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INTRODUCTION
CHM 421: HETEROCYCLIC CHEMISTRY is a 2 credit course for BSc Chemistry.

The course is broken down into 3 modules of 15ystumits. At the end of this course, a
student is expected to be conversant with the cteynand mechanistic aspects of fused
heterocycles, their synthesis and applicationsug dynthesis. This course further provides
insight into the design of synthetic routes fdated heterocyclic compounds.

WHAT YOU WILL LEARN IN THIS COURSE

You will learn about the chemistry and synthesisahe fused heterocyclic systems such as
Quinolines, Iso-quinolines, Benzofurans, Benzothepes, Indoles, Benzopyrilium salts,

Coumarins and Chromones. You will also learn albloeit applications in drug synthesis.

COURSE AIMS

The aim of this course is for you to understand ¢hemistry of some fused heterocyclic
systems and so you will be able to predict the abieynof other compounds containing

similar ring structures. Also you will have andepth knowledge on how to synthesize
various fused heterocyclic structures and you aldb be able to appreciate why heterocyclic

chemistry is so important to mankind.

COURSE OBJECTIVES

In order to achieve the course aims, there are sowveeall objectives set for the course.
Besides, each module and each unit has their regpeaubjectives which you and your
facilitator must constantly refer to, so that ngechive is skipped. All the modules and unit

objectives are specifics of the course objectivEse course objectives are stated as follows:

» To be able to identify the structures of differgmies of fused heterocyclic structures.



* To understand the chemistry and mechanistic aspédtsed heterocyclic structures
particularly those of quinolones, Iso-quinolonesniofurans, benzothiophenes,

Indoles, Benzopyrilium salts, Coumarins and Chroeson

» To gain understanding in the synthesis of fusedrbeyclic systems and to be able to

design synthetic routes to the synthesis of sincikenpounds.
» To understand the application of heterocyclic systén drug synthesis

* To be able to identify heterocyclic structures éntain biologically active compounds

WORKING THROUGH THIS COURSE

This course contains some packages that you wifien at the beginning of the semester:
one of them is the course material. Your full ggpation in both the continuous assessment
and the final written examination are two areaseeigd of you to fulfil at the end of the

course. Stated below are the components of thisseaand what you have to do.
COURSE MATERIAL
Major course materials for the course are as falow

I. Course guideThis looks like a blue print that spells out wicahstitutes the course

itself.

il Study units: Each of these provides an overview of the coraeat number of units

that will be covered in this course.

i) Assignment files:  These files contain challenging tutorial questitarsned Tutor-
Marked Assignment (TMASs) that will enable you tosess yourself at the end of

every assignment that will be handed out by yotortu

iv) Presentation schedule Certainly, the modus operandis (e.g. time talbleurs
expected on each unit/ Module, assignment submmgziocedure on how it will be
self tutored with the monitoring techniques by NOWWI be in the information

package of this schedule).



STUDY UNITS

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

MODULE 1: BENZOPYRIDINES

Unit 1

Reactions of Quinolines

Synthesis of Quinolines

Application of the Quinoline ring system in drsgnthesis
Synthesis and reactions of Iso-quinolines

Application of the Isoquinoline ring system irug synthesis

MODULE 2: BENZOFURAN, BENZOTHIOPHENE AND INDOLES

Unit 1

Reactions of Benzopyrrole (Indole)

Synthesis of Benzopyrrole (Indole)

Application of Indole in drug synthesis

Synthesis and reactions of Benzofuran and Baigaiene

Applications of the Benzofuran and Benzothiogheng system in drug

synthesis

MODULE 3: DIBENZOPYRONES, PYRILIUM SALTS AND OTHER

BENZOPYRONES
Unit 1 Synthesis and reactions of Coumarins
2 Reactions of Chromones
3 Synthesis of Chromones
4 Synthesis and reactions of Dibenzopyrilium salts
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5 Application of the Coumarin and Chromones riggfsms in drug synthesis

From all indications, you should be able to completo credit units about 15 weeks in a
semester. Well spread out in each unit is: Intobidn to the unit, specific objectives, body

of the unit, conclusion, summary, Tutor Marked Assnents and References.

Details of the study units have earlier been presen It is spelt out in modules with

corresponding units and titles. You will be expelcto spend 2-3 hours in studying a unit.

Recommended Texts
These texts will be of immense benefit to this seur
1. Sainsbury M. (2001): Heterocyclic Chemistry. RoSaktiety of Chemistry 142pp.

2. Olaniyi A.A., Ayim J.S.K., Ogundaini A.O., Olugbad€&.A. (1998) Essential
Inorganic and Organic Pharmaceutical Chemistryn8san C.I. Limited p 363-450.

3. Norman R.O.C., Coxon J.M. (1993) Principles of GigeSynthesis.3 eds. Blackie
Academic & Professional, Glasgow. An Imprint of @hean & Hall. 696-723.

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 submit to your tutor marking. The marks you obtain for
these assignments will count towards the final mMarkkhe course. Altogether, there are 15

tutor marked assignments for this course.



PRESENTATION SCHEDULE

The presentation schedule included in this counsgegprovides you with important dates for
completion of each tutor marked assignment. Yaukhtherefore try to meet the

deadlines.
ASSESSMENT

There are two aspects to the assessment of thisecouFirst, there are tutor marked

assignments and second, the written examination.

You will be expected to complete at least ten assmnts by the end of the course. Some of
these will be in the form of a project and contins@ssessment (CA). You will be expected
to write a final examination in the course. ThemW score in the course will be a sum of
40% of CA and 60% of written examination. You Wik expected to have 50% in the CA

and 50% in the written examination; anything slodithis will count as failure.
TUTOR-MARKED ASSIGNMENT

There are 15 TMAs in this course. You need to sulaiiithe TMAs. The best 4 will
therefore be counted. When you have completed &sgignment, send them to your tutor as
soon as possible and make sure that it gets totubar on or before the stated deadline. |If
for any reason you cannot complete your assignmeritme, contact your tutor before the
assignment is due to discuss the possibility oémsibn. Extension will not be granted after

the deadline, unless on exceptional cases.
FINAL EXAMINATION AND GRADING

The end of course examination for introduction &k records and accounting will be for
about 3 hours and it has a value of 70% of thel waarse work. The examination will

consist of questions, which will reflect the typeself-testing, practice exercise and tutor-
marked assignment problems you have previouslywarieced. All areas of the course will

be assessed.

Use the time between finishing the last unit artting for the examination to revise the
whole course. You might find it useful to reviewwy self-test, TMAs and comments on
them before the examination. The end of coursenexaion covers information from all

parts of the course.



COURSE MARKING SCHEME

Assignment Marks

Assignments 1-15 15 assignments, 40% for the best 4
Total = 10% x 4 = 40%

End of course examination 60% of overall coursekmar

Total 100% of course materials

COURSE OVERVIEW

This table indicates the units, the number of weedquired to complete them and the

assignments.

Unit Title of Work Weeks Activity Assessment
(End of Unit)

Course Guide Week 1

Module 1 Benzopyridines

Unit 1 Reactions of Week 1 Assignment 1
Quinolines

Unit 2 Synthesis of Week 2 Assignment 2
Quinolines

Unit 3 Application of the Week 3 Assignment 3
Quinoline ring
system in  drud
synthesis

Unit 4 Synthesis andWeek 4 Assignment 4
reactions of Iso
quinolines

Unit 5 Application of the Week5 Assignment 5
Isoquinoline ring
system in  drud
synthesis

Module 2 Benzopyrrole
(Indole),

Benzofuran and
Benzothiophene

Unit 1 Reaction of Week 6 Assignment 6
Benzopyrrole
(Indole)

Unit 2 Synthesis of Week 7 Assignment 7
Benzopyrrole

Unit 3 Application of Indolg Week 8 Assignment 8
in drug synthesis

Unit 4 Synthesis andWeek 9 Assignment 9
reactions of
Benzofuran and
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Benzothiophene

Unit 5 Applications of the Week 10 Assignment 10
Benzofuran and
Benzothiophene ring
system in  drud
synthesis

Module 3 Dibenzopyrones,
Pyrilium salts and
other benzopyrones

Unit 1 Synthesis andWeek 11 Assignment 11
reactions of
Coumarins

Unit 2 Reactions of Week 12 Assignment 12
Chromones

Unit 3 Synthesis of Week 13 Assignment 13
Chromones

Unit 4 Synthesis andWeek 14 Assignment 14
reactions of

Benzopyrilium and
Dibenzopyrilium

salts
Unit 5 Application of the Week 15 Assignment 15
Coumarin ang
Chromone ring
systems in drug
synthesis.

HOW TO GET THE MOST OUR OF THIS COURSE

In distance learning, the study units replace thiearsity lecturer. This is one of the huge
advantages of distance learning mode; you can aeddwork through specially designed
study materials at your own pace and at a timepack that suit you best. Think of it as
reading form the teacher, the study guide tellswbat to read, when to read and the relevant
texts to consult. You are provided exercises gr@miate points, just as a lecturer might

give you an in-class exercise.

Each of the study units follows a common formathe Tirst item is an introduction to the
subject matter of the unit and how a particulat isintegrated with the other units and the
course at a whole. Next to this is a set of lesyrubjectives. These learning objectives are
meant to guide your studies. The moment a uniinished, you must go back and check
whether you have achieved the objectives. If thimiade a habit, then you will significantly

improve your chances of passing the course. The by of the units also guides you
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through the required readings from other sourddss will usually be either from a set book

or from other sources.

Self assessment exercises are provided througlheutunit, to aid personal studies and
answers are provided at the end of the unit. Wigrkinrough these self tests will help you to
achieve the objectives of the unit and also prepare for tutor marked assignments and

examinations. You should attempt each self tegpasncounter them in the units.

The following are practical strategies for workingthrough this course

1. Read the course guide thoroughly.

2. Organize a study schedule. Refer to the coursevieve for more details. Note the
time you are expected to spend on each unit andthevassignment relates to the
units. Important details, e.g. details of youotigls and the date of the first day of
the semester are available. You need to gathethegall these information in one
place such as a diary, a wall chart calendar oorganizer. Whatever method you
choose, you should decide on and write in your dates for working on each unit.

3. Once you have created your own study scheduleyekyting you can to stick to it.
The major reason that students fail is that theybglind with their course works. If
you get into difficulties with your schedule, pledst your tutor know before it is too
late for help.

4. Turn to Unit 1 and read the introduction and thgcdives for the unit.

5. Assemble the study materials. Information abouatwlou need for a unit is given in
the table of content at the beginning of each uNibu will almost always need both
the study unit your are working on and one of tregamals recommended for further
readings, on your desk at the same time.

6. Work through the unit, the content of the unit litdeas been arranged to provide a
sequence for you to follow. As you work througk tmit, you will be encouraged to
read from your set books.

7. Keep in mind that you will learn a lot by doing gblur assignments carefully. They
have been designed to help you meet the objectivéise course and will help you

pass the examination.
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8. Review the objectives of each study unit to confinat you have achieved them. If
you are not certain about any of the objectivegiere the study material and consult
your tutor.

9. When you are confident that you have achieved Bsuoibjectives, you can start on
the next unit. Proceed unit by unit through therse and try to pace your study so
that you can keep yourself on schedule.

10.When you have submitted an assignment to your fatanarking, do not wait for its
return before starting on the next unit. Keepdaryschedule. When the assignment
is returned, pay particular attention to your tigocomments, both on the tutor
marked assignment form and also written on thegassent. Consult your tutor as
soon as possible if you have any questions or probl

11. After completing the last unit, review the coursel @repare yourself for the final
examination. Check that you have achieved the objectives (listed at the

beginning of each unit) and the course objectilise( in this course guide).

FACILITATORS/TUTORS AND TUTORIALS
There are 8 hours of tutorials provided in suppbihis course. You will be notified of the
dates, times and location of these tutorials as$ asthe name and phone number of your

facilitator, as soon as you are allocated a tutgraup.

Your facilitator will mark and comment on your agsnents, keep a close watch on your
progress and any difficulties you might face anolvfite assistance to you during the course.
You are expected to mail your Tutor Marked Assignm® your facilitator before the
schedule date (at least two working days are reduir They will be marked by your tutor

and returned to you as soon as possible.

Do not hesitate to contact your facilitator by p#ene or e-mail if you need assistance. The
following might be circumstances | which you wodidd assistance necessary, hence you

would have to contact your facilitator if:
1. You do not understand any part of the study omgsgned readings.

2. You have difficulty with the self-tests

13



3. You have a question or problem with an assignmeith, your tutor's comments or

with the grading of an assignment.

You should endeavour to attend the tutorials. Thighe only chance to have face to face
contact with your course facilitator and to asksjimns which are answered instantly. You
can raise any problem encountered in the courgewfstudy.

To gain much benefit form course tutorials, preparquestion list before attending them.

You will learn a lot from participating actively miscussions. GOODLUCK!

14
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INTRODUCTION

Heterocyclic chemistry involves the study of thewiistry of heterocyclic compounds. These
are cyclic compounds that contain more than omal &f atom in the ring. They may contain
in addition to carbon, one or more atoms of O, N, $hese are called heteroatoms.
Heteroatoms other than O,N and S are also knowrexXample P, As, Sb, Bi, Se, B and Al,
but these are less common. Compounds classifidgtet@socyclic probably constitute the
largest and most varied family of organic compounddany heterocyclic compounds are
biosynthesized by plants and animals and are bty active and many are fundamental
to life such as haem derivatives in blood and throphylls essential to biosynthesis.
Similarly, the paired bases found in DNA and RNA heterocycles, as are the sugars that in
combination with phosphates provide the backbomek determine the topology of these
nucleic acids.

The biological properties of heterocycles in geharake them one of the prime interests of
the pharmaceutical and biotechnology industrieeer@ are many thousands of heterocyclic
compounds both natural and synthetic, of major ifgpee, not only in medicine but also in

most other activities known to man. Hence the irtgore of their chemistry as part of both

undergraduate and postgraduate curricula.

WHAT YOU WILL LEARN IN THIS COURSE

You will learn about the chemistry and synthesisahe fused heterocyclic systems such as
Quinolines, Iso-quinolines, Benzofurans, Benzothepes, Indoles, Benzopyrilium salts,
Coumarins and Chromones. You will also learn albloeit applications 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 able to predict the abieynof other compounds containing

similar ring structures. Also you will have andepth knowledge on how to synthesize
various fused heterocyclic structures and you aldb be able to appreciate why heterocyclic
chemistry is so important to mankind.

