essential Inorganic and Organic
Pharmaceutical Chemistry. Shaneson, C.I. Limited. pp. 363-450.

Sainsbury, M. (2001). Heterocyclic ChemistriRoyal Society of
Chemistry. pp. 42-49.
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1.0 INTRODUCTION

Isoquinoline is a _heterocyclicaromatic organic _compoundlt is a
structural isomer of quinoline Isoquinoline and quinoline are
benzopyridines which are composed of a benzenieg fused to a
pyridine ring. The nitrogen in isoquinoline is on positi@nwhile the
nitrogen is on position 1 in quinoline (Figure B).a broader sense, the
term isoquinoline is used to make reference tousuine derivatives
1-Benzylisoquinolineis the structural backbone in naturally occurring
alkaloidsincluding papaverin@nd _morphine The isoquinoline ring in
this natural compound derives from the aromaticnaicidtyrosine

5 4 5 4
| X 3 6 | X 3
=2 7 N2
8 N 5 .
1
Quinoline Isoquinoline

Fig. 3 Structures of Quinoline and Isoquinoline

2.0 OBJECTIVES
At the end of this unit, you should be able to:
. differentiate between isoquiniline and its isomeingline

. appreciate the similarities and differences in rthpdiysical and
chemical properties

18
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. describe the influence of presence of the benzeokeuns on the
chemistry of isoquinolines compared to that of giyre
. explain the main methods used for the synthesisaofuinolines

and their derivatives.
3.0 MAIN CONTENT
3.1 General Physical and Chemical Properties Isoguoline

Isoquinoline is a colourless hygroscopiguid at room temperature with
a penetrating, unpleasant odoltmpure samples can appear brownish,
as is typical for nitrogen heterocycles. It cryistes to platelets and
have a low_solubilityin water but dissolve well in_ethanohcetone
diethyl ethey carbon disulphideand other common organic solvenits

is also soluble in dilute acidss the protonated derivative.

Being an_analo®f pyriding isoquinoline is a weak baseith a_pk, of
5.1. It protonates upon treatment with strong gsdsh as HCI to form
salts. It forms adductsvith Lewis acidssuch as Bf:

Isoquinoline is closely related to quinoline inypltal and chemical
properties. Modifications are only as a resulthef different position of
the nitrogen atom relative to the cabocyclic ring.

3.1.1 Reactions with Electrophiles

Isoquinoline like quinoline is protonated and a#¢tgld at the nitrogen
atom and undergoes electrophilic substitution ie thenzene ring.
Sulphonation with oleum gives mainly the 5-sulpltoaicid, but fuming
nitric acid and concentrated sulphuric acid at pf@duce a 1:1 mixture
of 5- and 8-nitroisoquinolines. Bromination in thgresence of
aluminium trichloride at 75°C gives a 78% yieldssbromoisoquinoline
(Scheme 15).
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SOH
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Scheme 15:  Reactions of Isoquinolines with Electrophiles

3.1.2 Reduction and Reactions with Nucleophiles

Nucleophilic addition takes place at C-1 and thss considerably
enhanced if the reaction is carried out upon amus®linium salt.

Reduction with lithium aluminium hydride {tetrahyamaluminate(lll)} in

THF (tetrahydrofuran) for example gives a 1,2-ditmysbquinoline.
These products behave as cyclic enamines andqtiisolium salts are
reacted with sodium borohydride [tetrahydroboro(iH)¢ in aqueous
ethanol, further reduction to 1,2,3,4-tetrahydrqigoolines is effected
through protonation at C-4 and then hydride traffem the reagent to
C-3 (Scheme 16).

LiAIH,

N RX X THF AN
| N | N N
~ N N
X R R

N 1,2-Dihydroisoquinoline
Isoquinolinium salt

NaBH,
EtOH(aq)

- I
N

1,2,3,4,-Tetrahydroisoquinoline

Scheme 16:  Reduction of Isoquinoline
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The cyanide anion adds to C-1 in 2-benzoylisoqunnain salts in
water/DCM (dichloromethane), forming Reissert coonpas; then, just
like their quinoline counterparts, the adducts bandeprotonated by a
base with the loss of the N-substituent and then&bion of a 1-
cyanoisoquinoline (Scheme 17).

KCN.#0, DCM NaOH _NaOHaa. | N
_N' PhCHO N
_COPh COPh
CN
Scheme 17:  Reaction of Isoqumollne with Nucleophiles

3.2 Synthesis of Isoquinolines

Isoquinoline was first isolated from coal iar1885 by Hoogewerf and
van Dorp. They isolated it by fractional crystali®n of the acid
sulphate. Weissgerber developed a more rapid out®14 by selective
extraction of coal tar; exploiting the fact thabgsiinoline is more basic
than quinoline. Isoquinoline can then be isolatexdnf the mixture by
fractional crystallisation of the acid sulphate.

Although isoquinoline derivatives can be synthesisey several
methods, relatively few direct methods deliver thasubstituted
isoquinoline. ThePomeranz-Fritsch reaction provides an efficient
method for the preparation of isoquinoline.

The biological properties of many derivatives hagasured the
development of a number of syntheses providing sscoe all types of
isoquinolines, both natural and manmade. Three itapbroutes are the
Bischer-Napieralski, Picted-splenger and Pomerarigdh methods.

3.2.1 Bischler-Napieralski Synthesis

This method is very useful for the construction le$ubstituted 3,4-
dihydroisoquinolines, which if necessary can be dsdd to
isoquinolines. Ap-phenylethylamine (1-amino-2-phenylethane) is the
starting material, and this is usually preformed i®action of an
aromatic aldehyde with nitromethane in the presenfesodium
methoxide, and allowing adduct to eliminate methaod give ap-
nitrosytrene (1-nitro-2-phenylethene). This prodsdhen reduced tp-
phenylethylamine commonly by the action of lithiuaduminium
hydride (Scheme 18). Once prepared, fhghenylethylamine is reacted
with an acyl chloride and a base to give the cpoading amide (R1 =
H) and then this is cyclised to a 3,4-dihydroisogline by treatment
with either phosphorus pentoxide or phosphorus lokye. Finally,

21



CHMA421 HETEROCYCLIC CHEMISTRY

aromatisation is accomplished by heating the 3Wsioisoquinoline
over palladium on charcoal (Scheme 19).

CHO MNG, XN NO
MeONa - MeCH
NO,
H, Li Al H,
Pd/ C

Scheme 18:  Synthesis op-phenylethylamine

R1

R2COCI

base P,Osq

NH, NH (or POCI,) 2,\‘ H

R1
R1 J R1
X
Pd/C
~N -~ - —H
R2

_N -POH v’g\lj

_Qg) R2

R2 P

Scheme 19:  Bischler-Napieralski Synthesis of Isoquinoline

Alternatively, a p-methoxyg-phenylethylamine can be used to
circumvent the oxidation step after the conventiorischler-
Naperialski cyclisation. Here, when treated with ghosphorus reagent
the amide (R1 = OMe) undergoes both cyclisationtaecelimination of
methanol to give the isoquinoline (R=H) directhhig is known as the
Pictet-Gams modification of the Bischer-Napieralsjnthesis.

3.2.2 Picket-Spengler Synthesis
A B-phenylethylamine is treated with an aldehyde ia gnesence of
dilute acid; ring closure occurs by a reaction dadriviish type reaction

and the tetrahydroisoquinoline formed is dehydrages on palladium
(Scheme 20).
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m ReHo_ Hoj@izj : :@Q

Scheme 20:  Picket-Spengler Synthesis

3.2.3 The Pomeranz-Fritsch Synthesis

Whereas both the previous two routes depend upmyclesation of the
benzene ring to what becomes C-1 of the heteroctiadekey step in the
Pomeranz-Fritsch synthesis is the formation of adbdo C-4. A
benzaldehyde is the starting material, and it &ted with an amino-
acetaldehyde dialkyl acetal to form an imine, whishthen cyclised
directly under relatively severe acidic conditigiesg. conc. HSO, at
100°C) to give the isoquinoline. Although the Poamz-Fritsch ring-
closure conditions permit the cyclisation of ungitbed imines, the
reaction is accelerated greatly if electron-dorgatinroups are present in
the benzene ring (Scheme 21).

RO OR

MeO MeO N
NH CH CH(OR)Z __ 70%H,SO, _ |
2ROH _N

NaBH,
EtOH

RO OR

_6MHClag. MeO N
2ROH N
H
Scheme 21: Pomeranz-Fritsch Synthesis

Through slight modification the Pomeranz-Fritscmtlgsis can be
made particularly useful for the preparation of-di2ydroisoquinolines.
The imine is first reduced with sodium borohydride98% ethanol to
the corresponding benzylamine, prior to cyclisatiby treatment with
6M hydrochloric acid. When electron-donating groufssich as a
methoxyl) are present in the aromatic unit of tk@aylamine, the ring
closure step occurs at room temperature to give 2- 1
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dihydroisoquinoline. As 1,2-dihydroisoquinolines arnstable in air, it
Is customary to carry out the reaction under anoafrhere of oxygen-
free nitrogen.

An advantange of the modified Pomeranz-Fritsch &gt is that the
1,2-dihydroisoquinolinium salts can be reacteditin with electrophiles,
yielding 3,4-dihydroisoquinolinium salts that reaath nucleophiles at
C-3. Such a ‘'single pot’ procedure can be useodrmfcomplex 1,2,3,4-
tetrahydroisoquinolines.

4.0 CONCLUSION

In this unit, we have learnt that the isoquinolinag is bicyclic

consisting of the benzene ring fused to a pyriding. The nitrogen on
the isoquinoline ring is at position 2 compared gosition 1 on

quinoline. We have also learnt that isoquinolines cndergo similar
reactions of quinolines. Synthesis of isoquinoliaesl derivatives are
usually via phenylamines or similar nitrogen comitag benzenoid
compounds.

