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arkat-usa.org. His honors from 20 countries include 14 honorary doctorates.

Editors-in-Chief

Chris Ramsden was born in Manchester, U.K. in 1946. He is a graduate of Shefficld
University and received his PhD (W. D. Ollis) in 1970 and DSc in 1990. After post-
doctoral work at the University of T'exas (M. J. S. Dewar)(1971-3) and University
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applications of their chemistry to biological problems.

Eric Scriven is a native of Wales, U.K. After working at BISRA and Esso Ltd, he
attended the University of Salford and graduated in 1965. He obtained his M.Sc.
from the University of Guelph, and his Ph.D. from the University of East Anglia
(with Professor Katritzky) in 1969. After postdoctoral years at the University of
Alabama and University College London, he was appointed Lecturer in Organic
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the reactivity of azides and nitrenes. While at Salford, he spent two semesters at
the University of Benin, Nigeria. He joined Reilly Industries, Inc. in 1979 and he
was Director of Research & Development from 1991 to 2003. He is currently at the
University of Florida. He edited Azides & Nitrenes (1984), and he and Professor H.
Suschitzky were founding editors of Progress in Heterocyclic Chemistry, which has
been published annually since 1989 by the International Society of Heterocyclic
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Chemistry 11 (1996). Currently, he is Publishing Editor of Az4ivoc, an online journal of organic chemistry that is free
to readers and authors.
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the American Chemical Society, Journal of Organic Chemistry, Organic Letters, and has been the volume editor of Comprehensive
Heterocyclic Chemistry, the Synthesis of Science (Vol. 27) and is currently one of the Associate Editors of the Journal of Organic
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xxil Introduction

1 Scope, Significance, and Aims
1.1 Scope

Heterocyclic compounds possess a cyclic structure with two or more different kinds of atoms in the ring. 'T'his work is
devoted to organic heterocyclic compounds in which the ring contains at least one carbon atom; all atoms other than
carbon are considered as heteroatoms. Carbon is still by far the most common ring atom in heterocyclic compounds,
but the number and variety of heteroatoms in the rings of known compounds has increased as the years go by and thus
there is a steady transition to include the expanding domain of inorganic heterocyclic systems.
any size, from three-membered upwards, and since the heteroatoms can be drawn in almost any combination from a
large number of the elements (though nitrogen, oxygen, and sulfur are still by far the most common), the number of
possible heterocyclic systems is almost limitless. An enormous number of heterocyclic compounds is known and this
number continues to increase very rapidly. The literature of the subject is correspondingly vast and of the three major
divisions of organic chemistry, aliphatic, carbocyclic, and heterocyclic, the last is by far the largest. Over 31 million
compounds are now recorded in Chemical Abstracts and a very large proportion of these are heterocyclic.

ince rings can be of

1.2 Significance

Heterocyclic compounds are very widely distributed in nature and are essential to life, playing a vital role in the
metabolism of all living cells. For example, the following are heterocyclic: the pyrimidine and purine bases of RNA
and DNA; three of the essential amino acids (proline, histidine, and tryptophan); several vitamins and coenzyme
precursors (thiamine, riboflavine, pyridoxine, folic acid, biotin, and the By, and E families of vitamins); the photo-
synthesizing pigment chlorophyll; the oxygen-transporting pigment hemoglobin and its breakdown products, the bile
pigments; many hormones (kinetin, heteroauxin, serotonin, and histamine); and most sugars. T'here are a vast number
of pharmacologically active heterocyclic compounds, many of which are in regular clinical use. Some of these are
natural products.

for example antibiotics such as penicillin and cephalosporin; alkaloids such as vinblastine, ellipti-
cine, morphine, and reserpine; and cardiac glycosides such as those of digitalis. However, the large majority of
pharmaccuticals are synthetic heterocyclics which have found widespread use, inter alia as anticancer agents,
analeptics, analgesics, hypnotics, and vasopressor modifiers.

Other heterocyclics serve as pesticides, insccticides, herbicides, and rodenticides. Further important practical
applications include dyestuffs, copolymers, solvents, photographic sensitizers and developers, and antioxidants and
vulcanization accelerators in the rubber industry. Many heterocycl

‘T'he successful application of heterocyclic compounds in these and many other ways, and their utility in applied
chemistry and in more fundamental and theoretical studies, stems from their very complexity; this ensures a virtually
limitless series of structurally novel compounds with a wide range of physical, chemical, and biological propertics,
spanning a broad spectrum of reactivity and stability. Another consequence of the varied chemical reactivity of
heterocycles, including the possible destruction of the heterocyclic ring, is their increasing use in the synthesis of
specifically functionalized nonheterocyclic structures.

re valuable intermediates in synthesis.