COURSE OBJECTIVES

In order to achieve the course aims, there are sowveeall objectives set for the course.
Besides, each module and each unit has their rdgpeaubjectives which you and your
facilitator must constantly refer to, so that ngechive is skipped. All the modules and unit
objectives are specifics of the course objectivEse course objectives are stated as follows:

18



i) To be able to identify the structures of diffieréypes of fused heterocyclic structures.

i) To understand the chemistry and mechanistieeispof fused heterocyclic structures
particularly those of Quinolones, Iso-quinolonegnBofurans, Benzothiophenes, Indoles,
Benzopyrilium salts, Coumarins and Chromones.

iii) To gain understanding in the synthesis of tlieterocyclic systems and to be able to
design synthetic routes to the synthesis of sincikenpounds.

iv) To understand the application of heterocyclistems in drug synthesis

V) To be able to identify heterocyclic structunesertain biologically active compounds

WORKING THROUGH THIS COURSE

This course contains some packages that you wigiveen at the beginning of the semester:
one of them is the course material. Your full ggpation in both the continuous assessment
and the final written examination are two areaseeigd of you to fulfil at the end of the
course. The 11 units of the course packaged foiiryonodules are shown below;

MODULE 1: BENZOPYRIDINES

Unit 1 Reactions of Quinolines
2 Synthesis of Quinolines
3 Applications of the Quinoline ring system in grsynthesis
4 Synthesis and reactions of Iso-quinolines

5 Applications of the Isoquinoline ring systendiug synthesis

MODULE 2: BENZOFURAN, BENZOTHIOPHENE AND INDOLES

Unit 1 Reactions of Benzopyrrole (Indole)
2 Synthesis of Benzopyrrole (Indole)
3 Applications of Indole in drug synthesis
4 Synthesis and reactions of Benzofuran and Bargaiene
5 Applications of the Benzofuran and Benzothiogheng system in drug
synthesis

19



MODULE 3: DIBENZOPYRONES, PYRILIUM SALTS AND OTHER

BENZOPYRONES
Unit 1 Synthesis and reactions of Coumarins
2 Reactions of Chromones
3 Synthesis of Chromones
4 Synthesis and reactions of Benzopyrilium andeD#opyrilium salts
5 Application of the Coumarin and Chromones riggtsms in drug synthesis

From all indications, you should be able to congleto credit units about 15 weeks in a
semester. Well spread out in each unit are: dinicdon to the unit, specific objectives, body
of the unit, conclusion, summary, Tutor Marked gssnents and References.

6.0 COURSE MATERIAL
Major course materials for the course are as falow

I. Course guideThis looks like a blue print that spells out wicahstitutes the course
itself.

il Study units: Each of these provides an overview of the coraent number of units
that will be covered in this course.

iii) Assignment files:  These files contain challenging tutorial questirsned Tutor-
Marked Assignment (TMASs) that will enable you tosess yourself at the end of
every assignment that will be handed out by yotortu

iv) Presentation schedule Certainly, the modus operandis (e.g. time talbleurs
expected on each unit/ Module, assignment subnmgziocedure on how it will be
self tutored with the monitoring techniques by NOWWI be in the information
package of this schedule).

7.0  STUDY UNITS

Details of the study units have earlier been presen It is spelt out in modules with
corresponding units and titles. You will be expgelcto spend 2-3 hours in studying a unit.

8.0 REFERENCES AND OTHER RESOURCE

Apart from this study unit, some reference materiate provided as additional reading
materials to support your study. You may come sctbem in NOUN library or elsewhere.

20



INSTRUCTIONAL MEDIA

As an open and distance learning University, séard relevant multi-media that can make
learning possible are available.

ASSIGNMENT FILE

This has been discussed earlier. It is mandat@lways turn in your assignments to any
tutor assigned.

ASSESSMENT

You will be expected to complete at least ten assints by the end of the course. Some of
these will be in the form of a project and contins@ssessment (CA). You will be expected
to write a final examination in the course. Them score in the course will be a sum of

40% of CA and 60% of written examination. You Wk expected to have 50% in the CA

and 50% in the written examination; anything slodithis will count as failure.

TUTOR-MARKED ASSIGNMENT

There are 15 TMASs in this course. You need to sulathiithe TMAs. The best 4 will
therefore be used. When you have completed eathnasent, send them to your tutor as
soon as possible and make sure that it gets totubar on or before the stated deadline. If
for any reason you cannot complete your assignmeritme, contact your tutor before the
assignment is due to discuss the possibility oémsibn. Extension will not be granted after
the deadline, unless on exceptional cases

FINAL EXAMINATION AND GRADING

The end of course examination for introduction taMC421 will be for about 3 hours and it
has a value of 60% of the total course work. Tkamenation will consist of questions,
which will reflect the type of self-testing, prami exercise and tutor-marked assignment
problems you have previously encountered. All saugahe course will be assessed.

Use the time between finishing the last unit artting for the examination to revise the
whole course. You might find it useful to reviewwy self-test, TMAs and comments on
them before the examination. The end of coursenexation covers information from all
parts of the course.

21



COURSE MARKING SCHEME

Assignment Marks

Assignment 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

FACILITATORS/TUTORS AND TUTORIALS

There are 16 hours of tutorials provided in suppbthis course. You will be notified of the
dates, times and location of these tutorials as asgthe name and phone number of your
facilitator, as soon as you are allocated a tutgraup.

Your facilitator will mark and comment on your agsnents, keep a close watch on your
progress and any difficulties you might face anolvfite assistance to you during the course.
You are expected to mail your Tutor Marked Assignm® your facilitator before the
schedule date (at least two working days are reduir They will be marked by your tutor
and returned to you as soon as possible.

Do not delay to contact your facilitator by telepkoor e-mail if you need assistance. The
following might be circumstances which you woulddiassistance necessary, hence you
would have to contact your facilitator if:

4. You do not understand any part of the study oasgned readings.
5. You have difficulty with the self-tests

6. You have a question or problem with an assignmenwith the grading of an
assignment.

You should endeavour to attend the tutorials. Thithe only chance to have face to face
contact with your course facilitator and to asksjimns which are answered instantly. You
can raise any problem encountered in the courgewfstudy.

To gain much benefit form course tutorials, preparquestion list before attending them.
You will learn a lot from participating actively mliscussions.

22



SUMMARY

Heterocyclic chemistry is a very vast subject $s tiourse has focused on fused heterocyclic
systems such as Quinolines, Iso-quinolines, Bemaofj Benzothiophenes, Indoles,
benzopyrilium salts, Coumarins and Chromones. Théhesis of drug molecules containing
these heterocyclic structures have also been advelpon completion of this course, you
will be equipped with the basic knowledge of hetgatic chemistry of fused systems. You
will be able to answer the following questions:

1. What is a fused heterocyclic system?

2. How are quinolines synthesized

3. What are the major reactions of quinolines?

4. How are Iso-quinolines synthesized?

5. What are the major reactions of Iso-quinolines?

6. How are indoles synthesized?

7. What are the major reactions of Indoles?

8. How are benzothiophenes and benzofurans synthésized

9. What are the major chemical reactions that benapttenes and benzofurans
undergo?

10.How are benzopyrilium salts, Coumarins and Chrorm@yathesized?
11.What are the major reactions of benzopyrilium s&tsumarins and Chromones?

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

13.What are the importance/applications of the chemnddtthese compounds?

Of course, the list of questions that you can anssv@ot limited to the above list. To
gain the most from this course, you should endeat@apply the principles you have
learnt to your understanding of the chemistry ofiksir heterocyclic compounds.

| wish you success in the course and | hope thatwil find it both interesting and
useful.
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1.0 Introduction

Quinolines are a class of organic compound ofhsteroaromatic series characterized by a
double-ring structure composed of a benzene angridie ring fused at two adjacent
carbon atoms (Figure 1) The benzene ring conginearbon atoms, while the pyridine ring
contains five carbon atoms and a nitrogen atom pesewith the structure of Naphthalene
below). The simplest member of the quinoline fanml quinoline itself, a compound with
molecular structure §Ei7/N.

5 4
6 X3
7 \N/ 2
8 1
Quinolione Naphthalene
Figure 1: Structures of Quinoline and Naphthalendthe hydrocarbon analogue)
2.0 Objectives
At the end of this unit you should be able to:
* ldentify the quinoline ring

* Understand how the presence of the benzene ringemdes the chemistry of
qguinolines compared to that of pyridine.

* Know the reactions of quinolines
3.0  Main Content
3.1 General Physical and Chemical Properties

Quinoline is a colourless hygroscopic liquid withsttong odour. It becomes yellow on
exposure to light and later turns brown. Quinolmenly slightly soluble in cold water but

dissolves readily in hot water and most organigesatis. Quinoline is a slightly weaker base
(pKa 4.94) than pyridine (pKa 5.2).

The general properties are based on those of tgidnal ring structures forming that

system. It can be predicted that the benzeneinirguinoline would undergo electrophilic

substitution by electrophiles but be resistant xaation and reduction whilst the pyridine
ring would act as a base, undergo nucleophilic tdutisn and reduction but be resistant to
oxidation and electrophilic substitution since &leghilic substitution of the benzene ring is
easier. Furthermore, by comparison with its araenahalogue naphthalene, one would
expect position 3 to be relatively unreactive.
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In practice, quinoline is a weak base (pKa 4.9)t usually undergoes electrophilic
substitution at positions 5 and 8 of the benzemg. riNucleophilic substitution occurs mainly
at positions 2 and 4 of the pyridine ring. Reduttdf the pyridine ring is comparatively easy
but reduction of the benzene ring is comparativdifjicult. Oxidation of both rings is
difficult (Scheme 1)

A
OH N. _NH
\ 2
/ AN
= Pz

NO ,(Electrophilic substitution) ] (NUCIeOph'“C substitution)

HNO,H,SO, NaOH KNV
50-70°C
N N COOH
(oxidation)

<_ B
P K,Cr,0,
H,S0, Z COOH
Br,/H,SO, H,/Ni ¢
Br Sn/HCI (Reduction) Heat
_ (Base) H (-COZ)

)
N | Na
Pz

BN N |

Scheme 1. Examples of the general types (in bradkg of reaction of quinoline

\

3.2 Electrophilic Substitution

Acids and Lewis acids react with quinoline at tl@sib nitrogen atom to form quinolinium
salts, and there is a question over the naturbettibstrate for electrophilic attack, i.e. is it
quinoline or the quinolinium substrate for electibig attack. The answer is not a simple
one and appears to depend upon the reagents astbmeeonditions. Thus whereas acetyl
nitrate at 2iC gives 3-nitroquinoline (Scheme 2), fuming nit@eid in concentrated
sulphuric acid containing sulphur trioxide at 15@@ields a mixture of 5-nitroquinoline
(35%) and 8-nitroquinoline (43% - Scheme 3). la tase of acetyl nitrate, the reaction may
proceed by the 1,4-addition of the reagent to dinepfollowed by electrophilic attack upon
the 1,4-dihydro derivative.

H_ A Ho _OAc
X HNO,, Ac,0 NO,+ NO, N NO,
N N N/ -HOAc bz
| | N
NO, NO,

AcO-

Scheme 2: Reaction of Quinoline with acetyl nitra
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® S
N/ SO, | N/
90°C
SO_H \ HNO,
l>2sooc | Xy H,SO, +
=
SO,H AN N N
| |
N N
NO

Scheme 3: Reaction of Quinoline with fuming nitricacid in concentrated sulphuric
acid.

However, the rate of nitration of quinoline in 89% sulphuric acid is of the same order as
that of N-methylquinolinium salts, suggesting thate the quinolinium cation may be the
target for attack.

Sulphonation with oleum at 4D affords mainly the 8-sulphonic acid, but as fhisduct is
sterically hindered, at higher temperatures itreeages into the 6-sulphonic acid (Scheme 3).
This rearrangement is similar to that shown by tizgdene-1-sulphonic acid, the kinetic
sulphonation product of naphthalene, which isonesrizon heating into the
thermodynamically favoured (less hindered) 2-isomer

Alkyl and acyl halides react directly with quinadirio give N-alkyl or N-acylquinoliniumm
salts (Scheme 4), whereas the N-alkyl salts atdestand can often be isolated as crystalline
solids, the N-acyl analogues are unstable and godeapid hydrolysis in moist air or in
agueous solution.

RCOX | RX
H,O N

+

13
|
\_7

Scheme 4: Reaction of Quinoline with acyl and alkyhalides.
Nucleophilic Addition/Substitution

N-Acyl- or N-sulphonylquinolinium salts can be tpgal by cyanide ion to form what are
known generally as Reissert adducts. The easyvanod the N-substituent in a subsequent
reaction with a base provides access to 2-cyanotijné (Scheme 5).
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| A KON, H,0/DCM base
NG (R =S0,Ph or COPN) PhSO H or PhCHO
|
R

Scheme 5: Reaction of Quinoline with potassium cyade

There is a strong similarity between the reactiohspyridines and quinolines towards
nucleophiles. Addition occurs mainly at C-2 givibg@-dihydroquinolines, but the locus of
the reaction can be diverted to C-4, particuldriyére is a good leaving group located at this
position.

In a Chichibabin-type reaction quinoline reactshwpbtassamide (KN4 in liquid ammonia

at -70C to give 2-amino-1,2-dihydroquinoline and this &xidized by potassium
permanganate [manganate(VIl)] at the same temperé&duyield 2-aminoquinoline (Scheme
6). If the temperature is allowed to increase4®G the adduct rearranges into 4-amino-3,4-
dihydroquinoline, and upon oxidation this produieteg 4-aminoquinoline.

H NH
KNH,/LiNH, KNH JLiNH,
A =0 =00
0

N ke -450C
KMnO,
-450C KMnO,

-700C

NH,

X | N

_— —

N N~ "NH,

Scheme 6: Reaction of Quinoline with Potassamide

29



4.0 Conclusion

In this unit, we have learnt that the quinolinegris bicyclic consisting of the benzene ring
fused to a pyridine ring. We have also learnt thainolines can undergo electrophilic
substitution, Nucleophilic addition/substitutiorxidation and reduction reactions.