5.0 SUMMARY

Isoquinoline ring is bicyclic consisting of the lzeme ring fused to the
pyridine ring however the nitrogen in the pyridineg is on position 2

compared to position 1 in quinoline. Isoquinolinkel quinoline is a

weak base and hence reacts with strong acids &sggilts. It undergoes
electrophilic substitution at positions 5 and & benzene ring.

Also nucleophilic substitution occurs mainly at piosis 1 compared to
positions 2 and 4 of the pyridine ring in quinobndreduction takes
place on the pyridine ring and oxidation of bothgs are difficult.
Synthesis is via the reaction @fphenylethylamine and acyl chloride or
an aldehyde in the Bischler-Napieralski synthesid Ricket-Spengler
synthesis respectively. Pomeranz-Frisch synthdses accurred via the
reaction of a benzaldehyde with an amino-acetaldehy

6.0 TUTOR-MARKED ASSIGNMENT

1. How does isoquinoline react with fuming nitric aciahd
sulphuric acid?

2. Which reagent will you use to synthesise N-metlogjignolium
salt?

3. Outline the synthesis of 1-methylisoquinoline frbenzaldehyde
and suitable reagents via a multi-step synthesis.
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1.0 INTRODUCTION

Isoquinolines are very important because of themvatives. A large
proportion of which are alkaloids, show useful bgital effects.
Indeed, the medicinal properties of the plants thasynthesise these
alkaloids have been recognised for centuries, loefgre the nature of
the compounds responsible was known. Papaveridaramphine are
found in the latex from poppy seed capsules. Papeves a vasodilator
while morphine is an analgesic agent. Antihypesites agents such as
debrisoquine, quinalapril and quinalaprilat all tan the isoquinoline
ring system.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. identify various medicinal agents containing thagisinoline ring
system

. list the importance of isoquinoline derivativesmedicine

. design the synthesis of some of the medicinal agent

3.0 MAIN CONTENT

3.1 Papaverine

Papaverine is an_opiumalkaloidthat is a vasodilator used primarily in
the treatment of visceral spaswasospasniespecially those involving
the heartand the_braijy and occasionally in the treatment of erectile
dysfunction While both are found in the opium poppgapaverine
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differs in both structure and pharmacological actilom the analgesic
(morphine-related) opium alkaloids (opiojds

J

HHCK e R
HaC ~0 ey M
0
“CH,
D.—*CHE
Fig. 4 Structure of Papaverine
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Papeverine ~ OMe OMe

Scheme 22 Synthesis of Papaverine Based on the BischleréYalski
Procedure

OMe OMe

3.2  Morphine

Morphine (MS Contin, MSIR, Avinza, Kadian, Oramorph,
Roxanol) Morphine is a benzylisoquinoliredkaloid with two additional
ring closures. It is a poteppiateanalgesianedicationand is considered
to be the prototypical opioidt was first isolated in 1804 by Friedrich
Serturney first distributed by same in 1817, and first coenamally sold
by Merckin 1827, which at the time was a single small ciseshshop.
It was more widely used after the invention of llypodermic needlean
1857. It took its name from the Greek god of dreavisrpheus
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Morphine is the most abundant alkaldalnd in_opium the dried sap
(latex) derived from shallowly slicing the unripeesipods of the opium,
or common edible, poppyapaver somniferum. Morphine was the first
active principlepurified from a plant source and is one of at tid#®
alkaloids of several different types present inuopi Poppy Straw
Concentrateand other poppy derivatives.

In clinical medicine, morphine is regarded as tlwdgstandard, or
benchmark, of analgesics used to relieve sevewggonising_pairand
suffering Like other opioids, such as oxycodomgdromorphoneand
diacetylmorphine_(herojpmorphine acts directly on the central nervous
system(CNS) to relieve painUnlike many other opioids, morphine is
an opiate and a natural product. Morphine has & Ipgtential for
addiction tolerance and _psychologicaldependencedevelop rapidly,
although physiologicadlependence may take several months to develop.

HO

H
N—
CHj
HO'
Fig. 5: Structure of Morphine

3.3 Other Applications of Isoquinolines

anesthetics; dimethisoquis one example (shown below).

S <

M

D\L
Pr/’

Fig. 6: Structure of Dimethisoquine
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b) antihypertension agents, such as quinapgilinapirilat and
debrisoquingall derived from 1,2,3,4-tetrahydroisoquinoline).

C) antifungal agents, such as 2,2'-
Hexadecamethylenediisoquinolinium dichloride, whiih also
used as a topical antiseptic. This derivative, shd»elow, is
prepared by N-alkylation of isoquinoline with th@paopriate
dihalide.

Fig. 7: Structure of 2,2’-Hexadecamethylenediisoquiriahm
Dichloride

d) disinfectants, like N-laurylisoquinolinium brase (shown
below), which is prepared by simple N-alkylationigdquinoline.

ﬁ ﬁ Hr
L*—-/j\ﬁff“\cm:r:
Fig. 8: Structure of N-laurylisoquinolinium Bromide

Bisbenzylisoquinolinium compounds are compounds similar in
structure to_tubocurarineThey have two isoquinolinium structures,
linked by a carbowrhain, containing two esténkages.

3.4 Isoquinolines and Parkinson’s Disease

Parkinson's diseasa slowly progressing movement disorder, is though
to be caused by certain _neurotoxidsneurotoxin called MPTR1[N]-
methyl-4-phenyl-1,2,3,6-tetrahydropyridipethe precursor to MPP+,
was found and linked to Parkinson's disease in18&0s. The active
neurotoxins destroy dopaminergic neurdesding to parkinsonism and
Parkinson's disease. Several tetrahydroisoquinotiagvatives have
been found to have the same neurochemical propesieMPTP. These
derivatives may act as neurotoxin precursors twecteurotoxins.
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Other Uses:

. Isoquinolines are used in the manufacture of dyegints
insecticidesand antifungalslit is also used as a solvefar the
extractionof resinsand terpenesand as a corrosianhibitor.

4.0 CONCLUSION

This unit has shown that Isoquinolines are impdrtaecause their
derivates exhibit useful biological activities. Serof these derivatives
like morphine and papaverine have been recognaecehturies.

5.0 SUMMARY
. Many derivatives of isoquinolines show very usdbinlogical

activities and some have been in use for decadesmarphine
and papaverine.

. Papaverine is a vasodilator and can be synthebased on the
Bischler-Napieralski procedure.

. Morphine and papaverine can be obtained naturabtynfthe
opium poppy seeds.

. Other medicinal agents containing the isoquinolimg include

dimethisoquine, and anaesthetic agent, quinalagebrisoquie
and quinalaprilat which are antihypertensive agents

. Isoquinolines are also used in the synthesis ofhfeéistants such
as N-laurylisoquinolinium bromide.
. Isoquinoline derivatives may act as neurotoxin preors to

active neurotoxins.
6.0 TUTOR-MARKED ASSIGNMENT

1. Show the structures of two medicinal agents coirtgirthe
isoquinoline ring.

2. Mention the medicinal uses of the compounds meadan (i).

3. Outline the synthesis of Papaverine using the Besddaprieski
procedure.

4. Design a synthetic route for N-laurylisoquinoliniubromide

from isoquinoline.
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INTRODUCTION

Indole is an aromatic heterocyclic organic compound.als A bicyclic
structure, consisting of a six-membered benzeng fiised to a five-
membered nitrogen-containing pyrrole ring (Figure fhdole is a
popular
pharmaceuticals. Compounds that contain an indwlg are called
indoles. The indolic amino acid tryptophan is theeqursor of the
neurotransmitter serotonin. Indole is a solid amaemperature. Indole
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can be produced by bacteria as a degradation profiulce amino acid

tryptophan. It occurs naturally in human faeces laaxsl an intense faecal
odour. At very low concentrations, however, it laaowery smell, and

is a constituent of many flower scents (such asgeablossoms) and
perfumes. It also occurs in coal tar.

4 3

0
6 l}ll

7
H
Fig. 9: Structure of Indole

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. identify and draw the indole structure
. explain the general physical and chemical propedidndole
. describe the effect that the fusion of a benzemg hias upon the

reactions of the pyrrole ring.
3.0 MAIN CONTENT
3.1 General Physical and Chemical Properties of toles

Indole is a solid at room temperature with a mglfpoint between 52-
54°C. Unlike most amines, indole is non basic. bbeding situation is
completely analogous to that in pyrrole. Very sgoacids such as
hydrochloric acid are required to protonate inddlee protonated form
has a pK of —3.6. The sensitivity of many indolic compoun(@sg.,
tryptamines) under acidic conditions is causedhy protonation.

3.2 Electrophilic Substitution

Electrophiles attack indole at C-3, rather thanCaR. This is the
opposite result to that observed for pyrroles, dart be explained if the
intermediates for each type of reaction are comsdld-or a reaction at
C-3, the energy of activation of the intermediatéowered because it is
possible to delocalise the positive charge throtegonance involving
the nitrogen lone pair of electrons. This favoueakituation is not
possible in the corresponding intermediate for cittat C-2. Any
attempt to delocalise the positive charge would raigrupt the &-
electron system of the benzene ring (Scheme 23).

33



CHMA421 HETEROCYCLIC CHEMISTRY

Scheme 23:  Electrophilic Substitution of Indole- C-3 vers0s2

3.2.1 3-Substituted Indoles

Sulphonation of indole with pyridinium-N-sulphonatelds indolyl-3-

sulphonic acid, and bromine in pyridine at 0°C &ffo3-bromoindole
(Scheme 19). Acetylation with a heated mixture et anhydride and
acetic acid gives 1,3-diacetylindole. Methylati@guires heating with
methyl iodide in DMF (N,N-dimethylformamide) at &0°C and yields
3-methylindole. This compound reacts further, givin2,3-

dimethylindole and finally 1,2,3,3-tetramethyl-3Rdobleninium iodide
(Scheme 24).