1.3 Aims of CHEC-I, CHEC-Il and CHEC-III

‘I'he above aspects of heterocyclic chemistry are mirrored in the contents of the present work. The scale, scope, and
complexity of the subject, already referred to, with its correspondingly complex system of nomenclature, can make its
study initially somewhat daunting. A main aim of the original edition of Comprehensive Heterocyclic Chemistry, (CHEC-I),
of its first update (CHEC-II) and of the present work (CHEC-III), is to alleviate this problem by presenting a
comprehensive account of fundamental heterocyclic chemistry. ‘T'he emphasis is on basic principles and, wherever
possible, on unifying correlations in the properties, chemistry, and synthesis of different heterocyclic systems and the
analogous carbocyclic structures. 'T'he motivation for this cffort was the outstanding biological, practical, and
theoretical importance of heterocyclic chemistry, and the absence of an appropriatc major modern treatisc when
CHEC-I was conceived in 1980.

At the introductory level there are several good heterocyclic chemistry texts, although the subject is scantily treated
in most general textbooks of organic chemistry. At the specialist, rescarch level there are two established ongoing
series, “Advances in Heterocyclic Chemistry” edited by Katritzky and ““I'he Chemistry of Heterocyclic Compounds”™
cdited by Weissberger and "T'aylor, both devoted to a very detailed consideration of all aspects of heterocyclic
compounds, which together comprise almost 200 volumes. CHEC-I was designed to fill the gap between these
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two levels, i.c., to give an up-to-date overview of the subject as a whole (particularly in the general chapters)
appropriate to the needs of teachers and students and others with a general interest in the subject and its applications,
and to provide ecnough detailed information (particularly in the monograph chapters) to answer specific questions, to
demonstrate exactly what is known or not known on a given topic, and to dircct attention to more detailed reviews
and to the original literature. Encouraged by the extensive practical uses of heterocyclic compounds, a large and
valuable review literature on all aspects of the subject has grown up over the past fifty years. Appropriate references to
these reviews are included in CHEC-III as well as in both CHEC-I and CHEC-IL

2 Arrangement of the Work in Volumes
2.1 Relationship of CHEC-IIl to CHEC-I and CHEC-II

CHEC- I and CHEC-II, published in 1984 and 1996 respectively, together covered the literature through 1995. Since

then, the field has continued to proceed apace. The success of CHEC-II has encouraged us to bring it up to date with

a new edition, CHEC-IIL The present new work, CHEC-III, concentrates on material published in 1996 and later.
CHEC-III retains essentially the organization of the material used in CHEC-1L

2.2 Arrangement of CHEC-IIl in Volumes

Heterocyclic compounds are normally classificd according to the size of the heterocyclic ring and the nature and
number of the heteroatoms. ‘T'he present work is organized on this basis.

Volume 1 covers three-membered heterocycles, together with all fused systems containing a three-membered
heterocyclic ring.

Volume 2 covers four-membered heterocycles together with all fused systems containing a four-membered
heterocyclic ring.

Volume 3 covers five-membered rings with one heteroatom together with their benzo- and other carbocyclic-fused
derivatives.

Volumes 4 covers five-membered rings with two heteroatoms with their fused carboeyclic compounds.

Volume 5 covers triazoles, oxadiazoles, thiadiazoles, and their fused carbocyclic derivatives.

Volume 6 covers other five-membered rings with three or more heteroatoms and their fused carbocyclic deriva-
tives.

Volumes 7, 8, and 9 cover six-membered rings with one, two, or more than two, heteroatoms, respectively, again
cach with fused carbocyclic compounds.

Volumes 10, 11, and 12 cover systems containing at least two fused heterocyclic five- and/or six-membered rings.
Volume 10 deals with such biheterocyclic rings without a ring junction heteroatom. Volume 11 deals with bicyclic
five-five and five-six fused ring systems with at least one bridgehead nitrogen. Volume 12 covers six-six bicyclic fused
systems with one nitrogen, bicyclic systems with two nitrogen bridgehead atoms, other bridgehead heteroatoms,
together with polycyclic and spirocyclic systems.

Volume 13 covers seven-membered heterocyclic rings including fused derivatives.

Volume 14 covers cight-membered and larger heterocyclic rings including fused derivatives, plus some less
common seven-membered rings.

Volume 15 contains the Subject Index.

2.3 Arrangement of CHEC-II in Volumes

Volume 1 (Parts 1A and 1B) covers three- and four-membered heterocyceles, together with all fused systems
containing a three- or four-membered heterocyclic ring.

Volume 2 covers five-membered rings with one heteroatom together with their benzo- and other carbocyclic-fused
derivatives.

Volumes 3 and 4 cover five-membered rings with two heteroatoms, or more than two heteroatoms, respectively,
cach with their fused carbocyclic compounds.

Volumes 5 and 6 cover six-membered rings with one, or more than one, heteroatom, respectively, again with fused
carbocyclic compounds.
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Volumes 7 and 8 cover systems containing at least two fused heterocyclic five- and/or six-membered rings.
Volume 7 deals with such biheterocyclic rings without a ring junction heteroatom. Volume 8 deals with those
containing ring junction heteroatoms, together with systems with three five- and/or six-membered fused heterocyclic
rings and with spiro cyclic systems.

Volume 9 covers seven-membered and larger heterocyclic rings including all fused derivatives (except those with
three- or four-membered rings which are included in Volume 1).

Volume 10 contains the Author and Ring Indexes.

