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Heterocyclic Chemistry is designed to give a general but fundamental theoretical understanding of the chemistry of
compounds that contain heteroatoms in the ring, their syntheses, reactions and uses as catalyst. Heterocyclic Chemistry
also aims to encourage more undergraduate students who interested in heterocyclic chemistry to carry out related
research at their seniors.

The topics of Heterocyclic Chemistry include: introduction to heterocyclic chemistry, nomenclature of heterocyclic
compounds, structure of heterocyclic compounds, common reaction types in heterocyclic chemistry, various kinds of
heterocyclic compounds, and heterocyclic chemistry in life and so on.

As its wide application on life science, materials science and medicine engineering, heterocyclic chemistry is one of the
most cutting-edge field in organic chemistry. A special point for this course broad student’s horizon on heterocyclic
systems by giving an introduction to heterocyclic chemistry. In addition, the ability of analysing and solving problems
should be improved during this course.
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Upon successful completion of this course, the student will be able to:
Compare the chemistry of the heterocycles with that of benzene;

Tell the uses of various heterocycles;

Assess the role of heterocycles in health care.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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Section 1: Introduction to Heterocyclic Chemistry Z2¥f 4L 22548 (1 iR

A selection of the structures, names and standard numbering of the more common heteroaromatic systems and some
common non-aromatic heterocycles, are shown in this chapter.

AR A E— 2o WA 55 R RANEE 5 A5 2R BRI S5 F A 2 R
Section 2: Heterocyclic Nomenclature 2238 L & #I a4 (1 18

Structures of benzene, naphthalene, pyridines, pyridiniums, quinolines, isoquinolines, diazines (illustrated using
pyrimidine), pyrroles, thiophenes and furans, indoles and azoles (illustrated using imidazole).

ARG P SRR 25, WIALEY. e, vEmk, Sk, mbeg. EEUY R . Bl E I TR A .
Section 3: Structure of Heteroaromatic Compounds Z2¥ Y& 1454 (3 )

There are some ideas and reagents and reaction methodologies and reactivity patterns that turn up again and again in
heterocyclic chemistry and we summarise and explain these in detail in this chapter.
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Section 4: Common Reaction Types in Heterocyclic Chemistry Zxf 4k 22 d i WA e iR (3 )

We have gathered a range of examples of typical palladium-catalysed reactions of all heterocyclic systems together in
this chapter as they can be applied generally across the whole range, with the nature of the heterocycle only being
reflected in secondary effects such as rates and selectivity.
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Section 5: Palladium in Heterocyclic Chemistry Z<3f 4k 2 {48 (4 ¥R

Electrophilic addition to nitrogen, Electrophilic substitution at carbon, Nucleophilic substitution, Substitution of hydrogen,
Substitution of leaving groups, Nucleophilic addition to pyridinium salts, C-metallated pyridines, Palladium(0)-catalysed
reactions, Oxidation and reduction, Pericyclic reactions, Alkyl and carboxylic acid substituents, Oxygen substituents, N-
Oxides, Amine substituents, Ring synthesis -disconnections.
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Section 6: Diazines —HER{L &Y (4 W)
The diazines — pyridazine, pyrimidine and pyrazine — show many similarities to pyridines with respect to their reactivities,
but to an exaggerated degree. In particular, the presence of two nitrogens, both as imines, results in increased electron

deficiency at carbon and hence an increased susceptibility to nucleophilic addition but an increased resistance to
electrophilic attack.
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Section 7: Quinolines and Isoquinolines Mk F Mk (3 #RH)

Electrophilic addition to nitrogen, Electrophilic substitution at carbon, Nucleophilic substitution, Substitution of leaving
groups, Nucleophilic addition to quinolinium/isoquinolinium salts, C-Metallated quinolines and isoquinolines,
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Palladium(0)-catalysed reactions, Oxidation and reduction, Alkyl substituents, Oxygen substituents, N-Oxides.
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Section 8: Pyryliums, Benzopyryliums, Pyrones and Benzopyrones it 15 i A1 2 it PR (2 50D

Pyrylium salts, Nucleophilic addition, Ring-opening reactions of 2H-pyrans, Oxygen substituents — pyrones and
benzopyrones, Ring synthesis of pyryliums from 1,5-diketones (1,2-bond made), Ring synthesis of 2-pyrones from 1,3-
keto-aldehydes, Ring synthesis of 1-benzopyryliums, coumarins and chromones.
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Section 9: Pyrroles MM 2L &4 (2 IR

Electrophilic substitution at carbon,N-Deprotonation and N-metallated pyrroles, C-Metallated pyrroles, Palladium(0)-
catalysed reactions, Oxidation and reduction.
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Section 10: Indoles M| &4 (4 BRI

Electrophilic substitution at carbon, N-Deprotonation and N-metallated indoles, C-Metallated indoles, Palladium(0)-
catalysed reactions, Oxidation and reduction, Pericyclic reactions, Reactivity of side-chain substituents, Oxygen
substituents, Ring synthesis- disconnections, Synthesis of indoles from arylhydrazones, Synthesis of indoles from ortho-
nitrotoluenes, Synthesis of indoles from ortho-aminoaryl alkynes, Synthesis of indoles from ortho-alkylaryl isocyanides,
Synthesis of indoles from ortho-acyl anilides, Synthesis of isatins from anilines, Synthesis of oxindoles from anilines,
Synthesis of indoxyls from anthranilic acids.
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Section 11: Furans and Thiophenes Wi FIBE; 140 54 (2 1)