H
X
N\ | /
N N+
N | H* !
SO,- . H '
heat 3 Indoleninium (3H-Indolium)
H cation
A\ Ac
Ac,0
N HOAc
Br,, 0°C
pyrldlne N\
\ Mel, DMF Me
heat M
N

/,
L
I
Me

I —

Scheme 24:  Reactions of Indole with Electrophiles

3.2.2 Vilsmeier Formylation

When DMF and phosphorus oxychloride are reacteeéthey in the
Vilsmeler reaction, the N,N-dimethylamino(chlorojimgdeniminium
cation is generated, and this reacts with indol&°@t to give 3-(N,N-
dimethylaminomethylene)indolenine. When hydrolysieyl treatment
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with dilute sodium hydroxide, this gives an excefleyield of 3-
formylindole (Scheme 25).

— NMe, ]

Me Cl 2
o H NMe, LR MeN
: \
Nyer o Me & J
\\ H
N — \ o
\ N -H N -HC /
: H D N
L H _ 3,-(N,N-Dimethylamino
methylene)indolenine
NaOH agq
0°C ~
H H-—OH
© Me,N._)_H
\ 9
-Me,NH N\ H
N N loH
H |

H
Scheme 25:  Vilsmeier Formylation

3.2.3 Reaction with Triethyl Orthoformate
(Triethoxymethane)

Triethyl orthoformate is often used in ractions lwienolates and
carbanions to form diethyl acetals that on treatmeth dilute acid give
the corresponding formyl derivatives. However, wiwdole is heated
at 160°C with triethyl orthoformate the locus ofiction is at N-1 rather
than at C-3, and 1-(diethoxymethyl)indole is forn{&theme 26). The
N-substituent is easily removed by acidic hydraysi reform indole.

HC(OEt)
N H+HO N

H CH(OEt)

T —

O\
H H

Scheme 26:  Reaction on Indole with Triethyl Orthoformate

3.2.4 Mannish Reaction

The mechanism of the Mannish reaction is similarthat of the
Vilsmeier reaction as the electrophile is also ahyleniminium cation,
formed this time from a condensation of dimethylaeni and
formaldehyde in acetic acid solution (Scheme 2#)isTreacts with
indole to vyield 3-(N,N-dimethylaminomethyl)indolealihough not
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shown, it is possible that initial attack occurdNal and rearrangement
of the side chain to C-3 takes place as a follovstep (Scheme 27).

a)

H
_Me H Me
H\FO + HN F—ﬁé-c >—_ltl/
Me H \Me
M B /Me_ /Me
e
b) N N, N=pe
H \Me Me \
N N+ ) N
\ | |
H H H
‘ Me
B 7] *,{I—Me
CH,CN 1 CN (4 "Me
2
AN KCN -Me;N
N -~ / - g
/ + |
H |1| H

Scheme 27: Mannish Reaction

3.2.5 Formation of the Indoyl Anion; N-1 versus C-3
Substitution

The indole anion is easily formed by reactions whihses such as
sodium hydride, sodamide, Grignard reagents orlgtiyms. Although
the indolyl anion is resonance stabilised, the neatd the cation has an
influence upon future reactions (as does the solusad). Thus, if the
conjugate cation is not easily polarised, e.g.diwp ion (or potassium
ion), the indolyl anion is attacked at the sitehafhest electron density,
i.e. at N-1. However, if the metal in the catisnmagnesium, then it is
assumed that partial covalent bonding to nitrogevents attack there.
Now the electrophilic attack is diverted to C-3.

N-Alkylation, -acylation and sulphonation are afgomoted by a polar
solvent, such as HMPA (hexamethylphosphoric triaynidOMF and
DMSO. This acts to solvate the ions (promoting atisation), but in a
non-polar solvent like toluene, diethylether orabydrofuran (THF),
attack by most carbon electrophiles upon indolylnesjum bromide
proceeds at C-3 (Scheme 28).
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@ MeMc%Br @ NanH, @ @

MgBr

‘Ex

\ /
H E

E = alkyl, acyl E = alkyl, acyl, PhSO2
X = halide x = hatde

Scheme 28:  N-1 versus C-3 Substitution
3.2.6 C-2 Lithiation
Carbon acidity and C-2 lithiation

After the N-H proton, the hydrogen at C-2 is th&trmaost acidic proton
on indole. Reaction of N-protected indoles withyuithium or lithium
diisopropylamideresults in lithiation exclusively at the C-2 posit
This strong nucleophile can then be used as suithother electrophiles
(Scheme 29).

Bergman and Venemalm developed a technique foiatitly the 2-
position of unsubstituted indole.

,;fﬁlx.. 1}n Buli Q\ 1]1EuL| m
x_fﬁ 2]1:02 } . g; E}ﬁé N

Scheme 29: C-2 L|th|at|on

3.3 Ring Expansion with Dichlorocarbene

Indole can be reacted with dichlorocarbene to yRlchloroquinoline
(Scheme 30). |Initially, the carbene adds across@H- C-3 double

bond to form a cyclopropanoindole, this produchnthieg-expand with
the elimination of hydrogen chloride.

cl
Cl cl
N - CJ
N E ) -HCl @

|
Scheme 30:  Ring Expansion of the Indole Ring with Dichloanbene

I
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3.4 Reduction

Indole can be reduced under Birch conditions (i in liquid
ammonia containing a hydrogen donor e.g. methatwlyive a 4:1
mixture of 4,7-di and 4,5,6,7-tetrahydroindolesi{&wne 31a). Sodium
cyanoborohydride (NaBYCN) in acetic acid, however, forms indoline
(2,3-dihydroindole). In this reduction, 3-protomati gives the
indoleninium salt, which is then ‘set-up’ to undergydride transfer at
C-2 from the boron reagent (Scheme 31b).

a) Li, NH,
; N )
H H H

b)
HOAc
NaB(CN)H,
/
- i
H- H
OAc Indoline

Scheme 31: Reduction of Indole

3.5 Oxidation of Indole

Due to the electron-rich nature of indole, it isiBaoxidised. Simple
oxidants such abl-bromosuccinimide will selectively oxidise indole
to oxindole & and5) (Scheme 32).

_,,{Br  Br
T NBS = H-0 . - oy
O s () 2% Ot Lo == (L=
N N+ '~ OH ~Z N ~FTN
H H H H H
1 2 3 4 5

Scheme 32: Oxidation of Indole

4.0 CONCLUSION

In this unit, we have learnt that the benzopyr(oidole) ring is bicyclic

consisting of the benzene ring fused to a pyrralg.rWe have also
learnt that Indole undergo electrophilic substintreactions, reduction
and oxidation reactions.
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5.0 SUMMARY

The highlights of this unit are as follows:

. Indole is a solid at room temperature and unliketamines, it is
non-basic.

. Very strong acids such as HCI are required to mat®indole.

. E-substitution reactions take place more readilyp@asition 3
compared to position 2 in pyrrole.

. E-substitution at position 2 can be facilitated @& Lithiation.

. Reduction of indole with lithium in liquid ammon&ontaining a

hydrogen donor e.g. methanol takes place in thedyen ring
while reduction with sodium cyanoborohydride (Najgil)
takes place in the pyrrole ring.

. Indole can be oxidised to oxindole with N-bromosnruide.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain why electrophilic substitution on the indoking is
favoured at the C-3 position compared to C-2 irrqdgt

2. Describe an indirect method that can be used tdlitéde
electrophilic substitution reaction on the indoiegrat the C-2
position.

3. Outline the synthesis of 2-acetyl-1-(phenylsulfgmdole
starting from indole.
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1.0 INTRODUCTION

Indole is a major constituent of coal-tar, and 226—-260°C distillation
fraction is the main industrial source of the maferindole and its
derivatives can also be synthesised by a variemethods. The main
industrial routes start from aniline. Other methot@isynthesising indole

include the Fischer Indole, the Reissert, Wendel thie Leimgruber-
Batcho synthesis.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. explain the synthesis of quinolines
. design synthesis of quinoline derivatives.

3.0 MAIN CONTENT
3.1 Industrial Synthesis of Indole
lllustrative of such large-scale syntheses, ind@ad substituted

derivatives) forms via vapour-phase reaction ofir@iwith ethylene
glycol in the presence of catalysts (Scheme 33).
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R
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Scheme 33:  Industrial Synthesis of Indole

In general, synthesis is conducted between 200580dC. Yields can
be as high as 60%. Other precursors to indole drecformyltoluidine,
2-ethylaniline, and 2-(2-nitrophenyl) ethanol, a@f which undergo
cyclisations. Many other methods have been devdlofieat are
applicable.

3.2 Fischer-Indole Synthesis

One of the oldest and most reliable methods foth®sising substituted
indoles is the Fischer indole synthesis, developed 883 by Emil

Fischer (Scheme 34). Although the synthesis of lendisself is

problematic using the Fischer indole synthesisjsitoften used to
generate indoles substituted in the 2- and/or 3tpas. Indole can still
be synthesised, however, using the Fischer indoléhesis by reacting
phenylhydrazine with pyruvic acid followed by ddoaxylation of the

formed indole-2-carboxylic acid. This has also baenomplished in a
one-pot synthesis using microwave irradiation

R2
R1 N\ R2 kA H\ R2py
Rt N
) _ - 0~
NH, —— N CNH =~ NH
N N NH
H H H

\
H
R2 R2
H H R2 Ho R2
N\ R1 R1 R1
R1 — -
i L= (L% OO
H -NH, N NH,+ ’NiH 2 NH
H NH
H+

Scheme 34:  Fischer Indolisation Reaction

Phenylhydrazine is first reacted with an aldehyateketone carrying.-

methylene group (not acetaldehyde). The correspgntidrazone is
heated with an acid catalyst such as boron triftlegrzinc chloride or
polyphosphoric acid. The reaction is analogous le benzidine
rearrangement. Ring closure occurs through a Fghatropic change
and ammonia (as the ammonium cation ) is lost. Ewample,
acetaphenone phenylhydrazone (R1-Ph, R2=H), treatgd zinc

41



CHMA421 HETEROCYCLIC CHEMISTRY

chloride at 170°C gives 2-phenylindole in up to 89Rfid however, the
reaction fails with acetaldehyde phenyl hydrazdR&,R2 = H) so that
indole itself must be made indirectly. A simple heat is to carry out
the Fischer reaction on the phenylhydrazone of pgracid (R1 =
COOH, R2 = H) and to decarboxylate the resultirdpia-2-carboxylic
acid thermally.