Volume 11 contains the Subject Index.

2.4 Arrangement of CHEC-I in Volumes

Volume 1 deals with (a) the nomenclature and the literature of heterocyclic compounds (Chapters 1.02 and 1.03); (b)
various special topics (Chapters 1.04-1.16); and (c) rings containing less common heteroatoms (Chapters 1.17-1.22).

‘I'he literature chapter presents an organized collection of references to leading papers, review articles, and books
dealing with all aspects of heterocyclic chemistry which span more than one ring system. Other reviews which deal
with a specific ring system are reported in the appropriate monograph chapter.

T'he special topics discussed are (a) the biological aspects of heterocyclic compounds, i.c. their biosynthesis,
toxicity, metabolism, role in biochemical pathways, and their uses as pharmaceuticals, agrochemicals, and veterinary
products; (b) the use of heterocyclic compounds in polymers, dyestuffs and pigments, photographic chemicals,
semiconductors, and additives of various kinds; and (c) the use of heterocyclic compounds as intermediates in the
synthesis of nonheterocyclic compounds.

‘I'he less common heteroatoms are those other than nitrogen, oxygen, and sulfur (and selenium and tellurium which
arc treated alongside sulfur), i.c., phosphorus, arsenic, antimony, bismuth, the halogens, silicon, germanium, tin, lcad,
boron, and the trans

Volumes 2 and 3 deal with mono- and polycyclic compounds with one or more six-membered heterocyclic rings,
with nitrogen, oxygen, and sulfur as the heteroatoms. Volume 2 contains the six-membered rings with one nitrogen
atom and Volume 3 the six-membered rings with two or more nitrogens and with oxygen and sulfur heteroatoms.

Volume 4 covers five-membered heterocyclic rings with one oxygen, sulfur, or nitrogen as the heteroatom and
Volumes 5 and 6 covers the same sized rings with more than onc heteroatom. Rings with two or more nitrogen atoms

n metals.

only arc in Volume 5 and thosc with nitrogen, oxygen, and sulfur arc in Volume 6.

Volume 7 covers heterocyclic compounds with rings smaller than five and larger than six. (The separate mono-
graph chapters deal with three-membered rings with nitrogen, oxygen, and sulfur, with two heteroatoms, and their
fused derivatives, four-membered rings with nitrogen, oxygen, and sulfur, with two or more heteroatoms, and their
fused derivatives, cephalosporins, penicillins, seven-membered rings with nitrogen, oxygen, sulfur, and with two or
more heteroatoms, cight-membered rings, larger rings, crown cthers and cryptands, and heterocyclophancs.)

Volume 8 contains the Author and Subject Indexes, together with a Ring Index and a Physical Data Index which
are described in Section 1.01.7.

3 Rationale for Arrangement of Material in Individual Volumes
3.1 Major Divisions of Carbocyclic and Heterocyclic Chemistry

Carbocyclic compounds are very uscfully divided into (a) saturated compounds denoted as alicyclic compounds,
(b) aromatic compounds, and (c) the intermediate partially unsaturated compounds also denoted as alicyclic compounds.
cqually useful.

On the whole, the physical and chemical properties of saturated and partially unsaturated (i.e. alicyclic) carbocyclic

Heterocyclic compounds can be subdivided in much the same way, and this

compounds closely resemble those of the analogous acyclic compounds formally derived by cleavage of the carbon
ring at a point remote from any functionality. Significant differences in properties can arise from conformational
cffects and from strain effects in small rings. Usually relatively small, these differences can be striking in propertics
which are particularly sensitive to molecular shape.

In marked contrast to the alicyclic derivatives the fully “unsaturated” aromatic compounds, cpitomized by
benzene, contain carbocyclic rings which formally consist of a conjugated sct of alternating single and double
bonds. Such systems have a specially stabilized cyclic m-clectron system in which all of the bonding molecular
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orbitals are completely filled and the anti bonding orbitals are all empty. ‘T'he concept of aromatic properties initially
associated with six-clectron systems, as in benzene, the cyclopentadienyl anion, and the cycloheptatrienyl cation, was
later extended to any planar, monocyclic, fully conjugated polyenc with a closed shell of (42+-2) n-clectrons. Although
not casily rigorously defined and quantified, the concept of aromaticity has been of enormous value in the under-
standing of carbocyclic chemistry. Since it is associated with molecular orbital encrgics, aromaticity is not particularly
sensitive to the nature and number of the ring atoms and the concept is thus of equal importance in heterocyclic
chemistry. ‘T'he main features of carbocyclic aromatic systems are (a) their stability, and hence their ready formation
and regeneration after chemical attack, (b) their tendency to undergo substitution reactions which preserve the
aromatic system rather than addition reactions which destroy it, (c) the uniformity of the bond lengths in the ring
which are not alternating single and double, and (d) their special spectroscopic characteristics, particularly NMR. All
of these features reappear, to a greater or lesser extent, in heteroaromatic chemistry.