5.0 Summary

* Quinoline ring is bicyclic consisting of the beneering fused to the pyridine
ring.

* Quinoline is a weak base and hence reacts withgioids to give salts.

* Quinoline undergo electrophilic substitution at igoas 5 and 8 of the
benzene ring.

» Electrophilic substitution reaction at positionahdake place by nitration with
acylnitrate via 1,4-additionof the reagent to quim® followed by
electrophilic attack upon the 1,4-dihydro derivatobtained.

* Nucleophilic substitution occurs mainly at posigo2 and 4 of the pyridine
ring.

* Reduction takes place on the pyridine ring.
* Oxidation of both rings are difficult.
6.0  Tutor-Marked Assignments
I.  What are the physical properties of Quinoline?

ii.  Explain why nitration of quinoline with acetyl rdtie yields 3-nitroquinoline,
while nitration with fuming nitric acid and sulpharacid yields 5 and 8-
nitroquinoline. Write the equation for the reanso

iii.  Write 2 nucleophilic addition/substitution reactsoof quinoline.

7.0 References
1. Sainsbury M. (2001): Heterocyclic Chemistry. RoSakiety of Chemistry 42-49.

2. Olaniyi A.A., Ayim J.S.K., Ogundaini A.O., Olugbad€&.A. (1998) Essential
Inorganic and Organic Pharmaceutical Chemistryn8san C.I. Limited p 363-450.
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1.0 Introduction

Quinoline was first extracted from coal tar in 1834 Friedlieb Ferdinand Runge. Coal tar
remains the principal source of commercial quiralinlt can be synthesized by various
methods such as the Skraup, Dobner-von Miller S3gis) Conrad-Limpach, Friedlaender
and Pfitzinger synthesis discussed below.

2.0  Objective
At the end of this unit, you will be able to :
*  Synthesis of quinolines
» Design synthesis of quinoline derivatives.
3.0  Main Content
3.1  Skraup Synthesis

Aniline, glycerol, nitrobenzene, iron(ll) sulphas&d sulphuric acid are mixed and gently
heated. A vigorous exothermic reaction occurs Wwisccompleted by further heating. After

removal of the residual nitrobenzene by distillatin steam, quinoline is liberated from the
reaction mixture by basification and is isolatedsbgam-distillaton. The yield of the purified

product is 84-91%

The reaction involves dehydration of glycerol togenal (Acrolein), Michael-type addition
of aniline to propenal, acid-catalyzed cyclizatiand dehydrogenation by nitrobenzene
(Scheme 7). Iron(ll) sulphate acts to moderater¢laetion. Propenal itself is not employed
because of its tendency to polymerize. The suscefshe reaction depends on the rapid
addition of aniline to the propenal as it is formed
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OH

(@)
H\ H,SO, /\f
—_—
OH OH H

Glycerol Acrolein (propenal)

/(\;H+ O\H H
e T — O

-
= -H,0 X
N '\ll 2 N
H

Scheme 7: Skraup Synthesis of Quinoline

The synthesis is of wide application especially $gnthesis of quinoline substituted in the
benzene ring. The aniline may contain nucleastuients: ortho- and para-substituted
anilines give 8- and 6-substituted quinolines, eeipely, and meta-substituted anilines give
mixtures of 5- and 7-substituted quinolines, théteta predomination with activating
substituents such as methoxyl and the former prediing with deactivating substituents
such as nitro. Propenal may be replaced by 2-bltgining 2-methylquinolines and by
butanone, giving 4-methylquinolines.

3.2.  The DJbner-von Miller synthesis

The reaction uses pre-formeg-unsaturated carbonyl compounds instead of acrol#iins
used to provide alkyl and aryl substituents in“fhgidine” half of the quinoline.

The intermediate-aminocarbonyl compound can be isolated and thswshthat the
mechanism starts with a conjugate addition. THhermediate may then be subsequently
cyclised under a variety of conditions (Scheme 8).
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Overall transformation
R3 R3
o R2 N R2
| _
NH, R1 N R1
©\ ©\ /f‘\ ©\/j\c|_|3

2-butenal 2-Methylquinoline
(quinaldine)

CH,

SHLop @Nﬁo%

methyl vinyl ketone
| 4-Methylquinoline

H (lepidine)

Scheme 8: Dibner-von Miller Synthesis

3.3  The Conrad-Limpach Synthesis

B-keto esters react with aniline in each of two waatslow temperatures reaction occurs at
the keto-group to give an imine and at high temijpees reaction occurs at the ester group to
give an amide. The resulting compounds can eadydised to quinolines (see Scheme 9).

QL @fi

<100°C
-H,0

0o Me
Me
L b
—_—
N" 0 N o
H y

Scheme 9: The Conrad-Limpach Synthesis
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3.4  The Friedlaender Synthesis

An o-aminobenzaldehyde is treated with an aldeloydestone in a basic medium; formation
of the imine is followed by dehydrative cyclizati®cheme 10)

i
CHO R’ R’ R’
-H;0 -H,0 ~N
= —
NH, 0~ 'R N~ "R N~ R

Scheme 10: Friedlaender Synthesis

The main problem with this synthesis is that o-ahenzaldehydes are very unstable, readily
undergoing self-condensation. One way of overcgniims is to start instead with an o-
nitrobenzaldehyde: acid- or base-catalyzed readioes an intermediate which cyclises
spontaneously on reduction (Scheme 11 cf. the Bisglole synthesis).

CHO Me H* or OH- N Sn-HClI \
—_—
)\ -H,0 O —— 0
no, 07 Me NO, ~Me NH, ~Me
-H,0 | N
=
N~ Me

Scheme 11: Variation of Friedlaender Synthesis

3.5 The Pfitzinger synthesis

This is a modification of Friedlaender's method aathploys isatin in place of O-
aminobenzaldehyde. Reaction with the base givasioobenzoylformate ion which reacts
with an aldehyde or ketone to give a 4-carboxydiinecfrom which the carboxyl group can
be removed thermally (Scheme 12).
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(e} RCOCH R'
e} OH"
HO -OH-
R'
heat
-Co,
R

Scheme 12: Pfitzinger Synthesis

4.0 Conclusion

COH

/

In this unit we have looked at the various methosisd in the synthesis of quinoline and its
derivatives. These methods normally start fromngtaemines or similar compounds with an

intact benzene ring.

5.0 Summary

* Quinolines are synthesised from phenylamines oril&innitrogen containing

benzenoid compounds.

» Skraup synthesis, Dobner-von Miller and Conrad-Lactp synthesis involves the use
of phenylalanine and a 3-carbon fragment as stariaterials.

» Friedlaender and Pfitzinger synthesis involve tee af o-aminobenzaldehydes and
o-aminobenzoylformate respectively and a two carfb@gment as starting materials.

» Conrad-Limpach synthesis is used to synthesizeotpne derivatives.

6.0  Tutor-Marked Assignments
i.  Devise a synthesis of 1-benzyl-1,2,3,4-tetrahydimajine from quinoline.
ii.  Provide synthetic routes to the following quinoluherivatives (a)-(c).
a) CO,Et 5 Me
N N ©
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1.0 Introduction

Quinoline is used principally for the manufactufenizotinic acid which prevents pellagra in
humans and in the manufacture of other specialgmitals. Approximately 4 tonnes are
produced annually according to a report publishe@005. It is used as a precursor to 8-
hydroxyquinoline, which is a versatile chelatingeagand precursor to pesticides. Its 2- and
4-methyl derivatives are precursors to cyanine dye®xidation of quinoline affords
quinolinic acid (pyridine-2,3-dicarboxylic acid),mecursor of the herbicide sold under the
name ‘Assert’. The quinoline nucleus is containedseveral groups of alkaloids (e.g.
qguinine), in a number of synthetic materials wittpbrtant physiological properties such as
the antimalarial plasmoquin and chloroquine, in tdyanine dyes and in the analytical
reagent, oxine (8-hydroxyquinoline)

2.0 Objective
At the end of this unit you will:

* Be able to identify some biologically active compda containing the quinoline
nucleus

* Understand the synthetic routes to some quinolirgivatives of medicinal
importance.

3.0 Main Content

3.1  Quinine

Quinine is a natural white crystalline alkaloid having ipgtetic (fever-reducing),
antimalarial, analgesic (painkilling), anti-inflanatory properties and a bitter taste. It is a
stereoisomer of quinidine which, unlike quininears anti-arrhythmic. Quinine contains two
major fused-ring systems: the aromatic quinoline e bicyclic quinuclidine. The aromatic
part of the quinine molecule is a quinoline witmathoxy substituent. The amine component
has a quinuclidine skeleton and the methylene briddpetween has an hydroxide group. The
substituent at the carbon-3 position is a vinylugroThe molecule is optically active with
four stereogenic (Fig.2)
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Figure 2: Structure of Quinine (the asymmetricte@nare shown a9

Though it has been synthesized in the lab, the bhtke cinchona tree is the only known
natural source of quinine. The medicinal propertiéshe cinchona tree were originally
discovered by the Quechua Indians of Peru and Bollater, the Jesuits were the first to
bring the cinchona to Europe.

Quinine was the first effective treatment for malacaused byPlasmodium falciparum,
appearing in therapeutics in the 17th centuryertained the antimalarial drug of choice until
the 1940s, when other drugs replaced it. Since, tmamy effective antimalarials have been
introduced, although quinine is still used to trds disease in certain critical situations..
Quinine is also used to treat lupus and arthr@isinine is very sensitive to ultraviolet light
(UV) and will fluoresce in direct sunlight, dueits highly conjugated resonance structure.

Quinine is a flavor component of tonic water antdebilemon.

Quinine is also used in photochemistry as a comfharescence standard, because of its
relatively constant and well-known fluorescencerquin yield,

Synthetic quinine

Cinchona trees remain the only economically prattsource of quinine. However, under
wartime pressure, research towards its synthetoolymtion was undertaken. A formal
chemical synthesis was accomplished in 1944 by Amaerchemists R.B. Woodward and
W.E. Doering. Since then, several more efficienhimpe total syntheses have been achieved,
but none of them can compete in economic terms isdlation of the alkaloid from natural
sources. The first synthetic organic dye, mauvenes discovered by William Henry Perkin
in 1856 while he was attempting to synthesize qni

3.2  Chloroquine

Chloroquine  (CQ), N'-(7-chloroquinolin-4-yl)-N,N-elihyl-pentane-1,4-diamine  was
discovered in 1934 by Hans Andersag and co-workietise Bayer laboratories who named it
"Resochin”. It was ignored for a decade becaus&a# considered too toxic for human use.
During World War Il United States government-sparsdoclinical trials for anti-malarial

drug development showed unequivocally that CQ hagymificant therapeutic value as an
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anti-malarial drug. It was introduced into clinicptactice in 1947 for the prophylactic
treatment of malaria

Uses

It has long been used in the treatment or preventiomalaria. After the malaria
parasite Plasmodium falciparum started to develop widespread resistance to
chloroquinenew potential utilisations of this cheap and widalyailable drug have
been investigated. Chloroquine has been extensiveded in mass drug
administrations which may have contributed to theemence and spread of
resistance.

As it mildly suppresses the immune system, it sdus some autoimmune disorders,
such as rheumatoid arthritis and lupus erythematosu

Chloroquine is in clinical trials as an investigai@l antiretroviral in humans with
HIV-1/AIDS and as a potential antiviral agent agdichikungunya fever.

The radiosensitizing and chemosensitizing propexiechloroquine are beginning to
be exploited in anticancer strategies in humans.

Synthesis
Chloroquine can be synthesised using the Conragbaoim quinolone method as shown

below:

OEt
co Et
AcOH/§0°/©\
Cl CO,Et COEt Cl CO,Et

2500C
-EtOH
O
(@]
_Pocl,
27°°C -CO, KOHag/EtOH |
|
cl N~ CO,Et
N COOH '
| H
ELN CH H
LT~ N,

Chloroquine

Scheme 13: Synthesis of Chloroquine
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3.3 Nicotinic acid

Niacin (also known asitamin B3, nicotinic acid andvitamin PP) is an organic compound
with the formula GHsNO, and, depending on the definition used, one offdhty to eighty
essential human nutrients. This colorless, watkrd® solid is a derivative of pyridine, with

a carboxyl group (COOH) at the 3-position. Othernfe of vitamin B include the
corresponding amide, nicotinamide ("niacinamideVhere the carboxyl group has been
replaced by a carboxamide group (COINHs well as more complex amides and a variety of
esters. The terms niacin, nicotinamide, and vitaBiiare often used interchangeably to refer
to any member of this family of compounds, sinagythave similar biochemical activity.

Niacin is one of five vitamins associated with angemic deficiency disease: niacin
deficiency (pellagra), vitamin C deficiency (scuyvthiamin deficiency (beriberi), vitamin D
deficiency (rickets), vitamin A deficiency.

Niacin has been used to increase levels of HDLeadtetol in the blood and has been found
to modestly decrease the risk of cardiovasculantsvie@ a number of controlled human trials.
However, in a recent trial AIM-HIGH, a slow-releaggm of niacin was found to have no
effect on cardiovascular event and stroke risk graup of patients with LDL levels already
well-controlled by a statin drug, and the trial wedted prematurely on evidence that niacin
addition actually increased stroke risk in this ugo The role of niacin in treating
cardiovascular risk remains under debate

Nicotinic acid is synthesized by the oxidation afirpline with Chromium (VI) oxide.
Quinoline oxidizes to pyridine-2,3-dicarboxylic dcwhich readily loses the 2-carboxyl-
substituent on being heated to form nicotinic §&8dheme 14.)

N oo HOC A HO,C
| — | heat | N
NG pZ co, _
HO,C” N N

Nicotinic acid
Scheme 14: Synthesis of Nicotinic acid from Quinaile
3.4 Other Applications of Quinoline

The quinoline nucleus is also contained in plasmo@an antimalarial agent), in cyanine
dyes and in the analytical reagent, oxine (8-hyggoinoline).

4.0 Conclusion

This unit has shown that Quinolines are importaataoise their derivates exhibit useful
biological activities. Some of these derivatidd®e quinine have been recognized for
centuries
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5.0

6.0

7.0

Summary

Many derivatives of quinolines show very usefullbgical activities and some have
been in use for decades e.g. quinine.