Substituent on the phenyl ring of the hydrazoneluerice the
regiochemistry of the [3,3-rearrangement. For exampelectron-
releasing meta-substituents give mainly 6-substituhdoles (i.e. para
ring closure) whereas electron-attracting substilsiegive mainly 4-
substituted indoles (i.e. ortho ring closure).

3.3 The Reissert Synthesis

An o-nitrotoluene is reacted with diethyl oxalatethe presence of a
base. The nitro group of the resultinegketo-ester is reduced to amino
and cyclisation then occurs spontaneously. The ssigstituent in the
indole may be removed, if required by hydrolysisd athermal
decarboxylation (Scheme 35).

Me CO,Et
©i + Et0,c-COgEt —HO- y Zn-AcOH
NO NO

> 2

-H,O H*/H,O
(@] N N
NH, H H

Scheme 34.  Reissert Synthesis

3.4 The Wender Synthesis

In this synthesis, 2-bromo-N-(trifluoroacetyl) anéd in THF is

deprotonated by butyllithium and then in the samg racted with tert-
butyllithium to effect halogen metal exchange teegthe dilithiated

derivative. To this intermediate is addeebromo ketone. A carbon-
carbon bond is established first between the ratgtaand then
cyclisation occurs to form a hydroxyindoline. Figal dehydration

generates the indole (Scheme 36).
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Scheme 36:  Wender Synthesis
3.5 Leimgruber-Batcho indole Synthesis
MeO. _.OMe
X (D
@( N = _N Raney-Nickel %
e
o I 2 H
{7/ 0
1 2 3

Scheme 37:  Leimgruber-Batcho Indole Synthesis

The Leimgruber-Batcho indole synthesis is an edfiti method of
sythesising indole and substituted indoles (Sch&#g Originally
disclosed in a patent in 1976, this method is lyigihding and can
generate substituted indoles. This method is esalhe@opular in the
pharmaceutical industry, where many pharmaceuticals are made up
of specifically substituted indoles. The methodisgs o-nitrotoluene,
which when heated in a mixture containing the bageolidine and
N,N-dimethylformamide dimethyl acetal (DMFDMA) gise the
correspondingp-(N,N-dimethylaminophenylethene. Reduction of this
product form the appropriate indole.

4.0 CONCLUSION
In this unit we have looked at the various methasisd in the synthesis

of indole and its derivatives. These methods ndymstart from
nitrogen containing benzenoid compound.
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7.0 SUMMARY

. Indole is a major constituent of coal tar and carobtained from
fractional distillation of coal tar.
. Indole is obtained on a large-scale by the vapdase reaction

of aniline with ethylene glycol in the presencecatalyst and at
high temperatures.

. Fischer-Indole reaction involves the formation aoaresponding
hydrazone from a phenylhydrazine and an aldehyd&etone
followed by treatment of the hydrazone with an acid

. Reissert synthesis involves the reaction of o-totuene with
diethyloxalate in the presence of a base followethlke reduction
of the a-ketoester formed.

. Wender synthesis involves the reaction of 2-bromo-N
(trifluoroacetyl) aniline in THF with butyllithiumfollowed by
tert-butyllithium to yield the dilithiated derivae. Treatment
with a-bromoketone gives the indole.

. Leimgruber-Batcho synthesis involves heating oetdiiuene
with DMFDMA  in pyridine  to give  B-N,N-
dimethylaminophenylethene. Reduction of this prodyices the
indole.

. A variety of methods are used to synthesise in¢dhes most
versatile for indoles substituted in the benzemg s still the
Fischer indolisation process.

. The Leimgruber-Batcho synthesis is good for thettssis of
indoles unsubstituted in the heterocyclic ring.

8.0 TUTOR-MARKED ASSIGNMENT

1. Outline the synthesis of 2-ethyl-3-methylindakng the Fischer
Indole reaction.

2. Explain the mechanism of reaction in (i)

3. Outline a feasible route for the synthesis of seiot

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

Indole is the parent of a very large number of laikis and medicinally
important compounds. The indole ring system is ébimindomethacin
(anti-inflammatory agent) vinca alkaloids, used thre treatment of
various cancers, reserpine (an antihypertensiventggserotonin (a
neurotransmitter) and tryptophan (an essential amarid) to mention
but few.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. state the importance of the indole nucleus in medic

. trace the synthetic route of some of these indaatasning
medicinal agents

. design the synthesis of some of the medicinal ageomtaining

indole nucleus.
3.0 MAIN CONTENT
3.1 Indomethacin

Indomethaciun is a non-steroidal anti-inflammatatyug (NSAID)
discovered in 1963. It is a non-selective inhibibdrcyclooxygenase 1
and 2 (COX1 and COX2) enzymes that participate iogsymthesis of
prostaglandins from arachidonic acid. Prostaglana@ire hormone-like
molecules which have a wide variety of effects, sayh which lead to
pain, fever and inflammation. It is commonly useddduce feverpain
stiffness, and_swelling It is marketed under many trade names,
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including Indocin, Indocid, Indochron E-R, and Indocin-SR.
Indomethacin can be synthesised using the Fisamdole synthesis
(Scheme 38).

1) HCI,

aNOz OMe CO Me
e /\4 Co,Me
Sn/HCI
NH via fco Cag

2 dlazonlum
salt

COMe
COMe
CO Me MeQ
CO,Me transfer
transfer HN
G C CH,

! NH (}NH

H NH
+
MeO

COH COH
H COo, Me NaOH(aq \
"ArCOCI CH
—

N 3

H3
0
cl

Scheme 38:  Synthesis of Indomethacin

3.2 Vinca Alkaloids

Serotonin or 5-hydroxytryptamine (5-HT) (Figure 10) is a
monoamine neurotransmitteBiochemically derived from tryptophan
serotonin is primarily found in the gastrointeslif@l) tract, platelets
and in the central nervous systé@NS) of animals including humans. It
is a well-known contributor to feelings of well-bgi therefore it is also
known as a "happiness hormone" despite not behmrraone

Approximately 80% of the human body's total serotos located in the
enterochromaffin cellsn the_gut where it is used to regulate intestinal
movements. The remainder is synthesised in sengim@euronsn the
CNS where it has various functions. These inclute regulation of
mood appetite, sleep, as well as muscle contractienotSnin also has
some cognitive functions, including memory and héay. Modulation
of serotonin at synapses is thought to be a majmraof several classes
of pharmacological antidepressants.
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Tryptophan (L-Trp or D-Trp; sold for medical use dsyptan) is one

of the 20_standard amino aci@s well as an essential amino acidhe
humandiet. It is encoded in the standard genetic cadethe_codon
UGG. Only the L-stereoisomeof tryptophan is used in_structuraf
enzyme proteins, but the D-sterecisomés occasionally found in
naturally produced peptidedor example, the marine venom peptide
contrypham. The distinguishing structural characteristidrgptophan is
that it contains an indolfinctional group. It is an essential amino acid
as demonstrated by its growth effects on.rats

For many organisms (including humans), tryptophanam essential
amino acid. This means that it cannot be synthédisethe organism
and therefore must be part of its diet. Amino acidscluding
tryptophan, act as building blocks in protein biuyesis. In addition,
tryptophan functions as a biochemical precursor tfoe following
compounds (see also FigurelO).

Serotonin (a neurotransmitter), synthesised vipttgghan hydroxylase.
Serotonin, in turn, can be converted to melatoaingdurohormone), via
N-acetyltransferase and 5-hydroxyindole-O-methygkfarase activities.
Niacin is synthesised from tryptophan via kynurenend quinolinic
acids as key biosynthetic intermediates.

Auxin (a phytohormone) when sieve tube elementserga apoptosis
tryptophan is converted to auxins.

The disorders fructose malabsorption and lactogeleirance cause
improper absorption of tryptophan in the intestineguced levels of
tryptophan in the blood and depression.

3.3 Other Applications of Indole

Other indoles of biological importance include tgghan which is the
precursor of two hormones; serotonin, a vasocamstriand melatonin
(Figure 10), which is involved in the control ofr@adian rhythm. In
addition the amino acid tryptophan is an essentaiponent of proteins
and anxin (Indole-3-acetic acid) is a plant hormdnat co-ordinates
many growth and behavioural processed in the lifa plant. Others
include, ergot alkaloids, reserpine and vinca alkisl
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NH MeO NHCOMe
N N

\ \
H Melatonin H

Tryptamine X = H
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H CO,H

(@)
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\ N
H .
Tryptophan Anxin
Fig. 10: Some Important Derivatives of Indole

4.0 CONCLUSION
This unit has shown that indoles are important beeaheir derivates

exhibit useful biological activities. Some of thederivatives like the
vinca alkaloids are used in the treatment of varicancers.

7.0 SUMMARY

. There are various indole derivatives that are ofdioieal
importance

. Indomethacin is an anti-inflammatory agent that che
synthesised via the Fischer Indole method.

. Serotonin a monoamine oxidase neurotransmitternigndole
derivative.

. Tryptophan, an essential amino acid is an indoteave.

. The vinca alkaloids such as Vincristine, Vinoretbirfrom

Catharanthus roseus contain the indole nucleus and these are
potent anticancer agents.

. Other indole derivatives that are biologically wetiinclude
reserpine, melatonin and tryptamine.