3.2 Saturated Heterocyclic Compounds

As noted above, the formation of an alicyclic ring from an acyclic compound makes relatively little difference to the
propertics of the compounds. T'he same principle applics to the formation of a saturated heterocyclic compound from
the corresponding acyclic compound, providing that the environment of the heteroatom is not changed significantly.
"T'hus, saturated cyclic ethers, sulfides, and amines arc very similar in physical and chemical properties to the
analogous dialkyl cthers, sulfides, and dialkyl- and trialkylamines. Differences arise in small ring compounds
where chemical reactivity is enhanced greatly by strain in three-membered rings and to a lesser, but still significant,
extent in four-membered rings. Furthermore, properties which depend critically on steric requirements, particularly
of lone pairs of clectrons on the heteroatom, can be significantly altered. 'Thus a very good approximation of the
properties of tetrahydropyran and piperidine can be obtained from those of cthyl propyl cther and cthylpropylamine,
respectively. Piperidine is a typical sccondary aliphatic amine of about the same base strength as cthylpropylamine.
However, it is substantially more reactive as a nucleophile, because of the reduction in the steric encumbrance of the
nitrogen lone pair caused by ring formation.

3.3 Partially Unsaturated Heterocyclic Compounds

‘I'he same general principles also extend to the partially unsaturated rings, although with extra complications
expected from the presence of the double bond(s), especially in small rings. If the double bond is conjugated with
the heteroatom, then the expected consequences of clectron delocalization are observed; thus such oxygen and
nitrogen compounds of this type can be considered as enol ethers and enamines, respectively, and will show the
appropriate modified reactivity. Again, as expected, dihydro-heteroaromatic compounds frequently oxidize readily to
the corresponding aromatic compound.

3.4 Heteroaromatic Compounds

Although the range of heteroaromatic structures has expanded considerably in the last half century, the central core of
the heteroaromatic structures is still based on 6m-clectron systems. These structures are related to, and formally
derived from, benzene by successive replacement of (i) single annular CH groups by trivalent heteroatom groups,
and/or (ii) of a pair of adjacent CH groups by a divalent heteroatom. In cach of these cases the overall pattern of filled
bonding molecular orbitals is retained. Thus replacement of one benzene CH group by OF, S™, or N gives
respectively the six-membered pyrylium, thiapyrylium, or pyridine systems, and replacement of two adjacent
benzene CH groups by O, S, or NH gives the five-membered furan, thiophene, or pyrrole clas:
replacements are also possible and systems with up to four heteroatoms in five- and six-membered rings are common.
"T'he 6m-clectron structure is preserved since the trivalent and divalent heteroatoms contribute one and two electrons,
respectively, to the aromatic orbitals.

cs. Multiple

3.5 Characteristics of Heteroatoms in Rings

The replacement of one CH group in benzene by —N= to give pyridine introduces an clectron-withdrawing
heteroatom into the ring. The electron-withdrawing effect is accentuated when a CH in benzene is replaced by a
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positively charged atom (NR*, O*, or S*). Thus the six-membered heteroaromatic rings are clectron deficient
(n-deficient). 'T'he introduction of further heteroatoms into a six-membered ring reinforces these effects. Thus, for
example, the chemistry of pyrazine is related to that of pyridine in much the same way as that of pyridine is related to
benzene.

T'he replacement of two CH groups in benzene by a neutral NR, O, or S introduces into the new ring an clectron-
donating heteroatom. "T'his electron-donor character is accentuated in the pyrrole anion where N7 is introduced. Thus
the five-membered rings with one heteroatom are electron rich (n-excessive), and the chemistry of pyrrole, furan, and
thiophene is dominated by this effect.

However, five-membered rings containing two or more heteroatoms necessarily possess both a pyridine-like
heteroatom and a pyrrole-like heteroatom and thus their chemistry shows similarities to both those of the six-
membered rings @nd of the five-membered rings with onc heteroatom.

3.6 The General Chapters of CHEC-I

"T'hree general chapters on structure, reactivity, and synthesis precede the monograph chapters in cach of Volumes 2
through 7 of CHEC-L The purpose is to introduce cach family of ring systems and to emphasize the logical
correlations within them, and so to help in the understanding of known reactions and in the prediction of new
ones. T'hese 12 general chapters thus provide an overview of the whole subject of heterocyclic chemistry and they are
of particular interest to students and teachers. ‘T'hese general chapters also appeared in both the 1985 original and the
2000 2nd cdition of the Handbook of Heterocyclic Chemistry. 1t is planned that they will appear in a new 3rd edition of
the Handbook, presently in preparation.

4 Organization of Individual Monograph Chapters

CHEC-III and CHEC-II are both composed essentially entirely of monograph chapters. Monograph chapters dealing
with single ring systems are divided into the three sections dealing with structure, reactivity, and synthesis and are
given a fourth section, where appropriate, on applications and important compounds. Where two or more ring systems
arc covered in onc chapter, they are, where appropriate, treated together in the same scctions. The following
conventions concern the treatment of fused rings in both CHEC-II and CHEC-III.