Quinine can be obtained naturally from the barCwichona trees.

Antimalarial agents such as quinine, chloroquine @asmoquine are quinoline
derivatives.

Chloroquine can be synthesised via the Conrad-Liamggnthesis
Nicotinic acid can be synthesised by the oxidatibquinoline

Nicotinic acid also known as niacin is used in tineatment of pellagra and
hypercholesterolaemia.

The quinoline nucleus is also contained in cyamipes and in the analytical agent,
oxine (8-hydroxyquinoline).

Tutor-Marked Assignments
Write briefly on two medicinal agents containing tiuinoline nucleus.
Outline the synthesis of chloroquine via the Cortadpach synthesis.

Outline the synthesis of nicotinic acid from quinel What are the medicinal uses of
nicotinic acid.
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1.0 Introduction

Isoquinoline is a heterocyclic aromatic organic compound. Itaisstructural isomer of
guinoline. Isoquinoline and quinoline are benzogiyres, which are composed of a benzene
ring fused to a pyridine ring. The nitrogen in igowline in on at position 2 while the
nitrogen is on position 1 in quinoline (Figure 3nh a broader sense, the term isoquinoline is
used to make reference to isoquinoline derivatideBenzylisoquinoline is the structural
backbone in naturally occurring alkaloids includingapaverine and morphine. The
isoquinoline ring in these natural compound derives the aromatic amino acid tyrosine.

5 4 > 4

=2 7 N2
8 N 5

1 1
Quinoline Isoquinoline

Figure 3 : Structures of Quinoline and Isoquinolire
2.0 Objectives
At the end of this unit you will:
* Be able to differentiate between isoquiniline aisdsomer quinoline
» Appreciate the similarities and differences in thesiysical and chemical properties

* Understand how the presence of the benzene nusiluences the chemistry of
isoquinolines compared to that of pyridine.

» Know the main methods used for the synthesis @fusmlines and their derivatives.

3.0 Main Content

3.1  General Physical and Chemical Properties

Isoquinoline is a colorless hygroscopic liquid abm temperature with a penetrating,
unpleasant odor. Impure samples can appear broyassh typical for nitrogen heterocycles.
It crystallizes to platelets and have a low soltpiin water but dissolve well in ethanol,
acetone, diethyl ether, carbon disulfide, and otleenmon organic solvents. It is also soluble
in dilute acids as the protonated derivative.

Being an analog of pyridine, isoquinoline is a wéalse, with a pKof 5.1. It protonates to

form salts upon treatment with strong acids, sieH@l. It forms adducts with Lewis acids,
such as BE
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Isoquinoline is closely related to quinoline in ypltal and chemical properties.
Modifications are only as a result of the differposition of the nitrogen atom relative to the
cabocyclic ring.

3.1.1 Reactions with Electrophiles

Isoquinoline like quinoline is protonated and alitgld at the nitrogen atom and undergoes
electrophilic substitution in the benzene ring.IpBonation with oleum gives mainly the 5-
sulphonic acid, but fuming nitric acid and concated sulfuric acid at 0°C produce a 1:1
mixture of 5- and 8-nitroisoquinolines. Brominatim the presence of aluminium trichloride
at 75°C gives a 78% vyield of 5-bromoisoquinolinel{®me 15)

SO_H
® 9
N = NiR X
SOs RX, 20°C (R =H or alkyl
i =H or alkyl
H,S0O,, 90°C X = halide)

X

_N Br,, AlCI,
29V
NO, V Br
X
| N | A | N
N
NO,

Scheme 15: Reactions of Isoquinolines with electrbpes
3.1.2 Reduction and Reactions with Nucleophiles

Nucleophilic addition takes place at C-1 and tBigansiderably enhanced if the reaction is
carried out upon an isoquinolinium salt. Reductith lithium aluminium hydride
{tetrahydroaluminate(lll)} in THF (tetrahydrofuran)for example gives a 1,2-
dihydroisoquinoline. These products behave as@cgclamines and if isoquinolium salts are
reacted with sodium borohydride [tetrahydroborofiljé in aqueous ethanol, further
reduction to 1,2,3,4-tetrahydroisoquinolines iseféd through protonation at C-4 and then
hydride tranfer from the reagent to C-3 (Scheme 16)



LiAIH,

THF AN
[ I /:N [ I /:N [ :[ N\
R

1,2-Dihydroisoquinoline
Isoquinolinium salt

NaBH,
EtOH(aq)

- | +
N
©©\I\R i: i: \R

1,2,3,4,-Tetrahydroisoquinoline

Scheme 16: Reduction of Isoquinoline

The cyanide anion adds to C-1 in 2-benzoylisoqimnoin salts in water/DCM
(dichloromethane), forming Reissert compounds; thest like their quinoline counterparts,
the adducts can be deprotonated by a base witHod® of the N-substituent and the
formation of a 1-cyanoisoquinoline (Scheme 17).

X KCN,H,0, DCM AN NaOH aq. N
| N
_ N _ N\ -PhCHO

cr “coph COPh
CN CN

Scheme 17: Reaction of Isoquinoline with Nucleopleis

3.2  Synthesis of Isoquinolines

Isoquinoline was first isolated from coal tar in858by Hoogewerf and van Dorp. They
isolated it by fractional crystallization of thei@dcsulfate. Weissgerber developed a more
rapid route in 1914 by selective extraction of daa exploiting the fact that isoquinoline is
more basic than quinoline. Isoquinoline can thensbé&ted from the mixture by fractional
crystallization of the acid sulfate.

Although isoquinoline derivatives can be synthasiby several methods, relatively few
direct methods deliver the unsubstituted isoquimeli The Pomeranz-Fritsch reaction
provides an efficient method for the preparatiomsofjuinoline

The biological properties of many derivatives hawsured the development of a number of
synthesis providing access to all types of isodines, both natural and manmade. Three
important routes are the Bischer-Napieralski, Bisplenger and Pomeranz-Fritsch methods.
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3.2.1 Bischler-Napieralski Synthesis

This method is very useful for the constructionle$ubstituted 3,4-dihydroisoquinolines,
which if necessary can be oxidixed to isoquinolines B-phenylethylamine (1-amino-2-
phenylethane) is the starting material, and thisugsially preformed by reaction of an
aromatic aldehyde with nitromethane in the preseficdium methoxide, and allowing the
adduct to eliminate methanol and givepaitrosytrene (1-nitro-2-phenylethene). This
product is then reduced pephenylethylamine commonly by the action of lithi@minium
hydride(Scheme 18). Once prepared,Xphenylethylamine is reacted with an acyl chloride
and a base to give the corresponding amide (R1 artd)then this is cyclized to a 3,4-
dihydroisoquinoline by treatment with either phospls pentoxide or phosphorus
oxychloride. Finally, aromatization is accomplidhgy heating the 3,4-dihydroisoquinoline
over palladium on charcoal (Scheme 19).

OMe
CHO MNo, NO,
MeONa - MeQH | =
NO,

H, Li Al H,
Pd/ C

OMe
mHz mHZ

Scheme 18: Synthesis ¢-phenylethylamine
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Scheme 19: Bischler-Napieralski Synthesis of Isoqline



Alternatively, a-methoxyf-phenylethylamine can be used to circumvent theaiion step
after the conventional Bischler-Naperialski cydiisa. Here, when treated with the
phosphorus reagent the amide (R1 = OMe) undergathbsdyclization and the elimination of
methanol to give the isoquinoline (R=H) directlyThis is known as the Pictet-Gams
modification of the Bischer-Napieralski synthesis.

3.2.2 Picket-Spengler Synthesis

A B-phenylethylamine is treated with an aldehyde anhesence of dilute acid; ring closure
occurs by a reaction of Mannish type reaction amal tetrahydroisoquinoline formed is
dehydrogenated on palladium (Scheme 20).

Scheme 20: Picket-Spengler Synthesis

3.2.3 The Pomeranz-Fritsch Synthesis

Whereas both the previous two routes depend upyelezation of the benzene ring to what
becomes C-1 of the heterocycle, the key step inRbaeranz-Fritch synthesis is the
formation of a bond to C-4. A benzaldehyde isdtating material, and it is reacted with an
amino-acetaldehyde dialkyl acetal to form an imiwéjch is then cyclized directly under

relatively severe acidic conditions (e.g congSHy at 100°C) to give the isoquinoline.

Although the Pomeranz-Fritsh ring-closure condgigermit the cyclization of unsubstitued
imines, the reaction is accelerated greatly if tebecdonating groups are present in the
benzene ring (Scheme 21).
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Scheme 21: Pomeranz-Fritch Synthesis

Through slight modification the Pomeranz-Fritscithgsis can be made particularly useful
for the preparation of 1,2-dihydroisoquinolines.heTimine is first reduced with sodium
borohydride in 98% ethanol to the correspondingziglmine, prior to cyclization, by
treatment with 6M hydrochloric acid. When electdwnating groups (such as a methoxyl)
are present in the aromatic unit of the benzylamihe ring closure step occurs at room
temperature to give a 1,2-dihydroisoquinoline. 1A2-dihydroisoquinolines are unstable in
air, it is customary to carry out the reaction urale atmosphere of oxygen- free nitrogen.

An advantange of the modified Pomeranz-Fritsch I®gis is that the 1,2-
dihydroisoquinolinium salts can be reacted insituthwelectrophiles, yielding 3,4-
dihydroisoquinolinium salts that react with nucladps at C-3. Such a ‘single pot’
procedure can be used to form complex 1,2,3,4kgd@isoquinolines.

4.0 Conclusion

In this unit, we have learnt that the isoquinolimgy is bicyclic consisting of the benzene
ring fused to a pyridine ring. The nitrogen on thequinoline ring is at position 2 compared
to position 1 on quinoline. We have also learntt tis®quinolines can undergo similar
reactions of quinolines. Synthesis of isoquinolinesd derivatives are usually via
phenylamines or similar nitrogen containing benzéigompounds.

5.0 Summary

* Isoquinoline ring is bicyclic consisting of the lzeme ring fused to the pyridine ring
however the nitrogen in the pyridine ring is onipos 2 compared to position 1 in
quinoline.
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6.0

7.0

Isoquinoline like quinoline is a weak base and leergacts with strong acids to give
salts.

Isoquinolines undergo electrophilic substitutionpasitions 5 and 8 of the benzene
ring.

Nucleophilic substitution occurs mainly at posisoh compared to positions 2 and 4
of the pyridine ring in quinolines.

Reduction takes place on the pyridine ring and atkoeh of both rings are difficult.

Synthesis is via the reaction pfphenylethylamine and acyl chloride or an aldehyde
in the Bischler-Napieralski synthesis and Pickeg¢i®per synthesis respectively.

Pomeranz-Frisch synthesis is via the reaction obeazaldehyde with an amino-
acetaldehyde.

Tutor-Marked Assignments
I.  How does isoquinoline react with fuming nitric aaid sulphuric acid.
ii.  Which reagent will you use to synthesize N-metloglisinolium salt.

iii.  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 thenwvatives. A large proportion of which
are alkaloids, show useful biological effects. dad, the medicinal properties of the plants
that biosynthesize these alkaloids have been rexedyfior centuries, long before the nature
of the compounds responsible was known. Papaveniinl morphine are found in the latex
from poppy seed capsules. Papaverine is a vatmdildile morphine is an analgesic agent.
Antihypertensive agents such as debrisoquine, taprihand quinalaprilat all contain the
isoquinoline ring system.

2.0 Objectives

At the end of this unit you will
* Be able to identify various medicinal agents canitgg the isoquinoline ring system.
» Appreciate the importance of these isoquinolinevadéives in medicine.
* Be able to design the synthesis of some of theskcmal agents.

3.0 Main Content

3.1 Papaverine

Papaverine is an opium alkaloid that is a vasodilator useidharily in the treatment of
visceral spasm, vasospasm (especially those imghthe heart and the brain), and
occasionally in the treatment of erectile dysfumatiWhile both are found in the opium
poppy, papaverine differs in both structure andrpiagological action from the analgesic
(morphine-related) opium alkaloids (opioids).

0
H.C T

HC-. =N

Figure 4: Structure of Papaverine
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Scheme 22: Synthesis of Papaverine based on thedBigr-Napieralski procedure

3.2 Morphine

Morphine (MS Contin, MSIR, Avinza, Kadian, Oramorph, Roxanol) Morphine is a
benzylisoquinoline alkaloid with two additional grtlosures. It is a potent opiate analgesic
medication and is considered to be the prototypogabid. It was first isolated in 1804 by
Friedrich Sertirner, first distributed by same 8117, and first commercially sold by Merck
in 1827, which at the time was a single small cls¢shshop. It was more widely used after
the invention of the hypodermic needle in 1857tottk its name from the Greek god of
dreams, Morpheus.

Morphine is the most abundant alkaloid found inuopj the dried sap (latex) derived from
shallowly slicing the unripe seedpods of the opiwon,common edible, poppyRapaver
somniferum. Morphine was the first active principle purifisdm a plant source and is one of
at least 50 alkaloids of several different typesspnt in opium, Poppy Straw Concentrate,
and other poppy derivatives.

In clinical medicine, morphine is regarded as tbkl gtandard, or benchmark, of analgesics
used to relieve severe or agonizing pain and saffeLike other opioids, such as oxycodone,

hydromorphone, and diacetylmorphine (heroin), momlacts directly on the central nervous

system (CNS) to relieve pain. Unlike many otheroafs, morphine is an opiate and a natural
product. Morphine has a high potential for addictitmlerance and psychological dependence
develop rapidly, although physiological dependames take several months to develop.
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HO™
Figure 5: .Structure of Morphine

3.3 Other applications of Isoquinolines

a) anesthetics; dimethisoquin is one example (sholow)e

s

o
D\L
[TI/’

Figure 6: Structure of Dimethisoquine

b) antihypertension agents, such as quinapril, apiritat, and debrisoquine (all
derived from 1,2,3,4-tetrahydroisoquinoline).

c) antifungal agents, such as 2,2'Hexadecamethdiisnguinolinium dichloride,

which is also used as a topical antiseptic. ThisvdBve, shown below, is prepared
by N-alkylation of isoquinoline with the appropeadihalide.
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Figure 7 : Structure of 2,2’-Hexadecamethylenedimsquinolinium dichloride

d) disinfectants, like N-laurylisoquinolinium broda (shown below), which is
prepared by simple N-alkylation of isoquinoline

“x.‘__\_ Br

M
= REmH:r,

Figure 8: Structure of N-laurylisoquinolinium bromide

Bisbenzylisoquinolinium compounds are compounds similar in structure bmcurarine.
They have two isoquinolinium structures, linked dycarbon chain, containing two ester
linkages.