8.0 TUTOR-MARKED ASSIGNMENT
1. Write briefly on two indoles of medicinal importancinclude
their chemical structures.

2. Highlight the synthesis of indomethacin via thechier Indole
synthesis.
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1.0 INTRODUCTION

Benzofuran is a _heterocyclic compoundonsisting of fused benzene
and furanring. This colourless solid is a component of caoat
Benzofuran is the "parent” of many related compsumdth more
complex structures. For example, psoraiera benzofuran derivative
that occurs in several plant&enzothiophene A bicyclic aromatic
heterocycle in which a benzene ring is fused td tifaa thiophene
molecule; with a molecular formulagbdsS and an odour similar to
naphthalene (mothballs). It occurs naturally as a constituenft
petroleum-related deposits such _as ligndge Benzothiophene has no
household use. It is used primarily in industry aeskarch.

The aromaticity of benzothiophene makes it reldyisable, although
as a heterocycle, it has reactive sites which altoviunctionalisation.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. draw the structure of benzofuran and benzothioplaeaedentify
compounds containing these structures

. state general physical and chemical propertieseakbfuran and
benzothiophene

. explain the effect of the fusion of a benzene riqgpn the
reactions of a five —-membered parent heterocycle

. predict the chemistry of compounds containing teezofuran or
benzothiophene structure

. describe the syntheses of benzofuran and benzbimep
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3.0 MAIN CONTENT

3.1 General Physical and Chemical Properties

The aromaticity of benzofuran is weaker than inoledand this ring is
easily cleaved by reduction and oxidation. Eledtildpreagents tend to
react with benzofuran at C-2 in preference to C&heme 39),
reflecting the reduced ability of the heteroatom d$tabilise the
intermediate for 3-substitution. Attack in the hetycle is often
accompanied by substitution in the benzenoid rigration with nitric
acid in acetic acid gives mainly 2-nitrobenzofurgys the 4-,6-,7-
isomers. When the reagent isQy in benzene maintained at 10°C, both
3- and 2- nitrofurans are formed in the ratio 4under Vilsmeier
reaction conditions, benzofuran gives 2-formylbduzmn in 40% yield.
Chlorine or bromine add across the C=C bond offtin@n ring giving
2,3-dihalo-2,3-dihydrobenzo-furans.Base-promotegdeshalogenation
of the dihalides affords mixture of the correspogd2-and 3-
halobenzofurans.

A\
Ly Sost
O

N,O,, PhH

‘\MF POCI, 10M + 3-nitrobenzo[b]furan

©®
)
(X= CI or Br) X
X plperldme
]

Scheme 39: Reactions of Benzofuran

For benzothiophene the heterocycle is rather mesgstant to ring
opening and oxidation with hydrogen peroxide intigcacid at 95°C, for
example, gives the 1,1-dioxide. Reduction with @ittsodium and
ethanol or triethylsilane in trifluoroacetic acid ffaads 2,3-
dihydrobenzothiophene. Electrophiles give mainly substituted
benzothiophenes, although these products are afteompanied by
smaller amounts of the 2-isomers (Scheme 40).
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H,0,, HOAc Et,SiH
,/S\\ S S

oo}

Scheme 40:  Reactions of Benzothiophene

3.2 Synthesis of Benzofurans and Benzothiophenes

A general route to both benzofurans and benzotleiops depends upon
the cyclodehydration of either 2-hydroxyl or 2-sulylbenzyl ketones or
aldehydes (Scheme 41a). 2-Acetylbenzofuran can lained by
reacting sodium salt of 2-formylphenolwith  chloretane
(chloropropanone) (Scheme 41b). A similar reactising sodium 2-
formylbenzenethiolate yields 2-acetylbenzothiophene

3-Methylbenzothiophene is available through therattion of sodium
benzenethiolate and chloracetone, followed by thaisation of the
initial product by the action of a Lewis acid, zicldoride (Scheme 41c).

d el

Y=0,S

CICH,COMe NaOH
NaOH
NaCI
Y=0,S

Scheme 41:. Synthesis of Benzofuran and Benzothiophene

c) CICH,COMe
NaOH
NaCI

4.0 CONCLUSION

In this unit, we have learnt that the benzofuraug is bicyclic consisting
of the benzene ring fused to a furan ring, while llenzothiophene ring
consists of the benzene ring fused together to mphlene.
Benzothiophenes and Benzofurans mainly undergo trefgalic
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substitution reactions. A general synthetic apgnoiacvia dehydration
of 2-hydroxyl or 2-sulphanyl benzylketones or alglids.

5.0 SUMMARY

In this unit, you have learnt that benzofuran ibi@yclic heterocyclic
compound consisting of fused benzene and furan ling less aromatic
compared to benzopyrrole and easily cleaved by atemiu and

oxidation. Benzothiophene is a bicyclic compoundsisting of fused
benzene and thiophen ring. It is oxidised to thé-dipxide with

hydrogen peroxide in acetic acid at ®©5 and reduced to
dihydrobenzothiophene with reducing agents.

You also learnt that electrophilic substitutionatan takes place at C-2
in benzofurans, while e-substitution reactions sailace at C-3 position
in benzothiophenes. Chlorine and bromine add adres€=C bond of

furan giving 2,3-dihalo-2,3-dihydrobenzo furans. sBa promoted

dehyrohalogenation of dihalides affords mixturetted corresponding 2
and 3-halobenzofurans. Synthesis depends on cyuolddation of either

2-hydroxyl or 2-sulfanylbenzyl ketones or aldehydes

Also the reaction of chloroacetone with the sodiwalt of 2-
formylphenol or 2-formylbenzene thiole yields 2-tleenzofuran and
2-acetylbenzothiophene respectively. Reaction dbrolacetone with
sodium benzenethiolate followed by cyclisation bé tinitial product
with a lewis acid (ZnG) gives 3-Methylbenzothiophene.

6.0 TUTOR-MARKED ASSIGNMENT

Write an equation for the reaction of benzofurathwi

nitric acid in acetic acid and

N,O, in benzene at 10.

Write an equation for the reaction of benzofurathwhlorine.
What is the name given to this type of reaction?

What is the oxidation product obtained by oxidisitgpphene
with hydrogen peroxide in acetic acid at@%

Outline the synthesis of:

oakwhpE

N

a) benzofuran and
b) benzothiophene starting from a suitable aldehydestone.
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1.0 INTRODUCTION

Being heterocyclicompounds, benzofuran and benzothiophene find use
in research as starting materials for the synthe$isarger, usually
bioactive structures. They are found within therloal structures of
pharmaceutical drugs such as amiodarone, raloxifeiteuton and
sertaconazoleBenzothiophene is also used in the manufactwirdyes
such as thioindigo.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain how certain pharmacological active compacurate
derived from benzofuran and benzothiophene strectur
. state the importance of benzofuran and benzothimphe

derivatives in medicine.
3.0 MAIN CONTENT
3.1 Amiodarone

Amiodarone (Figure 11) is an antiarrhythmic ag@nédication used for
irregular heart beat), used for various types chyarrhythmias (fast
forms of irregular heart beat), both ventriculardasupraventricular
(atrial) arrhythmias. Discovered in 1961, it wag approved for use in
the United Statesintil 1985. Despite relatively common side-effedts
is used in arrhythmias that are otherwise diffictidt treat with

medication. Related newer compounds, such as daooeethat contain
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the benzofuran ring system, have lower efficagyt they have reduced
rate of side-effects. It contains the benzofurag gystem.

e

\

70

I A )
| | Ny
/AN O
N/

Fig. 11: Structure of Amiodarone (2-{4-[(2-butyl-1-bennodn-3-
yl) carbonyl]-2,6-diiodophenoxy}ethyl)diethylamine

3.2 Sertaconazole

Sertaconazole nitrat€e(taczo, Dermofix) is an antifungal medication
of the_imidazoleclass. It is available as a cream to treat skiections
such as athlete's fodt contains the benzothiophene ring system.

! Nl
L -
N

Is -4

gy

3

Cl
Fig. 12: Setraconazole (1-{2-[(7-chloro-1-benzothiopi®n
yl)methoxy]-2-(2,4-dichlorophenyl)ethyl}1-imidazole)
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3.3 Raloxifene

Raloxifene (marketed aSvista by Eli Lilly and Companyis an oral
selective estrogen receptor modulaf@ERM) that has estrogenic
actions on bone and anti-estrogenic actions owitinieis and breast. It is
used in the prevention of osteoporasipostmenopausal women.

In 2006, the National Cancer Instittdanounced that raloxifene was as
effective as_tamoxifenn reducing the incidence of breast canaer
postmenopausal women at increased risk. A majoeradveffect of
tamoxifen is _uterine canceraloxifene had fewer uterine cancers.
Tamoxifen increased the risk of cataracts, butxitdoe did not. Both
groups had more blood clots in veins and the lubgsthat side effect
was more common with tamoxifen than raloxifene. &aptember 14,
2007, the_U.S. Food and Drug Administratiannounced approval of
raloxifene for reducing the risk of invasive breasancer in
postmenopausal women with osteoporosis and in @osipausal
women at high risk for invasive breast cancer.

Raloxifene _hydrochloride (HCI) has the empirical formula
CogH,7NO4S+HCI, which corresponds to a molecular weight ©0.55
g/mol. Raloxifene HCI is an off-white to pale-yeMlosolid that is
slightly soluble in water. Its synthesis is showrscheme 42.

A e -
@Q QkQ

N\ O 0S0.Me BB
e ——— >
s 2 2. MeSO,Cl OMe
MeO,SO

OMe

O

N
1 AICl,
2 NaOH
2 NaOH OH
3. 80Cl,

CO,Me cocl

Scheme 42: Synthesis of Raloxifene
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4.0 CONCLUSION
This unit has shown that benzofurans and benzdtlelogs are important

because their derivates exhibit useful biologiaztivities though they
are less common compared to benzopyrroles.