Fused benzene and other carbocyclic rings are treated as substituents. Thus quinoline, for example, is considered
as a substituted pyridine (albeit a very special and important one) and is treated alongside other substituted pyridines
in the discussion of its structure, reactivity, and synthesis. Reactions of quinoline at positions 1 to 4 are considered as
reactions at ring atoms, whilst reactions at positions 5 to 8 arc regarded as reactions of the “substituent”. Structures
containing two or morc zozfused heterocyclic rings are treated in the appropriate monograph chapter appearing last in
the sequence. However, fused heterocyclic ring systems are treated in separate monograph chapters. In the 11
volumes of CHEC-II, fused heterocycles appear in Volumes 7 and 8 unless they contain a small or large heterocyclic
ring, which are treated in Volumes 1 and 9 respectively. In the 15 volumes of CHEC-III, the same organization is
followed with small and large rings treated in volumes 1/2 and 13/14, respectively, and fused heterocycles with two-,
five-, or six-membered rings in volumes 10, 11, and 12.

‘I'he applications sections of monograph chapters provide access to important compounds used in medicine or
industry, to industrially important sources of compounds, and to key natural products.

As far as practical, a standard arrangement of the material in the various chapters has been followed in the belief

that this will:

(a) assist readers in retrieving information;

(b) indicate what is zoz #nown as well as what is known;
(c) facilitate comparisons between different ring systems;
(d) assist authors in the organization of their material.

Whereas the chapters in CHEC-I were organized in four main sections: structure, reactivity, synthesis, applications;
the chapters in both CHEC-11 and CHEC-11I are organized in 12 sections, as the following overview of the CHEC-111
arrangement indicates.
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4.1 Introduction

If appropriate, this commences in CHEC-I1I with a brief historical picce, comments on the relationship of the new
chapter to the corresponding chapter in CHEC-1I, and provides general references to reviews of the material. The
scope of the chapter is outlined with a survey of the various structural types and nomenclature of the parent, its
nonconjugated isomers, partially reduced compounds, oxo compounds and benzo derivatives. Distinction is made
here between the structural types possible and those which are known and treated in the chapter.

4.2 Theoretical Methods

Since the publication of CHEC-11, theoretical methods have continued to grow in importance. T'his section outlines
the scope of what has been done with both @b initio (c.g., DF'T) and semiempirical (c.g., AM1) molecular orbital
methods, and with molecular mechanics.

4.3 Experimental Structural Methods

n terms

Methods covered include X-ray, neutron and electron diffraction, microwave spectroscopy, and their results
of molecular dimensions. NMR spectroscopy is treated in some detail as befits its importance, not only proton, but
particularly *C, "N, and, where appropriate, other nuclei. ‘The section on mass spectrometry briefly covers frag-
mentation patterns. UV/Fluorescence, IR/Raman, photoclectron spectroscopy, ESR, and dipole moments are covered
as appropriate.

4.4 Thermodynamic Aspects

Boiling points and melting points arc considered from the point of view of intermolecular forces between the
molecul and chromatographic behavior, both gas and liquid chromatography. T'he topic
of aromaticity and stability in general is covered as befits its importance. Conformations, particularly of the cyclic
nonplanar compounds, are dealt with. A section on tautomerism covers both prototropic tautomerism (annular and of
substituents) and ring-chain tautomerism.

together with solubiliti

4.5 Reactivity of Fully Conjugated Rings

CHEC-II and CHEC-III both utilize this heading in place of “reactivity at heteroaromatic rings” used in CHEC-L.
T'he change was made because of the difficulty in defining exactly the term “aromatic”. “Cyclically conjugated” is
defined here as any ring that does not contain an sp>-hybridized carbon or nitrogen atom in it. Thus, “fully
conjugated” includes all heteroaromatic rings, antiaromatic rings, and some rings that have little aromaticity although
they are completely conjugated.

In most cases, the introduction and overview give a general survey of the reactivity and make comparisons with
analogous ring systems, as well as referring to the corresponding chapter in CHEC-IL "T'he following scctions are then
considered in turn:

(a) thermal and photochemical reactions that are unimolecular;

(b) electrophilic attack at nitrogen; the further detailed organization corresponds to the corresponding chapter in the
Handbook of Heterocyclic Chemistry; (both 1st and 2nd Editions);

(c) clectrophilic attack at carbon, organized as in the Handbook of Heterocyclic Chemistry;

(d) where the ring contains cyclic sulfur, clectrophilic attack at sulfur is next covered;

(¢) nucleophilic attack at carbon is dealt with according to the nucleophilic atom which is carrying out the attack;

(f) nucleophilic attack at hydrogen attached to carbon (deprotonation) is considered, for both neutral and cationic
rings;

(g) reactions with radicals and clectron-deficient species (carbenes, nitrenes) and also reactions at surfaces (hetero-
gencous catalysis) and reductions;

(h) intermolecular cyclic transition state reactions.

fa2)
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4.6 Reactivity of Nonconjugated Rings

‘T'he different types of nonconjugated rings are classified as follows.

(a) Isomers of aromatic compounds arc dealt with in two classes: those which arc not in equilibrium with the

corresponding fully conjugated derivative, and then those which are in such an equilibrium. For the latter
class, the main discussion should come under the corresponding tautomeric derivative (which will often be a
cyclic hydroxy compound).