Electrophilic substitution at carbon, C-Metallated thiophenes and furans, Palladium(0)-catalysed reactions, Oxidation and
reduction.
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Section 12: 1,2-Azoles and 1,3-Azoles1,2-M:m A0 1,3-Mek (4 )

The 1,2- and 1,3-azoles each contain a nitrogen in an environment analogous to that in pyridine, that is, an imine
nitrogen with a lone pair of electrons in an sp2 orbital in the plane of the ring and not involved in the aromatic
sextet.Each also has another heteroatom in the environment of the nitrogen in pyrrole, the sulfur in thiophene, or the
oxygen in furan, with a pair of electrons in a p orbital orthogonal to the ring and part of the aromatic sextet.
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Section 13: Purines "EMJ5b &4 (3 #H)

Purines are of great interest for several reasons, but in particular, together with certain pyrimidines, they are components
of DNA and RNA, the genetic templates of all life , and also serve in a range of other biological roles. A corollary of this
central biological role is the significance of purines and their analogues in a number of areas of medicinal chemistry.
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Section 14: Heterocycles with More than Two Heteroatoms: Higher Azoles (5-Membered) and Higher Azines (6-
Membered) BA AU ESRJE TSP @R (TR EYD MmPRER OSSR MEER ST
(3 PRI

Any or all of the carbon atoms in all the five-membered heterocyclic systems described in previous chapters could, in
theory, be replaced by nitrogen. Using nitrogen, oxygen and sulfur, there are 18 possible azoles with three or more
heteroatoms, of which 13 are known. (Three of the unknown parents are those that contain no carbon.) However, he
tautomers of the three systems containing only nitrogen as the heteroatom could also be considered as individual azoles
and do show differences in aromaticity and reactivity when fixed by substitution on nitrogen.
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Section 15:; Heterocycles with Ring-Junction Nitrogen (Bridgehead Nitrogen) & &2« L &% (FiskED  (2ikrH

In addition to the biologically important purines and major benzo-fused heterocycles such as indole, many other aromatic
bicyclic and polycyclic fused heterocyclic ring systems are known. The most important of these other ring systems are
those containing a ring-junction nitrogen (a bridgehead nitrogen) —that is, where a nitrogen is common to both rings.
These compounds, although rare in nature, have great significance in applied chemistry, particularly medicines.
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Section 16: Non-Aromatic Heterocycles 3E75 & 4«38 L& (2 BRI

This section is principally concerned with the chemistry of aromatic heterocycles, but there are many other heterocycles,
including those with three- and four-membered rings, that are not aromatic. We devote comparatively little space to
these because their reactions are very similar to those of acyclic analogues — the reactions of piperidine or pyrrolidine,
for example, are exactly like those of any secondary dialkylamine. Small-ring heterocycles (three- and four-membered)
have reactivities associated with relief of the strain inherent in their structures, when the ring is opened.
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Section 17: Heterocycles in Nature H SR AR AR LAY (2 BRI

Heterocyclic a-amino acids and related substances, Heterocyclic vitamins-co-enzymes, Niacin (vitamin B3) and
nicotinamide adenine dinucleotide phosphate (NADP+), Pyridoxine (vitamin B6) and pyridoxal phosphate (PLP), Thiamin
(vitamin B1) and thiamine pyrophosphate, Porphobilinogen and the ‘Pigments of Life’, Deoxyribonucleic acid (DNA), the
store of genetic information, and ribonucleic acid (RNA), its deliverer, Heterocyclic secondary metabolites.
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Section 18: Heterocycles in Medicine Z5#+ 2«38 &4 (2 #RI)

Medicinal chemistry — how drugs function, Drug discovery, Drug development, The neurotransmitters, Histamine,
Acetylcholine (ACh), Anticholinesterase agents, 5-Hydroxytryptamine (5-HT) (serotonin), Adrenaline and noradrenaline,
Drugs acting specifi cally on the CNS, Other enzyme inhibitors, Anticancer drugs, Photochemotherapy.

KT FEENBAY R O FRIANED), RES AR, 2RI 2 RE TR TN E.
Section 19: Applications and Occurrences of Heterocycles in Everyday Life Z»¥# k& ¥7E B A& R - (1 3R

Heterocycles have great importance outside ‘pure’ chemistry and are of significance, both as natural and synthetic
compounds, in many aspects of daily life and industry. The major areas of medicines and ‘natural
products’/biomoleculeshave been covered in their own chapters (18 and 17) but here we give an overview of some other
important areas.
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b R H e 2% %K Textbook and Supplementary Readings

John A. Joule, Keith Mills, Heterocyclic Chemistry At A Glance (ASIN: 0470971215; 2012-10-1)

John A. Joule, Keith Mills, Heterocyclic Chemistry (ASIN: 1405133007; 2010-06)
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