3.4 Isoquinolines and Parkinson’s disease

Parkinson's disease, a slowly progressing movemisotder, is thought to be caused by
certain neurotoxins. A neurotoxin called MPTP (HNé¢thyl-4-phenyl-1,2,3,6-
tetrahydropyridine), the precursor to MPP+, wastband linked to Parkinson's disease in
the 1980s. The active neurotoxins destroy dopaminereurons, leading to parkinsonism
and Parkinson's disease. Several tetrahydroisouenderivatives have been found to have
the same neurochemical properties as MPTP. Thegeatiges may act as neurotoxin
precursors to active neurotoxins.

Other uses

Isoquinolines are used in the manufacture of dyesjts, insecticides and antifungals. It is
also used as a solvent for the extraction of resmusterpenes, and as a corrosion inhibitor.

40 Conclusion

This unit has shown that Isoquinolines are impdrtaactause their derivates exhibit useful
biological activities. Some of these derivatiike morphine and papaverine have been
recognized for centuries

5.0 Summary
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6.0

7.0

Many derivatives of isoquinolines show very usdfidlogical activities and some
have been in use for decades e.g morphine and @apav

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

Morphine and papaverine can be obtained natunadin the opium poppy seeds.

Other medicinal agents containing the isoquinoling includes dimethisoquine, and
anaesthetic agent, quinalapril, debrisoquie and naaprilat which are
antihypertensive agent.

Isoquinolines are also used in the synthesis ofinféistants such as N-
laurylisoquinolinium bromide.

Isoquinoline derivatives may act as neurotoxin prears to active neurotoxins.

Tutor-Marked Assignments

Show the structures of two medicinal agent contgrine isoquinoline ring.
Mention the medicinal uses of the compounds meatan (i).

Outline the synthesis of Papaverine using the Besdlaprieski procedure.

Design a synthetic route for N-laurylisoquinoliniloromide from isoquinoline.
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1.0 Introduction

Indole is an aromatic heterocyclic organic compound.als B bicyclic structure, consisting
of a six-membered benzene ring fused to a five-ngatbnitrogen-containing pyrrole ring
(Fig 9). Indole is a popular component of fragrancand the precursor to many
pharmaceuticals. Compounds that contain an indolg are called indoles. The indolic
amino acid tryptophan is the precursor of the neansmitter serotonin. Indole is a solid at
room temperature. Indole can be produced by bacteria degradation product of the amino
acid tryptophan. It occurs naturally in human feaed has an intense fecal odor. At very low
concentrations, however, it has a flowery smellj &na constituent of many flower scents
(such as orange blossoms) and perfumes. It also®otcoal tar.

4

3
0
6 ’T‘l

7

T

Figure 9: Structure of Indole
2.0  Objectives
By the end of this unit, you should:

* be able to identify and draw the indole structure
» understand the general physical and chemical ptiepeasf Indole

» understand the effect that the fusion of a benzemehas upon the reactions of the
pyrrole ring.

3.0  Main Content
3.1  General Physical and Chemical Properties

Indole is a solid at room temperature with a mgltpoint between 52-54°C. Unlike most
amines, indole is non basic. The bonding situasorompletely analogous to that in pyrrole.
Very strong acids such as hydrochloric acid areiired to protonate indole. The protonated
form has a pKof —3.6. The sensitivity of many indolic compour(dsy., tryptamines) under
acidic conditions is caused by this protonation.

3.2 Electrophilic substitution

Electrophiles attack indole at C-3, rather tharCa. This is the opposite result to that
observed for pyrroles, but can be explained ifithermediates for each type of reaction are
considered. For a reaction at C-3, the energycto¥ation of the intermediate is lowered

because it is possible to delocalize the positikarge through resonance involving the
nitrogen lone pair of electrons. This favourabtaagtion is not possible in the corresponding
intermediate for attack at C-2. Any attempt toodalize the positive charge would now
disrupt the G-electron system of the benzene ring (Scheme 23).
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Scheme 23: Electrophilic Substitution of Indole- €3 versus C-2

3.2.1 3-Substituted Indoles

Sulfonation of Indole with pyridinium-N-sulfonateieyds indolyl-3-sulfonic acid, and

bromine in pyridine at 0°C affords 3-bromoindoleli®me 19). Acetylation with a heated
mixture of acetic anhydride and acetic acid gives-diacetylindole. Methylation requires
heating with methyl iodide in DMF (N,N-dimethylfoamide) at 80-90°C and yields 3-
methylindole. This compound reacts further, givihg-dimethylindole and finally 1,2,3,3-

tetramethyl-3H-indoleninium iodied (Scheme 24).
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Scheme 24: Reactions of Indole with electrophiles
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3.2.2 Vilsmeier Formylation

When DMF and phosphorus oxychloride are reactedthegy in the Vilsmeler reaction, the
N,N-dimethylamino(chloro)methyleniminium cationgenerated, and this reacts with indole
at 5°C to give 3-(N,N-dimethylaminomethylene)indotee. When hydrolysed by treatment
with dilute sodium hydroxide, this gives an excellgield of 3-formylindole (Scheme 25.)
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NaOH aq
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Ho o H—((;H
Me,N.__H
9
N -Me,NH N\ H
- /y
}\l N ‘OH
H |

H

Scheme 25: Vilsmeier Formylation
3.2.3 Reaction with Triethyl Orthoformate (Triethoxymethane)

Triethyl orthoformate is often used in ractionshwéinolates and carbanions to form diethyl
acetals that on treatment with dilute acid give twresponding formyl derivatives.
However, when indole is heated at 160°C with tgiedrthoformate the locus of reaction is at
N-1 rather than at C-3, and 1-(diethoxymethyl)iedas formed. (Scheme 26). The N-
substituent is easily removed by acidic hydrolysiseform indole.

HC(OEY) ,
@ 1600(:3 @ HY H,0 N Heom @
N “H*, H,0 H N

| N
H CH(OEt) )

.0,

H H

I_

Scheme 26: Reaction on Indole with Triethyl Orthobrmate

3.2.4 Mannish Reaction

The mechanism of the Mannish reaction is similathtat of the Vilsmeier reaction as the
electrophile is also a methyleniminium cation, fednthis time from a condensation of
dimethylamine and formaldehyde in acetic acid sotu{Scheme 27) This reacts with indole
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to yield 3-(N,N-dimethylaminomethyl)indole (althdugot shown, it is possible that initial
attack occurs at N-1 and rearrangement of the didén to C-3 takes place as a follow-up
step -Scheme 27)

2 H H Me
_Me
S=0 + HN HoAC —
Me H “Me
M /Me /Me
b) " = ) N N=me
H \Me Me \
N v | )
\
H H H
l Me
- N—Me
CH,CN H-CN (4 Me
2
A\ KCN -Me;N
N B — / B — g
/ +I |
H H H

Scheme 27: Mannish Reaction
3.2.5 Formation of the Indoyl Anion; N-1 versus C-FBubstitution

The indole anion is easily formed by reactions idses such as sodium hydride, sodamide,
Grignard reagents or alkyllithiums. Although tmelelyl anion is resonance stabilized, the
nature of the cation has an influence upon futaeetions (as does the solvent used). Thus,
if the conjugate cation is not easily polarized, & sodium ion (or potassium ion), the indolyl
anion is attacked at the site of highest electramsdy, i.e. at N-1. However, if the metal in
the cation is magnesium, then it is assumed théipaovalent bonding to nitrogen prevents
attack there. Now the electrophilic attack is died to C-3.

N-Alkylation, -acylation and sulfonation are alscomoted by a polar solvent, such as
HMPA (hexamethylphosphoric triamide), DMF and DMSOThis acts to solvate the ions
(promoting dissociation), but in a non-polar solvelike toluene, diethylether or
tetrahydrofuran (THF), attack by most carbon etgatiles upon indolylmagnesium bromide
proceeds at C-3 (Scheme 28.)
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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 thatrmaost acidic proton on indole. Reaction
of N-protected indoles with _butyl lithiunor lithium diisopropylamideresults in lithiation
exclusively at the C-2 position. This strong nupleite can then be used as such with other
electrophiles (Scheme 29).

Bergman and Venemalm developed a technique faatitly the 2-position of unsubstituted

indole

T 1) n-BuLi A 1) t-BulLi = A\

| e ——— H - | E
=N 2)CO, "N 2) E-X = H
H + g IHO
L O

Scheme 29: C-2 Lithiation
3.3  Ring Expansion with Dichlorocarbene
Indole can be reacted with dichlorocarbene to y8etthloroquinoline (Scheme 30). Initially,

the carbene adds across the C-2- C-3 double bdiodnoa cyclopropanoindole,; this product
then ring expands with the elimination of hydrogéioride.
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Scheme 30: Ring expansion of the Indole ring wittlichlorocarbene.
3.4  Reduction

Indole can be reduced under Birch conditions (ithiin liquid ammonia containing a

hydrogen donor e.g methanol) to give a 4:1 mixwird,7-di and 4,5,6,7-tetrahydroindoles
(Scheme 31a). Sodium cyanoborohydride (NgBM) in acetic acid, however, forms

indoline (2,3-dihydroindole). In this reduction;pBotonation gives the indoleninium salt,

which is then ‘set-up’ to undergo hydride transé¢rC-2 from the boron reagent (Scheme
31b)

a) Li, NH,
AN eQ
I N N

\ |
ol H H
)
HOAc
NaB(CN)H,

V

N
;
OAc Indoline

Scheme 31: Reduction of Indole
3.5 Oxidation of indole
Due to the electron-rich nature of indole, it isigaoxidized. Simple oxidants such Bs

bromosuccinimide will selectively oxidize indolé to oxindole 4 and 5) - Scheme
32.

Br (" Br _
- NBS RS H;0 S = e
A} — || g — | H‘I HH = | \E_DH = | 0
e Z =’ TOH ~Z N TN
N N' = N
H H H H H
1 2 3 4 5

Scheme 32: Oxidation of Indole
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4.0 Conclusion

In this unit, we have learnt that the benzopyri@belole) ring is bicyclic consisting of the
benzene ring fused to a pyrrole ring. We have Bamt that Indole undergo electrophilic
substitution reactions, reduction and oxidatiorctieas.

5.0 Summary
* Indole is a solid at room temperature and unliketamines, it is non-basic.
* Very strong acids such as HCI are required to patindole.

» E-substitution reactions take place more readilgaasition 3 compared to position 2
in pyrrole.

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

* Reduction of Indole with Lithium in liquid ammong@ntaining a hydrogen donor e.g.
methanol takes place in the benzene ring while atolu with sodium
cyanoborohydride (NaB4€N) takes place in the pyrrole ring.

* |ndole can be oxidized to oxindole with N-bromosuoauide.

6.0  Tutor-Marked Assignments

i.  Explain why electrophilic substitution on the indofing is favoured at the C-3
position compared to C-2 in pyrrole.

ii.  Describe an indirect method that can be used tititéhe electrophilic substitution
reaction on the indole ring at the C-2 position.

iii.  Outline the synthesis of 2-acetyl-1-(phenylsulfgimdole starting from indole.
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1.0 Introduction

Indole is a major constituent of coal-tar, and 220—260 °C distillation fraction is the main
industrial source of the material. Indole and itgivhtives can also be synthesized by a
variety of methods. The main industrial routes tsfabm aniline. Other methods of
synthesizing Indole include the Fischer Indole, Ressert, Wender and the Leimgruber-
Batcho synthesis.

2.0  Objectives

* To understand the industrial synthesis of indadenfraniline
» Other main methods of synthesis and the mecharo$the reactions involved.

3.0  Main Content
3.1 Industrial Synthesis of Indole

lllustrative of such large-scale syntheses, indatel substituted derivatives) form via vapor-
phase reaction of aniline with ethylene glycolhe presence of catalysts (Scheme 33):

Ra
R R K
OH 200-500°C
+ HO Caayat ™ |l _ b
R: NH; R H
Rt R

Scheme 33: Industrial synthesis of Indole

In general, synthesis are conducted between 20GB@0UC. Yields can be as high as 60%.
Other precursors to indole include formyltoluidine2-ethylaniline, and 2-(2-
nitrophenyl)ethanol, all of which undergo cyclizats. Many other methods have been
developed that are applicable.

3.2  Fischer-Indole Synthesis

One of the oldest and most reliable methods fothegizing substituted indoles is the Fischer
indole synthesis, developed in 1883 by Emil Fisqls®mheme 34). Although the synthesis of
indole itself is problematic using the Fischer iledsynthesis, it is often used to generate
indoles substituted in the 2- and/or 3-positiomglole can still be synthesized, however,
using the Fischer indole synthesis by reacting plhgdrazine with pyruvic acid followed by
decarboxylation of the formed indole-2-carboxylaida This has also been accomplished in a
one-pot synthesis using microwave irradiation
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Scheme 34: Fischer Indolization reaction
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Phenylhydrazine is first reacted with an aldehyateketone carrying an-methylene group
(not acetaldehyde). The corresponding hydrazorteeéded with an acid catalyst such as
boron trifluoride, zinc chloride or polyphosphorecid. The reaction is analogous to the
benzidine rearrangement. Ring closure occurs gtroa [3,3]-sigmatropic change and
ammonia (as the ammonium cation ) is lost. Fomgta, acetaphenone phenylhydrazone
(R1-Ph, R2=H), treated with zinc chloride at 17@jiCes 2-phenylindole in up to 80% yield
however, the reaction fails with acetaldehyde phéggrazone (R1,R2 = H) so that indole
itself must be made indirectly. A simple methoddscarry out the Fischer reaction on the
phenylhydrazone of pyruvic acid (R1 = COOH, R2 =atj to decarboxylate the resulting
indole-2-carboxylic acid thermally.