(b) Dihydro- derivatives of various types arc considered with emphasis on the role of carbonyl compounds and
discussion of the casc of aromatization.

(c) 'T'etrahydro- derivatives are dealt with followed, if appropriate, by hexahydro derivatives.

4.7 Reactivity of Substituents Attached to Ring Carbon Atoms

With this section, the classification in the Handbook of Heterocyclic Chemistry has been followed; thus a general survey
of the cffect of rings on the reactions of substituents is followed by a survey of the effect of rings on reactions of
individual substituents in the order: fused benzene rings, C-linked, N-linked, O-linked, S-linked substituents,
halogens, and metals. Substituents attached to cyclic nitrogen and sulfur are dealt with as described below.

4.8 Reactivity of Substituents Attached to Ring Heteroatoms

Substituents attached to ring nitrogen are discussed in order of the atom linking the substituent to the ring nitrogen
atom just as described above. If the ring contains sulfur, then substituents attached to sulfur atoms are next
considered. These are often oxygen, but may also be carbon and nitrogen.

4.9 Ring Syntheses Classified by Number of Ring Atoms in Each Component

A treatment similar to that in CHEC-I and CHEC-II is followed.

4.10 Ring Synthesis by Transformation of Another Ring

A treatment similar to that in CHEC-I and CHEC-1I is followed; some methods are dealt with by cross-references.

411 Synthesis of Particular Classes of Compounds and Critical Comparison
of the Various Routes Available

‘T'he present overview is intended to cover materials from both CHEC-II and CHEC-1.

4.12 Important Compounds and Applications

Specialized applications arc no longer dealt with in a separate chapter (as was done in CHEC-I) and these sections
cover the important advances since CHEC-I1.

5 The Reference System

I'he same reference citation system is employed for CHEC-I1I as was used for CHEC-I and CHEC-IL It rapidly
becomes familiar with use and has distinct advantages over the more common superscript number method. In this
system reference numbers appear neither in the text, in tables, in footnotes, nor at the end of chapters. Instead, cach
time a reference is cited, there appears in angle brackets a letter code assigned to the journal, preceded by the year
and followed by the page number. For example, “It was shown <1980'1'.2727> that ...” refers to 1980, “I'L.” to
Tetrahedron Letters and “2727” to the page number. For journals which are published in separate parts, or which have
more than one volume per year, the appropriate part or volume is indicated, for example <2006H(68)879> refers to
Heterocycles, 2006, volume 68, p. 879. A full list of journal codes is reproduced in cach volume; some journal codes
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have been changed to more concise 3 letter codes. Patents have three-letter codes, the first 2 letters indicate the
country code and the final letter is ‘P’ for an issued patent or ‘A’ for a patent application, for example
<1960USP2922790> refers to US Par. 2 922 790 (1960). Books which are frequently referred to are also given a
code. Journals and books which are referred to rarely are given a miscellancous code (M) starting cach year and
numbered scquentially 1, 2, 3 cte. Books are indicated by the prefix “B-".

"T'his reference system is considered to be more useful than the conventional superscript number method since it
cnables the reader to see immediately in which year and in which journal (at least for the more common journals
whose letter codes soon become familiar) the work cited was published. 'T'he reader is thus able to go directly to the
original literature reference without having to consult a bibliography.

All references for chapters in a given volume are collected together in a merged list at the end of that volume
(where they are most casily located). There are no separate chapter bibliographics. In the final list, references are
given both in code and in full conventional form, with authors’ names. 'They appear in an ordered sequence,
numerically by year, then alphabetically by journal code, and finally by page number. Cross-references to the text
citation are also given in the reference list.

Chemical Abstract references are given when these are likely to help; in particular they are given for all patents, and
for less accessible sources such as journals whose language is other than English, French, or German, company
reports, obscure books, and theses.

6 The Indexes
6.1 Ring Index

T'he Ring Index for CHEC-I1I is published as part of the online version.

6.2 Subject Index

I'he Subject Index of over 40,000 entries has been compiled from keywords, names, and formulac in the text and
tables. It covers general classes of compound, specific compounds, general types of reactions, specific and named
reactions, spectral and other properties, and other topics in heterocyclic chemistry. More details are again given at the
beginning of the index in each volume.



Explanation of the Reference
system

Throughout this work, references are designated by a number-lettering coding of which the first four
numbers denote the year of publication, the next one to three letters denote the journal, and the final
numbers denote the page. This code appears in the text each time a reference is quoted. This system
has been used successfully in previous publications and enables the reader to go directly to the
literature reference cited, without first having to consult the bibliography at the end of each chapter.

The following additional notes appl
1. A list of journal codes in alphabetical order, together with the journals to which they refer is
given in the endpapers of every volume. Journal names are abbreviated throughout using the
CASSI “Chemical Abstracts Service Source Index” system.
2. The references cited in each chapter are given at the end of the individual chapters.