5.0 SUMMARY

. There are various benzofuran and benzothiophemeatiges that
are of medicinal importance

. Amiodarone is an antiarrhythmic agent containirgltbnzofuran
nucleus.

. Sertaconazole is an antifungal agent that is aval@re of
benzothiophene.

. Raloxifene is used to treat invasive breast camcaromen with
osteoporosis; it is a derivative of benzothiophene.

. Raloxifene is also used in the prevention of osbeogis in

postmenopausal women.

6.0 TUTOR-MARKED ASSIGNMENT

1. Outline the synthesis of raloxifene and write Byiebn its
medicinal use.
2. Mention two medicinal agents containing the benpgihene

structure. Draw the chemical structure of the coumpls and
mention their uses.

3. Give the name and structure of one medicinal agentaining
the benzofuran structure. Mention its medicina.us
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1.0 INTRODUCTION

Benzopyrone may refer to either of two ketone derivatives of
benzopyran which constitute the core skeleton ohym#avonoid
compounds:

. Chromone (1-benzopyran-4-one)
. Coumarin (1-benzopyran-2-one)

Coumarin (2H-chromen-2-one) is a pleasantly fragrant chemical
compound (specifically, a benzopyrone) found in ynplants, notably

in high concentration in the tonka be&iteryx odorata), vanilla grass
(Anthoxanthum odoratum), sweet woodruffGalium odoratum), mullein
(Verbascum spp.), sweet grass#iierochloe odorata), Cassia cinnamon
(Cinnamomum aromaticum) and sweet clover. The name comes from a
French wordcoumarou, for the tonka bean.
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(0]
N
|
(e} e} (0]
Coumarin Chromone
Fig. 13: Comparisons of the Structures of Coumarin ancd@bne

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. identify the coumarin structure

. state the physical and chemical properties of Counsia
. predict the chemical reactions of a coumarin déikea
. explain the synthesis of coumarins.

3.0 MAIN CONTENT
3.1 General Physical and Chemical Properties of CGonarins

Coumarin has a sweet odour, readily recogniseth@sdent of newly-
mown hay, and has been used in perfumes since 882t woodruff,
sweet grass and sweet clover in particular are dafoe their sweet
smell, which is due to their high content of thidstance. It has been
used as aroma enhancer in pipe tobaccos and cattaholic drinks,
although it is generally banned as a flavorant feamidlitive, due to
concerns about hepatotoxicity coumarin causes imanmodels. In
high concentrations in foods, coumarin is a soméwditer-tasting
appetite suppressant, and is probably producedldnjtsgpas a defense
chemical to discourage predation.

3.1.1 Reactions of Coumarins

Resonance within the unsaturated lactone unit afmzsin gives a
strong hint as to its likely reactivity. Thus, tlexygen atom of the
carbonyl group receives electron density both vize tenone

chromophore from the internal resonance of theotaetgroup (Figure
11).

5 4 +
6 X 3 N0 ) X
o ]
s 94 Co ° o e e °

Fig. 14: Resonance structures of Coumarin
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Nucleophilic addition occurs mainly at the carbdona of the carbonyl
group causing ring opening. Similarly, electroghileagents containing
an element capable of forming a strong bond to emy@xophiles) bind
to the oxygen atom of the carbonyl group; thusngi& for example,
give 2-(o-silyl)benzopyrilium salts.

Other less oxophilic electrophiles give C-6 substitl coumarins, but it
is unclear whether the substrate for such reacimrise free coumarin
or a cation formed by protonation or bonded by avikeacid at the
carbonyl oxygen. Some typical reactions are shogovb (Scheme 43).

HO,S
X XN
m NaOH ag mo Na
0" Ny onc H,SO, / ONa 2

™

L
Br,, AlCI 0" g \\

e,0*BF,

Qij
(o]
+ OMe

BF,
Scheme 43: Some Reactions of Coumarin

In the presence of a Lewis acid e.g. Al®romine reacts with coumarin
to form 6-bromocoumarin, however in the absencea déwis acids,

bromine adds across the 3,4-double bond to givedi®#bmo-3,4-

dihydrocoumarin. In the presence of pyridine a dieblgromination

reaction takes place, leading to 3-bromocoumarinthes favoured

product.

3.2 Synthesis of Coumarins

One approach is to use a 2-hdroxybenzaldehyde rta &l but two

atoms of the molecule. The remaining atoms arelsg by malonic

acid (Propain-1,3-dioic acid), which combines witte aldehyde in a

Knoevanagel condensation step, before cyclisatiacidnisation) and
decarboxylation occur (Scheme 44).

o CralCO:M), co co H
plpendlne heat
or similar Qase

C

Scheme 44. Synthesis of Coumarln
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Coumarins can also be synthesised by the von Pethnmeaction from
Phenol, malic acid and concentrated sulphuric acid.

OH
HOZC\)\ H;SO, “cHo
COH o ho HOL
OH
"'OlH
e X
SN erise!
COOH
OH OH (0]

COH 0o

Scheme 45:  Synthesis of Coumarins by von Pechmann Reaction

4-Methylcoumarins bearing hydroxy and other eleconating groups
can be synthesised from the corresponding phenplsefction with
ethyl acetoacetate in the presence of sulphurid. &tydrolysis of the
ester group in the product then allows the lactamg of the coumarin to
form (Scheme 46).

Q" Meg .+ *OHMe oy
¥ - T
OH CO,Et onCOE! o, COE!

Me Me

Me
JH", H,0
OH Me OH  Me
OH

A

-

—ZHZO COZH
o) Me OH

Scheme 46:  Synthesis of 4-Methylcoumarins

4.0 CONCLUSION

In this unit, you have learnt that coumarin is ayblic heterocyclic
compound consisting of benzene fused to pyran-2-&@®umarins
undergo nucleophilic and electrophilic reactioihe product depends on
the reagent used. Synthesis is from 2-hydroxybeebgide and malonic
acid or via the von Pechmann reaction from pheamaljc acid and conc
sulphuric acid.
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5.0

SUMMARY

The highlights of this unit are as follows:

6.0

Coumarins are fused aromatic heterocycles congistilnenzene
fused to pyran-2-one.

Coumarins have a sweet smell and they are ofter use
perfumes, aroma enhancer in pipe tobaccos andrcattholic
drinks.

Nucleophilic addition reactions occur at C-2 of te¥bonyl and
results in ring opening.

Electrophilic reaction takes place on the oxygeomatof the
carbonyl group for strong oxophiles e.g. silanewéweer less
oxophililc electrophiles give C-6 substituted couims.
Halogenation in the presence of a lewis acid gitles C-6
substituted product while in the absence of a leaggl, 3,4-
addition products are obtained.

In the presence of pyridine debromation of the &jdition
product occurs giving the 3-halogenated product.

Synthesis is via the reaction of 2-hydroxybenzaydeh and
malonic acid (propane-1,3-dioic acid) in a Knoewgsia
condensation step, followed by cyclisation and dameylation
reactions.

Reaction of Phenol, malic acid and conc Sulphucdd also
yields coumarin in the von Pechmann reaction.
4-Methylcoumarins can be synthesised from a coom$ing
phenol by reaction with ethyl acetoacetate in thes@ence of
sulphuric acid, followed by hydrolysis of the esi@med.

TUTOR-MARKED ASSIGNMENT

Suggest a possible mechanism for the conversiocoomarin
into 3-bromocourmarin.

Write the equation for the conversion of coumarm &-
bromocoumarin.

What is the product formed by reacting coumarirhidaOH?
What is the name given to the reaction in iii?

63



CHMA421 HETEROCYCLIC CHEMISTRY

7.0 REFERENCES/FURTHER READING

Norman, R. O. C. & Coxon, J. M. (1993). Principles Organic
Synthesis (3rd ed.Blackie Academic & Professional, Glasgow.
An Imprint of Chapman & Hall. pp. 711-712.

Olaniyi, A. A.; et al. (1998). Essential Inorganic and Organic
Pharmaceutical Chemistry. Shaneson, C. I. Limited. pp. 363-450.

Sainsbury, M. (2001). Heterocyclic ChemistriRoyal Society of
Chemistry. pp.70-72.

64



CHM421 HETEROCYCLIC CHEMISTRY
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1.0 INTRODUCTION
Chromone (or 1,4-benzopyrong is a derivative of benzopyran with a
substituted keto group on the pyran ring. Derivagiwf chromone are

collectively known ashromones. Most, though not all, chromones are
also phenylpropanoids.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. identify the chromone structure
. write at least two chemical reactions of chromones
. predict the chemical reactions of a chromone déavea

3.0 MAIN CONTENT

3.1 General Chemical Reactions of Chromones
Chromones differ marginally in their chemistry fromoumarins
(benzopyran-2-ones) because the carbonyl groupwsconjugated with

the oxygen atom via the double bond of the hetelecy This
conjuagation does not involve the benzene ringuifeid.5).

(0]
©\/§/\Lq D
O "o o}
Coumarin Chromone

Fig. 15: Chromone Conjugation
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As a result, chromones are rather more basic, aindgsacids readily
protonate the carbonyl oxygen atoms, forming ctlpstabenzopyrilium
salts. Once protonated, the molecule should bestessi to further
electrophilic attack, but with fuming nitric acidn@ concentrated
sulphuric acid at between 0°C and room temperathiegmone gives
the 6-nitro derivative (Scheme 47). Chromone alsuleugoes a
Mannish-type reaction (Scheme 47) with dimethylamirand
formaldehyde (methanal) in hydrogen chloride artheol; here the
product is 3-(N-N-dimethylaminomethyl)chromone.

HNO H,SO,
0- 20°C

Me,NH
4 ——> Me,NH=CH, EtOH HCl

HCHO
o}

O
Sheme 47: Reaction of Chromones
Relatively hard nucleophiles, such as Grignard eatsgy may attack at
the carbonyl carbon, whereas softer nucleophilas, leydroxide ion,

combine at C-2 by conjugative addition, and thigyrtteen cause ring
opening (Scheme 48).