Substituent on the phenyl ring of the hydrazonéuerfce the regiochemistry of the [3,3-
rearrangement. For example, electron-releasing-sugstituents give mainly 6-substituted
indoles (i.e. para ring closure) whereas electttnacting substituents give mainly 4-
substituted indoles (i.e. ortho ring closure).

3.3 The Reissert Synthesis

An o-nitrotoluene is reacted with diethyl oxalatethhe presence of a base. The nitro group of
the resultingr-keto-ester is reduced to amino and cyclizatiom thecurs spontaneously. The
ester substituent in the indole may be removededfuired by hydrolysis and thermal
decarboxylation (Scheme 35).
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Scheme 34: Reissert Synthesis
3.4  The Wender Synthesis

In this synthesis, 2-bromo-N-(trifluoroacetyl)angi in THF is deprotonated by butyllithium
and then in the same pot, reacted with tert-batylim to effect halogen metal exchange to
give the dilithiated derivative. To this intermatdi is added am-bromo ketone. A carbon-
carbon bond is established first between the raggtand then cyclization occurs to form a
hydroxyindoline. Finally, dehydration generates ifdole (Scheme 36).

Br
Br (i) BuLi Li 1
ii) t-BuLi @) R2
(ii) t-BulLi R1
\~COCFs N SO ——= R1
\

H Li N, . O

Scheme 36: Wender Synthesis
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3.5 Leimgruber-Batcho indole synthesis

MeO OMe
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Scheme 37: Leimgruber-Batcho Indole synthesis

The Leimgruber-Batcho indole synthesis is an efficimethod of sythesizing indole and
substituted indoles (Scheme 37). Originally disetbs a patent in 1976, this method is high-
yielding and can generate substituted indoles. Théthod is especially popular in the
pharmaceutical industry, where many pharmaceutitafjs are made up of specifically
substituted indoles. The method utilizes o-niteeae, which when heated in a mixture
containing the base pyrrolidine and N,N-dimethyii@amide dimethyl acetal (DMFDMA)
gives the correspondirf(N,N-dimethylaminophenylethene. Reduction of {meduct form
the appropriate indole.

4.0 Conclusion

In this unit we have looked at the various methosged in the synthesis of Indole and its
derivatives. These methods normally start frontragen containing benzenoid compound.

5.0 Summary

* Indole is a major constituent of coal tar and can dbtained from fractional
distillation of coal tar.

* Indole is obtained on a large-scale by the vapasehreaction of aniline with
ethylene glycol in the presence of catalyst arfugtt temperatures.

» Fischer-Indole reaction involves the formation af@responding hydrazone from a
phenylhydrazine and an aldehyde or ketone followedreatment of the hydrazone
with an acid.

* Reissert synthesis involves the reaction of o-tottmne with diethyloxalate in the
presence of a base followed by the reduction ofitketoester formed.

* Wender synthesis involves the reaction of 2-bromgriluoroacetyl)aniline in THF
with butyllithium followed by tert-butyllithium toyield the dilithiated derivative.
Treatment withu-bromoketone gives the indole.

* Leimgruber-Batcho synthesis involves heating oetdfiuene with DMFDMA in
pyridine to givep-N,N-dimethylaminophenylethene. Reduction of thisduct gives
the indole.

* A variety of methods are used to synthesize in¢dles most versatile for indoles
substituted in the benzene ring is still the Fischdolization process.
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* The Leimgruber-Batcho synthesis is good for thettssis of indoles unsubstituted
in the heterocyclic ring.

6.0  Tutor-Marked Assignments

i.  Outline the synthesis of 2-ethyl-3-methylindole ngsithe Fischer Indole
reaction.

ii.  Explain the mechanism of reaction in (i)
ili.  QOutline a feasible route for the synthesis of seriot
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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 found in mndthacin (anti-inflammatory agent)
vinca alkaloids, used in the treatment of varioamcers, reserpine (an antihypertensive
agent), serotonin(a neurotransmitter) and trypaopfan essential amino acid) to mention but
few.

2.0  Objectives
At the end of this unit you should be able:

* Understand the importance of the indole nucleusedicine

» Know the synthetic route of some of these indolg@ining medicinal agents

» Design the synthesis of some of the medicinal agemtaining indole nucleus.
3.0  Main Content

3.1 Indomethacin

Indomethaciun is a non-steroidal anti-inflammatdnyg (NSAID) discovered in 1963. Itis a
non-selective inhibitor of cyclooxygenase 1 and QOK1 and COX2) enzymes that
participate in biosynthesis of prostaglandins framachidonic acid. Prostaglandins are
hormone-like molecules which have a wide varietyeffécts, some of which lead to pain,
fever and inflammation. Commonly used to reduceeffepain, stiffness, and swelling. It is
marketed under many trade names, includindocin, Indocid, Indochron E-R, and
Indocin-SR. Indomethacin can be synthesized using the Fisddele synthesis (Scheme
38)
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Scheme 38: Synthesis of Indomethacin
3.2 Vinca alkaloids

Serotonin or 5-hydroxytryptamine (5-HT)- Fig 10 is a monoamine neurotransmitter.
Biochemically derived from tryptophan, serotoninpismarily found in the gastrointestinal
(G)) tract, platelets, and in the central nervogsteam (CNS) of animals including humans. It
is a well-known contributor to feelings of well-bg; therefore it is also known as a
"happiness hormone" despite not being a hormone.

Approximately 80 percent of the human body's tosarotonin is located in the
enterochromaffin cells in the gut, where it is udedregulate intestinal movements. The
remainder is synthesized in serotonergic neurote@nCNS where it has various functions.
These include the regulation of mood, appetitegleas well as muscle contraction.
Serotonin also has some cognitive functions, inalgiegnemory and learning. Modulation of
serotonin at synapses is thought to be a majooraci several classes of pharmacological
antidepressants

Tryptophan (L-Trp or D-Trp; sold for medical use dsyptan) is one of the 20 standard

amino acids, as well as an essential amino acithenhuman diet. It is encoded in the
standard genetic code as the cotiBG. Only the L-stereoisomer of tryptophan is used in
structural or enzyme proteins, but the D-stereo&om occasionally found in naturally

produced peptides (for example, the marine venoptigee contryphan). The distinguishing

structural characteristic of tryptophan is thatanhtains an indole functional group. It is an
essential amino acid as demonstrated by its grevigicts on rats.

For many organisms (including humans), tryptoplsasn essential amino acid. This means
that it cannot be synthesized by the organism laakfore must be part of its diet. Amino
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acids, including tryptophan, act as building blookgrotein biosynthesis. In addition,
tryptophan functions as a biochemical precursotHerfollowing compounds (see also
Figurel0)

» Serotonin (a neurotransmitter), synthesized viptayhan hydroxylase. Serotonin, in
turn, can be converted to melatonin (a neurohormme N-acetyltransferase and 5-
hydroxyindole-O-methyltransferase activities.

* Niacin is synthesized from tryptophan via kynurenamd quinolinic acids as key
biosynthetic intermediates.

* Auxin (a phytohormone) when sieve tube element®rgalapoptosis tryptophan is
converted to auxins.

The disorders fructose malabsorption and lactasdeirance cause improper absorption of
tryptophan in the intestine, reduced levels oftimppan 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 vasoconstrictor, and malat@higure 10), which is involved in the
control of circadian rhythm. In addition the amiacd tryptophan is an essential component
of proteins and anxin (Indole-3-acetic acid) idanphormone that co-ordinates many growth
and behavioural processed in the life of a plathers include, ergot alkaloids, reserpine and
vinca alkaloids.

NH MeO NHCOMe
N
N \

H Melatonin H

Tryptamine X = H
Serotonin X = OH

H COMH
@)
A\ NH, @OH
N\
N
\ N
H .
Tryptophan Anxin

Figure 10 : Some important derivatives of Indole
4.0 Conclusion

This unit has shown that indoles are important bgseatheir derivates exhibit useful
biological activities. Some of these derivativdé® the vinca alkaloids are used in the
treatment of various cancers.



5.0

6.0

7.0

Summary
There are various indole derivatives that are aflicieal importance

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

Serotonin a monoamine oxidase neurotransmiti@n imdole derivative.
Tryptophan, an essential amino acid is an indolevaléve.

The vinca alkaloids such as Vincristine, Vinorethifrom Catharanthus roseus
contain the indole nucleus and these are potertagter agents.

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

Tutor-Marked Assignments

Write briefly on two indoles of medicinal importamc Include their chemical
structures.

Highlight the synthesis of indomethacin via thechiexr Indole synthesis.
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1.0 Introduction

Benzofuran is an heterocyclic compound consisting of fusedzbae and furan ring. This
colourless solid is a component of coal tar. Beawmof is the "parent” of many related
compounds with more complex structures. For exangseralen is a benzofuran derivative
that occurs in several planBenzothiopheneA bicyclic aromatic heterocycle in which a
benzene ring is fused to that of a thiophene mdétecwith a molecular formula ¢€S and

an odor similar to naphthalene (mothballs). It esauaturally as a constituent of petroleum-
related deposits such as lignite tar. Benzothiophes no household use. It is used primarily
in industry and research.

The aromaticity of benzothiophene makes it rel&yigéable, although as a heterocycle, it has
reactive sites which allow for functionalization.

2.0  Objectives
At the end of this unit, you will:
» be able to draw the structure of benzofuran andzdteiophene and identify
compounds containing these structures.
» The general physical and chemical properties otbfeman and benzothiophene
* understand the effect of the fusion of a benzamg upon the reactions of a five —
membered parent heterocycle.
* Predict the chemistry of compounds containing teazbfuran or benzothiophene
structure.
* Know how to synthesize benzofuran and benzothiophen

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. Electrophilic reagentadtdo react with benzofuran at C-2 in
preference to C-3 (Scheme 39), reflecting the reduwability of the heteroatom to stabilize
the intermediate for 3-substitution. Attack in theterocycle is often accompanied by
substitution in the benzenoid ring. Nitration witliric acid in acetic acid gives mainly 2-

nitrobenzofuran, plus the 4-,6-,7-isomers. Whenréagent is pO, in benzene maintained

at 10°C, both 3- and 2- nitrofurans are formedhie tation 4;1. Under Vilsmeier reaction
conditions, benzofuran gives 2-formylbenzofurad®s yield.

Chlorine or bromine add across the C=C bond of ftihran ring giving 2,3-dihalo-2,3-
dihydrobenzo-furans. Base-promoted dehydrohaldgenaf the dihalides affords mixture
of the corresponding 2-and 3-halobenzofurans.
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For benzothiophene the heterocycle is rather mesestant to ring opening and oxidation
with hydrogen peroxide in acetic acid at 95°C,dmample, gives the 1,1-dioxide. Reduction
with either sodium and ethanol or triethylsilane tnfluoroacetic acid affords 2,3-
dihydrobenzothiophene. Electrophiles give mainiguBstituted benzothiophenes, although
these products are often accompanied by smalleuarmof the 2-isomers (Scheme 40).

Scheme 40: Reactions of benzothiophene

3.2  Synthesis of benzofurans and benzothiophenes

A general route to both benzofurans and benzotleiogé depends upon the cyclodehydration
of either 2-hydroxyl or 2-sulfanylbenzyl ketones afdehydes (Scheme 41a). 2-
Acetylbenzofuran can be obtained by reacting thdiuso salt of 2-formylphenolwith
chloroacetone (chloropropanone) (Scheme 41b). rilai reaction using sodium 2-
formylbenzenethiolate yields 2-acetylbenzothiophene

3-Methylbenzothiophene is available through therettion of sodium benzenethiolate and
chloracetone, followed by the cyclization of thdial product by the action of a Lewis acid,

zinc chloride (Scheme 41c)
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Scheme 41: Synthesis of Benzofuran and Benzothioge

4.0

Conclusion

In this unit, we have learnt that the benzofuiag s bicyclic consisting of the benzene ring
fused to a furan ring, while the benzothiophenay raonsists of the benzene ring fused
together to a thiophene. Benzothiophenes and Beraws mainly undergo electrophilic

substitution reactions. A general synthetic apginoa via dehydration of 2-hydroxyl or 2-

sulphanyl benzylketones or aldehydes.

5.0

Summary

Benzofuran is a bicyclic heterocyclic compound ¢stnsy of fused benzene and
furan ring.

Benzothiophene is a bicyclic compound consistingusied benzene and thiophen
ring.

Benzofuran is less aromatic compared to benzopyrrol
Benzofuran is easily cleaved by reduction and dioda

Benzothiophene is oxidized to the 1,1-dioxide witldrogen peroxide in acetic acid
at 95C.

Benzothiophene is reduced to dihydrobenzothiopketiereducing agents.

Electrophilic substitution reaction takes place G2 in benzofurans, while e-
substitution reactions takes place at C-3 positidrenzothiophenes.
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6.0

7.0

Chlorine and bromine add across the C=C bond dnfugiving 2,3-dihalo-2,3-
dihydrobenzo furans.

Base promoted dehyrohalogenation of dihalides défonixture of the corresponding
2 and 3-halobenzofurans.

Syntheis depends on cyclodehydration of either @&dwyl or 2-sulfanylbenzyl
ketones or aldehydes.

Reaction of chloroacetone with the sodium salt-&renylphenol or 2-formylbenzene
thiole yields 2-acetylbenzofuran and 2-acetylbeninpthene respectively.

Reaction of chloroacetone with sodium benzenettedtallowed by cyclization of the
initial product with a lewis acid (Zng)l gives 3-Methylbenzothiophene.

Tutor-Marked Assignments

I.  Write an equation for the reaction of benzofurathva) nitric acid in acetic
acid and b) MO, in benzene at 10.

ii.  Write an equation for the reaction of benzofurathvahlorine. What is the
name given to this type of reaction.

iii.  What is the oxidation product obtained by oxidizthgpphene with hydrogen
peroxide in acetic acid at @&

iv.  Outline the synthesis of a)benzofuran and b) bémnaphene starting from a
suitable aldehyde or ketone.
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1.0 Introduction

Being heterocyclic compounds, benzofuran and bémzatene find use in research as
starting materials for the synthesis of larger,allyubioactive structures. They are found
within the chemical structures of pharmaceuticalgdr such as amiodarone, raloxifene,
zileuton, and sertaconazole. Benzothiophene isdsd in the manufacturing of dyes such
as thioindigo.