3. The list of references is arranged in order of (a) year, (b) journal in alphabetical order of journal

code, (c¢) part letter or number if relevant, (d) volume number if relevant, and (¢) page number.

4. In the reference list the code is followed by (a) the complete literature citation in the conven-

tional manner and (b) the number(s) of the page(s) on which the reference appears, whether in
the text or in tables, schemes, ctc.

5. For non-twentieth-century references, the year is given in full in the code.

6. For journals which are published in separate parts, the part letter or number is given (when

necessary) in parentheses immediately after the journal code letters.

7. Journal volume numbers are not included in the code numbers unless more than one volume
was published in the year in question, in which case the volume number is included in
parentheses immediately after the journal code letters.

. Patents are assigned appropriate three-letter codes.

Frequently cited books are assigned codes.

. Less common journals and books are given the code “MI” for miscellancous with the whole
code for books prefixed by the letter “B-".
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JOURNAL ABBREVIATIONS

AAC

ABB

APO

APS

Antimicrob. Agents
Chemother.

Arch. Biochem. Biophys.
Agric. Biol. Chem.

Aunal. Biochem.

Acta Biochim. Pol.

Appl. Catal.

Acta Chem. Scand., Ser. A
Acta Chem. Scand., Ser. B
Acta Chim. Sin. Engl. Fd.
Acta Chim. Acad. Sci. Hung.
Antibiot. Chemother.

Acta Chim. Slov.

Ann. Chim. (Paris)

Acc. Chem. Res.

Acta. Chem. Scand.

Acta Chim. Sin.

Ann. Chim. (Rome)

Adk. Chem. Phys.

Appl. Environ. Microbiol.
Arzneim.-Forsch.

Adbo. Fluorine Chem.
Afinidad

Angew. Chem.

Angew. Chem., Int. Ed. Engl.
Adko. Heterocycl. Chem.

Adv. Heteroc
Anal. Instrum.

Ado. Inorg. Chem. (book)
AICKE Journal

Aust. J. Chem.

Ark. Kemi

Arm. Khim. 7h.

Aldrichim. Acta

Anal. Lett.

Ado. Mater. (Weinheim, Ger.)
Appl. Microbiol. Biotech.
Advances in Metal-Organic
Chemistry

ACH Models Chem

Arch. Microbiol.

Appl. Magn. Reson.

Adv. Mol. Spectros.

Analyst

Anal. Chim. Acta

Aunal. Bioanal. Chem.

Aunal. Chem.

Accad. Naz. Lincei

Anal. Sci.

Ann. N. Y. Acad. Sci.

Ado. Organomet. Chem. (book)
Appl. Organomet. Chem.

Arch. Pharm. (Weinheim, Ger.)
Ann. Pharm. Francaises

Acta Polon. Pharm., Drug Res.
Acta Polym.

Adv. Phys. Org.Chem.

Arch. Pharm. Res.

Ado. Polym. Sci.

. Chem. Supplement

AUP
AX
AXA
AXB
AXC
AXD
AXE
B

BAP
BAU

BBA
BBB
BBG
BBR
BCC
BCF
BCH
BCJ
BEC
BEA
BEP
BF(2)
BIJ
BJ
BJO
BJP
BKC
BKH
BMC
BML
BMM
BMS
BOC
BP
BPC
BP]
BPM
BSB
BSF
BSM
BTL
C

CA

Applied Physics
An. Quim.

Ann. Rep. Prog. Chem.

Ann. Rep. Prog. Chem., Sect. A
Annu. Rep. Prog. Chem., Sect. B
ARKIVOC (Archive for Organic
Chemistry)

Annual Review of Microbiology
Annu. Rev. Plys. Chem.
Auntiviral Res.

Adbo. Synth. Catal.

Asian. J. Chem.

Austria, patent applied for
Austria, patent granted
Australia, patent applied for
Australia, patent granted

Acta Crystallogr.

Acta. Crystallogr., Sect. A

Acta. Crystallogr., Sec.
Acta Crystallogr., Sect. D

Acta Crystallogr., Sect. F
Biochemistry

Bull. Acad. Pol. Sci.

Bull. Acad. Sci. USSR, Div.
Chem. Sci.

Biochim. Biophys. Acta

Biosci. Biotech. Biochem.
Berichte der Bunsen-Gesellschaft
Biochem. Biophys. Res. Commun.
Bioconjugate Chem.

Blood Coagulation & Fibrinolysis
Biomed. Chromatogr.

Bull. Chem. Soc. Jpn.

Bull. Electrochem.

Belgium, patent applied for
Belgium, patent granted

Bull. Soc. Chim. Fr., Part 2
Biophys. J.

Biochem. J.

Beilstein J. Org. Chem.

Br. J. Pharmacol.

Bull. Korean Chem. Soc.
Bioorganicheskaya Khimiya
Bioorg. Med. Chem.

Bioorg. Med. Chem. Lett.
Biomacromolecules

Biomed. Mass. Spectrom.
Bioorg. Chem.

Biochem. Biopharmacol.
Biophysical Chemistry

Br. Polym. J.

Biopolymers

Bull. Soc. Chim. Belg.