O Nat
PhMgBr Et,0
NaOH aq N
o R Et R Me Me
HCI

Ooc‘ -HOMgBr /\\/
Ph OH

S AN
o Me

9 N

Et _
Cl- O Na' (6]

BrMgO

Scheme 48:  Reactions of Chromones with Nucleophiles
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4.0 CONCLUSION

From this unit, you know that chromone is a biaycheterocyclic

compound consisting of benzene fused to pyran-4-bleeover, it is

now clear why the reactions of chromones diffenfrinat of coumarins
despite the similarities in their structures. Choows undergo
electrophilic substitution and nucleophilic additiceactions and forms
salts with strong acids.

9.0 SUMMARY

. Indole is a major constituent of coal tar and carobtained from
Chromones are bicyclic heterocyclic compounds «timgj of a
benzene ring fused to a pyrane-4-one ring.

. The presence of a benzene unit fused to a pyrogeaffects the
chemistry of both chromones and coumarins, buetlee subtle
differences in the reactivity of the two types ofirgpounds.

. Chromones are more basic compared to coumarinbeso are
readily protonated to form benzopyrilium salts. @nmotonated
the molecule is resistant to further electropralitack.

. E-substitution with fuming nitric acid and concextéd sulphuric
acid takes place at C-6.
. Reaction with strong nucleophiles such as Grigmeagients take

place at position 2 to give the 2-substituted pobdwhile softer
nucleophiles attack at C-2 by conjugative additiohowed by
ring opening.

10.0 TUTOR-MARKED ASSIGNMENT

1. What is the reaction product when chromone &actexl with
EtMgBr?

2. Explain why chromone is more basic compared to @im

3. How does chromone react with NaOH?

4. What is the product of the reaction of chromone hwit

hydrochloric acid?
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1.0 INTRODUCTION

Chromone is a parent member of a group of plamdwalg pigments,
the flavones (2-arylchromones), which are foundhbbte and as
glycosides. 2,3-substituted chromones can be egistd from salicylic
acid derivatives and from 2-hydroxyphenyl keton&ssubstituted
chromones can be synthesised via the condensdtitme @nolate of 2-
hydroxyphenyl ketone and ethyl formate.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. explain the synthesis of chromones
. design the synthesis of some chromone derivatives

3.0 MAIN CONTENT

3.1 Synthesis of Chromones

Synthesis of 2- and 3- substituted chromones ndynstart from 2-
hydroxyphenyl ketones. In the first of two exangpla route to flavone
iIs shown in Scheme 49 using 2-hydroxyacetophenor®e (
hydroxyphenylethanone) and benzoyl chloride astistarmaterials.
Initially, the phenolic group of the acetophenorse @-acylated by
benzoyl chloride, using pyridine as a base (a $ehddaumann type
reaction). Under these conditions, the O-benzosivdBve immediately
enolises and is O-acylated again to yield a dibat&zo Without
isolation, this product is cyclised by treatmenthanaqueous potassium
hydroxide to vyield 2-hydroxy-2,3-dihydroflavone. Daration to
flavone is then affected by the action of glacie¢tec acid containing
sulphuric acid.
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O

Mpn
0 ogﬂ
-OH
ve Fheoc
idine (B
pyridine (B) KOH o
OH -PhCO,H
ol ok e
(0]
|H ,0
H,SO,, HOAC ©jlﬁ<

Scheme 49:  Synthesis of 2-subst|tuted Chromones

2- substituted chromones can also be synthesised $alicylic acid
derivatives (Scheme 50).

COZMe
OMe MeOH OMe Ar
o 0
Q%\Z - @fﬁ
. o BL LA |
OH Ar e}

Scheme 50:  Synthesis of 2-substituted Chromones from Skdidycid
Derivatives

Ar

A similar route to 3-substituted chromones andi@gsaine (R=Ph) relies
upon a Claisen-like condensation between the emolat a 2-

hydroxyphenyl ketone and ethyl formate (methano&Bpheme 51).
This affords a 2-hydroxydihydrochromone that, aghmfirst example is
subjected to an acid-promoted dehydration in thal tep.
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o

O

(’

R
©fl\/ oNa d\/ I ©f‘\g
HCO,Et -NaOEt
OH 0= ONa N

| .
HCI, EtOH
| heat

Scheme 51:  Synthesis of 3-substituted Chromones

4.0

CONCLUSION

In this unit, you have learnt how to synthesiseafd 3-substituted
chromones.

9.0

10.0

7C

SUMMARY

2-substituted chromones can be synthesised frometheion of
2-hydroxyphenylketones with suitable acid chloride.
2-substituted chromones can also be synthesisen $alicylic
acid derivatives with a suitable ketone.

3-substituted chromones and isoflavones can bésygised via a
Claisen-like condensation between the enolate of 2-
hydroxyphenyl ketone and ethyl formate.

TUTOR-MARKED ASSIGNMENT

Devise a synthesis for 3-methylchromone and 3-
phenylchromome (isoflavone).

Devise a synthesis for 2-methylchromone via 2-
hydroxyphenylketone.
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1.0 INTRODUCTION
There are numerous examples of benzopyrilium dadiszopyrones and

benzopyranones and frequently they have trivialegthat reflect their
long history (Figure 16).

o)
N AN
~ |
? o 0 o)

Benzopyrylium Coumarin Chromone
/o) 0]
~ |
Ph
Q 0o~ “ph 0
Flavylium Flavone Isoflavone
Fig. 16: Structures of Benzopyrilium Salts, Coumarinsfddmones

and Flavonoids

Many natural products and frequently these compsumdntain
hydroxyl or alkoxy groups (sometimes in the formaofugar residue).
Polyhydroxylated natural products based upon 2-ghbenzopyrilium
(flavylium) salts and with ether linkages to sugaase called
anthocyanins, whereas without their sugars they lanewn as
anthocyanidins.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

3.0

3.1

design the structures of other benzopyrilium salsd
dibenzopyrilium salts

state the general properties of benzopyrilium salts
describe how prylium salts can be synthesised
describe how benzopyrilium salts and dibenzopyrilisalts are

synthesised.
MAIN CONTENT

General Properties of Benzopyrilium Salts

Anthocyanins, in association with other compoursigsh as flavones,
are responsible for the colour of certain floweka. anthocyanin found
in rose petals is cyanin; it can be isolated as citdoride. The

corresponding anthocyanidin, cyanidin, exists asplntahydroxy salt
in acidic media, but as the pH increases it givss & quinone and then
an anion. Each of these forms have different csl¢B8cheme 52).

OGIu

- OClu
_ OH
s

Cyanin (Glu = glucose residue)

Cyanidin (red)
(acidic) BH+||B

Blue
(basic) o

Scheme 52:  Effect of pH on Cyanidin
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Other natural products in the group are built uprimg fusions of
several types of ring systems. They include thedgarinsecticide
rotenone (sometimes sold in crude form as derngdeo, the pulverised
bark of the planDerris elliptica).

3.2 Synthesis of Pyrilium Salts

Salts of the type FO*X™ are normally unstable and cannot be isolated
unless Xis an especially stable (non-nucleophilic) anioohsas BE.
However, the oxonium salts derived by oxidatiortted pyran nucleus
are comparatively stable because the cation paesessomatic
stabilisation energy which is lost when an aniondsocovalently to it.
The parent member of the series, the pyrilium isnformed by
acidification of the sodium salt of glutaconic diggde at low
temperatures (Scheme 53).

HCIO \
20°C

OHO

— )
+-~ CIO,

Pyryllum perchlorate

Scheme 53.  Synthesis of Pyrilium Salts

3.3 Synthesis of Anthocyanidin and Cyanidin Chlorie

The glycosides of a number of 2-arylbenzopyrliutssaccur naturally
as plant colouring matters, the anthocyanins. Theerg salts, the
anthocyanidins, are synthesised form salicylaldebyd and

acetophenones by an acid-catalysed aldol reacttiowfed by ring
closure in ethylacetate solution.

Ph X
CHO  Me
e LY
' o MO oH Ph

OH

X _HCI/EtOAC
- Ph~ H20
O “oH

Scheme 54:  Synthesis of 2-arylbenzopyrllum Salts (anthochghm)
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Cyanidin chloride has been prepared as follows:
OCOPh

HCN HCI PhCOCI
(G attermann reaction)

o—0OCOCH.CI

_CIcH,cocl " poc,

HCI (Frles rearrangement)

COCH.,CI

&
- G &

COCH,CI

COCH,0Ac
3) AcO
CHO
5 OMe o ~~_OH
"H,0, -AcOH
OMe
HO OH
OH
1) OH-
2) HCI —OH  owme

under nitrogen o — O
o
= OMe
Cl

cyanidine chloride

Scheme 55:  Synthesis of Cyanidin Chloride

The general method of synthesis of the three rysgesns is shown in
Scheme 56 using phenols and 1,3-dicarbonyl compamdstarting
materials.

R
L o
HO O:‘é—R'

ResoTnm OH 1,3-dicarbonyl compound

-H,0 -2H,0
-H,0
0 R o

/@fli m X
HO o '
R HO (@) &7

0 HO 0O 'r
Chromone Coumarin - .
1-Benzopyrilium cation

Scheme 56: General Methods of Synthesis of 2-BenzopyriliGaits,
Chromone and Coumarin
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4.0

CONCLUSION

You will now be familiar with the structures of apyrilium salts and
some 2-phenylbenzopyrilium salts such as anthodyasand cyanidine
chloride. Synthesis of 2-phenylbenzopyrilium salts usually via
salicylaldehydes and acetophenones.

5.0

6.0

7€

SUMMARY

Polyhydroxylated  natural products based upon 2-
phenylbenzopyrilium (flavylium) salts and with etHmkages to
sugars are called anthocyanins, whereas withoutghgars they
are known as anthocyanidins.