2.0 Objectives
By the end of this unit, you will

* know certain pharmacological active compounds eéerifrom benzofuran and
benzothiophene structure.

» understand the importance of benzofuran and beiwgpdténe derivatives in medicine.

3.0 Main content

3.1 Amiodarone

Amiodarone (Figure 11) is an antiarrhythmic agemédication used for irregular heart beat),
used for various types of tachyarrhythmias (fastmf of irregular heart beat), both

ventricular and supraventricular (atrial) arrhytamiDiscovered in 1961, it was not approved
for use in the United States until 1985. Despitatieely common side-effects, it is used in

arrhythmias that are otherwise difficult to treathsmedication. Related newer compounds,
such as dronedarone that contain the benzofuranaystem, have lower efficacy but a
reduced rate of side-effects. It contains the bman ring system.

O/\/N\/

Figure 11: Structure of Amiodarone (2-{4-[(2-butyl-1-benzofuran-3-yl)carbonyl]-2,6-
diiodophenoxy}ethyl)diethylamine
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3.2 Sertaconazole

Sertaconazole nitrat&taczo, Dermofix) is an antifungal medication of the immble class.
It is available as a cream to treat skin infecti@ugh as athlete's foot. It contains the
benzothiophene ring system.

R
! TN ol
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Figure 12: Setraconazole: (1-{2-[(7-chloro-1-berothiophen-3-yl)methoxy]-2-(2,4-
dichlorophenyl)ethyl}-1H-imidazole)

3.3 Raloxifene

Raloxifene (marketed aBvista by Eli Lilly and Company) is an oral selective regen
receptor modulator (SERM) that has estrogenic astmn bone and anti-estrogenic actions
on the uterus and breast. It is used in the premendf osteoporosis in postmenopausal
women.

In 2006, the National Cancer Institute announcealt ttaloxifene was as effective as

tamoxifen in reducing the incidence of breast camtg@ostmenopausal women at increased
risk. A major adverse effect of tamoxifen is uterioancer; raloxifene had fewer uterine
cancers. Tamoxifen increased the risk of catardetsraloxifene did not. Both groups had

more blood clots in veins and the lungs, but thde sffect was more common with

tamoxifen than raloxifene. On September 14, 200&,U.S. Food and Drug Administration

announced approval of raloxifene for reducing thek rof invasive breast cancer in

postmenopausal women with osteoporosis and in mosipausal women at high risk for

invasive breast cancer.

Raloxifene hydrochloride (HCI) has the empiricalrfola GgH2/NO,SeHCI, which

corresponds to a molecular weight of 510.05 g/mRaloxifene HCI is an off-white to pale-
yellow solid that is slightly soluble in water. Egnthesis is shown in scheme 42.
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Scheme 42: Synthesis of Raloxifene

4.0

Conclusion

This unit has shown that benzofurans and benzdteiogs are important because their
derivates exhibit useful biological activities tlyh they are less common compared to
benzopyrroles.

5.0

6.0

Summary

There are various benzofuran and benzothiopherieatiges that are of medicinal
importance

Amiodarone is an antiarrhythmic agent containirglienzofuran nucleus.
Sertaconazole is an antifungal agent that is avaere of benzothiophene.

Raloxifene is used to treat invasive breast camc&omen with osteoporosis, it is a
derivative of benzothiophene.

Raloxifene is also used in the prevention of osteogis in postmenopausal women.
Tutor-Marked Assignments
Outline the synthesis of raloxifene and write dyi@n its medicinal use.

Mention two medicinal agents containing the benopihene structure. Draw the
chemical structure of the compounds and mentioin tises.
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7.0

Give the name and structure of one medicinal agemtaining the benzofuran
structure. Mention its medicinal use.
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1.0 Introduction

Benzopyronemay refer to either of two ketone derivatives ehbopyran which constitute
the core skeleton of many flavonoid compounds:

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

Coumarin (2H-chromen-2-one) is a pleasantly fragrant chemioahmound (specifically, a
benzopyrone) found in many plants, notably in higincentration in the tonka bean
(Dipteryx odorata), vanilla grass Anthoxanthum odoratum), sweet woodruff Galium
odoratum), mullein (/erbascum spp.), sweet grass$iierochloe odorata), Cassia cinnamon
(Cinnamomum aromaticum) and sweet clover. The name comes from a Frencid,wo
coumarou, for the tonka bean.

(0]
L
(@] o) (@]
Coumarin Chromone

Figure 13: Comparisons of the structures of Couman and Chromone
2.0 Objectives
At the end of this unit, you should
- Be able to identify the coumarin structure
- Be familiar with the physical and chemical propestof Coumarins
- Be able to predict the chemical reactions of a cumderivative.
« Know how to synthesize coumarins.
3.0 Main Content
3.1  General Physical and Chemical Properties of @onarins

Coumarin has a sweet odor, readily recognisedeasdént of newly-mown hay, and has been
used in perfumes since 1882. Sweet woodruff, sgeets and sweet clover in particular are
named for their sweet smell, which is due to tihégh content of this substance. It has been
used as aroma enhancer in pipe tobaccos and caltaimolic drinks, although it is generally
banned as a flavorant food additive, due to corscabout hepatotoxicity coumarin causes in
animal models. In high concentrations in foods, ncatn is a somewhat bitter-tasting
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appetite suppressant, and is probably producedamyspas a defense chemical to discourage
predation

3.1.1 Reactions of Coumarins

Resonance within the unsaturated lactone unit oimagin gives a strong hint as to its likely
reactivity. Thus, the oxygen atom of the carbogrgdup receives electron density both via
the enone chromophore from the internal resonahtteedactone group (Figure 11)

+
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o

Figure 14: Resonance structures of Coumarin

Nucleophilic addition occurs mainly at the carbaana of the carbonyl group causing ring
opening. Similarly, electrophilic reagents contagnan element capable of forming a strong
bond to oxygen ( oxophiles) bind to the oxygen atdrthe carbonyl group; thus silanes, for
example, give 2-(o-silyl)benzopyrilium salts.

Other less oxophilic electrophiles give C-6 subgtitl coumarins, but it is unclear whether
the substrate for such reactions is the free cownmara cation formed by protonation or
bonded by a Lewis acid at the carbonyl oxygen. &dypical reactions are shown below
(Scheme 43)
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Scheme 43: Some reactions of Coumarin
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In the presence of a lewis acid e.g AlCbromine reacts with coumarin to form 6-

bromocoumarin, however in the absence of a lewdsabromine adds across the 3,4-double
bond to give 3,4-dibromo-3,4-dihydrocoumarin. Iimet presence of pyridine a

dehydrobromination reaction takes place, leading3#oromocoumarin as the favoured
product.

3.2 Synthesis of Coumarins

One approach is to use a 2-hdroxybenzaldehyderto &i but two atoms of the molecule.
The remaining atoms are supplied by malonic acidg&n-1,3-dioic acid), which combines
with the aldehyde in a Knoevanagel condensatign, $tefore cyclization (lactonization) and
decarboxylation occur (Scheme 44)

CHO CH, ZCOH COH COH N
piperidine
or similar hase M
c -CO,
OH OH o ° o

Scheme 44: Synthesis of Coumarin

Coumarins can also be synthesised by the von Pechneaction from Phenol, malic acid
and concentrated sulphuric acid.

HO C\)\ H,S0, “cHo
COM o, o HOL

+OH
©\ | 2H,0 \
oH COOH o

COH o

Scheme 45: Synthesis of Coumarins by von Pechmaneaction.

4-Methylcoumarins bearing hydroxy and other elaeonating groups can be synthesized
from the corresponding phenols by reaction withylethcetoacetate in the presence of
sulphuric acid. Hydrolysis of the ester grouphe product then allows the lactone ring of
the coumarin to form (Scheme 46)
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CO Mey -+ OHMe oy OH Me

“AH o, OH
+ —_— —_—
-H*
CO,Et
Me OH ? Me on” O CO,Et
Me OH
lH*, H,0
OH Me OH Me
OH
X
-
-2H,0 CO,H
Me (0] o) Me OH

Scheme 46: Synthesis of 4-Methylcoumarins
4.0 Conclusion

From this unit, you know that coumarin is a bicgdieterocyclic compound consisting of
benzen fused to pyran-2-one. Coumarins undergeaphbllic and electrophilic reactions, the
product depends on the reagent used. Synthdsmn2-hydroxybenzaldehyde and malonic
acid or via the von Pechmann reaction from phanaljc acid and conc sulphuric acid.

5.0 Summary

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

- Coumarins have a sweet smell and they are ofteshingeerfumes, aroma enhancer in
pipe tobaccos and certain alcoholic drinks.

« Nucleophilic addition reactions occur at C-2 of daebonyl and results in ring
opening.

« Electrophilic reaction takes place on the oxygemeof the carbonyl group for
strong oxophiles e.g silane, however less oxopteléctrophiles give C-6 substituted
coumarins.

« Halogenation in the presence of a lewis acid gikiesC-6 substituted product while
in the absence of a lewis acid, 3,4-addition préglace obtained.

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

« Synthesis is via the reaction of 2-hydroxybenzajdehand malonic acid (propane-
1,3-dioic acid) in a Knoevenagel condensation d@mwed by cyclization and
decarboxylation reactions.
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6.0

7.0

Reaction of Phenol, malic and conc Sulphuric atso yields coumarin in the von
Pechmann reaction.

4-Methylcoumarins can be synthesized from a comedimg phenol by reaction with
ethyl acetoacetate in the presence sulphuric &adldwed by hydrolysis of the ester
formed.

Tutor-Marked Assignments

I.  Suggest a possible mechanism for the conversienwharin into 3-
bromocourmarin.

ii.  Write the equation for the conversion of coumaaistbromocoumarin.
ili.  What is the product formed by reacting coumarirnyaOH.
iv.  What is the name given to the reaction in iii.
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1.0 Introduction

Chromone (or 1,4-benzopyroné is a derivative of benzopyran with a substitutetb group
on the pyran ring.

Derivatives of chromone are collectively known e®omones. Most, though not all,
chromones are also phenylpropanoids

2.0 Objective
- Be able to identify the chromone structure
« Be familiar with the chemical reactions of chromsne

- Be able to predict the chemical reactions of acimoes derivative.

3.0 Main Content
3.1 General Chemical reactions of Chromones

Chromones differ marginally in their chemistry fraomumarins (benzopyran-2-ones) because
the carbonyl group is now conjugated with the oxygeom via the double bond of the
heterocycle. This conjuagation does not invohelibnzene ring (Fig 15)

O
O, ¥
O "o )

Coumarin Chromone

Figure 15: Chromone Conjugation

As a result, chromones are rather more basic, ®odgsacids readily protonate the carbonyl
oxygen atoms, forming crystalline benzopyriliumtsal Once protonated, the molecule
should be resistant to further electrophilic attdmkt with fuming nitric acid and concentrated
sulphuric acid at between 0°C and room temperattmmmone gives the 6-nitro derivative
(Scheme 47) Chromone also undergoes a Mannish-tgpetion (Scheme 47) with
dimethylamine and formaldehyde (methanal) in hydroghloride and ethanol; here the
product is 3-(N-N-dimethylaminomethyl)chromone.
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Scheme 47: Reaction of Chromones

Relatively hard nucleophiles, such as Grignard eatgy may attack at the carbonyl carbon,
whereas softer nucleophiles, e.g. hydroxide iomhioe at C-2 by conjugative addition, and
this may then cause ring opening (Scheme 48)

BrMgO_ Ph O O Na*
PhMgBr, Et,0
- | MNeOHa N
o R =Et R = Me Me
Et @] R 0]
HCI oH
ooc | -HOMgBr /\\/
Ph oM
o X
¥ Me
0O Et N
+ —
Cl- o) Na' (0]

Scheme 48: Reactions of Chromones with Nucleophsle

4.0 Conclusion

From this unit, you know that chromone is a biaydieterocyclic compound consisting of
benzene fused to pyran-4-one. Moreover, it is narcwhy the reactions of chromones
differ from that of coumarins despite the similiastin their structures. Chromones undergo
electrophilic substitution and nucleophilic adaliti reactions and forms salts with strong

acids.
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5.0 Summary

» Chromones are bicyclic heterocyclic compounds &imgj of a benzene ring fused to
a pyrane-4-one ring.

* The presence of a benzene unit fused to a pyrageaffects the chemistry of both
chromones and coumarins, but there are subtlereiiftes in the reactivity of the two
types of compounds.

» Chromones are more basic compared to coumarirteegate readily protonated to
form benzopyrilium salts. Once protonated the mdke¢s resistant to further
electrophilic attack.

» E-substitution with fuming nitric acid and concextéd sulphuric acid takes place at
C-6.

* Reaction with strong nucleophiles such as Grigneagents take place at position 2
to give the 2-substituted product, while softerlaaphiles attack at C-2 by
conjugative addition followed by ring opening.

6.0  Tutor-Marked Assignments
I.  What is the reaction product when chromone is eshatith EtMgBr.
ii.  Explain why chromone is more basic compared to @um
iii.  How does chromone react with NaOH

iv.  What is the product of the reaction of chromonékigdrochloric
acid?

7.0  References
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1.0 Introduction

Chromone is a parent member of a group of planbwolg pigments, the flavones (2-
arylchromones), which are found both free and gsoglides. 2,3-substituted chromones can
be synthesised from salicylic acid derivatives dmain 2-hydroxyphenyl ketones. 3-
substituted chromones can be synthesized via tmelecsation of the enolate of 2-
hydroxyphenyl ketone and ethyl formate.

2.0  Objectives
At the end of this unit, you will
* Know how to synthesize chromones
* Be able to design the synthesis of some chromoneatiges
3.0  Main Content
3.1  Synthesis of Chromones

Synthesis of 2- and 3- substituted chromones ndynstdrt from 2-hydroxyphenyl ketones.

In the first of two examples, a route to flavone skown in Scheme 49 using 2-

hydroxyacetophenone (2-hydroxyphenylethanone) amadiyl chloride as starting materials.
Initially, the phenolic group of the acetophenoseO-acylated by benzoyl chloride, using
pyridine as a base (a Schotten-Baumann type redctidJnder these conditions, the O-
benzoyl derivative immediately enolizes and is @lated again to yield a dibenzoate.
Without isolation, this product is cyclized by tieeent with agueous potassium hydroxide to
yield 2-hydroxy-2,3-dihydroflavone. Dehydrationftavone is then affected by the action of
glacial acetic acid containing sulphuric acid.