Bull. Soc. Chim. Fr.

Best Synthetic Methods (book)
Biotechnol. Lent.

Chimia

Chem. Abstr.

CHEC
CHEC-IT
CHJ]
CHP
CHR
CHS
CIL
CIM
cIs
CIA
CJB
cjc
cls
CL
CLA
CLC
CLI
CLY
M
CMC
CMD
CME
CMS
CNC

Comprehensive Asymmetric Catalysis

(book)

Carcinogenesis

Catal. Lett.

Crit. Rev. Anal. Chem.
Carbohydr. Res.

Chim. Acta Ture.

Chem. Ber.

ChemBioChem

Chem. Biodiver.

Carbohydrate Letter

Chemistry and Biology

Chem. Br.

J. Chem. Soc., Chem. Commun.
Croat. Chem. Acta.

Collect. Czech. Chem. Commun.
Comp. Coord. Chem. (book)
Comp. Coord.Chem. IT (hook)
Chin. Chem. Lett.

Coord. Chem. Rev.

Comb. Chem. High T. Scr.
Cron. Chim.

Cent. Eur. J. Chem.

J. Chem. Eng. Data

Crystal Engineering

Chem. Eur. J.

Chem. Eng. News.

stEngComm

m. Express

Crystal Growth and Design
Chirality

Switzerland, patent applied for
J. Carbohydr. Chem

Chem. Heteroeyel. Compd. (Engl.
Transl.)

Comp. Heterocycl. Chem. (hook)
Comp. Heterocycl. Chem. IT (hook)
Chin. J. Chem.

Switzerland, patent granted
Chromatographia

Chem. Senses

Chem. Ind. (London)

Chem. Ind. (Milan)

J. Colloid Interface Sci.

Can. J. Anal. Sci. Spectrom.
Can. J. Bot.

Can. J. Chem.

Can. J. Spectrosc.

Chem. Lett.

Clin. Chim. Acta

Clinical Cancer Research

Chem. Phys. Lipids

Chem. Listy
Chem. Mater.

Comp. Med. Chem. (hook)
J. Comput.-Aid. Mol. Des.
Curr. Med. Chem.
Comp. Mater. Sci.
Cancer




CNO
CNR
COB
coC
COFGT

COMC
COMC-IT
CONAP

COR
CcOSs
coT
CPA
CPB
CPC
CPE
CPH
CPL

EJB

Chem. Nat. Compd.

Cancer Research

Curr. Opin. Chem. Biol.

Comp. Org. Chem. (book)

Comp. Org. Func. Group
Transformations (book)

Comp. Organomet. Chem. (book)
Comp. Organomet. Chem. 11 (book)
Comp. Natural Products Chem.
(book)

Curr. Org. Chem.

Comp. Org. Synth. (book)

Curr. Opin. Struct. Biol.

Chem. Pap.

Chem. Pharm. Bull.

J. Chim. Phys. Physico-Chim. Biol.
ChemPlysChem

Chem. Phys.

Chem. Phys. Lett.

C. R. Hebd. Seances Acad. Sci.

C. R. Hebd. Seances Acad. Sci.
C. R. Hebd. Seances Acad. Sci.
C. R. Hebd. Seances Acad. Sci.
Chem. Res. Toxicol.

Czechoslovakia, patent applied for
Cryst. Struct. Commun.
Czechoslovakia, patent granted
Chem. Soc. Rev.

Curr. Org. Synth.

Chem. Tech.

Contemp. Org. Synth.

Curr. Top. Med. Chem.

Catalysis Today

Cytometry, Part A

Cryst. Res. Tech.

Chem. 71z,

German Democratic Republic, patent
applied for

German Democratic Republic, patent
granted

Drug Data Report

Germany, patent applied for
Germany, patent granted

Diabetes

Diss. Abstr. Int. B

Diss. Abstr.

Drug Metab. Dispos.

Drug Metab. Rev.

Dokl. Chem. (Engl. Transl.)
Dokl. Akad. Nauk SSSR

Dyes Pigments

Dokl. Phys. Chem.

Experientia

Electrochim. Acta

Educ. Chem.

Environ. Chem. Lett.

Energy Fuels

Eur. Food Res. Tech.

FEuropean Journal of Biochemistry

IAS
1c

Egypt. J. Chem.
Eaur. J. Inorg. Chem.
Eur. J. Med. Chem.
Eur. J. Org. Chem.
Eur. J. Pharm. Sci.
Eur. J. Mass Spectrom.
Electroanalysis

Electrophoresis

EMBO J.

Enatiomer

European Patent Office (EPO),
patent applied for

Eur. J. Pharmacol.

European Polymer Journal
European Patent Office (EPO),
patent granted

Encyclopedia of Reagents for Organic
Synthesis (hook)

Spain, patent applied for
Electrochemical Society Proceedings
Spain, patent granted

Environ. Sci. Technol.
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A note on the Ring Index

The CHEC-III Ring Index was not available in time for print publication or for this online upload.
It can be accessed through the following link:
www.elsevierdirect.com/compheterocyclic