Cyanidins change colour with pH, changing from tedlue as
the pH increases.

Pyrilium salts are normally unstable and cannasbkated unless
X" is an especially stable anion such ag BF

The pyrilium ion is formed by acidification of tls®dium salt of
glutaconic aldehyde at low temperatures.

Anthocyanidins are synthesised form salicylaldelsydand
acetophenones by an acid-catalysed aldol reactbbowed by
ring closure in ethylacetate solution.

2-benzopyrilium cation, chromones and coumarins aso be
synthesised using phenols and 1,3-dicarbonyl comgeuas
starting materials.

TUTOR-MARKED ASSIGNMENT

Differentiate between the structures of benzopymli ion,
courmarin and chromones.

Differentiate between the structure of flavyliunlaviones and
isoflavone.

lllustrate the effect of pH on cyanidin.

Devise a synthesis for 2-phenylbenzopyrilium satont
salicylaldehyde and acetophenone.
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1.0 INTRODUCTION

Although coumarin has no anticoagulant activityisitransformed into
the natural anticoagulant dicoumatn) a number of species of fungi.
This occurs as the result of the production of drbyycoumarin then
further (in the presence of naturally occurringnfiaidehydg into the
actual anticoagulant dicoumaya fermentation product and mycotoxin
This substance was responsible for the bleedinggades known
historically as "sweet clover disease" in cattlengamoldy sweet clover

silage

Coumarin is used in the pharmaceutical industrg peecursor molecule
in the synthesis of a number of synthetic antict@gyharmaceuticals
similar to dicoumarol, notably warfarifCoumadin) and some even
more potent rodenticides that work by the same caagulant
mechanism.

The drugs, cromolyn sodium (or cromolyn) and nedogl, are

commonly grouped together as chromones (also cali@shoglycates).
Strictly speaking, cromolyn is a chromone, whem@docromil belongs
to the structural class of pyranoquinolines. Botjerds contain a
chromone ring configuration (one ring in nedocrgrwlo in cromolyn)

and they share many clinical characteristics.

Cromolyn was first introduced in Great Britain imetearly 1970s for
severe allergic asthma. Since then, recommendafamgs use have
shifted to milder asthma, where the agent gainedtgr acceptance. The
chromones are currently listed as alternate ingtadtroller therapies for
mild asthma in national and international guidedinalthough inhaled
glucocorticoids (also known as inhaled corticostesar ICS) are the
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preferred agents. The low incidence of side effeotapared to ICS is a
leading reason some patients prefer chromonesliG®r

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. list the importance of chromones and coumarinsedinines
. identify some biologically active compounds contagn the
chromones and coumarin derivatives.

3.0 MAIN CONTENT
3.1 Warfarin

Warfarin is a white crystalline compound, ;¢6,60,;, used as a
rodenticide and as an anticoagulant. (Also knowtteuthe branchames
Coumadin, Jantoven Marevan, Lawarin, Waran, and Warfant) is
an anticoagulantt is most likely to be the drug popularly refsirto as
a "blood thinner," yet this is a misnomer, sinceldges not affect the
thickness or viscosity of blood. Instead, it aatstle liver to decrease
the quantity of a few key proteins in blood thabwalblood to clot.

It was initially marketed as a pesticidgainst rat@nd _miceand is still
popular for this purpose, although more potent guss such as
brodifacoum have since been developed. A few years after its
introduction, warfarin was found to be effectivedamlatively safe for
preventing _thrombosisand _embolism (abnormal formation and
migration of blood clots) in many disorders. It wagsgproved for use as a
medication in the early 1950s and has remained lppmver since;
warfarin is the most widely prescribed anticoaguldrnug in North
America.

Despite its effectiveness, treatment with warfarimas several
shortcomings. Many commonly used medications ictexsth warfarin,

as do some foods (particularly fresh plant-baseddgocontaining
vitamin K), and its activity has to be monitored by bloocstiteg for the
international normalised ratidNR) to ensure an adequate yet safe dose
is taken.
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0
OH
L TC
o "0
Fig. 17: Structure of Warfarin

Warfarin is used to decrease the tendency for thosms or as
secondary prophylaxis (prevention of further epes)d in those
individuals that have already formed a blood ctbtdmbu$. Warfarin
treatment can help prevent formation of future dladots and help
reduce the risk of embolisfmigration of a thrombus to a spot where it
blocks blood supply to a vital organ).

Racemic synthesis

A classic way of synthesising racemic warfarin ysthe base (or acid)
catalysed Michael condensation reaction of 4-hygitowmarin with
benzalacetone either in water or piperidine.

u]
-|’-f:}ixh A0 =0 ﬂ\ | -"tt\ .o 0
DU N PO SNy
L e JR |
OH oH Fh u]

4 hydroxycoumarin Benzaluccio
o ne racemic warfarin

Scheme 57:  Synthesis of Racemic Warfarin

The mechanism for this reaction is as follows:
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o o (@] (@]
P —
H _—
o Ph O OH Ph O

The yield for this synthesis when carried out intevg4-8 h reflux) is
typically 40 %. Higher yields can be obtained byrgiag out the
reaction in methanol (20 h reflux), isolating theoguct formed and
hydrolysing with acid. Typical yields are 93 %.

There has been increasing interest in the pharrtiaakundustry to
replace existing racemic drugs by their pure eoamtric form due to
the fact that one enantiomer often has a pharmgialioprofile superior
to the racemate. In this case, S-warfarin is fotmdbe 5 times more
potent as an anticoagulant than R-warfarin. Prejara of

enantiomerically pure warfarin can be made by tlassical resolution
of the racemate using quinidine/quinine salts orowetatographic
separation. However, these methods are limited nealls scale
preparations.

1. Asymmetric hydrogenation

In 1996, researchers at the Dupont Merck pharmeautompany
developed a practical asymmetric synthesis of Rd & warfarin
starting from the racemate and using DUPHOS-Rh(&talgsed
hydrogenation (Scheme 58).

Using this method, S-warfarin was obtained in 83targéiomeric excess
(e.e), and R-warfarin in 86% e.e
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2. Hetero-Diels-Alder cycloaddition

The previous synthesis used racemic warfarin astaigsing material. A
novel approach to asymmetric synthesis of warfarging simpler
starting materials was developed in 2001. It prdsd®y a hetero-Diels-
Alder cycloaddition (Scheme 59).

..If “'\L“:-_u_\.i.-f' “m.—r* =i r'/ T, e, R
Ny — 0
e ’_‘:{};' ""‘x_‘_ P N '"'\,_‘_ - P Ly e . ,_,F'h
- 7 i hiand I
| | i | 1
0OH Ph n] _u i
H P o
. - A BXCITEe
racemic warfarin "-‘—\\ procnct
i
I
I 2M MeOH
|
|
1
'
[} [} = /H""-\_ /::-J-L
I R fl‘l__nI‘JE.OI—L - T e
n T T oy e e ety 1t | |
L] el R
AT T T T . -, PH
L. e e, ey - LI alvl Kbl e T T T
| £ e, l |
o PR T4 OMa .
=/
Strarfarin S
i OMa
I
| {2 Hy WEOH,
| rosm mn o e
|
| iy 2anamc
T

(B R E-TmPHOS

Rwarfarin

Scheme 58:  Asymmetric Synthesis of R- and S-Warfarin
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Swarfarin

Scheme 59:  Asymmetric Synthesis of Warfarin by Hetero-Dielkiér
Cycloaddition

In this reaction, S-warfarin was obtained in 95 .% e

3.2 Sodium Cromoglycate

Cromolyn, a synthetic compound, inhibits antigeddced
bronchospasms and, hence, is used to treat astinallargic rhinitis.

Cromolyn is used as an ophthalmic solution to toeajunctivitis and is
taken orally to treat systemic mastocytosis andrakive colitis.
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Cromolynn (USAN) (also referred to asromglicic acid (INN),
cromoglycate (former BAN), or cromoglicate) is traditionally
described as a mast cell stabilisand is commonly marketed as the
sodium saltsodium cromoglicate or cromolyn sodium This drug
prevents the release of inflammataryemicals such as histamifrem
mast cells

Because of their convenience (and perceived safdggkotriene
receptor antagonistsave largely replaced it as the non-corticosteroid
treatment of choice in the treatment of asthn@omoglicic acid
requires administration four times daily, and does provide additive
benefit in combination with inhaled corticosteroids

o o/\(\o o

OH

HO OH

O O

Fig. 18: Sodium  Cromoglycate  (5;%2-hydroxypropane-1,3-
diyl)bis(oxy)bis(4-oxo-#-chromene-2-carboxylic acid)

4.0 CONCLUSION

In this unit, you have learnt that courmarins appli@able in the
synthesis of anticoagulants such as warfarin wicieomones are
applicable to the synthesis of cromoglycates.

5.0 SUMMARY

. Coumarins have important applications in the sysitheof
anticoagulants such as warfarins though it has miaagulant
activities in itself.

. Racemic warfarin can be prepared by catalysed Micha
condensation reaction of 4-hydroxycoumarin with zsgactone
in water or piperidine.

. S-warfarin is found to be 5 times more potent aarmicoagulant
than R-warfarin.
. Enantiomerically pure warfarin can be prepared Igssical

relution of the racemic using quinidine/quinine tsabr by
chromatographic separation.
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. A novel approach to the asymmetric synthesis of faver
proceeds by hetero-Diels-Alder cycloaddition.
. Chromones have important applications in the sygghef

cromoglycates and nedocromil, used in the treatroém@tsthma
and allergic rhinitis.

6.0 TUTOR-MARKED ASSIGNMENT

1. Highlight the synthesis of racemic warfarin from 4-
hydroxycoumarin.

Suggest two methods for the asymmetric synthesigadfarin.
What is the medicinal use of warfarin?

Draw the structure of cromoglycate and indicatenitsdicinal
uses.

Pown
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