O o]
D -OH 0
Me PhCOCI
ridine (B
py! (B) KOH o
OH -PhCO,H

HZO
o 0
| H,SO,, HOAC
~Ho OH
0" “pp 0~ "Ph

Scheme 49: Synthesis of 2-substituted Chromones
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2- substituted chromones can also be synthesiped $alicylic acid derivatives (Scheme 50)

CO,Me
OMe MeOH OMe “Ar
0o 0

— o | —= |
OH A o

Scheme 50: Synthesis of 2-substituted Chromone®im salicylic acid derivatives

A similar route to 3-substituted chromones andlags@ine (R=Ph) relies upon a Claisen-like
condensation between the enolate of a 2-hydroxyphé&etone and ethyl formate

(methanoate) (Scheme 51) This affords a 2-hydrbyglochromone that, as in the first
example is subjected to an acid-promoted dehyadratiche final step.

Na
(0] O

R
HCO,Et -NaOEt
OH o oNa N
HCI, EtOH
| heat

Scheme 51: Synthesis of 3-substituted Chromones

(’

4.0 Conclusion

From this unit, you would have learnt how to sysibhe 2- and 3-substituted chromones.
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5.0

Summary

2-substituted chromones can be synthesized frometation of 2-
hydroxyphenylketones with suitable acid chloride.

2-substituted chromones can also be synthesiseddaticylic acid derivatives with a
suitable ketone.

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

Tutor-Marked Assignments
Devise a synthesis for 3-methylchromone and 3-plcergmome (isoflavone).

Devise a synthesis for 2-methylchromone via 2-hygpbenylketone.
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1.0 Introduction

There are numerous examples of benzopyrilium dadtszopyrones and benzopyranones and
frequently they have trivial names that refleciith@ng history (Fig. 16 ). Many natural

o)
~ A
~ |
? o O o)

Benzopyrylium Coumarin Chromone
o (0]
P |
Ph
Q o~ “ph o
Flavylium Flavone Isoflavone

Figure 16: Structures of Benzopyrilium salts, Caums, Chromones and Flavonoids

products and frequently these compounds contaiinoltyl or alkoxy groups (sometimes in
the form of a sugar residue). Polyhydroxylated urat products based upon 2-
phenylbenzopyrilium (flavylium) salts and with ethéinkages to sugars are called
anthocyanins, whereas without their sugars thekm@ogn as anthocyanidins.

2.0 Objectives

* To be familiar with the structures of other benadpym salts and dibenzopyrilium
salts.

» Be familiar with the general properties of benzdpyn salts.

e To know how prylium salts can be synthesized.

* To know how benzopyrilium salts and dibenzopyriligaits are synthesized.
3.0  Main Content
3.1  General properties of benzopyrilium salts

Anthocyanins, in association with other compoursdsh as flavones, are responsible for the
colour of certain flowers. An anthocyanin foundr@ase petals is cyanin; it can be isolated as
its chloride. The corresponding anthocyanidin,nigi, exists as the pentahydroxy salt in
acidic media, but as the pH increases it gives diguinone and then an anion. Each of these
forms have different colours (Scheme 52 )
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(acidic) BH+||B

(basic) o

Scheme 52: Effect of pH on cyanidin

Other natural products in the group are built upriog fusions of several types of ring
systems. They include the garden insecticide osten(sometimes sold in crude form as
derris powder, the pulverized bark of the plBetris eliptica).

3.2  Synthesis of Pyrilium salts

Salts of the type FO'X  are normally unstable and cannot be isolated snkss an
especially stable (non-nucleophilic) anion suclBks. However, the oxonium salts derived
by oxidation of the pyran nucleus are comparativégble because the cation possesses
aromatic stabilization energy which is lost whenaaimon bonds covalently to it. The parent
member of the series, the pyrilium ion is formed dwidification of the sodium salt of
glutaconic aldehyde at low temperatures: (Scheme 53

104



CL QU QL
N - 20°C
o © o\ oH o

0]

— O
@” &~ o,

(@]
oA Pyrylium perchlorate

Scheme 53: Synthesis of Pyrilium salts
3.3  Synthesis of anthocyanidin and cyanidin chlorid

The glycosides of a number of 2-arylbenzopyrliurissaccur naturally as plant colouring
matters, the anthocyanins. The parent salts, titeoayanidins, are synthesized form
salicylaldehydes and acetophenones by an acidyzathlaldol reaction followed by ring
closure in ethylacetate solution

Ph X
CHO  Me
NI O Wi
' o ° OH Ph

N HCI/EtOAC N cl
—_— —_—
Ph -H20 e
0" “oH o) Ph

Scheme 54: Synthesis of 2-arylbenzopyrlium saltarfthocyanidins)

Cyanidin chloride has been prepared as follows:
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cyanidine chloride

Scheme 55: Synthesis of Cyanidin chloride

The general method of synthesis of the three riygjesns is shown in Scheme 56 using
phenols and 1,3-dicarbonyl compound as starting nads.
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1-Benzopyrilium cation

Scheme 56: General methods of Synthesis of 2-Bepydlium salts, Chromone and
Coumarin

4.0

Conclusion

You will now be familiar with the structures of kmapyrilium salts and some 2-
phenylbenzopyrilium salts such as anthocyanidird @anidine chloride. Synthesis of 2-
phenylbenzopyrilium salts is usually via salicykthgdes and acetophenones.

5.0

Summary

Polyhydroxylated natural products based upon 2-ghenzopyrilium (flavylium)
salts and with ether linkages to sugars are caligdocyanins, whereas without their
sugars they are known as anthocyanidins.

Cyanidins change colour with pH, changing fromt@8lue as the pH increases.

Pyrilium salts are normally unstable and cannoisb&ated unless Xs an especially
stable anion such as BF

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

Anthocyanidins are synthesized form salicylaldelsyaied acetophenones by an acid-
catalyzed aldol reaction followed by ring closunesthylacetate solution.

2-benzopyrilium cation, chromones and coumarins a0 be synthesised using
phenols and 1,3-dicarbonyl compounds as startiaig nals.
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6.0  Tutor-Marked Assignments

i.  Differentiate between the structures of benzopymliion, courmarin and
chromones.

ii.  Differentiate between the structure of flavyliunaviones and isoflavone.
iii.  llustrate, the effect of pH on cyanidin.

iv.  Devise a synthesis for 2-phenylbenzopyrilium sednf salicylaldehyde and
acetophenone.

7.0 References and other Sources
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UNIT 5: Application of the Coumarin and Chromones f1ing systems in drug
synthesis

1.0 Introduction

Although coumarin has no anticoagulant activity, ist transformed into the natural
anticoagulant dicoumarol by a number of speciefunfji. This occurs as the result of the
production of 4-hydroxycoumarin, then further (inetpresence of naturally occurring
formaldehyde) into the actual anticoagulant dicorghaa fermentation product and
mycotoxin. This substance was responsible for tleeding disease known historically as
"sweet clover disease" in cattle eating moldy sveémter silage.

Coumarin is used in the pharmaceutical industrg peecursor molecule in the synthesis of a
number of synthetic anticoagulant pharmaceuticaisla to dicoumarol, notably warfarin
(Coumadin) and some even more potent rodenticiolasviork by the same anticoagulant
mechanism.

The drugs, cromolyn sodium (or cromolyn) and neduak, are commonly grouped together
as chromones (also called cromoglycates). Strispgaking, cromolyn is a chromone,
whereas nedocromil belongs to the structural daggranoquinolines. Both agents contain a
chromone ring configuration (one ring in nedocrqgrilo in cromolyn) and they share many
clinical characteristics.

Cromolyn was first introduced in Great Britain hetearly 1970s for severe allergic asthma.
Since then, recommendations for its use have shiftemilder asthma, where the agent
gained greater acceptance. The chromones are tiyrlisted as alternate initial controller
therapies for mild asthma in national and inteoral guidelines, although inhaled
glucocorticoids (also known as inhaled corticosttsr ICS) are the preferred agents. The
low incidence of side effects compared to ICS igeading reason some patients prefer
chromones over ICS.

2.0  Objectives
* To understand the importance of chromones and coasia medicines.

* To be able to identify some biologically active quounds containing the chromones
and coumarin derivatives.
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3.0 Main Content
3.1 Warfarin

Warfarin A white crystalline compound, 1gH:;604, used as a rodenticide and as an
anticoagulant. (also known under the brand nar@esimadin, Jantoven Marevan,
Lawarin, Waran, and Warfant) is an anticoagulant. It is most likely to be tHeug
popularly referred to as a "blood thinner," yestts a misnomer, since it does not affect the
thickness or viscosity of blood. Instead, it aatstloe liver to decrease the quantity of a few
key proteins in blood that allow blood to clot.

It was initially marketed as a pesticide againss r@nd mice and is still popular for this
purpose, although more potent poisons such asfhoodim have since been developed. A
few years after its introduction, warfarin was fduto be effective and relatively safe for
preventing thrombosis and embolism (abnormal folenaand migration of blood clots) in
many disorders. It was approved for use as a migalcen the early 1950s and has remained
popular ever since; warfarin is the most widelysgrdbed anticoagulant drug in North
America.

Despite its effectiveness, treatment with warfér@s several shortcomings. Many commonly
used medications interact with warfarin, as do sdowals (particularly fresh plant-based
foods containing vitamin K), and its activity has lhe monitored by blood testing for the
international normalized ratio (INR) to ensure deguate yet safe dose is taken

0

OH
3

O "0

Figure 17: Structure of Warfarin

Warfarin is used to decrease the tendency for thomis or as secondary prophylaxis
(prevention of further episodes) in those individuéhat have already formed a blood clot
(thrombus). Warfarin treatment can help prevenimgtion of future blood clots and help
reduce the risk of embolism (migration of a thrombo a spot where it blocks blood supply
to a vital organ).

111



Racemic synthesis

A classic way of synthesising racemic warfarinyshe base (or acid) catalysed Michael
condensation reaction of 4-hydroxycoumarin withZzaacetone either in water or
piperidine.

T o b i e ul o
N — LA
H Fh
OH OH Fh ]

4 hydroxycoumarin Benzalaceto
e ne rac emic warfarin

Scheme 57: Synthesis of Racemic Warfarin

The mechanism for this reaction is as follows:

o O (@) o
———
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HC oM
OH

O (@)
Ny o._0O o
e
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o) Ph O Co v Ph
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—_—
H =
(o) Ph O OH Ph (@)
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The yield for this synthesis when carried out irtevg4-8 h reflux) is typically 40 %. Higher
yields can be obtained by carrying out the readtiamethanol (20 h reflux), isolating the
product formed and hydrolysing with acid. Typicalgs are 93 %.

There has been increasing interest in the pharrtiaakbundustry to replace existing racemic
drugs by their pure enantiomeric form due to thet flaat one enantiomer often has a
pharmacological profile superior to the racematehls case, S-warfarin is found to be 5
times more potent as an anticoagulant than R-warfareparation of enantiomerically pure
warfarin can be made by the classical resoluticth@fracemate using quinidine/quinine salts
or chromatographic separation. However, these ndsthce limited to small scale
preparations.

1. Asymmetric hydrogenation

In 1996, researchers at the Dupont Merck pharmmadwebmpany developed a practical
asymmetric synthesis of R- and S- warfarin startingh the racemate and using DuPHOS-
Rh(l) catalysed hydrogenation (Scheme 58).

Using this method, S-warfarin was obtained in 83fartiomeric excess (e.e) , and R-
warfarin in 86% e.e

2. Hetero-Diels-Alder cycloaddition
The previous synthesis used racemic warfarin agatrsing material. A novel approach to

asymmetric synthesis of warfarin using simplertstgrmaterials was developed in 2001. It
proceeds by a hetero-Diels-Alder cycloadditionhg&ue 59).
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Scheme 58: Asymmetric synthesis of R- and S-Warfari
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Scheme 59: Asymmetric Synthesis of Warfarin by Hetero-Diels-Alder Cycloaddition.

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

3.2 Sodium Cromoglycate
Cromolyn, a synthetic compound, inhibits antigedidiced bronchospasms and, hence, is

used to treat asthma and allergic rhinitis. Croma$yused as an ophthalmic solution to treat
conjunctivitis and is taken orally to treat systemmastocytosis and ulcerative 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 stabilj and is commonly
marketed as the sodium satidium cromoglicateor cromolyn sodium This drug prevents
the release of inflammatory chemicals such astisi@from mast cells.

Because of their convenience (and perceived safietykotriene receptor antagonists have
largely replaced it as the non-corticosteroid tre;att of choice in the treatment of asthma.
Cromoglicic acid requires administration four timeéaily, and does not provide additive
benefit in combination with inhaled corticosteroids

HO OH

Figure 18:  Sodium Cromoglycate (5,5(2-hydroxypropane-1,3-diyl)bis(oxy)bis(4-
0x0-4H-chromene-2-carboxylic acid)

4.0 Conclusion

From this unit, you will know that courmarins argphcable in the synthesis of
anticoagulants such as warfarin while chromones applicable to the synthesis of
cromoglycates.

5.0 Summary

 Coumarins have important applications in the syithef anticoagulants such as
warfarins though it has no anticoagulant activitregself.

* Racemic warfarin can be prepared by catalysed Miatandensation reaction of 4-
hydroxycoumarin with benzalactone in water or pitiee.

» S-warfarin is found to be 5 times more potent aargticoagulant than R-warfarin.

* Enantiomerically pure warfarin can be prepare lagsical relution of the racemic
using quinidine/quinine salts or by chromatograg&paration.
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* A novel approach to the asymmetric synthesis ofawiar proceeds by hetero-Diels-
Alder cycloaddition.

» Chromones have important applications in the s\gishaf cromoglycates and
nedocromil, used in the treatment of asthma armaigad rhinitis.

6.0 Tutor-Marked Assignments
I.  Highlight the synthesis of racemic warfarin fronlmdroxycoumarin.
li.  Suggest two methods for the asymmetric synthesigaodfarin.
iii.  What is the medicinal use of warfarin.

iv.  Draw the structure of cromoglycate and indicaterieglicinal uses.
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